IN THE UNI TED STATES PATENT AND TRADEMARK OFFI CE STABI LI ZED OPHTHALM C
GALACTOVANNAN FORMULATI ONS 5 CROSS- REFERENCE TO RELATED APPLI CATI ON

Thi s applwoaviioromBai ns priority under 35 U . S.C. 119 toPOTSS20n083165 onal
Pat ent Application No. 61/331,511, filed May 5, 2010, the entire contents
of which 10are incorporated herein refer ~.IECHNI CAL FI ELD OF THE

| NVENTI ON The present inv ﬁ}gﬁﬁl‘&ﬁ%’%ﬁfﬁfgﬁgﬁﬁ c fornul ations
conprising 15 gal act onannanANBARABEMARICORHGE v to fornul ati ons
conpri sing gal actomannan and a di ol al cohol conmpound in a quantity

sufficient toraABIPIZEROPNTHABNA' GXIHCTOMARNAN FORMUIBCHGROUND OF THE
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are instilled in t EREOSS:RERERINOE MO KREIATEDCAPPDIOATION can hel p prevent
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delivery applicati onsn&lﬂﬁiééé‘. *]%EIW)?E‘VW %{w@&&} #l ati ons may be
chosen to ensure that a pharnmaceutical agent carried in the fornul ation
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been previfeuBwptiefescri bed that utilize 5 gal act onannan-borate systenms. U.S.
Pat ent No. 6,403,609 to Asgharian, entitled "QOphthal m c conpositions

cont ai ni ng gal act omannan,,no s &bes such systens and
is herein incorporated by #=—The cross-1inking of
gal actmmannan and borate is responsible for the gel-form ng behavior of the
descri bed for | Vagnesi S liz% n (W | - tions to
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Enbodi ments of the ipvention generally relate to ophthal mc formul ations
compri si ndRpshsHieR ARehikg formatien of gé“éWP'lp?ﬁ‘\‘Féﬁtﬂé%e dagipEc. 7 v caepuyage

di scovsr edhé¢ Aatiral healing and restoration of previously damaged tissues.

Formulations are typically developed with a target viscosity to ensure that they
are comfortable for the user and do not cause undesirable side effects such as blurring.
A suitable formulation viscosity can help ensure that an ophthalmic formulation used
30 in dry eye disorders will relieve dry eye-associated symptoms and/or treat the
underlying disorder. In drug delivery applications the viscosity of ophthalmic
formulations may be chosen to ensure that a pharmaceutical agent carried in the
formulation remains in the eye for a desired length of time. Given its criticality, the
viscosity of ophthalmic formulations should remain as stable as possible over time.
35
The viscosity of formulations can be affected by storage conditions (e.g.,

environmental temperature, time of storage, ambient light, etc.). Also, ophthalmic



5 diol alcohols can be included in such ophthalmc fornmulations to
stabilize the viscosity of such solutions. The stabilization of the

opht hal mwof2orvm4bmBi ons by di ol al cohols m nim zes vi sc@siTUB201093518%

el evated tenperatures and ensures that the fornul ati ons can be stored
safely for longer periods of tinme w thout viscosity |oss. 10Gal act omannans
of the prdesmtlationsentstdr sterdizad defdreitusgrand it sterihzatied rirogess glastoctubarbnnans
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of the present invention 150 ¢ rrse a source such as boric acid.
Addi tionally, fornulations of the present invention optionally conprise a
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and technlcal advant ages of certain enbodi nents of the present invention.

Addi ti onal features and 30technical advantages will be described in the
detail ed description of the invention that follows. DETAILED DESCRI PTI ON
OF THE | NVENTI ON The formul ati ons of the present invention conprise a

gal act omannan and a borate in aqueous solution. The cross-I|inking behavior
of the gal actomannan and the 5 borate contributes to the viscosity of the
formul ati ons. The present invention is directed to the use of diol alcohols
such as sorbitol and propylene glycol to stabilize the viscosity of
ophthal m c fornul ati ons, presumably by nodifying the cross-1linking of the
borate and gal act omannan. The use of such diol al cohols also stabilizes the
nol ecul ar wei ght of gal act omannan pol ynmers during sterilization of
formul ati ons 10 conprising such pol yners. The di ol al cohol sorbitol
is used in preferred fornul ati ons of the present invention. However, the
di ol al cohol conpounds that nay be used with enbodi nents of the present
invention include, but are not |imted to, hydrophilic carbohydrates such
15 as sorbitol or mannitol that conprise cis-diol groups (hydroxyl groups
attached to adjacent carbon atons). Qther diol alcohol conmpounds of the
present invention include polyethylene glycols, polypropylene glycols, and
glycerol. Particularly preferred diol conpounds are sorbitol and nmannitol.
The di ol conpounds are present at concentrations of about 0.5 to 5.0 wv%
in the formul ati ons of the present 20invention, and are preferably present
at a concentration of about 0.5 to 2.0 wWv% The fornul ati ons of the
present invention optionally conprise a pharnaceutically acceptable

di val ent cation salt such as magnesium chlori de. D val ent cations include,
but are not limted to, magnesium chloride, and zinc 25 cations.
Cenerally, concentrations of divalent cations should be greater than 0.05
wv% with a preferred concentration of 0.05 wv%to 0.25 wv% The
types of gal act omannans that may be used in the present invention are
typically derived fromguar gum |ocust bean gum and tara gum As used
herein, the



