
Computer Simulation of Convective
and Diffusive Transport of
Controlled-Release Drugs in the
Vitreous Humor

Matthew S. Stay,1 Jing Xu,2 Theodore W. Randolph,2

and Victor H. Barocas1,3

Received September 16, 2002; accepted September 23, 2002

Purpose. Biodistribution of drugs in the eye is central to the efficacy
of pharmaceutical ocular therapies. Of particular interest to us is the
effect of intravitreal transport on distribution of controlled-released
drugs within the vitreous.
Methods. A computer model was developed to describe the three-
dimensional convective-diffusive transport of drug released from an
intravitreal controlled release source. Unlike previous studies, this
work includes flow of aqueous from the anterior to the posterior of
the vitreous. The release profile was based on in vitro release of
gentamicin from poly(L-lactic acid) microspheres into vitreous.
Results. For small drugs, convection plays a small role, but for large
(slower diffusing) drugs, convection becomes more important. For
the cases studied, the predicted ratio of drug reaching the retina to
drug cleared by the aqueous humor was 2.4 for a small molecule but
13 for a large molecule. Transport in neonatal mouse eye, in contrast,
was dominated by diffusion, and the ratio decreased to 0.39.
Conclusions. The interaction among convection, diffusion, and ge-
ometry causes significant differences in biodistribution between large
and small molecules or across species. These differences should be
considered in the design of delivery strategies or animal studies.

KEY WORDS: ocular drug delivery; biodistribution; sustained re-
lease.

INTRODUCTION

The vitreous humor (or simply “vitreous”) is the clear,
avascular, gelatinous body that fills the large space bounded
by the lens, ciliary body, aqueous humor, and retina in the
eye. The vitreous is highly hydrated, containing about 98%
water. The primary structural components, type II collagen
and hyaluronic acid, occupy less than 1% of the total volume,
but they form a physically-crosslinked network that provides
mechanical integrity to the vitreous (1).

A number of diseases affecting the vitreous and retina,
including proliferative vitreoretinopathy and endophthalmi-
tis, are currently treated by drugs (2). The blood-vitreous
barrier, however, allows only a small amount of drug to pen-
etrate from the blood into the vitreous humor (3), making
systemic treatment difficult. Ocular drugs are usually deliv-
ered topically as aqueous eye drop solution or by direct in-
travitreal injection. These delivery methods are inherently
pulsed, with a short initial period of overdosing followed by a

long period of underdosing (4). Repeated administrations are
needed to maintain effective drug levels, resulting in an in-
creased incidence of complication (5) and higher risk of poor
patient compliance. Controlled release of a therapeutic agent
from a biodegradable polymeric system presents an alterna-
tive to traditional treatment strategies that can overcome
some of the problems associated with pulsed delivery. It has
been shown experimentally that controlled-release systems
are more effective, require less frequent administration, and
reduce the pulsed release effects (6).

Many drugs have a narrow concentration window of ef-
fectiveness and may be toxic at higher concentration (7), so
the ability to predict local drug concentrations is necessary for
proper loading of the delivery system. Furthermore, since
small-animal models are often used in drug delivery studies,
one should understand how eye size affects biodistribution of
controlled-release drugs.

In light of the importance of intravitreal drug distribu-
tion, several previous investigators have developed models of
transport in the vitreous, as summarized in Table I. All ex-
isting models assumed that the vitreous was stagnant. Our
model relaxes this assumption and accounts for steady per-
meation of water through the vitreous humor. In addition, the
new model allows for prediction of the biodistribution of
drugs released from injectable biodegradable polymer micro-
spheres (8). Permeation of water, although slow, is expected
to affect significantly biodistribution of drugs, especially for
high molecular weight (low diffusivity) molecules such as
therapeutic antibodies.

Model Development

Both diffusive and convective mass transport within the
vitreous were modeled, as described by the standard convec-
tion-diffusion-generation equation:

�c
�t

+ v � �c − D�2 c − q = 0 (1)

where c is the concentration of drug, D is the (constant) dif-
fusion coefficient, v is the velocity of the solvent (water), and
q is the release rate as a function of position and time. Al-
though the vitreous is compressible, we assume that no sig-
nificant compression occurs under normal conditions, so the
incompressible porous medium (Darcy flow) equations apply:

v = −
K
�

�P

� � v = 0 ⇒ �2 P = 0

(2)

where K is the permeability of the vitreous humor, � is the
viscosity of the permeating aqueous humor, and P is the pres-
sure.

