USE OF ANDROGRAPHOLI DE COVPOUNDS FOR TREATI NG | NFLAMVATI ON AND Al RWAY

DI SORDERS Cross-reference to related application [01]. This application

cl ai s bewefwtomdiesand priority from U.S. provisional parsceomppdiigation
No. 61/162,861, filed on 24 March 2009, the contents of which are hereby

i ncorporated herein by reference. Field [02]. The invention relates to
conpounds (SE CINANDROGRAPHOLIDE COMEBOUNDS FOR TRHEAFINGt hna and chronic
obstructive pul m)nazr;_i di sease. Background [03]. Airway disorders such as
ast hma andNFHAMMATION AND ABRWA ¥dHS RSase (coPD) afflict a large
nunber of people. At present, there are about 300 mllion people worldw de
suf f eri ng Grossrreferdmen to related applidationed t hat the preval ence will go up to
400 mllion by 2025. Asthma is a common chronic |ung di sease of the airways
that is cdfpl exXlhenapplicaticctlamisZwdefiyoly and phomtydinam, € Su pravigionsy ppicohs,
airflow obstructi | al ..hyper onsi ess (bronchospa and an
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determ neqle;éggi@&rﬁgrg@hhmmg}e&rf@%&ns and severity of asthma and the
response to treatnment. The ri'sing incidence and preval ence of asthna

wor | dwi de gigyye signalled for a need to develop better therapeutic agents.
The pat hophiysi ol ogy of asthma is nultifactorial, involving a conplex

net wor k  of;n4 . S ' r r & .
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i n peopl e suth i Atiesd 4d chiforde olbdtiuctibapiigronarydiseadd.| t hese contribute to the
uncertainties in asthmatic occurrence, thus making the control of asthnma

di fficult BdcRgtoundSt hma is a chronic airway disorder characterized by
ai rway i nfTanmation, nucus hypersecretion, and airway hyperresponsiveness

(AHR) 1. Thes|pr Gy 8R61A8RI B8R ad Aahmh Ad chidnid GbsRESW RilGBnaY didRsear e not

fully understood yet, but it is found to be related to the inflammation
response KEOPR)adtlisy artarge rombes of pgoples Ah opisents thegy arg ghout 0@ vmidlegic e
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up to 400 million by 2025. Asthma is a common chronic lung disease of the airways

that is complex and characterized by variable and recurring symptoms, airflow

obstruction, bronchial hyperresponsiveness (bronchospasm), and an underlying

inflammation. The interaction of these features of asthma determines the clinical
manifestations and severity of asthma and the response to treatment. The rising
incidence and prevalence of asthma worldwide have signalled for a need to develop
better therapeutic agents. The pathophysiology of asthma is multifactorial, involving
a complex network of immune responses and reactions. Furthermore, exposure to
uncertained environmental factors can lead to different asthmatic responses in
people with dissimilar genetic backgrounds. All these contribute to the uncertainties

in asthmatic occurrence, thus making the control of asthma difficult.

| [04]. Asthma is a chronic airway disorder characterized by airway inflammation,
mucus hypersecretion, and airway hyperresponsiveness (AHR)I. The precise
mechanisms that lead to the occurrence of AHR are not fully understood yet, but it is
found to be related to the inflammation response mediated by mast cells and
eosinophiis. Cumulative evidence revealed that these inflammatory responses are
mediated by T-helper type 2 (Th2) cells together with mast cells, B cells and
eosinophils, as well as a number of inflammatory cytokines and chemokines'?. IL-4

is imperative for B cell isotype switching for the synthesis of immunoglobulin (Ig)E.
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eosi nophils, as well as a nunber of inflammatory cytoki nes and chenokines 1
2 . IL-4 is inperative for B cell isotype switching for the synthesis of

i nmunogl ovol2or/1bBBE. Al | ergen-i nduced crosslinki ng of | gETisGaow/obiigh
affinity IgE receptors (FceRl) on the surface of mast cells leads to
degranul ati on and activation of mast cells, and the rel ease of inflamuatory
medi at or s Alidgerhindtcadi eresslinking @figBibosndhighcaftioity dgls recaptors heeRDaire

broncho-copstri.cti 3 4. 1L4 ' ital f t h h, .diff tiation,
Fecr ui ¢ modhe e of ARy s ot Ja e Rion, oy phdes e ARF et § on
and even 3iey@Yof iaARARIatdY thétiAstisie Ristahdine, 1Sulid@hes andicykles M i n the

effector phase of Th2 responses gsuch as eosinophilic inflanmmtion, mucus
hyper secr émmedjate\bFongho-canstietiony enlldebi wgvigl fon theldgrewidn difftrentistiones such
as RANTES (regul ated, on actiyvation,. ng | T.cells .expre ecret ed)
and oot v rroagety it A5 b @PnCR TR cobybite B FRERFRSRL SRR L

Al rway eosird@phéhodelinge githme’. W18 pl2 agiverkl oksinlthe éffedtdrphassief TH2- 13, may
ultimately contribute to AHR in asthrma . Persistent activation of nuclear
factor (NEySPRESESagchets casiBeptiilig apflammptiqn, emyeise hypgressretion, A Rnd [ 05] .

Current t y r sh #{m's - bro ogli | aﬁg%ﬂﬁ
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cont r ol | i agtiegiohjraormidli T kell1ekpresed )and rdeadeted) ahé reotatsn aft) crucial to the

cysteinyl -l eukotrjene receptor antaggni st and 3 r.omol yn. However, the

t her apeut idéllmi(ga‘?ﬂsé??_ S &8 %iaWIagq e@waﬁ(%’! S‘I‘ﬁé‘)‘qpi‘él&‘ptt e_t%‘ﬁt‘é(ﬁﬁ and
cromol yn %Pﬁ)ﬁjqeg Lya VALS ahleriansl ARy mhiel] tomtrbaeCR KM is URGIRAP of
patients. I'nhaled cdrticosteroid, helps to suppress inflanmmtion and

reduces t Persssmgit| aotiyatidn tdfentdledrnfpctor END-wld r hasy beenh gvaopiated: ath the

gl ucocorticoid uslg%g I,s associated with major side effects, and about 5-10%
ast hmat i c Se%7EPR¢ iaﬁf;-i?lési stant. Corticosteroid-resistant patients present

consi dera agenent prohl ens_as there. I, t ti )
anti-infl gﬁa?@ﬁ?‘%ﬂ cRERBN Ora\iié?hlnl’:f’ol“é’nf!p?"[sgsg]e‘.’tf 'eﬁvﬁvgl?clhloﬁ’é%}gﬁsz \r{'i'gdt A&tapy for
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conbi nati on of high-dose inhaled corticosteroids (CS) and | ong-acting
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cysteinyl-leukotriene receptor antagonist and cromolyn are highly variable and may

be limited to certain subgroup of patients. Inhaled corticosteroid, helps to suppress
inflammation and reduces the swelling of the lining of the airways, however the
glucocorticoid usage is associated with major side effects, and about 5-10%
asthmatics are steroid-resistant. Corticosteroid-resistant patients present considerable
management problems as there are few alternative anti-inflammatory treatments

available™.

[06]). The first line therapy for the control of mild to severe asthma patients
“involves the usage of a combination of high-dose inhaled corticosteroids (CS) and
long-acting (32-agonists (LABAs). Patients with severe persistent asthma often
require additional medications, such as anti-leukotrines and anti-IgE therapies.
Glucocorticoid is most commonly used in treating asthma, and inhaled
corticosteroids have become established as first-line treatment in patients with
persistent asthma®'. Nonetheless, there is a small proportion (5-10%) of asthmatic
patients fail to respond to glucocorticoid even at high doses or with supplementary

therapy”>. Moreover, there has been increasing concern over the side effects of CS
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corticosteroids have becone established as first-line treatnent in patients
W th persistent asthma 2 1. Nonetheless, there is a small proportion
(5-10% oWoastowretssc patients fail to respond to gl ucocectriscaiw/oevan at

hi gh doses or with supplenentary therapy 22. Mreover, there has been

I ncreasi ng concern over the side effects of CSsuch as osteoporosis,

gl auconm, swehi @ht ogedporosiss dglaechnix) neerkht sgatiny, ratusad édohe eddrdtyn meselzvul at i on,

growth retardation in children and poar wou heal ing effects]5... As
prescri bi ﬁ@eﬂggfwr@hﬁé}o"a’a‘ggﬂp&mmﬁt R 13 Ign, nd Beck P Bedine
undesi r ab t:ﬁe@téld.eAgprr%Efé%ing'at highed G852 GENRBAl Lould eeRMERdestchiaiceliBA shoul d

be used together w r theophylline for better treatnent. Al though the
conbi nat i ondesiral}§ sadedefifx®) it s thpsfgenenaly reomumendedethatf LABA showlérite used in

treating asth t he occ ence, of verse effects ke i},.,necessary to
have alt PRk {Ia%eéhetrr é”éﬁ‘rrgfré sO'f g}?eogg?ﬁ’ﬁﬁ. §c[r0$ft.tercﬁrr%ﬁﬁ?eél?'obb§lf}1'°b‘§ﬁ i @@
pul monar y cehb@assh €@ Pand L ABA {sOby Fa0tHeCmBEORRESsFiA BddmenPtedcie, two

commonl y co-existing diseases of the lungs in which the airways becone
narrowed {reaing Fsthma) dedocewsrence jofi adiersgneects Hpakiel Hwnedessry toohaed from
t he Iungsaﬁg iiv@gpﬁﬁﬂ{e&l&%%s greath. In contrast to asthma, the

n

limtation of airflow1s poorly reversible and usually gets progressively

Wor se ove [ [ 08].. D i s caused b LAUS particles or nost
Commonty. 19 EBHR BoseRT B o sraog EPE B TR r asite frekiis or y
response hfd hisenth, thBecomdhbhilg costhy isedsedBf ithe Ghiadsaint @mhichetheby

occasi onal sudden wor seni ng of synptons call ed acute exacerbations, nost of
whi ch ar eaicwayscecpie nafropel dhd)- dhisslepdsplel 4 limitation oD flaw of a5 Rvdn as
chronic o I Lcti | , ' ugt.i ' y di sease
(ConD) - chom{HE Tl ol SHARASE of bl g SHEAY fo At bl o

r espi r at oaiyfléhv $epely(redfiiple dndUsual hgsteprogressivelg miorye over dmee f or COPD and -
the only neasures that have been shown to reduce nortality are snoking
cessat i onf(m.d EOPD a@tad b Kykiehs parfitles GORAR, GRdit BEmARARIREmMWobitco
bronchodi [ ators such as / 2 agoni sts_and/or anticholinergics. / 2 agoni st
st i nul at espekingerkigh Higgersan abngrnal dndammatogy respaise ek thetyng, Theinaraly om

chol i ner gj t. LEhoe r | und the
i rvays, “POPERIROMS;P BRRCRRAE WY ockiiflol (ith VaRahibeHE Crip iR T

sal but anptalled ashfewixacabationd, meosthoftvelicn areacaasatd ofeinfeat®asl os hwrgollatén.ng / 32

agoni sts : . .
g %%%D is also known as chronic obstructive lung disease (COLD), chronic
obstructive airway disease (COAD), chronic airflow limitation (CAL) and chronic

obstructive respiratory disease (CORD).

