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The  present  invention  relates  to  the  use  of  cationic  polymers  having  bioadhesive  properties.  More 
specifically,  this  invention  relates  to  the  use  of  cationic  polysaccharide  polymers  to  treat  infirmities  of 
mucosal  surfaces. 

The  delivery  of  therapeutic  substances  to  mucosal  surfaces  has  inherent  difficulties  due  to  the  moist 
5  surface.  This  is  particularly  true  for  the  mucosal  surface  of  the  eye  where  the  washing  action  of  the  tear  film 

removes  much  of  the  therapeutic  substance.  Estimates  of  the  portion  of  a  drug  delivered  by  means  of  a 
topical  drop  range  from  1  to  10%  of  the  drug  content.  The  remaining  portion  of  the  drug  which  does  not 
penetrate  or  adhere  to  the  eye  is  removed  by  tears  through  the  lacrimal  ducts  where  systemic  absorption 
occurs  through  contact  with  nasal  and  gastro-intestinal  surfaces. 

io  A  common  ophthalmic  problem,  particularly  with  older  people,  is  the  condition  commonly  known  as 
"dry  eye"  or  dyslacrima.  As  people  age,  the  tear  ducts  in  the  eye  produce  less  moisture.  Consequently,  the 
eye  becomes  dry,  inflamed  and  irritated. 

Prior  developments  in  the  treatment  of  dry  eye  condition  are  described  in  German  3440352  A1  and 
U.S.  Patent  3,947,573. 

75  The  German  patent  discloses  two  formulations  useful  in  treating  dry  eye.  The  first  formulation  is  a  dry- 
eye  solution  comprising  an  isotonicized,  water-soluble  cationic  cellulose  derivative,  and  optional  viscosity- 
enhancing  additives.  The  second  formulation  comprises  an  acrylate-based  aqueous  gel  containing  carbox- 
yvinyl  polmers. 

Despite  the  teachings  of  the  prior  art,  there  is  a  continuing  need  for  a  method  for  treating  the  eye  in 
20  order  to  retain  an  active  agent  for  a  longer  period  of  time. 

This  invention  pertains  to  topical  substantive  delivery  systems  for  mucosal  tissues  comprising  a  clear 
aqueous  solution  of  a  cationic  polysaccharide  and  an  anionic  therapeutic  active  ingredient.  The  present 
invention  is  particularly  well  suited  to  deliver  anionic  therapeutic  agents,  such  as  hyaluronic  acid  or  its  salt, 
to  the  surface  of  the  eye. 

25  Figure  1  is  a  force  versus  distance  profile  of  a  1000  parts  per  million  aqueous  UCARE®  Polymer  JR 
400  solution  squeezed  between  two  mica  plates. 

Figure  2  is  a  force  versus  distance  profile  of  an  aqueous  hyaluronic  acid  solution  (0.3  parts  per  million) 
squeezed  between  two  mica  plates  to  which  UCARE®  Polymer  JR  400  had  been  preadsorbed. 

Both  Figures  1  and  2  relate  to  Example  2  which  is  further  described  in  the  specification  herein  below. 
30  The  present  invention  provides  methods  for  binding  cationic  polymers  to  mucosal  surfaces.  The  cationic 

polymers  of  the  present  invention  have  been  found  to  be  substantive  to  the  mucosal  surfaces  and  can 
topically  deliver  various  therapeutic  agents  to  the  mucosal  surface. 

Cationic  polysaccharide  polymers  and  therapeutic  agent  combinations  are  provided  which  form  highly 
substantive  films.  Cationic  polymer  delivery  systems  have  been  previously  disclosed  and  found  to  be 

35  substantive  to  keratinous  material  in  U.S.  Patent  No.  4,767,463  and  4,913,743.  Keratin  is  a  scleroprotein 
which  is  the  principal  constituent  of  skin,  hair,  nails  and  the  organic  matrix  of  the  enamel  of  the  teeth.  The 
mucosal  surfaces  of  the  body  are  not  comprised  of  keratin. 