30 term "gal actomannan” refers to pol ysacchari des derived fromthe above
natural guns or simlar natural or synthetic guns containi ng nmannose or

gal act osewpunati4e®3 or both groups, as the main structurall/usenposant s.
Preferred gal act omannans of the present invention are nmade up of |inear

chai ns of (1-4)-13-D mannopyranosyl units with a-Dgal act opyranosyl units

attached by (1-6) |inkaBBSEFWUMMARYOEHE dNVENENmannans, 35 the
ratio of D-gal actose to D nannose varies, but generally will be from about
1:2 to 1:4. Gal actomannans_ having a D-gal act ose: D-mannose rati o of about
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"Process for Purifying ar" ‘filed February 5, 2010 Cthe entire contents of
whi ch ar e SRE¥®!n incorporated by reference) is also a preferred
gal act omannan. Borate is typically present at a concentration of
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preferredqﬁgfgfgéﬁgg®ﬂ§dth enbodi ments of the present invention. Borate
conmpounds which may be used in the conpositions of the present 25 invention
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conmorpsex copipeintss atlding phtdisll aicohdlonmd)| eitiopnasy,duepHasmieakcdf hesdpt@lecapaci ty

at physi ol pgi.cal pH and || known safety and conpatibility with a w de
range of dﬁ%ﬁ§%§ﬁ§“5?@§3$€%§?%%%?“ﬁba%?% “30 al so have inherent
bacteriostatic and fungistatic properties, and therefore aid in the
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may optionally co  one or nor t'ional excipients and/ or one or

nor e addi t4dpErecacficodain sthedinesntsof ths prssentpnueRtionc Hadsimal fraades and

phar megeutibamlical ddviMtagtd ANEbLE BECHB&) inltHé d@caﬁemwscﬂi@%tmnt&dhé Pveftgiprheent s,
tonicity qgﬁnts, preservatives, chelating agents, buffering agents, and
surfact ant'S."°®-her exci pi ents conprise sol ubilizing agents, stabilizing
agents, confort-enhancing agents, polyners, enollients, pH adjusting agents
and/or -5- lubricants. Any of a variety of excipients nay be used in
formul ati ons of the present invention including water, m xtures of water
and water-m sci bl e sol vents, such as vegetable oils or mneral oils
conprising from0.5 to 5% non-toxi c water-sol uble polyners, natura
products, such as al ginates, pectins, tragacanth, karaya gum 5 xanthan
gum carrageenin, agar and acacia, starch derivatives, such as starch
acetate and hydroxypropyl starch, and al so other synthetic products such as
pol yvi nyl al cohol, polyvinylpyrrolidone, polyvinyl nmethyl ether,

pol yet hyl ene oxi de, and preferably cross-1inked polyacrylic acid and

m xtures of those products. 10Denul cenfs used with enbodi ments of the
present invention include, but are not limted to, glycerin, polyvinyl
pyrrolidone, polyethylene oxide, polyethylene glycol, propylene glycol and
pol yacrylic acid. Particularly preferred demul cents are propyl ene gl ycol
and pol yet hyl ene gl ycol 400.



15Sui tabl e tonicity-adjusting agents include, but are not limted to,

manni tol, sodiumchloride, glycerin, and the |ike. Suitable buffering
agents i reDrde/14m08 are not limted to, phosphates, aceraras2@ana3iibhe |ike,
and am no al cohols such as 2-am no-2- nethyl-I|-propanol (AWP). Suitable
surfactants include, but are not limted to, ionic and nonionic surfactants
(t hough noni oni ¢ surPETAADED BESORISTEIONOF. TIRENNMINTRIN 20 20

