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Disclosed herein are therapentic methodologies utilizing a ring substituted derivative of the indolocarbazole K252a, the derivative
represented by the formula (A). The compourd is useful for treating peripheral neuropathies, eentral neuronal degenetation and cytokine
overproduction. Typical diseases related to the above are peripheral neurcpathy, Alzheimer's disease, Parkinson's disease and autoimmunc
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USE OF K-252A DERIVATIVE FOR THE TREATMENT OF PERIPHERAL OR CENTRAL NERVE

DISORDERS, AND CYTOKINE OVERPRODUCTION

Field of the Invention

The imvention relates t a nng-substituted derivative of K-252a for use in methods directed
to ameliorating the deleterious :ffects of a variety of diseases, disorders and conditions.

Backgronnd of the Invention

L The Indolocarbazole 1X-252a
K-252a is 8 compound haviag an indolecarbazole skeleton [Japancsc Published
Unexamined Patent Application No, 4148%/85 (US No. 4555402)] with the stereochemistry shown

in Formula 1.

F g

N
Mew”
Ms0oC OH
I
It has been reported thet K-252a strongly inhibits protein kinase C (PK.C) which piays a
centrai role in regulating ccll firnctions, and has various activities such as the action of inhibiting
smooth muscle contraction (Jpn. J. Pharmacol. 43 (suppl.): 284, 1987), the action of inkibiting
serotonin secretion (Biochem. Eiophys. Res. Commun., 144: 35, 1987), the action of inhibiting
elongation of neuraxanc (J. Neuroscience, & 715, 1988), the action of inhibiting histamine release
(Allergy, 43: 100, 1988), the action of izhibiting smooth muscle MLCK (J. Biol. Chem., 263
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6215, 198%), anti-inflammatory action (Acta Physiol. Hung., 80: 423, 1992), and the activity of
cell survival (J. Neurochemistry, 64: 1502, 1695). It has also been disclosed in Experimental Cell
Research, 193: 175-182, 1991, that K-2525 has the activity of inhibiting IL-2 production.

In addition. it has been reported that derivatives of K-252a have PKC inhibitory activity,
the activity of inhibiting histamine release (Japanese Published Unexamined Patent Application No.
295588/38), antitamor activity Japanese Published Unexamined Patent Application No.
16B6R9/89 (US 4,877,776), WO 88/07045 (US 4,923,986), WO 94/04541], the action of
mereasing blood platelets [W0S4/06799 (EP 6308984)), vasodepressor activity (Japanese
Published Unexamined Patent ,pplication No, 120388/87), the action of accoicrating chelinergic
neuron functions TWQ 94/02483 (US 5,461,146 and US 5,621,100)] and, curative cffect on
prostate cancer [WO 94/27982 {US 5§ 516,771)]. Selected amino-containing trindene compounds
have been prepared by Beckmaim rearrangement of the corresponding staurosporine oximes (WO
§7/05140).

The indolocarbazoles ate generaily lypophilic. Because of this feature, the
indolocarbazoles are able to cress biological membranes with relative ease, compared 1o proteins.

Also, indolocarbazoleg generally bave longer in vivo half lives than proteins.

In addition to K-252a itself, various derivatives of K-252a have been synthesized and
tested for biological activity. Among the K-252a derivatives shiown ta have biological activity is a
compound disclosed in Lewis e1. al., U.S. Patant Nos, 5,461,146, and 5,621,100, and PCT
Publication WO 94/02488, and designated therein as “Compound Ii-51." Compound II-51 has

been shown to enhance the function of cholinergic neurons, striatal peurops, and sensory neurons.

1. Neurodegenerative Diseases and Disorders

Parkinson's disease is 2 neurodegenerative disorder that involves progressive and
selective lass of dopaminergic neurons of the nigro-striatal pathway (Agid, Lancer, 337:1991).
Administration of 1-methyl-4-phenyl-1,2,3,6-tetcahydropyridine (MPTP) to muce leads
dopaminergic neuron depeneration and serves as an animal model for the dopaminergic nearonal
loss and behavioral deficits observed in Parkinson's discase. Peripheral administration of MPTP
\cads to a highly selective degeneration of the nigrastriatal doparminergic neuronal system in
humans, monkeys and mice (Huikkila et al., Science 224; 1451-1453, 1984; Bums et al , Proc.
Nat! Acad. Sci. USA 80:4546-4550, 1983).
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Neurodegeneration in the MPTP mouse model has been weli-characterized. Systemic
administration of MPTP producss seiective loss of dopamine content (and metabolites), tyrosine
hydrexylase activity, and dopamins uptake sites in dopaminergic neurons of the murine striatum
(Heikkila et al., Natwre 311:467-469, 1984ab; Tipton etal., J Newrockem. 61:1191-1206, 1993),
This effect is dose-dependent. Maximal loss ocours between 3 and 7 days post-lesion (Jackson-
Lewis ct al., Neurodegeneration 4:257-269, 1995). The dopaminergic celt bodies ir the nigra are
less sensitive to MPTP toxicity than their corresponding nerve terminals. At high MPTY doses, or
multiple MPTP injections, subs antial loss of TH immunopositive cells in the substantia mgra
occors within a week (Feikkila st al | Science 224; 1451-1453, 1984, Jackson-Lewis et al.,
Neuradegeneration 4:257-269, 1995). At lower MPTF doses, or with a single injection, loss of
nigral tyrosine hydroxylase positive cells occurs later (Tatton et al., .J Neuroscience. Res. 30:666-
672, 1991), Thus, at lower doszs of MPTP and a short-time perind after lesion, striatal damage
can be observed in the absence of migral tyrosine hydroxylase-positive cell Joss. This
neurodegenerative seguence is similar to that observed in the disease. The MPTP mouse model] 1s a
recognized and widely used model for the study of Parkinson's disease.

Non-chelinergic neurons that use y-aminobutyric acid (GABA) as a neurotransmitter
(i.c., GABA-ergic neurons) are widespread throughout the brain. For example, they are fourd in
the nucleus hasalis magnocellularis in the redent {the equivalent region in the human brain is called
nucleus basalis of Meynert), a 1¢gion of the basal forehrain important in attention and memory
functions. Damage to GABA-¢rgic neurons in the basal forebrain may alsa contribute to
behavioral deficits in nenrodegemerative diseases such as Alzheimer's disease (Dekker et al.,
Neurasci. and Biobehav, Rev., 15:299-317, 1991; Gallagher et al., Seminars in Neuroscience,
6:351-358, 1994; Torres et al., Neuroascience, 6§3:95-122, 1994),

Neurons in the basal forebrain die in several diseascs of the central nervous system,
notably Alzheimer’s discase (Arendt et al., Aefa Neuropathol. (Berl.) 61:101-108, 1983, Iraizoz et
al., Neuroscience, 41:33-40, 199%; Vogels etal., Neurobiol. Aging, 11:3-13, 1990). A
contributing factor in such newonal cell death is glitamate excitotoxicity. Le. over-stimulation of
neurons by excess glutemate (Choi, Neuron, 1:623-634, 1988). Accordingly, several animal
models of Alzheimer’s disease use glutamate or a glutamate analog to produce excitotaxic death in
the region of the basal farebrain where nenron death eceurs, i.c., the pucleus basalis
magnacellularis (Wenk, Sch. Krain Res., 72:17-24, 1996},

