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(54) Title: SMALL PEPTIDES AND METHODS FOR TREATMENT OF ASTHMA. AND INFLAMMATION
(57) Abstract

A pharmaceutical composition is described as an admixture of a pharmacological carrier and a peptide having the formula:
f-Met-Leu~-X. X is selected from the group consisting of Tyr, Tyr-Phe, Phe—Phe and Phe-Tyr. Also described are methods for inhibiting
the degranulation of mast cells and for treating inflammation in a patient, for example, where the inflammation is a result of a disease
selected from the group consisting of asthma, rheumatoid arthritis and anaphylaxis. In addition, methods are described for inhibiting the
release of cytokines in a patient, for inhibiting the release of histamines in a patient, for inhibiting the release leukotrienes in a patient,
for reducing adhesion, migration and aggregation of lymphocytes, eosinophils and neutrophils to a site of inflammation in a patient, for
reducing the production of IgE antibodies at site of inflammation in a patient, and for inhibiting increased vascular permeability at site of
inflammation in a patient. The methods use the described pharmaceutical composition.
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the nunber of j@GiBit€on activity and to methods for treating inflammation, and particularly to

N-formyl-methionyl peptides useful for the treatment of inflammation. More
particularly, the invention relates to methods of treating diseases or conditions
involving mast cell degranulation including, for example, asthma, rheumatoid

arthritis and anaphylaxis.

BACKGROUND OF THE INVENTION

Asthma is a complex disorder. Both hereditary and environmental
factors -- allergies, viral infections, irritants -- are involved in the onset of
asthma and in its inflammatory exacerbations. More than half of asthmatics
(adults and children) have allergies; indeed, allergy to house dust mite feces is a
major factor in the development of the disease and in the occurrence of
exacerbations. Infection with respiratory syncytial virus during infancy is also
highly associated with the development of asthma, and viral respiratory

infections often trigger acute episodes.

The introduction three decades ago of bronchodilating betaz-agonists --
adrenergic agonists selective for the betas receptor -- revolutionized the
treatment of asthma. These agents proved to be more potent and longer acting
(4-6 hours) than the nonselective adrenergic receptor agonists such as
isoproterenol, which stimulate both alpha- and beta-adrenergic receptors.
Betaz-agonists give rapid symptomatic relief and also protect against acute
bronchoconstriction caused by stimili such as exercise or the inhalation of

frigid air. Frequency of use can also serve as an indicator of asthma control.
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asthma has | edirddoa phepdrditydaséthg interactions (competition for hepatic cytochrome
P450 drug-metabolizing enzymes alters plasma levels of several important

drugs metabolized by that same system).

Moderate asthma is treated with a daily inhaled anti-inflammatory-
corticosteroid or mast cell inhibitor (cromolyn sodium or nedocromil) plus an
inhaled betaz-agonist as needed (3-4 times per day) to relieve breakthrough
symptoms or allergen- or exercise-induced asthma. Cromolyn sodium and
nedocromil block bronchospasm and inflammation, but are usually effective
only for asthma that is associated with allergens or exercise and then, typically,
only for juvenile asthmatics. Inhaled corticosteroids improve inflammation,
airways hyperreactivity, and obstruction, and reduce the number of acute
exacerbations. However, it takes a month before effects are apparent and up to
a year for marked improvement to occur. The most frequent side effects are
hoarseness and oral candidiasis. More serious side effects have been reported -
-partial adrenal suppression, growth inhibition, and reduced bone formation --
but only with the use of higher doses. Beclomethasone, triamcinolone, and
flunisolide probably have a similar mg-for-mg potency; the newer approvals
budesonide and fluticasone are more potent and reportedly have fewer systemic
side effects.

Even patients with mild disease show airways inflammation, including
infiltration of the mucosa and epithelium with activated T cells, mast cells, and

eosinophils. T cells and mast cells release cytokines that promote eosinophil
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bronchodilators. These agents help the symptoms of asthma, but do nothing
for the underlying inflammation. Recognition during the last 10 years of the
importance of inflatnmation in the etiology of asthma has led to the increased
use of corticosteroids, but many patients continue to suffer from uncontrolled
asthma.

Scientists have determined that the leukotrienes (of which there are A, B.
C, D, and E subtypes} plays a crucial role in asthma. They cause airways
smooth muscle spasm, increased vascular permeability, edema, enhanced

mucus production, reduced mucociliary transport, and leukocyte chemotaxis.

Like related prostaglandin compounds, leukotrienes are synthesized from
arachidonic acid in the cell membrane. Arachidonic acid in mast cells,
eosinophils, macrophages, monocytes, and basophils is formed from membrane
phospholipids by the activation of phospholipase A2. After its formation,
arachidonic acid undergoes metabolism via two major pathways: the
cyclooxygenase pathway (which produced various prostaglandins and
thromboxanes) and the 5-lipoxygenase pathway (which produces leukotrienes).
A schematic of arachidonic acid metabolism is illustrated in FIG. 4. The
prostaglandins, thromboxanes, and leukotrienes are known collectively as

eicosanoids.

Anti-leukotrienes are members of a heterogeneous class of anti-asthma

agents with the potential to interfere with the initial steps in the inflammatory
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constriction. The results include interstitial edema, leukocyte chemotaxis,

mucus production, mucociliary dysfunction, and bronchospasm in the lungs.
Certain classes of leukotrienes, for example, the cysteinyl leukotrienes (LTDa),
are particularly potent bronchoconstrictors, being approximately 100 to 1,000
times more active than histamine. Leukotrienes, including cysteinyl

leukotrienes, are released from mast cells during degranulation.

A number of anti-leukotrienes that either block leukotriene receptors or
prevent leukotriene synthesis by blocking the enzyme S-lipoxygenase are under
investigation and in commercial use. The leukotriene inhibitors are
heterogeneous in action: some block S-lipoxygenase directly, some inhibit the
protein activating S-lipoxygenase, and some displace arachidonate from its
binding site on the protein. The leukotriene antagonists, by contrast, block the
receptors themselves that mediate airways hyperactivity, bronchoconstriction,

and hypersecretion.

Human lung mast cells produce tumor necrosis factor (TNF), IL-4 and IL-
S after IgE stimulation in vitro (Chest 1997; 112:523-29).
Immunohistochemical analysis in endobronchial biopsy specimens has
confirmed this together with IL-6 production. Further, mast cell counts and
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eXPT eSS synthesize others (IL-4, IL-5) could be the initial event leading to bronchial
inflammation. In fact, the induction and activation of TH2 clones, through a
further production of cytokines, facilitates the activation and recruitment of the
eosinophils, which act as the terminal effectors of the inflammatory reaction. In
turn, the cytokines produced by leukocytes (TH2 cells, in particular) profoundly
affect the development, activation, and priming of mucosal mast cells, thus
promoting a positive proinflammatory loop. The recent findings that human
mast cells produce IL-8 and that murine pulmonary-derived mast cells express
both chemokines, monocyte chemoattractant protein-1 and macrophage
inflammatory protein-1. This suggests that, besides the cytokines classically
involved in leukocyte recruitment (IL-4, IL-5, TNF), mast cells also elaborate
additional, potent chemoattractants in the airways, acting on eosinophils and
polymorphonuclear leukocytes (IL-8). Moreover, because chemokines acting
as histamine-releasing factors elicit mast cell degranulation, they may further

sustain an autocrine activating loop.

The mast cells also play a key role in B-cell growth to provide the cell
contact (like basophils) that is required, along with IL-4, for IgE synthesis in
vitro, which suggests that mast cells may directly regulate the production of IgE
independently of T-cells, and may, upon IgE cross-linking, generate a sufficient
amount of IL-4 to initiate a local TH2 response, the subset of T-cells considered

to play a central role in atopic asthma. Moreover, mast cells can also act as an



bot h chenoki nes, nonocyte chenvattractant protein- | and macrophage

i nfl ammtorxv(ﬁé@{é' - 1. This suggests that, besides the cytokCcnas9s/14103
classically ed in |l eukocyte recruitnent (I1L-4, IL-5 TNF), nmast cells-
al so el aborate additional, potent chempattractants in the airways, acting
on eosi nophils and pol ynor phonucl ear | eukocytes (1L-8). Mreover, because
chenolines acting as histamne-releasing fagtors elicit mast cel

degranul ation, they may further sustain an autocrine activating |oop. The
mast cells also play a key role in B-cell gromh to provide the cel

contact (IikeahpagapBiésehtingalellits T-Bahpledtes|stp8estiridan evén 14rgér tAIE for

synthesis in vitro, _ which suggests that past cells may directly regul ate

t he producti omast C?Ibﬂ?q%éf}%&éﬁtqe@"eﬁ‘ ol a¥hma. and may, upon 1gE
cross-linking, generate a sufficient anount of IL-4 to initiate a |ocal TH2
response, the subset of T-cells considered to ﬁ}a a central role in atopic

asthma. Moreover, Hhbition ¢fsnasfcell degranplationgby N-fogmyhmeshionyi-dagili ng

cell to T-I WEH OhBSinS WA8 2ebd e ﬁm,@v@rnmla%gevof <sl ®of 9 ppBps- 1fsedﬂ9%15n the
i mmune network of” asthma. Inhibition of nast cel e ranu?atlon

N f or ny! - met hThergl it wae yeporisdethat Awarfitiectineaily éﬁé@rqrécphemqtﬁﬁmgm@qi% i.evol .
5, No. 1, pp. ﬁ%é%téﬁn(a}&sﬁ)forﬂiﬂﬁfn%&nbhym tir?{aﬁéﬁﬁ da‘:ﬂf?é ihiibiS i ElcHE el h

di fferent che actic peptides ) peps I nan

N-f or myl - net hvaseyplan pereseabilifzmrodneed hE intrademnal injretionf 48980, Antiarsd dgEr
perneabi lity pradyced by d-06EadeE MlodiBipeEhb e 40480180 Erobbalk $ng in

rat skin. It also has been reported that these peptides appear to act directly on

the mast cells.

Because of the importance of treating inflammatory diseases in humans,
particularly, for example, asthma, arthritis and anaphylaxis, new bioactive
compounds having fewer side effects are continually being sought. The
inhibition of mast cell degranulation by the intervention of novel peptides of the
present invention within the context of the asthma inflammatory process is
visually depicted in FIG. 4.

