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M01e particularly, the present invention relates to formulations in which a NSAID is
admixed as a powder directly into a bio-compatible oil including a phospholipid to form a
medication which can be a solution, a paste, a semi-solid, a dispersion, a suspension, a
colloidal or mixtures thereof, where the medication can be administered internally, orally
and/or topically.

2. Description of the Related Art

NSAIDs constitute a family of compounds, the first of which to be discovered being
aspirin, that have the capacity to inhibit a number of biological pathogenic processes
including; fever, inflammation, pain, thrombosis and carcinogenesis.! Asa direct consequence
of their great therapeutfc potential, NSAIDs are heavily consumed among the world’s
populace as both over-the-counter and prescription drugs. Because of their great utility, a
significant percentage of our populace consume NS AIDs with regularity including: the 30-40
millions Americans who are afflicted with theumatoid or osteoarthritis; and countless others
that take the medication to treat/prevent: inflammation and pain caused by other inflammatory
conditions or injury, the pain of dysmenorrhea; fever; the development of thrombosis and

related cardiovascular diseases; ovarian cancer, colon cancer and Alzheimer's Disease.!? The
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Robert and his associates at the Upjohn Company demonstrated that certain classes of
prostaglandins shared the remarkable property of protecting the GI epithelium from a number |
of tilcerogenic compounds and/or conditions, demonstrating the "cytoprotective” nature of
these lipid mediators.'”® Based upon these two major contributions, it was concluded that
NSAIDs induce injury and ulceration to the GI epithelium by inhibiting mucosal COX
activity and depleting the tissue of "cytoprotective" prostaglandins.

The next and most recent development in our understanding of arachidonic
metabolism came in the early 1990's, when a number of investigators'**® identified and
cloned a second COX isozyme (now called COX-2), that was structurally and functionally
related to the originally described enzyme (now called COX-1). In contrast to COX-1, which
is constituitively expressed in most tissues including the GI mucosa, COX-2 was

demonstrated to be inducible, primarily by cytokines and other mediators of inflammation.

Based on these findings, together with evidence that COX-2 is selectively expressed at sites
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COX act i yla¥astrically.2’ Whittle also reported a dissociation between indomethacin's effect to

induce COX inhibition and mucosal injury in the small intestine, as intestinal lesions only -
- begin to develop 48 hrs after NSAID administration, at a time point where COX activity
| (which is fully inhibited < 3hrs, post-indomethacin) has returned to normal.?®
It should be pointed out that the evidence suggesting that mucosal COX inhibition
may not be directly involved in the pathogenesis of NSAID — induced enteropathy — is also
supported by some clinical studies, which have reported that i.v. administration of aspirin did
not cause detectable histological injury to the human gastric mucosa, in contrast to oral
administration of the NSAID.? It was also reported that after 2-4 weeks of NSAID treatment
the human pastric mucosa becomes resistant to the injurious actions of oral aspirin or
indomethacin, and that this adaptive response is not linked to a recovery of COX activity
which remains fully blocked during the study period.*
Lastly, the hypothesis that NSAIDs induce GI injury, primarily by inhibiting mucosal
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In 1983, the inventor's laboratory made the initial observétion that canine gastric
mucosa had a uniquely hydrophobic surface, as determined by contact angle analysis.*" 2
Since then his and other laboratories have demonstrated that this non-wettable surface
property of the gastric mucosa is found in a number of other species including rodents and
man.**** Furthermore, both biochemical and morphological techniques were employed to
demonstrate that this property may be attributable to an extracellular lining of surfactant-like
phospholipid within and coating the mucus gel layer.**” The inventor’s laboratory also
observed that many agents that damage the gastric mucosa, including NSAIDS, have the
capacity to rapidly transform the tissue from a non-wettable (hydrophobic) to a wettable
(hydrophilic) state, and that this injurious action could be attenuated by the administration of
48-51

synthetic or purified phospholipids. _
In recent years, research has focused on the mechanism of NSAID ~ phospholipid
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in reduced pathogenic effects of NSAID administration, oral administration of these
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combinations have been less than adequate because the combination requires a larger volume
per effective dose than NSAID alone. Thus, there is a need in the art for a composition of
NSAID and carrier that allows for increased NSAID concentration in the composition and
where the carrier reduces the pathogenic effects of NSAIDs and is in a form that is amenable
to administration orally, internally or topically. Moreover, there is a need in the art for an
NSAID compoéition which has improved self-life, especially for aspirin-containing
medicaments. :
SUMMARY OF THE INVENTION

The present invention provides a composition including a relatively high
concentration of a non-steroidal anti-inflammatory drugs (NSAID) in a non-aqueous, fluid
carrier.

The present invention provides a composition of an NSAID in non-aqueous, fluid
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pathogenic effects of the NSAID, to increase the bioavailability of the NSAID, and to
increase NSAID availability across relatively hydrophobic barriers in an animal including a
human.

The presence of the phospholipid also reduces general pathogenic and/or toxicity of
the NSAID. Thus, the phospholipid reduce and/or prevent liver damage due to the.
administration of acetaminophen and/or kidney and/or cardiovascular side-effect due to the
administration of other NSAIDs such as ibuprofen or the COX-2 inhibitors.

General Methods for Making the General Compositions

The present invention also provides a method of preparing a composition comprising
an NSAID in a non-aqueous, fluid carrier comprising the step of combining the NSAID with
the carrier to form a solution, a paste, a semi-solid, a dispersion, a suspension, a colloidal
suspension or a mixture thereof.

The present invention also providgs a method of preparing a composition comprising
an NSAID in a non-aqueous, fluid carrier including a phospholipid comprising the step of
combining the NSAID with the carrier to form a solution, a paste, a semi-solid, a dispersion,

a suspension, colloidal suspension or mixtures thereof comprising phospholipid-NSAID
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carrier ieRfldsle fordetbRd<O PRASAPLE tidld. . PReferably, a particle size of the emulsified
composition is sufficiently small to allow the composition to be taken orally or to be injected

into a tissue or organ site without causing adverse effect. For i.v. or i.a. injectable forms,
microemulsions are preferred, where the average particle size can be reduced to between 0.5

and about 10 um, and preferably, between about 1 and 5 pm.

The present invention also provides an aqueous microemulsion of a composition
including an non-aqueous carrier, where the carrier includes a bio-compatible oil, a
phospholipid in an amount sufficient to produce a therapeutically beneficial effect and zero
to a therapeutically effective amount of a NSAID and when the NSAID is present, the amount
of phospholipid is also sufficient to reduce the pathogenic effects of the NSAID. The
aqueous emulsion can also include bio-compatible emulsifying agents to maintain the
composition in a state of emulsion for extended periods of time.

Method for Making Emulsified Compositions

The present invention also provides a method for preparing an aqueous emulsion of
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tissue, organ and/or incision inflammtion and other consequences thereof,
wher e t héndedipgeinonequeous carrier including a therapeutically effective amount of an NSAID

and a sufficient amount of a phospholipid to reduce the pathogenic effects of the NSAID,
where the composition reduces tissue inflammation at an NSAID dose below a dose typically
required to illicit the same therapeutic response in the absence of the phospholipid with
decreased mucosal toxicity and/or irritation.

The present invention also provides a after surgical treatment for reducing tissue,
organ and/or incision inflammation and other consequences thereof, where the composition
includes a non-aqueous carrier including a therapeutically effective amount of an NSAID and
a sufficient amount of a phospholipid to reduce the pathogenic effects of the NSAID or where
the composition includes or an aqueous solution into which the non-aqueous carrier
composition is dispersed (e.g., an emulsion or microemulsion), where the composition

 reduces tissue inﬂammation at an NSAID dose below a dose typically required to illicit the
same therapeutic response in the absence of the phospholipid with decreased mucosal toxicity
and/or irritation. Of course, the composition can be an ointment, a spray, coated on a wipe,

coated on a biodegradable substrate or the like.
Composition for Treating Platelet Aggregation
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Conmpositign for Treating U cerated Tissues The present invention provides a
conposi t ivstherphosphalipid Hath destsasedogueqsakioricity Rad/on imiiatiosn aqueous emul sion or

m croenulé'jn(l) §if 3 ST RS RS TRsfes @ biO-compatible oil and zero to a

t her apeuﬂ%‘@%ﬁ%ﬂﬂ%‘ﬁsAl D or a non-aqueous including

conprising a [Iegpéseht pvehtion grovidesapahpdsithorfol traatthgadespatedtissues including
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zero to a therapeutically effective amount of an NSAID or a non-aqueous including
comprising a phospholipid, a bio-compatible oil and zero to a therapeutically effective
amount of an NSAID, where the phospholipid is present in a sufficient amount to reduce
tissue ulceration and the NSAID, when present, reduces inflammation of the ulcerated regions
of the tissue. '
Compositions for Treating Oral Ulcerations

The present invention also provides a mouth wash including an aqueous emulsion or
microemulsion comprising a phospholipid, a bio-compatible oil and zero to a therapeutically
effective amount of an NSAID, where the phospholipid is present in a sufficient amount to
reduce mouth ulceration and the NSAID, when present, reduces inflammation of the ulcerated
regions of the mouth and the amount of phospholipid is sufficient not only to reduce mouth
ulceration, but is also sufficient to reduce or present NSAID induced tissue damage.