Neuronal pathology in Alzheimer's disease is first seen in the cntorhinal cortex, and
loss of neurons in this region becomes severe as the disease progresses {Braak et al., Acta
Neuropathol, 82:239-259, 19¢1; Hyman et al,, Ann. Newral, 20:472-481, 1986). Neurons in layer
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2 of the entorhinal cortex project to the dentate gyrus of the hippocampus. and this neuronal
pathway plays an important rolc in memory formation (Levisohn et al., Brain Res. 564:230-244,
1991; Olton et al,, Bram Res. 1139:295-308, 1978; Steward t al., Brain Res. Bull. 2:41-48, 1977).
Neurons in layer 2 of the entorhinal cortex, like many other neurons in the cerebral cortex, use
glutamate as a neurctransmitter (Mattson et al., Newron 1:865-876, 1988; White et al., Nanze
270:356-357, 1977), Thus, los: of glutamatergic neurons in the entorhinal cortex contributes 1o
the behavioral deficits seen in Alzheimer's diseasc and other neurological disorders,

M.  Peripheral Neuropathy

Peripheral neuropathy penerally refers 10 a disorder that affects the peripheral nerves, most
ofien manifested as one or a cornbination of motor, schsory, sensorumotot, of autonomic neural
dysfunction. ‘The wide variety of morphologics exhibited by peripheral neuropathies can each be
uniquely attributed to an equall wide variety of causes. For instance, penipheral neuropathies can
be genetically acquired, can resilt from a systcmic disease, or can be induced by a toxic agent.
Same toxic agents that cauge neurotoxicities arc therapeutic drugs, antincoplastic agents,
contaminants in foods of medic inals, and environmental and industrial pollutants.

In particular, chemotherapeutic agents known to cause sensory and/or motor neuropathies
include vineristine, an antineop. astic drug used 1o treat haematological malignancies and sarcomas.
The neurotexicity is dose-related, and exhibits as reduced intestinal motility and peripheral
neurapathy, cxpecially in the distal muscles of the hands and feet, postural hypotension, and atony
of the urinary bladder, Similar problems have been docurnented with taxol and cisplatin (Mollman,
1990, New Eng. Jour. Med. 322:126-127), although cisplatin-related nevrotoxicity can be
alleviated with nerve growth fastor { NGF) (Apfel, et al,, 1992, Arnals of Newrology 3 1:76-80).
Although the neurotoxicity is sometimes reversible after removal of the neurotoxic agent, recevery
can be a very slow process { Logha, 1986, Medical Toxicology 1:421-427; Olesen, et al | 1991,
Drug Safety 6:302-314).

There are a number of inherited peripheral nearopathies, including: Refsumn’s disease, A-
betalipoproteinemia, Tangier disease, Krabbes diseasc, Metachromatic leukodystrophy, Fabry's
disease, Dejerne-Sottas syndrome, and others. Of all the mherited neuropathies, the most common
by far is Charcot-Marie-Tooth disense (see also, 1.8, Patent No, 5,420,112 for additional

information on peripheral neurapathies).
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Iv. Cytokines

Tumor necrosis factor a (TNFa) and interlcukin-1B (IL-18) are polypeptides known
1o be involved in a number of inflammatory and metabolic processes in viva. For a review which
relates the role of TNF-a in inflammatory distases , including septic shock, sce Ann. Rev.
Immunol. 7:625 (1980) , and Chinical Trials for the Treatment of Sepsis, Sibbald, W. ]. and
Vincent, J.-L (Eds.), Springer-Veriag Berlin Heidelberg 1995. 1t is generally accepred that the
over production or inappropriate production of TNF-a is involved in several pathalogical
conditions, including scptic shock (Spooner et al., Clinical immunology and Immunopathology,
62:p. 11 (1992)) and various ather allergic and inflammatory conditions or discases. including but
not limited to rheumatoid arthrivis, ostcoarthritis, asthma, bronchitis, chronie obstructive airway
disease, psoriasis, allergic rhiniis, dermatitis, and inflammatory bowel disease, and other
autcimmune diseases, fmmuno’. Res. 10:122 (1991), Science 229:896 (1985) and Proc. Natl.
Acad, Sei 89:7375 (1992). .

Summary of the Invention

Generaily, the inveation features methodologies for ameliorating the deleterious cffects
of 1 variety of diseases, disordcrs and conditions by treating a subjoct in necd thereof with 2
therapeutically effective amount of Cumpmmd A

This compound has been found to be useful in a
method for treating the deleterious effects of diseases,
disorders and conditions which lead to or cause the death
of, or lead to or cause inhibition of the function of,
certain neurons by enhancing the function or survival of a
dopaminergic, CGABA-ergic, or glutamatergic neuron in a
mammal, comprising the step of contacting the neuron with
Compound A. Typically, the mammal in which the neuron is
found is a human. Typically, the depaminergic, GABA-ergic,
or glutamatergic neuron contacted with Compound A has
impaired function, or 1s at risk of dying, because of a
neurodegenerative disease. Typically, the
neurodegenerative disease is Parkinson’s disease or
Alzheimer’'s disease.

Also discussed is a method of reducing a
peripheral neuropathy comprising administering to a mammal

a neurcpathy-reducing amount of Compound A.

SABRIS Lahemad s Db LA ot Spen oy AN _doe 1 0540
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While it has becn reported that the indolocarbazole compound K-252a reduces the lethality
resulting from endotoxin admimstration, this ability has been ascribed to the ability of
K-252a to inhibit protein kinases, cspecialy protein kinase C ([naba ctal., Jpn. J Surg 23:234
(1993). It has uncxpectedly been found that Compound A, which has Liftie or no whibitory
activity against PKC, provides surprisingly good activity as an inhibitor of TNF-a preduction and
production of the cytokine IL-1{}. Therefore, and with further specificity, the invention
features a method of iphibiting production of TNF-a and [L-If in 2 mammal and a methed of
ameliorating the deleterious effects of overproduction
thereof, more particularly, there is provided a method of

: treating or alleviating inflammawry canditions or discascs, including but not limited to septic

shock, rheumnatoid arthritis, ostooartyitis, agthma, bronchitis. chironic obstructive airway disease,
psoriass, allergic rhinitis, dermatitis, and inflammatory bowel disease and otber autoimmune
discases, which method compnizcs administering to said mammal an effective amount of
Compotnd A and pharmaceutically acceptable salts thetcof in combination with a
pharmuccutically acceptable carrier.

As used herein, “Compound A™ means the compound whose chemical structure is shown
below.