cetyl stearyl ethers such as Procol (r) C520, pol oxaners such as Pluronic(r)
F68, and bl ock copol yners such as pol y(oxyet hyl ene) - pol y(oxybut yl ene)
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adm ni stered once a day. However, the fornmulations may al so be formul ated
for admnistration at any frequency of adm nistration, including once a
week, oncwOoevermoB®3days, once every 3 days, once every PCUAg201108§168 a day,
three tines a day, four -7- tines a day, five tines a day, six tines a day,
eight tinmes a day, every hour, or greater frequency. Such dosing frequency
is al so rrdiydtca;iypmqbyf ond @arpakymettyldyd@iximopplf subisninmtidmoemgihegmadle td¢he
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Pol yet hyl egatac@myapphns. Anionic substitution is partlcularly preferred when strongly
responsive gels are desired. A galactomannan is typically present in a formulation of
10 the present invention at a concentration of about 0.01 to about 10 w/v%, preferably at
about 0.05 w/v% to about 2.0 w/v%, and most preferably at about 0.05 to about 0.5
w/v%. Preferred galactomannans of the present invention are guar, hydroxypropyl
guar, and hydroxypropyl guar galactomannan. Native guar such as the guar produced
by a process set forth in U.S. Patent Application Publication No. 2010/0196415
15  entitled “Process for Purifying Guar” filed February 5, 2010 (the entire contents of

which are herein incorporated by reference) is also a preferred galactomannan.

Borate is typically present at a concentration of about 0.05 to about 2.0 w/v%,

and preferably about 0.1 to 1.5 w/v%. As used herein, the term "borate" refers to all

20  pharmaceutically suitable forms of borates, including but not limited to boric acid,
and alkali metal borates such as sodium borate and potassium borate. Boric acid is

the preferred borate used with embodiments of the present invention.

Borate compounds which may be used in the compositions of the present

25  invention are boric acid and other pharmaceutically acceptable salts such as sodium
borate (borax) and potassium borate. As used herein, the term "borate" refers to all
pharmaceutically suitable forms of borates. Borates are common excipients in
ophthalmic formulations due to weak buffering capacity at physiological pH and well
known safety and compatibility with a wide range of drugs and preservatives. Borates

30  also have inherent bacteriostatic and fungistatic properties, and therefore aid in the

preservation of the compositions.

The formulations of the present invention may optionally comprise one or

more additional excipients and/or one or more additional active ingredients.

35  Excipients commonly used in pharmaceutical formulations include, but are not
limited to, demulcents, tonicity agents, preservatives, chelating agents, buffering
agents, and surfactants. Other excipients comprise solubilizing agents, stabilizing

agents, comfort-enhancing agents, polymers, emollients, pH-adjusting agents and/or
-5-



0.4 Propylene Gycol 0.3 Potassium Chloride 0.12 Sodium Chloride 0.35
Pol yquaternium 1l 0.001 + 10% excess 2- Am no-2- net hyl propanol 0.57 Sodi um
Hydr oxi dewbiedrioabdodsri c Acid qg.s. pH 7.9 Purified Wt er PCE/U$20110886EXanpl e
2 - Formul ation Studies

lubricants. Any of a variety of excipients may be used in formulations of the present

invention including water, mixtures of water and water-miscible solvents, such as

vegetable oils or mineral oils comprising from 0.5 to 5% non-toxic water-soluble

polymers, natural products, such as alginates, pectins, tragacanth, karaya gum,

5  xanthan gum, carrageenin, agar and acacia, starch derivatives, such as starch acetate
and hydroxypropyl starch, and also other synthetic products such as polyvinyl
alcohol, polyvinylpyrrolidone, polyvinyl methyl ether, polyethylene oxide, and

preferably cross-linked polyacrylic acid and mixtures of those products.

10 Demulcents used with embodiments of the present invention include, but are
not limited to, glycerin, polyvinyl pyrrolidone, polyethylene oxide, polyethylene
glycol, propylene glycol and polyacrylic acid. Particularly preferred demulcents are
propylene glycol and polyethylene glycol 400.

15 Suitable tonicity-adjusting agents include, but are not limited to, mannitol,
sodium chloride, glycerin, and the like. Suitable buffering agents include, but are not
limited to, phosphates, acetates and the like, and amino alcohols such as 2-amino-2-
methyl-1-propanol (AMP). Suitable surfactants include, but are not limited to, ionic
and nonionic surfactants (though nonionic surfactants are preferred), RLM 100, POE

20 20 cetylstearyl ethers such as Procol® €S20, poloxamers such as Pluronic® F68, and
block copolymers such as poly(oxyethylene)-poly(oxybutylene) compounds set forth
in U.S. Patent Application Publication No. 2008/0138310 entitled “Use of PEO-PBO
Block Copolymers in Ophthalmic Compositions” filed December 10, 2007 (the entire
contents of which are herein incorporated by reference).

25

The formulations set forth herein may comprise one or more preservatives.
Examples of such preservatives include p-hydroxybenzoic acid ester, sodium
perborate, sodium chlorite, alcohols such as chlorobutanol, benzyl alcohol or phenyl
cthanol, guanidine derivatives such as polyhexamethylene biguanide, sodium

30  perborate, polyquaternium-1, or sorbic acid. In certain embodiments, the formulation

may be self-preserved so that no preservation agent is required.

