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t her eby |Tadpmdlincoisam incsperabe Whitd eystabisie| peiveder used as an oral agent for

chronic respiratory diseases such as asthma and COPD. Aminophylline, or
theophylline ethylenediamine, is a combination of theophylline and ethylenediamine
15  and has similar properties. Theophylline is known to have a bronchodilating effect
and a mild anti-inflammatory effect, due in part to its activity as a weak nonselective
phosphodiesterase (PDE) inhibitor. The drug has hitherto been characterised by a
narrow therapeutic index, and toxicity to this agent, marked by gastrointestinal upset,
tremor, cardiac arrhythmias, and other complications, is common in clinical practice.
20  Other drugs for chronic respiratory diseases, such as inhaled beta-agonists and inhaled

steroids, are often prescribed instead of theophylline to avoid its adverse effects.

Although theophylline has been in clinical use for many years, its molecular
mechanism of action and its site of action remain uncertain. Several molecular

25  mechanisms of action have been proposed, including the following.

Theophylline is a weak and nonselective inhibitor of phosphodiesterases, which break
down cyclic nucleotides in the cell, thereby leading to an increase in intracellular
cyclic AMP and GMP concentrations. Theophylline relaxes airwayl smooth muscle by
30 inhibition of PDE activity (PDE3, PDE4 and PDES), but relatively high
concentrations are needed for maximal relaxation (Rabe, et al. Eur Respir J 1999, 8:
637-42). The degree of PDE inhibition is very small at concentrations of theophylline
that are tﬁerapeutically relevant. There is no evidence that theophylline has any

selectivity for any particular isoenzyme, such as, for example, PDE4B, the
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nuclear factor-kB (NF-kB) into the nucleus, thus potentially reducing the expression

15 of inflammatory genes in asthma and COPD (Tomita, et al. Arch Pharmacol 1999,
359: 249-55). These effects are seen at high concentrations and may also be mediated

by inhibition of PDE.

Theophylline has moreover recently been shown to activate histone deacetylase
20 (HDAC). Acetylation of histone proteins is associated with activation of gene
function, and it is believed that proinflammatory transcription factors which activate
inflammatory genes also cause an increase in histone actetyltransferase activity. By
increasing HDAC activity and so deacetylating histone proteins, theophylline is
believed to suppress the expression of inflammatory genes (see Barnes, (2003) Am J

25  Respir Crit Care Med 167:813-818).

Glucocorticoid drugs (steroids) have become the therapy of choice in asthma and are
widely used in the treatment of COPD, usually in inhaled form. However, although
inhaled steroids are effective in the majority of asthma patients their use in COPD is
30  contentious owing to their lack of demonstrable anti-inflammatory effect (Culpitt,
S.V. et al. (1999). Am. J Respir. Crit Care Med. 160, 5 Pt 1, 1635-1639) and their
apparent failure to affect disease progression (Burge, et al (2000). BMJ 320: 1297-
1303). Asthma patients who fail to respond to low doses of steroids are administered

a higher dose, in the case of budesonide up to 1600pg daily.
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There is thus a need for a therapeutic regime for COPD which provides effective anti-
inflammatory activity and avoids side-effects associated with existing therapies.
Brief Description of the Invention
20

The present inventors have determined that steroids and methylxanthine compounds,
administered at doses which alone are not effective in treating inflammation induced
by tobacco smoke (TS) in an animal model of COPD, when administered together
have a synergistic effect and are able to markedly reduce inflammation in said
25  models, by 50% or more in the tests set forth below. TS exposure is widely accepted

to be the principal cause of COPD in human beings.

In a first aspect, therefore, there is provided the use of a methylxanthine compound
and a steroid for combined use in the manufacture of a composition for the treatment
30 of a chronic respiratory disease, wherein the methylxanthine compound 1is
administered at a dose which, in isolation, is not effective in treating said respiratory
disease, but together with the steroid is effective in reducing inflammation in the

respiratory tract.
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additive, but synergistic, in that two drugs having little or no effect can
be adm ni stered sinultaneously to obtain highly significant inhibition of
t he i nfl axmatedtyxandspons@npondet fy | wsedt iereen,c orfsoun, theophyHuehemdi n,
refers t%hgr%aa%gmégclailgeeq%?v%lent compounds and salts, including aminophylline and
oxtriphylline. Such compounds are methylxanthines, which includes caffeine,
15 Theobromine, Furaphylline, 7-propyl-theophylline-dopamine, enprofylline, and the
like. Steroid drugs include glucocorticoids, corticosteroids and mineralocorticoids,
such as dexamethasone and budesonide, beclomethasone, flunisolide, fluticasone,
Ciclesonide, mometasone, hydrocortisone, prednisone, prednisolone, triamcinolone,
betamethasone, fludrocoritisone and desoxycorticosterone.  Steroid drugs can
20  additionally include steroids in clinical development for COPD such as GW-685698,
GW-799943 and compounds referred to in international patent applications
W00212265, W00212266, W002100879, WO003062259, WO03048181 and
W003042229. Steroid drugs can additionally include next generation molecules in
development with reduced side effect profiles such as selective glucocorticoid
25  receptor agonists (SEGRAs), including ZK-216348 and compounds referred to in
international patent applications W000032585, W0000210143, W02005034939,

W02005003098, W02005035518 and W0O2005035502.

Preferably, the methylxanthine is theophylline.

30
In accordance with the invention, the steroid may be administered at a standard dose,
or a dose which would have no effect if administered independently of the

methylxanthine compound to an individual.
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administered orally.

15 In another aspect, the invention provides a pharmaceutical composition in unit dosage
form, comprising a methylxanthine compound at a dose which is insufficient to be
effective in the treatment of a respiratory disease if administered independently, and a
steroid. Such unit dosages may be packaged to provide a kit for the treatment of
respiratory disease, comprising a methylxanthine compound and a steroid in unit

20  dosage form, wherein the methylxanthine compound is at a dose which is insufficient

to be effective in the treatment of a respiratory disease if administered independently.

Such a kit may comprise, for example, instructions for use which direct the user to
administer the medicaments substantially simultaneously, such that they are present in

25  the patient’s body at the same time.

The invention further provides a methylxanthine compound and a steroid in unit
dosage form, wherein the methylxanthine compound is at a dose which is insufficient
to be effective in the treatment of a respiratory disease if administered independently,
30 for simultaneous, simultaneous separate or sequential use in the treatment of

respiratory disease.
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between 0.1 and 3 mg/kg. Advantageously, the dose of methylxantine is 3mg/kg or
15 less. Plasma levels achieved with these doses of methylxanthine fall below those
currently considered necessary for clinical efficacy (10-20mg/l) (Cazzola et al,

(2004) Pulmonary Pharmacology & Therapeutics 17, 141-145).

In the foregoing aspects of the invention, the dosage of steroid which does not exert

20  any apparent pharmacological effect in the animal model of COPD is advantageously
below 0.5mg/kg, preferably between 0.1 and 0.4mg/kg, most preferably between 0.1
and 0.3 mg/kg. Advantageously, the dose of steroid is 0.3mg/kg or less.

The effectiveness of the treatment may be assayed, in accordance with the invention,
25 by any technique capable of assessing inflammation. In a preferred embodiment, the
treatment of the respiratory disease is assessed by counting cells recovered by
bronchoalveolar lavage (BAL). Inflammation can also be assessed in sputum or in

bronchial epithelial biopsies.

30  Advantageously, the cells are selected from the group consisting of macrophages,

epithelial cells, neutrophils, eosinophils and lymphocytes.
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Figure 1 Effect of theophylline and dexamethasone given orally (1 h prior to
15 and 6 h post 11 consecutive daily exposures to TS) either alone or in
combination on total cell numbers recovered in the BAL 24 h post final
exposure. Theophylline was given alone at 3mg/kg or in combination
with Dexamethasone (0.3mg/kg) at 3 and 1mg/kg.
Figure 2 Effect of theophylline and dexamethasone given orally (1 h prior to
20 and 6 h post 11 consecutive daily exposures to TS) either alone or in
combination on macrophage numbers recovered in the BAL 24 h post
final exposure. Theophylline was given alone at 3mg/kg or in

combination with Dexamethasone (0.3mg/kg) at 3 and 1mg/kg.

25  Figure3 Effect of theophylline and dexamethasone given orally (1 h prior to
and 6 h post 11 consecutive daily exposures to TS) either alone or in
combination on epithelial cell numbers recovered in the BAL 24 h post
final exposure. Theophylline was given alone at 3mg/kg or in
combination with Dexamethasone (0.3mg/kg) at 3 and 1mg/kg.

30

Figure 4 Effect of theophylline and dexamethasone given orally (1 h prior to
and 6 h post 11 consecutive daily exposures to TS) either alone or in

combination on neutrophil numbers recovered in the BAL 24 h post
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dexanet hasone given orally (1 h prior to and 6 h.post 11 cqpsecutive daily
exposfires to TS) eiapgérh %ﬂsb\(ﬁ%S)cﬁn ?#H@Hﬁ‘?‘ﬁﬁﬁeﬁ‘ﬁs tof%tadﬁ‘]]“ﬁérslm Unber s
recovered in the BAlZ4afleR@st final exposure. Theophylline was given al one

at 3ng/ kg or in conbinati ol with Dexamethasone (0.3ng/kg) at 3 and | ng/ kg.
Figure 2 Effect of theophylline and dexanet hasone given orally ( I h prior

to and 6 ost 11 nsecutiv ai | osyres to. TS) either ne or in
conbi nat il‘Jc;%‘RBﬁ macr %ﬁ&%@a ﬁi‘ﬁ?ﬂﬁ’é’ﬂg’er%ég\)‘;&‘ %B?Sﬁn? RE“B ﬁ%ﬂéﬁalﬂfﬂ ! final
exposure. Theophyl ljae Vgl @h Y6dt L PSPBR LRS iddied thetasésIn¢oabBARL i on Wi th
Dexanet hasone (0.3ng/kg) at 3 and I ng/kg. Figure 3 Effect of theophylline

and d@xanet hasone dicvieeplois @k ihypast dhafiengs or to and 6 h post 11 consecutive
daily exposures to TS) either alone or in conbination on epithelial cell
nunbers recovered in the BAL 24 h post

Figure 7 Plasma concentrations on theophylline after oral dosing in A/J mice.

Detailed Description of the Invention

15
The present invention employs standard techniques of pharmacology and
biochemistry, as described in more detail below. In the context of the invention,

certain terms have specific meanings, as follows.

20 The invention describes the administration of methylxanthine and steroid drugs in
combination, and contrasts the combined administration with individual
administration of said drugs in isolation. “In isolation” accordingly refers to the
administration of a methylxanthine compound without a steroid, or vice versa,
irrespective of whether the steroid is administered before, concomitantly with or after

25  the methylxanthine compound. The intention is to differentiate between the
methylxanthine compound and the steroid being administered such that they can exert
their pharmacological activities in the target organism contemporaneously or

separately.