H
{
Oa
CHhCHhSCH, @ @ @ CH, SCH,CH,
(o]
. CH:,N'S 7’
HOw
A 00, CHy

Compaund A is also referred to as Compound I1-5) ( Lewis et al., U.S. Patent Nos. 5.461,146 and
5.621,100: WD 94/02488),

BEIND Teane Laaber 1L han npesd Hhed oo 16005000
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Accordingly, in a first aspect the present
invention resides in a method for inhibiting overproduction
of tumor necrosis factor alpha in a
mammal compfrising the step of administering ld; 2'mammal in need thereof a therapeutically

effective amount of Compound A, said Compouhd A represented by the formula:

According to a seccnd aspect of the present
invention there is provided a method for ameliorating the
deleterious effects of overproduction of tumor
necrosis factor alpha in a mameaal comprising dlic:sncp of administcring to a marynal in reed
thereaf a therapeutically effective amount of Campound A, said Compound A represented by the

formula;

According to a third aspect of the present
invention there is provided a method for inhibiting
overproduction of interleykin-1 beta in a mammal
comprising the step of administ:nng to a mamrn%al in need thereof a therapeutically cffcctive

amount of Compound A. said C ompound A rcpl‘?}:&cntcd by the formula:

VIR ISLANomes « 1sabie N1 ks sppec 02 16339 due 16704 M0
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According to a fourth aspect of the present

invention there is provided a method for ameliorating the

deleterious effects of overproduction of

interleukin-| beta in a mammal comprising the step of administering fo a marmal in need thereof a
therapeutically effective amoun:; of Compound A, said Compound A represented by the formuta:

According to a fifth aspect of the present

invention there is provided use of Compound A in the

production of a

medicament for the inhibition of overproduction of tumor

necrosis factor alpha in a mammal, said Compound A

represented by the formula:

According to a sixth aspect of the present

invention there is provided use of a Cowpound of formula A

SR D1 B b oot aprec 35651 due 15:05°00



in the

production of a medicament for ameliorating the deléteriocus
effects of overproduction of tumor necrosis factor alpha in

a mammal, said Compound A represented by the formula:

10

hccording to a seventh aspect of the present
invention there is provided use of a Compound of formula A
15 in the
production of a medicament for inhibition of overproduction
of interleukin-1 beta in a mammal, said Compound a

represented by the formula:

N According to an eighth aspect of the present
invention there is provided use of Compound a in the
30 production of a
medicament For ameliorating the deleterious effects of

overproduction of interleukin-1 beta in a mammal. said

Compound A represented by the formula:

VIBRLSL thoined s Luaba s keep i spac 11157 14 u3s LAF05.00




As used herein, “aneliorate” and “ameliorating” mean to therapeutically improve
and/or therapeutically reduce and/or to make morte therapeutically tolerable.

As used hervin, “d:lcterious™ means damagiog and/or harmful and/or negative.

As used herein, the: word “averproduction” when used 1o modifv TNF-a and IL-1¢
meaps production of TNF-a aodfor IL-10 lcadi

septic shock. allergic conditions. inflammatory conditions, ete.

ing to dcleterious conditions such as, for example.
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As used herein, the terms “inhibit” or “inhibiting” means that the presence of
Compound A has a comparatively greater cffect on reducing and/or prohibiting and/or prevenung
the praduction of 2 materjal contacted with Compound A than a comparative material not
contacted with Compound A.

As used herein, the terms “enhancc™ or “enhancing” when used 1o modify the terms
“function” er “survival” means that the presence of Compound A has a comparatively greater
effect on the function and/or survival of the specified neuron than a comparative neuron  not
presented with Compound A. For example, and not by way ot limitation, with respect to the
survival of, ¢.g., a doparmnergi: neuron, Compound A would evidence enhancement of the function
of a dopaminergic neuronal population at risk of dying (due to, ¢.g., injury, 2 discase condition, &
degenerative condition or natural progression) when compared to o dopaminergic neuronal
population not presented with Compound A if the treated population has a comparatively greater
period of functionality than the non-treated popuiation.

As used herein, "dcpaminergic neuron” means a neuron that uses dopamine as a

neurotransmitter,

As used herein, "GABA-¢rgic neuron” means a neuron that uses y-aminobutyric acid

as a neurotransmitter.

Ag used herein, "glutamatergic neuron” means a neuron that uses glutamate as a
neurotransmitter.

As used herein, "obm" means nuclcus basalis magnocellularis.

Undess otherwise d fined, all technical and scientific terms used herein have the same
meaning as commonly understoed by one of ordinary skill in the art to which this invention
pertains, Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the present invention, the preferred methods and materials are
descried below. All publicativms, patent applications, patents, and other references mentioned
herein are incorpotated by reference in their entirety. In case of conflict, the present document.
including definitions. will control. Unless otherwise indicated, materials, methods, and examples
described herein are illustrative only and not iﬁundedto be limiting. Various features and

advantages of the invention will be apparent from the following detailed description and from the

claims.
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Bricf Description of the Drawings

Fig. 1 is a graph of data demonstrating that Compotod A is not a monoarmine oxidasc-
A inhibitor. The [Cso of Clargyline was 21 nm. Upright tnangles. Clorgyiine, nverted tnangles,
Compound A; squarcs, L-deprenyl.

Fig. 2 is a graph of data demoastrating that Compound A is not 2 monaamine oxidasc-
B inhibitor. The LCyq of Clorgyline was 21 nm. Upright triangics, Clorgyline. inverted triangles,
Compound A; squares, L-depreayl.

Fig. 1 is a bar graph showing that animals receiving Campound A (light bars) had

significantly more F luorn-Gold-labeled neurons in the rostral portion of the lesioned nbm (aver 400

prm from the midpoint of the lesion), compared to lesioned apimals receiving vehicle only (dark
bars). *=P<0.05 by Newman-leuls test.

Fig. 4 is 8 bar graph showing the rotal cumber of errors committed in the T-maze
rewarded alternation task by normal control animals, sham surgery animals, surgica.lly-lesioncd
animals receiving vehicle only (“Les™) ond surgically-lesioned animals receiving Compound A 2t a
dosc of 0.1 mg/kg q.od. (“0.17). Numbers of animals in each group are shown ia parentheses.
*=<0.05 comparcd to Sham §¥=F<0.01 compared to Les, by Newman-Keuls tests..

Fig. 5 shows the cffect of Compourd A on acrylamide-induced peripheral neuropathy.

Generally, the invention features methodologics for ameliorating the deleterious effects
of a variety of discascs, disordéss and condiﬁunsbymdngasubjuctinneeddmmof with a
therapeutically cffective amourt of Compound A.

