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PHARMACEUTICAL COMPOSITIONS AND METHODS RELATING TO INHIBITING
FIBROUS ADHESIONS USING VARIOUS AGENTS

CROSS-REFERENCE TO OTHER APPLICATIONS

[0001] The present application claims priority from United States provisional patent
application No. 60/474,907, filed May 30, 2003; United States provisional patent
application No. 60/477,654, filed June 10, 2003; United States provisional patent
application No. 60/505,257, filed September 22, 2003; United States provisional
patent application No. 60/505,258, filed September 22, 2003; United States
provisional patent application No. 60/520,574, filed November 17, 2003; United
States provisional patent application No. 60/520,804, filed November 17, 2003,
United States provisional patent application No. 60/520,808, filed November 17,
2003: United States provisional patent application No. 60/529,136, filed December
11, 2003; and United States provisional patent application No. 60/533,669, filed
- December 31, 2003. These and all other references set forth herein are
incorporated herein by reference in their entirety and for all their teachings and

disclosures, regardiess of where the references may appear in this application.

TABLE OF CONTENTS

[0002] The following is a Table of Contents to assist review of the present
application:

CROSS-REFERENCE TO OTHER APPLICATIONS
TABLE OF CONTENTS
BACKGROUND
SUMMARY
BRIEF DESCRIPTION OF THE FIGURES
DETAILED DESCRIPTION
General Discussion Of Exemplary Anti-Fibrous Adhesion Agents
- Fucans
Films
Gels
Instillates
Anti-SDF-1 Agenis
Discussion Of Quantitative Effectiveness Of Anti-Fibrous Adhesion Agents
EXAMPLES
SEQUENCE LISTING
CLAIMS
ABSTRACT



CA 02527429 2005-11-29
WO 2004/105737 PCT/CA2004/000800

BACKGROUND

[0003] A fibrous adhesion is a type of scar that forms between two parts of the
body, usually after surgery (surgical adhesion). Fibrous adhesions can cause severe
problems. For example, fibrous adhesions involving the female reproductive organs
(ovaries, Fallopian tubes) can cause infertility, dyspareunia and severe pelvic pain.
Fibrous adhesions that occur in the bowel can cause bowel obstruction or blockage,
and fibrous adnesions can also form in other places such as around the heart, spine
and in the hand. In addition to surgery, fibrous adhesions can be caused for
example by endometriosis, infection, chemotherapy, radiation, trauma and cancer.
[0004] A variety of fibrous adhesions are discussed in this document. Terms such
as surgical adhesions, post-surgical adhesions, postoperative adhesions, adhesions
due to pelvic inflammatory disease, adhesions due to mechanical injury, adhesions
due to radiation, adhesions due to radiation treatment, adhesions due to trauma, and
adhesions due to presence of foreign material all refer to adherence of tissues to
each other due to a similar mechanism and are all included in the term fibrous
adhesions.

[00035] Fibrous adhesion formation is a complex process in which tissues that are
normally separated in the body grow into each other. Surgical adhesions (also
known as post-surgical adhesions) develop from the otherwise normal wound
healing response of the tissues to trauma and have been reported to occur in over
two-thirds of all abdominal surgical patients (Ellis, H., Surg. Gynecol. Obstet. 133:
497 (1971)). The consequences of these fibrous adhesions are varied and depend
upon the surgical site or other site, such as a disease site, involved. Problems may
include chronic pain, obstruction of the intestines and even an increased risk of
death after cardiac surgery (diZerega, G. S., Prog. Clin. Biol. Res. 381: 1-18 (1993);
diZerega, G. S., Fertil. Steril. 61:219-235 (1994); Dobell, A. R., Jain, A. K., Ann.
Thorac. Surg. 37: 273-278 (1984)). In women of reproductive age, fibrous adhesions
involving the uterus, fallopian tubes or ovaries are estimated to account for
approximately 20% of all infertility cases (Holtz, G., Fertil. Steril. 41: 497-507 (1984);
Weibel, M.A. and Majno, G. Am. J. Surg. 126: 345-353 (1973)).

[0006] The process of fibrous adhesion formation initially involves the
establishment of a fibrin framework and normal tissue repair. The normal repair

process allows for fibrinolysis alongside mesothelial repair. However, in fibrous
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adhesion formation the fibrin matrix matures as fibroblasts proiiferate into the
network and angiogenesis occurs resulting in the establishment of an organized
fibrous adhesion within about 3 to 5 days (Buckman, R. F., et al., J. Surg. Res. 21:
67-76 (1976); Raferty, A. T., J. Anat. 129: 659-664 (1979)). Inflammatory processes
Include neutrophil activation in the traumatised tissues, fibrin deposition and bonding
of adjacent tissues, macrophage invasion, fibroblast proliferation into the area,
collagen deposition, angiogenesis and the establishment of permanent fibrous
adhesion fissues.

[0007] Various attempts have been made to prevent surgical adhesions. These
involve pharmacological approaches targeted at influencing the biochemical and
cellular events that accompany surgical trauma as well as barrier methods for the
separation of affected tissues. For example, the use of peritoneal lavage,
heparinized solutions, procoagulants, modification of surgical techniques such as the
use of microscopic or laparoscopic surgical techniques, the elimination of talc from
surgical gloves, the use of smailer sutures and the use of physical barriers (films,
gels or solutions) aiming to minimize apposition of serosal surfaces, have all been
attempted.  Currently, preventive therapies also include prevention of fibrin
deposition, reduction of inflammation (steroidal and non-steroidal anti-inflammatory
drugs) and removal of fibrin deposits.

[0008] Interventional attempts to prevent the formation of post-surgical adhesions
have included the use of hydroflotation techniques or barrier devices. Hydroflotation
involves the instillation of large volumes of polymer solutions such as dextran
(Adhesion Study Group, Fertil. Steril. 40:612-619 (1983)), or carboxymethyl cellulose
(Elkins, T. E., et al., Ferti. Steril. 41:926-928 (1984)), into the surgical space in an
attempt to keep the organs apart. Synthetic barrier membranes made from oxidized
regenerated cellulose (e.g., Interceed™), polytetrafluoroethylene (Gore-tex surgical
membrane) and fully resorbable membranes made from a modified hyaluronic
acid/carboxymethylcellulose (HA/CMC) combination (Seprafilm™) have also been
used to reduce post-surgical adhesion formation in both animals and humans
(Burns, J. W., et al., Eur. J. Surg. Suppl. 577: 40-48 (1997); Burns, J. W., et al..
Fertil. Steril. 66:814-821 (1996); Becker, J. M., et al., J. Am. Coll. Surg. 183:297-306
(1996)). The success of these HA/CMC membranes may derive from their ability to

provide fissue separation during the peritoneal wound repair process when fibrous
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adhesions form. The membranes were observed to form a clear viscous coating on
the injured tissue for 3-5 days after application, a time period that is compatible with
the time course of post-surgical adhesion formation (Ellis, H., Br. J. Surg. 50: 10-16 '
(1963)). Unfortunately, limited success has been seen with these methods.

[0009] Clearly there is an unmet need for compounds, compositions, methods and
the like (including delivery approaches) to inhibit, or otherwise treat and/or prevent,
the formation of fibrous adhesions, preferably more effectively with few side effects.
The present compounds, compositions, methods, etc., provide one or more of these

advantages.