Compositions for Treating Oral, Esophagus and GI Tract Ulcerations

The present invention also provides a drinkable medication including an aqueous
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ulceraiion disorders of the mouth, esophagus, GI tract, and/or eye via the administration of

an er:. 4lsion or microemulsion of this invention.

Composition for Treating Central and/or Peripheral Nerve System Traumas

| The present invention also provides a composition for orally or internally treating .
spinal cord, stroke and/or traumatic brain injuries, where the composition includes a non-
aqueous carrier including a phospholipid and a therapeutically effective amount of an NSAID
or a non-aqueous including comprising a phospholipid, a bio-compatible oil and zero to a
therapeutically effective amount of an NSAID, where the phospholipid increases transport
of the NSAID across the blood-brain barrier or into the central nervous system (CNS) or
peripheral nervous system (PNS) allowing more NSAID to get to the trauma site and reduce
inflammation, where NSAID reduces inflammation, platelet aggregation, pain (nociceptive)
sensation, cell death and/or apoptosis due to inflammation.

Methods for Treating Central and/or Peripheral Nerve System Traumas

The present invention also provides methods for treating spinal cord, stroke and/or

traumatic brain injuries by orally administering and/or directly administering via injection a
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Methods for Treating Alzheimer's Disease

( The present invention also provides a method for preventing, treating or ameliorating
| the symptoms associated with Alzheimer’s disease including the step of orally or internally
administering a composition of this invention orally and/or internally according to a treatment
protocol. .
DESCRIPTION OF THE DRAWINGS

The invention can be better understood with reference to the following detailed

description together with the appended illustrative drawings in which like elements are
numbered the same:

Figure 1 demonstrates that in contrast to the high number of gastric lesions observed
in rats administered aspirin (ASA) alone, rats treated with all three aspirin:lecithin (LEC,
using the lecithin oil, Phosal 35 SB) formulations having a ASA:LEC weight ratio of about
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with the lecithin oil at a weight ratio of 1:1, was significantly enhanced;
Figure 6 demonstrates that indomethacin, at a dose of 4 mg/kg, has a modest though

t

non-significant, ability to increase the pain pressure threshold of the rats' inflamed paw,
whereas the analgesic activity of an equivalent dose of indomethacin, when administered in .
combination with the lecithin oil at a weight ratio of 1:1, was significantly enhanced; (

Figure 7A graphically depicts data relating to hyper-algesia induced by Spiné.l Cord \
Injury (SCI) is reversed by treatment with PC-Ibuprofen and Ibuprofen;

Figure 7B graphically depicts daté relating to hyper-algesia induced by Spinal Cord
Injury (SCI) is reversed by treatment with PC-Ibuprofen and Ibuprofen;

Figure 8 graphically depicts data relating to analgesic activity of PC-Ibuprofen and
Ibuprofen in rats 5 week after spinal cord injury;

Figure 9 graphically depicts data relating to body weight gain over 6 week period in
Spinal Cord Injured rats treated with PC-Ibuprofen and Ibuprofen; ;

Figure 10 graphically depicts data relating to recovered motor function after Spinal
Cord Injury (SCI) treated with PC-Ibuprofen and Ibuprofen;
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Figure 10 graphically depictsS data relating'to recovered notor function
af t er Spi ahility tCamtdbit apmaly/CQX@EcYivity bpbdd%si t h PC- | bupr of en and | buprof en; WO
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adnini strati on of saline, DPPC, ASA (20 ng/kg), or ASA conpl exed W th DPPC.
PRP was pwepbexageand aggregation induced by AA (2 mM). TXB2 was nmeasured by
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Figure 14A graphically depicts .the representative recording of the blood flow
velocities (kHz) from arabbit during thrombus formation given with 2.5 mg/kg of unmodified
aspirin or aspirin complexed to DPPC along with saline or PC controls;

Figure 14B graphically depicts the effect of 2.5 mg/kg aspirin with or without DPPC,
on the thrombus wt. in a rabbit arterial thrombosis model. * =p <0.001 vs ASA;

Figure 14C graphically depicts the effect of 2.5 mg/kg aspirin with or without DPPC
on the PGI2 to TXA2 ratio of carotid artery of rabbit arterial thrombosis model; and

| Figure 15 graphically depicts data relating to liver injury in rats, as indicated by
elevations in the plasma levels of the enzyme aspartate transaminase (AST), 24 hours after
fasted rats are orally administrated acetaminophen (800 mg/kg) alone or in combination with
P355SB at wt. ratios of 1:1 and 1:2.
DEFINITIONS OF TERMS

The following terms will have the meanings set forth below, which may or may not

correspond to their generally accepted meaning:

The term "NSAID" means any variety of drugs generally classified as nonsteroidal
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The term "internal administration” or "internally administered" means administration
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via any technique that present a composition directly into the blood stream, a tissue site, an
organ or the like without first passing through the digeétive tract.

The term "oral administration" or "oral administered" means administration via
mouth.

The term "topical administration” or "topically administered” means administration
onto a surface such as the skin, a mucosal gel layer, the eye, a tissue and/or organ exposed
during a surgical procedure, or any other exposed bodily tissue.

The term "association complex" means a non-covalent chemical ans/or physical
interaction between an NSAID and a phospholipid such as the interaction between an NSAID
and a zwitterionic phospholipid.

The term "zwitterionic" means that a molecule includes both a positively charged and
a negatively charged functional group at biological pHs.

The term "anionic phospholipid" means a phospholipid which has an overall ne gative
charge at biological pHs.

The term "neutral lipid" means a non-charged lipid.
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DETAILED DESCRIPTION OF THE INVENTION

The inventor has found that unique pharmaceutical formulations containing a non-
aqueous, fluid bio-compatible carrier including a phospholipid and optionally a NSAID can
be prepared to improve the repair of mucosal tissue ulceration and/or decrease pathogenic
effects of NSAID administration. When the NSAID is present, a weight ratio of NSAID to
carrier is generally from about 10:1 to about 1:10, which results in highly concentrated
mixture of the NSAID in the carrier that have unexpected properties of low GI toxicity and
enhanced therapeutic activity for the NSAID. Preferably, the weight ratio of NSAID to
carrier is from about 5:1 to about 1:5, particular, from about 2:1 to 1:2, and especially from
about 2:1 to 1:1.

For composition including an NSAID, this invention has been reduced to practice in
rodent models of NSAID-induced ulcer disease, and acute inflammation of the hindpaw. The
formulations can be in the form of a solution, a paste, a semi-solid, a dispersion, a suspension,
a colloidal suspension or a mixture thereof.

For composition that do not include an NSAID, the phospholipid itself may impart a



transport, of hydrophilic reagents across the barrier. Suc L ers _include,
W t hout Yprﬁzfog%&l]%n, a nucosal gel layer, a plasma | enmm ?ggﬁﬁ?ﬂ/g]l&b
menbrane), the blood-brain barrier, or any other barrier oF9 Septanbar@D05

i ncluding a human, which nore easily trgpsports hydrophobic materials

t her et hrough than hydrophilic materials. DETAI LED DESCRI PTI ON OF THE

| NVENTI ' t f d; t ' t] . | atd ons
cont ai ni gAY (8heian LRUR i BEvhERIRIHARERY LERRbA! T Q)
phosphol iggpetidlictissp ulkesatiby causbé\bPDradiothet2py phdoatkenbthetappr ove the repair of
mucosal tissue_ulceration apd/ qr, decrease pathogeni¢ effects of, NSAl D

adni ni st rat | onThYReRaRHSURSANS big-cpmpalible capriereqOgpRriSes @ Riomompatbls o1 or

; e _. Y : : ' ahl
concent r ARAATES Bld dorhBAMCGHRtr ik SBLARAUL The b pbEIbIE B WrbE chfrte S ¥
propert i esneithbomat@allydntladd ¥ phosphotipidesided hatier pipapholipidatded theréter Thee

NSAI D. Preferably, the weight ratig of NSAID to carrier is_fromabout 5:1
to about 2memtptphosphglipnd prsenablly op via additiondo the rarres ssssthicient af prgventbout