Mucosal  surfaces  in  the  body  include  but  are  not  limited  to  the  outer  covering  or  globe  of  the  eye,  the 
inside  lining  of  the  mouth,  nose  and  vagina.  These  surfaces  are  generally  soft,  moist  tissue.  For  example, 

40  the  globe  or  outer  covering  of  the  eye  is  comprised  of  non-keratinized  epithelium  (Bloom,  W.  and  Fawcett, 
D.W.,  A  TEXTBOOK  OF  HISTOLOGY,  10th  Ed.,  W.B.  Saunders  Co.,  Philadelphia  1975).  The  surface  of  the 
eye  is  continuously  coated  with  water  from  the  tear  ducts  which  frequently  washes  material  away  from  the 
outer  coating  of  the  eye.  It  has  been  surprisingly  discovered  that  the  cationic  polysaccharide  polymers  of 
the  present  invention  are  substantive  to  mucosal  surfaces  such  as  the  eye  while  being  non-irritating. 

45  The  cationic  polysaccharide  polymers  which  are  useful  in  the  present  invention  include,  but  are  not 
limited  to:  the  starch  and  cellulose  families;  pectin;  chitin;  chitosan;  guar;  and  the  like. 

Preferred  cationic  polysaccharides  include,  but  are  not  limited  to,  water  soluble  polymers  which  may  be 
selected  from  the  following:  quaternary  nitrogen-containing  cellulose  ethers  such  as  UCARE®  Polymers  JR- 
125,  JR-400,  JR-30M,  LR-400,  LR-30M  and  SR-10  provided  by  Union  Carbide  Chemicals  and  Plastics 

50  Company  Inc.  These  polymers  have  a  backbone  of  anhydroglucose  units  with  pendant  substituent  groups 
bearing  a  full  positive  charge  spaced  along  this  backbone.  As  a  result  of  the  presence  of  the  positively 
charged  groups  imparting  cationic  character  to  the  polymer,  these  polymers  exhibit  increased  substantivity 
to  the  mucosal  surface. 

The  essential  substituent  groups  on  the  anhydroglucose  backbone  are  ether  groups  comprising  a 
55  quaternary-nitrogen  radical.  Additional  ether  groups  which  do  not  contain  a  quaternary-nitrogen  radical  may, 

and  preferably  will,  also  be  present.  The  cellulose  ethers  are  produced  by  etherification  of  a  cellulosic 
material;  the  reactions  involved  in  their  preparation  being  the  introduction  of  an  ether  group  comprising  a 
quaternary-nitrogen  radical. 

2 
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The  cellulose  ethers  of  this  invention  are  polymers  of  the  structural  formula: 
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where  RCeii  is  the  residue  of  an  anhydroglucose  unit  (CgHioOs),  the  R's  may  be  the  same  or  different  and 
each  R  individually  represents  a  substituent  group  of  the  formula  given  hereinbelow,  and  y  represents  the 

is  degree  of  polymerization  and  is  an  integer  having  a  value  of  from  about  50  to  about  20,000,  or  more,  and 
preferably  from  about  200  to  about  5,000. 

In  the  above  structural  formula  each  R  individually  represents  a  substituent  group  of  the  general 
formula: 

20 

25 
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30  wherein: 
a  is  an  integer  having  a  value  of  from  2  to  3; 
b  is  an  integer  having  a  value  of  from  2  to  3; 
c  is  an  integer  having  a  value  of  from  1  to  3; 
m  is  an  integer  having  a  value  of  from  zero  to  10; 

35  n  is  an  integer  having  a  value  of  from  zero  to  3; 
p  is  an  integer  having  a  value  of  from  zero  to  10; 
q  is  an  integer  having  a  value  of  from  zero  to  1  ; 
R'  is  a  member  selected  from  the  group  consisting  of 