SUMMARY

[00010] The present invention comprises compositions and methods, etc,
comprising one or more of the anti-fibrous adhesion agents discussed herein, for the
treatment of surgical adhesions. The anti-fibrous adhesion agents provide significant
therapeutic effect against fibrous adhesions while typically also providing low side
effects. Further, since a variety of different anti-fibrous adhesion agents are
discussed, various combinations of the agents can be selected as desired to reduce
side effects in a patient potentially suffering from other diseases or conditions, and/or
to provide other beneficial healthful or therapeutic effects, such as compositions that
both inhibit fibrous adhesions and also treat cancer or arthritis or swelling or any of
the variety of other diseases or conditions that can also be treated by one or more of
the anti-fibrous adhesion agents herein. The compositions herein are also useful for
the treatment of fibrous growths and conditions such as keloid trait that share similar
biology with fibrous adhesions. Accordingly, the discussion herein applies o such
fibrous growths as well.

[00011] In one aspect, the present invention provides methods of inhibiting a fibrous
adhesion in an animal comprising selecting an agent to inhibit the fibrous adhesion
and administering a therapeutically effective amount of the agent to a site suspected
of having the fibrous adhesion. The agent can comprise one or more of an alginic
acid, a doxycycline, a cortisone, an estramustine, a melezitose, a succinic acid, a
meclofenamate, a palmitic acid, a dexiran sulfate, collagen, a budesonide, an
enalapril such as enalapril maleate, a nabumetone, a statin such as simvastatin, a

captopril, a chitosan, a minocycline, a methotrexate, a cisplatin, an ibuprofen, an
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erythromycin, a tetracycline, an SDF-1 inhibitor such as an anti-SDF-1 antisense
oligonucleotides (ASO), an anti-SDF-1 small molecule RNA, an anti-SDF-1 sIRNA,
an anti-SDF-1 ribozyme, an anti-SDF-1 aptamer, a small molecule inhibitor of SDF-
1, an anti-SDF-1 antibody such as anti-hSDF-1/PBSF, a rapamycin, a
hydroxypropylcellulose, a busulfan, a cyclophosphamide, a dacarbazine, a
hydroxyurea, a mitotane, a docetaxel, a vinblastine sulfate, a MG132, a nimesulide,
a diclofenac, a tenoxicam, an indomethacin, an acetylsalicylic acid, a diflusinal, a
betamethasone, a dexamethasone, a deferoxamine mesylate, a retinoic acid, a
heparin, a pentoxifylline, a streptokinase, a TGF-beta, a TIMP-2, a dextrose, a
Dextran T/70, a starch, a quercetin dihydrate, a caffeine, a leflunomide, a
carrageenan such as iota-carrageenan or lambda-carrageenan, a
hydroxypropylcellulose, a stachyose, a chondroitin sulfate A.

[00012] The agents can also be an anti-neoplastic agent, an anti-inflammatory
agent, an Iron-chelating agent, a triene macrolide antibiotic, a 3-hydroxy-3-
methylgluteryl-CoA reductase inhibitor, a retinoid, an antithrombotic, an
anticoagulant, a plasminogen activator, a cytokine, a matrix metalloproteinase
inhibitor, a tetracycline, an ACE inhibitor, a dextran sugar, or a carrageenan,
alkylating agent, an antimetabolite, a ribonucleotide reductase inhibitor, a cytotoxic
antibiotic, a taxane, a vinca alkaloid, or a protease inhibitor, a COX-2 inhibitor, a
fenamate, an oxicam, an acetyl acid derivative, a salicylic acid derivative, or a
corticosteroid.

[00013] As noted elsewhere, the various aspects and embodiments herein can be
features, etc., can be mixed and matched, combined and permuted in any desired
manner. Thus, the particular agents above and sites and agents below, etc., can be
combined, etc., as appropriate even if they do not appear together in the same
paragraph.

[00014] In some embodiments, the subject or patient is an animal, such as a human,
dog, cat, horse, cow, or other mammal, or bird, reptile or other animal. The
treatment site can be a surgical site, a pelvic inflammatory disease site, a
mechanical injury site, a radiation exposure site, a site suffering presence of a
foreign material or any other desired site. The site can be the animal as a whole, or

a specific site within an abdomen, limb, within a spine, a head, a reproductive tract, a
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gastrointestinal tract, a pulmonary system, thoracic cavity, cardiac or vascular
system, a urinary system, or any other system or location as desired.

[00015] The drug can be substantially continuously administered to the disease site
via controlled release from a polymeric dosage form. The administration form can
comprise a film, patch, paste, microsphere, implant, gel, spray or liquid, solution,
suspension, which can be in Lactated Ringers Injection USP. The agent can be
administered in combination with a fucan, which can be fucoidan. The agent can be
administered in combination with a second agent, which can be any one or more of
the other agents herein or any other therapeutic agent.

[00016] The present invention also provides pharmaceutical compositions
configured to Innhibit fibrous adhesions, the compositions comprising a therapeutically
effective amount of a fucan selected to inhibit the fibrous adhesion, a therapeutically
effective amount of at least one of the therapeutically effective agents herein
selected to inhibit the fibrous adhesion, and at least one pharmaceutically acceptable
excipient, carrier or diluent. The pharmaceutically acceptable excipient, carrier or
diluent can if desired be selected from the group consisting of a pluronic, cellulose,
alginate, acrylate, hyaluronic acid, polyethylene glycol, and chitosan.

[00017] The compositions can be used in the manufacture of a medicament for
treating a fibrous adhesion, and can be used in methods of manufacturing a
medicament able to reduce symptoms associated with a fibrous adhesion in a
human patient, for example comprising combining a pharmaceutically effective
amount of fucoidan, a therapeutically effective amount of at least one of the
therapeutically effective agents herein selected to inhibit the fibrous adhesion, and a
pharmaceutically acceptable excipient or buffer.

[00018] In still other aspect, the present invention comprises methods of treating at
least one of a non-fibrous adhesion disease or non-fibrous adhesion condition in an
animal. The methods can comprise identifying the non-fibrous adhesion disease or
condition, and comprise selecting at least one therapeutic agent for the non-fibrous
adhesion disease or condition, selecting at least one anti-fibrous adhesion agent,
and administering at least one pharmaceutical composition comprising a therapeutic
amount of the at least one therapeutic agent for the non-fibrous adhesion disease or

condition and a therapeutic amount of the at least one anti-fibrous adhesion agent.
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[00019] The at least one therapeutic agent for the non-fibrous adhesion disease or
condition and the therapeutic amount of the at least one anti-fibrous adhesion agent
can be in at least two different compositions and the methods further can comprise
administering the compositions substantially simultaneously. The agents can also all
be in a single composition. The agents can be administered to the site via controlled
release from a polymeric dosage form, as a solution or suspension, or otherwise as
desired.

[00020] in still another aspect, the present invention comprises pharmaceutical
compositions configured to treat at least one of a non-fibrous adhesion disease or
non-fibrous adhesion condition in an animal, and to inhibit fibrous adhesions, the
compositions comprising a therapeutically effective amount of at least one
therapeutic agent for the non-fibrous adhesion disease or condition selected to treat
the non-fibrous adhesion disease or condition, a therapeutically effective amount of
at least one anti-fibrous adhesion agent selected to inhibit the fibrous adhesion, and
at least one pharmaceutically acceptable excipient, carrier or diluent.

[00021] The compositions can be used in the manufacture of a medicament for
treating at least one of a non-fibrous adhesion disease or non-fibrous adhesion
condition and for inhibiting a fibrous adhesion in an animal.