2:1 to 1: it i ' . ' ' %(?NJS'

reduced tr%d‘f)clré%fr f%%(ram (?e#ﬁdrn 0 élh%%%%n%@%gg??\%%@g eg cer A@s@%@@@%d
acut e i nftbaedet therpattiogheickifactp afithe NEAIDL sudhids@livdsezativanbleeding, livee dimage,of a
solution, .a paste, a sem -sol.d, di spersion, a.suspension, a. col]|oidal
suspensi dfdesy dampse A Ry ASCRigE di%ﬁffogmlfpaﬁlf% el SHEt 3pin g@dﬁloaﬁ NS
Al D, the eRysHlel -1 g 2 kRN 19
Sept enberIH gsgg%hgifgwt E{S’#‘%%Z%?@gﬁ%;%%&# 8t>églgé€t?cg%téjaﬁ% Eﬁrgé}\#g%t}l ng giﬁﬁ'/ or
reduci ng ul cerHid inmentbrhdsiatsofend thetsmeguadusertiilsion er microemtisiom afdhesatsbvey

radi ot herapy and/ or chenot herapy. The_non-aqueous, fluid bio-conmpatible {
carrier CORROSEOLS ap ibsﬂmﬁsiép itispbmgpth, gsop PdGhulcgragon &ﬁﬂgmgoﬂtogndm s or

oil like t | O ' .Fﬂ% j ] i r
natural ly i nc %a%%@pﬁ)ﬁ?@%%eﬁﬁ ﬁa‘t a ;S)E%é%ﬂ%ﬁ%gl{:% %ﬁ %ﬂg‘rae%ro.
The anounicredmuyikios pho kithper e pudedm steredatfier, aluringpprion ta oadain be admimsteted inarri er
I's sufficient of prevent, rcﬁ%luce Qr treat ‘tﬂc.erati nag_.{?ti syes or, en
the for miRaeAdRotofe) raliding-adqaipisEatipn PLQF {9, AUEiRg aﬂé&rr G &adp raﬁé{t"ﬂ‘?ggogni c
effects qofy %d?ﬁqe?%?‘ D, such as G ulceration, bleeding, |liver danage, Kkidney
damage, ang or cardi ovascul ar di sease and/or side-effects such as; high

bl ood pressurln pravices peldications and patenssrbothi by, the nngventormndt athers eympisitidoss and
nyocardi al jinfarction., The inyven s also found that.a gyeous. emyl si on
oF i or odedigns ahorthelEELuE! 5 oAl Srdh oma Blbkdpn it B HslFikoten,
esophagus;ofbnéhts 4h 68 oRganRsol @b | subR ds HUHANGI, ethanol or chloroform, and removing

the solvent by distillation or evaporation; or the NSAID was dissolved in an aqueous solution

to which the phospholipid was added, followed by lyophilization. These processes allow the .
two components to chemically interact to form a complex. These processes most often used
a phosphatidylcholine (PC) as the phospholipid either synthetically prepared such as
dipalmitoylphosphatidylcholine (DPPC) or as a purified or semipurified compound.

The present invention relates broadly to a pharmaceutical formulation or composition
including a non-aqueous, fluid carrier including a phospholipid and optionally an NSAID,
where the phospholipid is in an amount sufficient to prevent, reduce or treat tissue ulceration
and/or inflammation, and when an NSAID is present, and the phospholipid is present in the
amount capable of reducing the pathogenic effects of the NSAID. The formulations are
generally viscous solutions, pastes, semi-solids, dispersions, suspensions, colloidal
suspension or mixtures thereof and are capable of being orally administered, directly

administered, internally administered or topically administered.
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less than an equivalent amount of NSAID in the absence of the phospholipid to illicit the

same therapeutic effect.

The present invention also broadly relates to a method for preventing, reducing and/or
treating ulcerated tissue and/or reducing inflammation, pain or other NSAID treatable
pathologies associated with tissue inflammation and/or ulceration by administering an
effective amount of a pharmaceutical formulation including a phospholipid and optionally an
NSAID in a non-aqueous carrier, where the carrier is a bio-compatible oils or mixture thereof.

In particular, the inventor has found that unique pharmaceutical formulations
containing a bio-compatible oil including a phospholipid such as non-purified lecithin oils
which naturally includes a phospholipid and where the resulting formulation represent a
solution, a paste, a semi-solid, a dispersion, a suspension, colloidal suspension or mixtures
thereof or composition with unexpected properties of low GI toxicity and enhanced

therapeutic activity.
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or applied to the skin for” topical ' unexpecte

m ni stration.
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di sease #pweheMardatbrfandUeR8r dmownt&of a phospholipid can be used as well. However, at
wt.% much below about 10 wt.%, an effective therapeutic amount or sufficient amount to
associate with any added NSAID becomes a concern, while at wt.% higher than about 40 _
wt.%, a purified phospholipid may have to be added to bio-compatible oils that naturally
include a phospholipid such as lecithin oil. For bio-compatible oils that contain either low
amount of a phospholipid (less than about 10 wt.%), a phospholipid is added to the oil. Such
oil-phospholipid combination can be prepared with phospholipid concentrations as high as
about 90 wt.%. However, preferred combination include phospholipid amounts of between
about 10 wt.% and about 90 wt.%, particularly between about 20 wt.% and about 80 wt. %,
more particularly, between about 20 wt.% and about 60 wt.% and especially, between about
20 wt.% and about 40 wt.%.
Generally, the dose of NSAID containing compositions of this invention for general
use ranges from 5mg per dose to 500mg per dose. Of course, smaller and higher dose

formulations can be prepared; however, this does range encompasses the ranges typically
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general | y encounter when taking formulations containing an MAID as that
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phosphol igaiufraleht increase in toxicity of the NSAID, but surprisingly results in a decreased toxicity
of the NSAID as evidenced by the data present herein.

For more severe condition such as arthritis, Alzheimer's disease, CNS and PNS

trauma, or other more severe condition treatable with NSAIDs and/or phospholipids, the
NSAID daily dose requirements are generally much higher. Typically, the daily dose ranges
from about 100mg to about S000mg per day, preferably, from about 500mg to about 3000mg
per day, particularly, from about 750mg to about 3000mg per day and especially from about
1000mg to about 3000mg per day. Again, the enhanced efficacy of phospholipid-NSAID
combinations allow the dose to illicit a greater therapeutic effect, without concurrent increase
in pathogenic or toxicity of the NSAID. Of course, this enhancement in bio-activity of the
NSAIDs allows lower doses of the NSAIDs to be administered.

As a general rule of thumb, when administering an NSAID in a formulation of this

invention, where the NSAID is dissolved, dispersed, suspended or otherwise mixed into a
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General Compositions
The present invention relates to a composition including a relatively high

(

concentration of a non-steroidal anti-inflammatory drugs (NSAID) in a non-aqueous, fluid
carrier. Preferably, the carmrier comprises a bio-compatible oil and a phospholipid or a
phospholipid rich bio-compatible oil. The carrier either naturally and/or viaaddition includes
a sufficient amount phospholipid to reduce pathogenic affects of the NSAID, to increase a
bioavailability of the NSAID and to increase NSAID availability across relatively
hydrophobic barriers in an animal's body including a human's body. Preferably, the resulting
composition includes a relatively high concentration of a phospholipid-NSAID association
complex. Particularly, the resulting composition includes a relatively high concentration of
a phosphatidylcholine-NSAID associated complex.

The present invention relates to a composition including a relatively high
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conpri S|_ﬁglbatopj105phol i pid and a bio-conpatible oil, where the phospholipid
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P P thEc) carrier to form a soﬁmon a paste, a semi-solid, a dispersion, a suspension, a colloidal

suspension or a mixture thereof, havmg a relatively high concentration of the NSAID.
Preferably, the carrier comprises a phospholipid—contaihing bio-compatible oil or a bio-
compatible oil and a phospholipid. Preferably, the resulting composition includes arelatively
high concentration of a phospholipid-NSAID association complex. Particularly, the resulting
composition includes a relatively high concentration of a phosphatidylcholine-NSAID
associated complex.

Emulsified Compositions

The present invention also felaies to an aqueous emulsion of a composition including
a non-aqueous carrier, where the carrier includes a bio-compatible oil, a phospholipid in an
amount sufficient to produce a therapeutically beneficial effect and zero to a therapeutically
effective amount of an NSAID and when the NSAID is present, the amount of phospholipid

is also sufficient to reduce the pathogenic effects of the NSAID. The aqueous emulsion can
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composition includes a relatively high concentration of a phosphatidylcholine-NSAID
associated complex.
Method for Making Emulsified Compeositions

The present invention also relates to a method for preparing an aqueous emulsion of {
this invention including the step of adding a given amount of a desired non-aqueous |
composition of this invention to an aqueous solution in the absence or presence of an
emuléifying agent and mixing the composition and the solution for a time sufficient to form
an emulsion, where the emulsifying agent, when present, is present in an amount sufficient
to form a stable emulsion. |

The present invention also relates to a method for preparing an aqueous
microemulsion of this invention including the step of adding a given amount of a desired non-
aqueous composition of this mvention to an aqueous solution in the absence or presence of

an emulsifying agent, mixing the composition and solution for a time sufficient to form an

emulsion, and shearing the emulsion under microemulsifying conditions to form a
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decreased mucosal toxicity and/or irritation.

