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phospholipid covalently bonded together via a diazo linkage and to methods for administering the compositions to treat symptoms

of IBD.
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(57) Abstract: A unique composition of a 5-amino salicylic acid (5 AS A) and a phospholipid is disclosed for treating Inflammatory
Bowel Disease (IBD), where the composition can be a mixture, a molecular association complex or a covalent compound of SASA
and a reactive phospholipid covalently bonded together via a diazo linkage and to methods for administering the compositions to
treat symptoms of IBD.
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PREPARATIONS OF PHOSPHOLIPIDS AND PHARMACEUTICALS
CONTAINING 5-AMINO SALICYLIC ACID FOR THE TREATMENT OF
INFLAMMATORY BOWEL DISEASE

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0002] The present invention relates to unique formulations for treating inflammatory
bowel disease (IBD), such as ulcerative colitis, including 5-amino salicylic acid (5ASA)
and a phospholipid.
[0003] The present invention relates to unique composifions of matter including SASA
and phospholipid adapted to release SASA in a distal small intestine and/or colon, where
lesions due to colitis or Inflammatory Bowel Disease (IBD) are present in order to
enhance the anti-inflammatory efficacy of SASA. In certain embodiment, the
phospholipid composition including from about 15wt.% to about 95wt.% of
phosphatidylcholine (PC) in a bio-compatible carrier and/or resin. The present invention
also relates to methods for making and administering the compositions of this invention
orally, enterally and/or rectally.
2. Description of the Related Axt
[0004] For a background of phospholipids and anti-inflammatory pharmaceuticals the
reader is directed to United States Pat. Nos.: 4,918,063; 5,043,329; 4,950,656; 5,032,585;
5,763,422; and 5,955,451 and PCT/US01/51605.

[0005] Inflammatory Bowel Disease (IBD) represents a family of ulcerative diseases
including Ulcerative Colitis and Crohn's Disease that affect the colon and distal small

bowel. These diseases are manifested by episodes of GI bleeding, diarrhea, fever,
infection and in the most advanced cases, GI fistulation are manifested by perforation and
cancer. 5ASA has been used medically to manage patients with IBD, though its
effectiveness to keep patients in remission has been limited.

[0006]} Although 5ASA is an effective treatment, there is a need in the art for SASA

preparations having improved efficacy to treat IBD and to keep patients in remission.
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SUMMARY OF THE INVENTION

Certain exemplary embodiments provide the use of a S-aminosalicylic acid (SASA) containing
component and a phospholipid-containing oil in the manufacture of a medicament for treating
inflammatory bowel disease (IBD) characterized in that the phospholipid-containing o1l 1s present

in an amount to enhance the anti-inflammatory efficacy of the SASA.

Other exemplary embodiments provide the use of a 5-aminosalicylic acid (SASA) containing
component and a phospholipid or a phospholipid-containing oil in the manufacture of a non-
liposomal medicament for treating inflammatory bowel disease (IBD) characterized in that the

phospholipid or a phospholipid-containing oil is present in an amount to enhance the anti-

inflammatory efficacy of the SASA.

Other exemplary embodiments provide a composition comprising 5-aminosalicylic acid (5ASA)
and a phospholipid associated at a molecular level at a weight ratio of SASA to phospholipid of

between 1:10 and 10:1 to form a complex.

Other exemplary embodiments provide a composition comprising a covalent compound including
SASA and an active phospholipid, wherein the reactive phospholipid is covalently bonded to the
SASA via a diazo linkage between the amino group of SASA and the reactive phospholipid, said

linkage being cleavable by bacteria in the distal gut that catalyze the hydrolysis of the diazo
linkage.
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{0007] The present invention provides compositions including a phospholipid (PL) and 5-
amino salicylic acid (SASA).

[0008] The present invention also provides compositions including a soy derived
phospholipid component and a 5-amino salicylic acid (5ASA) containing component such as
Mesalamine, Sulfsalazine, Olsalazine, Balsalazide, or mixtures thereof. The compositions
can also include additional components such as a resin (e.g., Eudragrit®S) to facilitate release
of the SASA-containing component in the distal gut.

[0009] The present invention also provides compositions including a soy derived
phosphatidylcholine (PC) component and a S-amino salicylic acid (SASA) containing
component such as Mesalamine, Sulfsalazine, Olsalazine, Balsalazide, or mixtures thereof,
where the PC and 5ASA-containing components are surrounded or encapsulated or
embedded in a resin (e.g., Eudragnt®S) to facilitate the release the components in the distal
gut.

[00010] The present invention provides a method for making formulations including a
SASA component and a phospholipid component.

[0011] The present invention also provides a method for making the formulations including a
SASA and a PC enriched phospholipid component.

10012] The present invention provides methods for administering SASA/PL formulations
orally, enterally or rectally, where the administration can be a single administration, a
periodic administration, an intermittent administration, or administration according to any
administration protocol (administration accordfng to a prescribed schedule, e.g., one daily,
twice daily, eze.).

[0013] The present invention provides methods of treating patients with IBD by
administering a composition of this invention directly on a site of IBD injury to reduce
inflammation, while: (1) reducing or preventing ulceration of the injury, (2) reducing or
preventing further ulceration of the injury, (3) reducing or healing ulceration of the injury, (4)
or to maintain an integrity of hydrophobic membranes and/or layers associated with the distal

bowels.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] 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.

[0015] Figure 1 depicts a graph demonstrating that placing mice on drinking water
containing increasing concentrations (0% to 4%) of dextran sodium sulfate (DSS) for 4 days
results in increased colonic inflammation as indicated by increased colon tissue weight per
unit length.

[0016] Figure 2 depicts that increasing concentrations of DSS in the drinking water over a 4
day period induces a dose-dependent increase in GI bleeding of mice as measured by fecal
hemoglobin concentration.

[0017] Figure 3 demonstrates the food consumption of mice eating diets containing SASA
alone (100 mg/kg body weight) or SASA in combination on a 1:1 weight basis with three
different soy PC preparations, P35, P53 or P75, containing 35%, 53% or 75% PC,
respectively. All but one group labeled Sal/Sal had access to drinking water contaimng 3%
DSS to induce colitis.