[00022] The present invention also comprises methods of manufacturing a
medicament able to reduce symptoms associated at least one of a non-fibrous
adhesion disease or non-fibrous adhesion condition, and also inhibit symptoms
assoclated with a fibrous adhesion, in a human patient, comprising combining
therapeutically effective amount of at least one therapeutic agent for the non-fibrous
adhesion disease or condition selected to treat the non-fibrous adhesion disease or
condition, a therapeutically effective amount of at least one anti-fibrous adhesion
agent selected to inhibit the fibrous adhesion, and at least one pharmaceutically
acceptable excipient, carrier or diluent;

[00023] In still yet a further aspect, the present invention comprises methods of
inhibiting a fibrous adhesion in an animal comprising selecting an agent to inhibit the
florous adhesion and administering a pharmaceutical compositions comprising a
therapeutically effective amount of the agent to a site suspected of having the fibrous
adhesion, wherein the compositions can be configured to inhibit at least a certain

portion of fibrous adhesions, for example about 75%, 90%, 99%, or substantially all
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of the fibrous adhesions. The efficacy can be determined via any desired standard,
for example relative to hyaluronic acid film without any anti-fibrous adhesion agent,
which can be used for example in a human, rat or rabbit model. The embodiments
also include pharmaceutical compositions configured to inhibit a fibrous adhesion in
an animal comprising a selected anti-fibrous adhesion agent, wherein the
compositions can be configured to inhibit at least a certain portion of fibrous
adhesions, for example about 75%, 90%, 99%, or substantially all of the fibrous
adhesions.

[00024] In still yet another further aspect, the present invention provides kits. The
Kits can comprise a vessel containing the compositions herein and a label
comprising instructions for pharmaceutical use of the compositions to inhibit fibrous
adhesions. The label can be a government approved label such as an FDA
approved label. The vessel can be a vial configured to hold an instillate or any other
desired composition form herein. The label further can comprise instructions for
pharmaceutical use of the compositions to treat at least one of a non-fibrous
adhesion disease or non-fibrous adhesion condition.

[00025] These and other aspects, features and embodiments are set forth within this
application, including the following Detailed Description and attached drawings. In
addition, various references are set forth herein, including in the Cross-Reference To
Related Applications, that discuss certain systems, apparatus, methods and other
information; all such references are incorporated herein by reference in their entirety

and for all their teachings and disclosures, regardless of where the references may
appear in this application.

BRIEF DESCRIPTION OF THE FIGURES

[00026] Figure 1 is a graph depicting the results of an anti-SDF-1 on the inhibition of
fibrous adhesions using the rat caecal-sidewall adhesion model.

[00027] Figure 2 is a graph depicting the results of rapamycin on the inhibition of
fibrous adhesions using the rat caecal-sidewall adhesion model.

[00028] Figure 3 is a graph depicting the results of various anti-neoplastic agents on
the inhibition of fibrous adhesions using the rat caecal-sidewall adhesion model.

[00029] Figure 4 is a graph depicting the results of various anti-inflammatory agents
on the inhibition of fibrous adhesions using the rat caecal-sidewall adhesion model.
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[00030] Figure 5 is a graph depicting the resulis of various agents on the inhibition of
fibrous adhesions using the rat caecal-sidewall adhesion model.

[00031] Figure 6 is a graph depicting the results of fucoidan film or fucoidan instillate
formulations on the inhibition of fibrous adhesions using the rat caecal-sidewall
adhesion model.

[00032] Figure 7 is a graph depicting the results of series of fucoidan gel
formulations on the inhibition of fibrous adhesions using the rat caecal-sidewall
adhesion model.

[00033] Figure 8 is a graph depicting the results using a 0.001%, 0.003%, and
0.01% w/v fucoidan instillate formulations on the inhibition of fibrous adhesions using
the rat caecal-sidewall adhesion model.

[00034] Figure 9 is a graph depicting the resulis using 3% and 0.3% w/v fucoidan

i~stillate formulations on the inhibition of fibrous adhesions using the rabbit uterine
horn model.

[00035] Figure 10 is a graph depictcing the results of 0.001% w/v fucoidan instillates
produced from both Fucus vesiculosis and Laminaria japonica (Kombu) on the

inhibition of fibrous adhesions using the rat caecal-sidewall adhesion modei.
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DETAILED DESCRIPTION

[00036] In some embodiments, the present invention uses the agents discussed
herein to inhibit, e.qg., treat or prevent, the formation of fibrous adheéions, which may
form following surgery, following trauma, or following radiation or chemotherapy, or
as a result of any other cause, by application of the agent(s) to the tissue of an
animal, including a human, dog, cat, horse, cow, or other mammal, or bird, reptile or
other animal at site suspected of developing a fibrous adhesion, for example sites
actually having a fibrous adhesion, sites unduly subject to developing a fibrous
adhesion, for example due to exposure to radiation, surgery, disease, or injury, and
sites in the process of developing or expanding fibrous adhesions. Each agent listed
Includes the agent and all its derivatives, salts, and analogues without exclusion
unless expressly stated otherwise. The agenis can be administered in different
formulations for the inhibition of fibrous adhesions. These compositions can if
desired allow for release of effective doses of the agents at the disease sites only, in
order to reduce toxicity that may be associated with systemic delivery of some of
these compounds. These compositions can also comprise polymeric formulations of
an agent herein (including all derivatives, salts and analogues thereof), or other
formulations as desired, which can provide sustained release of the agent at the
potential fibrous adhesion site. The compositions, methods, etc., discussed herein
include formulations comprising each agent discussed herein, whether it be used
alone, or in conjunction with fucoidan (or any other fucan), or in conjunction with any
other agent discussed herein, or any other agent, device, or barrier, or with any
combination of drugs including fucoidan, and the agents discussed herein, and any
other agent. The compositions can be administered to a site directly, systemically or
otherwise as desired. In certain embodiments, the compositions herein do not
Include any antisense oligonucleotides or other oligonucleotide agents such as gene
therapy nucleotides.

[00037] In some embodiments, the methods and compositions herein relate to the
use of just one of the various anti-fibrous adhesion agents herein, or to the use of
two or more of such agents. In some embodiments, at least one of the agents in
such compositions, including both solo and multiple agent mixture compositions, is a
fucan; in others the mixture compositions do not include a fucan.

10



CA 02527429 2005-11-29
WO 2004/105737 PCT/CA2004/000800

[00038] The compositions herein are also useful for the treatment of fibrous growths
and conditions such as keloid trait that share similar biology with fibrous adhesions.
Accordingly, the discussion herein applies to such fibrous growths as well.

[00039] The embodiments herein can include identifying a non-fibrous adhesion
disease or condition, then selecting and administering a composition comprising an
anti-fibrous adhesion agent that also or simultaneously treats or inhibits both the
non-fibrous adhesion disease or condition and the fibrous adhesion. In some
embodiments, the compositions and methods can further comprise selecting two or
more of the agents herein, such that one has primary effect against the non-fibrous
adhesion disease or condition and the other has primary effect against the fibrous
adhesion. Further, the compositions and methods can comprise identifying,
selecting and administering at least one anti-fibrous adhesion agent such as those
discussed herein and at least one agent against the non-fibrous adhesion disease or
condition, administered together in a single or simultaneous compositions. Thus, the
methods can comprise selecting an agent to inhibit the fibrous adhesion and
selecting the same or at least one other agent to inhibit the non-fibrous adhesion
disease or condition, and administering a therapeutically effective amount of the
agent(s) to a site suspected of developing the non-fibrous adhesion disease or
condition and the fibrous adhesion. Exemplary non-fibrous adhesion diseases or
conditions include cancers, PID, radiation exposures, mechanical and other injuries,
arthritis, psoriasis, surgery, topical conditions, diseases and conditions of the G
'tract, for example those that have substantial risk of blockages or other mechanically
disruptive symptoms, etc. |

[00040] Within certain embodiments of the invention, the anti-fibrous adhesion
agents may be formulated along with other compounds or compositions, such as, for
example, an ointment, solution, cream, lotion, gel, spray, mousse, coating, wrap,
paste, barrier, implant, microsphere, microparticle, film, particulate, liquid, implant
films, instillate formulations and the like.