[09]. There is currently no cure for COPD and the only measures that have been
shown to reduce mortality are smoking cessation and supplemental oxygen (14).
COPD can be managed with bronchodilators such as (3, agonists and/or
anticholinergics. (3, agonist stimulate (3, receptors while anticholinergics block
stimulation from cholinergic nerves both are medicines that relax smooth muscle
“around the airways, increasing air flow. There are several (3, agonists available,
salbutamol or albuterol and terbutaline are widely used short acting 3, agonists and
provide rapid relief of COPD symptoms. Long acting 3, agonists (LABAs) such as
salmeterol and formoterol are used as maintenance therapy. Ipratropium is the most
widely préscribed short acting anticholinergic drug. Anticholinergics appear to be
superior to 3, agonists in COPD, hdwever both 3, agonists and anticholinergics do

not have anti-inflammatory actions and they do not halt progression of COPD.



provide rapid relief of COPD synptonms. Long acting b2 agonists (LABAs) such
as sal neterol and fornoterol are used as naintenance therapy. |pratropium

i s the now0 20dodabysprescri bed short acting antichol i ner gca/sdremg/000113

Anti cholinergics appear to be superior to / 2 agonists in COPD, however
both /32 agonists and anticholinergics do not have anti-inflamuatory

acti ons an@ii0].heyndesprapgholidal is pr tapdeses i diterpehoidOfiat[ B1@e naidr bipaetpleol | de i s

a | abdane diterpenojd that, is the majn bioactive cqnponent o e medi ci nal

pl ant AndCOPPARsHE SOprg?ﬁ dRadiginal ( plap "ﬂrsgrﬂéég,m%'szfehﬁﬂeg%)f) ees,

Andr ogr a ' LS a - ¥ Riabht ; ¢ stem
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and | eave hi's paniculata.” The plant is grown for medicinal
pur poses istemCimdgavescof] theliAwdaogiap/as punizdiata. divel flgntbe growrs &a medi¢ivalbal

medi ci ne for commoy .cold, fever,and non-infectious, diarrhea,...

Andr ogr ap RBIRCHE ‘Ha@“ﬁ%éﬁd dnd Eas_o%a(g{;‘?’?@?' ﬁV n Jsed ??slferlé"’g FRSiEing Rfcer s and
has al so bg@mheah@M) fbRerRAd SRRSnRBtib A& head A&ﬂmgpone@aa@swnesmw ective
activities 1 1. [G'l]. 14-Deoxy-I1,12-di dehydroandrographol i de ( DDAG

C20H280 4tq Hes effpasivive Against eequiaiinicancesn | andebias mlsm heenp showhi| tat BASSES. The

structure_of ands-0graphol|de an 4- y-11 1, 12-di dehydr oandr ogr aphol i de
(DDA) is 8%%?*‘8?% r?‘lmlg—ti‘eé)ﬁ{roé:ytf.pr%ﬁ%ra%%%%ﬁ] . Accordingly, a first aspect

of the in [ onpr.i.ses .. t hod of conptr [ j.n tionin a lun

cel 1 conpi{ind A 1 e g A O B B DAL P HORL AP ED ray b
sel ected {iftQFeRoil A& Frofl P WanicaldiEt HOXHe ShRHRe ofandBshyRlife GAOWL, OF an
et her or ester |inked sugar group; hydrogen, substituted or unsubstituted,

| i near or demxarddhidedidebydmgpdragmpholide GAPA depigted dpFiggre 1.et hyl ., npropyl ,

i so-propyl and the like ; aryl group such as phenyl, naphthyl and the Ilike,
the aryl §uoupanyay be substituted; heteroaryl group such as pyridyl, furyl,
t hi ophenyl and the like, the heteroaryl group may be substituted; aralkyl

such as b¢2yl Acpbrditaliyiyh &irdd adpectl ioKethet heveatial kypmpgiseum magthéxe of
substituted; heteroaral kyl group such as .pyri gyl nethyl, ridylethyl,

f ur anmet hfl?‘}tr‘glé‘i’%ﬁgﬁﬁwatéﬁdgtaﬂggg PEIE ,CO‘PH’éBﬁ%ta H‘a\?t‘élini%/? dg¥%ﬁ£%ﬁ‘3§gbe
substituted; (C2-C8) alkanoyl group ©h as et hanoyl, propanoyl, butanoyl
and the |like, the (C2-C8) al kanoyl y be substituted; (C3-C8)

al kenoyl group such as propenoyl R® , pentenyl and the like, (C3-C8)
al kenoyl group may be substituted,

wherein,

R' and R? may be selected from a hydroxyl group, a methoxy group, a
methylene group, or an ether or ester linked sugar group; hydrogen, substituted
or unsubstituted, linear or branched (C;-Cg) alkyl group such as methyl, ethyl, n-
propyl, iso-propyl and the like ; aryl group such as phenyl, naphthyl and the like,
the aryl group may be substituted; heteroaryl group such as pyridyl, furyl,
thiophenyl and the like, the heteroaryl group may be substituted; aralkyl such as
benzyl; phenethyl and the like, the aralkyl group may be substituted;
heteroaralkyl group such as pyridylmethyl, pyridylethyl, furanmethyl, faranethyl
and the like, the heteroaralkyl group may be substituted; (C,-Csg) alkanoyl group

such as ethanoyl, propanoyl, butanoyl and the like, the (C,-Cs) alkanoyl group
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such as benzoyl and the like, the aroyl group nmay be substituted,

het eroaroyl group such as pyridyl carbonyl, furyl carbonyl and the |iKke;
t he het erwanow/11gr4eup may be substituted; aral kenoyl greap/ssacio/oasi13
phenyl propenoyl, phenyl butenoyl, phenyl pentenoyl and the like, the

ar al kenoyl group may be substituted ; aral kanoyl group such as

pheny! pr opanmyy be plistidtéd) (Es6y) alkgioghglopp stemasygropandyl, batehoye, t he

et hanesul f CRSYEDEL B L Forty “ikgto ]ty PERPROBIT e ek, e

sul fonyl gr olRhABYeRByBaRhE likt QHe aldF] frdup Bla§Ueadbitivael hef@bdtyl 9roup or a
met hyl ene group; R4 i5 selected from a hydroxyl group or a carbonyl group;

R5 i s sel ect goup sugh asrparidy] qankeontyb| fhryhicarhonyd ang dredikes therhstgsoaray] al kyl group,

a met hoxy grou a_net hyl.ene.dr r_an ether .or ter l.inked sugar
group; [013] .groﬁf)Wg%éﬂﬁ%g&ﬁ%’%ﬁgg%oygngisgdf ¥R Y‘?‘FP%“%’Hm her embodi nent
the cell is phenyibueenayid phdiglfentonuyicand thelike] tharalkeni®d gicupanppbe ent i n need
of controlling an airway disorder. [014]. hi one enbodinent formula | is
Andr ogr aphol substitufed ; aradkaney! eionp aneheastrherylpippanqyl; phenylby@aayl. |

1, 12- di dehyd r ihde ' ' : 1 LN

i nfl ammat i on15 tgeg r ?@é@%ﬁ{i&ﬂ% gﬁ% %S%glt(%{r?ﬁ/?gﬁﬁﬁan t eergﬁg%atgg%g’l {lrle@%%l&l °
control ling giotip auohedsinasthanesyd forsg deazenesubfonyh) g-taluesesyHonyl aed fileclile, hi

anot her enbodi ment controlling inflammati on conprises controlling chronic
obstructive gﬁlsﬂlg‘?fﬁfiﬁr%pé’é%s@%“@%ewow]. Anot her aspect of the

invention conprises a nethod of treating an airway disorder conprising
adni ni stering & selssted &ong methyh groupor gansthdenegey®. | n one enbodi ment
formula I is Andrographolide for treating an airway disorder. In another
embodi ment  fRBrissklgcted ifrom 4 hyidroxyl-group ara ¢hirbaty) grayahdr ogr aphol i de for
treating an airway disorder. In one enbodi nent the airway disorder is an
ast hma exaceRbatseleoted fromaonet dfdthe Entlvodagrartydtdyeyl gioupean alkygrolgr, ai s COPD. | n
anot her enbodi [lr]ﬁnt the nethod of treating,the a{'rﬁﬁ% i sorder may further
conpri si ng aGFPAKYS BOPPHYMSIYGIE B & Yt SRR AT AR E B = B®Et of the

i nvention conprises a, conpound of faornula_| as defined abo ecgl?r. use in

treating dM3i Mnaye ambedigent thecela i g hanetherosmbdiment tge cell is i

vivo and the formula I is administered to a patient in need of controlling an airway

disorder.

[014]. In one embodiment formula I is Andrographolide. In another embodiment
formula I is 14-deoxy-l 1,12-didehydroandrographolide.

[015]. In one embodiment controlling inflammation comprises controlling asthma.
In another embodiment controlling inflammation comprises controlling allergenic
effects. In another embodiment controlling inflammation comprises controlling

chronic obstructive pulmonary disease (COPD).

[016]. Another aspect of the invention comprises a method of treating an airway
| disorder comprising administering a dose of formula I as defined above. In one
embodiment formula I is Andrographolide for treating an airway disorder. In another
embodiment formula I is 14-deoxy-1 1,12-didehydroandrographolide for treating an
airway disorder. In one embodiment the airway disorder is an asthma exacerbation.
In anothef embodiment the airway disorder is COPD. In another embodiment the
method of treating the airway disorder may further comprising administering a

corticosteroid.



Andr ogr aphol i de. In another enbodinment fornmula | is 14-deoxy-| 1, 12-

di dehydr oandr ogr aphol i de. In one enbodi nent the conpound rmay be for

treati ng wbeosmimnwag di sorder of an asthma exacer bati on. pCcm/sanoineeri3

enbodi ment the conpound nmay be for treating the airway di sorder of COPD. In
anot her enbodi nent the conpound may further conprising adm nistering a
corti cost gov|d. Addied] aspdnnadfhihe ias@etin codmprises i neempowrd obrformnded as

Conposi tion of corticosteroid and forprulg 1 _as descrj bed above. .l n one
enbodi mentdefigg Oé(elforo‘fsetl%ge%t&i’r%’sﬂlwaé'rfﬂl?;ﬁ ethin W’Btqué‘ﬁﬁ?fltgﬂ’é‘?lalnﬁ anot her
erbodi mntﬁﬁg@g@@mpf h&doméfpoemddﬁﬁemyfoﬁﬁuly-xdeiexml.deoxy.l 1,12-

1, 12- di dehy ographol 1 de. I n another enbodinent the corticosteroid of
t he conposiidehgdroamiyodraphblidea e v embedimBotibs ecningeyund-ay ibe dertneatingithd esoni de,
or Becl onet hasopne Di propionate. [019]. In one enbqdient {he Conposition
my be. { oRITIEY GHPrEER, NS ageerap il SREHE AR Jh EPBBPUR | of
descri pti gRayobetfoe nﬂéﬁ@ﬁg RS alr@4P]disol8& bN'COED.Oh Whéthero8mbeditRht Wigler st ood
by reference to the follow ng description of several specific enbodinents

t her eof asosipowrd ingy furthen cemppsing pédrmyindstenigaeottieosiividh: Fi gure 1: Cheni cal
depiction of the structures of (A) andrographolide and (B) 14- deoxy-|

1, 12- di detj18]oambtlog raspecobf the i RDAGH cofpyseser Qompéifiercota obrtigpderoty aphol i de

on OVA-induced inflamatory. cell recruit t and nucus ersecretion. (A
0t a6 om0 AepRe Bigve ftne nbaiied Protb e FoRsRL 5,
hours aft %aylﬁ'@Ahd’x%Fra‘faﬁJ)ﬁdé‘?h{ fngthé& eMHoRIMETt femaili) o the@étmpobition mdyi ce per
group) aerosol chal 'enge. Andrographol i de dose-dependently reduce

OVAI nducedei nf4-daemed oyl 2cbd¢hydmandrographelide. f Ini dnpthein sebedimentdthd ce 24
hours after .the | A r | _chall = 7::0 , h=71;
0.5 mgl kg CRICOStEgRE éﬁ@éf"%‘g’)’g‘g‘?“ g %gg‘g“e%g}@‘g%r Hid sohjge] Flullliaie 0 7
count s werGiclpsdnlidy, BEBecdmathaionie Miptoplonafe) cells to identify eosinophil
(Eos), nmacrophage (Mac), neutrophil (Neu), and |ynphocyte (Lym.

Hi st ol ogi gai9)eXANEnRAhBGIIMbnt tHRICbinpssiBoR AhAy BB ol Susé H&Eredtiiag ndifwHat i on x
200) and nucus secretion (PAS, magnification x 200) 24 hours after the |ast
chal | enge disordsas sueh agthmass|CORMA aer osol, OVA aerosol plusDVMSO, or OVA

aerosol plus 1 ng/ kg andrographolide. * Significant difference from
Brief description of the drawings

[020]. The invention will be better understood by reference to the following
description of several specific embodiments thereof as shown in the accompanying

drawings in which:

Figure 1: Chemical depiction of the structures of (A) andrographolide and (B) 14-
deoxy-l 1,12-didehydroandrographolide (DDAG).