Composition for Treating Pyretic Conditions

The present invention also relates to a composition for anti-pyretic activity including
a non-aqueous carrier including a therapeutically effective amount of an NSAID and a .
( - sufficient amount of a phospholipid to reduce the pathogenic effects of the NSAID, where the
composition has anti-pyretic activity at an NSAID dose below a dose typically required to
illicit the same therapeutic response in fhe absence of the phospholipid with decreased
mucosal toxicity and/or irritation.

Composition for Treating Ulecerated and/or Inflammed Tissues

The present invention relates to a composition for treating ulcerated tissues including
an aqueous emulsion or microemulsion comprising a phospholipid, a bio-compatible oil and
zero to a therapeutically effective amount of an NSAID, where the phospholipid is present
in a sufficient amount to reduce tissue inflammation and/or ulceration and the NSAID, when

present, reduces inflammation of the affected regions of the tissue.

Compositions for Treating Oral Ulcerations and/or Inflammations
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reduces inflammation of the eye associated with uveitis or related eye disorders.

Methods for Treating Ulcerated and/or Inflamed Tissues

The present invention also relates to methods for treating inflammatory and/or
ulcerative disorders of the mouth, esophagus, GI tract, eye, and/or other inflamed and/or .
ulcerated tissue sites via the administration of an emulsion or microemulsion of this
invention. |

Composition for Treating Central and/or Peripheral Nerve System Traumas

The present invention also relates'to a composition for orally or internally treating
spinal cord, stroke and/or traumatic brain injuries, where the composition includes a non-
aqueous carrier including a phospholipid and a therapeutically effective amount of an NSAID
or an aqueous solution into which a non-aqueous carrier including a phospholipid and a
therapeutically effective amount of an NSAID has been dispersed (e.g, emulsion or
microemulsion), where the phospholipid increases transport of the NSAID across the blood-
brain barrier allowing more NSAID to get to the trauma site and reduce inflammation, where

NSAID reduces inflammation, platelet aggregation, anti-pyretic activity and cell death due
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The present invention also relates to a composition for preventing, treating or

ameliorating the symptoms associated with Alzheimer’s disease including a bio-compatible
oil, a phospholipid and a therapeutically effective amount of an NSAID, where the NSAID
and the phospholipid act to prevent the onset of the symptoms of Alzheimer's disease or
ameliorate the symptoms of Alzheimer's disease.

Methods for Treating Alzheimer's Disease

The present invention also relates to a method for preventing, treating or ameliorating
the symptoms associated with Alzheimer’s disease including the step of orally or internally
administering a composition of this invention orally and/or internally according to a treatment
protocol.

Compesition for Treating Incisions

The present invention also relates to a composition for treating incision to reduce
resulting surgically induced local inflammation and promote healing, including a bio-
compatible oil, a phospholipid and a therapeutically effective amount of an NSAID, where
the NSAID and the phospholipid act to reduce inflammation and associated symptoms and
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Tr aumas WB82985dklent i nvention also relates to methods forPGYERVHESpi nal
cord, stroke and/or traumatic brain injuries by injecting 19 Stpraadet 20050 of
this invention either into a vein (i.v adm ni stration), an artery (i.a.
adm nistration) or directly into the t'?ghma site (direct admnistration),
where the phos hglli I d increases transport of the NSAID across the bl ood-
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step of orally or internally. admnistering a.conposition of thjis jnvention
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8 54 1 4 RBrihyBYeddi AndRr Fedic8 até06t inflammation, but also to ensure that the
NSAID does not further exacerbate the condition. Preferably, for chemotherapy, the

chemotherapeutic agent is administered with an appropriately formulated composition of this
invention. Thus, if the chemotherapeutic agent is administered orally, the agent can be mixed
with an appropriately formulated composition of this invention, provided no adverse i
interactions occur between the agent and the component of the compositions of this invention
and administered to the patient. If adverse interactions between the chemotherapeutic agent
and the components of the compositions of this invention occur or if the agent is administered
by injection, then the composition of -this invention is administered orally with the
chemotherapeutic agent and for a sufficient time after to prevent or reduce the duration of the
mucositis episode.

Methods of Ameliorating Uleceration and/or Inflammation Caused by Radio- and/or
Chemotherapy

The present invention also relates to methods for preventing and/or treating mucositis

or other ulcerating condition induced by medical treatments such as radiotherapy and/or

chemotherapy, where the method includes the steps of administering an effective amount of
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For topical administration, the compositions of the present invention can be in the
form of an ointment, a paste, an 0il, an emulsion, a microemulsion, or mixture or combination
thereof. Moreover, the compositions can be mixed with other ingredients commonly used in
ointments and in the cosmetic industry.

Emulsions

The compositions of the presenf invention may be prepared and formulated as
emulsions. Emulsions are typically heterogenous systems of one liquid dispersed in another
in the form of droplets usually exceeding 0.1 um in diameter. (Jdson, in Pharmaceutical
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York,

- N.Y., volume 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., Volume 1, p. 245; Block in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y., volume 2, p. 335; Higuchi et al., in Remington's Pharmaceutical
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Phar nace foPEfte awez gmplsion Lievata e o o iﬂ?ﬁérn gl ﬁ%le§ of wajgs,

Mar cel D%Qﬁggled 57 oil %ﬁ(rﬁfokii rd%a&’m%%B@nﬁ51oﬂ 199; Rosoff, in

Phar maceut | sage” For ns e erman, Rieger and Banker (Eds ), 1988,
Mar cel Dekker Enhuisions Mdeevclanakteridédy by litﬂé wirenol thepmo@yiamiBl statilityn Often, the

dispersed or discontinuous phase of the emulsion is well dispersed into the external or

continuous phase and maintained in this form through the means of emulsifiers or the
viscosity of the formulation. Either of the phases of the emulsion may be a semisolid or a .
solid, as is the case of emulsion-style ointment bases and creams. Other means of stabilizing
emulsions entail the use of emulsifiers that may be incorporated into either phase of the
emulsion. Emulsifiers may broadly be classified into four categories: synthetic surfactants,
naturally occurring emulsifiers, absorption bases, and finely dispersed solids (Idson, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y., volume 1, p. 199).

Synthetic surfactants, also known as surface active agents, have found wide
applicability in the formulation of emulsions and have been reviewed in the literature (Rieger,
in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel
Dekker, Inc., New York, N.Y., volume 1, p. 285; Idson, in Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), Marcel Dekker, Inc., New York, N.Y., 1988, volume
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Mar cel Debloewss4id nc., New York, N. Y., volune 2, p. 335; HR@UEMI/E605at., in
Rem ngt on' s Pharmaceuti cal WD 02/ 085114 PCT/ US01/51605 19 e felfer 20035 - 28
Sci ences, Mack Publishing Co., Easton, Pa., 1985, p. 301). Enulsions are
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Dosage FabhBulatior@Reidsantrideteaeihe prsheBaRoEennkdons). Thé BB cluliBra€ loilDekkeds,
Inc., New York, N.Y., volune 1, p. 199). Synthetic surfactants, also known

as sur f adettyaeifsdaty alsobols hiaiy es%rm humgeetants ghydrpphilie cpHgids,rpressevativesmndit i on
of emuls 'a%ﬂgmﬁ%s I{’ﬁ[\é%k,t%ﬁ ?Ha&&a‘é%&t‘ﬁ?aﬁnbé@é %o%é,%«%e%&,@geeg §hd Banker (Eds.),

1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 335; Idson, in Pharmaceutical .
( Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York,

N.Y., volume 1, p. 199).

Hydrophilic colloids or hydrocolloids include naturally occurring gums and synthetic
polymers such as polysaccharides (for example, acacia, agar, alginic acid, carrageenan, guar
gum, karaya gum, and tragacanth), cellulose derivatives (for example,
carboxymethylcellulose and carboxypropylceliulose), and synthetic polymers (for example,
carbomers, cellulose ethers, and carboxyvinyl polymers). These disperse or swell in water to
form colloidal solutions that stabilize emulsions by forming strong interfacial films around
the dispersed-phase droplets and by increasing the viscosity of the external phase.

Since emulsions often contain a number of ingredients such as carbohydrates,

proteins, sterols and phosphatides that may readily support the growth of microbes, these
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Microemulsions |
In one embodiment of the present invention, the compositions of this invention are .

formulated as microemulsions. A microemulsion may be defined as a system of water, oil and
amphiphile which is a single optically isotropic and thermodynamically stable liquid solution
(Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245). Typically microemulsions are
systems that are prepared by first dispersing an oil in an aqueous surfactant solution and then
adding a sufficient amount of a fourth component, generally an intermediate chain-length
alcohol to form a transparent system. Therefore, microemulsions have also been described
as thermodynamically stable, isotropically clear dispersions of two immiscible liquids that
are stabilized by interfacial films of surface-active molecules (Leung and Shah, in: Controlled
Release of Drugs: Polymers and Aggregate Systems, Rosoff, M., Ed., 1989, VCH Publishers,

New York, pages 185-215). Microemulsions commonly are prepared via a combination of
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cosurfactant, usually a short-chain alcohol such as ethanol, 1-propanol, and 1-butanol, serves

to increase the interfacial fluidity by penetrating into the surfactant film and consequently
creating a disordered film because of the void space generated among surfactant molecules.
Microemulsions may, however, be prepared without the use of cosurfactants and alcohol-free
self-emulsifying microemulsion systems are known in the art. The aqueous phase may
typically be, but is not limited to, water, an aqueous solution of the drug, glycerol, PEG300,
PEG400, polyglycerols, propylene glycols, and derivatives of ethylene glycol. The oil phase
may include, but is not limited to, materials such as Captex 300, Captex 355, Capmul MCM,
fatty acid esters, medium chain (C8-C12) mono, di, and tri-glycerides, polyoxyethylated
glyceryl fatty acid esters, fatty alcohols, polyglycolized glycerides, saturated polyglycolized
C8-C10 gtycerides, vegetable oils and silicone oil.