We have developed technology for efficiently encapsu-
lating hydrophilic drugs into microparticles of the hydropho-
bic polymer poly(L-lactic acid) (8) and have tested these mi-
croparticulate drug delivery systems in animal models as pos-
sible formulations for the treatment or prophylaxis of
osteomyelitis (9–11). In the current application, microparticu-
late controlled release systems may provide significant advan-
tages for intravitreal delivery of drugs, including the ability to
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administer the dose through very fine needles and provide
sustained drug release.

Since we are interested primarily in controlled release
from very small (1 �m) spheres (8), we have modeled the
source term q in Eq. (1) as a localized source. Previously, we
studied release of gentamicin into cadaveric bovine vitreous
and observed square-root-of-time kinetics with negligible ini-
tial burst for the release of the first 80% of the total loading
(12). Similar square-root-of-time release was also observed in
a number of other in vitro experiments (8,9). Thus, for the
purposes of this computational study, we introduced a drug
release term of the following form:

q =
M0 k

�t
� �x,y,z� (3)

where k is a rate constant for the release, M0 is the total
loading of drug in the particle, and � is a function that is zero
over most of the domain but rises sharply in the release vol-
ume (for convenience, one of the finite element basis func-
tions was used, giving a release volume approximately 500 �m
across in the human and 40 �m across in the mouse). The
release function � is normalized so that its volume integral is
unity. The form of Eq. (3) gives a cumulative release profile of

Q = 2 M0 k �t (4)

We limited the analysis to 80% release. We further assumed,
based on our in vitro experiments that the particles do not
migrate significantly within the vitreous (12). The square-
root-of-time form of the release profile that we have chosen is
intended to be generally representative of diffusive release of
drugs from spherical particles (9). It should be noted, how-
ever, that if the release profile were limited by external mass
transfer (e.g., a drug only sparingly soluble in the vitreous),
this form might over-predict drug release at early times.

Model Parameters

Our work with acid orange 8 (MW � 364.4, D � 3.4 ×
10−6 cm2/s), and published studies of dexamethasone sodium
m-sulfabenzoate (MW ≈ 600, D � 5.1 × 10−6 cm2/s), and
fluorescein (MW � 332.3, D � 4.8-6.0 × 10−6 cm2/s), suggest
that the diffusion coefficient for 300-600 Da molecules is 60–
75% of the value in water (13–15). For this work, we consid-
ered two possible diffusion coefficients, 5 × 10−6 cm2/s (small
molecule) and 1 × 10−7 cm2/s (large molecule, e.g., an anti-
body). The hydraulic conductivity, defined as the permeabil-
ity through the vitreous humor divided by the viscosity of the
permeating liquid, is needed to describe the convective trans-
port. We used a hydraulic conductivity of 8.4 × 10−7 cm2/(Pa·s)
based on our previous experiments on bovine vitreous (13).
Analysis of previous results (12) for release of gentamicin from

poly-(L-lactic acid) microspheres in cadaveric bovine vitreous
gave a k value of 0.057 day−1/2 and a release period of 50 days
(80% release). We assumed an initial loading M0 of 500 �g.

Boundary Conditions

The most challenging aspect of the model was the iden-
tification of the appropriate boundary conditions (BCs).
Since we have second-order equations in concentration and
pressure [Eqs. (1) and (2)], we require one concentration/flux
condition and one pressure/permeation condition along each
boundary. The model domain, which is identical to that pre-
viously used by Friedrich et al. (16) is shown in Fig. 1. The
domain is bounded by the lens (L), the hyaloid membrane
and the aqueous humor (H), and the retina and sclera (R).
Since we consider cases in which the drug source was not
along the axis of symmetry, the model was solved in its fully
three-dimensional form. Figure 1 also shows the location of
the source in the human and neonatal mouse cases.