0  0  0  o  
II  II  II  II 

-H  ,  -C-OH  ,  - C - O - N a   ,  -C -O-K  and  - C - 0 - N H 4  

45 
with  the  proviso  that  when  q  is  zero  then  R'  is  -H; 

Ri  ,  R2  and  R3,  taken  individually,  represent  a  member  selected  from  the  group  consisting  of  alkyl  and 
alkoxyalkyl  radicals  where  each  of  R1  ,  R2  and  R3  can  contain  up  to  4  carbon  atoms,  with  the  proviso  that 
when  said  member  is  an  alkoxyalkyl  radical  there  are  at  least  2  carbon  atoms  separating  the  oxygen  atom 

50  from  the  nitrogen  atom,  and  with  the  further  proviso  that  the  total  number  of  carbon  atoms  in  radicals 
represented  by  R1  ,  R2  and  R3  is  from  3  to  6. 

X  is  an  anion  such  as  chloride,  bromide,  iodide,  sulfate,  methylsulfate,  sulfonate,  nitrate,  phosphate, 
acetate,  etc.,  and  V  is  an  integer  which  is  equal  to  the  valence  of  X. 

The  average  value  of  n  per  anhydroglucose  unit  is  from  about  0.01  to  about  1  and  preferably  from 
55  about  0.1  to  about  0.5. 

The  average  value  of  rn+!2  +  P  +  9  Per  anhydroglucose  unit  is  from  about  0.01  to  about  7.0,  more 
preferably  from  about  0.1  to  about  5.0,  and  most  preferably  from  about  0.8  to  about  3.0. 

3 
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Illustrative  of  the  numerous  possible  pendant  groups  on  the  anhydroglucose  chain  in  accordance  with 
the  above  generic  description  are  the  following: 

-CH3; 
5  -CH2-CH3; 

-CH2-CH2-OH; 

70 
-CH2-CH-OH;   a n d  

-CH2  -CH2  -0 -CH2  -CH-OH 

75 CH- 

20 

H3C-N+-CH3  CI" 

CH, 

The  number  of  quaternary  nitrogen  atoms  per  substituent,  defined  by  n  in  Formula  II,  is  greater  than  or 
25  equal  to  0,  i.e.,  n  is  an  integer  greater  than  or  equal  to  0.  The  extent  of  quaternization  throughout  the 

polysaccharide,  characterized  as  the  degree  of  cationic  substitution,  i.e.  CS,  provides  an  average  value  per 
repeat  unit  which  is  greater  than  0  and  generally  less  than  1.  In  order  for  the  cationic  polysaccharide 
polymer  to  be  substantive  to  the  mucosal  surface,  the  cationic  substitution  of  the  polymer  is  preferably 
greater  than  about  0.2. 

30  Anionic  therapeutic  agents  which  can  be  used  in  conjunction  with  the  cationic  polymers  of  the  present 
invention  include  anti-inflammatory  agents,  anti-infection  agents,  glaucoma  agents,  imaging  agents,  wound 
healing  agents,  dry  eye  agents  and  mixtures  thereof.  Therapeutic  agents,  as  used  herein,  are  broadly 
defined  to  be  ingredients  which  treat,  diagnosis  or  prevent  diseases  or  disorders  of  the  body.  Therapeutic 
agents,  include  humectants  and/or  lubricants  which  could  alleviate  conditions  such  as  dry  eye  or  ulcerations 

35  associated  with  contact  lens  wear  or  pharmaceuticals  which  effect  bodily  functions.  Dry  eye  agents  include 
glycosaminoglycans  such  as  hyaluronic  acid  or  salts  thereof,  and  other  dry  eye  agents  such  as  chondroitin 
sulphate,  and  the  like.  Illustrative  anti-inflammatory  agents  include  prostaglandins  and  derivatives;  salicyclic 
acid;  proprionic  acid;  fenemates  including  anthranilic  acid  derivatives  and  cromolyn.  Anti-infective  agents 
include  beta  lactam  antibiotics  such  as  penicillins  and  cephalosporin.  Glaucoma  agents  include  carbonic 

40  anhydrase  inhibitors  and  the  like;  imaging  agents  include  fluorescein  and  derivatives  and  rose  bengal  and 
the  like:  and  wound  healing  agents  including  peptide  growth  factors  such  as  epidermal  growth  factor  and 
the  like. 