' Compound A can be used in a method for treating
the deleterious effects of diceases, discrders and
conditions which negatively affect the function and/or
survival of neurons at risk of dying due to such diseases
and disorders by enhancing the function or survival of
specific types of neurons of the mammalian central nervous
system. More particularly, there is provided a
method for enhancing the funciion or survival of dopaminergic neurons, GABA-ergic neurons, and
glutamatergic neurons in a manrnal by administering to the mammal Compound A, a ring-

substituted K-252a derivative -~ith the following chemical structure:



%WS%K) @ CH; SCH Oy

ary’
Hos
C0,CHy

Compaund A

Dopaminerpic neurons, GABA-crgic neurons, and glutamatergic acurans arc
widespread in the mammalian central nervous system. Each of these three ncuronal ccll types
suffers impaired function, or even death, in one ar more neurodegenerative discases of the central
nervous system, Parkinson's disease involves progressive loss of dopaminergic ncurons of the
nigrostriatal pathway. Alzheimet's diseaste involves the death of various types of neurons.
including GABA-crpic nourons in the nuclcus basalis of Meynert of the basal forcbrain.
Alzhcimer's disease also involwis death of glutamatergic ncuroas in the cntorm:ml cornex.

One method of treeting Parkinson's discase or Alzheimer's disease s to administer a
compound that enhances the function or survival of dopaminergic neurons. GABA=rgic neurons,
or glutamatergic neuroas. Cotnpound A is phammacologically active in biclogical assays and in
vivg models for eohanced function or survival of dopaminergic neurons, (GABA-ergic neurons, and

glutamatergic neurons. Therefore, Compound A has utility
for treating Parkinson’'s disease or Alzheimer’s disease.
The use of the compound, however, is not limited to the
treatment of those diseases. Compound a can be used to
enhance the functien or survival of dopaminergic neurons,
GABA-ergic neurons, oOr glutamatergic neurons whose impalred
function or risk of dying results from causes other than
Parkinson's disease cr Alzheimer’s disease.

Compound a can also be used in a method of
reducing a peripheral neuropathy. The method involves
administering a neuropathy-reducing amount of Compound A Lo
a2 mammal. Tn various preferred embodiments, the mammal is
a human, or an agricultural or domestic mammal that

develops a neuropathy, e.g., as a result of treatment of a

:F:N_Lbi;neoplasm with a chemotherapeutic agent.

wit
>
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Compousnd A can be administer:d in a manncr decmed effective by one skilled 1 the art; a
preferred mode of administration is subcutancous injection.

As used herein, “periph2ral ncurapathy” refers 1o a disorder affecting a segment of the
penipheral mervaus system. This involves uging Compound A to reducc a neurotoxicity,
ncluding, but not limited to, distal sensorimotor meurcpathy, or autonomic neuropathijes such as
reduced motility of the gastrointestinal tract or atony of the urinary bladder.

Preferred neuropathies “hat can be effectively treated with Compound A include
neuropathies associated with sy:temic discase, ¢.g., post-polio syndrome; genetically acquired
neuropathies. ¢.g., Charcot-Maie-Tooth diseasc: and neuropathies caused by a toxic agent, ¢.g.,
acrylamide, or a chemotherapeutic agent, e g., vincristine.

Where Compound A is used to treat a neuropathy induced by a toxic agent, it can be
administercd before, simuitanecusly with, or after exposurc 1o the toxic agent. or. before, during or
after administration of a chemorherapentic. Preferably, Compound A and the chemotherapeutic
agent are each adnrinistored at effective time intervals, during an overlapping peried of treatment.
Compound A can be adminigreted to the mammal following exposure to the neurotoxic agent, or
following chemotherapy, to restore at least 2 portion of the neurofunction destroyed by the
neurotoxic agent of chemotherapeutic. Tha cherotherapeutic ¢an be any chemotherapeutic agent
that causes neurotoxicity, such as vincristine, taxol, dideoxyinasine, or cisplatin.

By “toxic agent” or “neutotoxic apeat,” is meant 2 substance that through its chemical
action injurcs, impairs, or inhibits the activity of a componeat of the nervous system. The list of
neurotoxic agents that cause neuropathics is lengthy, and includes, but is nat jimited to, neoplastic

.'_::: agents such as vincristine, vinblastine, cisplatin, taxol, or dideoxy-compounds. &.g..

E:'E.. dideoxyinosine; alcohol, metals; industrial toxins involved in occupational of environmental

N exposure; conlaminants of foot or medicinals; or over-doscs of vitamins or therapeutic drugs, €.g.,

wees 25  antibiotics such as penicillan or chloramphenicol, or megadoses of vitamins A, D, or B6. An

taee extensive, although not complee, list of chemical compounds with neurotoxic side~cfects is found

f"::: in Table 1. Although this list frovides examples of neurowxic compounds, it is intended to

E.E .: exemplify, not timit, the scope >f the invention. Other toxic agents can causc neuropathics, and

. can be characterized by methods known to one skilled in the art. By “cxposurc loa toxic agent’ is

E Taes 30 meant that the toxic ageat is mide available to, of comes into contact with, a mammal of the

L mvenuon Exposure to a [OXIC Agent Can oceur by dircct admunistration. ¢.2,.. by ingestion of
\RAL ,59
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administration of a food, medicinal, or therapentic agent, e.g., a chemotherapeutic agent, by
accidental contamination, ot by environraental expogsure, = g, aerial or aqueous exposure.

Despite the widely disparate morpholugies and causes attributed 1o peripheral
neuropathics in vive, applicants have hypothesized that Compound A can be an effective means of

preventing or treating such neuropathies in a mammal.
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TABLE 1
AGENTS THAT CAUSE PERIPHERAL NEUROPATHY
AGENT ACTIVITY AGENT ACTIVITY
anetazolamide diuretic imipramine eniidepressant
serylamide fioeculent, grouting indomethacin ant-iniammatory
agent
adriamyein antineoplastic inorganic jead toxjc metal in paint, efc.
alcohei {ethanol) " solvent, recreational isoniazid antituberculous
drug
almitrine respitalory stimuiant lithium antidepressant
amindarone antiarrhythmic mathylmereury indugtrial waste
amphotericin antimicrabial raetformin antidiabetic
arsenic herbicile, insacticide methylhydrazine synthetic intermediate
aurothioglucose antirhe smatic melronidazele ahtipretozoal
barbiturates anlicor vulsant, sedative | misonidazole radinsensitizer
buckthorn _ toxic bofry nitrafurantoin urinafy antiseptic
cerbarnates insectivide nitrogen mustard antineoplastic, nerve
gas
carbon disulfide {CS3) indusir al | nitreus oxide anesthatic
chlaramphenical shtlbacterial organophasphates insecticides
chloraquine antimalarial pspolot ghflcanvuisant
cholestyramine antihyperiipoproteinemic | panicilin antibacterial
cisplatin sntineoplastic perhexiline antiarrhythmic
cliaquinal amabicide. antibacterial | pernexilina mateats antiarrhythmic
colestipol antihyperiipoprateinemic | phenytoin ) _anticonvulsant
colchiclne gout suppressant platinum _drug component
calistin antimicrobisl primidone anticonvulsant
cycloserine antibatterial procarbazine antineaplastic
cytarabine antineuplastic pyridoxihe vitamin 8B
dapsone dermaioiagic including sodium eyanate anti-sickling
leprosyt
dideoxycytidine antineoplasti ‘streptomyein antimicrobial
dideaxyinasine antinenpiastic sulphonamides antimicrobial
dideoxythymidine antivirul suramin antinecpiastic
disuifiram antialcohol tamoxifen antineoplastic
daxarubicin aptineaplasti taxol antineoplasti
ethambutol antibaiterial thalisomide antileprous
thi ide antibarsterial thallium rat poisen
glutethimide sadative, hypnotic triamterens diuretic
gald antitheumatic trimethyitin toxic metal
nexacarbons solvents L-tryptephan health food additive
harmonal vinefistine antinecplasiic
contragaptives
hexarnethylelmelamine | fireproofing, virblastine antineoplastic
crease prosfing
hydralazine antihyertensive vindesine antinecpiastic
hydroxychioreguine antirtheumatic vitamin A mega dases
vitamih D mega doses