The lens is avascular and highly compacted, making it
essentially impermeable to water and to many drugs. The
corresponding boundary conditions are

n � �P = 0 �no aqueous permeation into the lens� (5)

n � �c = 0 �no drug permeation into the lens� (6)

Table I. Models of Intravitreal Mass Transport

Geometry Drug source Other features Source

Sphere Injection (center) Analytical solution (15)
Spherical Shells Continuous (exterior) Used to fit experimental blood-vitreous permeation data (28,29)
Modified Cylinder Injection (center) Included metabolism of injected drug (14)
Anatomical (Rabbit or Human) Injection (various locations) Included elimination via aqueous humor (16,30)
Anatomical (Mouse or Human) Sustained release, point source Includes active transport terms, convective terms Current work

Fig. 1. Domain of vitreous transport model. The domain for the hu-
man eye, which is identical to that used in (16), represents the entire
vitreous gel. It is bounded by the lens (L), the hyaloid membrane and
beyond it the aqueous humor (H), and the retina and sclera (R).
Location of the release source and the domain of the simulated
mouse eye are shown. The radii of curvature of the retina and lens in
the human eye are taken to be 0.85 cm and 0.55 cm, respectively. The
center of curvature of the retina is 0.61 cm posterior to the hyaloid
membrane boundary, and the center of curvature of the lens is 0.24
cm anterior to the hyaloid membrane. For the neonatal mouse, the
radii of curvature of retina and lens are 0.054 and 0.042 cm, respec-
tively, the center of curvature of the lens is coplanar with the hyaloid
membrane, and the center of curvature of the vitreous is 0.012 cm
posterior to the hyaloid membrane.
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where n is the outward-pointing normal at the retinal surface,
and Eq. (6) makes use of the fact that the normal velocity of
the aqueous must be zero by Eq. (5).

The hyaloid membrane separates the vitreous humor
from the aqueous humor and the anterior segment of the eye.
Because the hyaloid membrane is relatively thin and highly
porous, we assumed no resistance to flow across it, implying
that the pressure at the posterior hyaloid surface is equal to
the pressure in the aqueous humor, which is equivalent to the
routinely-measured intraocular pressure (IOP). For a healthy
patient, IOP is generally between 15 and 20 mmHg (2000–
2600 Pa), whereas for a glaucoma patient it can be twice that.
We chose 2000 Pa as the IOP and thus set P � 2000 Pa at the
hyaloid. We further assumed that the hyaloid exerts no sig-
nificant resistance to passive transport of drug from the vit-
reous humor to the aqueous humor. The aqueous humor has
a residence time in the eye of about 2.5 hr (1). Since we are
concerned with drug release taking place over weeks, we as-
sumed that the aqueous turnover was fast enough to remove
all drug as it arrives, and we set c � 0 at the hyaloid.

The retina and sclera present some difficulty in the for-
mulation of correct boundary conditions. In light of the wide
range of experimental results, we included passive transport
terms in both the pressure and the species balance equations
and active species transport:

n � v = n � �−
K
�

�P� = KP �P − PV� (7)

n � �−D�c + vc� = �Ract + KC�c (8)

where KP [� 5 × 10−10 cm/(Pa·s)] is the hydraulic conductivity
of the retina and sclera, and PV (� 1200 Pa) is the pressure of
the vein downstream of the flow. For the concentration
boundary condition, we combined the passive (KC) and active
(Ract) transport terms to yield (Ract + KC) � 10−5 cm/s. A
discussion of the existing data on transport out of the vitreous,
including the rationale for Eqs. (7) and (8) and the values of
the parameters, is included in the Appendix.

Solution Method

Equations (1) and (2) were solved in series using the
standard Galerkin finite element method (FEM) with piece-
wise triquadratic basis functions for the pressure and concen-
tration. FEM works well for elliptic problems on oddly-
shaped domains, and it accommodates flux boundary condi-
tions in a natural way. An ad hoc finite element code was
developed and run on an 800-MHz Pentium III microcom-
puter running Linux.

The first stage of the solution process was the solution of
the steady-state Darcy Eq. (2). This solution was assumed to
be time-independent and to be unaffected by the action of the
diffusing drug. Since Eq. (2) is quasi-steady, the assumption
of constant pressure/velocity profile could be relaxed by sim-
ply recalculating the profile at each time step. For the current
analysis, however, the constant profile assumption was used,
so the pressure profile was calculated once a priori and used
in the solution of the transient delivery problem.

The conservation of drug Eq. (1) was subsequently
solved by the method of lines. The spatial derivatives were
discretized by FEM, and the resulting ordinary differential
equation was solved by implicit Euler integration.

