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Chronic, incurable ocular diseases, such as glaucoma, age-related macular degeneration
(AMD), diabetic retinopathy, and retinitis pigmentosa, require lifelong drug management to
prevent blindness. These diseases affect millions of adults worldwide. We aim to design an
implantable ocular drug delivery device consisting of microchannels embedded between top
and bottom covers with a drug reservoir made from polydimethylsiloxane (PDMS). This type
of device can be tailored to specific drugs that have been developed to treat the
aforementioned diseases by adjusting the channel design to achieve the appropriate diffusion
rate. We designed and fabricated two channel designs based around the corticosteroid
Fluocinolone Acetonide. We based the channel design off the biological structures found in
lymph nodes in an effort to create a contextualized design. Design generation, channel
fabrication, and fluid path analysis are presented.

lymph nodes. The lobule has a wider top that converges at the base. It appears like a biological funnel. The
travel of lymph through lymph nodes served as the main inspiration for the channel design. The lymph flows
through the afferent vessel, over the subcapsular sinus, then through the paracortical sinus. Both the
subcapsular and paracortical sinuses then converge towards the base in the medullary sinuses, ultimately
exiting through the efferent vessel. The channel designs were idealizations of this system of sinuses. We
designed two channels; one with three straight channels and one with five straight channels each
representing the paracortical sinuses. The subcapsular and medullary sinus representations were kept
constant across the designs. In order to be fabricated the designs had to be made with straight lines and
regularity, but were made with the same converging, filter-like structure exhibited by the sinuses in lymph
nodes.

as specified in the Mao Lab Protocols throughout the process. Photoresist having been
exposed to the UV light will cross-link. We exposed for 10.61 seconds given the measured UV
light strength and depth desired. The areas exposed to the UV light are those dictated by the
mask as designed. The unexposed areas of the wafer were then removed using SU-8
Developer leaving a final hardened pattern on the wafer. At this point the wafer is completed
and can be used to mold PDMS into the desired pattern of the device.

A total of 90 grams of PDMS was mixed up and properly degassed in the desiccator. The wafer
was cleaned with nitrogen gas and a chlorotrimethylsilane monolayer was allowed to form on
the wafer. After pouring the PDMS over the wafer it was baked for two hours at 802C. To
complete device formation put the piece of PDMS with the channel and a plain piece of PDMS
in the Plasma Cleaner for 2 minutes and immediately stick the two together and bake for two
minutes.

Incurable ocular diseases require lifelong drug
management to prevent blindness.
Pharmaceutical companies have developed a
wide variety of effective drugs to treat these
diseases, but the means of treatment remain
difficult due to the size limitations of the eye.
The three existing treatment schemes are
orally administered medication, intraocular
injections, and biodegradable implants. We
propose a trans-scleral implantable device
similar in scheme to Pidaparti’s previous
designs (see References). The designed

microchannels and drug loaded hydrogel are [l IS R R Cl )
embedded in between top and bottom POMS  [ClEZEiw i Rere ()]
casings Drug diffuses from the hydrogel through the microchannels at the proper dosing rate

dictated by the channel geometry. The unique performance achievable through nano and
micro channels in terms of diffusion and kinetics is promising for drug delivery.
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The purpose behind this device is to improve the patient’s quality of life. The surgical
procedure required to implant the device is of higher-risk than a single intraocular injection.
However, reducing the number of procedures for the patient is an essential advantage to the
device. If the device is designed to be refillable it could reduce the amount of injections faced
by the patient from monthly to once every two years.

We also aimed to design the channels based on the sinuses in lymph nodes to contextualize
the design, looking to nature as a guide for the structure of the device. The following work
presented is the design and fabrication of the microchannel piece to a future, fully-developed
design.

The overall purpose of this project is to develop a new implantable device for the treatment
of the aforementioned ocular diseases. The project goals were defined to design the
microchannel piece to an ultimately complete device. The biological structures of the
lymphoid lobule served as an inspiration for the channel design.
1. Design two microchannel structures with constant areas so flow
may be compared
2. Fabricate the designs in lab and analyze the fluid path

As previously stated, the design of the microchannels for this type of
device is dictated by the specific drug. We designed these channels
based around the corticosteroid Fluocinolone Acetonide, a drug for the
treatment of age-related macular degeneration. The relevant
characteristics of the drug are as follows:

[¥]Diffusion Coefficient (cm?/s) = 2.3*107

[¥)Average Dosage (nL/min) = 0.0744

[¥]Injection Amount/Period = 15mg/20 weeks

The requirement is that the diffusion rate is within 2% of the dosing
rate. Based on previous work it was assumed that the device would be
set to have 1.18 mg/pL concentration of drug-contained deionized water
in the hydrogel reservoir. We also assume that the retina region of the
eye has a zero concentration of drug. Our final assumption is that the
gradient of concentration with length is linear over the microchannel’s
length. With these assumptions we calculated the flux density of the
drug-contained water into the targeted area by molecular diffusion.
Using Fick’s First Law (1), we calculated the flux density knowing we
wanted to set the overall channel length to be 3 mm, where D is the
diffusivity of the drug, ¢ is the difference in concentration from
reservoir to eye, and x is the difference in length over the channel.
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5 Paracortical vs. 3 Paracortical

Pictured above are the two channel
designs. The right design has three
larger straight channels representing
the paracortical sinuses whereas the left
design has 5 slimmer channels. The
areas representing the converging
subcapsular sinus , medullary sinus, and
afferent/efferent vessels are identical in
both designs. The overall area in both
channels is the same. Note, the circular
shapes are inlets and outlets to allow
for testing in lab.
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Having calculated the flux density using Fick’s First Law, we can use the

calculated ] value to find the total mass flux of drug into the eye using

(2). J is the flux density as calculated and A is the inlet area. We

calculate A to achieve a total mass flux of drug into the eye within 2% of 3 500 280 3 100
the drug’s dosing rate. Therefore for Fluocinole A must be approximately
0.0014 cm?. Knowing the inlet area and that the area must be the same
for both designs allows for dimensioning as described in the table to the
right.

One question with the fabrication of the channels was whether or not the soft lithography
techniques would be able to reliably produce the design. We looked at many of the fabricated
channels under the microscope at 2.5X as seen below and most of the channels came out
exactly as designed. One consistent problem was the right triangle block made to have the
subcapsular representation converge down along the side of the channel. The precision of the
manufacturing failed to create the triangle in full.

After fabricating many channels we knew we needed
to analyze how fluid travels through the channels. We
needed to analyze what path fluid would take through
this channel design. We intended to have the fluid
spread out and down all of the descending channels,
but ended up finding that the fluid only diffuses down
the centermost channel in both designs. To analyze
how fluid moved through the channels we wanted to
use a fluorescent particle and let it diffuse through.
First we tried using  Rhodamine B by creating a
pressure gradient with a micropipette tip in each end
of the channel (one with 5 pL and the other with 10
uL). This method failed because it proved too difficult
to have water throughout the channels to allow the
Rhodamine B particles to diffuse. Next we used green
Polystyrene MicroSpheres of diameter 2.5 pm. For this
particle we loaded 5 pL into one pipette tip at the inlet
side of the channel and were able to reliably see under
the microscope that the particles diffused through the
one central channel in both designs.

Experiment with Rhodamine B
(Top Left), Polystyrene Green (Top
Right), Polystyrene Green through
Middle Channel (Bottom)

One of the set goals of this project to design a more contextualized device. By contextualized
we mean that looking to existing systems in nature with similar function informs the design
process. Nature has been tinkering with 4.54 billion years of
of experience, the systems in the body work for very
specific reasons. Appreciating this intricacy and complexity
leads to a better design. We looked at lymph nodes in the
body as the inspiration for this design because of the high
degree of feedback that exists in informing the immune
response. The lymph nodes are a centralized area for
Antigen Presenting Cells, Lymphocytes, and Macrophages
to interact. While this type of feedback is extremely
difficult to mimic, emulating the structure that is capable
of facilitating the feedback is still valid. Further
improvements may make a more informed device with
some of the feedback exhibited by lymph nodes possible.
Pictured is a single lymphoid lobule, the functional units
that make up the

lobule and described sinuses ([13])

We fabricated the channels using soft lithography. Our first task was to design a UV mask (seen on the
right) that acts as the blueprint of the device. The mask ensures that only the desired parts of negative
photoresist coating are exposed to UV light in later steps. Our designs were drawn in AutoCAD and sent out
to have the mask manufactured so that the highest dpi printing was used. The next part of manufacturing
was to execute the photoresist patterning. As noted in the above table our designs were made to be 280
and 467 micrometers in depth, but the UGA cleanroom was only fit to fabricate to depths of 170
micrometers even though the protocol lists that up to 500 micrometers is possible (there was only SU-8
available). We proceeded with making both channels at 170 micrometers realizing that if fluid path were
successful we would need to make a new wafer at the proper depths to test diffusion rates. SU-8 was spin
coated (spun at 1000 rpm) on to a clean silicon wafer and then exposed to UV light with the MA6 Mask
Aligner. A number of soft and post bake heatings at both 65 and 95 degrees Celsius were completed
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From Left to Right: UV Mask, Completed Wafer, Completed PDMS Device (3 Channels)
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