Formulations of the present invention are ophthalmically suitable for

application to a subject’s eyes. The term "aqueous” typically denotes an aqueous

35  formulation wherein the excipient is >50%, more preferably >75% and in particular
>90% by weight water. These drops may be delivered from a single dose ampoule
which may preferably be sterile and thus render bacteriostatic components of the

formulation unnecessary. Alternatively, the drops may be delivered from a multi-
-6-



The viscosity of various solutions of the present invention and control

sol utions was evaluated using a controlled stress rheoneter (AR 2000ex, TA
| nst runerwe,2011M@0203 The neasurenent system was a 40mm a@cyluseoiz/ogsee and
plate with a sanple volume of 0.58nL.. A tenperature of 25C +/- 0.1C was

mai nt ai ned and a cover was placed over the neasurenment systemto prevent
evapor at i oimse)boittlhezvlﬁolh utaly gmeferablyr eemmanei atdves which ckireas ahgateed'vhniwet hese
experi ment Hg‘ﬁqsr %151 LW, Sol ution 89A is
the control~ or t %lﬁg%%%ll%lr?e(%& e Elﬁgg\(])l‘:&b% oivnQﬁ at arrbl ent
conditions is constant at 7 ppm The initial viscosity of Solution 89A at a

shear rate of 1151& fbrinSlaBbnslOF @%Cﬂaeseﬁ@c in%ntﬁ)nV\ﬁ%‘iﬁef@iab[ﬁ%mohm%ﬁélﬁfye there
is asmll drop.in VISCOSIt ataa aﬁ5% Afte weeks ‘at el evat ed

t enper at ur@@oww@@r@%? &0 e@%%%?f GRS FarIr Y SYBRRYOH NN 7704 10
Sol uti on &f&akasThibendy igheisd a Itd’in(tltyazigeﬁi fcladig the @bmbhagityf of il faitnndasont est ed.

89B i he f I I
Vi scosi ty 18R 1E0T HidraRvSig o hligialied SR Ger O TR, Bl s oeks
at room t efpécaprgsant inhetioni genaraélryahalvedmmrpsmmlahtssoostlht:yraoge If2X2X3% ter 5

weeks at v S 8 89B
has a si m4‘P Qr% lﬁdd%éf&a %Qgﬁgl@?ggd{% faf {)Aiz%/%r3(%®/h%1@| ?#% 9?”/@
vi scosli’ y qp@h@hﬁﬁtfaméérlms valhgév@alhobe ﬁ)l‘lllb‘}ﬁﬁ*?d(ﬂss%%ll?/é‘d}lews sabHiQsi on 89C has

0.19 wv% MgC12 added to the fornulation. The initial 20 vi sc05|ty of
solution 89C at._.a shear.rate %‘ 10s-1 i.s 14.55cP. After 5 weeks. room
tenperature, theleCIaPOSItARs|Qf BF JPCchRt IenpeT cgn Gfso10% ¥ogd g ¢ 1%8 fleeks at
40C, t her ehasmacediiclyiastivé smnsoiunds.obuch @ipousiad iiicludb, lﬁﬁ@ra/mdthlmﬁ&gnesl um
dermnstrat ared to
the contrdl éuc%rn% tﬁ&%ﬁ%tlcgﬁt na[]eh V9e§5c%ﬁl ! a?ﬁlgatgg'm anzl%'aﬁfe t'od &1%5%%%13 at ur e.
25 15 oduntignic8dirle ot §p¢fgﬁq cpanp o9 s prasinpedutishitymectivigecobwotnds abi | ity

of the teqﬁagdg OBQE'EU(@BI Orfﬁ’nola_lhe p'lleatrbfﬁE Vba?ﬁ&ﬁbt YinRfdr8Ql Uhh@RoBODuRE a
shear rate of 10s-1 |s tef 5 weeks at roomtenperature there is

a smal | drRS%Stglﬁn¢P§c®§PWeéglc @n@g%usw P%»%t SBIEHGab RBURYDCHORS Y58t §UG drop i n
Vi scosity &f pZra@iiino 3&om&oxa¢r3,él@21@ﬁi€ﬂ 52t dR354ah TabtiprotloRudmary of

Vi scosity Studies. For tlon Chem d?&anﬁ wt//0 vvt 478t89A 13478- 89B
13478- 89D 1% 784k P %WF‘(B‘p?Pn 5‘?1 ij &%Pr@ﬁh%‘?% -irflammatorics, Suc

20 as naproxen, diclofenac, nepafenac, suprofen, ketorolac, tetrahydrocortisol and

dexamethasone; dry eye therapeutics such as PDE4 inhibitors; and anti-allergy

medications such as H1/H4 inhibitors, H4 inhibitors, and olopatadine.