RESULTS

Intraocular Pressure and Velocity Profiles

As noted above, the first step in the simulation process
was the determination of the pressure and velocity profiles
within the vitreous at steady state. Figure 2 shows the FEM
solution of Eq. (2). The pressure is, as specified, highest at the
aqueous border, and it decreases monotonically through the
vitreous. The model predicts a steady permeating flow down
the pressure gradient from the anterior to the posterior vit-
reous. The average velocity at the retinal surface is 4.0 × 10−7

cm/s, and the total volumetric flow rate through the vitreous
is 0.14 �L/min. The pressure drop across the vitreous is less
than 1 Pa, indicating that almost all of the pressure drop
between the aqueous humor (2000 Pa) and the eventual
drainage into a vein (1200 Pa) occurs across the sclera, con-
sistent with earlier analysis (17).

Intraocular Drug Release and Biodistribution

Figure 3 shows the concentration of drug at the vitreous-
retina surface (as viewed from behind the retina) at 1, 5, 10,
and 20 days after release. As expected, there is an early lag as
the drug requires finite time to be transported to the retinal
surface. At long time, the square-root-of-time release profile
dies out, and the concentration decays accordingly.

Our model also predicts the gross biodistribution of drug
with time. Neglecting degradation and metabolism of drug
within the vitreous, there are four possible drug locations:

1. Still in the microparticle
2. Released from the particle but still inside the vitreous
3. Cleared by the aqueous humor
4. Delivered to the retina (for the purpose of this study,

any drug leaving the posterior vitreous was classified as de-
livered to the retina, regardless of its final destination)

The sum total of the mass of drug in each location must
remain constant at the total loading. Figure 4 shows the cu-
mulative distribution of a relatively small drug (D � 5 × 10−6

cm2/s) over course of release. Since we have assumed square-
root-of-time release kinetics and the various masses are plot-
ted vs. the square root of time, the amount still in the particle
decreases linearly on the graph. The drug mass in the vitreous
increases early in the release but quickly decays as drug is
absorbed by the retina or swept away by the aqueous. At the
end of the 50-day simulated release period, there is relatively
little drug still in the vitreous, and 70% of the released drug
has reached the retina with 29% cleared by the aqueous.

Figure 5 shows two major effects as drug diffusivity de-
creases (i.e., for a larger drug). First, the amount of holdup in
the vitreous is increased significantly because of the slower
diffusion. Second, because of the increased significance of
convection relative to diffusion, the distribution to the retina
downstream of the convective flow is increased. Specifically,
at the end of the release period, 83% of the drug has reached
the retina and only 6% has been cleared by the aqueous, the
remainder being still in the vitreous. Thus, the ratio of drug
reaching the retina to drug reaching the aqueous increases
from 2.4 to 13.
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Because of the importance of the neonatal mouse model
in the testing of pharmaceutical systems, we repeated the
calculation of figure 4 for a mouse eye (geometry based on
(18)) instead of a human eye. Figure 6 shows that there is
essentially no hold-up in the vitreous because of its extremely
small size. The limiting step in the delivery process is the
release rate, and the amounts of delivery to the retina and loss
to the aqueous are proportional to the amount released. Also
of note is a significant reduction in convection away from the
hyaloid toward the retina, with 71.7% of the released drug
being lost and only 28.3% being delivered to the retina.

DISCUSSION

We have developed a model of controlled drug delivery
to the vitreous humor. This model, unlike previous ones, ac-
counts for transient release from a localized source, simulat-
ing microparticle delivery. The model also solves for the
steady flow of aqueous humor permeating through the vitre-

Fig. 2. Pressure and flow direction distribution in the vitreous. The
pressure (indicated by color) drops less than 1 Pa between the hyaloid
membrane and the anterior surface of the retina. As required by Eq.
(2), the flow travels down the pressure gradient.

Fig. 3. Simulated release profile in the human eye. Posterior view of concentration distribution on the posterior vitreous
surface at t � 1, 5, 10, and 20 days after implantation. Color bar shows concentration in �g/cm3.
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ous from the aqueous humor to the retina. The model and its
solution method are easily generalized, and the simulation
could thus be used to study other drugs, reaction/metabolism
of drug within the vitreous, disease states that affect ocular
pressure or vitreous permeability, or multiple injection points,
possibly with different loading or release rates. Also, because
the velocity profile is calculated, one could modify the model
to study feedback processes in which the drug affects aqueous
humor flow in the vitreous, which in turn affects the distribu-
tion of drug. Although only one drug delivery location was
considered in this study, the source point could be modified
easily to accommodate other delivery locations.