Gylcosaminoglycans  are  anionic  active  ingredients  that  can  be  used  with  particular  advantage  with  the 
cationic  polymers  of  the  present  invention.  Glycosaminoglycans  are  well  known,  naturally  occurring, 

45  polysaccharides  containing  disaccharide  repeating  units  of  hexosamine  and  hexose  or  hexuronic  acid  and 
may  contain  sulfate  groups. 

Representative  glycosaminoglycans  include,  but  are  not  limited  to:  hyaluronan,  hyaluronic  acid  or 
derivatives  thereof  such  as  hylan;  heparin;  heparan;  chondroitin;  keratan;  and  sulfates  of  such  materials.  A 
particularly  preferred  glycosaminoglycan  is  hyaluronan,  and  derivatives  thereof,  which  contain  repeating 

50  disaccharide  structure  of  D-glucuronic  acid  and  2-acetamido-2-desoxy-D-glucose  joined  by  alternating 
/31-->3  glucuronidic  and  /3-->4  glucosaminidic  bonds.  Representative  hyaluronan  and  derivatives  thereof 
which  may  be  provided  include,  but  are  not  limited  to:  BIOMATRIX®  hyaluronan  provided  by  Biomatrix, 
Inc.,  such  as  described  in  U.S.  Pat.  No.  4,303,676  (Balazs),  HYLADERM®  hylan  provided  by  Biomatrix,  Inc., 
such  as  described  in  U.S.  Pat.  No.  4,713,448  (Balazs,  et  al.);  and  substantially  pure  hyaluronan  such  as 

55  described  in  U.S.  Pat.  No.  4,141,973  (Balazs). 
The  ratio  of  the  cationic  polysaccharide  polymer  to  the  therapeutic  agent  may  vary  widely.  In  a 

preferred  embodiment,  after  the  anionic  therapeutic  agent  is  added  to  the  cationic  polysaccharide  polymer, 
sufficient  cationic  charge  remains  on  the  polysaccharide  polymer  to  bind  the  polymer  to  the  mucosal 

4 
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surface.  Generally,  an  effective  amount,  which  as  used  herein  is  defined  as  that  amount  of  cationic  polymer 
sufficient  to  provide  substantivity  to  the  mucosal  surface.  Those  with  ordinary  skill  in  the  art  will  appreciate 
that  manipulation  of  the  cationic  substitution  of  the  polymer  and/or  the  level  of  polymer  employed  can  be 
used  in  determining  the  effective  amount. 

5  In  the  broadest  sense,  the  relative  proportion  of  cationic  polymer  to  therapeutic  agent  is  not  narrowly 
critical.  The  relative  weight  ratio  of  cationic  polymer  to  therapeutic  agent  will  generally  range  from  0.01:1  to 
about  200:1,  preferably  from  about  2:1  to  about  100:1  and  most  preferably  from  about  10:1  to  about  50:1. 