2.
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Compound A has also been demonstrated to inlubit production of the cytokine TNF-a,
deepite having little or no inhibizory activity against PKC. Compound A aisc inhibits the
production of the cytoline IL-1§1. The production of TNF-a is asscciated with a varisty of
diseases and disorders such that the inbibition thereof via use of Compound A can beneficially
provide value to a subject in need of such inhibition of TNF-a production.

Accordingly, Compound A can also be utifized to inhibit production of TNF-2 iz a
mammal and/or a method of treating or alleviating inflammatory conditions or disease. including
but nat limited to scptic shock, -heumataid arthntis, osteoarthritis, asthma, bronchitis, chronic
ohstructive airway disease, paoriasis, allergic rhinitis, denmatitis, and inflammatory bowel disease,
and other autoimmunc discases which method comprises administering to said mammal a
therapeutically effective amoun: of Compound A.

For use in the present invention, Compound A can be formulated into a
pharmaceutical composition by admixtire with pharmaceutically acceptable nontoxic excipients
and carriers. Such a composition can be prepared for administration by any of various rToutes.
Routes of administration and preferred dosage forms includ= the following; parenteral, preferably
in the form of liquid sclutions or suspensions; oral, preferably in the form of tablets or capsules,
intranasal, preferably paricularly in the form of powders, nasal drops, or aefosols; and dermal,
via, for cxample, trans-dermal patches.

Composition A can be conveniently administered in unit dosage form and may be
preparcd by any of the methods well known in the pharmaceutical art, for example, as described in
Remingtan’s Pharmaceutical Sciences (Mack Pub. Co., Easten. PA, 1980), Formmulations for
parenteral administration may contain as common excipients sterile water or saline, polyalkylene
glycols such as polyethylenc glycol, oils and vegetable'origin, hydrogenated naphthalenes and the
like. In particular, biocompatihle, biodegradable lactids polymet. lactide/glycolide copolymer. or
palyoxvethylenc-polyoxypropyiene copolymers may be useful excipients to control the release of
the active compounds. Other potentially useful parenteral delivery systems for Compound A
inglude ethylene-vinyl acetate copolymer particies, osmatic pumps, implantable infusion systems,
and Liposomes. Formulations for inhalation administration cotitain as excipients, for example,
lactosc, or may be aqueous 5ol stions containing, for exampls, lactose, or may be aqueous solutions

comiaining, for example, polyocycthylene-S-lanryl ether, glycocholate and deoxycholate, or oily

.13
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solutions for administration in the form of nasal drops, or as a gel to be applied ntranasally.
Formulations for parenteral administration may alse include glycocholate for buccal
administration, a salicylate for rectal administration, or citti¢ acid for vaginal administratian,
Formulations for trans-dermal patches are preferably lipophilic emulsions.

Compound A can te employed as the solc active ingredient in a pharmaceutical
composition, Alternatively, it can be used in combination with other active ingredients, e.g,
growth factors that facilitate neronal survival or axapal regencration in discases or disorders.

The concentration of Compeund A used in the practiee of this invention in a
therapeutic composition can vary. The concentration will depend upon factors such as the total
dosage of the drug to be administered and the route of administration. Compound A typically
would be provided in an aqueor s physiolagical buffer solution containing about 0,1 to 10% w/v for
parenteral administration. Typ:cal dose ranges are from about 1 pg/kg to about 1 g/kg of body
weight per day; a preferred dos: range is from about 0.01 mg/kg to 100 mg/kg of body weight per
day. A preferred dosage of Compound A to be adrmnistered is likely to depend on variables such
as the type and extent of progression of the disease or disorder, the overall health status of the
particular patient, the retative efficacy of Compuil;ﬁd A for the particular discase or disorder
treated, the particnlar formulation used, and its route of administration.

Compound A for use in the present im./ention is preferably obtained according to the
methods described in Lewis et al., U.S. Patent No. 5,461,146,

The present inventon will be further illustrated by the following examples. These
examples are not 1o be construed as limiting the scope of the invention, nor the scope of the claims

appended hereto.
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EXA ES
Example 1
Pharmacolopical Activity on Dopaminergic: Neurons
5 Experiments were ¢onducted using Compound A in MPTP-lesioned dopaminergic

neurons in mice (MPTP mouse model). A single s.c. dose of MPTP (20 mg/kg) provided to C57
black mice produced approximately 60% loss of striatal tyrosine hydroxylase activity.
Administration of Compound A, at daily doscs mng'mg from 0,0) to 10 mg/keg (s.c.), to such

MPTP-treated mice reduced the: loss of striatal tyrosine hydroxylase activity. These data are
10 shown in Table 2.

Table 2
Striatal Tyrosine Hydroxylase (TH) Activity
15 in _ow-Dase MPTP-Treated Miee®
Striatal TH % of

) ~ Activity Unlesioned

Treatment . (+ SEM) Control
Unlesioned 19.06 + 1.06 100+ 56
MPTP-Lesioned 7.40 £ 1.07 39+ 56
MPTP Lesioned {Vehicle) 699 + 0.75 37140

MPTP Lesioned + Cmpd A

{0.01 ma/kg) 776+1.23 M +53
{003 may/kg) 10.48 + 0.92* 55 4 3.9
(0.10 mg/kg) 11.51 + 0.80" 60 + 6.5*
{1.30 mg/kg) 11.89 + 1.34* €2 + 5.0
{1.0 mg/kg) 10.39 + 139" 54 + 7.0*
(3.0 ma/kg) 9.66 + 1.10 51 +58

(10.0 mg/kg) 9.77 +0.70 51 +3.7

* Average of three dose - response experiments.
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Mice were treated with MPTP (20 mg/kg; s.c.) 4-6 hrs after the first Compound A
imection. Compound A was then injected cvery day until the end of the experiment, wiuch was 7
days in duration. Striata were assessed for tyrnsi;m hvdroxylase enzyme acrivity. Astenisk
indicates statistically significan: differ=nce (p < 005) from MPTP- Vehicle treated animals.