SUMMARY OF THE INVENTION

The present invention provides novel pharmaceutical compositions
containing in a suitable pharmacological carrier a N-formyl-methionyl-leucyl (“f-
Met-Leu”) peptide having mast cell degranulation inhibition activity.
Particularly useful such peptides are those having the formula f-Met-Leu-X
where X is selected from the group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-
Tyr. Such peptides are useful for treating inflammation, and particularly in
treating inflammation connected with asthma, arthritis and anaphylaxis. These
peptides alsc are useful for treating chronic obstruction pulmonary disease and
chronic inflammatory bowel disease.



serum or maecronol ecul ar anionic perneability factor isolated fromcalf

lung in rat a)éM} {4 also has been reported that these pepti depcaRRe9H41bP
act directly on A& %mast cells. Because of the i nportance of treating

i nflammat ory di seases in humans, particularly, for exanple, asthma,
arthritis and anaphyl axi s, new bi oactive conpounds havi ng fewer side
effects are continually being sought. The inghibition of mast cell

degranul ation by the intervention of novel peptides of the present

i nvention within the context of the asthma inflammtory process is visually

depicted in FIG 4. ; ' i i
epicted in In SEMARYitRRhE P SOMENTLANLI NE nRtBS& Bir &Q%ﬁlgg '#gfg%xpg:ga}%égfs

novel pharmaceutical conpositions containing in a suitable ph
carrier a N f R @ypamemy cnpuses admiristeringto the mpmpsaak an entizinflagnmaterycel |

degranul ati on eiBltiR 4h80na6E b Wephide BRMAL HAforhs BNt BUE ' are
t hose havi ng tehe f or mul anf- I\/E;{’I-e euSX _whegfe X1 s%%?gg%te%é{??ko‘?ﬁﬁtg#eiggoup
consi sting of sqigetedijempihe erpup consisting ©HyT, Tyr-PheuBhe-FhgtardeBhearlyrudesrul
for treating i -%%Tmh% @y ' I“gﬁ.’ ' r ' | Imption
connected wt hwaalgt. ma, ar_tatlw It F@%g%déggnap éfg{gﬁlé’;%éefg%egg{%l des also are
useful for tredminigteationrisdyoipdatatian.oRoptieating ipflatingestion eonnedtedwith
I nfl ammat ory . di | dF 26528 .t D .prresent _j.nvention, a
met hod for treatl r%s’ iaﬁge%n{%% fné)%ie& Strlibesd H)%up app'ﬁca on or
intradermal injection, using a suitable pharmacological carrier.

The present invention also provides a method for inhibiting the
degranulation of mast cells. The method comprises contacting mast cells with a
degranulation inhibiting amount of a peptide having the formula f-Met-Leu-X
where X is selected from the group consist1:1_1g of Tyr, Tyr-Phe, Phe-Phe and Phe-

Tyr.

Further, the present invention also provides a method for inhibiting the
release of cytokines, histamines and leukotrienes. The method for inhibiting
the release of cytokines comprises administering to the patient a cytokine
release inhibiting effective amount of a peptide having the formula f~-Met-Leu-X
where X is selected from the group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-
Tyr. The method for inhibiting the release of histamines comprises
administering to the patient a histamine release inhibiting effective amount of a
peptide having the formula f-Met-Leu-X where X is selected from the group
consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr. The method for inhibiting the
release of leukotrienes comprises administering to the patient a leukotriene
release inhibiting effective amount of a peptide having the formula f-Met-Leu-X
where X is selected from the group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-
Tyr.

In accord with another embodiment, the invention provides a method for

reducing adhesion, migration and aggregation of lymphocytes, eosinophils and
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In addition, the present invention provides a method for inhibiting
increased vascular permeability at site of inflammation in a patient. The
method comprises administering to the patient a vascular permeability
inhibiting effective amount of a peptide having the formula f-Met-Leu-X where X
is selected from the group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr.

In certain preferred embodiments of the present invention, patients
having chronic inflammation can benefit by administering the peptide of the
present invention in combination with another active ingredient. Particularly
useful other active ingredients for such combination in accord with the present
invention are, for example, antileukotrienes, beta, agonists, corticosteroids, and
the like.

BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a log dose response curve illustrating area of capillary

permeability for various concentrations of Compound 48/80.

FIG. 2 is a dose response curve for inhibition of capillary permeability by

various concentrations of f~Met-Leu-Phe.
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enbodi nents of the present invention, patients having chronic inflammation
can benefit by adm nistering the peptide of the

FIGs. 5A and - SB are schematic illustrations of the different protocols of
Standard (5A) and Resolution (5B) used in The OVA-induced Bronchial Asthma
Mouse Model.

FIGs. 6a - 6D are micrographs illustrating the comparative
histopathology of a treatment with a compound of the present invention

inhibiting the OVA induced asthma in treated mice and control mice.

FIG. 7is a histogram showing the results for treatment in accord with the

present invention on formation of mucus plugs in a murine asthma model.

DETAILED DESCRIPTION OF THE INVENTION .

In accord with the present invention, certain small peptides having the
formula f-Met-Leu-X where X is selected from the group consisting of Tyr, Tyr-
Phe, Phe-Phe and Phe-Tyr have been found to have surprising activity for
inhibiting the degranulation of mast cells. As a result, such peptides inhibit the
release of cytokines (such as, for example, TNF}, as well as histamines and
leukotrienes and they are useful for treatment of inflammation, which can
result from a variety of ailments such as, for example, asthma, arthritis and
anaphylaxis. Such peptides also are useful in treating chronic obstruction

pulmonary disease and chronic inflammatory bowel disease.

In accord with preferred embodiments of the present invention, the

peptides also can reduce the infiltration of eosinophils, basophils and



present invention in conbination with another active ingredient.

Particul arl &gﬁg&&n other active ingredients for such conbi napicgiydegfesord
with the pre I'nvention are, for exanple, antileukotrienes, beta2 .
agoni sts, corticosteroids, and the |ike. BRI EF DESCRI PTI ON OF DRAW NGS
perneability for various concentrations of Conpound 48/80. FIG 2 is a dose
response curve for inhibition of capillaryjgernmeability by various
concentrations of f-Met-Leu-Phe. 9 FIG 3 is a dose response curve for
inhibition of capillary perneability by various concent rati ons of a

preferred pept Efdsﬂ-gﬂ
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formation of EESH&e Bﬁéﬂ?st@te%h%de@? ’I%Set 3%5’:%d\sﬂen used for administration are
prepared under aseptic conditions with a pharmaceutically acceptable carrier or
diluent.

Doses of the pharmaceutical compositions will vary depending upon the
subject and upon the particular route of administration used. Dosages can
range from 0.1 to 100,000 pg/kg a day, more preferably 1 to 10,000 ug/kg.
Most preferred dosages range from about 1 to 100 ug/kg, more preferably from
about 1 to 10 ug/kg of body weight. Doses are typically administered from once
a day to every 4-6 hours depending on the severity of the condition. For acute
conditions, it is preferred to administer the peptide every 4-6 hours. For
maintenance or therapeutic use, it may be preferred to administer only once or
twice a day. Preferably, from about 0.18 to about 16 mg of peptide are
administered per day, depending upon the route of administration and the
severity of the condition. Desired time intervals for delivery of multiple doses of
a particular composition can be determined by one of ordinary skill in the art

employing no more than routine experimentation.

Routes of administration include oral, parenteral, rectal, intravaginal,
topical, nasal, ophthalmic, direct injection, etc. In a preferred embodiment, the
peptides of this invention are administered to the patient in an anti-
inﬂammatorf effective amount or in a dosage that inhibits degranulation of
mast cells. An exemplary pharmaceutical composition is a therapeutically

effective amount of a peptide in accord with the present invention that provides



DETAI LED DESCRI PTION OF THE I NVENTION I n accord with the present invention,
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denotes an organic or inorganic ingredient, natural or synthetic, with which the

molecules of the invention are combined to facilitate application. The term
“therapeutically-effective amount” is that amount of the present pharmaceutical
compositions, which produces a desired result or exerts a desired influence on
the particular condition being treated. Various concentrations may be used in
preparing compositions incorporating the same ingredient to provide for
variations in the age of the patient to be treated, the severity of the condition,
the duration of the treatment and the mode of administration.

The carrier must also be compatible. The term “compatible”, as used
herein, means that the components of the pharmaceutical compositions are
capable of being commingled with a small peptides of the present invention,
and with each other, in a manner such that does not substantially impair the

desired pharmaceutical efficacy.

The small peptides of the invention are typically administered per se
(neat). However, they may be administered in the form of a pharmaceutically
acceptable salt. Such pharmaceutically acceptable salts include, but are not
limited to, those prepared from the following acids: hydrochloric, hydrobromic,
sulfuric, nitric, phosphoric, maleic, acetic, salicylic, p-toluene-sulfonic, tartaric,
citric, methanesulphonic, formic, malonic, succinic, naphthaiene-2-sulfonic,
and benzenesulphonic. Also, pharmaceutically acceptable salts can be

prepared as alkaline metal or alkaline earth salts, such as sodium, potassium



Doses of the pharmaceutical conpositions wll vary dependi ng upon the

subj ect and upon _the particular route of adm nistration used. n
range from oW 9@85?80,000 [err]g/kg a day, nore preferably 1 gﬁﬂ?@%ﬁééﬁﬁ )
[err]g/ kg. Most preferred dosages range fromabout 1 to 100 [err]g/ kg, nore
preferably fromabout 1 to 10 [err]g/kg of body weight. Doses are typically
adm ni stered fromonce a day to every 4-6 pours depending on the severity

of the condition. For acute conditions, it Is preferred to adm nister the
pepti de every 4-6 hours. For naintenance or therapeutic use, it nmay be
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routi ne experdameetsathieoenf sRautmsorsillyaahy oiber thetapeuticdhgrbeliaital , parenteral ,
rectal, intravaginal, topical, nasal, ophthalmc, direct injection, etc. In
a preferred enbodi nent, the peptides of this invention are admnistered to
the patient in an Toetéompoditionsritduge efidsectuitablafioruotal aectd), mte@sagealt hat
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with the preamsetl dsvosnts ofadthirtisprativh dessng thel hadsrialsioffthe prededitineddaat. or

that inhibit %hde 2204 'gatlli c%rx]nggsitqggst cgr(?gagzicihgtﬁé%itiglgls |o¥ the present invention may
also contain one or more pharmaceutically acceptable carriers, which may
include excipients such as stabilizers {to promote long term storage),
emulsifiers, binding agents, thickening agents, salts, preservatives, solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like. The use of such media and agents for
pharmaceutical active substances is well known in the art. Except insofar as
any conventional media or agent is incompatible with the peptide of this
invention, its use in pharmaceutical preparations is contemplated herein.

Supplementary active ingredients can also be incorporated into the

compositions of the present invention.

Compositions suitable for oral administration are preferred for treatment
of asthma. Typically, such compositions are prepared as an inhalation aerosol,
nebule, syrup or tablet. Compositions suitable for topical administration are
preferred for treatment of arthritis, although oral compositions aiso can be
convenient. Typically, such topical compositions are prepared as a cream, an

ointment, or a solution.