30 "Combined use" or "combination" within the meaning of the present invention is to be
understood as meaning that the individual components can be administered
simultaneously (in the form of a combination medicament), separately but

substantially simultaneously (for example in separate doses) or sequentially (directly



final exposure. Theophylline was given alone at 3ng/kg or in combination
w t h Dexanet hasone (0.3ng/kg) at 3 and | ng/kg. Figure 4 Effect of

t heophy! Iwoeosndssexanet hasone given orally ( | h prior pte/gadosioobospost 11
consecutive daily exposures to TS) eibvher alone or in conbination on
neut rophil nunbers recovered in the BAL 24 h postfinal exposure.

Theophy! | ing c¥@Siodli ¥ ahefh QNBLRL HiMEHi&Yal0 provitiedandtiboat hgntswirt hctDexanet hasone
(0.3nmg/ kg) at 3 and Ing/kg. Figure 5 Effect of a theophylline and

dexanet hagwmebigriamheosagldtymg). 1 h prior to and 6 h post LPS) on LPS induced
increases in total BAL cells 24 h post challenge. Figure 6 Effect of a

t heophyl | i ne and dexanet hasone given orally (20 and 1 h prior to and 6 h
post LPSyE@RctiRS, ireftigdid nei@aae i infliatmtorpAlondiishs apididr sreratoryost

chall enge. Figure 7 Plasma concentrations on theophylline after aral dosing
in A3 nidiseasepaeiars o POIERIBR ADIEFRARSHIN AP ASTRVENER SifasHes BHEBERRANOM Hent i on
enpl oys 5Ly egan! B RIneEAI R QG BBA B followRd bgescr i bed
in nore gé@gﬂﬁ{rgg o%/\Sv.' Fﬂb‘?ﬁé&iegﬁa?%%@m rlt hea I nvernti %n?mée?tai’on te?ms have
speci fi ¢ cefapimiys, waerdiokienyseseiiteeol callenndioatesladlanminptiontdfehatimignilst r at i on
of met hyl xant hi ne a teroid drugs in conbination, and cgntrasts the

conbi ned lwmﬁlmas?*?%{gj{éﬁ,w ‘P‘Fﬂisﬁﬂﬁu Hlﬁlgt?m IRieRsy 4§ Brﬁge&e(aéﬂ?tgocifr({f;s in

i sol ati Orhs?]é'séiﬂg LRhAhARR, IRESALh ATy belRIused By k\edRHBA Rictid, 8idha of a

met hyl xant hi ne” conpound wi thout a steroid, or vice versa, irrespective of
whet Hér ttbleacse emwikd inbalader, nddsnieiseatide Pbrivitantd rivehias At yand the Bke-after t he

met hyl xanf hi, 08 GOMRAMNtiohNE plefrd shiR®, dsSnb&n el lfNlde Bt 2 PRGHUERE t he
faithfully reproduce an inflammatory response that is steroid resistant as is seen in
COPD. In the context of the BAL/cell counting assay, “effective” preferably
encompasses a reduction in cell numbers by 30%, 35%, 40%, 45%, 50%, 60%, 65%,

15 70% or more compared to a control in which the agent is not administered.

“Not effective” means, in the same assay, a much lower level of response. Preferably,
in the BAL/cell counting assay, “not effective” means that the reduction in cell
numbers is 30% or below, advantageously 28%, 27%, 26%, 25%, 24%, 23% 22% or
20  21% or below, and preferably 20% or below. In some instances, “not effective” can
encompass an increase in inflammation, seen for example as an increase in cell

numbers.

“Synergistic” means that the effectiveness of two agents is more than would be
25  expected by summing their respective individual effectiveness in a given assay. For
example, if a methylxanthine compound and a steroid reduce cell numbers in the BAL
assay by 10% and 20% respectively when administered in isolation, a synergistic
response would be seen if the reduction in cell numbers were above 30% in a
combined administration of the same agents at the same dose.
30
“Administered” refers to the administration of the entire dose of the agent, such as in
a bolus dose, to the intended subject. In the context of the present invention, dosage is

preferably expressed in terms of plasma levels achieved (<Smg/l; 6-9mg/1; 10-20mg/1)



met hyl xant hi ne conpound and the steroid being adm ni stered such that they
can exert their pharnmacol ogical activities in the target organism

cont enporwoeosssliyzsor separately. "Conbi ned use" or " conpicmaig20es/009é3dhi n t he
meani ng of the present invention is tw be understood as neaning that the

i ndi vi dual conponents can be adm ni stered sinultaneously (in the formof a
conbi nat i ithNREnEANEEs) preefiddy Bt®legn QuUto SmbA} amd nglst ysresfd:rahlb/tlassetbtasl y (for
exanple in separ ate doses) or sequentially (directlyin succession or after
a suitabl é&mgflne interval, provided that both agents are active in the
subject at the sane tlrre) "Effective", referring to treatnent of

i nfl ammatory conditions and/ or respi ratory di sease, refers to obtaining a
response A fdoae’ Bsaaynonhi @ﬁngaﬂaasimmsteradfdsahmthecb above. r@d;pmrsalab@lymdb’sease

The pref erred a br onchogal veol ar a | | owe cell
counlto Png P em&*ﬁfﬁi‘tgwléfﬁo‘t}? 28eH @g\éfe RIS fef’ﬁ%ﬁééta@%‘)’ﬁi n]f%l erﬂq’&? }r:S Y the
lung. In 3'8&1?@@ tcpé&da%’éﬁo%age@@kvenlb@/d%%!utéﬁwMmlaﬁgatmrp Réitixample, pRaidar e

preferred nmethods of assessing inflammation. | nf | ammat i on may be induced by
any desi rs&adomegnm@ra&)u@tc wimustrablcoatslﬁrwm‘ed@thhw prath stezelds e SERIAYS 8n of

irritants such .a he | referred
si nce, a$° g‘ﬂ?ﬁ%ﬁv‘ﬁghp‘% Sln’f%@eﬁsaée I %ﬁweﬁg ggeé;gl r%g';m%(sxé[ ﬁ?ﬁt}tﬁwr(l'g@ﬁ}ro ﬂce an
i nfl am‘ratsggtym[c@ﬂponse that is steroid resistant as is seen in COPD. In the

context of the BAL/cell counting assay, "effective" preferably enconpasses
a redldction in cell nunbers by 30% 35% 40% 45% 50% 60% 65% 70% or

nore conp eddc;[sggea' f89{1“1§ % gr Braf¥Bh %E‘]a nﬁﬂ:@ﬁ‘tﬁca‘l %ofﬁ mnnérﬁat&rlﬁawe " Not

effecti ve neanss assay much 1 ower response.
Prefer ablmckagedtahe)uBﬁmel of Wbmhtdolngur&sssamgl dmslageﬁli ac,ctqrdmt:e vetingiet hat t he
reduction in cell nunbers is 30%.or w, advant ageously 28% . 27% 26%

250 24%inpeadippood ypical unit dosages inclu e pl Is, capsules, suppositories, single-use

ampoules and the like.
15
Theophylline and Steroids

Theophylline and amminophylline

20  Theophylline has the structure shown below:

0
HsC\N/UjiN
W
O)\lTl N
(D

25 and is available commercially under a variety of brand anmes, including Accurbron,
Aerobin, Aerolate, Afonilum, Aquaphyllin, Armophylline, Asmalix, Austyn, Bilordyl,
Bronchoretard, Bronkodyl, Cetraphylline, Constant T, Duraphyllin, Diffumal,
Elixomin, Elixophyllin, Etheophyl, Euphyllin, Euphylong, LaBID, Lanophyllin,



21% or bel ow, and preferably 20% or below. |In sone instances, "not

ef fective" can enconpass an increase in inflamation, seen for exanple as
an i ncreawse 265/ms8dsh nunbers. "Synergistic" neans that tlprerafgeatdosmness of
two agents is nore than would be expeated by summing their respective

i ndi vidual effectiveness in a given assay. For exanple, if a nmethyl xanthine
conpound @Rsha Nbﬁfr@lmﬁyﬁpﬁ(ﬁu@%-%hi ubiiIRirs PulinéTéme&ds, @asiaynbRepddp and 20%
respectively when adm nistered in isolation, a synergl stic respfpase woul d

be seen i Pla-Bi. rdlackivilen $qlosiel Susiabel dlofieh e Tegs8le Bborbidh AheaSifdTned
adm ni str f n i refers
to the acilante %@g?l?ar{l?%?%?%hgﬂgh??g{ cilf)}ggpliqn?he agent}égs@lfghqgg&?gna bol us
dose, t o Theostaint Bredeehts lTbPHE}dI Unifylt Mmphyrht &hatiphotlirt, hmdpD@zmémlml nvighet i on,

dosage is pref ny ssed in ter e ieved (<5ng/|
6- 9ngPl ; “’Dém*f@ﬁ'ﬂ?mi\ﬂf er%FISleéT {1 ﬁii eg’%éﬁ,@&we % 'GP, and
nost pref1€5 @@ﬂnxth&saﬁthmaaaﬂdht@g/eﬁeraﬁ m%eformaa@ oA, of agent

admi ni stered as descri bed above. Adm ni stration may e by any suitable

route, including the routes referred to above. In general, it is not

possi bl e to equate dosages given by two routes of adm nistration; for

exanpl e, inhaled steroids generally are adm nistrate at | ower doses than
oral stermfifoph9liaehi eve a conparative effect, since they are delivered
directly to the site of action rather than s stem cally. "Unit dosage" form
i s a lfr ephrthearbillior deriypiavendbis s | yRPMERAHS 0¥ItR i theppilipa ethylengdhanipack aged
anount s, I8l e t he
Mvent; ot gl e SRR DS B R0 R BeFRARRISC b | oo

si ngl e- US@n&aﬁp(ﬁtd)heS(aaﬂrdwEhEhé idkeg ammophyllme differs somewhat in its structure

from theophylline in that it contains ethylenediamine, as well as more molecules of
water. Aminophylline tends to be less potent and shorter acting than theophylline. Its

15 structure is shown below:

e H,N—CH;—CH,—NH,

_ 5 _
H3C\N)inN
W
o)\rﬁ N

1y
20
Theophylline is well absorbed from the gastrointestinal tract with up to 90-100 per
cent bioavailability. Peak levels are achieved within 1-2 hours following ingestion,
but this is slowed by the presence of food. Theophylline is approximately 60 per cent
plasma protein bound and has a mean volume of distribution of 0.5l/kg. Plasma
25  protein binding is reduced in infants and in patients with liver cirrhosis. The mean
plasma half-life of theophylline is about 8 hours in adults although there is large intra-

and interindividual variation, and also varies greatly with age being approximately 30



Theophyl | i ne and Steroids Theophyl|ine and amm nophyl I i ne Theophylline has
the structure shown below (1) and is available commercially under a

vari ety ofokoendsmanes, includi ng Accurbron, Aerobin, AecwlGE200s/0d8@ni | um
Aquaphyl l'in, Arnophylline, Asmalix, Aastyn, Bilordyl, Bronchoretard,
Bronkodyl, Cetraphylline, Constant T, Duraphyllin, Diffumal, Elixomn,

El'i xophyl hbﬂs i pR@ORME neokatB)N R Hodrs letﬁimyﬂh@ﬁ'@st d-aBhis, samoahm td elLasna,
Nuel i n, Physpan, Pro-Vent, Pulm Dur, Pul mo-Tinmelets, Quibron, Respid,

Slo-Bid, &rsymmallifhandsspseiimatcluds AP uptalhs desmef Z@Mﬁﬁy INPHASHE,
Theocl ear, gﬁhﬁ&‘é&ﬂe‘? AIGOSFHE rel %JR%QJ Ql'o{:t_lpléﬁﬁﬂ%lUlﬁ%cmﬁ%ph?/ﬂ-ﬂgqg&%d

Theo- Sav, eospan eostat eov I Tyl

Uni phyl | iafg mang sﬂ@znhdfﬂ refease b&p@ﬂaeﬂmmmallalamomﬁneﬂnel@pHlSHelse alé vary as to

3, 7-di_hydrao-], 3-dj pet hyl -| H- puri ne- 2, 6-di one or 1, 3 Di th hi ne and

i ts génerthair RiRayallahy iy B Himedo peghRD? CORSFHERSIRDE ( R ¥|aé8w yl i ne
derivative, this is synonynous with theophylline ethylenedi am ne.