Microemulsions are particularly of interest from the standpoint of drug solubilization

and the enhanced absorption of drugs. Lipid based microemulsions (both o/w and w/o) have
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improve the properties of the formulation and to enhance the absorption of the phospholipids .

and/or the NSAID-phospholipid combinations containing formulations of the present
invention. Penetration enhancers used in the microemulsions of the present invention may be
classified as belonging to one of five broad categories--surfactants, fatty acids, bile salts,
chelating agents, and non-chelating non-surfactants (Lee et al., Critical Reviews in
Therapeutic Drug Carrier Systems, 1991, p. 92). Each of these classes has been discussed
above.

Suitable phospholipids for use in this invention include, without limitation,
dimyristoyl phosphatidylcholine, distearoyl phosphatidylcholine, dilinoleoyl-
phosphatidylcholine (DLL-PC), dipalmitoyl-phosphatidylcholine (DPPC), soy
phophatidylchloine (Soy-PC or PCg) and egg phosphatidycholine (Egg-PC or PCy). In DPPC,
a saturated phospholipid, the saturated aliphatic substitution R; and R, are CH;--(CH,),4, R,
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(Dohbld RTM.), or the like; Salicylic acid drugs such as Diflunisal (Feldene .RTM.),
Aspirin, or the like; Pyrazolin acid drugs such as Oxyphenbutazone (Tandearil RTM.), ‘,
Phenylbutazone (Butazolidin .RTM.), or the like; acetaminophen (Tylenol .RTM.), or the
like; COX-2 inhibitors such as Celebrex, Vioxx, or the like, or mixtures or combinations
thereof.

Suitable bio-compatible émulsifying agent include, without limitation, any ionic or
non-ionic emulsifying agent or surfactants approved for human or animal consumption or
internal use. Exemplary examples include acetylated monoglycerides, aluminurn salts of fatty
acids, Arabinogalactan, Bakers Yeast Glycan, Calcium carbonate, Calcium salts of fatty
acids, Carob bean gum (locust bean gum), Curdlan, Diacetyl tartaric acid esters of mono- and
diglycerides of edible fats or oils, or edible fat-forming fatty acids, Dioctyl sodium
sulfosuccinate, Disodium phosphate (X-ref - Sodium phosphate, mono-, di-, & tri-),

Ethoxylated mono- and di-~ glycerides, Eucheuma cottonii extract, Eucheuma spinosum
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monostearate, Succinylated monoglycerides, Succistearin (stearoyl propylene glycol
hydrogen succinate), Sucrose acetate isobutyrate (SAIB), Sucrose fatty acid esters, Sulfated
butyl oleate, Trisodium phosphate, Xanthan gum, or the like or mixtures or combinations
thereof.

Suitable neutral lipid include, without limitation, any neutral lipidb such as the
triglyceride. For a partial listing of representative neutral lipids, such as the triglycerides,
reference is specifically made to U.S. Pat. Nos. 4,950,656 and 5,043,329. Both saturated and
unsaturated triglycerides may be employed in the present compositions, and include such
triglycerides as tripaimitin (saturated), triolein and trilinolein (unsaturated). However, these
particular triglycerides are listed here for convenience only, and are merely representative of
a variety of useful triglycerides, and is further not intended to be inclusive.

Non-limiting examples of suitable biocompatible, biodegradable polymers, include

polylactides, polyglycolides, polycaprolactones, polyanhydrides, polyamides, polyurethanes,
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suture materials and in controlled release devices, as well as in other medical and

pharmaceutical applications. They are biocompatible and their degradation products are low
molecular weight compounds, such as lactic acid and glycolic acid, which enter into normal
metabolic pathways. Furthermore, copolymers of poly(lactic-co-glycolic acid) offer the
advantage of a large spectrum of degradation rates from a few days to years by simply
varying the copolymer ratio of lactic acid to glycolic acid.

To enhance bio-degradation of the polymers used in biological application, the
compositions of the present invention can also include the addition of enzymes that can
facilitate the biodegradation of the polymers used in the composition. Preferred enzymes or
similar reagents are proteases or hydrolases with ester-hydrolyzing capabilities. Such
enzymes include, without limitation, proteinase K, bromelaine, pronase E, cellulase,
dextranase, elastase, plasmin streptokinase, trypsin, chymotrypsin, papain, chymopapain,
collagenase, subtilisn, chlostridopeptidase A, ficin, carboxypeptidase A, pectinase,
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paclitaxel (Taxol), paclitaxel (Taxol), paclitaxel (Taxol), pamidronate (Aredia), Pegademase
(Adagen (Pegademase Bovine)), pentostatin (Nipent), pentostatin (Nipent), porfimer sodium
(Photofrin), porfimer sodium (Photofrin), porfimer sodium (Photofrin), streptozocin
(Zanosar), talc (Sclerosol), tamoxifen (Nolvadex), tamoxifen (Nolvadex), tamoxifen

(Nolvadex), tamoxifen (Nolvadex), tamoxifen (Nolvadex), tamoxifen (Nolvadex), tamoxifen
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prepared to improve stability, fluidity/spreadability, permeability, effectiveness and consumer

acceptance.

The formulations of the present invention which include a phospholipid preferably a
PCand an NSAID can be used to fill soft gelatin capsules or hard gelatine or vegicaps for oral
administration or used as is, as a solution, a paste, a semi-solid, a dispersion, a suspension,
a colloidal suspension or mixture thereof to be applied topically to inflamed, ulcerated and/or
irritated tissue or skin. )

One preferred embodiment of this formulation is a lecithin oil based PC-NSAID
composition, which has been tested for GI toxicity. The three formulations that were tested
include lecithin oils combined with aspirin, indomethacin and ibuprofen. In this study,
aspirin was combined with Phosal 35 SB, a soy lecithin oil, containing 35% PC and
intragastrically administered to fasted rats at an aspirin dose of 18 mg/kg, where the
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2 and 3, below.

Referring now to Figure 2, data demonstrated that indomethacin, at a dose of 10 |
mg/kg, induces a severe increase in GI bléeding that is markedly and significantly reduced
in rats that were intragastrically administered an equivalent dose if indomethacin in
combination with Phosal 35 SB, at a NSAID:lecithin weight ration of 1:1.

Referring now to Figure 3, data demonstrated that ibuprofen (which is considered one
of the least toxic of the conventional NSAIDs in rodent model systems), at a dose of 100
mg/kg induces a modest increase in GI bléeding that is significantly reduced in rats that were
intragastrically administered an equivalent dose of ibuprofen in combination with Phosal 35
SB, at a NSAID:lecithin weight ratio of 1:1.

A previously described method was then used to evaluate the anti-

inflammatory/analgesic activity of the NSAID-lecithin formulations (in comparison to the
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has amodest though non-significant, ability to increase the pain pressure threshold of the rats'

inflamed paw, whereas the analgesic activity of an equivalent dose of ibuprofen, when
administered in combination with the lecithin oil at a weight ratio of 1:1, was significantly
enhanced.

Referring now to Figure 6, data demonstrated that indomethacin, at a dose of 4 mg/kg.
The data shows that the paste-like composition provide improved pain handling activity as
compared to unmodified INDO and very much improved pain handling activity as compared

to the control saline.

NSAIDs and Central and Peripheral Nerves System Trauma and Injury

The process of inflammation is a key component in the progressive pathophysiology
associated with both acute, traumatic injuries to the CNS such as spinal cord injury (SCI)
[A1] as well as delayed, neurodegenerative diseases such as Alzheimers Disease (AD) [A2].

The process of inflammation is thought to either directly cause, or contribute to, a progressive
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er a synthetic species or a purified extract (e.g. from soy lecithin) [A6,A7]. Interestingly,
it was also demonstrated that in addition to their low GI toxicity, PC-NSAIDs also possess
enhanced therapeutic activity to inhibit fever, inflammation and pain, perhaps attributable to

their increased membrane permeability and COX inhibitory activity [A6,A8,A9].

Thus, the composition of this invention attenuate neural inflammation and reduce the

pathophysiology associated with several neurological conditions including SCI and AD.