The model assumption that the lens is impermeable
could be relaxed if one were interested in a drug capable of
entering the lens (19). Because it is stagnant and cannot act as
a “sink” in the way that the aqueous does, the lens would have
to be included in the model by enlarging the domain rather
than by a simple modification of the boundary conditions.
Further, the model assumes that there is no net motion of the
vitreous even though there is experimental evidence that the
vitreous can move quite dramatically during eye motion, par-
ticularly the highly liquefied vitreous of the elderly (1). It may
be more appropriate to consider a portion of the vitreous as
intact, modeled as herein, and a portion as liquefied and well-
mixed by ocular motion. The model also assumes an active
drug transport term at the posterior vitreous surface based on
fluorescein data (20,21); although the current model provides
insight into large-drug vs. small-drug transport within the vit-
reous, care should be taken in generalizing the model results.

The most significant conclusion from the simulations was
that the transport of drug within the human vitreous depends
on both convection and diffusion, even for a small (MW �
364) and thus highly diffusive component like acid orange 8.
Since intravitreal flow could depend significantly on intraocular
(i.e., aqueous humor) pressure, which varies among individuals
and is particularly high in glaucoma patients, one should be
aware of intraocular pressure when developing an intravitreal
delivery strategy. Our results are also consistent with Maurice’s
(22) observation that a needle hole in the sclera can affect trans-
port between the aqueous and vitreous humors.

The behavior observed is readily analyzed by considering
the Péclet number, which can be estimated for the three cases
studied:

Pé =
VL
D

�

�
�3.8 × 10−6 cm�s��1.43 cm�

5 × 10−6 cm2�s
= 1.1 HUMAN, High D

�3.8 × 10−6 cm�s��1.43 cm�

1 × 10−7 cm2�s
= 54.3 HUMAN, Low D

�3.8 × 10−6 cm�s��0.1 cm�

5 × 10−6 cm2�s
= 0.076 MOUSE, High D

(9)

The transport mechanism changes fundamentally between
the human and neonatal mouse eyes. Transport is largely
diffusive in the mouse, balanced between convection and dif-
fusion for the small drug in the human, and largely convective
for the large drug in the human. The practical significance of
this difference lies in the relative partitioning of drug between
its two possible destinations: the retina (the target) and the
aqueous humor (leading to systemic elimination). This differ-
ence arises from the importance of intravitreal flow in the
human eye, which convects drug toward the retina. The con-
vection effect is exaggerated in the case of a relatively large
(i.e., slowly-diffusing) drug.

In light of the contribution of convection to intravitreal
transport in the human, the insignificance of convection in the
neonatal mouse eye due to scaling should be considered in the
design and analysis of animal model studies of ocular deliv-
ery. Since diffusion dominates in the small animal, the distri-
bution of drug does not remain constant as animal size in-

Fig. 5. Biodistribution of a large drug in the human eye. The biodis-
tribution plot is for the same delivery location and rate as in Fig. 4,
except that the diffusion coefficient has been reduced to 10−7 cm2/s.

Fig. 4. Biodistribution of a small drug in the human eye. Drug has
four possible locations: still in the particle, diffusing in the vitreous,
lost across the hyaloid (and presumably cleared by the aqueous cir-
culation), and delivered to the retina. The classification “delivered to
the retina” includes all drug reaching the posterior vitreous surface, at
which point drug may be metabolized by the retina, may pass through
the retina and be cleared by the choroidal blood flow, or may diffuse
across the sclera into the episcleral space. The plot shows how the
four states are distributed over time for a relatively small drug (D �

5 × 10−6 cm2/s). Note that the horizontal axis is square root of time.

Stay et al.100



creases, but rather the large animals (e.g., humans) will have
more efficient delivery to the retina and less peripheral dis-
tribution. Many drugs selected for controlled release are toxic
at high dose, so awareness of the shift in transport mechanism
between mouse and human is necessary.
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APPENDIX

Boundary Conditions on the Retinal Surface

Appropriate boundary conditions on the retinal surface
require that we specify how the fluxes of aqueous humor and
of drug into the retinal surface depend on the local pressure
and concentration. In the case of purely passive transport, a
mixed linear boundary condition is sufficient to capture the
relationships. In fact, the passive hydraulic conductivity of the
sclera has been measured to be 5 × 10−10 cm/(Pa·s) (17).
There is, however, considerable experimental evidence sug-
gesting that active transport across the retinal pigment epi-
thelium could be significant. Tsuboi and Pederson (23)
showed that explanted retinal pigment epithelium can pump
water from the vitreal to the scleral side in vitro. In light of the
high flow resistance of the sclera, even a small active transport
contribution could affect the flow field.