. The cqmpositions may conveniently be presented in unit dosage form
and may be prepared by any of the methods well known in the art of pharmacy.
Methods typically include the step of bringing the active ingredients of the
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succi ni c,

acid (to adjust pH).

Compositions of the present invention suitable for oral administration
also may be presented as discrete units such as capsules, cachets, tablets or
lozenges, each containing a predetermined amount of the peptide of the
invention, or which may be contained in liposomes or as a suspension in an
aqueous liguor or non-aqueous liquid such as a syrup, an elixir, or an
emulsion. An example of a tablet forrnulation base includes corn starch,
lactose and magnesium stearate as inactive ingredients. An example of a syrup
formulation base includes citric acid, coloring dye, flavoring agent,
hydroxypropylmethylcellulose, saccharin, sodium benzoate, sodium citrate and
purified water.

Compositions suitable for parenteral administration conveniently
comprise a sterile aqueous preparation of the molecule of the invention, which
is preferably isotonic with the blood of the recipient. This aqueous preparation
may be formulated according to known methods using those suitable dispersing
or wetting agents and suspending agents. The sterile injectable preparation
may also be a sterile injectable solution or suspension in a non-toxic

parenterally-acceptable diluent or solvent, for example as a solution in 1,3-



and benzenesul phonic. Al so, pharnmaceutically acceptable salts can be
prepared as al kali netal or alkaline earth salts, such as sopdltt:' 03
pot assi um w&99&597§a| ciumsalts of the carboxylic acid group. /gﬁg?&l]t"[!le
present invention provides pharnaceutical conpositions, for nedical use,
whi ch conprise peptides of the invention together with one or nore
pharmaceutically acceptable carriers theregfy and optionally any other

t herapeutic ingredients. The conpositions include those suitable for oral,
rectal, intravaginal, topical, nasal, ophthalmc or parenteral
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conposi tions %rmtqute%rv%%g rllitpiésngte Q‘I bofgi' compound injection on a time release basis

from solid form at 37° C over a period of weeks or months.

Compositions suitable for topical administration may be presented as a

solution of the peptide in Trappsol or DMSO, or in a cream, ointment, or lotion.

. Typically, about 0.1 to about 2.5 % active ingredient is incorporated into the
base or carrier. An example of a cream formulation base includes purified
water, petrolatum, benzyl alcohol, stearyl alcohol, propylene glycol, isopropyl

- myristate, polyoxyl 40 stearate, carbomer 934, sodium lauryl sulfate, acetate
disodium, sodium hydroxide, and optionally DMSO. An example of an ointment
formulation base includes white petrolatum and optionally mineral oil, sorbitan
sesquioleate, and DMSO. An example of a lotion formulation base includes
carbomer 940, propylene glycol, polysorbate 40, propylene glycol stearate,
cholesterol and related sterols, isopropyl myristate, sorbitan palmitate, acetyl

alcohol, triethanolamine, ascorbic acid, simethicone, and purified water.

The Rat Skin Model for Determination of Inhibition of Mast Cell Degranulation

Allergy induced asthma results from exposure-of substances (allergens)
to which an organism has become hypersensitized. .E;:posure to allergen
results in degranulation of mast cells in the lung, releasing leukotrienes and
histamines. In response to the release of leukotrienes and histamines, capillary
permeability is dramatically increased and blood plasma leaks from the

capillaries into the surrounding tissues. Respiratory symptoms resulting from



Conpositions suitable for oral admnistration are preferred for treatnent
of asthma. Typically, such conpositions are prepared as an i nhaghgtidanai0s
aerosol , neBf} ¥~ Vyup or tablet. Conpositions suitable for topica

adm nistration are preferred for treatnment of arthritis, although oral
conpositions also can be convenient. Typically, such topical conpositions
are prepared as a cream an ointnent, or a,solution. The conpositions may
conveniently be presented in unit dosage formand may be prepared by any of
the nethods well known in the art of pharmacy. Methods typically include

the step of bripging the active_ingredi s_of the .13 inventi | nt,o
associ ation an g’&?‘?slué? TRREY fr&&%&‘?‘{ Efcgﬁén%ﬁgdoﬁnewg?g%ggge y fatal
i ngredi ent's. (4aRpRY| irddNdingfintdxtrdme shrdnit tuses deathsby hahpRylaats.i nhal at i on
adm nistration may be presented, for exanple, as aerosols or inhalation

solutions. An exanple of a typical aerosol conposition consists of the
desired quantity afo dérabastricd Blis phenpaphotexpesipestally, atakih Xé substfuted

trichl orononagf | uor onet hane a i chl or,odi fl uoronet hane plus ol ei¢c acid. An
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di met hyl sul f oxi de (" Q') .for. solubility) ben{ial kopi um chl ori de, and
sul furic aci dﬂffltli?rz&’é Jpﬁéimﬁ p.\)s_elf, and is excluded from live cells. Intact blood vessels,

including the capillary system, retain this dye under normal circumstances. A
compound, which induces degranulation of mast cells (resulting in leukotriene
and histamine release), is injected into the skin to simulate allergen-induced
degranulation. In these experiments, Compound 48/80 was used for this
purpose. In the events following leukotriene and histamine release, capillary
permeability is increased, and plasma, dyed blue, leaks from capillaries and
dyes the skin surrounding the injection site blue. The area of bluing is a

measure of the amount of Compound 48/80 injected.

A compound can be tested for "anti-leukotriene" and/or "anti-histamine”
activity by mixing it with Compound 48/80 prior to injection. If the test
compound inhibits leukotriene or histamine release, an area of bluing of
smaller diameter is observed when compared to an injection site on the same
rat into which Compound 48/80 has been injected without any of the test
compound. In the case of high anti-leukotriene and anti-histamine activity, the

bluing may actually be totally inhibited.

Experimental
The rat skin model was undertaken and validated. Various peptides

were tested at a predetermined dose for anti-leukotriene and/or anti-histamine
activity. The dose selected allowed a general comparison to f-Met-Leu-Phe,

which was standard compound for comparison.
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may be presente di screte units such as capsul es, cachets,
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emul sion. An exanple of a tablet fornulati base includes corn starch,

| act ose and magnesi um stearate as inactive ingredients. An exanple of a
syrup formnul ati on base includes citric acid, coloring dye, flavoring agent,
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Thi s aqueous Prapaf SEPEAEBY BEFEYRTRESF AL PRl doser A RBt#5%s using
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sterile injectabl e BLE aratipn.may.alsp be a ;Lfrile i nj ectabl e solution or
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exanple as a solution in 1, 3- 14 butane diol. Among the acceptable
vehi cl es and aol ven!ts Ehat gag be enpl oyed are water, Ringer's solution and
i sot oni ¢ sodi ion. In aqueous solutions, up to about 10 %

v/iv DMBO or TrappsRdagents Werdisioidiriedl #Bid'$inth or Aldrich, with the exception of
ketamine, a veterinary anaesthetic that was obtained from various veterinary
suppliers. The rats used were male Sprague-Dawley breed, 220-240g at time of
purchase from B&K International.

For the rat skin reaction, rats were anaesthetized with 0.25 m! 10 mg/ml
ketamine. 1.0 ml trypan blue in saline (sterile filtered) was administered in a
tail vein, and the back of the rat was shaved. Four intradermal injection sites

per rat were used for test and control injections.

Compound 48/80 was prepared as a 1.5 mg/ml stock solution in saline.
This material was found to be potentially unstable in aqueous solution and was
prepared freshly each day. Serial dilutions in saline to working levels were

prepared just prior to injection of each rat.

Peptides were prepared as a 23 mM stock solution in DMSO, and stored
at -20°C between experiments. At the time of use, the frozen stock solutions '
were thawed, and appropriate aliquots added to dilutions of Compound 48/80,
along with appropriatg amounts of DMSO, to result in the ratio of 5 pl DMSO to
0.1 ml aqueous Corﬁpound 48/80. This resulted in a 5% solution of DMSO,
necessary to maintain solubility of certain peptides. The effect of 5% DMSO

was demonstrated by control experiments to be nil.



solubility of sonme peptides. Al so, sterile, fixed oils may be
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pur pose, fixed oils can be enployed including synthetic nono-

or di glycerldes. In addition, fatty acids (such as oleic acid or neutral
fatty acids) can be used in the preparation of injectibles. Further,

Pl uroni ¢ bl ock copolyners can be fornmulategrzwith lipids at 4 C for conpound
injection on a tinme rel ease basis fromsolid format 37[err] C over a
period of weeks or nonths. Conpositions suitable for topi cal adm nistration
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water. The Rat Skin Model for Determ nation of Inhibition of Mast Cell
Degranul ation Allergy induced asthma results from exposure-of substances

(allergens) to whighossrespgnse &ﬂr\kmabgeﬁmtmtlehgeosi@bﬁm 48 XPO YK EribAs

allergen results ndeg(slﬁlat on g 3% S in relg._ﬁllng

| eukot ri enes “8fE® n 0?15 Fén ”tgo lheer‘?séll a%r§ nes

and hi st am n§pideGRRidbidfYwas noted in the diameter of areas of capillary permeability for
a given dose of Compound 48/80 based upon rat-to-rat variations (e.g.,
thickness of skin}. A dose of 0.15 pg of Compound 48/80 was selected for
conducting further tests.

Example 1
A dose response curve was prepared for the standard compound, f-Met-

Leu-Phe, using the selected dose of 0.15 pg Compound 48/80. Doses of 0 to
about 230 nM of f-Met-Leu-Phe were tested and the results are shown in FIG. 2.
Inhibition of degranulation induced by Compound 48/80 was clearly shown.