{0018] Figure 4 demonstrates changes in colonic inflammation, as indicated by 1mcreased
colon tissue weight per unit length in mice fed the experimental diets and placed on 3% DSS
in the drinking water to induce colitis.

[0019] Figure 5 demonstrates changes in fecal blood loss in mice fed the experimental diets
and placed on 3% DSS in the drinking water to induce colitis.

[0020] Figure 6 demonstrates changes in colonic myeloperoxidase (MPO) in mice fed the .
experimental diets and placed on 3% DSS 1n the drinking water to induce colitis.

[0021] Figure 7 demonstrates changes in colonic mucosal histology, using a score from 0
(normal) to 4 (complete absence of mucosal glandular structure) in mice fed the experimental
diets and placed on 3% DSS in the drinking water to induce colitis.

[0022] Figure 8 depicts changes in hematocrit levels in Sprague Dawley male rats during a 6
day recovery period after DSS induced colitis for saline, SASA and two PC:5ASA
formulations.

[0023] Figure 9 depicts changes in fecal blood loss in Sprague Dawley male rats during the 6
day recovery period after DSS induced colitis for saline, SASA and two PC:5ASA

formulations.
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[0024] Figure 10 depicts changes in colonic tissue edema in Sprague Dawley male rats

during the 6 day recovery period after DSS induced colitis for saline, SASA and two
PC:5ASA formulations.

[0025] Figure 11 depicts changes in colonic MPO activity in Sprague Dawley male rats
during the 6 day recovery period after DSS induced colitis for saline, SASA and two
PC:5ASA formulations.

[0026] Figure 12 depicts changes in the number of inflammatory cells in lamina propia of
colonic submucosa in Sprague Dawley male rats during the 6 day recovery penod after DSS
induced colitis for saline, SASA and two PC:5ASA formulations.

[0027] Figure 13 depicts changes in colonic mucosal injury in Sprague Dawley male rats as
assessed histologically during the 6 day recovery period after DSS induced colitis for saline,
S5ASA and two PC:5ASA formulations.

[0028] Figure 14 demonstrates changes in colon tissue weight per unit length in Sprague
Dawley male rats during a recovery period after DSS induced colitis for saline with no DSS
in the drinking water and saline, SASA and a PC:5ASA formulation with DSS in the drinking
water.

[0029] Figure 15 depicts changes in colonic MPO activity in Sprague Dawley male rats
during a recovery period after DSS induced colitis for saline with no DSS in the drinking
water and saline, SASA and a PC:5ASA formulation with DSS in the drinking water.

[0030] Figure 16 depicts changes in colon contact angles in Sprague Dawley male rats
during a recovery period after DSS induced colitis for saline with no DSS in the drinking
water and saline, SASA and a PC:5ASA formulation with DSS 1n the drinking water.

[0031] Figure 17 depicts changes in hematocrit levels in Sprague Dawley male rats during a
recovery period after DSS induced colitis for saline with no DSS in the drinking water and
saline, SASA and a PC:5ASA formulation with DSS 1n the drinking water.

[0032] Figure 18 depicts changes in fecal hemoglogin in Sprague Dawley male rats duning a
recovery period after DSS induced colitis for saline with no DSS in the drinking water and
saline, SASA and a PC:5ASA formulation with DSS in the drinking water.
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DETAJILED DESCRIPTION OF THE INVENTION

[0033] The inventor has found that compositions of 5-amino salicylic acid (SASA) and

5ASA based pharmaceuticals and phospholipids have improved activity to reduce colitis 1n
rodent using rodent colitis models. In certain embodiments, the phospholipids are
phospholipids derived from soy bean and other sources. In other embodiments, the
phospholipids are phospholipids enriched in phosphatidylcholine (PC) or a derivative of
phosphatidylcholine. These SASA/PC formulations are capable of being administered orally,
enterally, or rectally (enema) for treatment or amelioration of GI inflammation, ulceration,
bleeding and other symptoms associated with inflammatory bowel disease (IBD), and 1t's
associated sequelae of diarrhea, fever and pain. The compositions of the present invention
including SASA and a phospholipid enhance anti-inflammatory benefits of the SASA and
fortify hydrophobic barrier properties of affected mucosa, which are attenuated in IBD.
{0034] The invention relates to a method for preparing a composition including a
phospholipid, in certain embodiments a phospholipid enriched in phosphatidylcholine (PC),
and 5ASA or pharmaceutical formulations including SASA. for the treatment of IBD. These
formulations can be prepared by taking a powder containing 5ASA (e.g., Mesalamine,
Sulfsalazine, Olsalazine, Balsalazide, or mixtures thereof) or a larger molecule covalently
bound to active SASA via a diazo bond and simply mixing it with a phospholipid. In certain
embodiments, the SASA containing component is simply mixed with an oil-based
phospholipid component such as a soy lecithin oil containing PC, e.g., Phosphal 35 SB (P35).
Generally, the weight ratio of SASA to phospholipid 1s between about 1:10 and about 10:1.
In certain embodiments, the weight ratio is between about 1:5 and about 5:1. In other
embodiments, the weight ratio is between about 2:1 and about 1:2. In yet other embodiments,
the weight ration is about 1:1.

[0035] In some embodiments, the compositions are prepared by heating the components
together with mixing to facilitate formulation preparation. An alternative method is to heat
the phospholipid and SASA to a temperature sufficient for the 5ASA to melt 1n the
phospholipid, generally with good mixing to permit intimate mixing and the formation of
associated complexes between SASA and phospholipid at the molecular level. The process
can be performed in a high temperature solvent or a bio -compatible oil in the absence of air
to facilitate the formation of SASA/phospholipid associated complexes without oxidative

degradation. An alternative method of making the formulation 1s to make an aqueous
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formulation including 5ASA and then add the aqueous solution to a vessel coated with a

dried lipid film of PC, which will then be vigorous mixed, vortexed, sonicated or subjected to
other means of agitation to make a lipidic suspension of the SASA/PC. Another method is to
dissolve the SASA and phospholipid in solvent that dissolves both matenals. Mixing the
solution with or without heating and then evaporating the solvent. The resulting material can
then be ground and encapsulated with a resin for delayed release in the distal gut.