It is also contemplated that the concentrations of the ingredients comprising
25  the formulations of the present invention can vary. A person of ordinary skill in the
art would understand that the concentrations can vary depending on the addition,

substitution, and/or subtraction of ingredients in a given formulation.

Preferred formulations are prepared using a buffering system that maintains
30 the formulation at a pH of about 6.5 to a pH of about 8.0. Topical formulations
(particularly topical ophthalmic formulations, as noted above) are preferred which
have a physiological pH matching the tissue to which the formulation will be applied

or dispensed.

35 In particular embodiments, a formulation of the present invention is
administered once a day. However, the formulations may also be formulated for
administration at any frequency of administration, including once a week, once every

5 days, once every 3 days, once every 2 days, twice a day, three times a day, four
-



0.25 0.25 0.25 0.25 Polyquaternium1 0.001 0.001 0.001 0.001 Boric Acid 1.0
1.0 1.0 1.0 Sodium Chloride 0.35 0.35 0.35 0.35 Sorbitol 1.0
WO 2011/140203 PCT/US2011/035165

times a day, five times a day, six times a day, eight times a day, every hour, or greater
frequency. Such dosing frequency is also maintained for a varying duration of time
depending on the therapeutic regimen. The duration of a particular therapeutic
regimen may vary from one-time dosing to a regimen that extends for months or
5 years. One of ordinary skill in the art would be familiar with determining a

therapeutic regimen for a specific indication.

The following examples are presented to further illustrate selected

embodiments of the present invention.

10
EXAMPLES
Example 1 is a formulation according to an embodiment of the present
invention. Example 2 summarizes studies performed on formulations of the present
invention.
15
Example 1
Ingredient Y% wiv
Hydroxypropyl Guar Galactomannan 0.25
Boric Acid 1.0
Sorbitol 1.0
Polyethylene Glycol 0.4
Propylene Glycol 0.3
Potassium Chloride 0.12
Sodium Chloride 0.35
Polyquaternium-1 0.001 + 10% excess
2-Amino-2-methylpropanol 0.57
Sodium Hydroxide/Hydrochloric Acid qs.pH 7.9
Purified Water q.s. 100%
Example 2 — Formulation Studies
20

The viscosity of various solutions of the present invention and control
solutions was evaluated using a controlled stress rheometer (AR 2000ex, TA
Instruments, Inc.). The measurement system was a 40mm acrylic 2° cone and plate

with a sample volume of 0.58mL. A temperature of 25°C +/- 0.1°C was maintained
-8-



02 level (ppm 7 0.1 7 7 MyCl2 x 6 H20 0.19 pH7.0 7.0 7.0 7.0 Purified
Water (S @S @S S Initial Viscosity at 10s-1 (cP) 10.97 17.62 14.55
WO 2011/140203 PCT/US2011/035165

and a cover was placed over the measurement system to prevent evaporation of the

solutions.

Three variables were investigated in these experiments and the results
5  summarized in Table 1 below. Solution 89A is the control for this experiment. The
dissolved O, level at ambient conditions is constant at 7 ppm. The initial viscosity of
Solution 89A at a shear rate of 10s” is at 10.97cP. After 5 wecks at room
temperature, there is a small drop in viscosity of 3.65%. After 5 weeks at elevated
temperatures of 40°C there is a much greater drop in viscosity of 14.77%.
10
Solution 89B has the highest initial viscosity of the formulations tested. 89B
is the formulation with just the removal of dissolved O,. The initial viscosity of
solution 89B at a shear rate of 10s™ is 17.62cP. After 5 weeks at room temperature,
there is a small drop in viscosity of 3.22%. After 5 weeks at 40°C, there is a much
15  greater drop in viscosity of 15.95%. 89B has a similar breakdown through the
stability. However the initial viscosity is maintained at a level of 0.1ppm dissolved
0..

Solution 89C has 0.19 w/v% MgCl, added to the formulation. The initial

20  viscosity of solution 89C at a shear rate of 10s™ is 14.55cP. After 5 weeks at room
temperature, there is a small drop in viscosity of 1.51%. After 5 weeks at 40°C, there

is a drop in viscosity of 7.97%. Solution 89C with magnesium demonstrates a greater
initial viscosity and enhanced stability compared to the control solution (solution

89A) at both room and elevated temperature.