Since the fluid flow problem is assumed to be at steady
state, conservation of mass requires that the total flow into
the vitreous from the aqueous be equal to the total flow out
of the vitreous across the retina. Posterior flow from aqueous
to vitreous has been studied by various investigators, provid-
ing some insight into the appropriate retina/sclera boundary
condition, although the nature of posterior flow and the pos-

sibly related uveoscleral outflow pathway remains cloudy
(cf. (24)).

Maurice (22) concluded based on the ability of fluores-
cein to diffuse from the vitreous to the aqueous that any
posterior flow must be very slow, much slower than the 0.5
mm/hr suggested earlier. Araie and co-workers subsequently
found, however, that changes in intraocular pressure by arti-
ficially clogging the trabecular mesh (25) led to changes in
transport across the aqueous-vitreous boundary, suggesting
that there is a small but significant pressure-driven flow across
the aqueous-vitreous boundary. Based on those results, we
estimate that the posterior flow of aqueous into the vitreous
is at most 10% of the total aqueous humor generated; in the
human, this corresponds to a flow rate of approximately 0.25
�l/min, or a velocity of roughly 0.25 mm/hr, consistent with
Maurice’s conclusion. A short-time (40 min) study in rabbit
(26) using radio-labeled water found no measurable flow of
aqueous into the vitreous, but their resolution was only 0.5
mm, and a velocity of 0.25 mm/hr would be insufficient to
produce a resolvable change within the 40-min experiment. A
boundary condition with only passive terms,

n � v = n � �−
K
�

�P� = KP �P − PV� (7)

where the passive hydraulic conductivity KP is set to 5 × 10−10

cm/(Pa·s) based on (17), produces an average aqueous humor
velocity of 4.0 × 10−7 cm/s across the retina, which corre-
sponds to a velocity of 3.8 × 10−6 cm/s (0.14 mm/hr) across the
hyaloid. The volumetric flow rate is 0.17 �l/min, or 7% of the
total aqueous humor production. We consider this a reason-
able estimate of the aqueous flow rate through the vitreous
based on existing experimental data, and we therefore ne-
glected active water transport in this study.

Selecting the boundary condition for drug transport in-
volves complications similar to those involved in selecting the
flow boundary condition. There is a body of experimental
evidence supporting the idea that there is active as well as
passive transport of drugs out of the vitreous. Most compel-
ling, the transport of fluorescein from the vitreous to the
blood is as much as 100 times faster than the corresponding
transport into the vitreous (20,21), a feature described gener-
ally as the blood-vitreous barrier (3). Since the unidirection-
ality is too great to be explained by the relatively small con-
vective flow rates available, (20,21) conclude that there is
active transport of fluorescein out of the vitreous, possibly by
an anion pump. Those studies found no concentration depen-
dence in the permeability, so we introduce a linear active
transport term:

n � �−D�c + vc� = Ract c + KC �c − cV� (A-1)

where Ract is the constant for active transport and KC is the
constant for passive transport. Since we only consider cases in
which the downstream concentration cV � 0, there is no prac-
tical distinction between KC and Ract, and we write the final
form of the concentration boundary condition:

n � �−D�c + vc� = �Ract + KC�c (8)

where the sum of the active and passive terms is equivalent to
an effective permeability coefficient. Taking a sample-size-
weighted average of the data summarized in Table II of (21),
we estimate KC � 1.9 × 10−7 cm/s and Ract � 5.7 × 10−6 cm/s;

Fig. 6. Biodistribution in the mouse eye. The plot shows biodistribu-
tion data for release of a small drug into a neonatal mouse eye. The
location of the release source is given in Fig. 1.

Computer Simulation of Intravitreal Transport of Controlled-Release Drugs 101



a survey of other data on fluorescein transport into the retina
(15,27–29) yields an estimate of the overall vitreous-retina
permeability constant KC + Ract � 2 × 10−5 cm/s, about a
factor of three higher than the total based on (21). In light of
the data, we set KC + Ract � 1 × 10−5 cm/s for our simulations.
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