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Abstract	
  
Chronic,	
   incurable	
   ocular	
   diseases,	
   such	
   as	
   glaucoma,	
   age-­‐related	
   macular	
   degenera?on	
  
(AMD),	
  diabe?c	
   re?nopathy,	
   and	
   re?ni?s	
  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	
  consis?ng	
  of	
  microchannels	
  embedded	
  between	
  top	
  
and	
  boNom	
  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	
  
aforemen?oned	
  diseases	
  by	
  adjus?ng	
  the	
  channel	
  design	
  to	
  achieve	
  the	
  appropriate	
  diffusion	
  
rate.	
   	
   We	
   designed	
   and	
   fabricated	
   two	
   channel	
   designs	
   based	
   around	
   the	
   cor?costeroid	
  
Fluocinolone	
  Acetonide.	
  We	
  based	
   the	
   channel	
  design	
  off	
   the	
  biological	
   structures	
   found	
   in	
  
lymph	
   nodes	
   in	
   an	
   effort	
   to	
   create	
   a	
   contextualized	
   design.	
   Design	
   genera?on,	
   channel	
  
fabrica?on,	
  and	
  fluid	
  path	
  analysis	
  are	
  presented.	
  

Introduc?on	
  
Incurable	
  ocular	
  diseases	
  require	
  lifelong	
  drug	
  
management	
   to	
   p revent	
   b l indness .	
  
Pharmaceu?cal	
   companies	
   have	
   developed	
   a	
  
wide	
   variety	
   of	
   effec?ve	
   drugs	
   to	
   treat	
   these	
  
diseases,	
   but	
   the	
  means	
  of	
   treatment	
   remain	
  
difficult	
  due	
  to	
  the	
  size	
   limita?ons	
  of	
  the	
  eye.	
  
The	
   three	
   exis?ng	
   treatment	
   schemes	
   are	
  
orally	
   administered	
   medica?on,	
   intraocular	
  
injec?ons,	
   and	
   biodegradable	
   implants.	
   	
   We	
  
propose	
   a	
   trans-­‐scleral	
   implantable	
   device	
  
similar	
   in	
   scheme	
   to	
   Pidapar?’s	
   previous	
  
designs	
   (see	
   References).	
   The	
   designed	
  
microchannels	
   and	
   drug	
   loaded	
   hydrogel	
   are	
  
embedded	
  in	
  between	
  top	
  and	
  boNom	
  PDMS	
  

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	
  kine?cs	
  is	
  promising	
  for	
  drug	
  delivery.	
  
	
  

The	
   purpose	
   behind	
   this	
   device	
   is	
   to	
   improve	
   the	
   pa?ent’s	
   quality	
   of	
   life.	
   The	
   surgical	
  
procedure	
  required	
  to	
   implant	
   the	
  device	
   is	
  of	
  higher-­‐risk	
   than	
  a	
  single	
   intraocular	
   injec?on.	
  
However,	
  reducing	
  the	
  number	
  of	
  procedures	
  for	
  the	
  pa?ent	
  is	
  an	
  essen?al	
  advantage	
  to	
  the	
  
device.	
  If	
  the	
  device	
  is	
  designed	
  to	
  be	
  refillable	
  it	
  could	
  reduce	
  the	
  amount	
  of	
  injec?ons	
  faced	
  
by	
  the	
  pa?ent	
  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	
  fabrica?on	
  of	
  the	
  microchannel	
  piece	
  to	
  a	
  future,	
  fully-­‐developed	
  
design.	
  	
  

Above	
  image	
  depicts	
  the	
  eye	
  with	
  a	
  trans-­‐sclera	
  
device	
  implanted	
  to	
  scale.([9])	
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Goals	
  
The	
  overall	
  purpose	
  of	
  this	
  project	
  is	
  to	
  develop	
  a	
  new	
  implantable	
  device	
  for	
  the	
  treatment	
  
of	
   the	
   aforemen?oned	
   ocular	
   diseases.	
   The	
   project	
   goals	
   were	
   defined	
   to	
   design	
   the	
  
microchannel	
   piece	
   to	
   an	
   ul?mately	
   complete	
   device.	
   The	
   biological	
   structures	
   of	
   	
   the	
  
lymphoid	
  lobule	
  served	
  as	
  an	
  inspira?on	
  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	
  

