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Abstract

The aim of this project is to develop a computational modehef structure and function of the
ocular lens, specifically the solute and fluid transport eléns.

The modelling framework was based on finite volume methodtis.ifitracellular and extracel-
lular solute fluxes were modelled using the Nernst-Plankatga with an extra term to capture
solute fluxes due to advection. The modelling frameworkudet equations describing the flux
through the Na/K™ pumps and K channels in the surface membrane, and &lad Ct channels in
the fibre cell membrane. The intracellular fluid flow betwedjaeent fibre cells was modelled by
a homogenised transmembrane fluid flow equation and thecéituéar fluid flow along the fibre
cell was modelled as Poiseuille flow. The extracellular fiiladv was modelled as Couette flow
with an extra term to capture electro-osmotic flow. The fluidvithrough the fibre cell membrane
and surface membrane was modelled as transmembrane fluidTflwsvgoverning equations ac-
count for the structural properties of the lens, such asdhedsity of the extracellular cleft, the
intracellular and extracellular volume fractions, andtembrane density.

A one-dimensional model of the Na&K*, CI" and fluid transport in the frog lens was developed.
This model was based on the analytic model developed by E&itii985). The results were
consistent with the results from the analytic model and erpental data.

Two versions of the two-dimensional model were developedhé first model, the parameters
were spatially constant except for the distribution of the&/K* pump currents at the lens surface
and the fibre cell angles. The second model was the same tekeegxtracellular cleft width and
fibre cell height was spatially varied to represent the sstand the diffusion barrier. These models
were solved and compared with each other and with experahdata.

Compared to the first, the second model predicted a signiljckmger circulation of solutes
and fluid between the pole and equator. It predicté2-a0% increase in the penetration of N&*
and fluid into the lens. The second model also predict#dal00% increase in Clpenetration and,
unlike the first model, a Ctirculation between the poles and equator. This is sigmifisence Clis
not an actively transported solute. These results highiighstrong structure-function relationship
in the lens and the importance of an accurate spatial remigsm of model parameters.

The direction of the current, solute fluxes and fluid flow thatevpredicted by the model were
consistent with experimental data but the magnitude of tifase current was a tenth to a third of
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the values measure by the vibrating probe.

To demonstrate the application of the lens model, the twoeedisional model was used to
simulate age-related changes in lens physiology. This wae tly increasing the radius of the lens
to simulate growth with age. The model predicted an increatbe intracellular Naconcentration,
CI concentration and potential, and a decrease in the intudaxeK™ concentration with age. These
trends were consistent with those observed by Duncan €t389], except for the intracellular’kK
concentration, where they reported no change with age.

The two-dimensional model forms a foundation for futureelepments and applications.
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maximum Na/K* pump current density
Na'/K* pump current density

cell membrane flux

lens surface flux

fluid mass flow

electro-osmotic coefficient

Boltzmann constant

hydraulic conductivity

half-maximal concentrations
transmembrane hydraulic permeability
intercellular hydraulic permeability
surface membrane hydraulic permeability
osmolarity

Avagadro number

pressure

membrane solute permeability

radius

XXiil
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| Symbol | Description
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source

temperature

volume

transmembrane potential
valency

solute species

permittivity of vacuum
dielectric constant

zeta potential (cell membrane potential)
fibre coordinate system
cleft coordinate system
Debye length

extracellular volume fraction
intracellular volume fraction
dynamic viscosity
kinematic viscosity

wiggle factor

mass density

charge density

membrane density
membrane reflectance
tortuosity

potential
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Vector & Matrix Symbols

| Symbol | Description

e I .

current density vector
solute flux vector

unit normal vector
fluid velocity vector

Abbreviations

| Abbreviation | Description

AP
AQP
EDL
EQ
FVM
PP

Anterior Pole
Aquaporin

Electric Double Layer
Equator

Finite Volume Methods
Posterior Pole