In a separate experiment, the activities of Compound A were assessed in a high dose
MPTP-mouse model. A single 40 mg/kg injection of MPTE produced 2 95% depletion in striatal
tyrosine hydrexviase enzyme activity 7 days post-injection. Administration of Compound A at
daily doses of between 0.03 anc! 3.0 mg/kg reduced the magnitude of the lesion, in a dose
dependent manner. These data are shown in Table 3.

Table 3

Striatal Tyrosine Hydro:ylase {TH) Activity
in High-Dose MPTP-Treated Mice”

Striatal TH %
. Activity Unlesioned
~ Treatment ) (+ SEM) Control
Unlesioned 231116 100+ 7.0
MPTP-Lesioned (Vehitle) 1.6+ 0.6 7+3.0
MPTP-Lesioned + Cmpd A ‘
(0.03 mg/kg) 1.8+06 B+25
{0.3 mg/kg) - 27x08 12+25
(3.0 ma/ka) 5.3+18° Z3 + 80"

* Data are from a single experimrent.

Micc were treated with MPTP (40 mg/kg; s ¢ ) 4-6 hrs after the first Compound A
injection. Compound A was then injected every &ay until the end of the experiment which was 7
days in duration. Striata were assessed for tyrosine hydroxylase enzyme activity, Asterisk
indicates statistically significant difference (p < 6.05) from MPTP-Vehicle treated animals.

MPTP-mediated dopaminergic loxicity is dependent on MAO mediated conversion of
MPTP to MPP" (1-methyl-4-pheaylpyridinium ion) and uptakc of MPP* into dopaminergic

neurons. Compounds found to be active in the MPTP-mouse model should be determined not o be

6.
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inhibitors of MAO or dopatmine uptake. Compound A has been found not to inhibit menoamine
oxidase A or B in vitro (Figure: | and 2) or blocg uptake of catecholamines into nerve endings,
indicating that this compound d>=s not prevent ﬁxée metzbolic conversion of MPTP to MPP or
inhibit the active uptaks of MPP" into dopamincrgiic neurons.

These data demonstrating efficacy of Cumpn\;nd A in the MPTP-mouse doparminergic

lesion model indicate utility of (Compound A in the treatment of neurodegenerative disorders such
as Parkinson’s disease,

Exampie 2

Pharmacological Activity on GABA-ergic Neurons

Compound A was tested for its ability to prevent depletion (e.g., cnhance the survival)
of GABA-ergic neurons in the muclens basalis magpocellularis, using the well-established ibotenic
acid lesion madel, Ibotenic aciil, an excitotoxin, is known to reduce numbers of GABA-cxpressing
neurons in the nbm region (Lindefars =t al., Neurfpsci. Lett., 135:262-264, 1992, Shaupnessy et al.,
Brain Res., 637:15-26, 1994). :

Adult male Sprague-Dawley rats received injections of ibotenic acid (5.0 g) into the
nbm unilateralty. The rats wen: then dosed with Compound A {0.03mg/kg) via subcutaneous
injection beginning 18 hours afier the lesion, and .‘continuing q.0.d. until 12 days post-lesion.

Tissue sections were then collessted throughout ﬂm rostral-caudal extent of the nbm, and processed
to detect glutamic acid decarbovylase, an enzyme required for biosynthesis of GABA. The
mumbers of neurons cxpressing glnamic acid dcrboxylase were then counted throughout the
rostral-caudal extent of the nucleus basalis magx:ﬁceﬂulaﬁs, in a region where glutamic acid
decarboxylase-expressing neurons of the nbm are easily distinguished from glutamic acid
decarboxylase-cxpressing neurons in adjacent structwres (white matter medial and ventral to the
globus pallidus), The results were expressed as l;erncnt glutamic acid decarboxylase-expressing
neurons on the lesioned side relative to the number on the opposite, unlesioned side. The results
were ajse calculated separately for the rostral nbi'h, mid-nbm, and caudal nbm.

A mean of 78 (x 15 s.c.m.) percent éiutamic acid decarboxylasc nenrons were couated
in the rostral nbm of animals receiving Compam‘;:d A, compared to 34 (+ 19 s.e.m.) pereent in
animals receiving vehicle only, a statistically sig':;ziﬁcant difference by ¢ test (p < 0.05). No
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statistically significant differences between Compound A-treated animals and vehicle-only (control)
anirnals were seen in mid-nbm or caudal nbm.
These results demonstrate that Compbund A can protect against 2 GABA-ergic neuron

loss that results from an excitotoxic lesion, and thus has a neurcirophic effect on that neuronal

population.

Example 3

Pharmacological Activity on nbm Neurons

To test directly the ability of Compuﬁnd A to prevent excitotoxic neuron death, nbm
neurons in adult male Sprague- Jawley rats were fflrst labeled with a long-lasting marker. This was
done by injecting Fluoro-Gold (FG), 2 neuronal 1i;acer that is taken up by nerve terminals and
transported hack to the celt body (Book et al., /. ]Sfeurapafh. Exp. Neurnlogy, 53:95-102. 1994),
into target regions of nbm neurons in the frontal and parietad cortex. 7-10 days later the animais ’
received lesions of the nbm unilaterally, using 3 pg of ibotenic acid. Beginmng 18 hours after this
lesion, the animals received Colopound A (0.03m§fkg) via subcutancous injection, cvery other day
until 18 days post-lesion. Tissuz sections were cﬁhected throughout the entire rostral-caudal cxtent
of the nbm on both sides of the brain, and numbefs of nbm neurons with the FG label were
counted, The counts were correeted for size diﬁ'éi'ences using standard procedures, and the rssults
expressed s the percent of Jabéled ueurons in the'nbm on the lesiencd side of each ammal relative
to the mumber of [abeled nearors in the nbm on thc opposite unlesioned side of the brain,

Aximals receiving sompound A had significantly more FG-labeled neurons in the
rostral portion of the lesioned nbm (over 400 pm from the mid-point of the lesion). compared to
lesioned animals receiving vehitle only (Figurc 3) At mid-fesion and caudal to the lesion
Compound A had a declining éfFect. ;

These results dernenstrate directly tlmt Compound A can prevent the loss of pre-
labeled neurons in the nbm that results from cxciﬂbtmcic damage.

-i8-
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Example 4

Long-Lasting Functional hipprovement Ujpon Short Term Dosing with Componnd A

Adult male Spragus-Dawicy rats weg;e first trained to alternate responses in a standard
rowarded-aliemation T-maze task (Hepler et al.,.ﬁ Neurasci,, 5:866-873, 1985). The apimals then
received bilateral lesions of the oucleus basalis m&guocellu!aris, 10 impair performance in T-maze
tasks {e.g., Salamone et al., Belav. Brain Res., 1:%;:63—70, 1984). Bepinning 18 hours after the
lesion, the animals received Comnpouend A via subﬁ?utaneuus injection (0.1 mg/kg) every other day
until 12 days post-lesion. Twenty-four hours folli'awmg the last injection all animals were placed in
the T-maze once a day, until their alternation perfé"prmance reached pre-operative levels, which took
anywhere from 3 16 10 days. After reaching cﬁt#inn, the animals were not farther testzd for 8-10
weeks. Atthat point the animals were again pkam“ad in the T-maze, opce a day unti] they reached
pre-operative performance. Th: total number of ermrs the anirnals committed during this test is
shown in Figure 4. The lesione3 animals recemng vehicle only committed significantly more
errors than either unoperated ncrmais or sham—u rates, while lesioned animals that rezeived
Compound A 10-12 weeks previously were not fferent from normals,

These results demonstrate that Caml;luund A produces a chronic improvement in a

behavior reflective of an improvement in attention or memory several menths after dosing has
ceased.