Typically,  the  amount  of  therapeutic  agent  is  at  least  about  0.0001  weight  percent,  preferably  from 
about  0.0005  weight  percent  to  about  2  weight  percent  and  most  preferably  from  about  0.001  weight 

io  percent  to  about  1  weight  percent  of  the  total  composition. 
The  specific  amount  of  cationic  polysaccharide  polymer  provided  may  also  vary  widely.  In  a  preferred 

embodiment  the  cationic  polymer  is  provided  in  an  amount  sufficient  to  be  substantive  to  the  mucosal 
surface.  Typically,  the  amount  of  cationic  polymer  is  at  least  about  0.0005  weight  percent,  preferably  from 
about  0.0025  weight  percent  to  about  20.0  weight  percent  and  most  preferably  from  about  0.005  weight 

is  percent  to  about  10  weight  percent  of  the  total  composition. 
The  cationic  polysaccharide  polymer  solutions  of  this  invention  are  employed  to  deliver  anionic 

therapeutic  ingredients.  Without  wishing  to  being  bound  by  any  theory,  it  is  believed  that  electrostatic  forces 
bind  the  anionic  therapeutic  agents  to  the  cationic  polymer.  Thus,  when  the  cationic  polysaccharide  polymer 
is  substantive  to  the  mucosal  surface,  the  anionic  therapeutic  agent  is  also  delivered  to  the  mucosal 

20  surface.  The  present  invention  is  also  capable  of  delivery  a  therapeutic  agent  which  is  chemically  reacted  to 
form  a  covalent  bond  to  the  cationic  polysaccharide  as  in  the  case  of  a  salt. 

Substantivity  of  the  anionic  therapeutic  agent  and  cationic  polysaccharide  polymer  combination  is 
characterized  by  an  increase  of  the  cationic  polysaccharide  polymer  on  the  mucosal  surface. 

Substantivity  can  be  measured  through  the  use  of  an  ocular  fluorimeter.  The  cationic  polysaccharide 
25  polymer  is  fluorescently  tagged  by  reaction  with  fluorescein  generally  based  on  the  procedure  of  De  Balder 

and  Granath  for  labelling  dextrans;  Carbohydrate  Research,  30  (1973)  375-378. 
Through  selection  and  optimization  of  the  various  related  structural  parameters  influencing  viscosifica- 

tion,  cationic  polysaccharide  polymers  of  this  invention  can  be  produced  which  provide  a  desired  level  of 
viscosity,  within  a  potentially  wide  range  of  values.  Aqueous  solutions  containing  0.5  weight  percent 

30  concentrations  cationic  polysaccharide  polymers  of  this  invention  will  usually  have  a  Brookfield  viscosity  at 
25  °  C  of  less  than  50  centipoise  (cps),  and  preferably  from  about  5  to  about  30  cps. 

The  cationic  polymer  and  therapeutic  agents  of  this  invention  are  typically  provided  to  the  mucosal 
surface  in  an  aqueous  solution  typically  neutral  buffered  and  isotonic,  similar  to  artificial  tear  solutions. 
Typically,  the  range  in  the  level  of  isotonic  salts  employed  is  up  to  about  0.9  parts  by  weight  for  inorganic 

35  salts  and  up  to  about  6.0  parts  by  weight  for  organic  substances.  Illustrative  inorganic  isotonicizers  include 
sodium  chloride,  boric  acid  and  borax,  while  natural  substance  isotonicizers  are  generally  sugars  such  as 
mannitol  and  sorbital.  The  pH  of  these  isotonicized  solutions  can  vary  widely  from  3  to  9.  If  the  cationic 
polymer  and  anionic  therapeutic  agent  are  to  be  placed  in  the  eye,  the  pH  of  the  solution  should  be  as 
close  as  possible  to  neutral  and  should  always  be  within  the  range  of  pH  6-8. 

40  Contrary  to  the  suggestion  of  the  prior  art  that  salts  can  not  be  employed  in  conjunction  with  an  anionic 
agent  and  a  cationic  polymer,  it  has  been  found  that  stable,  clear  solutions  can  be  formed.  Clarity  as  used 
herein  is  defined  to  mean  that  the  solution  is  particulate  free  and  does  not  form  a  precipitate,  coacervate  or 
is  opalescent. 

The  aqueous  solutions  of  the  present  invention  can  be  provided  topically  to  the  mucosal  surface  as  a 
45  gel,  lotion  or  cream.  In  a  preferred  embodiment,  drops  are  used  to  deliver  therapeutic  agents  to  the  eye. 