Figure 2: Effects of andrographolide on OVA-induced inflammatory cell recruitment
and mucus hypersecretion. (A) Inflammatory cell counts in BAL fluid obtained from
sensitized mice 24 hours after the last saline (n = 6 mice per group) or OVA (n =7
mice per group) aerosol challenge. Andrographolide dose-dependently reduced OVA-
induced inflammatory cell counts in BAL fluid from sensitized mice 24 hours after
the last OVA aerosol challenge (DMSO, n = 7; 0.1 mg/kg, n = 7; 0.5 mg/kg, n - 10;
and 1 mg/kg, n = 9 mice per group). Differential cell counts were performed on a
minimum of 500 cells to identify eosinophll (Eos), macrophage (Mac), neutrophil
(Neu), and lymphocyte (Lym). Histological examination of lung tissue eosinophilla
(H&E, magnification x 200) and mucus secretion (PAS, magnification x 200) 24
hours after the last challenge of saline aerosol, OVA aerosol, OVA aerosol plus
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DMSO control, P<0.05. Figure 3. Effects of andrographolide on cytokine

| evel s In BALF. BAL fluids were collected 24 hours after the |ast OVA

aer osol owel2bmngez4sLevel of 1L-4, IL-5 1L-1 3 and | FN- gcwsiGeo@mnadysed

usi ng enzymne-|linked I mmunosorbant assay (ELISA). Figure 4. Effects of
andr ogr aphol i de on serum | gE producti on. Muse serum was col |l ected 24 hours
af ter the DMSO, GvVAVaenerssil phisal mgfkgeandiigeaphelidel & SHgnifikatt differdnce drohgE and
total IgE 58 anal Z)ed ﬁgl ng ELI SA. Andrographolide significantly | owered
total |gE ORISR L 9P 1 gE 1 evel s, Indicating an OVA-speclfic

I nhi bition _on the Th2 response_ by andrographolide Figure 5. Effects of

andr ogr apHdgyree3- diffests ofandragr Wﬁdee%b cyRking devsts II“n?Agﬁ’nﬁtA*& fludswers s, Lung
tissues 0 I e. Total
TRRA s SeTe A L Bb S e e e b g eapar at e
in a 2% agad ¢y ke aHabised ustgrenandlelinkdd Ininglriosorbahtassday (EM8#A)used as an
internal control. Figure 6. Effects of andrographolide on OVA-induced

ai rvay hy IR SR oYL L aifdrodaphifiide IdRSRARE B 6duclibn. "PRASNséath| Was
ventilated mce in response to intravenous nethacholine was neasured 24

hour s af t eplledtes 24beurs aftprrthe dast 30} agpsabghaligngesbie layelsn op OV A-spestfifent of
ei t her or / androar aphol i i fa
change 11 oft f bulldeE Al MARER BIRG filfon MRbE B RIE RA AR PRIGRRE 20°

treat nent t@hoIsP) andNOVABIpecifio Aok develBRidicatifig aft QY A,speclfic mhibitien peithd r eat ment
group). Rl _Is defined as the pressure driving respiration divided by flow

Cdyn refemﬁﬁwwwmﬁﬂoﬁﬂ?y of the lung and i s defined as the change
in volume of the Iung produced by a change in pressure across the |ung.

Fi gure 7. FigyreesSt eEffectsf ofarrndengranhnbide den opplmeparya mRN Ay (expiesnonf ofhor mal

h b i al i thelial | |. ' ' | | ith 10
T by s L L PP ol 04 .
and 30 mi nuies tefleng:. (TotAlmRNA! eiaf exitedted exibpalrizd reagens ahd el POR

i mmunobl otting anal ysis. | nmunoblots were probed wth | - | KK/ 3,

Lmt i - phos @f&ﬂu%km? %%'@rr%tefée)a, Z%rﬂgar-ogﬁ e Vialpiﬁli_?@gﬁwi%%‘! %?gﬁaﬁé-a%e‘m 36) ,
anti - p65, As’aﬁi}]ﬁt% %ﬁ.ﬁ.ﬁ}l( Ser536) or anti-j8-actin antibody, and

devel oped nhanced chem 1 umi nescence reagent. (B) Inmmunoblotting of p65
level Figure 6. Effects of andrographolide on OVA-induced airway hyper-

responsiveness. Airway responsiveness of mechanically ventilated mice in response
to intravenous methacholine was measured 24 hours after the last saline aerosol or
OVA aerosol with pre-treatment of either DMSO or 1 mg/kg andrographolide. AHR
is expressed as percentage change from the baseline level of (A) lung resistance (RI,
n = 5 mice per treatment group) and (B) dynamic compliance (Cdyn, n = 5 mice per
treatment group). RI Is defined as the pressure driving respiration divided by flow.
Cdyn refers to the distensibility of the lung and is defined as the change in volume of

the lung produced by a change in pressure across the lung.

- Figure 7. (A) Effects of andrographolide on TNF-a stimulation of normal human
bronchial epithelial cells. Epithelial cells were stimulated with 10 ng/ml TNF-ain the
presence and absence of 30 yM andrographolide for 5, 15 and 30 minutes before
total proteins were extracted for subsequent immunoblotting analysis. Immunoblots
were probed with anti-IKKg, anti-phospho-IKKg (Ser'®®), anti-IxBe, anti-phospho-
kB (Ser’”™®), anti-p65, anti-phospho-p65 (Ser’®) or anti-B-actin antibody, and
developed by enhanced chemiluminescence reagent. (B) Immunoblotting of p65 level

in nuclear extracts of epithelial cells stimulated with TNF-a for 30 minutes in the
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I n nuclear extracts of epithelial cells stimulated with TNF-a for 30

m nutes in thepresence and absence of 30 nmM andrographol i de. Nucl ear

pr ot ei ns wenrelwapasat ed by 10% SDS- PAGE, probed wi th antcTsé3oonoansi - TBP
anti body, and quantitated using Gel-Pro i magi ng software. TBP nucl ear
protein was used as an internal control. DNA-binding activity of p65 NF-kB
i N nucl eampresetideaaidsabséncepoft 3¢ LMakndrefraphaltdenilualeeri pritdins Wiske sephrated30
mnutes in the presence and abse Bce of 30 mV andro%raphol i de was determ ned

using a TOANLAMEONPAEE, prabedcwith angrpof aen yiti-EBP smtibpdy, andygpagtitatedsy f ect s
of DDA on g‘GQll L eﬁné@%%ﬁ%‘éf el eﬁc?wt&ﬁf‘% 98 NS internal

hypersecretl se ast hma no I ng ova bum n as aeroall ergen,
we showed cbiitadl. DNA -Boslingdapitgerftg6y NRiBoin metlen alxbracts of iepithatat] celil |
Infiltration Into the airwa s obt ai ned_ from bronchoal veol ar | ava e fluid
(A | nfl astvaplsied with) TNEwntfer BA mjmutes| i aieomeéﬁrwecnnfir&m@ngf nce 24

reduced oRCTPHERRGNY WA bt 0wl TRRINVE” Pr EARSplbh of STy

mce 24 hgyrs after the | ast OVA aerosol challenge. Differential cell
counts were perforrred on a mninmum of 500 cells to Identify eosinophil

(Eos), agl e £0RE Jor HPUL bRAHVIA-fnbEsk: 1n@1@ﬂml@(&?'hwly}@cr&1ﬁﬁmt aridB)

Hi st ol ogl ca exam nat1on of lung tissue eosinophilla (H&E, rmagnification x
200) and muecushgecseetetion. I(nFtthmqmagaﬂtlﬁmeatqdehust@@)leanuﬁs)aHérgem t he | ast

(VB0 . o eoRe st aaDR: e Hembenl e By eindiea: 28 Fifiraftai * poAG on

OVA- i nduc gglo it hidkaRat sHtainéd frbm! &eﬁéhohweatar emegmﬂﬁluqmmemm&yl @ (A
Inflammatory cell counts in BAL fluid obtained fromsensitized mce 24

hours af t épunthin BAdt ﬂ@élqbﬁlﬁéﬂ@eﬁ@@cﬁmilhlﬁd 1Piqg; 24ehqyiss aﬁﬂdbﬁ)‘“@ salogroraer osol

(n = 7 m g, pero . aup)aialot engin A DUAG, A05G:adRRPndaiiy TGOUCHALYA | nduced

i nfl ammat ory ce coun sen tlze m ce ours after

t he | ast Mn&ﬂit@@dell%@hts&ﬂ@ALﬂ?Mﬁ@,from sengitized immg?_‘kgouns a=ﬁe81he01aﬁ ng/ kg, n
= 7, and 1_no/ kg, = 10 m ce per. . Differential cell counts were
per f or med aerr?ﬁ% ThaHsrge- %%ereeﬁl lsceﬁcfomféﬁwrﬂpe 8@?%%9@@28&9}1 of

macr ophag l.pgi cal
exarm naton SPY fo RS R0l o) FRAroBTRC AR, heiRbnil kS B0 T
mucus sec hyanphoayte  ym).nE) rﬁllfsuomgmad) exami2@@9n ofllunguissue eosinophilla (H&E

magnification x 200) and mucus secretion (PAS, magnification x 200) 24 hours after
the last challenge of saline aerosol (OS), OVA aerosol (OO), OVA aerosol plus
DMSO (DMSO), or OV A aerosol plus 1 mg/kg DDA (DDA).

Figure 9. Effects of DDAG on OVA-induced inflammatory cell recruitment and
mucus hypersecretion. (A) Inflammatory cell counts in BAL fluid obtained from
sensitized mice 24 hours after the last saline aerosol (n = 7 mice per group) or OVA
aerosol (n = 7 mice per group) challenge. DDAG dose-dependently reduced OVA
induced inflammatory cell counts in BAL fluid from sensitized mice 24 hours after
the last OVA aerosol challenge (DMSO, n = 7; 0.1 mg/kg, n = 8; 0.5 mg/kg, n =7,
and 1 mg/kg, n = 10 mice per group). Differential cell counts were performed on a
minimum of 500 cells to identify eosinophil (Eos), macrophage (Mac), neutrophil
(Neu), and lymphocyte (Lym). Histological examination of lung tissue eosinophilia
(B), (magnification x 200) and mucus secretion (C), (magnification x 200) 24 hours
after the last challenge of saline aerosol, OVA aerosol, OVA aerosol plus DMSO, or
OVA aerosol plus 1 mg/kg DDAG. Quantitative analyses of inflammatory cell

infiltration and mucus production in lung sections were performed. Briefly, to
8



after the |l ast chall enge of saline aerosol, OVA aerosol, OVA aerosol plus
DVBO, or OVA aerosol plus 1 ng/kg DDAG Quantitative anal yses of

i nf | anmatwoyonedib748nfil trati on and nucus production in PamgGeih@Ns wer e
perfornmed. Briefly, todeterm ne the severity of inflanmmtory cell
infiltration, peribronchial cell counts were perforned. To determ ne the
ext ent of demghise Headueritly of inflapdhatbrycedll infilyradon| pesibeonichial ¢l @untsay

epi theliumwas quantified blind usin 5-poin r adi system
*Si gni f i cHite Rﬁrfor@%&%éqt?wms@‘@aﬁ?&awusw‘%%cg81.1= aﬁ_ggi&fcé 10. Mast cells
were det egladhih, iy 9a}rkvagléﬁitﬁafuﬂgw%%&un@iﬁe@bﬁh&esﬁ ﬁséygpgféé&ng The nunber

of degranul‘ating and intatt nast ce was counte I n Sections.
The per cesystape *SigmHemadiffendred froms DMSO central, Plve).0ung was cal cul at ed by
counting the nunber of cells with 10% of extrusion of granules (B). Figure
11. Ef f ecFiguet 10DMastuellOWArd delettedlinBahg tiksuedisitigttokidige-blwd scieinpkipe | evel s
and serum g production. gtA) BAL fluids were collected 24 hours after the

| ast OVA 2B¢ sumbercffegrnykating agd ingacimast cells was epunfed in parafiin, secfiops-and | FN- g
wer e anal ' = B \ G Werh f
detecti onq‘é\g %ﬂdgrg%oﬁdg%g (ﬂlalt_e-ﬁlrﬁzsgﬁa}sﬁ%ﬁg{ung&%gg %r%c?llal%wﬁdog%ﬁ$%%- g at