[0036] Yet another method of combining SASA and a phospholipid (PL) is to covalently
bind the molecules together via a diazo bond between the amino group of SASA and a
reactive phospholipid (PL), e.g., phosphatidylethanolamine (PE), phosphatidylserine or other
reactive phospholipids, using standard techniques to make a diazo bond. Similar to the other
SASA precursors, such as sulfasalazine, osalazine, and basalazide, bacterial enzymes in the
colon hydrolyze the diazo bond, liberating the SASA and the reactive PL such as PE. The
released SASA can then cause its intended therapeutic affect, while the released phospholipid
helps of maintain or restore the hydrophobic barrier of the affected mucosa of the distal gut,
inhibit inflammation and promote healing. .

[0037] Pre-clinical studies to date show that phospholipids such as PC enhance the efficacy
of SASA to treat colitis.

Suitable Reagents

[0038] Suitable phospholipids for use in this invention include, without limitation, a
phospholipid of general formula:

]
R CH,— 0 — ¢ — R’
Ra—-c-——o—-cl:a 0 X R?
| I - | |+
cH,— Q — P — Q — CH,— CH— N ~—R’

.!! |

RS
where R, and R are saturated and/or unsaturated substitutions ranging from 8 to 32 carbon

atoms, where one or more of the carbon atoms can be replaced by an oxygen atom, a sulfur
atom, a nitrogen atom, or other main group element, such as B,C,Si, P, S, Ge,and Ga; R3 1s
H or CHs, and X is H or COOH; and Ry is =O or H;. Mixtures and combinations of the
zwitterionic phospholipids of the general formula.

[0039] Examples of zwitterionic phospholipid of formula (II) include, without limitation,
phosphatidylcholines such as phosphatidylcholine (PC), dipalmitoylphosphatidylcholine
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(DPPC), other disaturated phosphatidylcholines or unsaturated phosphatidylcholines,

phosphatidylethanolamines, phosphatidylinositol, phosphatidyl serines sphingomyelin or
other ceramides, or various other zwitterionic phospholipids, phospholipid containing oils
such as marine and/or fish oils enriched in Omega-3 fatty acids, lecithin oils derived from soy
beans, dimyristoyl phosphatidylcholine, distearoylphosphatidylcholine,
dilinoleoylphosphatidylcholine (DLL-PC), dipalmitoylphosphatidylcholine (DPPC), soy
phophatidylchloine (Soy-PC or PCs) and egg phosphatidycholine (Egg-PC or PCg).
In DPPC, a saturated phospholipid, the saturated aliphatic substitution R; and R, are CH3—
(CH2)14, R3 is CH3 and X is H. In DLL-PC, an unsaturated phospholipid, R; and R; are CHj-
(CH,)4— CH==CH—- CH,— CH==CH—(CH_;)7, R3 is CH; and X is H. In Egg PC, which isa
mixture of unsaturated phospholipids, R; primarily contains a saturated aliphatic substitution
(e.g., palmitic or stearic acid), and R, is primarily an unsaturated aliphatic substitution (e.g.,
oleic or arachidonic acid). In Soy-PC, which in addition to the saturated phospholipids
(palmitic acid and stearic acid) i1s a mixture of unsaturated phospholipids, (oleic acid, linoleic
acid and linolenic acid). In PC denived from marine animals (e.g. krill, salmon) the R; and R;
groups may constitute the Omega -3 fatty acids: eicosapentaenoic acid (EPA) and
docosahexaenic acid (DHA). The preferred zwitterionic phospholipid include, without
limitation, dipalmitoyl phosphatidylcholine, phosphatidyl choline, or 2 mixture thereof.
EXAMPLES

Preparation of Compositions
[0040] Phosal™ 35 SB, a soy lecithin oil containing approximately 35 wt.%

phosphatidylcholine (PC), was placed in glass beaker to which SASA. (or a SASA containing
pharmaceutical) was added under moderate heat, about 40°C, and stirning until a 1:1 weight
ratio was attained. The resulting oil-based formulation was coated with a pH-sensitive
polymer, e.g., MultiSal™, or Eudragrit®-3, to form polymer encapsulated micro-spheres of
the SASA/PC composition. These encapsulated micro-spheres are formed so that the SASA
and PC are released only when the drug reaches the distal gut, where the pH is 7 or above and
the polymer coating degrades. This formulation was then added to the diet of mice or rats for
evaluation. The mice or rats were placed on 3% dextran sodium sulfate (DSS) solution
included in their drinking water to induce colitis.

{0041] An alternative method to the oil-based formulation described above is to suspend

SASA or a SASA containing pharmaceutical in water or an appropriate aqueous solution.
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The aqueous solution 1s then added to a second container coated with a dried lipid film of PC.

The resulting mixture is then subjected to vigorous mixing, vortexing, sonication or other
means of agitation to form an aqueous lipidic suspension for oral, enteral or rectal (enema)
administration.

Examples Using C57B1./6 Mice in a Rodent Colitis Model

[0042] Groups of four C57BL/6 mice were exposed to differing amount of dextran sodium
sulfate (DSS) in their drinking water for a four day period of time. The mice were then
euthanized and colon tissue weight per length measurements for each group of mice were
made. Referring now to Figure 1, DSS treatment resulted in colonic inflammation or edema
as measured by increased colon tissue weight per length, where 3% DSS was shown to cause
the greatest increase in the weight to length measurement.

[0043] Groups of C57BL./6 mice were exposed to differing amount of dextran sodium sulfate
(DSS) in their drinking water for a four day period of time. The mice fecal hemoglobin
measurements were made at the end of the four day penod. Referring now to Figure 2, DSS
treatment resulted in increased fecal hemoglobin with increasing concentration of DSS in
their drinking, with 4% DSS showing the highest fecal hemoglobin.