Orally-Administered PC-Ibuprofen Reduces the Development of Inflammation-
Dependent Hyperalgesia Associated with Peripheral Nerve Ligation

It has been reported that placement of four loose ligatures of chromic gut sutures
around the sciatic nerve will induce severe peripheral neural inflammation of the affected
nerve and the induction of neuropathic pain 2-4 days post surgery, as indicated by a
hyperalgesic response to pressure or heat applied to the ipsilateral hindpaw [A10,A11]. The
effect of PC-NSAID treatment of peripheral neural inflammation and the reduction of



Referring now to Figure 5, data denonstrated that ibuprofen, at a dose of 25
my/ kg, wasyessmadest though non-significant, ability to iHeVERHERe pain
pressure threshold ofthe rats' inflamed paw, whereas the dfdflegtesiber 2005 vity
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the lecithin oil at a weight ratio of ~ 19, was si gnificantly enhanced.
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and hunmadttenuate the Development of Chronic Pain Syndrome in a2 Rat Model of Contusive SCI

Recently, the delivery of a single dose of an anti-inflammatory drug was shown to
reduce the size of a spinal cord lesion in adult rats [A3]. These NSAID-treated rats exhibited
greater locomotor activity and decreased symptoms of hyperalgesia and mechanical-allodynia -
(touch-induced pain), characteristics of neuropathic pain, compared to non-treated rats. The
development of chronic, neuropathic pain is an all-too frequent occurrence following spinal
cord injury and can become a permanent patient burden. The develcpment of a well-
tolerated, effective therapy to prevent or attenuate the development of chronic central pain
is desperately needed. Orally administered PC-NSAIDs reduces tissue damage, improves

jocomotor outcome, and prevents chronic pain syndrome associated with SCI.

PC-Ibuprofen Is More Effective than Ibuprofen at Reducing the Development of
Alzheimer’s-like Pathophysiology in a2 Transgenic Mouse Model of AD

Recent clinical evidence suggests that NSAIDs may significantly reduce the risk of
onset of AD. A major problem is designing treatment strategies for AD has been a lack of

adequate animal models. The recently established human B-amyloid-over-expressing Tg2576



that the injurious effect of NSAIDs could be prevented if the drugs_ wer e
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hyperalgesic, as evidenced by a decrease in the pain pressure threhold of saline-treated SCI -

rats, using the Randall Sellito technique. In contrast, hyperalgesia due to SCI was not seen L

in SCI rats that were treated with either ibuprofen or PC-ibuprofen, with PC-ibuprofen

appearing superior to unmodified ibuprofen. This data is presented in two ways. In Figure

7A, the data was plotted directiy as recorded (without normalization), while in Figure 7B, the

data values for each animal are compared to its own baseline preoperative values. This

graphical presentation of the data perhaps is most convincing of the beneficial effects of
NSAID administration following SCI.

Referring now to Figure 8, the superior analgesic activity of PC-ibuprofen in rats with
SCI, is also demonstrated in a second behavioral test, where one measures the % of hindpaw
responses to stimulation of the hindpaw to fibers (von Frey) hairs having increasing diameters

(which is equated to force). Please note that in this case, a lower number is indicative of
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Trauna a'?:genlnncbfllsg h§&3ciates with zwitterionic phospholipids forming an association complex that

possess the same or enhanced fever, pain, and inflammation reduction activity as compared
to native aspirin, but without aspirin's serious gastrointestinal side-effects of ulceration and
bleeding. It is intriguing that phospholipid-complexed aspirin is more potent than aspirin
alone in preventing thrombus formation in an in vivo model of arterial thrombosis. Therefore,
PC-aspirin formulations of this invention inhibit platelet aggregation and thrombogenesis,

reducing the symptoms of thrombotic disorders.

Thrombotic arterial occlusive diseases such as myocardial infarction (MI) and stroke
are the leading cause of death in the U.S. and western societies. According to the American
Heart Association, over one million Americans will suffer an acute myocardial infarction in
the coming year. Drugs that can effectively reduce the incidence of arterial thrombosis are
of great clinical importance. As thrombosis is a crucial process in the initiation and
propagation of arterial occlusive disease, there is a compelling reason to develop novel,

specific anti-thrombotic drugs. Arterial thrombosis is a complex process involving a series



These experinents denonstrate PC-ibuprofen is a useful treatnment of spinal
cord inj WQOP8x4 The results evidence the effects of tre2tVHOWIE with 25
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there was no _difference between saline and PCibuprofen groups in this

i ndi ce of aspirén fos candkovpseflarmigkgeduaiioat(B8h. PC- NSAI Ds as Effective Fornul ation

for Treatment of Thronbotic Disorders The formulations of this invention

i ncl udi ng a ph@bphdhtipaldmede hf agionpifoespiran indybtbérohdnmseroRi)] aatidnBamiigivirp,

espect al ly BSHEAIL b BAZHET P b o teir abilty to inkivit prostaglandin
synthesis. Two isozymes of cyclooxygenase, COX-1 and COX-2 have been described and
NSAIDs block the activities of both COX isoforms (B9-B12). Aspirin exerts its anti-platelet

effect by blocking thromboxane A, (TXA,) production by inhibiting COX-1 activity in

platelets. However, aspirin also inhibits the same enzyme in vascular endothelial cells and ¢
thus prevents production of prostacyclin (PGI,) (B13,B14). This inhibition of endothelial
COX, which may enhance the progression of thrombosis or atherosclerosis, is called the
“aspirin dilemma”, and is a drawback in its clinical utility. This dilemma has led to the use
of low-dose aspirin, suggesting that inhibiting the production of TX A, while sparing PGI, can
provide the optimal anti-thrombotic conditions io reduce platelet aggregation while
maintaining vasodilation. Therefore, a favorable PGIL, to TXA, ratio may have profound
implications for the treatment and prevention of unstable angina, myocardial infarction,
fransient ischemic attacks, and strokes. With a suitable dose regimen, formulation, and
delivery rate, aspirin can possibly prevent platelet TXA, generation with a minimal
interference with vascular PGI, production (B15-B17).
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vascular PGIZ, 1t is concelvable that these differential effects on platelet and endothelial COX

activities of the phospholipid/aspirin complex in comparison to the actions of uncomplexed
aspmn are important for its enhanced anti-thrombotic activity. This observation is further
supported by the fact that low doses of phospholipid-complexed aspirin in an in vivo model
of arterial thrombosis, prevented thrombus formation and vascular occlusion throughout the
duration of the experiment, whereas at this sub-threshold dose aspirin alone failed to prevent
thrombus formation and the vessel occluded within an hour. It also should be emphasized that
an additional benefit of PC-aspirin is that it produces significantly less gastric mucosal injury
than regular aspirin and therefore the development of PC-aspirin complex as an effective anti-
thrombotic agent without gastrointestinal side effects will have broad, cost effective clinical

applications.

Results of Principal Investigator:
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famly of drugs in the treatnent of fever, pain and inflammtion (B 18).

Recent d¢idence that individuals chronlcally taki ng aspirin have a | ower
i ncidence than the general population in devel oping cardiovascul ar di seases
(angi na, nyocdhdiietentars daboratory, alschrepaiied (B23) that thestherapeytic antivity o aspitisd i n

an ever incr er_.of l.e. self nedl t.hi

S count i b PaR L8, BB RR e, BECEHS i s TR B el itntne NS HD &5
consequenR@ginibtbred ipsheRe el a@ﬁiciaﬁeheﬂthtm With itdHeRb eﬁﬁaﬁgd@@ﬁw@rbﬁm&wm aki ng
an aspirin on a daily basis. consequence the FDA has now approved t he

use of adpidravar lhé uﬂ@@dbf@dtw shdélftlogﬂlri&%bes using 1edentanoddleof arthnitisldve
However, _uncer naln bou . eutsi c _dose.
i st ur bt A0 FshRed borkmlatetd BB e T RISAID ool R kB RS S8 ch
I s expectgd phi@ is enhanced if the drug was intragastrically administered in chermcal assocnatlon

with a PC.

Ex vivo animal studies of the effects of phospholipid-aspirin complex (containing
equimolar concentration of the two agents) on the ability to produce TXA, and PGI, in
platelets and vascular tissue respectively were invesitaged. Rats were intragastrically
administered either unmodified or DPPC-associated aspirin (20 mg/kg dose), and after 30
minutes, blood was drawn, platelet-rich plasma was prepared, and aggregation was induced
by arachidonic acid. There was a reduction in TXB, (a stable metabolite of TXA,) production
in the platelets of rats individually treated with unmodified aspirin or DPPC-aspirin as
compared to saline control. PC-aspirin, further suppressed the production of TXB, as shown

in Figure 13A.