Examples 2-11
Several f-Met-Leu peptides were tested for inhibition of induced

degranulation in the rat skin model using 100 nanomoles of the test peptide
and a dose of 0.15 pg Compound 48/80. An intrinsic zero-peptide-dose 48/80
control was included in each rat for each experiment, and the % of inhibition
was expfessed in relative terms to this control {0 % inhibition}. The percent
mast cell degranulation produced by 48/80 was also determined. The results
are tabulated below.



perneability is dramatically increased and bl ood plasnma | eaks fromthe
capillaries into t surroundi ng tissues. Respiratory synpto i

from 15 SYY&?S”&#]' xposure range frommld (itching and snerergll’(%f;)ﬁ!;'S'ts?)l4ng
potentially fatal (asthma), including in extreme chronic cases death by
anaphyl axis, To denonstrate this phenonmenon experinentally, rat skinis
substituted for lung. In this nodel, the bigod plasma of the experinental
rat is |labeled with the dye trypan blue. This soluble dye is carried in the
bl oodstream as a passive marker of plasma itself, and is excluded fromlive
cells. Intact blood vessels, including the capillary system retain this
dye under nornmal circunstances. A conpound, which induces degranul ation of
mast cells (resulting in |eukotriene andIabkthmni ne rel ease), is injected

into the ski i.mul | er gen-i nduced S l.ation. } hes . .
experinments, %aglﬁ%lhnd ?8‘%? eWas used for th?’s purggge. In {ﬂ%E%rvaé’ﬁ%‘%tm

fol | owi ng | euko2ri ene dndenileudtheanlprioclagtise, capi Blary perneabi 60ty is

i ncreased, and pl asnma, ] 3, fromcapiljfaries and dy the skin
surroundi ng thegi nj ectirg)r%%gp;t?y%rhéf%#%e area of bluing is a msggure of the
amount of Conpofind 48/ 890-tiBPEeMettLew-Rienpound can ®e tested for -
“anti-|eukotriepge" and/of . anti:-hi mne" activity by mxing it with
Compound 48/ 80 %ri or totOI?Iﬁf g’%ﬁi%’?"%‘? t he test con%ound inhibits

| eukotri ene or @i stam rfeMeeLeasRhe(lsenzglaenidej bl ui ng of smaller dianeter is
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8 f-Met-Leu-Phe(methyl ester) 0 -
9 f-Met-Leu-Phe-Phe 100 1-3
10 f-Met-Leu-Tyr 53 30
11 f-Met-Leu-Tyr-Tyr _ 0 -
Example 12

A dose response curve was prepared for f-Met-Leu-Phe-Phe using the
selected dose of 0.15 pg Compound 48/80. Doses of O to about 230 nM of {-
Met-Leu-Phe-Phe were tested and the results are shown in FIG. 3. Surprisingly
remarkable inhibition of degranulation induced by Compound 48/80 was
clearly shown. The inhibition of induced degranulation for f-Met-Leu-Phe-Phe
was unexpectedly substantially better than that of the standard compound f-
Met-Leu-Phe.

The OVA-induced Bronchial Asthma Mouse Model
for Inhibition of Mast Cell Degranulation

Asthma is a complex disease, which is characterized by spontaneous
exacerbation of airways ébstrucﬁon and pefsistent bronchial
hyperresponsiveness. Chronic infiltration with activated T-lymphocytes,
eosinophils and macrophages/monocytes of the airway submucosa is another

established feature. Inflammatory mechanisms, with expression of cytokines,



rat into which Conpound 48/ 80 has been injected without any of the test
conpound. lﬁﬁé%’z se of high anti-leukotriene and anti-hi st anpoeussesisatil y,
t he bl ui ng actually be totally inhibited. Experinental The rat skin
nodel was undertaken and validated. Various peptides were tested at a
predeterm ned dose for anti-Ileukotriene and/or anti-histamne activity. The
dose selected all owed a general conparisomgo f-Met-Leu-Phe, 16 A "dose
response” titration was performed for sone conpounds and conpared with the
standard conmpound. Cbserving serial decreases in the size areas of

capillary peLRRARlbickstst HllasinaRbiymSHRbAY, WiRReRe Mo bt dudhabisv
i nhi bitory conpound validates the inhibition of |eukotriene and/or
hi st ami ne r ebeerchaspnstniation and hsonehial hypgrespansivaness. dinyeevessmuch of the

Material s angagféégﬂﬁsnggﬁgﬁﬂh?‘rgiﬁﬁﬁ'ls%@iiegﬁde.%.%g?%gﬂt 2 mé‘ltﬂ%f iy th

t he exceptio ~Ketamne, a veter] nary,a.na’es _ was obtal ned from
vari ous vet epersistgnce gpbymaptomyisadrchronigindflagemationl andphaipiervoationp br eed,

220-240g at tl.pBd P&Egﬁéﬁﬁaﬂé pg@ﬁ%thg;g%&%gi onal. For the rat skin
: m

reaction, rat's were anaesthetized wth 10 mg/mM ketamine. 1.0 m
trypan blue in saline (sterile filtered) was admnistered in a tail vein,

and the back of they, ;WA 3G EnizEQ Yhat BSANE I HRAIh MRESL P Pnhd St can
induce an acute increase in airway responsiveness in some individuals and
animal models. However, repeated allergen inhalations have demonstrated
more pronounced, consistent, and pré:longed increases in airway
responsiveness. This mouse model of long-term repeated inhalations of allergen
has been used to study the long term effect of allergic diseases in the lung, and
to delineate the cells, mechanisms, molecules, and mediators involved in the

induction of airway hyperresponsiveness of lung in humans.

Materials and Methods

Reagents: Crystalline OVA was obtained from Pierce Chem. Co.
(Rockford, IL) aluminum potassium sulfate (alum) from Sigma Chem. Co. (St.
Louis, MO), pyrogen-free distilled water from Baxter, Healthcare Corporation
(Deerfield, IL), 0.9% sodium chloride (normal saline) from Lymphomed
(Deerfield, IL) and Trappsol™ HPB-L100 (aqueous hydroxypropyl beta
cyclodextrin; 45 wt/vol % aqueous solution) from Cyclodextrin Technologies
Development, Inc. (Gainesville, FLA). The OVA (S00 pg/ml in normal saline)
was mixed with equal volumes of 10% (wt/vol) alum in distilled water. The
mixture (pH 6.5 using 10 N NaOH) after incubation for 60 minutes at room
temperature underwent centrifugation at 750 g for 5 minutes; the pellet was

resuspended to the original volume in distilled water and used within one hour.

The selective S-lipoxtgenase inhibitor, Zileuton (N-[1-benzo[b]thien-2-
ylethyl]-N-hydroxyurea; J. Pharmacol Exp Ther. 1991; 256: 929-937), was
kindly provided by Drs. Bell and George W. Carter {Abbott Laboratories, Abbott



per rat were used for test and control injections. Conpound 48/ 80 was
prepared as h%sl;r}q/ m stock solution in saline. This materi glcTwass/ipand
to be potentialTy Unstable in agqueous sol ution and was prepared freshly
each day. Serial dilutions in saline to working |levels were prepared just
prior to injection of each rat. Peptides were prepared as a 23 nmM stock
solution in DMSO, and stored at -20'C betsgen experinents. At the tinme of
use, the frozen stock solutions were thawed, and appropriate aliquots added
to dilutions of Conpound 48/80, along with appropriate anounts of DVSO to

result in therfatj oz0éu®nl ®as hissBMe@ ihorrippdoltiv, A%UEAER, FRIPOLUIHAH/A0-

This resulted in a 5% solution of DMSO, necessary to malntain sol ubi I'ity of
certai n peptrrgededthe mastsell dagraniipticn %&Sblﬁé’nﬁ’}(}@qtrla%"eﬁhsfl’tﬁ)hm{ox"}-
experinments to be nil. 17 For injections, 0.1 m Conpound 40/80, +/-

test conpounds were injected intradernmally into anaesthetized, dyed, and
shaved rats. Fol IFemalg BALB/ qOrge 68 wkivhegeat punehase; D apd &, SSaattle (Ead by

cervical i b 3ichQBa Uer BnhBiHosdi! dniiter/idh 360 M0l aced on a |1 ght

box. An inmage of the backlit skin was digitized using a CCD video capture
canmera and conpati bl e hardware/software. The digitized i nrage was anal yzed

capi 11 ary per meali 1725 Lo araagofg Chafigrdd oot MO e 0k 08, 4R clon

obt ai ned f orof P2 0 |c3f§3‘g‘,g with alum on the different protocols of Standard (FIG.
S5A) and Resolution (FIG. SB) (J. Exp Med. 1996; 184: 1483-1494). According to
the different protocols, mice were anesthetized with 0.2 ml i.p. of ketamine
(0.44 mg/ml}/xylazine (6.3 mg/ml) in normal saline before receiving an

* intranasal (i.n.) does of 100 ug OVA in 0.05 ml normal saline and an i.n. dose of

50 pg OVA in 0.05 ml normal saline separately on different days. Two control
groups were used. Accordingly, the first group received normal saline with
alum i.p. and normal saline without alum i.n.; the second group received OVA

with alum i.p., OVA without alum i.n., and normal saline, alone.

Histology
The trachea and left lung (the right lung is used for bronchoalveolar

lavage ("BAL")) were obtained and fixed in 10% neutral formaldehyde solution at
room temperature for 6~15h. After being embedded in paraffin, the tissues
were cut into S-um sections and processed with the different staining or
immunolabling further. Discombe’s eosinophil staining was used for counting
the cell numbers with the counterstain of methylene blue. The eosinophil
number per unit airway area (2,200 um?) was determined by morphometry (J.
Pathol. 1992; 166: 395-404; Am Rev Respir Dis. 1993; 147:448-456), Fibrosis
was identified with the Masson’s trichrome staining. Airway mucus was
identified by the following staining method: methylene blue, hematoxylin and
eosin, mucicarmine, alcian blue, and alcian blue/periodic acid-Schiff (PAS)

reaction (Troyer, H., "Carbohydrates” in Principles and Techniques of



A dose response curve was generated using Conpound 48/ 80 at various doses

fromca. 0.0
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are tabul at ed2.Behauvlear fas’lt&‘eiﬂadﬂtmt&rstam was used. Neutral and acidic

mucosubstances were identified by alcian blue, pH 2.5, and PAS reaction. The
degree of mucus plugging of the airways (0.5-0.8 mm in diameter} was also
assessed by morphometry. The percent occlusion of airway diameter by mucus
was classified on a semiquantitative scale from 0 to 4+ as described in Figure

Legends. The histologic and morphometric analyses were performed by

-individuals blinded to the protocol design.

Pulmonary Function Testing
On day 28, 24 hours after the last i.n. administration of either normal

saline or OVA, pulmonary mechanics to intravenous infusion of methacholine
were determined in mice in vivo by a plethysmographic method, which was
modified from that previously described (10, 1958; 192: 364-368; J. Appl.
Physiol. 1988; 64: 2318-2323; J. Exp. Med. 1996; 184: 1483-1494). At the
completion of pulmonary function testing, each mouse was exsanguinaetd by
cardiac puncture and the lung tissue with trachea was obtained for the further
analysis.