[00041] Generally, compositions herein can be administered alone or as part of a
composition by application or injection as a paste, gel, spray, particulate, film,
solution, liquid, lotion, cream or implant. Routes and sites of administration include
orally, systemically, in{raocularly, subcutaneously, intraperitoneally, inframuscularly,

intraarticularly, intralesionally, intravaginally, rectally or topically, such as in a patch.
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The therapeutically effective amount of the agent can comprise about 0.1%, 0.5%.
1%, 3% to 50%, 20-80%, 80% to 100% w/v or w/w as desired of the composition.
The compositions herein can be provided in suitable vessels or containers, which in
turn can be provided in kits and can also be provided with a label, preferably a label
approved by an appropriate government regulatory agency such as the Food and
Drug Administration in the United States of America. The label can comprising
instructions for pharmaceutical use of the composition. The vessel can be, for
example, a vial, and can be configured to provide the composition(s) as films, gels,
instillates, or other forms discussed herein or as other wise desired.

[00042] The compound or composition given with the anti-fibrous adhesion agents
may function as a carrier and/or as a physical barrier, which may be either polymeric
or non-polymeric. The compositions discussed herein also comprise agents (or any
combination of agents from the list of agents discussed herein including fucoidan or
other fucan) alone or in aqueous solution, or non-aqueous solution, or dispersed as
a suspension within a vehicle or carrier. Representative examples of polymeric
carriers, barriers and excipients include chitosan, polytetrafluoroethylene, poly(lactic
acid), poly-(ethylene vinyl acetate), poly(glycolic acid), copolymers of ethyléne and
vinyl acetate, polyethylene glycol, methoxypolyethylene glycol, polycaprolactone,
copolymers of lactic acid and glycolic acid, copolymers of poly(lactic acid) and
poly(caprolactone), gelatin, collagen, celluloses, albumen. pluronics, poly-
(valerolactone), poly-(anhydrides), polysaccharides, alginic acids such as alginates,
hyaluronic acid, injectable excipients other polymeric based vehicles and
copolymers, derivatives mixtures and blends thereof. Representative examples of
other suitable carriers include ethanol, glycols including ethylene glycol, propylene
glycol or Transcutol®, mixtures of ethanol and glycols, isopropyl myristate or
iIsopropyl palmitate, mixtures of ethanol and Isopropyl myristate or isopropyl

palmitate. Such polymers may, themselves, provide anti-adhesion aciivity in certain
compositions.

GENERAL DISCUSSION OF EXEMPLARY ANTI-FIBROUS ADHESION AGENTS
[00043] The drug components of the compositions herein typically are well known for

other compositions and purposes. The following provides some information about
some of them.
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[00044] NSAIDs. The major mechanism by which the NSAIDs elicit their therapeutic
effects (antipyretic, analgesic, and anti-inflammatory activities) is inhibition of
prostaglandin (PG) synthesis. Specifically NSAIDs competitively (for the most part)
inhibit cyclooxygenases (COXs), the enzymes that catalyze the synthesis of cyclic
endoperoxides from arachidonic acid to form prostaglandins). Other mechanisms
that may contribute to NSAID anti-inflammatory activity include the reduction of
superoxide radicals, induction of apoptosis, inhibition of adhesion molecule
expression, decrease of nitric oxide synthase, decrease of proinflammatory cytokine
levels (tumor necrosis factor-a, interleukin-1), modification of lymphocyte activity,

and alteration of cellular membrane functions.

[00045] COX-2 inhibitors. (Int. J. Immunopathol. Pharmacol. 2003 May-Aug;16(2
Suppl).17-22).

[00046] Their action is centered on the inhibition of the cyclooxygenase (COX)
enzyme responsible for converting arachidonic acid to prostaglandins and
throboxane. In 1991, it was disclosed that COX exists in two distinct isozymes
(COX-1 and COX-2), one of which, COX-2, is primarily responsible for inflammation
but apparently not for gastrointestinal integrity or platelet aggregation.- For this
reason, in recent years, novel compounds that are selective for this isozyme, the so-
called selective COX-2 inhibitors or COXIBs, which retain anti-inflammatory activity
but minimize the risk of gastrointestinal toxicity and bleeding, have been developed.
Some of the COX-independent mechanisms of COX-2 inhibitors include activation of
protein kinase G, inhibition of NF-kappa B activation, downregulation of the

antiapoptotic protein Bcl-XL, inhibition of PPAR delta, and activation of PPAR
gamma.

[00047] COX-2 inhibifors include:
Nimesulide (CAS 51803-78-2) (Drugs. 2003;63 Suppl 1:9-22.)

[00048] Fenamates. (Prim Care. 1990 Sep;17(3):589-601)
[00049] These agents are considered to be N-aryl substituted derivatives of
anthranilic acid which is itself a bioisostere of salicylic acid. These agents retain the

acidic properties that are characteristic of this class of agents. The most active
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fenamates have small alkyl or halogen substituents at the 2’3’ and/or 6’ position of
the N-aryl moiety mefenamate- see below). Among the disubstituted N-aryl
fenamates the 2',3'-derivatives are most active suggesting that the substituents at
the 2’,3’-positions serve {0 force the N-aryl ring out of coplanarity with the anthranilic
acid. Hence this steric effect is proposed to be important in the effective interaction
of the fenamates at their inhibitory site on cyclooxygenase. Actions: The
anthranilates have primarily antiinflammatory with some analgesic and antipyretic
activity and are non-COX selective. The anthranilates are used as mild analgesics
and occasionally to treat inflammatory diseases.

[00050] Fenamates include:

Meclofenamic acid — (CAS 644-62-2)

Meclofenamate (CAS 6385-02-0)

Diclofenac — (CAS 15307-86-5) derived from 2-arylacetic acid, used for RA, OA, AS
and post-op pain,

[00051] Oxicams. (Arthritis Rheum. 1997 Jan;40(1):143-53).

[00052] Oxicams are characterized by the 4-hydroxybenzothiazine heterocycle. The
acidity of the oxicams is attributed to the 4-OH with the enolate anion being
stabilized by intramolecular H-bonding to the amide N-H group. Also, the presence of
the carboxamide substituent at the 3-position of the benzothiazine ring contributes
toward acidity by stabilizing the negative charge formed during ionization (resonance
stabilization). Although these compounds are acidic (pKa = 6.3), they are somewhat
less acidic than carboxylic acids NSAIDs. Yet the oxicams are primarily ionized at
pnysiologic pH and acidity is required for COX inhibitory activity.

[00033] Oxicams include:

Tenoxicam (CAS 59804-37-4)

[00054] Acetyl acid derivatives. (FASEB J. 2001 Oct;15(12):2057-72).

[00035] These compounds are also derivatives of acetic acid, with the substituent at
the 2-position being a heterocycle or related carbon cycle.

[00056] Acetyl acid derivatives include:

Indomethacins (CAS NO. 53-86-1) (Indocid, Intodec) - indole-3-acetic acid

derivatives containing a benzoylated indole nitrogen. The methyl group at the 2
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position of the indole ring prevents free rotation about the C-N bond and keeps the
two aromatic rings in the correct relationship for COX binding and therapeutic
activity. Indomethacin is “COX-1" selective” and produces primarily antiinflammatory

actions with some analgesic and antipyretic activity.