Contextualized	
  Design	
  
One	
  of	
  the	
  set	
  goals	
  of	
  this	
  project	
  to	
  design	
  a	
  more	
  contextualized	
  device.	
  By	
  contextualized	
  
we	
  mean	
  that	
   looking	
  to	
  exis?ng	
  systems	
   in	
  nature	
  with	
  similar	
  func?on	
  informs	
  the	
  design	
  
process.	
  Nature	
  has	
  been	
  ?nkering	
  with	
  4.54	
  billion	
  years	
  of	
  

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	
  inspira?on	
  for	
  the	
  channel	
  design.	
  The	
  lymph	
  flows	
  
through	
   the	
   afferent	
   vessel,	
   over	
   the	
   subcapsular	
   sinus,	
   then	
   through	
   the	
   paracor?cal	
   sinus.	
   Both	
   the	
  
subcapsular	
  and	
  paracor?cal	
   sinuses	
   then	
  converge	
   towards	
   the	
  base	
   in	
   the	
  medullary	
   sinuses,	
  ul?mately	
  
exi?ng	
   through	
   the	
   efferent	
   vessel.	
   The	
   channel	
   designs	
  were	
   idealiza?ons	
   of	
   this	
   system	
  of	
   sinuses.	
  We	
  
designed	
   two	
   channels;	
   one	
   with	
   three	
   straight	
   channels	
   and	
   one	
   with	
   five	
   straight	
   channels	
   each	
  
represen?ng	
   the	
   paracor?cal	
   sinuses.	
   The	
   subcapsular	
   and	
   medullary	
   sinus	
   representa?ons	
   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.	
  

Image	
  depicEng	
  the	
  lymphoid	
  
lobule	
  and	
  described	
  sinuses	
  ([13])	
  

Channel	
  Design	
  

5	
  Paracor(cal	
  vs.	
  3	
  Paracor(cal	
  
	
  
Pictured	
  above	
  are	
  the	
  two	
  channel	
  
designs.	
  The	
  right	
  	
  design	
  has	
  three	
  
larger	
  straight	
  channels	
  represen?ng	
  
the	
  paracor?cal	
  sinuses	
  whereas	
  the	
  leq	
  
design	
  has	
  5	
  slimmer	
  channels.	
  The	
  
areas	
  represen?ng	
  the	
  converging	
  
subcapsular	
  sinus	
  ,	
  medullary	
  sinus,	
  and	
  
afferent/efferent	
  vessels	
  are	
  iden?cal	
  in	
  
both	
  designs.	
  The	
  overall	
  area	
  in	
  both	
  
channels	
  is	
  the	
  same.	
  Note,	
  the	
  circular	
  
shapes	
  are	
  inlets	
  and	
  outlets	
  to	
  allow	
  
for	
  tes?ng	
  in	
  lab.	
  

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	
  cor?costeroid	
  Fluocinolone	
  Acetonide,	
  a	
  drug	
  for	
  the	
  
treatment	
   of	
   age-­‐related	
   macular	
   degenera?on.	
   The	
   relevant	
  
characteris?cs	
  of	
  the	
  drug	
  are	
  as	
  follows:	
  

.	
  

	
  
 Diffusion	
  Coefficient	
  (cm2/s)	
  =	
  2.3*10-­‐7	
  
 Average	
  Dosage	
  (nL/min)	
  =	
  0.0744	
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  Amount/Period	
  =	
  15mg/20	
  weeks	
  

of	
   experience,	
   the	
   systems	
   in	
   the	
   body	
   work	
   for	
   very	
  
specific	
  reasons.	
  Apprecia?ng	
  this	
  intricacy	
  and	
  complexity	
  
leads	
  to	
  a	
  beNer	
  design.	
  We	
  looked	
  at	
  lymph	
  nodes	
  in	
  the	
  
body	
  as	
  the	
  inspira?on	
  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	
  
An?gen	
  Presen?ng	
  Cells,	
   Lymphocytes,	
   and	
  Macrophages	
  
to	
   interact.	
   While	
   this	
   type	
   of	
   feedback	
   is	
   extremely	
  
difficult	
   to	
  mimic,	
   emula?ng	
   the	
   structure	
   that	
   is	
   capable	
  
of	
   facilita?ng	
   the	
   feedback	
   is	
   s?ll	
   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	
   func?onal	
   units	
  
that	
  make	
  up	
  the	
  

(1)	
   (2)	
  