[0044] Groups of C57BL/6 mice were exposed to different diets and their daily food
consumption (grams/day) were measured over a four day period of time. Group 1
represented the control group receiving saline without DSS and regular food without any
SASA containing formulation. Group 2 represented a DSS control receiving saline with 3%
DSS and regular food without any SASA containing formulation. Group 3 represented a
5ASA treated group receiving saline containing 3% DSS and a diet including 5SASA
MultiSal™ encapsulated micro-spheres. Groups 4 through 6 are designed to compare SASA
to three oil-based SASA/PC formulations. Group 4 represented a SASA/P35 (a 1:1 weight
ratio of SASA and Phosphal® 35SB, an oil-based soy lecithin product containing about 35
wt.% PC) treated group receiving saline containing 3% DSS and a diet including SASA/P35
MultiSal™ encapsulated micro-spheres. Group Srepresented a SASA/P35 (a 1:1 weight ratio
of SASA and Phosal® 53 MCT, an oil-based soy lecithin product containing about 53 wt.%
PC) treated group receiving saline contaimng 3% DSS and a diet including SASA/P53
MultiSal™ encapsulated micro-spheres. Group 6 represented a SASA/P35 (a 1:1 weight
ratio of SASA and Phosal® 75 SA, an oil-based soy lecithin product containing about 75
wt.% PC) treated group receiving saline containing 3% DSS and a diet including SASA/P75
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MultiSal™ encapsulated micro-spheres. Referring now to Figure 3, the food consumption

(grams/day) of mice placed on the diets described above. The first three bars evidence
feeding patterns of normal mice in the absence and presence of SASA in the feed, while the
last three bars represent the feeding patterns of mice 1n the presence of the SASA/PC
formulations. Figure 3 indicates that the active materials did not significantly affect the
eating patterns of the mice.

Mouse Data Comparing SASA and SASA:PL Formulations on Treating Induced Colitis
[0045] The previous examples show that drinking water comprising saline containing 3%
dextran sodium sulfate (DSS) is capable of inducing a colitis type disorder in mice. Now, the
5ASA:PL formulations can be compared to SASA in treating the colitis type disorder in mice.
Groups of mice were placed on drinking water comprising saline containing 3% DSS for four
days to induce a colitis type disorder and then treated with the compositions of this invention.
The efficacy of the treating compositions were determined by measuring colon tissue weight
per length. Refernng now to Figure 4, colonic inflammation as measured by an increased
colon tissue weight per given length showed partial reversal when treated with saline, SASA,
5ASA:P35, 5ASA:P53 and SASA:P75 combined with DSS and administered to the mice 1n
their diet with a group of non-DSS treated mice and normal diet. The data showed that the
three SASA:PL formations are superior to SASA alone in reversing tissue inflammation as
measured by an increased colon tissue weight to length.

[0046] Groups of mice were placed on drinking water comprising saline contaimng 3% DSS
for four days to induce a colitis type disorder and then treated with the compositions of this
invention. The appearance of blood as indicated by an increased hemoglobin content in the
feces was measured to determine the efficacy of SASA versus the SASA:PL formulations.
Referring now to Figure 5, hemoglobin content in mice feces was sig:niﬁcaritly reduced for
the mice placed on a diet containing the SASA:P35 formulation and SASA:P75 compared to
saline/DSS and 5SASA/DSS.

[0047] Groups of mice were placed on drinking water comprising saline containing 3% DSS
for four days to induce a colitis type disorder and then treated with the compositions of this
invention. Colonic inflammation as indicated by an increased tissue myeloperoxidase (MPO)
activity was measured to determine the efficacy of saline, SASA and SASA:PC35. Referring

now to Figure 6, colonic inflammation was reduced for the mice placed on diets containing
the 5SASA:P35 formulation.
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[0048] Groups of mice were placed on drinking water comprising saline containing 3% DSS

for four days to induce a colitis type disorder and then treated with the compositions of this
invention. Colonic mucosa were viewed through a light microscope and histologically scored
using a scoring system, where 0 represents normal colonic mucosa and 4 represent a total loss
of colonic glandular structure. Referring now to Figure 7, the SASA/P35 formulation
significantly reduced microscopic injury to the colonic mucosa in mice placed on a diet
containing SASA:P35.

[0049] The rodent data clearly shows a positive enhancement of the efficacy of SASA in the
distal gut when the administered formulation includes a phospholipid.

Rat Data Comparing SASA and SASA:PL Formulations on Treating Induced Colitis
[0050] Rats were placed on drinking water containing 4% dextran sodium sulfate (DSS) for 5
days and 20 hours to induce colitis after which they were returned to normal drinking water.
The animals were then intragastrically administered twice daily for 6 subsequent days with:
(a) sahine (DSS control); (b) SASA at a dose of 100 mg/kg; (c) a 1:1 wt. ratio of SASA and
Phosal 35 SB (an oil-based formulation); or (d) a 1:2 wt. ratio of SASA and Phospholipon
920G (an aqueous lipidic suspension) at the same dose of 5ASA, 100 mg/kg, b.i.d. The
formulations (c) and (d) are phosphatidylcholine (PC) associated SASA formulations, where
the PC and S5SASA are associated at the molecular level. These treatments are designed to
compare the efficacy of SASA and two different PC:5ASA formulations.

[0051] At 1, 3 and 6 days, rats were euthanized and colonic tissue, blood and fecal matter
were collected for biochemical and histological analyses to assess colonic inflammation and
GI bleeding. A separate group of rats were not placed on DSS and served as "normal
controls.”

[0052] Referring now to Figure 8, changes in hematocrit during the 6 day recovery period
were measured from the euthanized rats. Changes in hematocrit levels represent an indirect
estimate of anemia and internal (GI) bleeding among the groups over the 6 day recovery
period. It can be appreciated that although a modest <10% decrease in the hematocrit levels
were seen 1n all the groups post DSS exposure as compared to the no DSS or "normal
control” hematocrt levels, there were no significant differences in this parameter among the
test groups over the 6 day recovery period.