[00057] Salicylic acid derivatives. Structure and Chemistry: The salicylates are
derivatives of 2-hydroxybenzoic acid (salicylic acid). The salicylates were
discovered in 1838 following the extraction of salicylic acid from willow bark.
Salicylic acid was used medicinally as the sodium salt but replaced therapeutically in
the late 1800s by the acetylated derivative, acetylsalicylic acid (ASA) or aspirin.
Therapeutic utility is enhanced by esterification of the phenolic hydroxyl group as in
aspirin, and by substitution of a hydrophobic/lipophilic group at C-5 as in diflunisal.
The salicylates have potent antiinflammatory activity with mild analgesic and
antipyreti’c acfivities. These compounds are mainly “COX-1 selective” — they are
bound with higher affinity] by COX-1. Toxicities include Gl irritation, hypersensitivity
reactions, inhibition of platelet aggregation, and ototoxicity (tinnitus). The therapeutic
and certain of the toxic actions (i.e., gut) of aspirin can be related to its ability to
inhibit COX in various tissues and participate in transacetylation reactions in vitro.
For example, acetylation of COX results in irreversible inhibition of this enzyme and
~antiinflammatory effects in joints, and adverse effects in the Gl tract. Also

acetylation of circulating proteins may result in a hypersensitivity response.
[00058] Salicylic acid derivatives include:

Acetylsalicylic acid (CAS Number 50-78-2)

Diflunisal (CAS 22494-42-4) - the difluorophenyl analogue of salicylic acid differs
from other members of the salicylate class in that it has primarily analgesic and
antipyrefic activity. It is used to treat the pain associated with RA, OA and muscle
pain. It reported causes less Gl tract ulceration than aspirin and has lower auditory

side effects. This drug is cleared primarily by phenol and carboxyl O-glucuronidation
similar to the salicylates.

[00059] Pyrazalones. This class of agents is characterized by the 1-éryl-3,5-—
pyrazolidinedione structure and are structurally related to the aromatic compound

pyrazole These compounds are analgesic, antipyretic, anti-inflammatory (due to their
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}

weak acidity) and uricosuric at near toxic doses. The acidity in these molecules is

due to the presence of an enolizable hydrogen in the 4 position, and is pKa-
dependent.

[00060] Pyrazalones include:
Phenylbutazone (CAS 50-33-9)

[00061] Corticosteroids.  Corticosteroids are a group of anti-inflammatory drugs
similar to the natural corticosteroid hormones produced by the cortex of the adrenal
glands. Among the disorders that often improve with corticosteroid treatment are
asthma, allergic rhinitis allergic, eczema and rheumatoid arthritis. How these anti-
inflammatory agents inhibit late phase allergic reactions occurs via a variety of
mechanisms, including decreasing the density of mast cells along mucosal surfaces,
decreasing chemotaxis and activation of eosinophils, decreasing cytokine production

by lymphocytes, monocytes, mast cells and eosinophils, inhibiting the metabolism of
arachidonic acid and other mechanisms.

100062] Corticosteroids include:
Dexamethasone (CAS 50-02-2)

[00063] Alkylating agents. An alkylating agent is a compound that substitutes an
alkyl group, Cn H 2n+1, for an active hydrogen atom in an organic compound, with
DNA as the principal target. Alkylating agents were developed from mustard gas in
1946. Reaction with DNA, RNA or proteins leads to alkylation, which may be
bifunctional and cause DNA crosslinking groups include nitrogen mustards,
nitrosoureas, and platinum containing drugs as well as others. All of the alkylating
agents form strong electrophiles through the formation of carbonium ion
intermediates. This results in the formation of covalent linkages by alykylation of
varlous nucleophiles moieties. The chemotherapeutic and cytotoxic effects are
directly related to the alkylation of DNA mainly through the 7 nitrogen atom of
guanine although other moieties are also alkylated. The formation of one covalent
bond with nucleophiles can result in mutagenesis or teratogenesis but the formation
of two of these bonds through cross linking can produce cytotoxicity.

[00064] Examples of alkylating agents include:

Busulfan (CAS 55-58-1) (Busuifex, Myleran)
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cyclophosphamide (CAS 6055-19-2) (Procytox)
estramustine (CAS:2998-57-4) (Emcyt)
cisplatin (CAS 15663-27-1)

dacarbazine (CAS 4342-03-4)

[00063] Antimetabolites. (Semin Oncol. 1992 Dec;19(6):695-706).
[00066] An antimetabolite is defined as a compound that interferes with the
utilization of a natural metabolite by means of having a similar chemical structure.
Antimetabolites are generally analogues of steroid hormones or nucleic acid
precursors. Nucleic acid and folate antimetabolites act by inhibition of DNA and/or
RNA synthesis. Their mode of action therefore means that their toxic effects are
most marked in rapidly proliferating tissues. There are several different cellular
targets for antimetabolites. Some common classes of antimetabolites are: folate
antagonists, purine antagonists and pyrimidine antagonists.
[00067] Examples of antimetabolite agents include:

Methotrexate (CAS 59-05-2)

[00068] Ribonucleotide reductase inhibitors. Ribonucleotide reductase inhibitors
may bind with the R1 subunit of the enzyme ribonucleotide reductase which
catalyzes the de novo biosynthesis of deoxyribonucleosides therefore Interfering with
DNA synthesis. (Expert Rev Anticancer Ther. 2002 Aug;2(4):437-48).
[00069] Examples of ribonucleotide reductase inhibitors include:

Hydroxyurea (CAS 127-07-1) (Hydrea)

[00070] Cytotoxic antibiotics.
[00071] Examples of cytotoxic antibiotics include:
Mitotane (CAS 53-19-0)

[00072] Taxanes. Taxanes block cell cycle progression by stabilizing microtubules
resulting in centrosomal impairment, induction of abnormal spindles and suppression
of spindle microtubule dynamics (Curr Cancer Drug Targets. 2003 Jun;3(3):193-
203). |

[00073] Examples of topoisomerase inhibitors include:
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Docetaxel (CAS 114977-28-5) (Taxotere)

[00074] Vinca alkaloids and analogues. (Curr Med Chem Anti-Canc Agents. 2002
Jan;2(1):1-17).

[00075] Vinca alkaloids inhibit microtubule polymerization by binding to sites on
wubulin and therefore block mitosis at the metaphase/anaphase transition, and
induce cell death.

[00076] Examples of vinca alkaloids include:
Vinblastine (CAS 865-21-4)

[00077] Proteasome inhibitors. (Cancer Treat Rev. 2003 May;29 Suppl 1:41-8)
[00078] The proteasome is the final degradative enzyme involved in an important
catabolic pathway for many intracellular regulatory proteins including IkB/NF-KB,
053, and the cyclin-dependent kinase inhibitors p21 and p27. The antineoplastic
effect of proteasome inhibitors may involve several distinct mechanisms including
inhibition of cell growth signaling pathways, induction of apoptosis, and inhibition of
cellular adhesion molecule éxpression. |
[00079] Examples of proteasome inhibitors include:

MG132 (Cytokine. 2003 Nov 7;24(3):67-73), inhibits NF-kappaB formation
and degradation of its inhibitor |-kappaB.

[00080] Iron-Chelating Agents. (Adv Exp Med Biol. 2002:509:231-49). Orally active
iron-chelating drugs, used therapeutically in conditions of transfusional iron overload
and for the treatment of iron overload in thalassaemia.
[00081] Examples of iron-chelating agents include:

Deferoxamine mesylate (CAS 138-14-7) - Binds to free iron, iron of ferritin,
and hemosiderin forming ferrioxamine, which is a water-soluble chelate excreted by
the kidneys (urine is a reddish color) as well as in the feces via the bile. Rapidly

metabolized by plasma enzymes and excreted in the urine.

[00082] 3-Hydroxy-3-Methylgluteryl-CoA Reductase Inhibitors. These drugs inhibit
3-hydroxy-3- methylglutatyl-coenzyme A -CoA reductase catalyzes the conversion of
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HMG-CoA to mevalonate, which is an early and rate-limiting step in the biosynthesis
of cholesterol.
[00083] Examples of 3-Hydroxy-3-Methylgluteryi~-CoA Reductase Inhibitors include:
Statins
Simvastatin (Zocor) (CAS 79902-63-9).