This ex vivo approach was then used to measure vascular (endothelial) PGI,.
Abdominal aorta excised one hour after drug administration was evaluated for its ability to
produce 6-keto PGF,, (a stable metabolite of PGI,) by incubating it with arachidonic acid
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aspirin oresst$ picclusionhpugkedt the BGa(addfighe .3-3 thr) expediment 4daaynos tshdynper i od,
and nucosal i.njury was assessed .by vi deo-gendoscopy.. As shown in Figure 11,
t he PC- adplerssHn@y e eé?i?rﬂ%ﬁfﬁ%%aflﬁ%@ﬁﬁ@g R KBt PEs Ogﬁe #iasPEos| ons
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al ter at i aifter mrhinést@Ebh bfithe bompley) wheress aspiruf alorre(atithimsubahrelludlt dasy)ifailed and
PC-

to prevent thrombus formation and the vessel occluded within 61 £ 15 minutes (n=4) as
shown in Figure 14A. Moreover, the weight of the thrombus formed in rabbits given the °
aspirin-phospholipid complex at the 2.5 mg/kg dose was significantly smaller than those
treated with either native aspirin, saline or phospholipid alone as shown in Figure 14B.

6-keto PGF,, (a metabolite of PGL,) and TXA, concenfrations was also measured in
the affected carotid arteries. In saline control rabbits, the ratio of PGI, to TXA, in affected
arteries- where the thrombus had formed, was significantly lower (because of increased TXB,
production) than the unaffected (normal) carotid arteries- where no thrombus was generated.
This PGI; to TXA, ratio improved slightly when the rabbits were treated with aspirin (2.5
mg/kg) or phospholipid alone, but not enough to block the thrombus formation. In contrast
the PGL/TXA, ratio in rabbits, which received the same dosage of PC-aspirin , improved
significantly and was not significantly different fronﬁ the ratio determined in the normal

arteries (not exposed to anodal current) of saline-treated rabbits as shown in Figure 14C.
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mitogen responsive gene encoding prostaglandin synthesis is regulated by mRNA splicing.
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carrier including an oil and an effective anount of a phospholipid,

2. The composition of any of the preceding claims, wherein the oil comprises a bio-

compatible oil.

3. The composition of claim 2, wherein a phospholipid concentration in the carrier is
between about 10 wt.% and about 40 wt.%

4. The composition of claim 3, wherein the phospholipid concentration is between
about 10 wt.% and about 30 wt.%.

5. The composition of claim 3, wherein the phospholipid concentration is between
about 10 wt.% and about 20 wt.%.

6. The composition of any of the preceding claims, wherein a weight ratio of the
NSAID to the carrier is between about 10:1 to about 1:10.

7. The composition of claim 6, wherein the weight ratio is between about 2:1 to
about 1:1.
8. The composition of any of the preceding claims, wherein the NSAID is selected

from the group consisting of aspirin, salicylate, naproxen, diclofenac, indomethacin,
sulindac, ibuprofen, ketoprofen, oxaprozen, ketorolac, sulindac, nabumetone,
meclofenamic, piroxicam, diflunisal, oxyphenbutazone, phenylbutazone, celecoxib,
rofecoxib, COX2 inhibitors, acetaminophen, and mixtures and combinations thereof.

9. The compositions of any of the preceding claims, wherein the composition
increases a therapeutic activity and/or efficacy of the NSAID to prevent, reduce, treat
and/or ameliorate inflammation, pain, fever, cardiovascular diseases and their symptoms,



where the effective amount of the phospholipid is sufficient to prevent or
reduce NSAID pathogenic effects including gastro-intestinal (d)
ul ceration, G bleeding, |iver damage, ki dney danmage, and/t® Septerebere2005
cardi ovascul ar side-effects, and where the therapeutically effective anmount
of the NSAID is sufficient to simultaneously prevent, reduce, treat and/or
aneliorate tissue inflammtion, pain, 6Dever, cardiovascular di seases and
their synptons, ovarian cancers and their synptons, colon cancers and their
synptons, and/or Al zheiner's disease and its synptons, 2. The conposition of
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acet am nophen, _and m xtures and _ conbi nations thereof. 9. The conpositions of
any of thélprellsmp§od phslaim 1l pdersinthe g cempiitss ptigsrompatibledibes a
therapeutic activity and/or efficacy of the NSAID to prevent, reduce, treat
and/ or anéli or Bheemethod axfredaimerl ! qsalZn wheesjiep phesphglipid concanstation betweers and
thei r synphayts) andabuitEwh¥rofpbodhelipidvari an cancers and their synptons,
col on cancers and their synptons, and/or Al zheiner's disease and its
synpt ons. 11.0. Phemmiethod ofifclaim el3a mihagirathe pheogshelipid dahceantition bétivaemationt y dr ug
(NSAI D) foamidbati 30 wewaiphesphglipide step of adding a therapeutically
effective amount of an NSAID to a carrier including an oil and an effective
amount  of 12 PhPRPMEIb® 08 claim 13, wherein a phospholipid concentration between about 10

and about 20 wt.% of phospholipids.

15. The method of claims 11, 12, 13, or 14, wherein a weight ratio of the NSAID to
the carrier is from about 10:1 to about 1:10.

16.  The method of claim 16, wherein the weight ratio is from about 2:1 to about 1:1.

17. The method of claims 11, 12, 13, 14, 15, or 16, wherein the NSAID is selected
from the group consisting of aspirin, salicylate, naproxen, diclofenac, indomethacin,
sulindac, ibuprofen, ketoprofen, oxaprozen, ketorolac, sulindac, nabumetone,
meclofenamic, piroxicam, diflunisal, oxyphenbutazone, phenylbutazone, celecoxib,
rofecoxib, COX2 inhibitors, acetaminophen, or mixtures and combinations thereof.

18. A composition comprising an aqueous emulsion or microemulsion including an
aqueous phase and an oil phase and optionally an emulsifying agent, where the aqueous
phase is a bio-compatible aqueous solution and the oil phase comprises a bio-compatible
oil, a phospholipid and a therapeutically effective amount of an NSAID,

where the phospholipid is present in an amount sufficient to prevent or reduce
tissue ulceration and pathogenic effects of the NSAID, and

where the therapeutically effective amount of the NSAID is sufficient to
simultaneously prevent, reduce, treat and/or ameliorate tissue inflammation, pain, fever,
cardiovascular diseases and their symptoms, ovarian cancers and their symptoms, colon
cancers and their symptoms, and/or Alzheimer's disease and its symptoms.



where the effective amount of the phospholipid is sufficient to prevent,
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26.  The compositions of claims 18 through 25, wherein the phospholipid reduces the
GI toxicity of the NSAID.

27.  The compositions of claims 19 through 26, which composition increases the
therapeutic activity and/or potency of the NSAID to treat/prevent inflammation, pain,
fever, cardiovascular disease, ovarian cancer, colon cancer, and/or Alzheimer’s Disease.

28.  The compositions of claims 19 through 25, wherein the composition is a mouth
wash or rinse for oral treatment of the mouth ulceration and/or inflammation due to
mucositis where the mouth includes the oral cavity, gums and teeth.

29.  The compositions of claims 19 through 25, wherein the composition is an eye
drop or wash for treatment of inflammation of the eye due to uveitis.

30.  The compositions of claims 19 through 25, wherein the composition is drinkable
for treatment of the mouth, esophagus and/or GI tract due to mucositis.

31. A method of preparing NSAID-containing formulations comprising the steps of:
adding a therapeutically effective amount of an NSAID to a carrier including an
oil and an effective amount of a phospholipid to form an oil-based composition; and
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piroxicam, diflunisal, oxyphenbutazone, phenylbutazone, celecox1b rofecoxib, COX2
inhibitors, acetaminophen, or mixtures and combinations thereof.
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39.  The method of claim 31, further comprising the step of:
shearing the emulsion to form a microemulsion.

40. A use of a carrier and a therapeutically effective amount of a non-steroidal
inflammatory drug (NSAID), wherein the carrier comprises an oil and a phospholipid, in
the manufacture of a medicament for the treatment of tissue inflammation, pain, fever,
cardiovascular diseases and their symptoms, ovarian cancers and their symptoms, colon
cancers and their symptoms and/or Alzheimer’s disease and its symptoms and NSAID
pathogenic effects including gastro-intestinal (GI) ulceration, GI bleeding, liver damage,
kidney damage and/ or cardiovascular side-effects.

41.  The use of claim 40 wherein the oil is a biocompatible oil.

42.  The use of claim 40 wherein a phospholipid concentration in the oil is between

about 10 wt.% and about 40 wt.%.



62 emul sifying the oil-based conposition in a bio-conpatible aqueous
solution in the presence or absence of an enulsifying agent to form an

emul sion, where the effective anmount of the phospholipid i sl9Sdptanthee2003 o
reduce NSAI D pathogenic effects and/or to enhance NSAID t herapeutic
efficacy. 32. The nethod of claim 31, wherein the oil conprises a

bi o-conpatible oil. 33. The nethod of ¢gl ains 31 through 32, wherein a
phosphol i pid concentration in the oil-based conposition is between about 10
wt . % and about 40 wt.% 34. The nethod of clains 31 through 32, wherein a
phosphol i 43.d cBheosatof alaimd2iwherdie theqihpsphalipid coneeptratiarn imrthe oil hebatwesn about 10
wt . % and gbo % h; met hod of claims 31 through 32, wherein a
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48. A use of an oil and a phospholipid, in the manufacture of a medicament for the

treatment of ulceration due to mucositis caused by chemo-and/or radiotherapy.