Bronchoalveolar Lavage

After tying off the left lung at the mainstem bronchus, the right lung was
lavaged three times with 0.4 ml of normal saline. Bronchoalveolar lavage (BAL)
fluid cells from a 0.05-ml aliquot of the pooled sample were counted sing a
hemocytometer and the remaining fluid centrifuged at 4°C for 10 minutes at
200 g. The supernatant was stored at -70°C until eicosanoid analysis was
performed. After resuspension of the cell pellet in normal saline containing

10% bovine serum albumin ("BSA”), BAL cell smears were made on glass slides.
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Degranul ati on Asthma is a conpl ex di sease, which is characterized by
spont aneous exacq@gzigwmalgm\e@g?@%&g{g on and persistent bronchi al
hyperr esponsi veness. ronic rnfrftratron with activated T-1|ynphocytes,
Mucus glycoproteins in BAL fluid were assayed by slot blotting and PAS
staining (Anal. Biochem. 1989; 182: 160-164; Am. J. Respir. Cell Mol. Biol.
1995; 12: 296-306). Nitrocellulose membranes (0.2-uym pore size; Schleicher &
Schuell, Keene, NH) were wetted in distilled water and then in normal saline
before placement in a Minifold II 72-well slot blot apparatus (Schleicher &
| Schuell). The BAL fluid samples (0.05 ml) and aliquots (0.05-0.75 1} of a stock
solution (2 pm/ml) of human respiratory mucin glycoprotein {Am. J. Respir. Cell
Mol. Biol. 1991; 5: 71-79) were blotted onto the nitro-cellulose membranes by
water suction vacuum, and mucus glycoproteins were visualized by PAS
reaction. Reflectance densitometry was performed to quantitate the PAS
staining. The images were than analyzed by an image processing system
described below. The integrated intensity of the PAS reactivity of the BAL
samples was quantitated by comparison to the standard curve for human

respiratory mucin.

Immunocytochemistry

Monoclonal antibody: CD11c (DAB method) and Macl (Beringer
Mannheim, ABC method with Hitomouse Kit, Zymed) were used to identified the
inflammatory cell types, e.g., dendric cells, macrophages and lymphocytes,

in/around the areas of vasculatures, airways and fibrosis.

- Morphometry and Image Analysis

All the images were captured and digitized by a ScanJet IICX Scanner
with HP DeskScan II software (Microsoft® Windows™ Version) (Hewlett
Packard, Palo Alto, CA). This system was linked to Dell Dimension XPS P90
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bronchoconstriction and bronchi al hyperresponsi veness. However, nuch of the
pat hogeni ¢ mechani smremains unclear, e.g., the mechanisns that induce
persi stence of synptons and chronic inflammtion and the interventions
necessary to control and prevent the disease. It has | ong been recognized
that a single inhaled allergen challenge can induce an acute increase in
alrway res poéb?hﬁﬁﬂﬁ-s(beurb&%ﬁaﬂi&@,' Nh §tshg] BX P& pRIYiRE tm AR §® BQ¥eY& ion
repeated al | ergen i nhal ati ons have denonstrated npre pronounced, .

consi st ent, hddopWinsegesd spiress dedia QybsiagtiresPibresi SRirg MDrhTedmages
model of | Oﬂge}egégeeggpgah%dzsa 7 %‘Iévgp&aﬁé _@h&%gm s deen1 #e8dnbRitst Udy
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al um num potassium sul fate (alum from Sigma Chem Co. (St. Louis, M),

pyrogen-free di st%&%@%, Heal t hcare Corporation
0

(Deerfield, IL), O ormal saline) from Lynphoned
To assess the role of S-lipoxygenase products in airway inflammation, the

5-lipoxygenase inhibitor, Zileuton, (35 mg/kg) was given i.p. 30 minutes before
each i.n. challenge on the days according to FIG. 5. In one set of animals,
Zileuton was also given before i.p. OVA. Zileuton at 35 mg/kg inhibits cysteinyl
leukotriene release by ~95% in passively sensitized rats given BSA antigen i.p.
(J. Pharmacol. Exp. Ther. 1991; 256: 929-937).

Compound HK-X of the Invention
Compound HK-X was administered at S mg/kg and 10 mg/kg using the

same procedure as described above.

Statistical Analyses
The pulmonary function data were evaluated by analysis of variance

(ANOVA) using the protected least significant difference method (Statview Ii,
Abacus Concepts, Berkeley, CA). This method uses a multiple t statistic to
evaluate all possible pairwise comparisons and is applicable for both equal and
unequal pair sizes. The other data are reported as the mean * SE of the
combined experiments. Differences were analyzed for significance (P < 0.05) by
Student’s two-tailed tf test for independent means.

1.  Eosinophils (Tables 2A-2B)

The eosinophil numbers of the airway in OVA-treated mouse of 1-,2- and
3-month group were significantly reduced from 44.83% to 37.40% and 19.15%,
respectively (P < 0.025). Even though the eosinophil count is much higher in



(Deerfield, IL) and Trappsol m HPB-L100 (aqueous hydroxypropyl beta
cyclodextrin W 45 gvt7/ vol % aqueous sol ution) from Cyclodextrin Jefigeaadses
Devel opnent, ai nesvi | | e, FLA). The OVA (500 [err]g/m in normnal
saline) was m xed vvlth equal volunmes of 10% (wt/vol) alumin distilled
water. The m xture (pH 6.5 using 10 N NaCH) after incubation for 60 m nutes
at roomtenperature underwent centrifugatigp at 750 g for 5 mnutes; the
pell et was resuspended to the original volunme in distilled water and used
wi thin one hour. The selective 5-1ipoxtgenase inhibitor, Zileuton (N[
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(Abbott LabolBs®PREs Zilaptan rould reduped eosinophilsi gemgrally thasugh slsglmenith.n

Trappsol . T™M '- . : :
degranul at i or}fml n%’g%%orﬁﬁ?( %ﬁ%ﬁ%&h&{ Mg%?rg - %%ﬁgiiégn%?éeed%‘%{éﬁ%pl&sce
(6-8 wk of agemparablyctase; mbntindug, mSehtmbee Yedefiwialdy hotwe dndrttiece
conventi onal car isti ons for the studies. Al ergen | munization/ Chall enge
Protocol s: M@ Técei ved an i.p. injection of 0.2 m (100[err]g) of OVA
with alumon the different protocols of Standard (FIG 5A) and Resol ution
(FIG 5B) (J. Exp Med. 1996; 184: 1483-1494). According to the different
protocols, mce were anesthetized with 0.2 m i.p. of ketam ne (0.44

ng/ M)/ xyl azmable PA3 niintay Inflwosfedsissephitsee bef ore recei ving an intranasal
(i.n.) does of 100 zg OVAin 0.05 m normal saline and an i.n. dose of

(%) Saline OVA Zileuton HK P value
3 month 1.00 19.15 10.73 - <0.025
2 month 1.00 37.40 11.66 - <0.01

1 month 1.00 44.83 15.50 14.20 <0.001
P value >0.05 <0.025 <0.025 <0.025

Table 2B: Percentage of -eosinophﬂs in airway tissue

Time of Treatment Saline OVA Zileuton HK-X
28 days 1.0 44.8 15.8 14.2

2. Other inflammation cells

Other inflammation cells indicates a non-specific inflammatory response
following the introduction into the airway of a foreign protein. Lymphocytes
were recruited into the airways, but were virtually absent in control groups.
Neutrophils were recruited following OVA challenge in boot sham-sensitized and

OVA-sensitized mice, although greater numbers were presented in the airways



50 fig OVA in 0.05 mM normal saline separately on different days. Two
control gro%g(s #ﬁﬁz used. Accordingly, the first group recei vescTros9srl4103
saline with & .Pp. and normal saline without alumi.n.; the second group-
received OVA with alumi.p., OVA without alumi.n., and normal saline,
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3. Airway plug (Table 3)

Mucin: There was no difference among the three groups with the

same treatment but difference time course (P > 0.05). The OVA-treated group
had a higher score than that of the groups treated with saline, Zileuton (P<0.05)
and HK-X compound.

Table 3: Mucus plug score in airways

Time of treatment Saline OVA Zileuton HK-X
28 days 0.7 2.8 1.3 1.4
% of plug of airway >5% 55% 16% 19%

Asthma is a chronic inflammatory condition of the airways. In humans,
once it is established, the airway hyperresponsiveness can remain stable for
years. It persists apparently in the absence of allergen inhalation, detectable
airway inflammation or epithelian desquamation. Thus, it may become
permanent due to irreversible (or at least slowly reversible) alterations in airway
ultrastructure.



stained with nucicarm ne solution; nmetanil yellow counterstain was
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basement membrane, epithelial damage and shedding, production of viscous

mucus, and hyperplasia, priming as well as partial constriction of airway
smooth muscle. All of these outcomes support an increase in airway
responsiveness, which lowers the threshold for response to environmental

stimuli, thus making attacks more frequent and robust.

"~ All the above morphological changes will directly and strongly affect the
pulmonary functions. In experiments on acute asthmatic mouse model and on
long-term asthmatic mouse model, the significant pathophysiological changes of
pulmonary functions have been observed to support the above morphological
changes. Allergen inhalation was found to increase eosinophils and mast cells
expression on airway and alveolar endothelium and epithelium, as well as
inducing E-selection expression only on airway endothelium, and both the
eosinophil infiltration and increase in airway responsiveness, and the other
types of inflammatory cells (globule leukocytes and multinucleate giant cells
(fused macrophages) of the Langhans type}, which indicated non-specific
inflammatory reaction within the asthmatic lungs.

Compound HK-X inhibits mucus accumulation in the airway of OVA-
treated (OVA) and control mice. The distribution of mucus occlusion of airways
was determined from sham-sensitized and saline-challenges mice (saline, n=4),

and OVA-sensitized/challenged mice in the absence (OVA, n=4) or presence
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curve for human
using OVA and thereby the effect of treating asthma with Compound HK-X.

FIG. 6A shows an abundance of secreted mucus in the lumen of the airway
(AW) of OVA sensitized/challenged mice. FIG. 6B shows massive infiltration of
the interstitial tissue by eosinophils and other inflammatory cells {noted by
arrows). FIG. 6C shows that airway mucus release in the airway (AW) lumen is
markedly reduced when Compound HK-X inhibitor is given before i.n. OVA.

The infiltration of the interstitial tissue by eosinophils is also reduced after
Compound HK-X treatment compared to OVA-challenge alone (compare FIG. 6C
with FIGs. 6A and 6B). FIG. 6D shows that the airway {AW) is clear of mucus
and cells in Saline-treated control mice. The bronchial epithelium is infiltrated
with connective tissue cells but no leukocytes are present in the peribronchial

interstitial space.