Am nophylline is a derivative of theophylline, both are nmethyl xanthines
and ar e ddweppledlide smaakythetabdised e therlingr @mdfmpﬁwllatione)roh)ddaéilos U§i@1@ewhat in

Its strucjiure f on1t II|ne in th nta ns et hyl e dla as
wel | as ﬁ% 2@9@ aﬁFbHDMXnFH§LHVFPm ﬁﬁgaFg 3tent and
shorter a%hdi@ea haﬁu tdoeaRhydjhétARnts! 1S ré&dal L[ﬁﬂM’éeaﬂeSm’ﬁMMa@ﬂWev(el’D
Theophyl l'ine is wel | absorbed fromthe gastrointestinal tract with up to

90- 100 peauicernects trala¢ieabisadi wien Egothendsngs thptearg alsp anasepolisechbnthe- 2 hour s

Tol l ow n%y{ocggo%%e soyrs]t’em when dosage adjustments need to be made in conjunction with the

measurement of plasma levels. Many drugs may interfere with the metabolism of
theophylline. Special care should be taken with certain antibiotics as patients with
acute infective exacerbations of their airways obstruction may be inadvertently put on
15  them without consideration of the effects on theophylline metabolism. These include
the macrolide (e.g. erythromycin) and quinolone (e.g. ciprofloxacin) families of
antibiotics which both reduce theophylline clearance to varying degrees. Other drugs
that reduce theophylline clearance include cimetidine, allopurinol and propanolol
(although this would be a rather unusual therapeutic combination). Drugs that increase
20 theophylline metabolism include rifampicin, phenobarbitone and particularly
phenytoin and carbamazepine but not the oral contraceptive pill. The rate of
metabolism of theophylline is increased substantially in cigarette smokers (the half
life can be halved), although may not be significant in those who smoke less than
10/day. Smoking marijuana has a similar effect as can eating a high protein diet.
25  Hepatic dysfunction, heart failure and cor pulmonale all reduce the elimination of
theophylline, and low albumin states reduce the amount of protein bound drug in the
blood, so results of plasma levels need to be interpreted with caution. Therefore, as
the clinical state of the patient with heart failure or respiratory failure with cor
pulmonale improves, the clearance of theophylline alters, and dosage adjustments

30  may be necessary.

Methylxanthines



but this is slowed by the presence of food. Theophylline is approxi mtely
60 per cent plasnma protein bound and has a nean vol une of distribution of

0. 51/ kg. wWoasesm1psset ei n binding is reduced in infants amdrigB2pesidosssds Wt h
liver cirrhosis. The nmean plasma hal fs3life of theophylline is about 8 hours
in adults although there is large intraand interindividual variation, and
al so vari egetgyifaithie Wolpo@@R, ReiidHindRIde akiopByiEhy a3@heninsplilyilipg ek ur e
neonates, 12 hours within the first 6 nonths, 5 hours up to the first year
of life atltt seppieblarmuteel y 3.5 hours up to the age of 20 gradual ly
increasing again thereafter. Because of the relatively short plasm

hal f-1ife of theophylline, there are many sustai ned rel ease preparations
avai |l abl e conmerci al | These all vary as to their bioavailability and the
time to peak plasma cgncentratxons (see further below) . Theophylline is

mai nly netabolised in|lthe Iivegr by denethyl ation or oxidation using the
cytochrone P4R Only $mall amobunts are excreted by the kidney
unchanged, and do j ts in renal failure are unnecessary.

However, caution needs tg| be exXerci sed when using other drugs that are al so
nmet abol i sed by thel cytochyone gystem when dosage adj ustnents need to be
made i n conjuncid i asurenent of plasnma | evels. Many drugs may
interfere withPfhe meflabol i smof theophylline. Special care should be taken
wWith certain antibiotijcs as pa&ients with acute infective exacerbations of
their airways obstrucR,on may be inadvertently put on them wi thout
consideration of the effects on theophylline netabolism These include the
macrolide (e.g. erythromycin) and quinolone (e.g. ciprofloxacin) famlies
of an®i biotics which both reduce theophylline clearance to varying degrees.
O her drugs that reduce theophylline clearance include cinetidine,

al | opurinol and propanol ol (although this would be a rather unusual

t herapeutic conbi nation). Drugs that increase theophylline nmetabolism

i ncl ude rifanpicin, phenobarbitone and particularly

—
~—

10

Wherein
X represents hydrogen, an aliphatic hydrocarbon radical or -CO-NR;Ry;
Rj, Ry and R; represent aliphatic hydrocarbon radicals;

15 R4 represents hydrogen or an aliphatic hydrocarbon radical and R3 and R4 together
with the nitrogen atom may also represent an alkylene imino radical with 5 to 6 ring
members or the morpholino radical; and

R represents hydrogen or an aliphatic hydrocarbon radical.

20  All such compounds are within the scope of the prsent invention; however,

theophylline itself is especially preferred.

Steroids

25  Steroid drugs in general are suitable for use in the present invention. Particular

steroids are set forth below.



phenytoi n and car bamazepi ne but not the oral contraceptive pill. The rate
of netabolism of theophylline is increased substantially in cigarette
snokers (wbeodwaliBsshi fe can be hal ved), although may not poe/cs2ges/doBazant in

t hose who snoke | ess than 10/ day. Snoli ng marijuana has a simlar effect as
can eating a high protein diet. Hepatic dysfunction, heart failure and cor
pul mronal e all reduce the elimnation of theophylline, and | ow al bum n
states reduce the ampunt of protein bound drug in the blood, so results of
pl asma | eGemmandabaledstewidsindpgeet ed with caution. Therefore, as the

clinical stat f. t atient wwth heart failure or respiratory failure
with cor puT n%ﬁlgr?léoﬁq@ﬂg%é/eég?ld?)he cl earance of theophylline alters, and
dosage adj ust MRleft@PYutREsdheFessary. Methyl xant hi nesMet hyl xant hi ne
conmpounds, which include throphylline and am nophlylline, have the general
f ormuba \Wes eiAsninex®(meertasoty)ydr ogen, an al i phatic hydrocarbon radi cal
O-CONR 3R ; present aliphatic hydrocarbon radicals; R4

; R, nd R3.r
represents hydsrlﬁﬁséﬂR®gF‘?‘“§ﬁ°[Hfi'$)phati ¢ hydrocarbon radical and R and R

toget her wi{h fhenidbtagenigayom may al so represent an al kyl ene im no
radical wth 5 to 6 ring nenbers or the norpholino radical; and R5
represents #hydiagenrt®r(tidamanselpigt i ¢ hydr ocarbon radical. Al such conpounds
are within the scope of the prsent invention; however, theophylline itself

i s especi al Py QrePdbscdemettpsopeiifidst eroi d drugs in general are suitable for

use i16 the pr %ﬁ&gfdsirﬂgfg}sioo& alAidtGHYh 3 the form of combinations with long
acting bronchodilators with a range of mechanisms including beta 2 adrenergic
agonists and/or muscarinic antagonists. The bronchodilator included in the
steroid combination can have beta 2 adrenergic agonist and muscarinic
antagonist activity in the same molecule.
15 e Advair® (Flovent® and Serevent®) Note: Serevent® is the long acting beta-
agonist salmeterol.
e Symbicort® (Pulmicort® and Oxis®) Note: Oxis is the long acting beta-

agonist formoterol.

20  Common steroid pills and syrups include:
¢ Deltasone® (prednisone)
e Medrol® (methylprednisolone)
e Orapred®, Prelone®, Pediapred® (prednisolone)

25



steroids are set forth bel ow Cormon inhal ed steroids include: -

Pul mcort(r) (budesonide) « Flovent(r) (fluticasone) « Asnmanex(r)

( moret asome)2006/0AB3sesco(r) (cil cesonide) « Aerobid(r) (flpamicabesid}ose
Azmacort(r) (triancinolone) ¢ Quar(r)i5(becl onmet hasone HFA) ¢ Steroids nmay
al so be adm nistered in the formof conbinations with |ong acting
bronchodi Byigelsonidlé h a range of mechani sms including beta 2 adrenergic
agoni sts and/or nuscarini c antagoni sts. The bronchodilator included in the
steroid conbination can have peta 2 adrenergi ¢ agoni st and nuscarinic
antagoni st activity in the sanme nolecule. « Advair(r) (Flovent(r) and
Serevent (r)) Note: Serevent (k) QN acting betaagoni st salneterol. -
Note: Oxis is the long acting

i I's and syrups include: -

. thprednisolone) o Orapred(r),
sol one) Budesoni de Chem cal nane: C25H340%6:
Butylidenedioxy - | ib, 2 1 - dihydroxy -

bet aagoni st fornntﬁ
Del t asone(r) (pred G
Prel one(r), Pedi apred(
430.54 (+) - [ (K

1, 4 - pregnadi

Chemical name: CsH340¢: 430.54 (+) - [ (RS) - 16a, 17a - Butylidenedioxy - 11b, 21
5  -dihydroxy - 1, 4 - pregnadiene - 3, 20 - dione]
CAS Registry Number : 51333-22-3

Budesonide was originally synthesised from 16a-hydroxyprednisolone. The unique
structure of the molecule is the key to its combination of high topical anti-