[0053] The changes in fecal hemoglobin are shown in Figure 9. In can be seen that fecal

blood was detected during the first day of the recovery period in most of the test groups (vs
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normal control values) with a suggestion that SASA £ 90G may have had a beneficial effect

in reducing fecal blood loss.

[0054] Colonic inflammation and injury were assessed by measuring a number of
biochemical and histological indices. First, tissue edema were assessed by measuring tissue
wet weight /unit length. These results which are presented in Figure 10, demonstrate that
intestinal edema was maximal 3 days post-DSS in saline-treated controls, and this
inflammatory change was reduced by SASA (non significantly), and further decreased
(significantly) in rats treated with the two PC-]SASA] formulations. There were no
significant differences among the groups in this parameter 6 days post-DSS, with some
indication that the animals treated with SASA in combination with 90G had a rebound
episode of inflammation.

[0055] Colonic myeloperoxidase (MPQ) activity, a biochemical marker of neutrophil
infiltration 1into the tissue, was measured as another marker of inflammation. The results
presented in Figure 11 demonstrate similar, but more dramatic changes to those described
above, with SASA showing a reduction on day 3 and both PC-[SASA] formulations further
decreasing MPO activity to almost undetectable levels. MPO activity returned to normal
control levels by 6 days in all groups, except for the group treated with SASA in combination
with 90G.

[0056] Tissue histology was scored (under blinded conditions) for signs of injury and
inflammation. To assess inflammation we scored the number of inflammatory cells in the
lamina propia of the colonic submucosa using a scoring system from 1 (normal) to 4 (highly
inflamed). These results, shown in Figure 12, demonstrate that SASA-treated rats had a
reduced number of inflammatory cells with the SASA/P35 showing comparable or superior
anti-inflammatory activity at 3 and 6 days and again 90G in combination with SASA causing
a rebound 6f inflammation at 6 days.

[0057] To assess colonic mucosal injury, a histological scoring system was used, where: 0 =
normal mucosa; 1 = surface injury; 2 = injury extending into the mid glandular region; 3 =
injury extending into the deep glandular region; and 4 = injury extending into the serosal
(muscle) layer. Figure 13 shows that mucosal injury was increased in all groups day 1 post-
DSS, and by day 3 there was a recovery in rats treated with 5 ASA =+ PC with the SASA/P35
showing more consistent evidence of mucosal protection than 90G.

Conclusions
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[0058] The protocol used in the above series of experiments, proves to be a very useful

rodent model system to evaluate the therapeutic efficacy of SASA and PC-5ASA
formulations to accelerate the recovery of experimentally (DSS)-induced colitis.
Interestingly, it appears that inflammation progresses for the first 3 days after withdrawal
from DSS, the colitis inducing agent, and subsides by day 6. Using a number of biochemical
and histological markers, it appears that SASA at a dose of 100 mg/kg significantly reduces
colonic inflammation and tissue injury 3 days post-DSS 1n comparison to saline-treated
control values. The oil-based 5SASA/P35SB formulation showed a further improvement in the
recovery from colitis (vs 5ASA alone) in 2 out of 4 markers of inflammation. In contrast, the
SASA/90G formulation had a biphasic effect with a rebound of inflammation occurring 6
days post-DSS. It is our recommendation that this recovery experiment, using the above
model system, be repeated using a lower less effective dose of SASA (50 mg/kg b.1.d.), and
that we focus our efforts on the oil-based SASA/P35 formulation, to determine 1f a more clear
and convincing enhancement in the anti-inflammatory efficacy of our PC-5ASA test
formulation can be demonstrated in comparison to SASA alone.

Rat Data Comparing SASA and SASA:PL Formulations on Treating Induced Colitis
[0059] The following experiments were designed to compare the efficacy of SASA versus
5ASA:PC formulations in treating rats that had been subjected to colitis induced by adding
4% dextran sodium sulfate (DSS) to their drinking water for over S days (5 day, 20 hours)
and then returned to normal drinking water. The rats were then treated with SASA, in this
experiment at a lower dose (50 mg/kg, BID) than that previously studied, in the absence or
presence to a PL component for 3 days post DSS induced colitis.

[0060] Thirty two healthy male rats used in the study. Rats comparable with respect to
protocol, supplier, sex, and weight were divided serially into 4 groups. Group 1 were given
drinking water without added DSS. Groups 2-4 received drinking water containing 4% DSS
for 6 days. Atday 6, Group 2 received 1 mL saline BID intra gastrically. Group 3 received
5ASA (50mg/Kg) BID intra gastrically. Group 4 received SASA(50mg/Kg): Phosal
35SB:MCT oil (1:1:0.3), referred to heretofore as SASA:PC BID intra gastrically, where
MCT = Medium Chain Triglyceride.

[0061] At day 9, the rats were euthanized and the following were measured: (a) hematocrit,
(b) fecal hemoglobin, (¢) colon weight / length, (d) colon myeloperoxidase (MPQ), (e)
colonic surface hydrophobicity and (f) colon histology.
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10062] In this study, rats were placed on regular drinking water (Group 1) or water

containing 4% DSS and then intragastrically administered: saline (Group 2); SASA (Group 3)
at a dose of 50 mg/kg BID); or SASA:PC (P35SB at 1:1 wt ratio) (Group 4) for 3 days at
which time the following changes were seen.

[0063] Referring now to Figure 14, the colon weight/length data is shown. This measure of
mucosal edema demonstrated a significant increase when comparing the DSS saline-treated
group (Group 2) with the absolute control (no DSS, Group 1). This DSS —induced mucosal
edema was partially reversed by SASA at a dose of 50 mg/kg BID (Group 3), and completely
reversed in the SASA:PC group (Group 4), with significant differences observed between the
rats of Group 4 versus the rats of Groups 2 & 3, but not the rats of Group 1.

[0064] Referring now to Figure 15, the MPO Protein data is shown. This biochemical
measure of inflammation showed the same pattern as outlined above, with DSS inducing a
significant increase in MPQ activity versus the control Group 1 (no DSS), and this
inflammation was partially and completely reversed by SASA and 5ASA:PC, respectively.
Significant differences (p<0.05) were observed between the rats of Group 4 versus the rats of
Groups 2 & 3, but not the rats of Group 1.