Airway macrophages showed signs of gross activation that resembled
those reported in macrophages recovered in BAL fluid from allergen-challenged
lungs of asthmatics (Am. Rev. Respir. Dis. 1987; 135: 433-440). Macrophages
and dendritic cells function as antigen-presenting cells in lung and may lead,
directly or indirectly, to the secretion of cytokines able to initiate phenotypic
changes in airway epithelium and its peripheral sites. The stimulation of the
chronic inflammation of the airway may directly induce the proliferation of
airway epithelium and fibroblasts, and the consequent collagen deposit around

these areas. Activated macrophages and dendric cells remained high in the



respiratory nucin. |Immnocytochem stry Mnocl onal anti body: CD1 | c (DAB
nmet hod) and Maci gBerl nger Mannhei nm, ABC nethod with H|tom)u %E%/ll%iﬁﬁed)
were used t OVOd8REI®i ed the inflammtory cell types, e.g., n FI'c ce

macr ophages and | ynphocytes, in/around the areas of vascul atur es, airways
and fibrosis. Mrphonetry and | mage Analvsis Al the inmages were captured
and digitized by a ScanJet |1 CX Scanner w HP DeskScan Il software
(Mcrosoft Wndows[err] Version) (Hew ett ckard, Palo Alto, CA). This
systemwas |inked to Dell Dinmension XPS P90 23 computer (Dell

Cor poration, Austin, TX) .e Pl us version. 1.1 for
W ndows Tm sof #f&r'e ?%B%‘% ‘@/D t@% %tg;ag tf 437\5}‘1 }qtﬁ’éé%%e wer e

assessed on acpifergesy | evel scale using a DeII UItrascan 17ES nonitor with
extra high-resol utlon graphics node (1.280 X 1,024 pixels, 78.9-kHz
hori zontal scanning frequency, 74-Hz verti cal scanning frequency).

Leukot ri ene | nhi bi TRE afiwidi &5itHQIAE SREStHifleeried, auefl Iyl 120X ®EaNRaa oM&CEé‘Ht S
in airway inf]lammation, the 5-1i poxygenase i nhi bi tor i | euton, ng/ kQ)
was given i. phmv%ﬁ%tmiﬁhéném areef, AEWaY $-digelemin ﬁ@aéia%f&é 8¥&or di ng

to FIG 5. | Ne@hfnsPbropichiledBirte rétib %wrgame%éu@t&ﬁoﬁame BoRBAAAE dilidred VA
Zileuton at 35 ng/ kg inhibits cysteinyl
cells was greatly increased compared with control groups. Whereas control

airways (both small and large} had only the occasional goblet cells, section from
OVA-challenged lungs showed that 100% of large airways and part of small
aifways contained goblet cells as up to 88% of the total airway epithelial cells.
In lungs that had not been lavaged, mucus could be seen within the goblet cell
and in some airways, occasionally completely occluding the lumen. Cellular

- debris was enmeshed in these mucus plugs. Goblet cell hyperplasia was not
seen in control groups and, therefore, could not have been due to a “non-
allergic” effect of OVA, or to the intratracheal dosing technique. Some of the
goblet cells in the small airways are free of this feature, indicating perhaps that
the distribution of OVA within the respiratory tree had not been uniform.

FIG. 7 is a histogram of the results for treatment with Compound HK-X
at doses of 5 ng/kg and 10 pg/kg on formation of mucus plugs in this murine
asthma model. Both doses significantly reduce the mucus production in small

airways.

Induced Type II Collagen Arthritis Mouse Model

A mouse model is used to evaluate the effect of the compounds of the
present invention on the histological, radiographic and clinical appearance of
induced type II collagen arthritis.

Autoimmune diseases cause significant and chronic morbidity and

disability. Arthritis in its many forms is representative of a family of



| eukotriene release by -95%in passively sensitized rats given BSA anti gen

I .p. (J. PharnacoL Exp. Ther. 1991; 256: 929-937). Conpound HK-X of the

| nvent i on CoWPPIREMAK- X was adni ni stered at 5 ng/ kg and 10 ng/ FGTRPRE* Phe
sanme procedure as described above. Statistical Analyses The pul nonary
function data were eval uated by anal ysis of variance (ANOVA) using the
protected | east significant difference nethod (Statview |1, Abacus
Concepts, Berkeley, CA). This nethod uses 2%l ti ple t statistic to

eval uate all possible pairw se conparisons and is applicable for both equal
and unequal pair_sizes. The other data are reported as the nean i SE of the

conbi ned - ex peHtpERETMINGHiseases c ks theeflinigabrepiedy Thenmateid  arthatis éRARstheg. 05)

by Student's th¥gr dthhitth forkf5t tHeOSevieRsl AREREIEPp1IBR  Bisehse. ABAHNARAL hfree
(Tabl es 2A-2B) The eosi nophil, nupbers of the airway in OVA-treated nouse of

1-,2- and 3- iBat RAyisouprogessive gisaaseant |y reduced from 44.83%to 37.40%
and 19. 15% respectively (P < 0.025). Even though the eosinophil count is
much hi gher in 24 the OVA treated group than the other two groups at the
sane tine course (Thohistopathnlogsie gticdesiens ceeuaing Hophitine Gehehatd vy

£ 253332 éz_)gi %ogmﬁés% i b1 RATROHAh L] phfienfd! CHAN, hi¥AE'AI1’ s an
ach):epted model to study potential therapeutic treatments of RA.

Materials and Methods

Mice: DBA/1(2) male mice weighing 25gms (Jackson Laboratories, Bar
Harbor, ME or B&K Universal, Kent WA) are used for this work. This strain of
mouse is susceptible to CIA by the injection of heterologous type II collagen.
Bovine Collagen (BC), Complete Freund’s Adjuvant (CFA} and Incomplete
Freund's Adjuvant (ICFA) can be obtained from Sigma Chemical. Antigen for
immunization is processed in 0.1 M acetic acid and formulated with CFA or
ICFA.

Induction of Arthritis
Immunization protocol: Mice are injected with 100ug of type II collagen
in CFA at predetermined intervals during the study period.

The mice are examined at predetermined intervals for the development of
arthritis. Presumptive evidence of arthritis includes swelling and erythema of
at least one toe joint on the front and/or rear feet on two consecutive

observations.

Confirmatory diagnosis of arthritis

Histological examination of joints: The toe joints of animals sacrificed at

appropriate intervals are removed, fixed, decalcified, embedded, in paraffin,
~ sectioned, and stained for observation of general cellular and structural

features and to detect cartilaginous matrix of the pannus of each joint, as



conparably at one nonth, but much nore beneficially at two and three

nont hs. Table 2A: Airway Influx of eosinophils (% Sal i ne

Zileuton  VR99253®yalue 3 nonth 1.00  19.15  10.73  PCT/USI8I4103
<0.025 2 nonth 1.00 37.40 11. 66 - <0.01 1 nonth 1.00
44. 83 15. 50 14. 20 <0.001 P val ue >0. 05 <0. 025 <0. 025 <0. 025
Tabl e 2B: Percentage of eosinophils in aisrd/vay tissue Tinme of Treatnent
Saline OVA Zileuton HK-X 28 days 1.0 44.8 15.8

14.2 2. QO her inflammation cells Qther inflammtion cells indicates a

non-specific _infla t esponse.fol .ow ng the introductjion into th
airvey of a PBPETRIRCEr 4o drERes o tebinieni Gid ar s pl aRkicr e aRerdisd
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foll owi ng OVA_chal l.enge in _boot sham sensiéi ze% nd. OVA-sensitized mce,
al t hough greﬁf’éaraﬂﬁmg?tsc BFPERBIAHEE 45 5 §ar §& 25 of the OVA

sensitized group. Peculiar nultinucleate giant cells (fused macrophages)

g e S o St 15 RIS O Lk RS YE s
of joint changes after immunization with type II coOllagen. A mammography
imaging system has been modified for this work. The average area of soft tissue
(pannus) of the joint is determined by analysis of computer digitized
radiographs, along with changes. in density of the adjacent hard tissues by
comparison with internal standards included with each radiograph. To serve as
a baseline control for the changing density of the hard tissues and areas of
panni, additional mice are used over the same period and the density and area
data compared. The significance of the differences in density and area for - -
control and experimental mice is assessed using paired T-tests at each time

point.

Arthritis Evaluation

Animals are observed daily for the onset of arthritis. An arthritis index is
derived by grading the severity of involvement of each paw on a scale from 0 to
4. Scoring is based upon the degree of peri-articular erythema and edema, as
well as deformity of the joints. Swelling of hind paws is also quantitated by
measuring the thickness of the ankle from the medial to the lateral malledus

with a constant tension caliper.

Experimental Design :
To assess the anti-arthritic effect of Compound HK-X, the routes of

administration are selected based on experience with human patients regarding

the most appropriate delivery mechanism(s).

Doses of HK-X and Prednisolone: Dosages representing divergent and
putatively therapeutic levels of peptide are placed in localized sites, both by



| eukocytes were observed only in animals sensitized and chall enged with
OVA. They were %S#:%l ly present in the connective tissue associ ?E?HJS%/L{IO

| ar ger ai rways. BPHéna cells were occasionally seen in the proxifrmty o ih
airways and in |local |ynphoid tissue. 3. Al rway plug (Table 3) Muicin:
There was no difference anong the three groups with the same treatnent but
difference tinme course (P > 0.05). The OVA- f eat ed group had a higher score
than that of the groups treated with saline,” Zileuton (P<0.05) and HK-X
conpound. Table 3: Mucus plug score in airways Tinme of treatnent
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rel atively i rdspegimdrital and clinical autoimmune diseases) as a positive control.

First, each mouse in a group of ten {plus controls) is injected with
collagen daily for SO days. On days 3 and 18, the mouse is injected with 5 or
10 pg/kg of Compound HK-X in a solution of 0.1 M acetic acid at Img/ml. On

day 50, the mouse is exsanguated for histologic studies.

Then, eight groups (A-I) of ten mice each are treated according to the
following specific protocol.

Group A is immunized with 1° CFA plus BC, 2° ICFA plus BC and
no treatment is given {control).

Group B is immunized with 1° CFA plus BC, 2° ICFA plus BC and
prednisolone is administered at 5 mg/kg starting on the day after 2°
ICFA plus BC and continued for 20 days.

Group C is immunized with 1° CFA plus BC, 2° ICFA plus BC and
Compound HK-X is administered TC at 4 mg/kg (high dose) starting on
the day after 2° ICFA plus BC and continued for 20 days.

Group D is immunized with 1° CFA plus BC, 2° ICFA plus BC and
Compound HK-X is administered TC at 0.4 mg/kg {low dose) starting on
the day after 2° ICFA plus BC and continued for 20 days.

Group E is immunized with 1° CFA plus BC, 2° ICFA plus BC and
Compound HK-X is administered TC at 4 mg/kg (high dose) starting on
the day after 2° ICFA plus BC and continued for 20 days.