25
Solution 89D comprising 1.0 w/v% sorbitol shows the best stability of the
tested formulations. The initial viscosity of solution 89D at a shear rate of 10s™ is
13.30cP. After 5 weeks at room temperature there is a small drop in viscosity of
0.68%. After 5 weeks at 40°C there is a drop in viscosity of 2.85%.
30



13.30 5 week % Viscosity Reduction at RT 3.65 3.223 1.51 0.68 5 week %

Vi scosity Reduction at 40C 14.77 15.95 7.97 2.85 Various diol alcohols
wer e addewlot2o11zn4gpear and borate fornul ation (Test 5 For molrasSean/03316mwn i n
Table 2 below) to assess the stability of the formulation (as indicated by
viscosity). Sanples were heated to 78C for 15 hours and the viscosities
wer e nmeasured using the techni que debableled above. The results are

summari zed in Table 3 and i nf&lﬁﬂfa]‘?ﬁtot*@’tiscgléi%’ %ﬁlld%ghol s are effective
re

stabilizers of guar and borate solutions, ucing the loss of viscosity by

appr oxi mat ely-50% conpared-to the 10control formilation—WO

2011/ 140203 Femnusten Chaaisalcs Tafglies-89 AT 6513479808 | |2l 3478-8GDNPARLIRLSIE

Concent r atilon Hydr 9¥pmdpyl Glar Gal actjomannan 0. 15% Boric Aci d
Hydroxypropyl Guar 0.25 0.25 0.25 0.25
Galactomannan
Polyquaternium-1 0.001 0.001 0.001 0.001
Boric Acid 1.0 1.0 1.0 1.0
Sodium Chloride 0.35 0.35 0.35 0.35
Sorbitol - - - 1.0
0O, level (ppm) 7 0.1 7 7
Mng X6 HZO - - 0.19 -
pH 7.0 7.0 7.0 7.0
Purified Water QS QS QS QS
Initial Viscosity at 10s™ (cP) 10.97 17.62 14.55 13.30
5 week % Viscosity 3.65 3.223 1.51 0.68
Reduction at RT
5 week % Viscosity 14.77 15.95 7.97 2.85
Reduction at 40°C

Various diol alcohols were added to a guar and borate formulation (Test

5  Formulation shown in Table 2 below) to assess the stability of the formulation (as
indicated by viscosity). Samples were heated to 78°C for 15 hours and the viscosities
were measured using the technique described above. The results are summarized in
Table 3 and indicate that diol alcohols are effective stabilizers of guar and borate
solutions, reducing the loss of viscosity by approximately 50% compared to the

10 control formulation.
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1% Sodi um Chl ori de 0.35% Pol yquad 0.001% HC1 Adjust to pH 7.0 NaOH Adj ust
to pH 7.0 Water g.s. 5Table 3 Diol Al cohol Viscosity Study Results Dol
Al cohol AdOedifB30®aM) % vi scosity | oss none 24.1 Propyl ene/uSk¢1e085183. 2
Sorbitol 12.2 Mannitol 12.4

Table 2

Test Formulation

Component Concentration
Hydroxypropyl Guar Galactomannan 0.15%
Boric Acid 1%
Sodium Chloride 0.35%
Polyquad 0.001%
HCI Adjust topH 7.0
NaOH Adjust to pH 7.0
Water g.8.

5 Table 3

Diol Alcohol Viscosity Study Results

Diol Alcohol Added (3.9mM) % viscosity loss
none 24.1
Propylene Glycol 13.2
Sorbitol 12.2
Mannitol 12.4
m-Inositol 11.6
Trehalose 11.6

Example 3 — Molecular Weight Studies

10
Native guar with a molecular weight of 3.0M Daltons manufactured according
to the process described in U.S. Patent Application Publication No. 2010/0196415
(previously incorporated by reference) was formulated in test formulations A-C set
forth in Table 4 below. Following sterilization by autoclaving, the molecular weight
15  of native guar in each formulation was measured. Compared to formulations B and C,
the native guar in formulation A not containing a diol compound (sorbitol or glycerol)
had a significantly lower measured molecular weight. The use of diol compounds in
the guar formulations has a preservation effect on the molecular weight of guar during

the sterilization process.
20

-11-



mlnositol 11.6 Trehal ose 11.6 Exanple 3 - Ml ecul ar Wi ght Studies 10
Native guar with a nol ecul ar wei ght of 3.0M Daltons manuf actured accordi ng
to the prwoess/dexadri bed in U S. Patent Application PublPCtatsz@n/ob&iss

2010/ 0196415 (previously incorporated by reference) was formulated in test
formul ations A-C set forth in Table 4 below. Follow ng sterilization by

aut ocl avi ng, the nol ecul ar wei ght 15Talfledati ve guar in each formnul ati on was

measured. Conpared to fOrgﬂln?ﬁir&%?ﬁolg&ﬁafwéigﬁﬁﬁh&ve guar in formulation
I'tol or®glyce

A not containing a diol conmpoun sor ol) had a significantly

| ower neasured nolecular weight. The use of diol conpounds in the guar
formul ati ons has@nfiilesat Caemical ef f e¢ct oA the nol Bcul an wei ght of [guar
during the |sterilizat 't%gv@r ocess. 2011/ 140203PCT/ U$2011/ 035165 Table 4
Summary of [Moleetlar—Weight—Study—oei-mHation—Chem—ecal{%w)—A—B-C Nati ve
Guar 0.5 0.|9N8Vs @¥bitol - 0.5 0.5 0.5