Other  optional  ingredients  may  also  be  employed  including  but  not  limited  to  thickeners,  surfactants,  pH 
adjusters  and  preservatives.  The  amount  of  optional  ingredients  contained  in  the  combinations  of  this 
invention  is  not  critical  but  will  vary  depending  upon  the  particular  ingredient,  composition  and  desired  use 
level  and  may  be  any  effective  amount  for  achieving  the  desired  property  provided  by  such  ingredients, 

50  following  procedures  known  to  those  in  the  art. 
Whereas  the  exact  scope  of  the  instant  invention  is  set  forth  in  the  appended  claims,  the  following 

specific  examples  illustrate  certain  aspects  of  the  present  invention  and,  more  particularly,  point  out 
methods  of  evaluating  the  same.  However,  the  examples  are  set  forth  for  illustration  only  and  are  not  to  be 
construed  as  limitations  on  the  present  invention  except  as  set  forth  in  the  appended  claims.  All  parts  and 

55  percentages  are  by  weight  unless  otherwise  specified. 
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DEFINITIONS 

The  following  designations  used  in  the  Examples  and  elsewhere  herein  have  the  following  meaning: 
JR  -  UCARE®  Polymer  JR  400,  a  cationic  cellulosic  polymer  (N,N,N-trimethyl  ammonium  chloride 

5  hydroxyethyl  cellulose)  with  a  molecular  weight  of  approximately  500,000  available  from  Union 
Carbide  Chemicals  and  Plastics  Company  Inc. 

LR  -  UCARE®  Polymer  LR,  a  cationic  cellulosic  polymer  (N,N,N-trimethyl  ammonium  chloride 
hydroxyethyl  cellulose)  with  a  molecular  weight  of  approximately  500,000  available  from 
Union  Carbide  Chemicals  and  Plastics  Company  Inc. 

io  HEC  -  hydroxyethyl  cellulose,  cellosize  HEC  WP-300,  available  from  Union  Carbide  Chemicals  and 
Plastics  Company  Inc.  with  a  molecular  weight  of  approximately  500,000. 

EXAMPLE  1 

is  Three  aqueous  0.5  weight  percent  polymer  solutions  were  prepared  using  JR,  LR  and  HEC.  The 
solutions  were  dialyzed  to  remove  excess  salt  and  low  molecular  weight  contaminants.  The  solutions  were 
made  pH  neutral,  sterile  and  isotonic  prior  to  the  polymer  being  fluoroscein  tagged. 

A  20  microliter  drop  of  the  respective  solutions  was  placed  in  a  subject's  eye.  The  presence  of  the 
fluorescently  tagged  polymer  in  the  eye  was  followed  through  the  use  of  an  ocular  fluorimeter.  The 

20  residence  time  of  the  cationic  charged  polymer  was  compared  to  a  tagged  control  hydroxyethyl  cellulose 
polymer  placed  in  the  contralateral  eye. 

HEC  RESIDENCE  JR  RESIDENCE  LR  RESIDENCE  TIME  (MIN.)  %  INCREASE  COMPARED  TO 
TIME  (MIN.)  TIME  (MIN.)  CONTROL 

67 
37  107  189 
44  55  25 
59  91  54 
25  37  48 
47  43  -9 
47  279 
29  125  331 
75  80  7 
70  59  -16 
76  157  107 
58  139  140 
37  46  24 
39  75  27 
52.1  112.3  56  Average  Residence  Time 

0  141.0  13.7  Average  %  Increase  Relative  to  HEC 

The  above  residence  times  demonstrate  the  ability  of  an  anionic  therapeutic  agent  covalently  bonded  to 
a  cationic  polysaccharide  polymer  to  be  substantive  to  mucosal  surfaces  of  the  eye.  The  percentage 
increase  in  residence  times  of  JR  indicates  that  this  composition  was  substantive  to  the  eye.  However,  the 
LR  polymer  did  not  demonstrate  the  same  degree  of  substantivity  to  the  eye  as  represented  in  the  lower 
percentage  increase  in  comparison  to  the  HEC,  e.g.,  (48,  -9,  7,  -16,  24,  27)  and  the  average  residence  time 
of  56,  as  compared  to  the  average  residence  time  for  HEC  of  52.1. 