15. 6 pg/ mhumberdbfeeliawith 18 of eptrisibn of Baniesiéd). ser um was col | ected 24 hours
after the | ast OVA aerosol challenge. The levels of total I1gE, OVA-specific
| gE, OVA- Fpaet il CEffgd of DDAGMAOIRediduced BaGRuidveytekimeahy zhemokiherg ELI SA (n
= 6-9 mce per group). Values shown are the ne *Sighi f.i cant

di 11 or enclevPb and SHEE Ig predustion. gAY B Ads fluids W%C@QPE&EX&P Fttepidas n

Qv | nduced Ao el SXRORRK YENCHS SOl TECRARFALI NP ktd ated i ce i

response to intravenous nethacholine was nmeasured 24 hours after the |ast
sal i ne aeamdyded usin@VAISAr(0s0I-9mithpgrgroumal owertlimits ef detestioDWSE® ar 1 ny/ kg

DDAG. AHR.i.S express S. percen change fr. t he. basel ine | evel of (A)
lung resi E‘l@ﬁv@eﬁ( angﬂLS ap: Qg?rﬂ"elcif'ggtmfl?@gﬁyﬁ’ér}i?'rggqurﬂb)aniﬁﬂtafﬁ)ét ynam ¢
conpl i ancgge/MfPdB) Mbuse séruth Wh&IREled D4 @t RIfer HeQaPOV ARberosoldef i ned as the
pressure driving respiration divided by flow Cdyn refers to the

di st ensi bfhallepeaThe fevelsipdgotallgEs O Vdespasiir ek, OYel-epretfieleGl. ¢od une of the
i 1 Pt enc Vs SheeHfECRl Hort RS U8 FTRATE <68 shifg Ber grpb I VRES T

OVA- i nduc gitbwiFark theatibdnv SEMarSignifi daptdififeeonye GoneDMIQD eastiod P Ki9).GH. | er gi ¢
airway inflammtion. Lung tissues were collected 24

Figure 12:Effects of DDAG on OVA-induced AHR. Airway responsiveness of

mechanically ventilated mice in response to intravenous methacholine was measured
24 hours after the last saline aerosol or OVA aerosol with pretreatment of either
DMSO or 1 mg/kg DDAG. AHR is expressed as percentage change from the
baseline level of (A) lung resistance (Rl, n = 7-9 mice per treatment group) and (B)
dynamic compliance (Cdyn, n = 7-9 mice per treatment group). RI is defined as the
pressure driving respiration divided by flow. Cdyn refers to the distensibility of the
lung and is defined as the change in volume of the lung produced by a change in
| pressure across the lung. *Significant difference from DMSO control, P < 0.05. (C)
Figure 13: Effects of DDAG on OVA-induced NF-kB activity and inflammatory
gene expression in allergic airway inflammation. Lung tissues were collected 24
hours after the last OVA aerosol challenge. Total mRNA was extracted using TriZol
reagent and the PCR products were separated in a 2% agarose gel visualized under
UV light. B-actin was used as an internal control. The experiments were repeated for

three times (n = 3 mice per group) with similar pattern of results.



hours after the | ast OVA aerosol challenge. Total nRNA was extracted using
Tri Zol reagent and the PCR products were separated in a 2% agarose gel

vi sual i zewoentherolds | i ght -actin was used as an i nternalpcrsarowloootihe
experinments were repeated for three times (n = 3 mce per group) wth
simlar pattern of results. Figure 14: |nmunoblotting of p65 NF-kB in

nucl ear eFiguaetl4oimmuneblotting 0€p63 NF-«B il mickar xtoavt of nagAdsues Ay after the

| ast sal i ne aerosol or OVA aerosol chall enge pretreated c}ng ei t her DVBO or
1 ny/ kg Dbakatet rommige Bf Sovrs gferthe lastsalipe pirosel on LY agerosel ghallengst nor nal
human bro ' Wt | ' AlSduvd : IMF-Q in the
presence gﬁeg%g g‘ﬁ%’eé?{g% t QF%B{)EK@%?E? r(%[) nut egmﬂl{lﬁtglﬁg g?%ﬁf gﬁs wer e
separ at edibyucl@¥etnst BAGImMab hodnen brointhiabeptitheh@xels (Qratinnilded wrthildody, and

devel oped b nced chem | um nescenc e P_nucl ea ot ei n was
used as aﬁgyi“Ht ﬁa‘llngﬁrﬂrﬁfp?ealfﬁiga é%&ﬂ?%@ﬂﬂ%@%%%&%ﬁ- %’gfeﬁﬁree times
(n =3 M sRARE wlfcReParaltlibl) 19848 DSIP AGE [ RbPedith @atilpbS or METBRI P65

DNAbi ndi ng activity of nuclear extract of both lung tissues and nucl ear
extracts aititediyt 4ndl dextloped by ehtanend chemdlumiingscanqe reggent. TBRinvglees i n t he

preence SafARaENGE &lvihel DG 5E SRLTHOAS LML F B Pe°

transcri pPT wn are nean of three

separ at e @xRS(1i #Bhhive peSEr@Gh) WitEini Mt bitesre 0€ feshitsd NudlpEODNA| , P <0. 05.
(E) Epithelial cells were stimulated with 10 ng/m TNF-O in the presence
and absenbadbtg wovigRpDOREar sxtrach ohbeth dungdissues andmaclearpitragis ofext r act ed

using Tri . . S I r: | 0 gel and
vi sual i zegﬁhhr? ] gf&gg/gﬁ“?’gﬁgd%@gggﬁ %Y&ngmlﬁ}ge ug{st%gﬁés{éﬁ%e%r?a gég{)cﬁt% ?ol . This
i s a repra8aM BDAG wgs defermimed usiag a Tairs AM pé5 itramstription fdvtaiBhISArkipat t er n of

results. Values shown are the n..SEM of three.separate.experinents.
Signifi caXtal"&? FLF‘EY%?TEéh‘T bt B@Egﬁfqe&e?mﬁefﬁpwe‘g?g*ﬁ@lﬁ?f& Ef fects of
DDAG and @i Qe Hont DMV BExtaTBr RAseH €E) EbitleliaSiER SREESHhYaRE With

conbi nation on OVA-induced i nflanmatory cell recruitment. (A) Inflanmatory
cel | couni@ng/mlBNF-pinitht mhicacnan dbsenpeod39iuM PRA Giforel Dowrsbeforeaf t er t he

| ast OVA aer.,0 (n. =4 mce pe u enge. . Lo S . DDAG
(O I'my/ kg%’?ﬂr@%&m %Isoeg‘gaﬁcg&‘gg#éﬁ?gg%%gﬁ?#g@ﬁ%f%é Wsrfag‘?ﬁa??tg%lnr{ y reduced
OVAI nducegyj dpatcaepel fidwigalired@idet GV ligHeA8-adtinivek diseaas aefigérhalzed m ce 24
hours after the | ast OVA aerosol challenge. Differential cell counts were
per f or medc@rod This is a representative gel from 3 separate experiments with similar pattern

of results. Values shown are the mean + SEM of three separate experiments.

*Significant difference from DMSO control, P < 0.05.

Figure 15: Effects of DDAG and Glucocorticoid (Dexamathasone, Dex)
independently or in combination on OV A-induced inflammatory cell recruitment.
(A) Inflammatory cell counts in BAL fluid obtained from sensitized mice 24 hours
after the last OVA aerosol (n = 4 mice per group) challenge. Low dose of DDAG
(0.1mg/kg) and low dose of Dexamethasone (0.05mg/kg) significantly reduced
.OVAinduced inflammatory cell counts in BAL fluid from sensitized mice 24 hours
after the last OVA aerosol challenge. Differential cell counts were performed on a
minimum of 500 cells to identify eosinophil (Eos), macrophage (Mac), neutrophil
(Neu), and lymphocyte (Lym). Effects of DDAG on OVA-induced BAL fluid
cytokine and chemokine levels and serum Ig production. (A) BAL fluids were
collected 24 hours after the last OVA aerosol challenge. Levels of IL-4, IL-5, IL-13,
and Eotaxin were analyzed using ELISA (n = 6-9 mice per group). Values shown

are the mean + SEM. *Significant difference from DMSO control, P < 0.05.

10



m ni rum of 500 cells to identify eosinophil (Eos), macrophage (Mac),

neut rophil (Neu), and |ynphocyte (Lyn). Effects of DDAG on OVA-i nduced BAL
fluid cytwbizom/aodschenoki ne | evel s and serum | g producPcorsG2idjoo®@As fl ui ds
were collected 24 hours after the | ast OVA aerosol challenge. Levels of
IL-4, IL-5 1L- 13, and Eotaxin were analyzed using ELISA (n = 6-9 m ce per
group). VabeisBeddereriptios t he nean SEM *Significant difference from DVSO
control, P <0.05.Detailed description [021]. Andrographis panicul ata and/ or

andr ogr aphgpijdessRogpapis panRiRtd afdlot endtbfraphdlice! sonisstinde dved/Asédrebiced
inflammatory cell recruitnent into BAL fluid, IL- 4, IL-5 IL- 13 and

eot axi n prefeativaly redused OMA-russthinfammatory eelsesavigmens dntedib. fiuid, lhucus
: . AR | B .
0557 > i A b B ATBURS OB R 14 Gl BHOUIRy &jrefual’ 01 O

conmpound  hagcuk hgpdredcr@itin@dSAHRGh b itsussistied modBl and R2 nmay be sel ected
froma hydroxyl group, a nethoxy group, a nethylene group, or an ether or
ester |i nkegnsdielas oftheiiienidslr ogen, substituted or unsubstituted, |inear or
branched (CI-C8) al kyl group such as nethyl, ethyl, npropyl, iso-propyl and
the like goﬁlyl“@man&»@c IhcRieP REOWh - altRPRhNIlidNEbthPSurlds K@herbfie td Y!  gr oup
may be substituted; heteroaryl group such as pyridyl, furyl, thiophenyl and
the |ike, coinpohmt kasche fdllognogigtrusyrebe substitut ed; aral kyl such as benzyl,
phenet hyl and the |ike, the aral kyl group may be substituted; heteroaral kyl
group such as pyridyl methyl, pyridyletiyl, furannethyl, faranethyl and the
| i ke, the heteroaral kyl group nay be bR t ut ed; (C2-C8) al kanoyl group
such as et hanoyl, propanoyl, butaﬁdgl and"the like, the (C2-C8) al kanoyl
group may be substituted; (C3-C8) al k#noyl group such as propenoyl,
but enoyl, pentenyl and the Igke, (C3 CBkaaIkenoyI group may be substi tuted;
aroyl group such as benzoyl hKe, the aroyl group may be
substituted; heteroaroyl group pyri dyl carbonzl, furyl carbonyl and
the like; the heteroaroyl grBugz' e substituted; atldl kenoyl group such
as phenyl propenoyl, phenyl but efoyl', phenyl pentenoyl and the |ike, the
ar al kenoylwhgremp may be substituted ; aral kanoyl group such as
phenyl propanoyl ,