Sorbitol - 1 -

Glycerol - - 1

Purified Water QS QS QS

pH 8 8 8

Native Guar Molecular Weight 1.9 2.5 2.5

after Autoclaving (M Daltons)

5 The present invention and its embodiments have been described in detail.
However, the scope of the present invention is not intended to be limited to the
particular embodiments of any process, manufacture, composition of matter,
compounds, means, methods, and/or steps described in the specification. Various
modifications, substitutions, and variations can be made to the disclosed material

10  without departing from the spirit and/or essential characteristics of the present
invention. Accordingly, one of ordinary skill in the art will readily appreciate from
the disclosure that later modifications, substitutions, and/or variations performing
substantially the same function or achieving substantially the same result as
embodiments described herein may be utilized according to such related embodiments

15  of the present invention. Thus, the following claims are intended to encompass within
their scope modifications, substitutions, and variations to processes, manufactures,

compositions of matter, compounds, means, methods, and/or steps disclosed herein.

-12-



1 - dycerol - - 1 Purified Water @S @S QS pH 8 8 8 Native Guar Ml ecul ar
Wei ght after Autoclaving (MDaltons) 1.9 2.5 2.5 5The present invention
and its ewbadivenios have been described in detail. Howewemr/ustha/o3si6pe of
the present invention is not intended to be limted to the particul ar
enbodi nents of any process, manufacture, conposition of matter, conpounds,
nmeans, nethods, and/or steps descri GddAIMSt he specification. Various

nodi fications, substitutions, and variations can be nmade to the discl osed
material 10 WlthOUt departing fromthe spirit and/or essential

char act er i Whitds clgimedhis: present i nvention. Accordingly, one of ordinary
skill in the art will readily appreciate fromthe disclosure that |ater
nodi fications, substitutions,,and/or .variations perfqrm ng substantlally
the safe flnct |%W1%9P515}6ﬁ?@3??f’g oBhibalmisdpa! ?lqnhég%fﬁ%n% aodnI OB WABodi ment s
descri bed Heeste) and medioldcalibl.l i zed according to such rel ated enbodi nents 15
of the present invention. Thus, the following clains are intended to
enconpass wWithin their scope nodifications, substitutions, and variations
to processks, muherfraditionescordmgpo slaihdnshaéinsaidtgatactanmmpaen sdeesentars

met hods, andlOfirafbeRE a8h&Y. PSR’ folt 2.0 wiv% and said borate is present at a

10 concentration of about 0.2 w/v% to about 2.0 w/v%.

3. A formulation according to claim 1 wherein said galactomannan is present at a
concentration of about 0.05 w/v% to about 0.5 w/v% and said borate is present at a

concentration of about 0.1 w/v% to about 1.5 w/v%.

15
4. A formulation according to claim 1 wherein said galactomannan is selected
from the group consisting of:
guar, hydroxylpropyl guar, and combinations thereof.

20 5. A formulation according to claim 1 wherein said diol alcohol is selected from

the group consisting of sorbitol, mannitol, polyethylene glycols, polypropylene

glycols, glycerol and combinations thereof.

6. A formulation according to claim 1 wherein said diol alcohol is sorbitol or

25  mannitol.

7. A formulation according to claim 6 wherein said diol alcohol is present at a

concentration of about 0.5 w/v% to about 5.0 w/v%.

30 8. A formulation according to claim 7 wherein said diol alcohol is present at a

concentration of about 0.5 w/v% to about 2.0 w/v%.

9. A formulation according to claim 1 further comprising a pharmaceutically
acceptable salt of magnesium, calcium, zinc, or combinations thereof.

35
10. A formulation according to claim 9 wherein said salt is magnesium chloride at

a concentration of about 0.05 w/v% to about 0.25 w/v%.
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CLAI M5 What is claimed is: 51. A viscosity-stabilized ophthal mc fornulation
conpri sing a gal actomannan, borate, and a diol al cohol. 2. A formulation
accor di ngvoaorl@nel wherein said gal act onannan i s preseo/sR01a/035165
concentration of about 0.1 wWv%to about 2.0 wv% and said borate is
present at a 10 concentration of about 0.2 wWv%to about 2.0 wv% 3. A
formul ati dn. acdor @h eghthalngic aformiblahe r @mprsaigd a ggd]l axdtoroaen padh b'osatp,r ehaent at a
concentr at; o] ng, .sai d
prosent st S Sy ie Wil hoaBP Mo o Ml ANthe By, &

f or nul at i darmaeleéendi ng to claim1l wherein said gal actomannan is sel ect ed
fromthe group consisting of: guar, hydroxylpropyl guar, and combinations