Without  wishing  to  be  bound  to  any  particular  theory,  it  is  believed  that  the  LR  was  less  effective  in 
being  substantive  to  the  eye  due  to  the  lower  cationic  substitution  of  the  polymer.  The  JR  polymer  contains 
a  higher  level  of  cationic  substitution  than  LR,  0.4  vs  0.2. 

EXAMPLE  2 

The  forces  between  two  mica  sheets  with  or  without  absorbed  polymer  were  measured  using  the 
method  developed  by  Israelachvili  et  al.,  J.  Chem.  Soc.  Faraday  Trans.  1,  1978,  74,  975.  The  technique  is 
further  described  by  Patel  and  Tirrell  in  the  Minnesota  Annual  Review  Physical  Chemistry,  1989,  40,  597. 
The  described  technique  enables  measurements  of  interaction  forces  between  two  surfaces  ranging  from 
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several  hundred  nanometers  to  molecular  contact.  Forces  can  be  measured  to  an  accuracy  of  10-+  dynes, 
and  separations  to  less  than  0.5  nanometers. 

After  mica  was  cleaved  to  give  pieces  of  1-5  micron  thickness,  they  were  glued  to  the  silica  disc 
elements  and  introduced  into  the  apparatus.  Initially,  the  surfaces  were  brought  into  contact  in  air  and  then 

5  in  water  to  ensure  the  absence  of  any  contamination  in  the  system.  The  water  was  passed  through  a  0.22 
micron  Millipore  filter  before  introduction  to  the  system.  All  subsequent  solutions  were  filtered  in  this  way. 
After  the  water  was  drained  from  the  system,  a  solution  of  1000  parts  per  million  (ppm)  JR  was  prepared 
and  introduced.  The  surfaces  were  kept  far  apart  and  the  polymer  was  allowed  to  adsorb  for  4  hours  after 
which  the  force  measurements  were  made.  Several  compressions  and  expansions  were  performed.  The 

io  solution  was  then  drained  and  water  introduced.  It  was  confirmed  that  there  was  negligible  desorption 
caused  by  this  water  "washing".  The  water  was  then  drained,  and  a  0.3  ppm  solution  of  hyaluronic  acid  was 
introduced.  The  system  was  allowed  to  equilibrate  for  2  hours,  and  force  measurements  were  again  made. 

In  Figure  1  are  shown  the  data  for  JR  by  itself.  It  is  seen  that  in  the  first  approach,  repulsion  begins  at 
1100  A  and  that  the  polymer  can  be  squeezed  down  to  about  90  A.  The  polymer  is  never  completely 

is  squeezed  from  between  the  surfaces.  Upon  expansion,  there  is  hysteresis  indicating  that  the  polymer  has 
been  irreversibly  compressed  onto  the  surface.  In  further  compression-expansion  cycles,  the  force  profile 
follows  that  of  the  first  expansion,  and  does  not  return  to  that  observed  in  the  original  compression. 

Figure  2  demonstrates  the  force  profiles  for  the  JR/hyaluronic  acid  solution.  It  is  seen  that  in  the  initial 
compression,  repulsion  begins  at  1700  A.  This  is  a  much  thicker  polymer  layer  than  observed  for  JR  alone, 

20  indicating  that  the  hyaluronic  acid  has  been  electrostatically  bound  to  JR.  The  cationic/anionic  polymer 
complex  formed  can  only  be  squeezed  down  to  about  400  A,  even  under  high  applied  forces.  This  is  in 
contrast  to  JR  alone  which  can  be  squeezed  down  to  90  A  and  indicates  very  strong  binding  between  the 
two  polymeric  materials. 