[0065] Referring now to Figure 16, colon contact angle analysis data s shown. No
differences in colonic mucosal surface hydrophobicity was observed between groups,
possibly because this surface property had recovered fully by 3 days post-DSS induced
colitis.

[0066] Referring now to Figure 17, hematocrit data is shown. This measure of anemia due
to GI bleeding was not significantly different among the experimental groups treated with
DSS versus control (no DSS), but did tend to be lower in the DSS-treated groups except for
those administered SASA:PC (Group 4), where it was significantly higher.

[0067] Referring now to Figure 18, fecal hemoglobin data is shown. This direct measure of
active GI bleeding demonstrated an increase in the saline-treated DSS group (Group 2) versus
the control (no DSS) group (Group 1). This DSS-induced increase in GI fecal blood loss was
partially reversed by SASA administration and completely reversed by SASA:PC
administration. Significant differences (p<0.05) were observed between Group 4 versus
Groups 2 & 3, but not Group 1.

[0068] DSS-induces colonic inflammation and bleeding in rats that is still evident 3 days
post-DSS. SASA alone at a dose of 50 mg/kg administered twice daily intragastrically
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promotes tissue recovery from DSS-induced colitis and reduces GI bleeding. PC-5ASA

when administered intragastrically at the same dose of active SASA induced full recovery of

thé mucosa from DSS-induced colitis with little or no evidence of GI bleeding.
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CLAIMS

[. Use of a 5-aminosalicylic acid (5ASA) containing component and a phospholipid-
containing oil in the manufacture of a medicament for treating inflammatory bowel disease
(IBD) characterized in that the phospholipid-containing oil is present in an amount to enhance

the anti-inflammatory efficacy of the SASA.

2. The use of a 5-aminosalicylic acid (SASA) containing component and a phospholipid
or a phospholipid-containing oil in the manufacture of a non-liposomal medicament for
treating inflammatory bowel disease (IBD) characterized in that the phospholipid or a

phospholipid-containing oil is present in an amount to enhance the anti-inflammatory efficacy

of the SASA.

3. The use of claim 1 or claim 2, wherein the weight ratio of SASA to phospholipid is
between 1:10 and 10:1.

4. The use of claim 3, wherein the weight ratio of SASA to phospholipid 1s between 1:5
and 5:1.

5. The use of claim 4, wherein the weight ratio of SASA to phospholipid 1s between 2: |
and 1:2.

6. The use of claim 5, wherein the weight ratio of SASA to phospholipid i1s about 1:1.

7. The use of claim I or claim 2, wherein the medicament comprises resin encapsulated

microspheres of the SASA and phospholipid components capable of being released at pH

values of 7 or higher.

8. The use of any one of claims 1 to 7, wherein the SASA and the phospholipid-

containing oil components are in the form of a mixture.

9. The use of claim 1 or claim 2, wherein SASA and the phospholipid are associated at a

molecular level to form a complex.
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[ 0. The use of claim 2, wherein SASA is covalently bonded to a reactive phospholipid
via a diazo linkage capable of being released in the distal gut, due the presence of bacteria

that catalyze the hydrolysis of the diazo linkage.

[1. The use of any one of claims 1 to 10, wherein the medicament is for rectal

administration.

12. The use of any one of claims 1 to 10, wherein the medicament is for oral

administration.

13. The use ot any one of claims 1 to 12, wherein the SASA component is selected from

Mesalamine, Sulfsalazine, Olsalazine, Balsalazide, and mixtures thereof.
14, The use of claim 13, wherein the SASA component 1s Mesalamine.

[5. The use of any one of claims 1 to 14, wherein the phospholipid component 1s a

phosphatidylcholine-containing soy lecithin otl.

16. The use of claim 15, wherein the phospholipid component 1s a soy lecithin oil

containing 35 wt . % to 75 wt. % phosphatidylcholine.

[7. The use of claim 16, wherein the phospholipid component is a soy lecithin oil

containing about 35 wt. % phosphatidylcholine.

| 8. The use of claim 16 or claim 17, wherein weight ratio of SASA to

phosphatidylcholine-containing soy lecithin o1l i1s 1:1.

19, A use of claim 2, wherein the medicament comprises a composition of the SASA and
phospholiptd components prepared by:

simply mixing a powder containing SASA or a larger molecule covalently bound to
active SASA via a diazo bond with a phospholipid;

simply mixing the SASA containing component with an otl-based phospholipid

component
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heating the components together with mixing to facilitate formulation preparation;

heating the phospholipid and SASA to a temperature sufficient for the SASA to melt
in the phospholipid; or

dissolving the SASA and phospholipid in solvent that dissolves both materials,

mixing the solution with or without heating and then evaporating the solvent.

20. A use of claim 19, wherein the composition s as defined in any one of claims 3 to 8

and 11 to 14.

21. A composition comprising S-aminosalicylic acid (5ASA) and a phospholipid
associated at a molecular level at a weight ratio of SASA to phospholipid of between 1:10 and

10:1 to form a complex.

22. A covalent compound including SASA and an active phospholipid, wherein the
reactive phospholipid is covalently bonded to the SASA via a diazo linkage between the
amino group of SASA and the active phospholipid, said linkage being cleavable by bacteria in
the distal gut that catalyze the hydrolysis of the diazo linkage. '



CA 02657769 2009-01-14
WO 2008/011087 PCT/US2007/016341
1715

Treatment of C57BL/6 Mice with DSS in
Drinking Water for Four Days: Edema of Colon

35

n=4/group p=0.001 vs 0%
%
30
p=0.015 vs 0% p=0.018 vs 0%

— - S
= L
S 15
=
I,
QL 20
e
B
B 15
ot
=

10

5
0
0 2 3 4
% DSS

KI1G. 1



WO 2008/011087

CA 02657769 2009-01-14
PCT/US2007/016341
2115

DSS in Drinking Water of C57BL/6 Mice for 5

Fecal Hemoglobin

80

70

60

50

40

30

20

10

Days: Blood in Fecal Pellets

o

e
| l
0 2 3 4

% DSS

FIG. 2



CA 02657769 2009-01-14

PCT/US2007/016341

WO 2008/011087

3/15

C57BL/6

1S in
Food Consumption

P

it

DSS Induced Col

B Sal/Sal

10

] Sal/DS$S
[0 5ASA/DSS

o.‘
AT

A e e g
2.+.9.999
LA A

[§] SASA+P35/DSS
S5ASA+PS53/DSS

X/
K AN

SCHLRHARRIKH LA ILRLREEREL

*
............................................
.......................................................