10  inflammatory potency with relatively low potential for systemic side-effects. In
addition, budesonide is both sufficiently water soluble for easy dissolution in mucosal
fluids and lipid soluble for rapid uptake by mucosal membranes.
Because the acetal group is asymmetrical, budesonide exists as a 1:1 mixture of two
epimers, known as 22R and 228. |

15

Fluticasone

BRAND NAMES : Cutivate, Flixonase, Flixotide, Flonase, Flovent, Flunase



CAS Regi stry Nunber : 51333-22-3 Budesonide was originally synthesised from
16a- hydr oxypr edni sol one. The uni que staicture of the nolecule is the key to
its conmbiwetoemigdsohi gh topical anti inflammatory poteneygTwE2005@b@bi vel y

| ow potential for system c side-effectés. I n addition, budesonide is both
sufficiently water soluble for easy dissolution in nucosal fluids and lipid
sol ubl e for rapid uptake by nmucosal nenbranes. Because the acetal group is
asynmetrical, budesonl de exists as a 1:1 mxture of two epinmers, known as
22R and 2SHEMIGAL. NAWE BRAND NAMES : Cutivate, Flixonase, Flixotide,

Fl onase, I AVE. i (3- A6(, 17()-6,9-di fluoro-
e oSt YA RPN, o W ricrk G- 746

oxopr opomy);pmﬂoqsmalrbstaa—ldu -dinge- 1 T-cahothotihiod S-@epwnstifyl) esteronet hyl ) ester
CHEM C AL_FORMULA : C25H3 1F306S CAS NUMBER : 80474-14-2 Becl onmet hasone
CHEM E€AL NAME (11(, 16() 9-chloro- 11,17,21 -trihydroxy- 16-nethyl pregna-

1, 4- di enqrREMIE AN, G/(Ih?ﬁ C22H2 O OB CAS_NUMBER 4419-39-0
BRAND NAMES ( VAR A‘NT) Aerobec becl onet hasone di propi onate), Al decin

(becl onet hasone di propi onate),

CAS_NUMBER : 80474-14-2

10

Beclomethasone

15 CHEMICAL_NAME
(11(,16()-9-chloro-11,17,21-trihydroxy-16-methylpregna-1,4-diene-3,20-dione
CHEMICAL_FORMULA
C2H2ClOs
CAS_NUMBER

20  4419-39-0

BRAND NAMES (VARIANT)
Aerobec (beclomethasone dipropionate), Aldecin (beclomethasone dipropionate),
Anceron (beclomethasone dipropionate), Andion (beclomethasone dipropionate),

25  Beclacin (beclomethasone dipropionate), Becloforte (beclomethasone dipropionate),



Anceron (becl omet hasone di propionate), Andi on (becl onet hasone

di propi onate), Beclacin (becl onet hasone di propi onate), Becloforte
(becl onetWwe0e1835pr opi onat €) , Becl onet (becl onet hasone @icpramRieNBEGY,
Becl or hi nol (becl onet hasone di propi onate), Becl oval (becl onethasone

di propi onate), Becl ovent (becl omethasone di propionate), Becodi sks
(becl onet Bagsienet di psRpnttiadsene Bapesiaseatd)pec Beawtiagongbdelpmethaomat e) ,
Beconasol (becl onethasone di propi onate), Becot| g%&f becl onet hasone

di pr opi ondiragpiomien Beclavilbeslemehpseas SEPrapisryp) seatovsnt Brelg@eiazne
Rk AN A . ! ! |
(bec orretdl;?gglgﬁ%t oK egga,%&a@%hom'eﬂﬂé&{ég@gfdn%?t@&%ﬂ&gﬁ%&&&mmm@e)

Kor but one asone di propi onat ropader m ( onet hasone
di pr opi oriirepionfdepIBdchrabb thec vasosont pipogiiarat)e BecRideotbetlemiethasone

(becl gnet hasone dipropignate), Sanasthnmax. (becl omet hasone di propi onate),
Sanasfh nﬂ‘prPB‘QEPtS}rég'ﬁ‘gl‘g‘n@’eﬂli)omﬁﬁ'ﬁ?%‘r‘?a%}%o? “\%ﬁﬁﬁ’eﬁ%{%’ er{“&e@’fzﬁlﬂ‘é‘teﬂﬁgodﬁ e

di propi ongt8hion¥a Cahlohe (BEGHREBELIAS AfiFrofioRAER REMufdhe (Wed@bfMthasone

(becl omret hasone di propionate), and Vi arox (becl omet hasone di propionate).

Tri anti nalipnpioBRANDP AMESMAbeigugthasonar digtopsmate), Avanceelomgdnginsg

Nasacort CHEM CAL, NANE (| | (.,16()-9-fl uoro-| . .

250 al nyERYTAEr L7 Firoreehy ot RiAo R RS  oxJpEBioggity. |, anasthmax

di ene- 3, 20edbaBBadoEM GpkopTSiRMYL A SeAGHINUNBER ctforzath&x6ad nedipfoplonakylvai r
BRAND NAMES *| - hydr oxy- 2- napht hoat e *I - hydr oxy- 2- napht hoate: Ari al,

Sal mdPedu¥anceease (beplomethasone dipropionate), Vancernl (beclomethasone dipropionate),

Viarex (beclomethasone dipropionate), and Viarox (beclomethasone dipropionate).

Triamcinolone

15

BRAND NAMES
Aristocort, Aristospan, Azmacort, Kenalog Nasacort
20 CHEMICAL_NAME
(11(,16()-9-fluoro-11,21-dihydroxy-16,17-[ 1-methylethylidenebis(oxy)]pregna-1,4-
diene-3,20-dione
CHEMICAL_FORMULA
C24H3/FOq
25 CAS_NUMBER
76-25-5



yl but oxy) hexyl ] am no] net hyl ] -1 , 3- Met hyl predni sol one CHEM CAL_NAME ( 6(,

11()-1 1,17,21 -trihydroxy-6-nethyl pregna- 1, 4-di ene-3, 20-di one CHEM CAL
FORMULA GvoHB@m@a3534S NUVBER 83- 43- 2 BRAND NAMES Medr at e pcivRii206s/00863dr one,
Met ast ab, Metrisone, Pronmacortine, Sugranetil, Urbason Prednisone

BRAND NAMES Ancortone, Colisone, Cortancyl, Dacortin, Decortancyl,
Decorti n, shrhé&erdli Advdpel t acort one, Del tasone, Deltison, Di-Adreson,
Encorton, Meticorten, Nurison, Orasone, Paracort, Prednilonga, Pronison,
Rectodelt, Sone, U tracorten CHEM CAL_NAME 17, 21-di hydr oxypr egna- |
, 4-di enem ) &Q‘Miﬂisonec:l-lEM CAL FORMULA C2 1H2606 CAS _NUMBER 53-03-2
For mul ati on Qam hine derivatives such as theophylline and am nophylline are
wi del y avdilydiodxg-2-naghtivaatd l-iydbx pRaapkibeaie:i Aadl, paleptadat,iSereventne| udi ng
sustained rel ease, transdernmal delivery formulations, preparations for oral
or inHal ed (nasal ) delivery. Likew se,

CHEMICAL_NAME

HO “(()-4-hydroxy-(-[[[6-(4-phenylbutoxy)hexyl]amino]methyl]-1,3-

"HO

benzenedimethanol
CHEMICAL_FORMULA
\ / CysH37NO4
OH CAS_NUMBER
89365-50-4



steroid drugs are widely available in a variety of fornulations.
Formul ati ons used in the exanpl es described herein are further detailed

bel ow, buwoangs/Figssoul ati on may be used in the present i peeiB2005/00B30h
allows delivery of the drug to the subject in the desired dosage. In
general , the pharmaceutical preparation nmay be one which can be given
orally, i pidtRyipre@niddonder inhalation, per rectumor transdernally.
Preferred conpositions for use according to the invention may suitably take
the formof tablets, capsules, granules, spheroids, powders or |iquid
preparations. Tablets and capsul es.for al adm ni stration nmay be prepared
by conventional techniques with th Ceutdadl | y acceptabl e exci pients such
as binding agents, fillers, lubric&tyg, disintegrants, wetting agents,

col ourants and flavours. MRt abhetfs e Eﬁ coated according to nethods
well known in the art. Prefer
accordance wth the invent
filled capsule form FEu#t
in controlled rel ease|form

ng tlhhe coppositions produced or used in

i sgin _dosage unit form e.g. in tablet or
" TS, envi saged that the active substance be
Sﬁit bkf materials for inclusion in a
control l ed rel ease nadrix _ilnc , tor exanple: (a) Hydrophilic or

hydr ophobi ¢ pol ymecs, suéh as~guns, cellulose esters, cellul oseethers,
protein derived materials, nylon, acrylic resins, polyactic acid,

pol yvi nyl chl ori de, starches, ptlayvinyl pyrrolidones, cellul ose acetate

pht hal ate. O these polyners, cellulose ethers especially substituted

cel lul ose ethers such as al kylcellul oses (such as ethylcellulose), G 6
hydr oal kytEBMIGHBSS4MESuch as hydr oxypropyl cel | ul ose and especial |y

hydr oxyet el I ul,gs @ac l i Sqib A8 28%a%ml e nmet hacryl ates such
as nethaé?§>nggé?&qggggﬁggﬁ?gﬁégﬁgﬁgﬁiggﬁ?é%£g%ﬁe controll ed rel ease

mat ri ¥ mMyHEMLMAL cRORMUDAL ai n bet ween 1% and 80% (by wei ght)

C2H300s
CAS_NUMBER
83-43-2
BRAND_NAMES

10 Medrate, Medrol, Medrone, Metastab, Metrisone, Promacortine, Suprametil, Urbason

Prednisone

15 BRAND_NAMES
Ancortone, Colisone, Cortancyl, Dacortin, Decortancyl, Decortin, Delcortin,
Deltacortone, Deltasone, Deltison, Di-Adreson, Encorton, Meticorten, Nurison,
Orasone, Paracort, Prednilonga, Pronison, Rectodelt, Sone, Ultracorten
CHEMICAL_NAME

20  17,21-dihydroxypregna-1,4-diene-3,11,20,trione



of the hydrophilic or hydrophobic polymer. (b) D gestible, long chain (C8
-C5 , especially C8 -C40), substituted or unsubstituted hydrocarbons, such
as fatty woi2dss01B3sdr ogenat ed vegetable oils, such as CutrcmaE2é6sadsosivar k)
fatty al cohols (such as lauryl, nyrisiyl, stearyl, cetyl or preferably
cetostearyl alcohol), glyceryl esters of fatty acids for exanple glyceryl
nonost ear @EEMICATAIFORMUIBAD waxes (such as beeswax, gl ycowax, caster wax
or carnauba wax). Hydrocarbons having a nelting point of between 200C and
900C are Emﬁze@ied Of t hese | ong chain hydrocarbon materials, fatty
(allphatl(?A ﬁ are preferred. The matrix may contain up to 60% ( by
wei ght) east one di gesti ble, 1ong chain hydrocarbon. (c)