R' and R? may be selected from a hydroxyl group, a methoxy group, a methylene

group, or an ether or ester linked sugar group; hydrogen, substituted or
unsubstituted, linear or branched (C;-Cs) alkyl group such as methyl, ethyl, n-
propyl, iso-propyl and the like ; aryl group such as phenyl, naphthyl and the like, the
aryl group may be substituted; heteroaryl group such as pyridyl, furyl, thiophenyl
and the like, the heteroaryl group may be substituted; aralkyl such as benzyl,
phenethyl and the like, the aralkyl group may be substituted; heteroaralkyl group
such as pyridylmethyl, pyridylethyl, furanmethyl, faranethyl and the like, the
heteroaralkyl group may be substituted; (C,-Cs) alkanoyl group such as ethanoyl,
propanoyl, butanoyl and the like, the (C,-Cs) alkanoyl group may be substituted;

| (C3-Cg) alkenoyl group such as propenoyl, butenoyl, pentenyl and the like, (C3-Cs)
alkenoyl group may be substituted; aroyl group such as benzoyl and the like, the
aroyl group may be substituted; heteroaroyl group such as pyridyl carbonyl, furyl
carbonyl and the like; the heteroaroyl group may be substituted; aralkenoyl group
such as phenylpropenoyl, phenylbutenoyl, phenylpentenoyl and the like, the
aralkenoyl group may be substituted ; aralkanoyl group such as phenylpropanoyl,
phenylbutanoyl, phenylpentanoyl and the like, the aralkanoyl group may be
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phenyl but anoyl , phenyl pentanoyl and the Iike, the aral kanoyl group may
besubstituted; sul fonyl group such as net hanesul fonyl, benzenesul fonyl,

pt ol ueneswibf2oryiiomsd t he |i ke, the sulfonyl group nmay becssiegoiotondias.
[023]. Suitable cyclic structures formed by OR2 and OR3 may be sel ected
fromO- (CR7R8) m O-where R7 and R8 nmay be same or different and

I ndependertibstitited)rsaEeim gh)uii’ sagk s migtiatésitfohyll Behzenesalfbsflj p-ut ed gr oups

sel ected from(Cl Co) al k){ such as nethyl, ethyl, n-propyl and the |ike;
aryl groupolygrasulien yﬂ)ﬁ’é‘h?ﬂe lkﬁatbﬁﬁmnyéﬂﬁ)“ﬁ’ﬁ’éaylt?%é‘bs%@daryI group may be
substituted; heteroaryl group such as pyrigdyl, fyryl, thiophenyl, pyrrolyl
and the |il023]. Svitablecpelisastyictugeso fasmed pyHaR s s OR; un@dbfbselmmhﬁan?& t oget her

represent épﬁﬁg)ﬁy Y E:r%q{ %rﬁgsm nbeE&rﬁgg &fe%nt%nd ;I;El‘ﬁgegn%ﬁﬁ E &Eﬁt on R/

and R8 in XY, ogen uor m ne and the

like; nit mgdrocgmnmsﬁlbstmm@r gubstipsted [goaldpk . serébedmﬁt(c; Tgnhkkyb I§uclﬁ2asmay be
sel ected from cyano, hydroxy, nitro, thio, halogen atom such as_fl uorine,

ch: ori ng fnl‘ﬁﬂ@ﬂl ahyhmapioRd 2dcthe ldienaryl tgiewy sesh amphasyt inephibyl @‘F‘bg’ﬁ’s

sel ecte C I t hyl,
e propyl, ot 55 fAE7RE sl nbicRla B0 AT dE A e o
gL oup( aI klanph/dnygrpmmlﬁmﬂ ths likd; hhmbgthnoagrl gnmpo;xdty bdasubantmydd anRI aride | i ke;
thio (Cl1- such t hi onet h t.hi oet h opr o the ik
(G o) aReoe s Semesat i e %{%&&thn&%ﬂ Dy TSRS SRR and t he-
l'ike; aroyhg Qisquauéyﬁpdraﬁ | sudR Qs tlBrihé K&hlorfey bRtYin8 2AHRKS uﬁ@ as
acetyl oxy, propanoyl oXy, %ut anoyl oxy and the like; aryl group such as

phenyl, naght, leydnoaordntin@giouRs, the aryl group may be nono or disubstituted;
het eroaryl group such as pyridyl, furyl, thienyl and the |ike ; acylam no

groups su¢é24ls TE3CHMthenB2 bb y%l-wmd frodH@ONHh pdrdx CoHEGONHD,;

1 Ke: ol KORPES BRA) S &%@%%@F%%%@%é&g&éﬁﬁ%ﬂem

the |ike; ya§sQiydd i@é&émﬁ%qmaﬁuﬁb AAeh&Df EP My
C6H5OCONC2H5, “O6HA a%%%b’y (ocu%) H and the I'ike;

ar al koxy c ardtieyiydthyti WTQbeuiD BI@QMI @Ei t@@hﬂs@mmm@e

e A LRI, Ry bR M L)

et hyl t hi o CypaikgyIsiéh @s ahidmietis], | lhh’dbth)hetlﬁdilﬁapyil ifdd the like; (C;-Ce) alkoxy
group such as methoxy, ethoxy, propyloxy, butyloxy and the like; aroyl group such
as benzoyl and the like; acyloxy group such as acetyloxy, propanoyloxy,
butanoyloxy and the like; aryl group such as phenyl, naphthyl and the like, the aryl
group may be mono or disubstituted; heteroaryl group such as pyridyl, furyl, thienyl
and the like ; acylamino groups such as CH;CONH, C,HsCONH, C;H;CONH,
C4HyCONH and C¢HsCONH ; aralkylamino group such as CgHsCH,;NH,
C¢HsCH,CH,NH, C¢HsCH,NCHj; and the like; alkoxycarbonylamino group such as
C4sH,OCONH, C,HsOCONH, CH;OCONH and the like; aryloxycarbonylamino
group such as C¢HsOCONH, C¢HsOCONCH;, CeHsOCONC,Hs, CsHs (CHs)
OCONH, C¢H, (OCH;) OCONH and the like; aralkoxycarbonylamino group such as
CsHsCH,OCONH, C¢HsCH,CH,OCONH, C¢HsCH,OCON (CHj3), CcHsCH,OCON
(CyHs), C¢H, (CH3) CH,OCONH, CgH4 (OCH3) CH,OCONH and the like; (C;-Cyg)
alkylthio group such as methylthio, ethylthio, propylthio and the like; heteroarylthio
group such as pyridylthio, furylthio, thiophenylthio, benzothiazolethio, purinethio,
benzimidazolethio, pyrimidinethio and the like; acylthio group such as acetylthio,
propanoylthio, butanoylthio and the like ; aralkylthio group such asbenzylthio,
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group such as pyridylthio, furylthio, thiophenylthio, benzothi azol et hi o,
purinet hi o, benzim dazol ethio, pyrimdinethio and the |like; acylthio group
such as awetwioioms propanoylthio, butanoylthio and thePcirise2010ana@likyl t hi o
group such asbenzyl thi o, phenyl et hyl t hi o, phenyl propylthio and the |ike;
arylthio group such as phenylthio, napthylthio and the |ike; (Cl-C8)

al kyl sel e:phe?mahyl&ﬁg,nﬂ:]dnyllps?mm ax&f thel lsled; @nylthri]@rgampl arhenqhenylthio,
b op ony ! SaPEHGa I 6.1k CrCa SiHEBP S ctic e TBisHoy FLS ikt

h | et h .t ke h
phenyl e éh@?‘s@féﬂo ﬁ{bggr}sgﬂga% T Qégléelé,ﬁ% sithY h$ SeBReRHEN as

phenyl sel napt hy and the |ike or where R represents
hydr ogen oropi@iyieinoal kyd ghougdike The asalkglsélenentssclar eass ebemybdefio,om

hal ogen, hydroxy,. nitro, .cyano, ] no, i -,.C6)...al kyl I G -Co6
al koxy gr Bﬁﬁy et{\{ﬂﬁ‘gfr.‘o’ X?IHQPQ’E%B% Iégr etf)‘Fe)sl ai )éf}gff’ié%l tﬁircgc(j Rr yl ) t he
two subst @é&ﬁ{lﬁﬁéﬁg?@li&&@aﬁﬁtth@ﬁk@@ﬂc@m&&vﬁ&é R dplebdtitd RergEéalgr such

as- X- CHz- ere X and Y may be sane or different and
i ndependef€t§s)ralbylegrenps. GheNpbstBuents @ sellaetad tirom delpgps, hwbers aited by R2

are nmulti substituted, ~th ubstir I nt_on the two adj acent carbons
may form ay?ﬂ"nﬁ?my’ ‘E)Gb? aik}ﬁ( ﬁ@%ﬁﬂﬁcﬁéghw and R8 represent (G -C5)
al kyl suc thyl, ethyl ,and the like, X an b ame or .di fferent
and i ndepZ‘?ﬁiﬂW‘F‘ﬁ%&g&@é’ﬁ@ZéﬁEFse@? d*§?{§ﬁ§flt,ed§ﬁa’ %CE‘T’% S}ﬁs@:‘e o1 B8 6| ect ed

from a nmebimberd'@HRINOstoRs ToED %! BilEnd lpfitip; s dsSXTHLvt eX-CHprom,-frydr oxyl
group or a carbonyl group; R5 is selected fromone of the follow ng: a

hydr oxyl gherspX aad Yalmay! begsaienor fbiffﬁ@nhm@/irgﬁmﬁfn%y rprasgnteeNgs §uF, or an
ether or E‘Z—%gu Ie'nn gggél]llj Ogée:pg{fgrﬁgd b'l}',hﬁz fa% %lﬁé@gﬁd%ﬁs tﬁéqguﬁsﬁweg ng

naturally rn eprandrograp I'50andr ogr aphol i de;

14- deoxy- presemtt dip RN adjacnhchiboss mbe-foania lidking Zromt Xs XCRARpgvaphol i de;
14- deoxy-12- hyd;;gf/apdrographol ide; and 14- deoxy-1 1- )
hydr oxy an s B pars Raeepresaat (CofCm alkylrsyeh pemethyl| ¢ind and dhe ke, X and ¥y

andr ogr ap Rl ilecamede ifrere GaLchaadyrBRIER'ER ©, SANIP, bl FH1GPart of

this inventron inclu salts derive I norgani ¢ 'bases’such as Li, Na,
K, Ca, My2.Fe, Cu, Zn, M salts of organic bases such as N,
N -di acetyl et hyl enedi am ne, betai ne, caffeine, 2-

R? is selected from a methyl group or a methylene group;

R* is selected from a hydroxyl group or a carbonyl group;

R’ is selected from one of the following: a hydroxyl group, an alkyl group, a

methoxy group, a methylene group, or an ether or ester linked sugar group;

The formula includes the following naturally occurring analogs: 14-
epiandrographolide; isoandrographolide; 14-deoxy-12-methoxyandrographolide; 12-
epi- 14-12-methoxyandrographolide; 14-deoxy-12-hydroxyandrographolide; and 14-
deoxy-1 1- hydroxyandrographolide. The formula further includes derivatives of

- andrographolide.

[026]. Pharmaceutically acceptable salts forming part of this invention include salts
derived from inorganic bases such as Li, Na, K, Ca, Mg, Fe, Cu, Zn, Mn; salts of
organic bases such as N, N'-diacetylethylenediamine, betaine, caffeine, 2-
diethylaminoethanol, 2-dimethylaminoethanol, N-ethylmorpholine, N-
ethylpiperidine,  glucamine, glucosamine, hydrabamine, isopropylamine,
methylglucamine, morpholine, piperazine, piperidine, procaine, purines,
theobromine, triethylamine, trimethylamine, tripropylamine, tromethamine,
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di et hyl am noet hanol, 2-di net hyl am noet hanol, N-ethyl norpholi ne,