Example 5

Efficiency of Compound A in Entorhinal Cortex Lesion Model

Glutamatc-contaimng neurons in lny%r 2 of the entorhinal cortex project to the
molecular layer of the dentate gyrus, where they form synapses on the dendrites of the dentate
gyrus granule cells. A lesion cim be created in laﬁn:r 2 of entorhinal ¢coriex by stereotaxic injection
of the excitotoxin N-methyl-D-aspartate (NMDAP Under sodium pentobarbitel anesthesia. rats
received an injection of NMDA (1% nmols/sitc) n{ cach of 2 sitcs in the entorhinal cortex. Two
weeks later, the rats were sacnificed and perfusd.wnh 4 50 mM sodium sulfide solution. The
brains were removed, scctioned in the horizontal ?lane at a thickness of 40 prn, and stained with

either Cresyl violet or Timm's :tam The surku.l of neurons in Jayer 2 of entorhinal cortéx was

-39-



15

20

5

30

WO 97/49406 PCT/US97/10898

assessed in Cresyl violet stainecl sections, while tHe integrity of their axon terminals in the

molccular layer of the dentate gyrus was measurc? in alternate sections stained with Timm’s stain.
Injection of NMDA. destroyed 62 + !Jl % (s.e.m.} of entorhinal layer 2 and decreased

the area of the dentate gyrus middle molscular 1ajf|:r by 19+ 6% (s.e.m.). Daily treatment with

Compound A {1 mg/kg, s.c.), with the first inje-c:t:nn given immediately after injection of NMDA,
reduced the loss of entorhinal izyer 2 neurans to 22 + 10% (s.e.m.)(p < 0.05, ‘t’ test) and prevented
the decrease in area of the middle molecular laye::%(p <005, ‘" test). Thus, Compound A
protected nenrons in the entorhinal cortex from zn cxcitotoxic lesion and maintained the integrity of
their axan terminals in the dentite gyrus. ll

These data demonstrate the efficacy %af Compound A in protecting glutamatergic
neurong of the entorhinal cortey.. Lesions of entb%h.inal cortex in animal models have been shown
10 produce memory deficits, and severe degeneméion of these neurons occurs in Alzheimer’s
disease. This supports the position that Compouhd A is useful in treating nenrological disorders
that involve loss of or damage 10 glutamatergic uLumns and neurons of the cerebral cortex,
including but not limited w Alzheimer's disease, ;Ltmke and head travma.

Example 6
Effect of Compound A on_Acrylamide-Indoced Peripheral Neuropathy
1

Acrylamide produces 2. “dying back” ce;tlltrai-peripheral distal neuropathy 1n humans and
amimals. The lesion 15 a mixed sensory/motor iropathy characterized by weakmness, tremor and
ataxja in humans. In animals, icrylamide prndu:réas changes in behavior (sensory, motor and
proprioceptive), histopathology, electrophysiolo % and weight loss. In the periphery, large
diameter, long axon, Ab fibers are preferenuallyii ected by acrylamide. In rats, acrylamide
administration produces an axcnopathy as meastred by increased landing foot spread (LFS), a
measure of propricception. ;

Acrylamide-induced nouropathy is a moLe] of chemically induced toxicity. It differs from
other chemicaliy-induced models (such as chem t Tapeutic rgodels) in that the duration is
relatively short (3 weeks) and the animals are in felatively good bealth, Acrylamide does not

produce gross systemic toxicity.

28D -
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Male Sprague-Ilawley rats weighing Z50lgmms at the start of the expetiment were used.
Acrylamide (50 mg/kg, IP) was administered I.hrel times/week for three wecks, The animals were
dropped from a heipht of 30 ¢ry and the distance lbctwecn the hindfeet was recorded (Edwards,
P M, and Parker, VH. (1977) “A simple, smitiLc, and objective method for early assessment of
acrylamide neuropathy in rats.” Toxicol App! Phi‘:rmacol, 40:589-591). Compound A (0.1, 0.3 or
1.0 mg/kg, s.c. in 5% solutol) was administered once daily for the duration of the experiment.
Acrylamide-treated animals had larger distances in the LFS than the vehicle treated
animals. Compound A (0.3 mg/kg/day) reduced the magnitude of the increase in LFS produced
by acrylamide (Figure 3).

|
These data indicate that Compound A is usefu! for the treatment of peripheral

neuropathies.

Example 7
Failure of Compound A to [nhibit P[gleianinagg C. In Vitro

The protein kinase € aisay and the inhib{tinn of protein kinase C by K-252a is disclosed
in US Patent 4,923,986 and Kasc, H. ctal., (cds.] JTapan Scientific Societies Press, Tokyo, pp 293-
296, (1988). By means of an essentally similar assay, it was found that K-252a inhibits protein
kinase C with an ICs; of 0,028 Vi while the IC;L of Compound A is 16.0 uM, i.¢., 370 fold less
active, Compound A has an 1Cs, of 139 nM, asjan inhibitor of the production of TNF-a, and an
ICs; value of 26 InM as an inhibitor of the pmdugtion of IL-1P, concentrations at which
Compound A is inactive as an inhibitor of protein kinase C.

Example 8

In Vitro Inhibition of TNF-o_and IL-18 Production by Compound A
i

The ability of Compound A o inhibit r.he‘ induction of TNF-a. was demonstrated by use of
a standard in vitre pharmacological testing proc : re as described below.
Stock solutions consisting of 4 mM Compound A, in 100% DMSO, were stored at 4°C. Cell
culture mediurm RPMI 1640 (Media Tech, Hemdon, Va) and fetal bovine serum (Hyclone, Logan,
UT) comprised the test mediun.  Lipopolysaccharide (LPS) (Sigma, 8t. Louis, MO) from E. coli
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serotype 0111:B4, extracted with trichioroacctic icid, was used. Stock solutions of LPS were
prepared and stored at 4°C in phosphate-bufferedisaline (PBS). ELISA kits for assaying tumor
necrosis factor alpha (TNF-w) ind IL.- | B were pulchhased from Boehringer-Mannheim,
{Indianapolis, IN) and were used according to theimanufacturer’s instructions, THP-1 cells, a
human monocyte-derived cell liag, was obtained I'Jrom the American Type Culrure Collestion
(ATCC TIB 202). Cells were grown in RPMI 1%40 contaimapg 10% fetal bovine serum (medinm)
in a humidified atmosphere of £% C0,:95% air 311 37°C. Experiments were performed in 24 well
eulture plates (Nunc) with § x _0° THP-1 cells iu!l ml of medium. Cells were incubated with LPS
at 2 ug/ml to induce TNF-o. Aftera 3-hr incuhag;ion period, the ceils and medium were
centrifuged at 1,000 x g for 5 min, and the rcsultii'ng supematant fluid was either agsayed
immediatcly for TNF-a. or stored at -70°C and assayed later. Media samples were measured for
content of TNF-a and IL-13 by Elisa assays. ;

To test Comipound A for the ability 1o inh!ibitthc induction of TNF-a, cells were incubated
with varying concentrations of Compound A for ] hr priot to the addition of LPS. Compounds
were diluted so that DMSO was never present in i.hc cell culture medium at a concentration higher
than 0.1%. Compound A was tested and assayed’as described above for its ability to inhibit TNF-
a and IL-1P production.