Pol yal kyls8n@8-gl ycol s. The matrix may contain up to 60% (by weight) of at

| east one pol yal kyl ene glycol. The nedi cament-containing controlled rel ease
matri X can readily be prepared by dispersing the active ingredient in the
controll ed rel ease system using conventi onal pharmaceutical techni ques such
as wet granulation, dry blending, dry granulation or coprecipitation. The
agent s ofFarimailatient i on nmay be administered in inhaled form Aerosol
generation can be earned out, for exanple, by pressure-driven jet atom zers
or ultrasonic atom zers, but advantageously by propellant-driven netered
aer osol s intlihe p&ivadined SRR ag chEbpihyalificedridamiabphyillitent nedelaatdilabledanpounds
frominhal ati on capsul es.. The active conpounds are dosed as descri bed
deperdi ngasgtyt BE PHAFAREHICY) SPERAGE R ‘ﬁ‘%“ddﬂ%il%uﬁ@wefioret trsCadensde B dnpounds

the adm ”de?tv&?tfo%ﬂul f?&fEB g?%%a?lo%‘%x] XraPBF‘Ef?Ha'i‘e gﬁEﬁﬂﬂblﬂ%}' exgialgats, such

as, for exa Frig int case of tered aer 0sol s),
sur face- amtrbMedragmt: a\nd&ly avaiablesinfd @mﬂy ef folbinblaziens, Fqnneszﬁronaulsadem

flavorings, filler | act os of hal ers i f
appr opr i gp%examples Eesgrlbe% hereai'n are f%n‘ner (}etalleg% fow, buP any t%rmupatlon fay be"
used in the present invention which allows delivery of the drug to the subject in the

15  desired dosage.

In general, the pharmaceutical preparation may be one which can be given orally,

intravenously, per inhalation, per rectum or transdermally.

20  Preferred compositions for use according to the invention may suitably take the form

of tablets, capsules, granules, spheroids, powders or liquid preparations.

Tablets and capsules for oral administration may be prepared by conventional
techniques with pharmaceutically acceptable excipients such as binding agents, fillers,
25  lubricants, disintegrants, wetting agents, colourants and flavours. The tablets may be

coated according to methods well known in the art.

Preferably the compositions produced or used in accordance with the invention is in

dosage unit form, e.g. in tablet or filled capsule form. Further, it is envisaged that the
30  active substance be in controlled release form.

Suitable materials for inclusion in a controlled release matrix include, for example:

(a) Hydrophilic or hydrophobic polymers, such as gums, cellulose esters, cellulose



further active conpounds. For the purposes of inhalation, a |arge nunber of
apparata are avail able with which aerosols of optinmumparticle size can be
gener at edwendocadssni st ered, using an inhal ation techni qeeTwB208%/G03039
appropriate for the patient. In additilon to the use of adaptors (spacers,
expanders) and pear-shaped containers (e.g. Nebulator(r), Volumatic(r)),

and aut omphi.c deviCaS &TivEE i NEuai YT flos PrRyyicAutea] epdivactic fid,met er ed
aerosols, In particular in the case of powder” i nhalers, a nunber of

tT ecgnih c?l p?b'lvinyicmimichr stasohas,| pjranylpymolidoingsk heelllstoge )acetrist plishalpier Of

ur bohal er (r r the inhalers f I i i

et R el e i

. : . ( . i seases treat he present
i nvent i oniicifRed N t g UbdIRITlIBEQENaNd hidrosRpREilwoses ndsieed dsronchi al
di sorders (bronchitis, obstructive bronchitis, spastic bronchitisg, allergic
\% pnﬁﬁi t ilwgmlyp@mglcslldgsmm, especsal bhydroasthyhgellugsey apd F?IBP%?S@SA?RJ COPD) ,
ich can _be treated t he .comi I .Gof (] el tingp. The
syner gi st¥&m@ eh}fﬁy?%esofsu(‘t}hés i%%@%!tr f’l({)&nﬂﬁg % P '!S?r(l:él}%a%{%yp% n%il céltlg{de in
| ong-t fpwohfismapbé%eﬁ% meeixl Myetonyuipitly casainbetieegd Yaael 36 dey wetght) in
conventional nonotherapies. 1. MATERI ALS Conpounds were purchased from an
ext er nal ofubphydsephilapinidyerbohigpolygsr ul osem()CNC) (Na salot) (product code
C-4888) was obtained from Signa. Phosphate buffered saline (PBS) was
obtained from G bco. Sterile saline (0.95w v NaCl) and Euthatal (sodium
pent alar by eigdstibler enghthaim@l sqrespaceslynTusCal, dubsiteied oe uysibstiiugegr y Drug

%g?ﬂgdrlfm%go\é%?{lbh Iﬁé Pa(t) %lc}/dss?l(l:}? rgégngt%d (/E:éé%gglep A éj,dsggﬁ) el H%d’éosa) Vas
Mark), fatty alcohols (such as lauryl, myristyl, stearyl, cetyl or preferably cetostearyl
alcohol), glyceryl esters of fatty acids for example glyceryl monostearate mineral oils
and waxes (such as beeswax, glycowax, caster wax or carnauba wax). Hydrocarbons
15  having a melting point of between 20°C and 90°C are preferred. Of these long chain
hydrocarbon materials, fatty (aliphatic) alcohols are preferred. The matrix rﬁay

contain up to 60% (by weight) of at least one digestible, long chain hydrocarbon.

(c) Polyalkylene glycols. The matrix may contain up to 60% (by weight) of at least
20  one polyalkylene glycol.

The medicament-containing controlled release matrix can readily be prepared by
dispersing the active ingredient in the controlled release system using conventional
pharmaceutical techniques such as wet granulation, dry blending, dry granulation or

25  coprecipitation.

The agents of the invention may be administered in inhaled form. Aerosol generation
can be carried out, for example, by pressure-driven jet atomizers or ultrasonic
atomizers, but advantageously by propellant-driven metered aerosols or propellant-

30 free administration of micronized active compounds from inhalation capsules.

The active compounds are dosed as described depending on the inhaler system used,

in addition to the active compounds the administration forms additionally contain the



The tobacco snoke was generated using IR cigarettes purchased fromthe
Institute of Tobacco Research, University of Kentucky, USA. Animals Female
i nbred AJwoizess/dibszdy wei ghts on initial day of use: 17.2¢2iGBhog)oosespe
obtained fromHarlan, full barrier bred and certified free fromspecified
m cro organi sns on receipt. The mce were housed, up to 5 per cage, in

| ndi i dual oy Y@ RhRD sudiPhY CBF BRAAYIE, FRbEBhrROLS EMEAgGRGR e dEorvi t

grade 8 aspen chip i ng. Er}w ronnent (airflow, tenperature and hum dity)
wi t hi n t henetaere servsrds)c emtfacetdctde loybstanees, Yo udsjBeranstgibiedtsi PEKEYA1VeFood (RM

o o B R G55 P UL S B Ll i o

tails, wgjghedc@rdoniodaad.y assigned to treatment groups. 2. FORMULATI ON
The required quantity of compound was placed into a nortar. Half the

requi bed volume CMC was slowy added to forma fine paste and then this was

careful | y. added back t-0 t ai | 0. fovi uired to
achi eve %@ﬁé%eealhr??seea ogéghgalzﬁfé)ﬂugé%% Bué\_}ggrhsgﬁ%pqﬁiea%oér%g?b lgr\lN ﬁ:{\/ﬁle]{c\ﬁvgs hi ngs
added backrds6lst ffeoptntnai paticleFsize tdae wogbianatd cmddadeinistach compeund was

formul ated at double the final required concentratiop.and ap equal. vol unme
of each dohp¥ipadieahens VHiEt RAPProPFialGUioRdle B! 6%‘]‘@@[‘?%?‘) Bﬁ'ﬁ Sutds wer e

formul at e, f L&Shg %@%Sg@sn@ r%)?rantdo rﬁamaee@-cmﬁhag- (é[g.hiNétﬁlle(th(% met hy|

cel lulose 1n water re forrmulated every 3 days and stored in
al i quot s Vsluk@@®)T hesle astoingtiot devives esnbiginghta ppfferosprep niueohabar@.uf® prior to
formul ati on of conpounds. .3.0 .I\/I%'II'HODS . .

metered aérosdls, in particular in the caseé of powder inhalers, a number of technical

solutions are available (e.g. Diskhaler®, Rotadisk®, Turbohaler® or the inhalers for

example as described in European Patent Application EP 0 505 321).

15  Respiratory diseases treated by the present invention include in particular allergen-
and inflammation-induced bronchial disorders (bronchitis, obstructive bronchitis,
spastic bronchitis, allergic bronchitis, allergic asthma, bronchial asthma, Cystic
Fibrosis and COPD), which can be treated by the combination according to the
invention. The synergistic combination of the invention is particularly indicated in

20  long-term therapy, since lower quantities of drugs are needed than in conventional

monotherapies.
1. MATERIALS

25  Compounds were purchased from an external supplier. Carboxymethyl-cellulose
(CMC) (Na salt) (product code C-4888) was obtained from Sigma. Phosphate
buffered saline (PBS) was obtained from Gibco. Sterile saline (0.95w/v NaCl) and
Euthatal (sodium pentobarbitone) were obtained from Fresenius Ltd. and the
Veterinary Drug Company respectively. Lipopolysaccharide (from Pseudomonas

30  aeruginosa) was obtained from Sigma.

The tobacco smoke was generated using 1R1 cigarettes purchased from the Institute

of Tobacco Research, University of Kentucky, USA.



Previ ous studi es have established that the total nunbers of cells recovered
in the BAL are significantly elevated 24 h followng the final TS exposure
of 11 consecuddmsssdai |y TS exposures, this tine point wasTisdoso03dshe study
reported here. Previous studies have shown that peak BAL neutrophilia is
achieved 24 h post intranasal challenge with LPS at 0.3 ng. In the studies
reported here this dose of LPS and this time point were enployed. Control
animal s recei ved phosphate buffered saline (PBS) intranasal |y.Protocols
for the efposlermboed AU amiceabddy oveighesonoibitiil riiakigefonssndAdal kédlavercavage

(BAL), preparati.on cyt in slides for diffe ti al ||
AR 2 SN A AT R v R
this expQyidfsny 8hoeBdipt. MM &eRXROKRE, L t8r DUYRS dfe,Sinl dividiatydual

cl ear polycarbonate chanbers (27 cmx 16 cmx 12 ¢cmy. The TS fromthe

ci gar ét t esntlatedalrotyeerbonate esplidr bettamesy sagasr € VENabBr grade & 2P ChiRt e of 100
mM/mn. Ln.order. to mnims n i . 1S ated
exposuret}egglgghi Sﬁlr?nen\}é;r]tn%*rﬁﬁ%’ %%’Q@%Tgtgﬁée t%gﬁqlgﬁ(‘glﬁg‘;g&%{g}sg&ep&@%‘egt e mceto
TS was ir&h&aﬁaﬂbgmdm ystemy ETechhiplaety posudr @ N e SpebialdDiat feaxicesinandf 6
cigarettes. The exposure schedule used in this study was. as, follows: Day 1:
2 ci gar etW#er Weshrisgyifed edy lihignm, ﬁ“‘lé&‘ngu?@)“a%aWe’E? ’@erﬁﬁ"ﬁar@t‘@é‘]ue g

(approxi nag ey 24P FURARLY Sh HRY Bils? vl GRUCHAE SakERE OXdsiBrkg! 26 32 m n
exposur e) § 4:%§1 c?gar ettes (appr o%rsﬁatellgém m naexpogureSI)I@Day 5to 11:
6 ci gar ettteasméragpoupsi mately 48 mn exposure) A further group of mice were
exposed to air on a daily basis for equival ent |engths of

2. FORMULATION

The required quantity of compound was placed into a mortar. Half the required
15  volume CMC was slowly added to form a fine paste and then this was carefully added
back to a container. The residual volume of CMC required to achieve the required
dose is used to wash out the mortar and the washings added back to the container. For
the combination dose, each compound was formulated at double the final required

concentration and an equal volume of each compound added together.