Group F is immunized with 1° CFA plus BC, 2° ICFA plus BC and
Compound HK-X is administered TC at 0.4 mg/kg (low dose) starting on
the day after 2° ICFA plus BC and continued for 20 days.



and well-treated (reversed) with haled bronchodilators. Its intensity of an
underlying, distinctive and chronic airway inflammation is associated, and
seem ngly | iYMR&Y253H nore frequent, intense and prol onged at t FKLUSBAAG, o
| ess reversible by bronchodilators. The reasons for this have becone
increasingly clear in recent years. The inflammtion, which consists
principally of an activated or prined infi%érate of Th2-1ynphocytes,

eosi nophils, mast cells, and possibly plat€fets, causes an expansion of the
perivascular ((interstitial) spaces and rel ease of nedi ators/growh

factors, which cause thjck ng. of the basenmen e hel i al damage
and sheddi ng, producti gzjﬂ' rH@ g @&hmlﬁ Eﬁ%?@&ﬁ@,gxd"@m%«%lm| I
as partial constr adfmﬁia;tafedeﬁ‘ﬂ’:wattmgmﬁ thédag lafter AF ICPA P18 BT aHHCREBRued

support an increa air ponsi veness, which [owers the threshold
for response to efﬂflé(gﬁ @5‘5‘1‘? ¥l i, thus nmaking attacks nore frequent

and robust. Al the ab@reumﬁmnhﬁmrﬁaéd RN UeESFW, RP IOFARETd YO DI Ngl Y
affect the puInDna unct|r n_experinments_on_acute asthmatic nouse
model and on | ong2® é?ﬂ\&??nr L?%“'uaggﬁhéﬁkyaﬁﬁ% 251G ple RC and continued
pat hophysi ol ogi caforcdtrnages (cohtfpl). nronary functi ons have been observed to
support the above norp Iﬁglcal changes. Allekggn i nhal ation was found to

i ncrease eosinophils a §tlsé@mlémé§<‘?)|”€§'§ll° éh ZilRayanhd0 i eding is
endot hel i um and eadinheisteret] RISstetihg @ m%d&&yﬂﬂeﬁzSRtle&?w@B@&E&%éhﬁﬂuQ&' y
on ai rway endothehggg; and both the eosi nophil infiltration and 1 ncrease in
ai rway responsive b her types of inflanmatory cells (globule

| eukocyt es and nultlnucleate glant cells (fused macrophages) of the

Langhans type), which | ndlcateg non-specific inflammatory reaction within
the asthnatic | unf® from each group are x-rayed immediately after 2° immunization

and immediately prior to sacrifice. Following sacrifice, feet are removed as

appropriate and processed for histological examination. The treatment with
Compound HK-X is found to reduce the degree of arthritis.

The invention has been described in detail with reference to preferred
embodiments thereof. However, it will be appreciated that, upon consideration
of the present specification and drawings, those skilled in the art may make
modifications and improvements within the spirit and scope of this invention as

defined by the claims.



Compound HK--X inhi-bits mucus accunul ation in the airway of OVA- treated

(OvA) and C(Wéﬁ?é g} The distribution of mucus occlusion of pat/fueR/Nes
determ ned f Wifn sensiti zed and sal i ne-chal | enges mce (saline, n=4),

and OVA-sensitized/challenged mce in the absence (OVA, n=4) or presence
27 (HK-X/ OVA, n=8) of HK-X treatnent. Micus occl usi on n’!jl rway di anmeter

was assayed norphonetrically as follow ngi350, no nucu "mm}:!ﬂm on;

++, 30% occl usi on; +++, -60% occl usion; ++++, -80% occC

randorrty distri but ed throughout t he Iungs of each nouse weré afsegsed for
nmucus occl usj gn. oprphometrically. FIGs. 6A-6D provide visual histologic
evi dence’ of the " abi | i ty to of Conpound HK-X to inhibit degranul ati on of
mast cells in ast hma | AdeethacznsicakcogpGiitionmpmiprsialgya phermmhtelogical

treating ast R qu e_qf cyeted
mucus in the rren g%ggﬁg?%h%%ﬁ%u%i@%%@ e r}g’%nﬁerstgs&fc J

FI G 6B shovisomsidei greupndarisistatg ofiTof Tyh&hienPboeRhd and PhiesBuae by

eosi nophils and other inflammtory cells (noted by arrows). FIG 6C shows

that airway mucus release in the airway (AW lumen is nmarkedly reduced when
Conpound HK- X i nh2bi toﬁ‘hbg:h;h*mcehﬁéairc@mpmsiﬁ@w&f cHim 1 nwhktaiatsaid peptiitie

interstitial noph| I's is also reduced after Conpound HK-X
t r eat ment co‘ﬁﬂjﬁgg‘ifﬁ bﬁal | enge al one (conpare FIG 6C with FIGs. 6A

and 6B). FIG 6D shows that the airway (AW is clear of nucus
3. The pharmaceutical composition of claim 1, wherein said peptide
is f-Met-Leu-Tyr.

4. The pharmaceutical composition of claim 1, wherein said carrier is
selected for administration of the peptide orally.

5. The pharmaceutical composition of claim 1, wherein said carrier is
selected for administration of the peptide by inhalation.

6. The pharmaceutical composition of claim 1, wherein said

composition is an aerosol composition.

7. The pharmaceutical composition of claim 1, wherein said carrier is

selected for administration of the peptide topically.

8. The pharmaceutical composition of claim 1, wherein said carrier is
selected for administration of the peptide by tablet.

9. A method for inhibiting the degranulation of mast cells, said
method comprising contacting the mast cells with a peptide having the formula
f-Met-Leu-X, wherein X is selected from the group consisting of Tyr, Tyr-Phe,
Phe-Phe and Phe-Tyr.



and cells in Saline-treated control mce. The bronchial epitheliumis
infiltrated with connective tissue cells but no |eukocytes are present i|§1
the peribron?®%25¥ Mt erstitial space. Airway macrophages showell’ si gns
gross activation that resenbled those reported in macro “mt m
BAL fluid fromallergen-challenged | ungs of asthmatics ﬁ!\ % ‘“

Dis. 1987; 135: 433-440). Macrophages and ggndritic ceI unct i Bn as
antigen-presenting cells in lung and may | ead, directly or indirectly, to
the secretion of cytokines able to initiate phenotypi c changes in airway

epithelium and i ts ger 'fﬁ?ertﬂladi’ ﬁ%a eg'sa&dﬁlce t %e Bmo I C

i nfl ammati on of the airway nay rec ralon of airway

epi thel i um amdnfprinm@hdﬁmstarmwhsa@pmmmthmpbagem)deﬁnmm anountof a
t hese areas AL I eI 3 h in the
28 area in cgnﬁhde aﬁ%ﬁéﬁgﬁgzé\?& L%'I?ggrfrra eorr% leIsgggke?ieﬁﬁ gtoup

| at e- st age chahbsnggmfﬁhem-Pha,beq:}Phheindmhmﬂ hi ckened, due largely to
a marked gobl et cell hyperplasia, particularly in the |arger airways, but
also in small and even term nal bronchioles. The ratio of goblet cells to

normal , col umar, 1dil i & sckthed ifer masﬁggﬁaﬂéMatmmas&qbanenparaﬁﬂnydthbd
control grou Wher eas_con and | ar had onI t he
cccastonal _ooaRrLing amsgitiing b ER Safetch ABRyagePine b taa e tubov
of large air bﬁy.sp@mﬂeﬂm\ﬁng’ths foridula f-Met-Leu-X, wherein X is selected from the

group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr.

12. The method of claim 11, wherein the inflammation is a result of a
disease selected from the group consisting of asthma, rheumatoid arthritis and

anaphylaxis.

13. The method of claim 11, wherein the inflammation is a result of
rheumatoid arthritis.

14, The method of claim 11, wherein the inflammation is a result of

anaphylaxis.

15. A method for inhibiting the release of cytokines in a patient, said
method comprising administering to the patient a cytokine release inhibiting
effective amount of peptide having the formula f-Met-Leu-X, wherein X is
selected from the group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr.

16. A method for inhibiting the release of histamines in a patient, said
method comprising administering to the patient a histamine release inhibiting
effective amount of peptide having the formula f~-Met-Leu-X, wherein X is
selected from the group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr.
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formati on of meticod cmmsmmaMnmsm;mg@ tize pa‘aemmal éd:ukCBn'che dekee.se 1n1ub1t1ng

significantl | S | nduced Type 11
Col | agen Art% “?‘1 %‘I?}Buse musgtﬂgébﬂqnﬁigjgg \ga%Va 5?’3%§he ef f ect
of the conpos&ldstedffrdrhehprgmtconam@migl dTyonTyhehhkj EthPdn@lami Phedlyirogr aphi ¢
and clinical appearance of induced type Il collagen arthritis. Autoimune

di seases cause significant and chronic norbidity and disability. Arthritis
inits many fornslB8s rApnethed farireduchgadiesidny, migratio? dnsdud grrepativn of

Comon T or m BENLEh EPERFRNR s L BB BRI G s Sapnoimafion o e B

said method comprising administering to the patient a inhibiting

therapeutically effective amount of a peptide having the formula f-Met-Leu-X
where X is selected from the group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-

Tyr.

19. A method for reducing the production of IgE antibodies at site of
inflammation in a patient, said method comprising administering to the patient
an IgE antibody production inhibiting effective amount of a peptide having the
formula f-Met-Leu-X where X is selected from the group consisting of Tyr, Tyr-
Phe, Phe-Phe and Phe-Tyr.

20. A method for reducing IgE cross-linking at a site of inflammation
in a patient, said method comprising administering to the patient an IgE cross-
linking inhibiting effective amount of a peptide having the formula f-Met-Leu-X
where X is selected from the group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-

Tyr.

21. A method for inhibiting increased vascular permeability at site of
inflammation in a patient, said method comprising administering to the patient
a vascular permeability inhibiting effective amount of a peptide having the
formula f-Met-Leu-X where X is selected from the group consisting of Tyr, Tyr-
Phe, Phe-Phe and Phe-Tyr.



that RAis a progressive di sease. The hi stopat hology of arthritic |esions
occurring i ] Cl A share enornous simlarities to that Ofpcﬁﬁr'sd’tnmﬂian
patients. Tkgﬂwﬁ%}??ne ClA is an accepted nodel to study potentia
t herapeutic treatnents of RA. Materials and Methods M ce: DBA/ 1(2)
m ce wei ghi ng 25gnms (Jackson Laboratories, Bar Harbor, M or “\‘ |,
Kent WA) are used for this work. This strag of nobuse i (\ 2t'0x Cl A
by the injection of heterol ogous type Il collagen. Bovi RA et (BO),
Compl ete Freund's Adjuvant (CFA) and | nconplete Freund s Adjuvant (ICFA)
can be obtained fHom SaguRHNED trdatinf Ch e iflankWANBhZA Hhkidist, Q%ﬂessed
in 0. 1 Macetic acid and fornmulated wth CFA or I CFA. Induction o )
Arthritis | nmethedcrmprising sdernisiering te the ppidentan antitinflommatien gifettive/ pe
I'l collagen j i B gy} thd L MELag 3 ke, ‘DL The
o‘?hz) ] . &ﬁiﬁflr it fo?g Lﬁg-t 3 ‘ffk%dx 1Q%E¥egged

5 éﬂo@%@
m ce are exam ned at r termned inte evel opnent O

arthritis. Presuthn grpupesansisting of Ty fIriRhies Phadthajerd BhetTvrmpdiiyl amoylrére ma
of at |east g&g}et %récﬁEH{. on the front and/or rear feet on two consecutive
observati ons. nfrrmatory diagnosis of arthritis Histol ogi cal exam nation
of joints: The toe joints of animals sacrificed at appropriate intervals

are renoved, fixe il d i r ] .sectioned, .and
stai ned for obsergg’t ﬁg%aﬂg?ugdetﬁgﬁggﬂge I’&&ffb%n% s‘ﬁ%%:?ﬁtr“g ﬁ}gg% 5% and to
det ect cart is$cdegtnddsomdheigrowp cohsispagmod sintileakotri¢rmsnbetaasagonists and

corticosteroids.