Example 9
Inhibition _of LPS-Induced TNF-a and IL:1B in the Serum of Mice.

Sixty female CSTBL mace (4-6 weeks o]é) were divided into six groups, each with 10
animals. Three groups {1,3,5) reccived vehicie oaly (PBS containing 0.1% TEA (tetraethy]
ammoniun hydrochleride)), 200 pl/mouse via intrapentoneal {ip) administration. The other three
groups (2,4,6) received Compound A (30 mg/kg in 200 i, ip) of vehicle (PBS containing 10% of
the ethyl ester of 12-hydroxystu:aric acid, solntol)‘ Two hours later, the apimals received by ip
administration, 0.1 mg/kg of L?S (groups 1 & 2)L 0.5 mg/kg of LPS (groups 3 & 4), and 1.0
mg/kg of LPS (groups $ & 6). Two hours after LPS administration, all of the animals wers
sacrificed, and plasma samples were abtained a.mL assayed for their TNF- and IL-1p content.

Assays were cairied out as deszribed in Examplel8.
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Data are sumenarized ir. Table 4. The numbers in { ) are the group numbers as descnbed

above, N indicates the number of animals from which piasma measurements were made.
ND = not done.

Table 4
LPS dose TNF-a (pg/ml) IL-1p (pg/mi)
mg/mouse, ip | Vehicle CVMP A Vehicie Cmp A
0.1 1) @ _ ND ND
6129+676 Z7144448*
N=10 N=10
0.5 3 4) _ ND ND
714141142 37664375
N=9 N=T
1.0 (&) (6) ) (€)
37464610 2393+1399 . 300187 58119
N=g N=9 N=8 N=8
= Indicates statistical difference from vehicle-tref*ed control (p<0.05).
As shown in Tabic 4, LPS adr:ﬂnistratiéxr to the mice caused the production by those mice
of TNF-a, and the amount ¢f TNF-u produced was markediy inhibited by a two hour pretreatment
with Compound A Pretreatment with Compound|A also markedly inhibited the producrion of IL-

1P, produced in response to the administration of j.0 mg/kg of LPS.

Example 10 :
Prevention of LPS-Inducect Death in Mice

Forty mice were divided ino three gl‘Dll:P two graups consisting of ten mice and one
group of twenty micc. Administrations of vehic]j. LPS. apd Compound A were intraperitoneal.
Group 1 (n=10) mice received vehicle (phosphate buffered saline for LPS, 200 pi/mouss) at time
zéro and vehicle for Compound A (200 ul/mousé)\'l hoursrlater. Group 2 {(n=10) mice received the

vehicle for Compound A at zero time (200 pl/meyse) and L¥S (Zmp in 200 pl/mouse) twao bours

-i2B-
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later. Group 3 (n=20) received Compound A (30 mg/kg in 200 pl of vehicle) at time zero
and LPS (2mg in 200 pl/mouse} two hours later.

The administration of LPS caused 90% mortality within 20 hours and 100%
mortality by 42 hours after administration. In the group of animals which received
Compound A two hours prior to receiving LPS, there was 25% mortality at 20 hours after
LPS administration, 75% mortality at 42 hours after LPS, and 80% mortality one week
after LPS administration. Vehicle treatments were well tolerated and caused no deaths,

Those skilled in the art wilt appreciate that numerous changes and
modifications may be made to the preferred embodiments of the invention and that such
changes and modifications may be made without departing from the spirit of the
invention. It is thercfore intended that the appended claims cover all equivalent variations
as fall within the true spirit and scope of the invention. Documents cited throughout this
patent disclosure are hereby incorporated herein by reference.

" Throughout this specification and the claims, the words “comprise”,

“comprises” and “comprising” are used in a non-exclusive sense, except where the context

requires otherwise.

S RAL;
S A
| - 24 -
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CLAIMS

What is claimed is:

] 1 A method for inhibiting overproduction of tumor necrosis factor aipha in a
mammal comprising the step of administering toi zimammal in need thereof a therapeuticaliy
affective amount of Compaund A, said Cempouhd A represented by the formula:

10
2, A method for amcliorating the |.’|;elleteﬁous effects of overproduction of tunor
necrosis factor alpha in & mamraal comprising Ll}evstep of administering to a mammal in need
thereof a therapentically effective amount of Coimpound A, said Compound A represented by the
formyla:
15
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WO 97/49406 PCT/USY7/10898

3, A method for inhibiting overprdducﬁon of mterleukin-1 beta in a mammal
comprising the step of administ:ring toa mamm_ﬂ in need thereof a therapentically effective
amount of Compound A, said Compound A rcpzfcscmcd by the formula:

4 A method for ameliorating the Heleterious effects of overproduction of
interleukin-1 beta in a mammal comprising the s!lcp of administering to a mammal in need thereof 3
therapeutically effective amoun: of Compound A said Compaund A represented by the formula:

5. The method of claim 2 wherein La.id deleterious effects are selected from the group
comprising septic shock, rheumatoid arthritis, o;teuarﬁ)ritis. asthma, bronchitis, chronic
obstructive airway disease, psoriasis, alletgic rhinitis. dermatitis. and inflammatory bowcl disease.

6, The method of claim 2 wherein Laid deleterions effect is an autoimmune disease,

-|26 -
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7. Use of Compound & in the production of a
medicament for the inhibition of overproduction of tumor
. necrosis factor alpha in a mammal, said Compound A

represented by the formula:

10

8. Use of a Compound of formula & in the
production of a medicament for ameliorating the deleterious
15 effects of overproduction of tumor necrosis factor alpha in

a mammal, said Compound A represented by the formula:

20
EX X1
E:;. 25 9. Use of a Compound of formula A in the
'":R production of a medicament for inhibition of overproduction
.JE" of interleukin-1 beta in a mammal, said Compound a
it represented by the formula:
LEXT ) 3 0
35
RAL
) -
.{‘T * i
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10. Use of Compound A in the production cf a
medicament for ameliorating the deleterious effects of
overproduction of interleukin-1 beta in a mammal, said

Compound A represented by the formula:

H_yIsabe LA keepispze1y 36414 doe 15:25.00
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