[00084] Retinoids and retinoid analogues. (J Dermatol. 2003 May;30(5):355-80.).
[00085] Retinoids (natural and synthetic derivatives of vitamin A) signal potent
differentiation and growth-suppressive effects in diverse normal, premalignant, and
malignant cells. Retinoids include all- trans-retinoic acid (ATRA), a major active form
of vitamin A (retinol), and its bioisosters, which elicit their biological effects by binding
to their nuclear receptors, retinoic acid receptors (RARs).

[00086] Examples of Retinoids and retinoid analogues include:
All-trans-retinoic acid (CAS 302-79-4) J Biol Regul Homeost Agents. 2003
Jan-Mar;17(1):98-114).

[00087] Antithrombotics. Drugs which interact with thrombin and block its catalytic
activity on fibrinogen, platelets and other substrates. (Expert Opin Pharmacother.
2003 May;4(5).653-66).

[00088] Examples of antithrombotics include:

Heparin sodium (CAS 9041-08-1).

[00089] Low molecular weight heparins (Semin Thromb Hemost. 2000;26 Suppl
1:31-8). As compared with the standard heparin, LMWHs have different
pharmacodynamic, and pharmacokinetic properties; they also differ in clinical
benetits. LMWHSs have greater bioavailability, longer half-lives, a more predictable

pharmacologic response, possible improved safety, and similar or greater efficacy
compared with unfractionated heparin. o

[00090] Anticoagulants.
[00091] Examples of anticoagulants include:
Pentoxifylline (CAS 6493-05-6).

[00092] Plasminogen Activators.
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[00093] Examples of plasminogen activators include:
Streptokinase (CAS 9002-01-1).

[00094] Cytokines.
[00095] Examples of cytokines include:

Transforming Growth Factor —Beta (TGF-8,.J Biol Chem. 2002 Aug
30;277(35):31938-48).

[00096] Matrix Metalloproteinase Inhibitors. (Hematol Oncol Clin North Am. 2002
Oct;16(5):1189-227).

[00097] Tissue inhibitors of matrix metalloproteinases (TIMPs) have been shown o
block tumor cell invasion suggesting that they act as metastasis suppressor genes.
Their primary function ins to inhibit matrix metalloproteinases (MMPs) which are
Zn(2+)-binding endopeptidases that degrade various components of the ECM.
MMPs are enzymes implicated in normal and pathologic tissue remodeling
processes, wound healing, angiogenesis, and tumor invasion.

[00098] Examples of matrix metalloproteinase inhibitors include:
TIMP-2.

[00099] Tetracyclines. The tetracyclines are closely congeneric derivatives of the
polycyclic napthacenecarboxamide. The tetracyclines possess a wide range of
antimicrobial activity against gram-positive and gram-negative bacteria. In vitro,
these drugs are primarily bacteriostatic.  The tetracyclines and their non-
antimicrobial, chemically modified analogues have properties that appear to
modulate host response by inhibiting the activity of the matrix metalloproteinases
that cause collagen destruction. They also inhibit osteoclast function, stimulate
osteoblastic bone formation, and regulate angiogenesis.
[000100] Examples of tetracyclines include:

Tetracycline (CAS 60-54-8).

Minocycline (CAS 10118-90-8).

Doxycycline (CAS 564-25-0).
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[000101] Angiotensin-Converting Enzyme (ACE) Inhibitors. ACE inhibitors act
basically as inhibitors of the renin-angiotensin vasoconstrictor system, and are used
to treat hypertension and congestive heart failure. They have also been shown to
reduce proinflammatory mediators, such as interleukin-6, and enhance the
concentration of anti-inflammatory cytokines, such as interleukin-10.
[000102]  Examples of Angiotensin-Converting Enzyme Inhibitors include:
Captopril (CAS 62571-86-2).
Enalaprils including salts thereof such as enalapril maleate (e.g., 5% w/w)
(CAS 76095-16-4)

[000103] Miscellaneous.
[000104] Examples of certain other desired agents include:

leflunomide (Arava) - an isoxazole immunomodulator that interferes with the
metabolism of pyrimidine by inhibiting dihydro-orotate dehydrogenase (DHO-DH) in

mitochondria, thereby blocking T- and B cell proliferation. (Expert Opin.
Pharmacother. 2003 Jun;4(6):987-97.).

Erythromycin.
Dextran sulfate.
Alginic acid.
Dextrose.

Dextran T70.

Starch.

Quercetin Dihydrate.
Caffeine.
I~-Carrageenan.
A-Carrageenan.
Hydroxypropyicellulose.
Stachyose.
Chondroitin Sulfate A.

FUCANS

[000105] Fucans (including fucoidan) are high molecular weight sulphated
polysaccharides extracted from brown seaweeds, Percival, E., and McDowell, R. H..
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Chemistry and Enzymology of Marine Algal Polysaccharides, pp. 157-175
(Academic Press, New York, 1967), and as is well known can be found from other
sources as well, Vasseur, E., Chemical studies on the jelly coat of the sea-urchin
egg. Acta Chem. Scand., 2, 900-913 (1948); Mourao, PAS and Bastos, |G, Highly
acidic glycans from sea cucumbers. Eur. J. Biochem., 166, 639-645 (j 087); Pereira,
et. al., Structure and Anticoagulant Activity of Sulfated Fucans, J. Biol Chem.,
274:12. 7656-7667 (1999). Fucoidan (or fucoidin) indicates fucans derived from
brown seaweed. USPA 2003064958. Fucans can be alone, or in a mixture, for
example in a mixture of sugars such as xylose, galactose, glucose and/or mannose.
These sugars are known to be contained in the marine algae and are may be
extracted with the fucan. Duarte, Maria ER., Cardoso, Marc A., Noseda, Miguel D.,
Cerezo, Alberto S., “Structural studies on fucoidans from the brown seaweed
Sargassum stenophyllum’. Carbohydrate Research: 2001 (333): 281-293

[000106] These compounds reportedly have multiple inhibitory actions in vivo
and in vitro including anti-thrombin, anti-proliferative, anti-complement, anti-cancer
and anti-neutrophil migration effects. Fucans may block various binding events at
cell surfaces including cell-cell binding through integrin-selectin molecules, or by
binding thrombin or complement in the blood or fucose receptors on cell surfaces.
[000107] Such activity is thought to be responsible for anti-inflammaiory
oroperties via (for example) inhibition of lymphocyte or neutrophil binding to vascular
endothelial cells that might prevent the_invasion of these cells into a tissue
compartment with subsequent inflammation (Patankar, M.S., et al., J. Biol. Chem.
268: 21770-21776 (1993); Brandley, B.K., et al., J. Cell Biol. 105: 991-997 (1987)).
Recent studies have also shown that fucans inhibitq vascular smooth muscle cell
oroliferation (Logeart, D., et al., Eur. J. Cell Biol. 74: 376-384 & 385-390 (1997)),
indicating (but not demonstrating) a possible anti-restenosis potential of these
compounds. Fucans have been shown to be slowly internalized in cells following
surface binding to both endothelial and smooth muscle cells (Glabe, C.G., et al., J.
Cell Science 61: 475-490 (1983); Logeart, D., et al., Eur. J. Cell Biol. 74: 376-384
(1997)). °