30 appropriate. The degree of cellularity and areas of inflanmation are
quantified b%gﬂﬁﬁggndigitization of histol ogical photom crograpis@&d14103
appl yi ng standard area and poi nt counting techniques as descri bed above.
Radi ogr aphi ¢ eval uation of toe joints is perfornmed to detect the incidence
of joint changes after immunization with typggll cod |l agen. A manmmography
i magi ng system has been nodified for this work. The average area of soft

ti ssue (pannus) of the joint is determ ned by anal ysis of conputer
digitized radi ographs, along with changes in density of the adjacent hard
ti ssues by conparison with internal standards included with each

radi ograph. To serve as a baseline control for the changing density of the
hard ti ssues and areas of panni, additional mce are used over the sane
period and the density and area data conpared. The significance of the
differences in density and area for- control and experinental mce is
assessed using paired T-tests at each tinme point. Arthrigdis Eval uation

Ani nmal s are obserfed [dai [y Tpr ifjne gnsef off artprijis.T A arthritis index
is derived by graping the seyperijty ¢f ipvolpenmgnt pf dach paw on a scale
fromO to 4. Scor|ng{is based ugon the fdegree df pgri-farticul ar erythem
and edema, as wel] a9 deflormty jof the joings. {Swe|lling of hind paws is
al so quantitated py neasyring the thickpess| of |thelanlqde fromthe nedial to
the | ateral mall edus
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with a constant tension caliper. Experinental Design To assess the
anti-arthritj t of Conmpound HK-X, the routes of adm nist i

sel ected bas@@gghgfg;peri ence with human patients regarding theﬁﬁlnb@tgéh/ﬁﬁ&
appropriate delivery mechani sn(s). Doses of HK-X and Predni sol one: Dosages
representing divergent and putatively ther&peuti c levels of peptide are
pl aced in localized sites, both by 31 t fFdn@cut aneous (TC (absorptive)
route and by injection into the foot. Direct injection into the
intraarticular space is too traumatic |ikely to produce artifacts. Thus,
injection of drug into the footpad (FP) adjacent to the intraarticul ar
space i s the chosen nethodol ogy. Control mce are also injected with
Predni sol one (a potent anti-inflanmmatory docunmented in the treatnent of
experinmental and clinical autoi mune di seases) as a positive control.
First, each nouse in a group of ten (plus controls) is ingected with

col l agen daily for PO Tays —OTgays—Srant—it§—themouse® injected with 5
or 10 pg/ kg of Conppund HE—Xin a sol lition ¢f 0.1{M acet|i® acid at | mg/ m .
On day 50, the nousg is eksangufited fpr hisfologi q studijes. Then, eight
groups (A-1) of ten]mce each afe trepted ag¢cprdirg to tthe fol | ow ng
specific protocol. Boup Ais ifmunizpd witlh f1 CFA plus |BC, 2[err] |CFA
pl us BC and {
o
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no treatment is given (control). Goup Bis imunized wwth 1 CFA plus BC
2[err] I CFA plus _BC and predni solone is adm nistered at 5 ny/ kgTalsas/t4i0y on
the day aft 0 985¥ErA pl us BC and continued for 20 days. Goup Cis
i mmuni zed with 1 CFA plus BC, 20 I CFA plus BC and Conmpound HK-X is

adm ni stered TC at 4 ng/ kg (high dose) starijpg on the day after 20 I CFA

pl us BC and continued for 20 days. Goup D1s immunized with 10 CFA pl us
BC, 2[err] ICFA plus BC and Conmpound HK-X is adm nistered TC at 0.4 ng/kg
(I ow dose) starting on the day after 20 I CFA plus BC and conti nued for 20
days. Goup Eis inmunized with 1[err] CFA plus BC, 2 |ICFA plus BC and
Compound HK-X is admi nistered TC at 4 ng/ kg (high dose) starting on the day
after 2[err] ICFA plus BC and continued for 20 days. Goup F is imunized
with 1 CFA plus BC, 2[err] |ICFA plus BC and Conpound HK->§is adm ni stered
TC at 0.4 nmg/ kg (| dose) starfjing oh the gay affer 2[é¢rd | CFA plus BC and
continued for 20 dajys. 32 Gpup G|s immunizedjwith 1 CFA, 2 ICFA and 10
m DVBO is adm nistered TE star{ing oh the ¢glay affer 2 | pl us BC and
continued for 20 days (coptrol)} Goup His}inmunijzed wytdy 1 CFA, 2 | CFA
and 10 M DWVBO is v
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adm ni stered FP starting on the day after 20 I CFA plus BC and conti nued for
20 days (con C?oup | is imunized with I' CFA 2 |ICFA aﬁQﬂﬂﬁ?

saline is a3%5§4 Hed FP starting on the day after 20 | CFA plus 1413
continued for 20 days (control). Aninals fromeach group are x-rayed

imedi ately after 2 imunization and i nmedigatgly prior to sacrifice.
Foll ow ng sacrifice, feet are renoved as appropriate and processed for

hi st ol ogi cal exani nation. The treatnent with Conpound HK-X is found to
reduce the degree of arthritis. The invention has been described in detai
with reference to preferred enbodi nents thereof. However, it will be
appreci ated that, upon conS|derat|on of the presg specification and

drawi ngs, those skilled in the art bke nodi )at i ons and i nprovenents
within the spirit and scope of thigq irMenti on as|.®8dafined by the clains.
33 1 claim 1. A pharmaceuti cal coo Sition co | si ng a pharmacol ogi cal
carrier and a peptide having the fqr al f-Met-L X wherein X is sel ected
fromthe group consisting of Tyr, 'I'y@ $he, Phe- Pp8 fand Phe-Tyr. 2 The
phar maceuti cal conposition of claip®,owWerein s peptide is
f - Met - Leu- Phe- Phe. 20
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3. The pharnmaceutical conposition of claim1, wherein said peptide is
f-Met-Leu-Tyr. 4. The pharnmaceutical conposition of claiml1, I id

carrier is s®O2¥2f or adninistratioon of the peptide orally. g&ﬂﬁk@ﬁ@uﬁ? .
phar maceutical conposition of claim1, wheggigh said carrier is selected for -

adm ni stration of the peptide by inhalation. 6. The pharmaceuti cal
conposition of claim1, wherein said conposition is an aerosol conposition.
7. The pharnaceutical conposition of claim1, wherein said carrier is
selected for adm nistration of the peptide topically. 8. The

phar maceuti cal conposition of claim1, wherein said carrier is selected for
adm nistration of the peptide_Rpy¥x 9. A nmethod for inhibiting the

degranul ation of mast cells, |sai tho@l conprising contacting the mast
cells with a peptide having tihg alf-Met-Leu-X, wherein X is selected
fromthe group consisting of [Tyrg Tyr-Phe, Phe-Phe and Phe-Tyr. 10. A
met hod for treating asthma il % salj Ent id method conprising
adm nistering to said patient] a thrgge o ally effective anbunt of a
pepti de having the fornuldff-NEUQLeu-X,%?ﬁ rein Xis selected fromthe
group consisting of Tyr, BReo Bhg-Rha and Phe-Tyr. 11. A nethod for
treating inflamation in dtieft,{ sai B nethod
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conprising admnistering to said patient an anti-inflammation effective
amount of a peptide having the formula f-Met-Leu-X, wherein X is selected
fromthe or Qupoesey3ss sting of Tyr, Tyr-Phe, Phe-Phe and Phe- TyreCTIRsss/1#1n3
met hod of claim 11, wherein the inflammation is a result of a disease
selected fromthe group consisting of asthma, rheumatoid arthritis and
anaphyl axis. 13. The nethod of claim11l erein the inflammtion is a
result of rheumatoid arthritis. 14. The nethod of claim 11, wherein the
inflanmation is a result of anaphylaxis. 15. A nethod for inhibiting the
rel ease of cytokines in a patient, said nethod conprising admnistering to
the patient a cytokine release inhibiting effective amunt of peptide
having the formula f-Met-Leu-X, wherein X s selected fromthe group

consi sting of Tyr, Tyr-Phe, P
inhibiting the rel ease of histg
adm nistering to the patient a
anount of peptide having the fo

fromthe group consisting of T A

met hod for inhibiting the relea hod

conprising admnistering to the [ ng
( |s

ef fecti ve anount (F- F@t iéeﬂua

FIG.eB
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selected framthe.group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr.
18. A nethod for reduci ng adhesi on, mgration and aggregati on of

| ynphocyt es,w@esps3ephi | s and neutrophils to a site of inflanmaPCoASOs14103
patient, said nethod conprising adm nistering to the patient a inhibiting
t herapeutically effective anbunt of a peptide having the fornula
f-Met-Leu-X where X is selected fromthe _grqup consisting of Tyr, Tyr-Phe,
Phe- Phe and Phe- Tyr. 19. A nethod for reﬁ@cing t he production of IgE
anti bodies at site of inflammtion in a patient, said nmethod conprising
admnistering to the patient an |IgE anti body production inhibiting

ef fective anount of a peptide having the fornmula f-Met-Leu-X where X is

sel ected fromthe group consi Tyr

20. A nethod for reducing Ig nin a
patient, said nethod conpri si ICr 0ss-
linking inhibiting effective

f-Met-Leu-X where X is sel ect ir - Phe,
Phe- Phe and Phe- Tyr. 21. A r
perneability at site of infla I si ng
adm nistering to e § gt ctive
anount of a peptF%g @EﬂE%G?th ed from
t he group consisting of Tyr,

: FIG.6D
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36 22. A nethod for treating chronic inflammtion aL a patient, said
met hod conprising adm nistering to the patient an anti-infl anmgti

effective aﬁﬂgﬁﬁgﬁgz(i) a peptide having the formula f-th-Leu@§#8§ﬁgﬁan X
is selected fromthe group .consisting of Tyr, Tyr-Phe, Phe-Phe and Phe- Tyr
and (ii) another active ingredient. 23. T8¢ 8rethod of claim 24, wherein the
other active ingredient is selected fromthe group consisting of

anti -l eukotrienes, beta2 agonists and corticosteroids.
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