20
Frequency of formulation: Compounds were formulated fresh every day prior to each
p.o. dosing. Vehicle (0.5 methyl cellulose in water) was freshly formulated every 3
days and stored in aliquots at 4°C. These aliquots were bought up to room temperature
prior to formulation of compounds.

25

3.0 METHODS

Previous studies have established that the total numbers of cells recovered in the BAL
are significantly elevated 24 h following the final TS exposure of 11 consecutive daily
30 TS exposures, this time point was used in the study reported here. Previous studies
have shown that peak BAL neutrophilia is achieved 24 h post intranasal challenge
with LPS at 0.3 pg. In the studies reported here this dose of LPS and this time point
were employed.  Control animals received phosphate buffered saline (PBS)

intranasally.



time as controls (no TS exposure). LPS challenge Approximately 3 mn prior
to intra-nasal chall enge anaesthesia was i nduced by isofluorane inhal ation.
Vehi cl e (WBSpoear33sPS was instilled at 50 nl per nouse. Poa/dE3805/003039
concentration was 6 ng/m (0.3 ng per24nouse). Aninals were allowed to
recover in a heated box at 37°C and then returned to the hone cage.
Bronchoal veol ar | avage and cytospi n anal ysis Bronchoal veol ar | avage was
performed as follows: The trachea was cannul ated using a Portex nylon

I Nt r avenoysoteadls Wrahé pkpusutelel midettd iMsgdr PKrdberimidg thooabpalozé!amlaedge 8 mm
Phosphate buffered saline (PBS) contai ni_‘r’)&g he&ari glo uni ts/rﬂ} s used
as the | dBdge. Prapeertion fopyiawinrslides fof difigeny nF‘Fll)iC RS | 3re S WY hdr awn 3
ti mes usi I M syringe and then placed in an Eppendorf tube and kept on
ice prior to subsequent determ nations. Cell counts: Lavage fluid was
separated fromcells by centrifugation and the supernatant decanted and

frozen for subsequent an i.s.. The cell pel,l et was re-suspended in a known
vol une of EXpBSrgRiar gl "’?Le‘%/‘?a’&lf%};fgoné%ﬁ“ggﬁf 4PEd by counting a stained

(Turks staifils BlidRtRt peRie!l Riddl GERSEPREedURT BEbups ACTHE MhOWRIUEK clear
Differential cell counts were perfornmed as follows: The residual cell

pel | et wamolgiarhnett thomdpysr @i omak ellbyem 051 em).sThseFS drom Moy ¢ByREESOVAS00

| in the f | of t ospi N, sld tr in at
55 Do Sl PeldiaBelocplos SYAERA! & 3106 B0 bromm i R 5y & mn @
( Shangpn) mﬂﬁmﬁ’s‘%ran? BteRfi ARPrHEILAL ¥aiises by ugiched expdshentods liighl levabof TS (6

cover-slipped, differential cells were counted using |light m croscopy. Up
to 400 cetibweles)ghe sxmmsae Hyhamis tasleuvapriptsd gradually over the exposure

period to a maximum of 6 cigarettes. The exposure schedule used in this study was as

follows:

15 Day I:2cigarettes (approximately 16 min exposure)
Day 2: 3 cigarettes (approximately 24 min exposure)
Day 3: 4 cigarettes (approximately 32 min exposure)
Day 4: S cigarettes (approximately 40 min exposure)
Day 5to 11: 6 cigarettes (approximately 48 min exposure)

20
A further group of mice were exposed to air on a daily basis for equivalent lengths of

time as controls (no TS exposure).

LPS challenge -

25  Approximately 3 min prior to intra-nasal challenge anaesthesia was induced by
isofluorane inhalation. Vehicle (PBS) or LPS was instilled at 50 pl per mouse. The
LPS concentration was 6 pg/ml (0.3 pg per mouse). Animals were allowed to recover

in a heated box at 37°C and then returned to the home cage.

30  Bronchoalveolar lavage and cytospin analysis
Bronchoalveolar lavage was performed as follows:
The trachea was cannulated using a Portex nylon intravenous cannula (pink luer
fitting) shortened to approximately 8 mm. Phosphate buffered saline (PBS) containing

heparin (10 units/ml) was used as the lavage fluid. A volume of 0.4 ml was gently



using light mcroscopy. Cells were differentiated using standard

nor phorret ri ¢ techni ques. Phar macoki netic eval uation of plasna |evels of

t heophy! Iwoeoaddisssoor al dosing in A/J mice Aninmals werepogiceasmsdomar ked
and given theophylline (5nm/kg) p.o. Bt either 3, 1 or 0.3ng/kg. At
specified intervals (15, 30, 60 or 240 m nutes) follow ng oral dosing with

t heophyl line animals were_term nall t heti sed d, .
car di e pumoledred PVGrSYT ? HEwes UBoke IS G a0 T hP AR HBBRA PR TEul - The

col | ect ed, bl aad yR5n Wtk Adpdagenl aitiiimogppendor f t ubes before

centrifugation I ro ge. Plasma was collected and stored at -800C
prior to analysis by an HPLC/ M5/ M5 net hod. The equi pnent used in the
measurengnt of plasma |levels were a Mcromann Quatro Mcro Mass

Spect r onbEBEOYNE cromass UK Linited) and a Waters 2795 Alliance HT liquid

chronat OEE@-&'& HUMELBE SefdSAVG frShceliebgantfugatiamaat thesapaantanaddcansd wer e
prepared by spi ki ng nouse plasma with stock concentrations of . theophylline

d: ssol vednd rﬁrfomt flemsibseqitent pnalpdis. cBitcesit Pelist ovas BrSUsPRISSAYN 1A KEOWR nouse
L5 LG TS LB TR T B B oty o v

al ning dextrorphan as an internal

st andar dji§ it 9Ridr aGhicBRebpd aethsampltermared. st andard and m xed vi gorously.
Each sanpl e and standard was then centrifuged at 10000y for 2 m nutes and
t he supernatant renmoved for LC- M5/ M5 anal ysis. Analysis of theophylline and

dext rﬁgm&erg @al%@fl LL S %‘%@PE}%J 8VBlsRs:phase HPLC with tandem nmass

spec.t1 ( etectron / . Positive ions for parent conpound and a
?‘rgggl L !5 Ic E&leggggﬂmjcmrl grBrrxla @guat\;afdgﬁll\tﬂcdgiu;)am&gfgmhwl)a1@7{}‘;@11%1% nReAcYdlame Mbni t ori ng
500 pul was placed in the funnel of a cytospin sh%@ea%hrc%rrlrt%tfgéed\’\fo;% min at 800
rpm. The slide was air dried and stained using ‘Kwik-Diff” solutions (Shandon) as per
the proprietary instructions. When dried and cover-slipped, differential cells were
15 counted using light microscopy. Up to 400 cells were counted by un biased operator

using light microscopy. Cells were differentiated using standard morphometric

techniques.

Pharmacokinetic evaluation of plasma levels of theophylline after oral dosing in AT
20 mice
Animals were weighed and marked and given theophylline (5ml/kg) p.o. at either 3, 1
or 0.3mg/kg. At specified intervals (15, 30, 60 or 240 minutes) following oral dosing
with theophylline animals were terminally anaesthetised and blood collected by
cardiac puncture into syringes containing 20U lithium Heparin in Sul. The collected
25  blood was mixed and decanted into eppendorf tubes before centrifugation in a
microfuge. Plasma was collected and stored at -80°C prior to analysis by an
HPLC/MS/MS method. The equipment used in the measurement of plasma levels
were a Micromann Quatro Micro Mass Spectrometer (Micromass UK Limited) and a

Waters 2795 Alliance HT liquid chromatograph (Waters USA).
30
Six reference standard concentrations were prepared by spiking mouse plasma with

stock concentrations of theophylline dissolved in methanol. The final concentrations

of theophylline in mouse plasma were from 0.1 to 6mg/l. Samples were prepared for



M cromass MassLynx software version 4.0. A 25m aliquot of each sanple and
standard was injected onto the |iquid chromatography system 3.1 Treatnent
regi mes |lwotbes/0isssst udy ani mal s recei ved vehicl e (1% carbwrgBressngsoso
cellulose), a PDE4 inhibitor (3 ng/kge, theophylline (0.3 ny/kg),

dexanet hasone (0.3 ng/ kg) or a theophyl |'i ne/ dexanet hasone conbi nation (at 3

and 0.3 ng/ kg re Ctlv oral | hour urs post
tobacco s ng@ ?“Yﬂf%?ﬁ@mﬁé "?‘forfl)[ﬁmggc% 1g/ HQRTP%%Q% lg?I n addition,
ani mal s fﬁm@&hmls&ad%?mdﬁuQreéchﬁhai&e%rs@hfélec@ﬂmmhﬂdcumdm&ed digseuisMi t h
steroid h prior to the first TS exposure. The control group of mce

(shans) Eed}aasangde smhstaidardwasitgs cantrifiged a{WORL fu 2anpussdnd deir daily for
a maxi mum o m nut BA f d d 12,
fol I owi naurt&ﬁ%a@*évﬁﬁvﬁsfspﬁé s B O e, T he LS st udy-ani

J éxposure In the LPS study ani rral S were
gi ven_vehi

c e ul ose exanet has
t heophy! I'Ai“r"}b’s’(scf’ M‘S‘j’&%@%’gr%“%‘ﬁaﬁc%ﬂf" rigte rte&grseﬁ SFﬁHs I atl on of
LPS and @v ﬁ'lofé'fﬁerﬁorﬁ&ss ép@ct?chﬁet?gd%feﬁﬁwn (LCVIBRVS). JiPy&ifivé hé&pfﬁi'ﬂa'rm only at
3, 1 or 3ng/ kg and aninmals were sacrificed and Jol asma sanpl es taken 15,