Net hyl pi peri di ne, glucam ne, glucosam ne, hydrabam ne, isopropyl am ne,

met hyl gl wwarebroet10m®r phol i ne, pi perazi ne, piperidine, precaisce)lopusiines,

t heobrom ne, triethylamne, trinmethylamne, tripropylan ne,

t ronet ham ne, di et hanol am ne, neglum ne, ethylenediamne, N, N -

di phenyl edighanokdiiaey meglumdineNethyl dmediawiirest, N | 18' elipleniylethylddclmnigd, N,

phenyl et hyl ami ne, choline, .choline hydroxide, dicyclohexylamng, . netformn,
benzyl ani i‘{e‘,%ggﬁﬁéﬂﬁ‘ﬁbﬂeﬁ 13%e, I&%&P’F@?jl a %?eﬂil)ﬁf”& &1 aHoHes tﬁﬁ Hene,

am nopyr i il goRite, 2HQRREkHRfhe, PUhdtRBnirS PebdNzHiafne, 2ohehPRtHyidffine, Chi T 2l
bases |i k(lian'al kprhené)yleam ng, gleyci.nol , 1pheny.l .g.ll ycienqlnﬁgng?t ﬁ):la I.inke, salts
of nat ur aldiaigilaroinag itdalk glaviines sthggnyioe,n emirsipariidine,v aminapyridisgc ipyeine,

i sol euci ne, not.l euci tyrosine, .cystine, cysteine. mnethi.onine, proline,
hydr oxy prs’_éﬁqnh ?e’hil%‘fi%éﬁ ] > ﬁbﬁg't _ﬁﬁv‘?@,lﬂfeygpﬁ%’g“?‘eﬁylm%,glg‘gp&nep,%_e{lﬁr eoni ne,
phenyl al apjyRfiol YndM MR, saAd BPn@Gtall SmSits Reids skehl &OfBEine Odlasii®Stalihelt ed ani no
aci ds; guani di ne, substituted guani di ne wherein the substituents are

sel ect ed fgqugineniisol@icingyri nosleueing,y Fyrodnd eeiphine,aF¥sjeine,, mgHiemne nprofine,

substi tut ed. apponi um sal.t.s. and m.numsalts. 7] . ts 1ncl ude
aci d addi '%rﬁ%alptrélm\l/a’]erhéagfl;lger’ ogérnllillﬁl géj’vmlslglﬁ‘%’ar g%g? Iﬁé’l pﬂa gé, t%i% I}lg ’es,

phosphat epher3fdlgdih§ruahsttral afind asds SucHras MrisoftRss orabbiiturd, antins heids;es,
mal eates, citrates, succinates, pal npates, nethanesul phonates, bhenzoates,

sal i cyl at @4anidiper BlbstEEnd: suppidiae Wherein thes sHbSERKRIS sare selestied fFerd nitro,

gl ycer oph at F A esmadedi | | ‘mﬁ%%ﬁmdﬁﬂﬁﬁnﬁft@uﬁdca' Iy
accept abl gﬁ@(ﬁ’ vaggyel’siﬁ%;nlgible%lw’at es g}‘ﬁlgg)ﬁp%‘ilﬁgtllng ot her sol vents of

crystal | i almioumsaleh as al cohols. [029]. Particularly useful conpounds of
the present invention include: 3, 19- Diacetyl-12-(N- benzyl am no)-14-deoxy
andr ogr ape27i.d8alts3ma idehadeeicid addzticn salté Nherezappasprian) whilkh-atke gulphates,

andr ographol i de; 3,19-Diacetyl-12 b- (N penzyl am no)-14- deox

andr ogr ap HBIaF%ePhOEHh%??-Cg@I‘(t@ R b‘ﬁgﬂl}q%‘&ﬁféf’?fﬁ s,Jartrates, mileates,
19- O (1 ph thyld fs2P Rkt esulbnRROX Yo oat licylat

(O met hyl Sﬁ"é‘%& g?@dgﬁﬁg@ 3?9%{% 5. (1= phenyi ethyli deney. andrographdl i de ;
14- Deoxy- hgdrexyr(aphtiettey, phdeyptepesudfonates, 3, as@rbatey, 1- plgbiegtophesphatdsne)
andr ographolide : 3 - Di.acetyl - 14- deoxy-12- (N-4- met hoxybenzyl am no)
andr ogr apS{PE'jlarates ?éigtb&‘g‘ét yl - 14- deoxy- 12 a<- (N 4-

[028]. Pharmaceutically acceptable solvates may be hydrates or comprising other

solvents of crystallization such as alcohols.

[029]. Particularly useful compounds of the present invention include: 3, 1 9-
Diacetyl-12-(N-benzylamino)-14-deoxy andrographolide; 3,19-Diacetyl-120- (N-
benzylamino)-14-deoxy andrographolide; 3,19-Diacetyl-12 8- (N-benzylamino)-14-
deoxy andrographolide; 14-Deoxy-12-(O-methylphenylglycino)-3, 19-O-(1-
phenylethylidene) andrographolide; 14-Deoxy-12c- (O-methylphenylglycino)-3, 19-
0- (I-phenylethylidene) andrographolide ; 14-Deoxy-12(3- (O-methylphenylglycino)-
'3, 19-0- (I-phenylethylidene) andrographolide ; 3,19-Diacetyl-14-deoxy-12- (N-4-
methoxybenzylamino) andrographolide; 3,19-Diacetyl-14-deoxy-12a~ (N-4-
methoxybenzylamino) andrographolide; 3,19-Diacetyl-14-deoxy-123- (N-4-
methoxybenzylamino) andrographolide; 3,19-Diacetyl-12- (N-2- '
chlorobenZylamino)- 14-deoxy andrographolide; 3,19-Diacetyl-12c~ (N-2-
chlorobenzylamino)-14-deoxy andrographolide ; 3,19-Diacetyl-1283- (N-2-
chlorobenzylamino)-14-deoxy andrographolide; 3,19-Diacetyl-14-deoxy-12- (O-

methylprolino) andrographolide; 3,19-Diacetyl-14-deoxy-12co~ (O-methylprolino)
14



met hoxybenzyl am no) andrographol i de; 3, 19-Di acetyl - 14-deoxy-12/3- (N-4-
nmet hoxybenzyl am no) andrographolide; 3,19-D acetyl-12- (N 2-

chl or obernwpl2arvmaopMs 14- deoxy andr ogr aphol i de; 3, 19- Di acetrgirSG2010/000412-
chl or obenzyl am no) - 14- deoxy andr ogr apholide ; 3,19-D acetyl-12/3- (N 2-
chl or obenzyl am no) - 14- deoxy andr ogr aphol i de; 3, 19-Di acetyl -14-deoxy- 12-
( Oret hyl pragdiogeaphelidt; @ J9apiacdtyld B4-dSoxhO1I3- dOahsthylpiblimepaidrdgrapholide;

(O net hyl prol i no) andr ogr aphol | de; 3, 19-Di acetyl - 14- deoxy- 12/ 3-

(O et hyl HrBr PSSy kindBemabid - aethypheayleanine] gidraaraphobids £49

(O net hyl alsani NEH ¢ LAe ' 3. - -120" -

(O ot yl EREAAA RPN AD RN fmind) pIrgR R 3 B 127 s

( O net hyl ghealegkwl 26+ (Qeinethytphegylalahoio) aedroGrafidolideas, ¢ 9yDiadefyledielodaoxyd 2-

(O net hyl - 3- phenyl i soseri po) andrographol i.de 19- Di acet yl - 14- deoxy- 120<-
(O et hyl -121 @'@T%W@Oéﬁnﬁ#eﬁrﬁg%gﬁog%ﬁgﬂi“g%;3’5‘%?9@%%'3& 2‘X’iﬁﬂ'eoxyylﬂ 3-
(Onet hyl - (@3- Vi | . - j A eoxy- 12-
o e L TR e 14 A P

( Oret hy| menethyd3-phenyhsndeney) apdoigrapbolids; 30 98D reetyly 14-daoxyebd (Ot 2j 8-

Oret hyl met hi oni .and ide;. 3,19-Di agety] - 14- -12-
Qo hyl prRASBER i) SRR B oepeh PRI (A5 1820 ey 12 ace
(Oret hyl phgsmsiethedning) aadpRPhalis 3] I9eDiadetyR1Pdesat Vis- 16- deoxy- 12/ 3-
( Onet hyl phenyl gl yci no) andrographol i de; 3, 19-Di acetyl - 14- deoxy- 12-

( Onet hyl amﬂm@?%m@gnéwpmﬁée;§;199D@P%bi§rﬁew§%d59y- 12 q! -
O net hyl i . i der . 3, .
1. acet DRSS AR el 0 Disperylo-dooxyologr (.
3,19-Di ac ﬂieyﬂylﬁliénmg@ycifnobgdl(o@aghblﬁdfdﬁ G%lvflbiapétyhmldgcgnyaxﬂﬂa I(Old_e a
3,19-D tyl-14- OXY- - ci no rogr.aphol i de;
3/ 19- D acEYpIAbEnyEBIIO) Sndroseds P BPSrrEY - KRBrOdT FoRaT i de.
3,19-Di acﬁ{&’ﬂyﬂléﬁiﬁé‘fﬁﬁﬁ%aqﬂo?ﬁg Y9-BRIBRATRIRLAN PR)(ORRRIREIARRYI | de;

t
3,19- D acet yl™- 14- deox Oret hyl sel énonet hi oni no) andrographoli de;
3, 19- Di acendrographalaisxy. 112Péacetybl¢idegk s &2 (O meethylalaning) andrographalisien! i de;

e A e I P
119 B oLtk o gl b entel e 2,0
3, 19- Di ac&ehylglyginglandyographolidend, KeDingepiid drdgokyidd- &hdr ogr aphol i de;
3,19-Diac ﬁ{eﬂy]s]ef'éngﬁx%ﬁﬂénino) andrographolide; 3,19-Diacetyl-14-deoxy-12a- (O-
methylselenomethionino) andrographolide; 3,19-Diacetyl-14-deoxy-128- (O-
methylselenomethionino) andrographolide; 3,19-Diacetyl-14-deoxy-12- (N-
imidazolyl) andrographolide; 3,19-Diacetyl-14-deoxy-12a~ (N-imidazolyl)
andrographolide; 3, 1 9-Diacetyl-14-deoxy-123-(N-imidazolyl) andrographolide ;
3,19-Diacetyl-14-deoxy-12- (N-methylpiperazino) andrographolide; 3,19-Diacetyl-
14-deoxy-12a~ (N-methylpiperazino) andrographolide; 3,19-Diacetyl-14-deoxy-
12(3- (N-methylpiperazino) andrographolide; 3,19-Diacetyl-14-deoxy-12-
| morpholino andrographolide; 3,19-Diacetyl-14-deoxy-12a-morpholino
andrographolide; 3,19-Diacety1-14-deoxy-12B-morpholino andrographolide, 3,19-
Diacetyl-12- (N-acetylpiperazino)-14-deoxy andro graphoiide; 3,19-Diacetyl-120-
(N-acetylpiperazino)-14-deoxy andro grapholide; 3,19-Diacetyl-12p- (N-
acetylpiperazino)-14-deoxy andrographolide; 12- (N-Benzylamino)-14-deoxy
andrographolide; 120~ (N-Benzylamino)-14-deoxy andrographolide; 123- (N-
Benzylamino)-14-deoxy andrographolide; 14-Deoxy-12-(O-methylphenylglycino)

andrographolide; 14-Deoxy-120 (O-methylphenylglycino) andrographolide; 14-
- 15



12/ 5- (N-nethyl pi perazi no) andrographolide; 3,19-Di acetyl-14-deoxy-12-

nor phol i no andr ographol i de; 3, 19-Di acetyl - 14- deoxy-12 -norpholino

andr ogr apvol2oter108819- Di acet yl - 14- deoxy-12 b- nor phol i no pam@dGagrapies i de,
3,19- Diacetyl-12- (N-acetyl pi perazi no)-14-deoxy andrographol i de;

3,19-Di acetyl -12 q!'- (N-acetyl pi perazi no) - 14- deoxy andrographol i de;

3,19-Di acé)eplxy]lZﬁ—(Q degﬂpﬂan@yM)m@lmgﬂa@hdbdmyM)mhxg@r apidel i de; 12-
(N-Benzyl am no) - 4 deo % hoI . 12 0) - 14- deoxy
andr ogr apitsPF gz %‘ﬂ%’@ ﬁ)&lﬁf %OE@BQ?} ‘g g‘?%’% 'ITOII e; 14- Deoxy-
12- (O met meppam ergzl Vi TR R a@amgs bR o1 ﬁe%s?y 3,19-0-

(O et hyl phenyl"gl yci no) androgra ho oXy-

(O et hy| peprapybterns: Hiy (mnﬂllwb@m}dhbhmd)aandrdglwmlydesu 1dl-Benzylamino)-

o b | 1S el 314 B HaeBy O s e OB SRS e tarime Y - > 19O

14- Deoxy- 344R0Ry-3i BROE qp%ldnglﬁﬂ@ha&i@anﬂrﬁsgfdphbwnmwtwmn@lammo)

andr ogr aphol i de; 12- enzyl am no) - 14-deoxy-3

(1- pheny| dédgpxytdnkd- Oa@@h@@rl@tbmbqlqna andrqgaphqlNeBéﬂﬂ?ﬁomlﬁoio- 14- deoxy- 3,