t hereof 205. A fornul ation acc rdln to clai erel ald di ol. al cohol is
sel ect éd fifom thd® @ﬁﬁ)nc?a“r?gf‘g‘ﬂgﬁb i i BRie Pmm@a fhr SBMPEERG 1 %ene
glycol s, phlappicepydadive aglepables salglof canglcshind eambmnaztm@n& ichmbationd. A
formul ati ap, a(%;,[cordi ng to claiml1l wherein said diol alcohol is sorbitol or
25manni t ol . " A fornulation according to claim®6 wherein said diol

al cohol is present at a concentration of about 0.5 wv%to about 5.0 wv%

308. A formyl ati of, A aRfog a’&SorgR?Ctﬁ,la%ﬁz &h @hé&'lt ﬁi/ghesﬁln‘%gﬂl?hd'é present

at a concentration o ormul ati on
accor di’ng & @nepfaten of ghaus 805 i gAY (hz%Wé‘f/ﬁaceutl cally acceptable salt
of magnesi um cal cium zinc, or corrbl nations thereof. 35 10. A fornulation

accordingto cl nglns alt is magnesi mchlorl eﬁtt a

concent r at’i’ gaet Ter %brW“ B8 t18° SHBUOTPIBEI\AYHISIEREYE to the eye a

2011/ 1402&39@1!1&182&&2(1685165 11.1n an ophthalmc fornulation conprising a
gal act omann and borate, the inprovenent conprising adding a diol alcohol to
stabilize the viscosity of the fornulation. 512. A formul ation according to
cl ai m1p1, ai d & omethodt ifen delivaringr ac phpimiasicutically active agent to the ecye

comprising:
administering to the eye a formulation of claim 1 further comprising a

pharmaceutically active agent.
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pharmaceutically acceptable salt of nmagnesium cal cium zinc, or

conbi nati ons t her eof 13. A fornulation according to claim12 wherein
the salt we 2magre®Bum chl ori de at 10 a concentration of Pabase010/08&H6V vo% t 0
about 0.25 wWv% 14. A nethod for lubricating the eye conprising
admnistering to the eye a fornmulation of claim11. 1515. A nethod for

del i veri ngléa phanmiieeubr mahifactachg v steatpeoththabmichierreyleticroogpmpredimy:

I st on ‘ e : 9.
ohar maceqtaay e o dnAUE TNl R by ing BoBE Mpmrbb KT S8 RS 157 A
met hod f oradgiiguf adiplieicegol istée quprtity prwfheip to BSbHize athicovisewspr ¢l ithvy:

preparing BAn@RHGIRI BHE als@be@bpRRaleRERIrhRilA@nI@ldact omannan and bor at e;
addi ng a diol. . al coho ti.ty sufficient to stabilize the viscosity

| . in ua
of the 5t orStfiillisnedhe piabiige Ig‘ﬂ%ag@ﬂﬁ orPR|S/ht hal mi ¢ fornul ati on; and
5sterilizing the stabilized ophthal mc formulation. 17. A nethod according
to claim wherein said | act grrannan i s .present,_at a concentration of
about 0. 08l v e BbicoBiat §) CHPANT uhiteRpaRERt i BpaBaR PR
concent r atdoogentfatial ofiab@ut 0.0 wi%% 10 abd.0. A wretohand sagtbordicng prevetl diam 16
wherein sai i €l ected fromthe group consisting of: guar,
hydr oxyl pféSgﬁ@'JSﬁglﬁe an ﬁg‘g /ivﬁgti ons thereof 1519. A nethod according to
claim®P6 wherein said diol alcohol is selected fromthe group consisting of
sorbitol, rganniA edethddl ¥e6fddly toRMiNEIOYWheRm Gl eabGomPRlayiAs 9gYdten o ycol s,
and conbi ngti ons t hereof £ 20. A nethod according to claim19 wherein said
di ol al coHBf S8PSBRBEHEI%Tor 20mannitol.  21. A method according to claim
16, said fguamblydtoxeprépyl phet arcbeopibisitions ehepdodr maceut i cal |y accept abl e salt
of magnesium calcium zinc, or conbinations thereof 25 22. A nethod

according to claim 21 wherein said salt is nmagnesi umchloride at a
concenisr atli%n ok nzthmd: acoo@Hano\edsimol CashereinGarisdiol algghol is selected from the

group consisting of sorbitol, mannitol, glycerol, polyethylene glycols, polypropylene

glycols, and combinations thereof.

20. A method according to claim 19 wherein said diol alcohol is sorbitol or

20  mannitol.

21. A method according to claim 16, said formulation further comprising a
pharmaceutically acceptable salt of magnesium, calcium, zinc, or combinations
thereof.

25
22. A method according to claim 21 wherein said salt is magnesium chloride at a

concentration of about 0.05 w/v% to about 0.25 w/v%.
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