30, 60 omomp@umd mat esptafie frag@e Patectveers unaHoned dna l‘ét“élﬂesBP%?&PnAnal ysi s
All resul O‘WS"{’E‘%%&[‘%%%Q‘E‘%‘?E fgrmgc% Vés‘éugk}a @H@I iA8 M f ISeC?r%Qte?”Wﬁ' and the

nmean val i NCE t est normal 1ty were
posi ti ve Mfdfynstat a\amgyﬁmbmmdvdrgoﬁ dome VS paraahyan sf e:ichvaennpﬂmcaedt est
(ANOVA), followed by a Bonferroni correction for nultiple conparisons in

or def 0t o staadardfns llélie@ﬁﬁlP?téé%]éq%@ﬁméﬁtqgfﬁg‘ﬁ’ﬁéﬁ'?mgroups A "p" value of <
0.05 was considered to be statistically significant. Percentage inhibitions
wer e

3.1 Treatment regimes
In the TS study animals received vehicle (1% carboxymethyl cellulose), a PDE4
inhibitor (3 mg/kg), theophylline (0.3 mg/kg), dexamethasone (0.3 mg/kg) or a
15  theophylline/dexamethasone combination (at 3 and 0.3 mg/kg respectively) orally at 1
hour prior to and 6 hours post tobacco smoke exposure (-1h and +6 h) on each of the
11 days. In addition, animals receiving steroid or the steroid combination were dosed
with steroid 20 h prior to the first TS exposure. The control group of mice (shams)
received vehicle on days 1 to 11 and were exposed to air daily for a maximum of 50
20  minutes per day. BAL was performed on day 12, 24 h following the eleventh and final

TS exposure.

In the LPS study animals were given vehicle (1% carboxymethyl cellulose),
dexamethasone (0.3 mg/kg), theophylline (0.3 mg/kg) orally 20 and 1 hour prior to
25  i.n. instillation of LPS and 6 hours post.

In the PK study mice were given theophylline only at 3, 1 or 0.3mg/kg and animals

were sacrificed and plasma samples taken 15, 30, 60 or 240 minutes later.

30 3.2 Data Measurement and Statistical Analysis
All results are presented as individual data points for each animal and the mean value

was calculated for each group.



automatical ly calculated within the Excel spreadsheets for the cell data
using the fornula below nt . .. . . | Treatnent group result - sham group
result \ weolwdidBisoon =1 - - - x 100 TS vehicl e group presuiB2005/@®B@IN gr oup
result J Inhibition data for other paanmeters were cal cul ated manual ly

usi ng the above formula. 4.0 RESULTS 4.1 Inflammtory response in the

br onchoal yeol I i nd d by. el AR [
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(al 1 Peo oDy e e L bl R e b | s and
| ynphgcy taasnidtidhitaicsictlated withihuke vibickke spirhaishets dars thei eelBaata gsinghiiei al cel | s
i's probably indicative of reduced attachnent of these cells. 4.2 Effect of
theophylHbﬁ@ﬂaH@?Hﬁethasone and a theophyl | ine/ dexanet hasone conbi nati on on

the inflammatory respopse induced in the, bronghoal veol ar |avage by el even
daily com%qgmth@;expoE2E%EﬂﬁB_IéKiﬂ&Lﬁf%é;iliiﬂﬁﬁgg%%ggﬁﬁg}jGkd@ps of mce
were treated orally at\IT§ pfide gouandess/ih podumegepnroiresle 11 days of

exposure Wi th either vehicle or PDE4 inhibitor, theophylline, dexanethasone
and one of 2 theophyl!line/dexanet hasone conbi nati ons (theophylline 3ng/kg +

Inhibition data for other parameters were calculated manually using the above

10 formula.
4.0 RESULTS

4.1 Inflammatory response in the bronchoalveolar lavage induced by eleven daily

15 consecutive exposures to TS (24 h post final exposure)

In this study exposure to TS for 11 consecutive days induced an inflammatory
response 24 h following the final exposure. This consisted of significant increases in
BAL of neutrophils, macrophages, eosinophils, lymphocytes and epithelial cells in the
20  bronchoalveolar lavage (BAL recovered from BAL fluid when compared with air
exposed (sham) animals (all P<0.01). The increases in macrophages, neutrophils,
eosinophils and lymphocytes indicate cell influx while the increase in BAL epithelial

cells is probably indicative of reduced attachment of these cells.

25 4.2 Effect of theophylline, dexamethasone and a theophylline/dexamethasone
combination on the inflammatory response induced in the bronchoalveolar

lavage by eleven daily consecutive exposures to TS (24 h post final exposure)

Groups of mice were treated orally at 1h prior to and 6 h post each of the 11 days of
30  exposure with either vehicle or PDE4 inhibitor, theophylline, dexamethasone and one
of 2 theophylline/dexamethasone combinations  (theophylline 3mgkg +

dexamethasone 0.3mg/kg twice daily or theophylline 1mg/kg + dexamethasone



dexanet hasone 0.3ng/ kg twi ce daily or theophylline Ing/kg +

dexamet hasone0. 3ng/ kg twice daily). Animals were sacrificed 24 h post the
final expweune/sssdS/ air. A BAL was performed and the tetalcBruesmesosof cells
recovered counted. Data are presenteddsas individual points and the nean

val ues shown. Data are from 9- 10 aninmals per group. Statistical analysis

was by ANOVA. A "p" value of. <0.05 : I sg.até Skl bgni ficant
ns = not Né)t){@lg{@t foss 9oty g’}ﬂl?ﬁagawgem%e?ﬁgégf bgﬁ{eggﬁyﬁh?i t?]rzatl (e%%n%l}ligé gor
dexanet haggng. (. PEI ke peheAng wenthertalal yuewer yf dells feoovetdd eged. 1 h prior
to and 6 h post TS exposure, significantly inhjbited t t ot nlénber of
cel |'s rebateetredrésantetes paividygh poinsy angk the gigap vajugs shaven 2% A 'R ory ef f ect
was seen.qQn _an t £ : : Coftga gnation of
thoophyl 1P AL S s e By T R e v AP Ty "every day
for 13 dayssidetedstmistionllyt sg@nfidar. iy pogtstaliSieklyssmlecansi gni fi cant |y i nhi bited
the total nunber of cells recovered in the BAL by 63% (pO Od). This effect
on total cells was conprised of a 77% 60% and a 66% i nhi bition of

macr opha RESdRSAIRI(3 RRl/kS R Rek ARukdsORN 0. Fing/REPRREH MebyoraRY kvary0. 05) . No
statisti g‘gﬁ%?ets% nsl} } cagnfr?éi n%i bition ofS I yenpha%yggg orgieoné/(i)](?\oy h\lmlpz was) seen
at eit herdagiésrell dilys, Iclophomatandi® opost BE sphgAUre, significanthes inhaiked tg‘?)?éaland

dexamnet hasone 1 and 0.3 no/ kg, i i .
for 11 dayerer ohogR o bR B Goot FaElcily MMt ERpE b LY Y

the gt aly,Aueliesn 8fy Gahd spebBRQERIRMEsI N the BAL by 47% (pO. Od). This
conprised of a 59%and a 66% i nhibition of macrophages, epithelial cells

and neutrophils respectively (all p<0.05). No statistically significant
| nhibi tiqn (%fntrgﬁ! thekbabinggbd S thé@ﬂ“pﬁﬁ%t@%g‘?ﬁg)ﬁf&éxﬂ&ﬁg@oh@ (03 g3IedN-
when given orally every day for 11 days, 1 h prior to and 6 h post TS exposure,
significantly inhibited the total number of cells recovered in the BAL by 63%
15  (p<0.001). This effect on total cells was comprised of a 77%, 60% and a 66%
inhibition of macrophages, epithelial cells and neutrophils respectively (all p<0.05).
No statistically significant inhibition of lymphocytes or eosinophils was seen at either

dose.

20  The combination of theophylline at the lower dose and dexamethasone (1 and 0.3
mg/kg, respectively) when given orally every day for 11 days, 1 h prior to and 6 h
post TS exposure, significantly inhibited the total number of cells recovered in the
BAL by 47% (p<0.001). This comprised of a 59% and a 66% inhibition of
macrophages, epithelial cells and neutrophils respectively (all p<0.05). No

25  statistically significant inhibition of epithelial cells, lymphocytes or eosinophils was

seen.

Degree and significance of inhibition is summarised in Table land individual data is

shown in Figures 1-4.

30



Degree and significance of inhibition is sumarised in Table | and

i ndividual data is shown in Figures 1-4.4.3 Effect of theophylline and
dexanet hagoneosansishe i nfl ammat ory response i nduced in tlreTirB206303039 €0l ar
| avage by a single LPS challenge (24 % post challenge) Mce were treated
orally at 20 and 2h prior to and 6 h post LPS challenge (0.3ng) with

vehicl e, %'Beog}zééet'_!)f/;‘?@%hﬁﬁ%ea%%ﬂé& thaBITBNS (BT BISRRbh $8Forsd h post
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recover ed counideeckd Inatha bavwchpaleedat éoage by mdingldUdlS ¢uillarge &fd! PhY nean

val ues shown. D?ta are from9- 10 animals per group. Statistical analysis
was by ANOVACh#lenge) yal ue of <0.05 was considered statistically significant
ns = not statistically significant. Intranasal admnistration of LPSto A/J
mce resulted in an increase in the total nunber of cells recovered in the
BAL 24 h Makelvoane trgatehattallpaty20 gpskh rior.to rd & hipestledk ehallange(O1 Xradiéthc onpr i sed
entirely of. neutrophils. xanet hasong . n. gi.ven. I at
Pt T e Y e S e T e A S A

(68% p<Qyp@itdngand ANBHLeRNdrforfiéd ¥ad B to@l hunbeBicells neboveddabountedul ts are
shown in Figures 7 and 8. 4.1 4.4 Pharmacokinetic Anal ysis Foll 0\/\6 ng oral
dgsi ng ofDatherpprgsantadeastipdipjdpalpaiets BP%%“F%@IgsﬁPgndé?@ﬁ%goﬁ% al | doses
adm ni stered.. P Vi f ol ] nal i i gtdat foqt hyl |'i ne
eaked at! GUITEEAR ol Sudiel SRR AIA ARSRA X NRE OB bear
| evell® ofconbidereh ¥latistivallweicaifabste nyedoBatidtinailyes gaifitet. admi ni stration of the
3ng/ kg dose (3.66 £2.64 ng/1l). At this dose plasma |evels of drug renai ned
bel ow 5ng/| for all animals at all time points bar one at the 30 m nute

time poi ng 06, M4 hinistiati8s B LPS to A/J mice resulted in an increase in the total
number of cells recovered in the BAL 24 h following challenge (p<0.01). This

increase in cells was comprised entirely of neutrophils. Dexamethasone when given

15  orally (0.3 mg/kg) at -20, -1 and 6 h following LPS challenge significantly reduced

total cells (68%, p<0.01) and neutrophils (71%, p<0.001) in BAL. Individual results

are shown in Figures 7 and 8.