Channel	
  Fabrica?on	
  
We	
   fabricated	
   the	
   channels	
  using	
   soq	
   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	
  nega?ve	
  
photoresist	
  coa?ng	
  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	
  prin?ng	
  was	
  used.	
  The	
  next	
  part	
  of	
  manufacturing	
  
was	
  to	
  execute	
  the	
  photoresist	
  paNerning.	
  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	
  soq	
  and	
  post	
  bake	
  hea?ngs	
  at	
  both	
  65	
  and	
  95	
  degrees	
  Celsius	
  were	
  completed	
  

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	
  paNern	
  on	
  the	
  wafer.	
  	
  At	
  this	
  point	
  the	
  wafer	
  is	
  completed	
  	
  
and	
  can	
  be	
  used	
  to	
  mold	
  PDMS	
  into	
  the	
  desired	
  paNern	
  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.	
   Aqer	
   pouring	
   the	
   PDMS	
   over	
   the	
  wafer	
   it	
  was	
   baked	
   for	
   two	
   hours	
   at	
   80ºC.	
   To	
  
complete	
  device	
  forma?on	
  put	
  the	
  piece	
  of	
  PDMS	
  with	
  the	
  channel	
  and	
  a	
  plain	
  piece	
  of	
  PDMS	
  
in	
  the	
  Plasma	
  Cleaner	
  for	
  2	
  minutes	
  and	
  immediately	
  s?ck	
  the	
  two	
  together	
  and	
  bake	
  for	
  two	
  
minutes.	
  	
  

From	
  LeI	
  to	
  Right:	
  UV	
  Mask,	
  Completed	
  Wafer,	
  Completed	
  PDMS	
  Device	
  (3	
  Channels)	
  

Fluid	
  Path	
  Analysis	
  
One	
   ques?on	
  with	
   the	
   fabrica?on	
   of	
   the	
   channels	
  was	
  whether	
   or	
   not	
   the	
   soq	
   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	
  representa?on	
  converge	
  down	
  along	
  the	
  side	
  of	
  the	
  channel.	
  The	
  precision	
  of	
  the	
  
manufacturing	
  failed	
  to	
  create	
  the	
  triangle	
  in	
  full.	
  	
  

Manufactured	
  channels	
  under	
  2.5X	
  magnifica?on	
  

Aqer	
   fabrica?ng	
  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	
   par?cle	
   and	
   let	
   it	
   diffuse	
   through.	
  
First	
   we	
   tried	
   using	
   	
   Rhodamine	
   B	
   by	
   crea?ng	
   a	
  
pressure	
   gradient	
  with	
   a	
  micropipeNe	
  ?p	
   in	
  each	
  end	
  
of	
   the	
   channel	
   (one	
  with	
   5	
   μL	
   and	
   the	
   other	
  with	
   10	
  
μL).	
  This	
  method	
   failed	
  because	
   it	
  proved	
   too	
  difficult	
  
to	
   have	
   water	
   throughout	
   the	
   channels	
   to	
   allow	
   the	
  
Rhodamine	
  B	
  par?cles	
   to	
  diffuse.	
  Next	
  we	
  used	
  green	
  
Polystyrene	
  MicroSpheres	
  of	
  diameter	
  2.5	
  μm.	
  For	
  this	
  
par?cle	
  we	
  loaded	
  5	
  μL	
  into	
  one	
  pipeNe	
  ?p	
  at	
  the	
  inlet	
  
side	
  of	
  the	
  channel	
  and	
  were	
  able	
  to	
  reliably	
  see	
  under	
  
the	
  microscope	
  that	
  the	
  par?cles	
  diffused	
  through	
  the	
  
one	
  central	
  channel	
  in	
  both	
  designs.	
  

Experiment	
   with	
   Rhodamine	
   B	
  	
  
(Top	
  Leq),	
  Polystyrene	
  Green	
  (Top	
  
Right),	
  Polystyrene	
  Green	
  through	
  
Middle	
  Channel	
  (BoNom)	
  