The  behavior  that  is  observed  in  this  experiment  is  direct  evidence  that  the  cationic  polymer  is 
25  responsible  for  binding  the  anionic  therapeutic  agent  to  the  substrate. 

EXAMPLE  3 

A  dialyzed  aqueous  mixture  of  0.5  weight  percent  fluorescein  labeled  JR  and  0.05  weight  percent 
30  hyaluronic  acid  was  prepared  in  balanced  salt  solution  to  provide  neutral  pH  and  isotonicity  for  topical 

occular  use.  The  solution  remained  clear  and  precipitate  free.  The  solution  was  sterilized  by  filtration. 
A  20  microliter  drop  of  the  JR/hyaluronic  acid  formulation  was  placed  in  the  eye  of  a  human  subject.  No 

signs  of  irritation  were  observed.  Ocular  fluorimetry  of  the  tear  film  demonstrated  significant  substantivity 
with  the  fluorescein  labeled  JR. 

35 
EXAMPLE  4 

A  dialyzed  aqueous  0.5  weight  percent  JR  and  0.2  weight  percent  hyaluronic  acid  was  prepared  in 
balanced  salt  solution  to  provide  neutral  pH  and  isotonicity  for  topical  occular  use.  A  second  solution  was 

40  also  prepared  using  0.25  weight  percent  JR  and  0.1  weight  percent  hyaluronic  acid.  The  second  solution 
was  also  a  balanced  salt  solution  suitable  for  opthalmic  use.  Both  solutions  were  clear  and  free  of 
precipitates. 

A  50  microliter  drop  of  the  high  concentration  solution  was  placed  in  a  human  eye.  The  person  reported 
that  the  solution  was  very  comfortable  in  the  eye  and  no  irritation  or  foreign  body  sensation  was  reported. 

45 
Claims 

1.  A  method  for  delivery  of  an  anionic  therapeutic  agent  to  a  mucosal  surface  which  method  comprises 
providing  a  clear  aqueous  solution  to  said  mucosal  surface,  said  aqueous  solution  comprising: 

50  (a)  water; 
(b)  a  cationic  polysaccharide  polymer  which  is  substantive  to  the  mucosal  surface;  and 
(c)  an  anionic  therapeutic  agent. 

2.  The  method  of  claim  1  wherein  the  cationic  polysaccharide  polymer  is  a  cationic  cellulosic. 
55 

3.  The  method  of  claim  1  or  2  wherein  the  anionic  therapeutic  agent  is  glycosoaminoglycan. 
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The  method  of  claim  3  wherein  the  anionic  therapeutic  agent  is  selected  from  hyaluronan,  hyaluronic 
acid  or  other  hyaluronan  derivatives. 

The  method  of  any  one  of  claims  1  -  3  wherein  the  anionic  therapeutic  agent  is  selected  from  anti-viral, 
anti-inflammatory,  anti-infection,  glaucoma  agents,  wound  healing  agents,  diagnostic  agents,  dry  eye 
agents,  and  mixtures  thereof. 

The  method  of  any  one  of  claims  1  -  5  wherein  the  anionic  therapeutic  agent  is  covalently  bonded  to 
the  cationic  polysaccharide. 

The  method  of  any  one  of  claims  1  -  5  wherein  said  aqueous  solution  additionally  comprises 
(d)  an  isotonic  salt  solution. 

The  method  of  any  one  of  claims  1  -  7  wherein  said  cationic  polysaccharide  polymer  is  a  water-soluble 
cationic  derivative  of  cellulose  ether  with  a  cationic  substitution  of  greater  than  about  0.2  which  is 
substantivie  to  the  mucosal  surface. 

The  method  of  any  one  of  claims  1  -  8  wherein  said  mucosal  surface  is  the  eye. 
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