4.1 4.4 Pharmacokinetic Analysis

20  Following oral dosing of theophylline to A/J mice plasma levels were detected at all
doses administered. Plasma levels following oral administration of theophylline
peaked at between 15 and 60 minutes with levels declining thereafter. Peak levels of
theophylline were observed 30 minutes after administration of the 3mg/kg dose (3.66
+2.64 mg/l). At this dose plasma levels of drug remained below 5mg/l for all animals

25 at all time points bar one at the 30 minute time point (6.7mg/l). Plasma
concentrations at the 0.3 and 1mg/kg dose were less than 1mg/l at all time points

analysed. Data is summarised in Table 2 and figure 7.

5.0  DISCUSSION

30
In this study daily treatment with a steroid failed to have any inhibitory activity in this
pulmonary inflammation model of COPD. This is in contrast to data obtained in other
models, including the LPS model reported here. Theophylline also failed to

demonstrate any significant anti-inflammatory activity in this COPD model.



concentrations at the 0.3 and 1lng/kg dose were less than Ing/1l at all tinme

points anal ysed. Data is sumarised in Table 2 and figure 7. 5.0 DI SCUSSI ON
In this swodyostabisy treatment with a steroid failed to lpevasB20gs/GoBiBdbI t Ory

activity in this pulnmonary inflanmati3an nodel of COPD. This is in contrast

to data obtained in other nodels, including the LPS nodel reported here.
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time points assessed again suggesting that plasma |evels |ower than those
nor mal | y lpeeauilesedofmyinaioni Qfatbyolﬂlr)’hlmadllélg(@) uw&lbdéxamtbarsen@ (Gdmedigdy .

this combination also had significant inhibitory activity on TS induced increases of
15 macrophages (59%) and neutrophils (66%). Plasma levels of theophylline at Img/kg
remained below 1mg/1 at all time points assessed again suggesting that plasma levels

lower than those normally required for efficacy are able to uncover steroid activity.

Intranasal administration of LPS to A/J mice on a single occasion resulted in a
20  pulmonary neutrophilia 24 h following challenge. In contrast to the sub chronic TS
model treatment with dexamethasone significantly reduced the LPS induced
pulmonary inflammation demonstrating the steroid sensitivity of this model.

Theophylline was without activity at the dose level tested.

25  These data demonstrate the steroid insensitivity of the mouse sub chronic TS model
and furthermore reinforce the synergistic effect of combining a steroid at a therapeutic
dose with an inactive dose of theophylline as a treatment paradigm for COPD.
Critically, this effect is achieved at plasma levels lower than those normally

associated with anti-inflammatory activity.
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inisolation, is not effective in reducing the inflammtion associated with
the respiratory disease. 3. Use according to claim?2, wherein the steroid

i s adm niwbenewhiadsea dose which, in isolation, has mn ni relyabesomsosow t h
respect to inprovenents in |ung functazon and inflamuation in treating said
respiratory disease. 4. Use according to claim1 or claim?2, wherein the
nmet hyl xant hi ne conpound and the steroid act synergistically to treat
inflanmmation in said respiratory disease. 5. Use according to any precedi ng
claim mhﬁrﬁ g t he met hyl xant hi ne conpound and/or the steroid are

adni ni st ere y a route selected fromthe group consisting of inhalation,

i nj ect i orelagaleves fngilsdfitdopanlliasdfitryoraekusgoh A/bmideer m r el easi ng i npl ant s.
6. Use according to claim4, wherein the nethyl xant hi ne conpound and the
steroid are adm ni stered by the sanme route. 7. A pharnmaceutical conposition

in unit $o COnprising T X ine conpound]at a dose which
i's insuffl Cl eﬁ(t) tormbiz effective ?’ﬂlfép X]ﬂ "2 respi ratory|di sease if

adm ni st|edosthgi ndependent | vy, (b r Oi gm phar maceut iical conposition
accordi ng @%guc%al m 7, wherein t Eaibeq gfk[gr)ovi ded at a dose which is
insufficl denopstrate—anti-i-ntlamratoryacti-vity—+nA{treating a
respiratjory disease |f adm3n| stered | ndependent ly. %37 A phar maceuti cal
cogpo;si t Oﬂf a(,(,]&)lrm ngtt 0 claimm6p) gmapt?‘;qu(ﬁqcﬁ/ erei \r/]vht nebt rteﬁt ment is the
reduction of inflammtion in a respirator ease ere e
anti-inflematory effeeé 0o resul 0.74r: @A6 | Nprn OVEed 006 N heal th status of
t he patilent '

30 3.66 £2.64 0.66 + 0.122 0.14 £ 0.025
60 1.47+0.11 0.41 £0.084 0.256 £ 0.198
240 0.09 £0.1 0.06 £ 0.015 0.065 £ 0.011

data is summarised as the mean + standard deviation



10. A kit for the treatnent of a respiratory di sease, conprising a

nmet hyl xant hi ne conpound and a steroid in unit dosage form wherein the

met hyl xanwbiz2oe/agsspound i s provided at a dose which is ipasudsoes@Bi39t 0 be
effective in treating a respiratory didsease if adm ni stered i ndependently.
11. A kit according to claim9, wherein the steroid is provided at a dose
which is insufficient to denonstrate anti-inflamuatory activity in treating
a respiratory disease if adm nistered independently. 12. A nethyl xant hi ne
conpound and a steroid in unit dosage form wherein the nethylxanthine
conmpound ¢18i1p¥ ovi ded at a dose which is insufficient to be effective in
treating a respiratory disease if adm ni stered i ndependently, for

si mul t aneous, sinultaneous separate or sequential use in the treatnment of a
respi r at or y1di seblse.of l3methyhentiyiex eornpiund ashpotaieidaindthe memvestereiof ani t
dosage form wherein the t hyl xant hine c nd.a h erai d..ar

provi ded at dose@%‘?sétllpnag)g tp%é’i‘ﬁ‘ttﬁ?e& ent” %EB %ﬁﬁ%%g%?%@ﬁ%@%%ﬁ» -‘)ﬂ{ne? ?lgnt’rﬁ}eat ory
activity in treahiehghanifsPédmn idhd&aiastered avddoseivatiet,ad idondiepeisdent | y,
for simultaneous, sinultaneous separate or sequential use in the treatnent
of a respirat oryeHfeivgde treating spidgespirptny d5R2%ccor ding to any one of clains
1 to 13, wherein the dose of nethyl xanthine conpound used achi eves pl asnma

| evel s that are lower than that required for clinical efficacy (<5ng/L).15.
The inventign actirediddgdihg t@yindhewbdreinl thé nerold fsoadbdinisteinesr ®iandasbevhihs e of
met hyl xant hi ne conpound gi ven by inhal ation ar

, e less than thaose r ired
for clinical effitielptionosdot slEsiyRy) redrginethe H@F@WmﬁﬁﬁgFﬁyﬁﬁqﬁg any
one of claims 1 {Q.la.yiscdn the dose of

3. Use according to claim 2, wherein the steroid is administered at a dose which,
in isolation, has minimal efficacy with respect to improvements in lung

function and inflammation in treating said respiratory disease.

4. Use according to claim 1 or claim 2, wherein the methylxanthine compound
and the steroid act synergistically to treat inflammation in said respiratory

disease,

5. 'Use according to any preceding claim, wherein the methylxanthine compound
and/or the steroid are administered by a route selected from the group
consisting of inhalation, injection, oral administration and by means of long-

term releasing implants.

6. Use according to claim 4, wherein the methylxanthine compound and the

steroid are administered by the same route.

7. A pharmaceutical composition in unit dosage form, comprising a
methylxanthine compound at a dose which is insufficient to be effective in

treating a respiratory disease if administered independently, and a steroid.



steroid is one that is used clinically which is either sub optimal or fails
to denonstrate anti-inflamatory activity. 17. The invention according to
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conbination with bronchodilators, and4is adm nistered twice daily at a dose
of 400ng or 800ng respectively. 18. The invention according to any
preceding claim wherein the treatnment of the respiratory di sease s
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according to claim18 or claim19, wherein the cell count is reduced by 50%
or nore upon adm nistration of a methyl xant hi ne conpound and a steroid. 2
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by 70% or mdre upon adnmnistrati'on of a methyl xanthine conpound and a

steroid. treatment is the reduction of inflammation in a respiratory disease whereby the
anti-inflammatory effect may result in an improvement in health status of the

patient.

10. A kit for the treatment of a respiratory disease, comprising a methylxanthine
compound and a steroid in unit dosage form, wherein the methylxanthine
compound is provided at a dose which is insufficient to be effective in treating

a respiratory disease if administered independently.

11. A kit according to claim 9, wherein the steroid is provided at a dose which is
insufficient to demonstrate anti-inflammatory activity in treating a respiratory

disease if administered independently.

12. A methylxanthine compound and a steroid in unit dosage form, wherein the
methylxanthine compound is provided at a dose which is insufficient to be
effective in treating a respiratory disease if administered independently, for
simultaneous, simultaneous separate or sequential use in the treatment of a

respiratory disease.

13. A methylxanthine compound and a steroid in unit dosage form, wherein the
methylxanthine compound and the steroid are provided at doses which are
insufficient to demonstrate anti-inflammatory activity in treating a respiratory
disease if administered independently, for simultaneous, simultaneous separate

or sequential use in the treatment of a respiratory disease.

14.  The invention according to any one of claims 1 to 13, wherein the dose of
methylxanthine compound used achieves plasma levels that are lower than that

required for clinical efficacy (<5Smg/L).
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The invention according to any one of claims 1 to 14, wherein the dose of
methylxanthine compound given by inhalation are less than those required for

clinical efficacy (30mg to 500mg).

The invention according to any one of claims 1 to 15, wherein the dose of
steroid is one that is used clinically which is either sub optimal or fails to

demonstrate anti-inflammatory activity.

The invention according to claim 16 wherein the steroid is budesonide, either
given alone or in combination with bronchodilators, and is administered twice

daily at a dose of 400ug or 800ug respectively.

The invention according to any preceding claim, wherein the treatment of the
respiratory disease is assessed by counting cells in or by bronchoalveolar

lavage, induced sputum or bronchial biopsies.

The invention according to claim 18, wherein the cells are selected from the

group consisting of macrophages, epithelial cells, neutrophils, eosinophils and

lymphocytes.

The invention according to claim 18 or claim 19, wherein the cell count is
reduced by 50% or more upon administration of a methylxanthine compound

and a steroid.

The invention according to claim 20, wherein the cell count is reduced by 70%

or more upon administration of a methylxanthine compound and a steroid.