49.  The use of claim 48 wherein the medicament further comprises a therapeutically
effective amount of an NSAID for the treatment of inflammation associated with

ulceration due to mucositis caused by chemo-and/or radiotherapy.

50.  The use of claims 48 or 49 wherein the oil comprises a biocompatible oil.

51.  The use of any one of claims 48 to 50 wherein the oil is a lecithin oil having a

phospholipid concentration between about 10 wt.% and about 40 wt.%.

52.  The use of any one of claims 48 to 50 wherein the oil is a lecithin oil having a

phospholipid concentration between about 10 wt.% and about 30 wt.%.



43. The use of claim42 wherein the phospholipid concentration in the oil is
bet ween about 10 wt.% and about 30 wt % 44. The use of claim42 wherein

t he phospholipid concentration in the oil is between aboutjdSepiémBer@0ds
about 20 wt.% 45. The use of claim40 wherein a weight ratio of the NSAI D
to the carrier is from about 10:1 to about 1:10. 46. The use of claim45
wherein the weight ratio is fromaboutg42: 1 to about 1:1. 47. The use of any
one of clainms 40 to 46 wherein the NSAID is selected fromthe group
consisting of aspirin, salicylate, naproxen, diclofenac, indonethacin,
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of an NSAID for gﬁgﬁ?§é§¥%%ﬁflg?'inflannation associated with wulceration
due to nmucositis caused by cheno-and/or radiotherapy. 50. The use of clains

48 or 49 ywherein the_ojl rises a bioc i bl i) .. 51. The use of any
oneof ol S Ha Y55 OBGlsl &5 AFreLbe SreiEh GG 1 e ehe 2 o Hawi b a

phosphol i p6.d CPRECHIRL dfHny Ve RELCHRAE 40095 wiHerei 116 ROAIDROslectd Mém%he 52. The
use of any one of clains 48 to 50 wherein the oil is a lecithin oil having a
phosphol i giodp cengistingr ef aspiribesaliedatea baprexeny diglofpnap, dndgyarthacgp sulindac, 19

Sept enber . 6 e . i 5 {.n the oil
o a oot IRPRTEE | lohrofth oHifiolin, PEUoRRE Al Wipbth, ellBRRELE 110 . 06
and about pi2ékivdim, %diflbdisal,T beyphesburdizoas)yplenglbohizaeaicalBcokdb, t féedxibh€1GX N a

wei ght rai[mih%.of the NSAID to the oil is from z}?out 10:1 to about 1:10. 55.
The use ofMIQFsHReiRARRNER,PTIREIES;agH combinptipns thereqf apout 2:1 to about 1: 1.
56. The use of any one of clains 49 to 55 wherein the NSAID is selected from
t he groug consisting of aspirin, salicylate, naproxen, diclofenac,

i ndonet haél-n, Afompasition compipyieg & therapsutinaly elective empunt ehan rut-geroidat |

sul i ndac, , I ' i EGQX] dj f. j.sal yphenbut azone,
oheny! but SIERUTRBNTy JFE MSHIBY s, f WlSer Berd g ep, SEBITHEL 707

m Xt ur es effictticoamownbof @ phosphelipid for use as a medicament.

58.  The composition of claim 57 wherein the oil is a biocompatible oil.

59.  The composition of claim 57 wherein a phospholipid concentration in the oil is

between about 10 wt.% and about 40 wt.%.

60.  The composition of claim 59 wherein the phospholipid concentration in the oil is

between about 10 wt.% and about 30 wt.%.

61.  The composition of claim 59 wherein the phospholipid concentration in the oil is

between about 10 wt.% and about 20 wt.%.

62.  The composition of claim 57 wherein a weight ratio of the NSAID to the carrier is

from about 10:1 to about 1:10.



57. A conposition conprising a therapeutically effective anount of an
non-steroidal anti-inflammtory drug (NSAID) and an oil-based carrier
including an oil and an effective amount of a phosphol i pi d%Septenster 2605

medi canent. 58. The conposition of claim57 wherein the oil is a
bi oconpati ble oil. 59. The conposition of claim57 wherein a phospholipid
concentration in the oil is between ébout 10 wt.% and about 40 wt.% 60.

The conposition of claimb59 wherein the phospholipid concentration in the
oil is between about 10 wt.% and about 30 W .% 61. The conposition of

cl ai m 59 @her efhe conwogition phelrin 64 vdereie therveighd matimistfraa about2sl topbpyeen about
10 wt. %a{]ﬂ about 20 wt.% 62. The conposition of claimb57 wherein a weight
ratio of the NSAID to the carrier is fromabout 10:1 to about 1:10. 19

Sept enber 2005 65 63. The conposition of claim®62 wherein the weight ratio

is fromapout 2:1 to _.about 1, 6 T se. of e of clains 57 to 64
wher it nhiesF O 38 Sue alicRinens t o g e CAR Rpelsctea it

sal i cyl at goufBAKRERE ofdhsphrit, SARGylath,NARIBLR2 icTofertde! imidRfethacind WRkRfaEN.

ket opr of en, ‘oxaprozen, ketorolac, sulindac, nabunetone, mneclof enanic,

pi r oxi canibuptofeny rketaprofemx ppdnsonsnt etoelac, p Bdingae; u nabumntonec anedefenamic,

r of ecoxi b,. 2 J-Ahi-bit cet am h r.n S HRat i ons

t her eof . %g).%)g(mc odrlr{f)‘%lslga?’i g@@%%ﬁl%'zgﬁgh&%gnrﬁ %\ft?é%g?fg}: geiléclé%g)s 6%%??’%?’33 Or use as a
medi camnmeninhib@6rs, atkaminsphes ok mixtures and edmbifdiiohsitHefeef. conpri sing a
therapeutically effective anount of an NSAID. 67. The conposition of clains
65 or 66 wherein the oil conprises a bioconpatible oil. 68. The conposition
of any ongs of £L&hpdsithm domhpPiéingaR bRiaRd B?Eosghéliﬂiéfo% us€&d 4 Medlichént, having a
phosphol i pid concentrati on between about 10 wt. % and about 40 w.% 69. The
conposition of any one of clains 65 to 67 wherein the oil is a lecithin oil
havi ng a osphal i pid conceptrati ween about 10 wt. % anpd ut 30 wt %
70, The oot i SRR SE ity 85, ARAEEIFENE,  inclbriiflid FRPYe S

| eci t hi n grhdunt bBan NGAB.phosphol i pi d concentrati on between about 10 w. % and
about 20 wt.% 71. The conposition of any one of clains 66 to 70 wherein a
weight ratio of the NSAIDto the oil is fromabout 10:1 to about 1:10.

67. The composition of claims 65 or 66 wherein the oil comprises a biocompatible
oil.

68.  The composition of any one of claims 65 to 67 wherein the oil is a lecithin oil

having a phospholipid concentration between about 10 wt.% and about 40 wt.%.

69.  The composition of any one of claims 65 to 67 wherein the oil is a lecithin oil

having a phospholipid concentration between about 10 wt.% and about 30 wt.%.

70.  The composition of any one of claims 65 to 67 wherein the oil is a lecithin oil

having a phospholipid concentration between about 10 wt.% and about 20 wt.%.

71.  The composition of any one of claims 66 to 70 wherein a weight ratio of the

NSAID to the oil is from about 10:1 to about 1:10.

72.  The composition of claim 71 wherein the weight ratio is from about 2:1 to about
1:1.



72. The conposition of claim71 wherein the weight ratio is fromabout 2:1
to about 1:1. 19 Septenber 2005 66 73. The use of any one of clains 66 to
72 wherein the NSAID is selected fromthe group consi sti ngl®D$emenpberi2005
salicyl ate, naproxen, diclofenac, indonethacin, sulindac, i buprofen,

ket opr of en, oxaprozen, ketorolac, sulindac, nabunetone, neclofenamc,

pi roxi cam diflunisal, oxyphenbutazon&s phenyl butazone, cel ecoxib,

rof ecoxi b, COX2 inhibitors, acetam nophen, or m xtures and conbi nations

t her eof .
73.  The use of any one of claims 66 to 72 wherein the NSAID is selected from the

group consisting of aspirin, salicylate, naproxen, diclofenac, indomethacin, sulindac,
ibuprofen, ketoprofen, oxaprozen, ketorolac, sulindac, nabumetone, meclofenamic,
piroxicam, diflunisal, oxyphenbutazone, phenylbutazone, celecoxib, rofecoxib, COX2

inhibitors, acetaminophen, or mixtures and combinations thereof.