19-0 (1-

14- deo§<y- %Q%%hg%hdn%ﬁog? |12t%ﬂ§z I'i &gﬁgg'!hé’ﬁg?“%r apﬁ%ﬁa ¥l%n§¥b%g&o£y 12-
14 Deox p“%?’“.“‘“&“‘ri‘éﬁ?y?‘aﬁi‘ﬁ’)ﬁﬂ? ol 100 10O (Lol ot Dy den)
andr ogr )altp ksrryd &&Q'm%MC%%WIP t%Qr(}B HE?M?%W%MGH%) an)érogr aph%k

19- O (| I |

(O ma'g hyloggo gtm t@‘?ﬁ@%ylﬂ%?ﬁlgﬂﬁaﬁq@ ql& crgéne andr%gl;r%%?l%h()hde 7

14- Deoxy- 12- Deo@@lm (Q-nmetintlprotine )83, 1090-01-phénypéthylideserandragsapdiplide ;

igdg ?|r apﬁ ‘lréﬁde Hg%i@%g@%ﬁéﬁ%é&%ﬁ-p%ﬁg hl%gzlge%andrographolide' 3,
enzyl i den@glilﬁ( é}&zyﬁml@nomgénzmﬁgym -asskyokakRaitofee ; 3,398 0-

Benzyl i dene- 120<- SN— benzyl am no) - deoxy androgr aphol I de;

3, 19- 0- Be ﬁ%zpzylmlén@ 2%mber(zmasam)ylAaﬁ@qxa)animga@bswd%ﬁdﬁo%%pﬁdndp%
2 oor apioh QEReS RN .1 Lo SRR RolR THoHILBL1 06805, 17

epoxy- 12oe@oﬁyetmxbniﬁéﬁhgbﬁmmmnamdrlidjgg;apllnﬂidled@19®1a&t3ﬂxlaae®doy§r-8147deoxy- 8,
17- epoxy-12/3 O- et i.oni nQ) andrQ hol i de
3, 19- Di acsmy-w %m”%om@a&e togmpPefidks Chvt BREHY-if-derncs. 17-

andr ogr ap %ﬁa% 1 - -
(O net hyl gﬁéﬂﬁﬁ FZB ?}? %ﬁ%t 1andrlg{;]lrn ég%rg?%éh&ldelz 19%@&% ?4112?(5%'0%(3/178
17- epoxy- en&]ySU( @mmpmtgycgmbcandmgramdhég BalPhbidcdiyl-14-degxyR alcet y| -
14- deoxy-

epoxy-12o- (O-methylphenylglycino) andrographolide; 3,19-Diacetyl-14-deoxy-8,
17-epoxy-123-(O-methylphenylglycino) andrographolide; 3,19-Diacetyl-14-deoxy-
12- (N-1, 2, 4-triazolyl) andrographolide; 3,19-Diacetyl-14-deoxy-12c- (N-1, 2,4-
triazolyl) andrographolide; 3,19-Diacetyl-14-deoxy-12(3- (N-1,2,4-triazolyl)
andrographolide ; 14-Deoxy-12- (2, 3-dimethylanilino) andrographolide; 14-Deoxy-
120+(2, 3-dimethylanilino) andrographolide; 14-Deoxy-128- (2, 3-dimethylanilino)
| andrographolide ; 3,19-Diacetyl-14-deoxy-12- (4-methoxy-2-methylanilino)
andrographolide; 3,19-Diacetyl-14-deoxy-12¢~ (4-methoxy-2-methylanilino)
andrographolide; 3,19-Diacetyl-14-deoxy-123- (4-methoxy-2-inethylanilino)
andrographolide; 3,19-Diacetyl-14-deoxy-12- (4-hydroxy-2-methylanilino)
andro grapﬁolide; 3,19-Diacetyl-14-deoxy-12a- (4-hydroxy-2-methylanilino)
andrographolide ; 3, 1 9-Diacetyl-14-deoxy-12-(4-hydroxy-2-methylanilino)
andrographolide ; 3,19-Diacetyl-14-deoxy-12- (2-mercaptoanilino) andrographolide;

3,19-Diacetyl-14-deoxy-120+ (2-mercaptoanilino) andrographolide; 3,19-Diacetyl-
16



12- (NI, 2, 4-triazolyl) andrographolide; 3,1 9-Di acetyl- 14-deoxy-12 -
(N-1, 2,4- triazolyl) andrographolide; 3,1 9-D acetyl - 14-deoxy- 12/ 3-
(N-1, 2, 4-woizamoi1yt4 andr ogr aphol i de ; 14-Deoxy-12- (2, ¥cuisceotoyb@ns!| i no)
andr ogr aphol i de; 14-Deoxy- 120(2, 3-dinethylanilino) andrographoli de;

14- Deoxy- 12/ 3- (2, 3-dinethylanilino) andrographolide ; 3,1 9-Di acetyl -
14- deoxy- 1¥2deoks-1265¢ (Peomyrcaptoenilind eamidrdgnaphotidetr o te-Bidvetyl-dd:dedx 92 Di acet yl -

14 ooy Ao ammdndRantal S RNt g 19 ety

3, 19- D ac&fiphbthok Sfleidy ¥indrbgraphdii gr@cma?ee 18)dedRy-1293, andr ogr aphol i de;
3,19-Di acetyl 014 dgrg - %fap &Y dr oxy- Z@ﬁlet hylg%l I?ﬁo) andr ographol i de ;

3, 19-Di aabmyﬂhoxstaml@mbmdrompbqhdwcﬁr BlePiagetybil Byandinior 14edgoxaindr ogr aphol i de ;

3 b oot srSgb g S R FadhBRRARL ARl BARRRTRIS O
3, 19- Di ac iyt Mhﬂ&d@de&)&mr@m@ﬁae 13, pigvetll-qQgrdprel 2A@; 3-

3,19-Di acetyl - 14-deoxy- 12- (3, 4-dinet hoxyanl | i no) andr ographol i de;
3, 19- Di acéhlwtflyl@nd@@kgndmgraaholr(d&3A&rﬂ@9ﬁak%ﬁp¢mb?)w@aér ographol i de; 3,

1,0 55 g B S STIDEA oy ol

an| I no- eoxy ’andr ogr-apho
19- Di acet \imathglaninio) ar[drogrﬂpldﬂﬂ)éy3 amlm@mahedeodg-lzs (2-kRthyl-4-

S e Sl I o e
. 3- di a<- (2,
3- di met hy), H&lk 1 ﬁgh@i@?@éﬂlﬂﬁde% QDR ML abdy- 988 ){(322 théth§r-4( 2, 3-

di et hyl ani | no raphol 1de; 3, 19-Di acet yl - 14- deoxy (2= et hyI
met hyl sul ﬁmthyletdfndatqam“jlnammoggramwm el 9- EJ@@t}Blémw—-lZA@ﬂeoxy 12 q! -

3 égeu Y e R ottt ier LR RRGE I LARIRY 198 (pctmazolyjamizo)
O - A |
e oor ap ERigRipnglidd 3092"2%%& ’ ﬂfﬁ‘dﬁ‘?‘gi‘fg‘fﬁ’“fé N ?F‘a“m‘”no)

andr ogr aphisfifogeaphglideg 1 E)QR%V;IIZ i34 Aqtimethoxyamling)Nndegraphglide ali-no)
ench ot S ingud s il G IRRIOETH R} pogslonssoncl e - 14
Adi met hox ydanethbxyanilao) andragdpbblide; 14-DéoBedx19-B-isdftropylideap1 2] 3-dene- 12- ( 2,
G R it S b a1 11
19- 0- i sopraaR¥thiBRR0 | &dPogrbpholide ; 14-Deoxy-3, 19-0-isopropylidene-128- (2, 3-
dimethylanilino) andrographolide; 14-Deoxy-12- (2-methylanilino)-3, 19-0- (1-
phenylethylidene) andrographolide; 14-Deoxy-12a+ (2-methylanilino)-3, 19-0- (1-
phenylethylidene) andrographolide ; 14-Deoxy-128-(2-methylanilino)-3, 19-O-(1-
phenylethylidene) andrographolide; 3,19-O-Benzylidene-14-deoxy-12- (2, 3-
dimethylanilino) andrographolide; 3,19-0-Benzylidene-14-deoxy-12o+ (2, 3-
dimethylanilino) andrographolide; 3,19-O-Benzylidene-14-deoxy-123-(2,3-
dimethylanilino) andrographolide ; 3,19-Diacetyl-12-anilino-14-deoxy-8,17-epoxy
| andrographolide ; 3,19-Diacetyl-12a-anilino-14-deoxy-8, 17-epoxy
andrographolide; 3,19-Diacetyl-123-anilino-14-deoxy-8, 17-epoxy andrographolide;
3,19-Diacetyl-14-deoxy-8, 17-epoxy-12- (2, 3-dimethylanilino) andrographolide;
3,19-Diacetyl-14-deoxy-8, 17-epoxy-12a- (2,3-dimethylanilino) andrographolide;
3,1 9-Diacéty1- 14-deoxy-8, 17-epoxy-128- (2, 3-dimethylanilino) andrographolide;
14-Deoxy-12- (N Luracil) andrographolide; 14-Deoxy-12a~ (N'-uracil)
andrographolide; 14-Deoxy-123- (N L_uracil) andrographolide; 3,19-Diacetyl-14-

deoxy-12- [N- (1, 2-dihydro-2-pyrimidinone) amino]-1-andrographolide; 3,19-
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di met hyl ani | i no) andrographol i de; 14-Deoxy-12- (2-nethylanilino)-3, 19-0-
(1- phenyl ethylidene) andrographolide; 14-Deoxy-120 (2-nethylanilino)-3,
19-0- (1-wpherwiietsByl i dene) andrographolide ; PCT/SG2010/000113

14- Deoxy-12j 8- (2-met hyl anil i no)-3, 19-0O (| phenyl et hyl i dene)

andr ogr aphol i de; 3, 19- O Benzyl i dene- 14-deoxy-12- (2, 3- dinethylanilino)
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andr ogr aphglijdey and RGEY 1'91%& S0 Boy L ROl 17- epoxy
andrograp% |(§ an r Iﬂggcet y%/ 12/ §e i no- %4- eoxyac8 17- epoxy

andr ogr ap hnﬂnogfaph@l,ldcg 3%t etyl- l%ddv(yxy%e (N il?raelqb)(ﬁnjdrcﬂgaph(@de 3,19-

3-di et hyl ani | i d hI 3,19 1 12
725 af e e 2 AP rb ke S Sy e el 13

17- epoxy- ﬂl?(S?dﬂc(rgura&iﬂlaH&bEﬁé?H&ide' 130} 9- AL apdsdixiyde2o, F8¢ [ppoxy - 12-

(N -uracil) and rqigrap olid Deoxy- 12a- SNl uraC|I) andr ogr aphol i de;

14- Deoxy- J;QYosoure ]anda@gmphﬁndér; égﬁdamtyldw epxyol 2 de Sy Fhlguuragdfxy - 12- [N-

(1, 2-dihydro di n etyl

4- deoxy- %ﬂd ngaﬂﬁglquani%BE %trygmﬁ (Pel)x¥ jil 5’8 O%E%R#Iﬁfmﬁ é (%ig(réapﬁol | de;

3, 1 9-D agqpymm&éyﬂeami}znza{m (S-broznainMUm&omphdndd; home) amino] - 1-

andr ogr aphol i de; 3, 19-Di acety - ur aci | andro raphol i de;

3, 19- Di ac&gqetyl-14- 4?@63(31251@15 ﬁ\'lbf%i‘%’i‘qlm %(WB‘P%@@&)‘H 1.4 Diacgtyld4- b acet yl - |

4- deoxy- 1U 5 deox 12-
[ N (5-chl (4)1%6 racm Saﬁ rrglé@ag‘:u&l%@m{ogggl%l%Dé%cgpplgi%%&élba— y
-[N -(5- <¢5Hﬂuonmraml] hl)dr])gna;ih@igieaﬁ),hﬁﬂ)ld@:tyl 134 ﬂ@e@-haﬁt[wsmwrdmmy)} 12/ 3-