............

l‘ » - - - e - - L b * - - f 2o il ) L 3 L X ) »" - e [ ... 0.9 9.9 9. .9.9.9 9.9
-« R & n
........................................................................................
» @
9 4 40 a » > » ".....’.”... "””.... '.‘. .............
» A * »
.............................................................................

. Lo, = o TOW P At g ~ - - o..‘ufd‘ P e . Nimg SN T s g mte— g -
T . A o .w_mw.s&,é TR Fod A R eT g s I M S ATE AT SR LI St AN . S X E,
< vo AR r\d@rﬂwﬂa _ri. . .n«u.mm. - l.‘k.w\mdaﬂ. " hqn.v.nwu.uﬁme “w.m..lﬁ.\xnn&.:! Uu.tna«,_. rat "-’ac.. T e n R

. < * : 2 W.ﬂ A « e e O £ A S . NS T Lol 3
i T ey LG A Te 18 s.“F.._r\.mw B e e S I T R A I

W0 00000 000000 0.9,0.0. 6, N’b’t@.r’" AV 0, 0.0, 0.0.0.0.0.0.0.0.9

.................................................................
............................................................
.....................................................................................

OO

e

WAAAANAMAAAAAANAARAAAAAAA
R M XYM IO IO
RAAHKHAARARKRAARRKAAAK

000000
............................

L 4
............................
.................
.............................

] SASA+P75/DSS

t~ \& v - 48 o = e

uopdwmnsuo) pooyy

day 4

day 3

day 2

FIG. 3



CA 02657769 2009-01-14

WO 2008/011087 PCT/US2007/016341

Colon weight/length

4/15

Colon Inflammation Width/Length Measurement

3.8 n =6
* = P<0.050 vs sal/DSS
3.6 % %= P<0.050 vs SASA/DSS
34 .
3.2 |
3
208 * *
* % i *e
2.6
24
oot
2.2 I‘lii .
: SASA/
SASA/
|
sa sal SASA P35 SASA/PS3 P75




CA 02657769 2009-01-14
WO 2008/011087 PCT/US2007/016341

5/15

Hemoglobin:Fecal Pellets

40

35 X =p'<0.050 vs SASA

30

25
20
15
10
5
0

SASA  SASA:P35 SASA/PS3 SASA/PTS

Hemoglobin

no DSS DSS———————
FI1G. S
MPO/protein Levels
0.2

n=5-6

0.15

0.1

) I ' I
0

SASA SASA:P35
DSS——mmMm»

MPOQO/protein (nanogram/microgram)

No DSS

K1G. 6



CA 02657769 2009-01-14
WO 2008/011087 PCT/US2007/016341

6/15

DSS Induced Colitis in C57BL/6 Mice:
Mucosal Damage by H&E Stained Histology Slides

3.5 n=>6

% =p<0.050 vs 5-ASA/DSS
3
2.5 x
2
1.5 |
1
0.5
0
sal sal

SASA  SASA/P3S SASA/PS3 SASA/PTS

Mucosal Damage Score

NoDSS ¢4—m—+—+————DS§&+n0¥07-74—7n7—77i——— >

K1G. 7



CA 02657769 2009-01-14
WO 2008/011087 PCT/US2007/016341

7115

no DSS
saline
n=3-4/group
SASA
0.52 SASA:P35
SASA:90G
0.5
0.48 mas
miIiR
man
MmN
I
e
g I
g 0.46 miin n
fhor N T
e N N )
Hin P R 1
S B HH
o NN 11T ====
= sE H miis
0.44 W T -
T (ma o im
=== AN Hlin
NEE £ 111 Hiin
< T 11
1 , L1 11
mEN | INN] -
0.42 mun| L i ERE
munl (HS T I 1 T
sit - -
1T mal (O mas
o mm T T

Z
=
&
' o,
2
&
&
P
~
&
7
>,
E




WO 2008/011087
9.5
~ 85
=
S
- 7.5
&b
C)
= 6.5
o e
=
55
5
T s
3
>
L
=~ 35
2.5

CA 02657769 2009-01-14

8/15
n —
g =

K&

Vi

NENERENREN
(HNANEREEE
IHNENERNRE

3-4/group
p<0.050 vs saline

BEREN:=
ARl

llnly T— ey w—— gy Sl

v =

INE
11
IHN

PCT/US2007/016341

no DSS
saline
SASA
SASA:P35

SASA:90G

(ANANERDN|
[
i

no DSS 4—————————DPays Post-DSS——MmMmm




CA 02657769 2009-01-14

PCT/US2007/016341

WO 2008/011087

9/15

72
79,
-
Q
=

n = 3-4/group

16

imne

* =p<0.050 vs sali

15

S
v

P35

SASA

s csmny Gl cs— — dufvny s— U S— ) el s—

o X

’.’.f"”".’"."’...’”‘ '

IIIIII

255%?

7

.’.