[000108] In Japan, fucoidan extracted from various seaweeds is marketed as a
health food (Riou, D., et al., Anticancer Res., 16 (3A): 1213-1218 (1996); ltoh, H.,
Anticancer Res., 13 (6A): 2045-2052 (1993); Nishiro, T., et al., Thromb. Res., 62:
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765-773 (1991); Biondin, C., et al., Mol. Immunol., 31: 247-233 (1994); Patankar,
M.S.. et al., J. Biol. Chem., 268: 21770-21776 (1993)). Fucoidan has been proposed
as a cosmetic or dermal agent. JP 01031707 and JP 01085905. Fucoidan has been
reported to be a potential anticancer agent (Riou. D., Anticancer Res. 16: 3a 1213-
18 (1996); Itoh, H., et al., Anticancer Res., 15: 5b 1937-47 (1995)). Fucoidan was
reported o not inhibit angiogenesis in vitro (Soeda, S., et al., Biochim. Biophyéica
Acta (1): 127-134 (2000)). Similarly, fucoidan was found to stimulate HUVEcell
proliferation (in vitro) induced by serum, indicating a possible proangiogenic effect
(although inhibition was possible when fibroblast growth factor was present) (Giraux,
J.. et al., Eur. J. Cell Biol. 77 4: 352-9 (1998)). Studies have also shown that Fucans
inhibit endothelial cell monolayer binding (Glabe, C.G., J. Cell Science, 61: 475-490
(1983)). Since the cells that make up capillaries are endothelial cells, this report
indicates that in vitro, some aspects of cell adhesion may be inhibited but these data
do not demonstrate any in vivo antiangiogenic effect of fucoidan. Fucoidan has been
reported to inhibit the binding of helicobacter to gastric cells hinting at an antigastric
ulcer effect (Shibat, H. J., Nutr. Sci. Vitaminol. 45: 325-336 (1999)).

[000109] Other sulphated fucans including linear, branched and linear sulphated
fucans are reported to have differential anticoagulant activity (Pereira, M.S., J. Biol.
Chem. 12: 7656-67 (1999)). Dextran sulphate and derivatives have been reported to
inhibit cancer cell growth (Bittoun, P., Carbohydrate Res. (3-4): 247-255 (1999)) and
to have anticoagulant effects (Mauray, S., J. Biomat. Sci. Poly ed. 9: 373-87 (1998)).
Sulphated polysaccharides have been proposed as anti-viral agents for use against
e.g., AIDS. EP 00293826; JP 01313433.

[000110] Fucans such as fucoidan can be obtained from a variety of species of
brown algae including but not limited to: Adenocystis utricularis, Ascophyllum
nodosum, Chorda filum, Cladosiphon okamuranus, Cystoseira abies marina,
Ecklonia kurome, Fucus evanescens, Fucus vesiculosis, Hizikia fusiforme,
Kjellmaniella crassifolia, Laminaria brasiliensis, Laminaria cichorioides, Laminaria
japonica (commonly called Kombu) Laminaria saccharina, Pelvetia fastigiata,
Sargassum stenophylum, Sargassum thunbergii, and Undaria pinnatifida. These
species are all from the taxonomic class Phaeophyceae and the majority of these

species fall into the families of Fucales and Laminariaceae.
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[000111] The fucans suitable for this invention are those that are obtained from
any source listed above, as well as any additional sources in the taxonomic families
of Fucales and Laminariaceae or other sources as desired. Furthermore, all fucan

sources from marine algae and seaweeds are inclusive to this invention.

FILMS

[000112] The agents discussed herein can be formulated as a film suitable for
direct application to tissue of an animal, including a human, for the treatment of
fibrous adhesions. The desired properties of the film include that it is thin, flexible,
has the ability to be handled and is able to be affixed to tissue. Each agent
discussed herein can also be incorporated into a polymer to create a film. The
properties of the polymeric film formulation can be enhanced with the addition of
sultable excipients. In one embodiment, the agent can be combined with hyaluronic
acid polymer to make a film. Excipients which can be added include 1-ethyl-3-[3-
(dimethylamino)propyl]carbodiimide (EDAC) and glycerol.

[000113] An embodiment of this invention is the incorporation of the agent to
produce a 0.001% - 99% w/w drug (agent) loaded film. A second embodiment is the
incorporation of the agent to produce a 50% - 99% w/w drug loaded film. A third
embodiment is the incorporation of the agent to produce a 0.001% - 50% w/w drug
loaded film. A fourth embodiment is the incorporation of the agent to produce a 10%
- 50% w/w drug loaded film. A fifth embodiment is the incorporation of the agent to
produce a 30% - 40% w/w drug loaded film. A sixth embodiment is the incorporation
of the agent to produce a 0.001% - 10% w/w drug loaded film. A seventh
embodiment is the incorporation of the agent to produce a 1% - 10% w/w drug
loaded film. An eighth embodiment is the incorporation of the agent to produce a
0.001% - 1% wi/w drug loaded film. A ninth embodiment is the incorporation of the
agent to produce a 1% - 5% w/w drug loaded film. A tenth embodiment is the
incorporation of the agent to produce a 1% - 2% w/w drug loaded film, or other
concentrations discussed herein. One embodiment comprises the incorporation of
the agent with hyaluronic acid yielding a 5% w/w drug loaded film, with the remainder

of the film being made up of Hyaluronic acid, glycerol, and EDAC in approximately a
45:19:3 ratio.

24



CA 02527429 2005-11-29
WO 2004/105737 PCT/CA2004/000800

GELS

[000114] Each agent discussed herein can be incorporated into a viscous
solution, which herein will be referred to as a gel. This gel can be administered 10 a
body cavity of an animal, including a human, and is efficacious for the inhibition or
prevention of fibrous adhesion formation.

[000115] Desired properties of the gel include that it is viscous enough to be
applied to a specific location and remain affixed there, thus it wili not flow under its
own weight; and that it can be administered to the preferred location with the use of
a syringe or injected through a needie. In one embodiment of the invention the
viscous liquid was made using a 5.5% w/v hyaluronic acid solution. The agents
discussed herein may be incorporated to yield a 0.001% - 1% w/v gel. The agent
may also be integrated to produce a 1% - 10% w/v gel. The agent may also be

loaded to produce a 10% - 50% w/v gel, or other concentrations discussed herein.

INSTILLATES

[000116] Each agent discussed herein can also be dissolved or suspended in a
liquid, which can be administered into a body cavity of an animal, including a human,
and used to inhibit, treat, prevent, etc., the formation, including the increased growth,
of fibrous adhesions. These formulations are herein referred to as instillate
formulations. These formulations can, for example, be administered intra-
abdominally following a surgical procedure into a patient to prevent the formation of
post-operative adhesions, or into/onto any other desired wound, disease, eic., site.
This liquid can be a solvent and can subsequently produce a solution of the agent.
Additionally, the solvent used to dissolve the agent may be water-based. Dissolving
the agent in an electrolytic solution can make the instillate formulation. The instillate
is then administered to a suitable body cavity where it will prevent the formation of
fibrous adhesions.

[000117] In some embodiments the instillate solufion is a substantially non-
viscous liquid, for example having a viscosity substantially similar to water, capable
of reaching substantially all areas of a specific body cavity where it is intfroduced.
The desired mixture may incofporate at least one agent discussed herein into a
liquid to produce a solution (or suspension, etc.) at concentrations of between about
0.0001% w/v and 1% wl/v, between 1% w/v and 2% w/v, 2% w/v and 5% wi/v, 5%

23



CA 02527429 2005-11-29
WO 2004/105737 PCT/CA2004/000800

and 10% w/v, 10% w/v and 25% w/v, and 25% w/v and 50% w/v, or other
concentrations discussed herein.

[000118] Each agent listed includes the agent and all its derivatives, salts and
analogues without exclusion unless expressly otherwise indicated. For example,
"succinic acid” includes succinic acid, succinate, and all their salts and analogues.
The agents can be administered in different formulations for the prevention of fibrous
adhesions. The formulations, methods, systems, etc., discussed herein shall be
taken to Include formulations comprising each agent discussed herein, whether it be
used alone, or in conjunction with fucoidan (or any other fucan); or in conjunction
with any other agent discussed herein; or any other agent, device, or barrier: or with
any combination of drugs including fucoidan, and the agents discussed herein, and
any other agent.

[000119] Unless expressly stated otherwise or clear from the context, all
embodiments, aspects, features, etc., can be mixed and matched, combined and
permuted in any desired manner. Unless indicated otherwise, except within the
claims, the use of "or" includes "and" and vice-versa. Non-limiting terms are not to
be construed as limiting unless expressly stated, or the context clearly indicates,
otherwise. (For example, "including,” "having," and "comprising" typically indicate
"including without limitation".) Singular forms, including in the claims, such as "a,"

"an,” and "the" include the plural reference uniess expressly stated, or the context
clearly indicates, otherwise.

ANTI-SDF-1 AGENTS

[000120] The chemokines compose a large family of structurally related low-
molecular-weight (6- to 14-kd) proteins that function as major regulators of leukocyte
migration, activation and chemotaxis during inflammatory processes (for review see
Rollins, B.J., (1997) Blood 90: 909-928). Over thirty members of this cytokine
superfamily have been identified to date and broadly classified into 4 subgroups C,
CC, CXC and CX3C, on the basis of the position of the NH2-terminal cysteines that
form essential disulphide bonds.

[000121] Stromal-derived factor (SDF)-1 is a CXC chemokine. Two forms of
SDF-1 have been identified, SDF-1a and B (together herein referred to as SDF-1),
which are derived from the SDF gene by alternative splicing. The genomic
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sequences encoding both forms have been determined (See U.S. Patent No.
0,663,048 and U.S. Patent :No. 0,756,084). SDF-1 is produced constitutively in
many tissues, including bone marrow, thymus, spleen, heart, lung, muscle, Kidney
and liver. This contrasts with many other chemokines whose expression is highly
regulaied by pro-inflammatory cytokines and has led to the idea that SDF-1 plays a
role in steady-state homeostatic processes, including leukocyte and hematopoietic
stem cell trafficking (Nagasawa, T. et al, (1994) Proc. Natl. Acad. Sci. USA 91: 2305-
2309; McGrath, K.E. et al, (1999) Dev. Biol. 213: 442-456; Tashiro, K. et al, (1993)
Science 261: 600-603), B lymphopoiesis; establishment of marrow myelopoiesis
during embryogenesis; neurogenesis; cardiogenesis; and blood vessel formation
(Aiuti, A., et al (1999) Eur J Immunol 29: 1823-1831: Zou, Y.-R. et al (1998) Nature
393: 595-599; Tachibana, K. et al, (1998) Nature 393: 591-594).

[000122] Whereas "knockout" mice made genetically deficient for other
chemokines or chemokine recéptors are viable and do not show any obvious
perturbations, genetic deletions of SDF-1 are lethal in utero, with the fetus exhibiting
numerous abnormalities, including defects in the hematopoietic, cardiovascular,
gastrointestinal, and neural systems as well as defects in B-cell lymphopoiesis and
myelopoiesis.(Nagasawa, T. et al, (1996) Nature 382(6592): 653-658; Ma, Q. et al
(1998) Proc. Natl. Acad. Sci. U.S.A. 95: 9448-9453). (Bleu! C et al, (1996) Nature
382; 829; Oberlin E. et al, (1996) Nature 382: 833). SDF-1 is chemotactic for many
types of mature cells involved in the inflammatory process, including T and B
lymphocytes, neutrophils, monocytes, and granulocytes (Bleul C et al, (1996) Nature
382; 829; Oberlin E. et al, (1996) Nature 382: 833).

[000123] SDF-1 is structurally different from other chemokines in that it has only
about 22% amino acid sequence identity with other CXC chemokines, but maintains
evolutional homology with other species. SDF-1 is also different from many of the
other chemokines in its apparent specificity for a single receptor, CXCR4 (previously
reterred to as LESTR, HUMSTER, or fusin)(Federsppiel B et al (1993) Genomics:
16: 707-712; Loetscher M et al (1994) J Biol Chem: 269: 232-237; Feng et al (1996)
Sclence 272: 872-877), and its much broader range of action. CXCR4 is expressed
on neutrophils, lymphocytes and monocytes (Bleul et al (1996) J Exp Med 184:
1101-1109; Forster R. et al (1998) J Immunol 160: 1522-1531 ), megakaryocytes
(Wang J-F et al (1998) Blood 92: 756-764), microglial cells and astrocytes (Tanabe S
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et al (1997) J Immunol 159: 905-911) and dendritic cells as well as primitive
hematopoietic precursor stem cells (Mohle R et al (1998) 91: 4523-4530; Aiuti et al
(1999) Eur J Immunol 29: 1823-1831). CXCR4 is also expressed on cells in a wide
variety of other organs and tissues, including heart, brain, spleen liver and colon
(Federsppiel B et al (1993) Genomics 16: 707-712; Loetscher M et al (1994) J Biol
Chem 269: 232-237: Tanabe et al (1997) J Immunol 159: 905-911; Zou Y-R et al
(1998) Nature 393: 595-599; Tachibana et al (1998) Nature 393: 591-594).

[000124] The present invention includes methods for treating, preventing, and
inhibiting fibrous adhesions such as post-surgical adhesions by delivering an anti-
SDF-1 agent such as a small molecule inhibitor of SDF-1, to a site suspected of
having or developing a fibrous adhesion. Representative examples of such agents
include anti-SDF-1 antisense oligonucleotides (ASOs) that inhibit the translation of
SDF-1 mRNA, anti-SDF-1 small molecule RNAs that inhibit the translation of SDF-1
mRNA, anti-SDF-1 siRNA's/RNAi's that inhibit the transcription of SDF-1 mRNA,
anti-SDF-1 ribozymes that cleave SDF-1 mRNA, small molecule inhibitors of SDF-1
that inhibit the function of SDF-1, anti-SDF-1 binding partners such as an anti-SDF-1
aptamers and anti-SDF-1 antibodies that inhibit the function of SDF-1, and anti-SDF-
1 decoy oligonucleotides.

[000125] Within certain embodiments of the invention, the anti-SDF-1 agents are
substantially continuously exposed to the target tissue via controlled release over
several hours to several days from polymeric dosage forms.

[000126] Within certain embodiments, the compound given with the anti SDF-1
agent or other anti-fibrous adhesion agent herein may be at least one of the other
agents discussed herein and/or a topoisomerase inhibitor such as but not limited to
camptothecin, menadione or etoposide; an anticoagulant such as but not limited to
heparin or dipyridamole; an antioxidant such as but not limited to lazaroid; an
antihistamine such as but not limited to ketotifen; an antiproliferative drug such as
but not limited to retinoids; a fibrinolytic agent, such as but not limited to, fibrinolysin,
streptokinase anda urokinase; recombinant tissue plasminogen activator; a non-
steroidal anti-inflammatory drug such as but not limited to ibuprofen, celecoxib; an
immunosupressive drug such as but not limited to a triene macrolide antibiotic such
as rapamycin; or a taxane such as but not limited to paclitaxel or docetaxel. The

compound can also comprise a therapeutically effective amount of an inhibitor of
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another chemokine or cytokine, such as, but not limited to, a small molecular weight

antagonist, or an antisense oligonucleotide, siRNA's/RNAi, neutralizing antibody

directed against IL-8, MCP-1, TNF-a, IL-10 or an integrin receptor such as, bui not

limited to, a4B7 or a4p1. Neutralizing antibodies against SDF-1 are known and are
also available commercially. The therapeutically effective amount of the SDF-1
inhibitor can be delivered as a part of a composition and the SDF-1 inhibitor can be
from about 0.0001%, 0.001, 0.01 to 1% w/w, or 0.1% to 35%, 5% to 50%, 20-80%, or
80% to 100% w/v of the composition.

[000127] The agents can further comprise placing the SDF-1 inhibitor in a
biocompatible matrix, such as an hyaluronic acid <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>