L4 [

1¢ TS -l _—
5 - R ”‘ o -t
4 Wy Nﬁ 4..&..... W

olode%%

iy

920G

»
-

SASA

¢ | youd )
-t v v v— &

)3UI] / JYSIOM U0[0)

¢ .
000000 000 &

2 %0 %000 0000 % e e %

LR P S A A M S S ¢ .
)L, 000000000000000 9. 6.9 .00000

Lol R S ep— lll]‘ll'l‘ll'lil

S, Sty S ST B— i) S, pui—

§ IS ) b NN Dt UED BEY GmN BT G SEN WY Sur any Bed WS

oC

L4 X P I

0000 \J

X
I,

N

no DSS «—————————— Days Post-DS§—————————»




CA 02657769 2009-01-14

WO 2008/011087 PCT/US2007/016341
10/15
180
n = 2-4/group
160
140 no DSS
—~
S saline
o 120
= SASA
S 100
@ SASA:P35
=
o
o 80 SASA:90G
= HH
é 60 i
T
B
i
40 i
M=o =i
" i S
REEN| T I
imm -
o L 111 HH Il F




CA 02657769 2009-01-14
WO 2008/011087 PCT/US2007/016341

11115

n = 2-4/group

% =p<0.050 vs saline o DSS -

[]
ﬁ saline
L]

SASA

29

4

SASA:P35

X

Yol

A

e

e

e

>

Y

'

Yo

"

‘
B

A,

o

\ 4

\/

.‘
28902
0. 9.9

SASA:90G

A

fe

2.4

W

%

0"‘
X

-

R
X,
\/

(X
WS

4

¢

s
Yo

e’
505
el

<

S¢S
X

¢
&
‘0

1.9

;:
¢
AR

X3S
&

*
%

9
%

X
/\

%o

i "
reqele
/ ‘:&’A*.A

&

'S

o
o

Inflammation Score

1.4

¢
X

.‘
&
®

»

\/
0/
e

S

&
0’0

"

X
XX

) &

P
0:0
A A

®

‘

L)
X
-

¢’

----------------.
.

.
¢

)
)

¢
¢

b

’ ...

0.9

=
Q
>,
75
0
i ok
5
P
S w
*
>,
7
{ =)




CA 02657769 2009-01-14
WO 2008/011087 PCT/US2007/016341

12/15

4 % =p<0.050 vs saline
n=2-4/group

no DSS

3.5 saline

SASA

SASA:P35

2.5
@ SASA:90G

n

AN

\/

¢

X
TETOT0T ¢

%
s

1:-.

CECCT
A
4
o

‘0'
’0
L/

®

&

X
!

1.5

e
o'e

e

e

"
%

| /
%

Histology Score

A
»
%,

&5

\/

F 9

$

.9
o).

\/
A

£
e

®
9
A A

S

¢
&
%

(

o
®
X A

_
*
.

HENNEME
\/
X

0.5

®
)
¢

9ed
XX

s
’
»

0:0
&
CAR

o

>

\/
M

L F 1 1 J ¥F F _F 1 ¥ ¥ T T F 3F F 1.7
T ADER VR ED N ES e oS BN D BN SN S R S A e

\/
¢
}0

r,
%

no DSS ¢————————Days Post- DS§—————————p»




WO 2008/011087

Weight / Length (mg/mm)

MPO / Protein

25

20

15

10

0.05

0.04

0.03

0.02

0.01

CA 02657769 2009-01-14

PCT/US2007/016341
13/15

Colon Weight / Length

* =p<0.050 vs No DSS
n=06-8/group A=p<0.050 vs Sal and 5 ASA

SASA  SASA:PC

No DSS D S e ————————

FIG. 14

Colon MPO / Protein

* =p<0.050 vs No DSS
n=6-8/group A =p<0.050 vs Sal and SASA

SASA SASA:PC

No DSS DSS——--—--—p

FI1G. 15



CA 02657769 2009-01-14
WO 2008/011087 PCT/US2007/016341

14/15

Colon Contact Angles
S5 n=6-8/group

S0

45
40
33
30

SASA S5ASA:PC
DSS————m—————

Contact Angle (degree)

No DSS

FIG. 16

Hematocrit Values

0.657 n=6-8/group

&
=

055 * =p<0.05 vs No DSS, Sal, 5§ ASA

0.4

SASA S5ASA:PC

Hematocrit (%)

No DSS

DS§—m————p

K1G. 17



WO 2008/011087

Hemoglobin
(mg/2.5mg Fecal weight)

40
35

30
25
20

15
10

CA 02657769 2009-01-14
PCT/US2007/016341

15/15

Fecal Hemoglobin

A =p<0.05 vs Sal, SASA
*=p<0.05 vs No DSS

XK
l *
FAN
Sal 5ASA  SASA:PC
No DSS 4————DSS———«————>

n=6-8/group

FI1G. 18



no DSS

saline

n=3-4/group SASA

0.52 SASA:P35

S5ASA:90G

0.5

0548 :;f . s]ﬂb ™
o fed (;i" s
Vi'g T awany
il v R ALY
/‘%I Y" ‘ & A
¥ 1 3 PR
Ff"'!&,'ﬂ:’. It 'l:: -‘:E
B o
“ Stal. ‘ o3l i .’j
[ t\]. :.f‘.-’ . -
ﬂ e gt on iy
k.‘at& s 17 e v
AL N re v e
QU 0046 ' ‘.'} "-' "?fo;'kr
\ . i A
Fthd iy '}:m".'j i}’- "
' U Hihnk
[~ r AR
PSTORTI
Ta Ny T
- {’ ‘., A nv: “M}r i
At Ay
u l:.' t'"'u‘n'frf ; 4,- (5
m %‘3}‘7-3.,5 LF{'
J o S i :1?‘ 3
3 gD
0.44 5:'1.‘;,;";{;% ?&uu n‘-,_ p
"'“3‘4""5 ,n. ”‘.,) i
S Ev‘g"r% i
::;ﬂ‘“‘f {“,‘l (l !.aw"
g o o 1 s
N b Pl e
- La l nu
) 13131 Y :f 2.
0 42 Pl U'{é_ fuv "'*‘m -’"ﬂ il
: o e B T
4 - L b1
':'u - P '}"""‘ré :}{': s’i‘y
A % i RSO A
}~. rm'vzr 78 it
y 'm HWY P
- "l}! P
i#}"‘ﬁié ol ey
- f\ ro B
Ed % 21 R
N 1 f,, (-“4‘ P
| < W't € u::i Ol

0.4

1 3 6
No DSS 4—————————Days Post-DSS— e



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - abstract drawing