Egl- Dl( ch{] lﬁgrr%grrag lk‘ipl i’Zﬂtdhoagc%g}P'ﬁ ﬁl'lr%g?'é? N ](5dﬂ$‘}l}5@(}ﬂabﬂ&r?%}8phohde

3,19-Di aC@tl}QLDiac@tyﬂFﬂH&)@yzlz&@L‘oﬁ&n@élgﬂ’@&fr@%‘a Holienein ogsiasgl ide; 3, 19-
D acetyl -1 "4 deoxy-Jr | S br onour aci andr ogr aphol 1 de;
3,1

9-Di ac é@ﬁyxy 12&{Nde(éxlydqmam{)}\mirogrgphqhsiss ﬂerXV]IZanT dgPalikxsirode:

3,19-Di 14-d 5. d
3,19-Di gggfié'ln-nll ﬂﬁmgéx%mnf)] - i;éhegd??g%;ﬂoé{” Ci %*)E,Nlan rog&g (L%I ?de 3,
19- Di acet Iyrdm&in&@mﬂcﬂah&&ogra(pﬁohw;m DPeody) 12 MNE ogaanhpdrbcne

3,19-Di acetyl - 14-deoxy- -|odouraC|I)] andr.ogr h0|ld 3 19-Di acet yl -
14- deoxypmm@m?w) fmll&l arléwgtﬁpae]ﬂ% 4B albdPy mur&% oxy-12- [N

E oo Exgarg grzaghmdepﬁl AeReY 28TNNG ARG PR fdfholiab T BR¥Yy-120<- [N
1 28- [N'- (5-fluorouracil)] andrographolide ; 14-Deoxy-12- [N (5-bromouracil)]
andrographolide ; 14-Deoxy-120+ [N'- (5-bromouracil)] andrographolide; 14-Deoxy-
128-[N"'-(S-bromouracil)] andrographolide; 14-Deoxy-12- [N'- (5-iodouracil)]
andrographolide ; 14-Deoxy-120- [N'-(5-iodouracil)] andrographolide; 14-Deoxy-
128- [N'- (5-iodouracil)] andrographolide ; 14-Deoxy-8,17-epoxy-12-phenylthio
andrographolide; 14-Deoxy-8, 17-epoxy-12a~phenylthio andrographolide; 14-
Deoxy-8, 17-epoxy-124- phenylthio andrographolide; 3,19-Diacetyl-14-deoxy-12-

| phenylseleno andrographolide; 3,19-Diacetyl-14-deoxy-12a-phenylseleno
andrographolide; 3,19-Diacetyl-14-deoxy-128-phenylseleno andrographolide; 12-
(C-Benzoylmethyl)-14-deoxy-13, 19-O- (I-phenylethylidene) andrographolide; 120~
(C-Benzoylmethyl)-14-deoxy-13, 19-O-(1-phenylethylidene) andrographolide; 123-
(C-Benzoylmethyl)- 14-deoxy-13, 19-O-(1-phenylethylidene) andrographolide, 14-
| Deoxy-3,19-O-isopropylidene-12-ethylthio andrographolide; 14-Deoxy-3,19-O-
isopropylidene-12a-ethylthio andrographolide; 14-Deoxy-3,19-0-isopropylidene-

12- ethylthio andrographolide; 3,19-Diacetyl-14-deoxy-12-phenylthio
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pyri m di none) am no] andrographolide ; 14-Deoxy-12/3- [N (1, 2-dihydro-2-
pyri m di none) am no] andrographolide; 14-Deoxy-12-[N -(5-fluorouracil)]
andr ogr apvol2othepo7484- Deoxy- 12 -[ N-(5-fluorouracil)] androgrsaphiolonaes

14- Deoxy- 12/3- [N 1- (5-fluorouracil)] andrographolide ; 14-Deoxy-12- [NLI-
(5-bromouracil)] andrographolide ; 14-Deoxy-12 a?- [Nl- (5-bronouracil)]
andr ogr apmammn&mwpim;wlﬂmgﬂw@wﬂm androgxaptrohigeah b | de;

14- Deoxy-12- [N aodqur.aci ). dro ol,ide ; 1

andr ogr ap%f“ie&béjml‘g? dgg P@V@ﬁ%[ﬂﬁﬂwgﬂg’?ﬁgﬁdéﬁa@}%@ ﬁgf%@' ﬁ?phol i de :
14- Deoxy- _%cét?l‘tl’ﬁ@%&ro%?agﬂ&w|3t1}9|-l91a@&91rQQH dcfifoetylthideoxy- 8, 17-epoxy-12

- phenyl t hi o androgra 14- Deoxy-8 - epoxy-"12/ 3- phenyl thio
andr ogr aphodiogephdjde 3 PP dRigcstyl- 1 4-deakayobdp- aq@yltlphemirbg@pbduieaﬁdf)ogr aphol i de;

3, 19-Di acet.yl - - 2 h | sel 19-Di tyl-|
ooy SN2 AP SRR AR el

I &}ﬂhﬂih
(G gggoy%ﬁ)é%t%ﬁ) a@idr (FP[ Bﬁﬂé‘,ﬁtdillbgdcégmi dﬁﬂﬂ}?}%}% %’ﬁi}ll [ (ijdgﬁled rd%ﬁ%?fégf aphol i de;

12/ 3- (G Belﬁzlaylr:mk Karbynzyll duleyy mgirog_rgpltgl@p,b a@mylﬂ

d lj.de
0ot ol BRSBTS AR 2 1
angrographlmilldeqﬂ 14%&1)55}025({3}[@%&1'1521 fl?mwigdeﬁé}an?%@apmlbwmpﬁ g
andr ogr aphol i - cetyl - eox enyl t :
o o D adyeiyi4lsgny 120 (b" f’ﬂrfémdmmyxm @Eﬂap%emo&%%hgf@gra ety 1

4-deoxy- jgid HQ%\SE& Ihlb R N 3 %ﬁf@ﬁ%bbggﬁte%&hg hohd]e41§|eoxy 12-

acetyl thi o andrograp D acet eoxy- a -acetylthio
andr ogr apiebkyié 2-pBedylGidamtregrapholitié; H%&cyxy-l%z-@hexa&thtwmdmgaphohde

3. 10-D acdBRA ey SrbpRpRE TS LhDeeer Shrivl Bie BT,

14- deoxy- 1343c3xyatBeiyh hﬂ)ﬁﬂiﬂé@%ﬁlﬁﬂlﬂ@' udﬂ)eoﬁyllaﬁlaﬂgmwl- 12- benzyl -
14- deoxy andrographollde 3,19-Di acetyl - 12 -benzyl- 14- deoxy

andr ogr aphodrogaphdide; Mﬁeaéﬁtl%Phell‘ﬁﬁ@ewwgﬂlpmhd@ok@-%lﬂdé@aphoI i de;

andr ogr apRBTTHjicns AgREeITac by e 3 on RPN AhHTRECN-
di car boxy IDebey- 813191521 l)somﬁylﬁxganapaqinedﬁtmaaﬁxﬁogﬂapmmeylm-beéxyte@gye 12/ 3- (1,

| ' -di ethyl di car boxyl ate nethyl) andro phol | de; _14- Deoxy- henyl t hi o
andr ogr ap PPyl W‘Wnilﬁmaﬁnﬁ‘l?&ﬂ}’p? & 14RRogy3alh QI'IISQRJOPY fdeRe:

14- Deoxy- 13{3 ?gaﬂﬁm’d i S ARHHIIAE 2RAD ol 3; 1916-(li>%>éﬂylkth§n&éday hghio

andr ogr apho
phenylthio andrographolide ; 14-Deoxy-3,19-O-(1-phenylethylidene)-12a-phenylthio

andrographolide; 14-Deoxy-3, 19-O- (1-phenylethylidene)-123 (3-phenylthio
andrographolide; 14-Deoxy-3, 19-O- (1-phenylethylidene)-12-ethylthio
andrographolide ; 14-Deoxy-3,19-O- (1-phenylethylidene)-12a-ethylthio
andrographolide; 14-Deoxy-3,19-)-O-(1-phenylethylidene)-123-ethylthio

andrographolide; 3,19-O-Benzylidene-14-deoxy-12-phenylthio andrographolide; 3,
19-O-Benzylidene-14-deoxy-12a-phenylthio andrographolide ; 3,19-O-Benzylidene-
| 14-deoxy-123-phenylthio andrographolide; 3,19-Diacetyl-14-deoxy-8, 17-epoxy-12-
phenylthio andrographolide; 3, 1 9-Diacetyl-14-deoxy-8, 17-epoxy-12a-phenylthio
andrographolide; 3,19-Diacetyl-14-deoxy-8, 17-epoxy-123-phenylthio
andrographolide; 12-Cimmamoyloxy-14-deoxy andrographolide; 120~
CinnamoYloxy- 14-deoxy andrographolide; 123-Cinnamoyloxy-14-deoxy
andrographolide; 12-Cinnamoyloxy-14-deoxy-8, 17-epoxy andrographolide; 12a-
Cinnamoyloxy-14-deoxy-8, 17-epoxy andrographolide ; 123-Cinnamoyloxy-14-

deoxy-8, 17-epoxy andrographolide ; 14-Deoxy-12-hydroxy andrographolide; 14-
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14- Deoxy-12 a?-ethyl thi o andrographolide ; 14-Deoxy-12/3-ethylthio
andr ogr aphol i de; 14-Deoxy-12-phenyl sel eno andrographolide ; 14-Deoxy-12 -
phenyl selwoaosndorgr aphol i de; 14- Deoxy- 12i 8- phenyl sel enecarsdeographsl i de;
14- Deoxy-3, 19-0Oisopropylidene-12-phenylthio andrographolide;

14- Deoxy- 3, 19- G sopropyl i dene- 120j - phenyl t hi o andr ogr aphol i de; 14- Deoxy- 3,
19- O i sopridxgoxlyi1Qestsdrdk®/add migeaphbotidé; d 4adetxyg2@dnalroxdeandrdgtapbebidy;- 12-19- O (1

13- Doty RT3 iy LA oo AR ACERS Sl i de:

14- Deoxy- YeodypartdrodraptiRiiaey h &8 (AERRES; 19-AladetyR1lags) dddrsrapidliaer aphol i de;
14- Deoxy- 3’60)2‘}9 ro%r pp henyl e%%l i deng)-l e,é’ Ithlégwandr((s)%r aphlol I de ;

14- Deoxy- 3, 1]99D®cet(yl 1frideony- 62 hﬁthMWe)imEthbdmﬁLk%@cambiwp@zghblqme ’

3. 16 O BerbyRralmI iR 1 50 Hiersir xR Rg ety i gpiiagenel  de

19- O Benzyl i9dpnRetyf1 ddexy- 12 (Q—ac@tbﬁ?-BLNhtb@t &ndﬁ@gr;aﬂahﬂbr@amyloxy)
3, 19- OBenzyI i dene- 14-deoxy- 12/ 3-phen %'l 0 andro rapholl 3,1
5. D mcet y aoarapBoigEs 330 BALepb A JaKy- iRt G Boo- AU oRY BB o 3,

19- Di t 2

3 10 b achemPpRRRS) atifgBRRALS | SRERGIIARENIE GORRIRS. |
12- y G mmngyraméylaimlxgr gpbﬁwlpmﬁfo?glbap)‘migmdpaphbﬁde ; : 1DI(N chrmglyonyloiyn deoxy
andr ogr aphol i de - G npanoyl o eox ndr

12-G %naﬁdﬂrmwﬁlaswy -3 19?%%1%%1 agd ag ﬁ&ﬁp Q% glycinyloxy)-

Ci nnanoy! gyy, y- r@m " JiaeRyl oxy- 14-
deoxy- 8, cli)é dee%g @q(?)%)roggr?’;%ngp Y HQ%%%%& di%ﬁd(rl\%&%“%ag”r?(ﬂrographol i de;

14- Deoxy- 12-denyy8okirepmyr Hiy? dmnqtlonbd,anclzbgwb&hdelzu@-lawdctak% -deoxy- -
andrograp lide et oxy-3, 19-di acet yl ndr qgraphol i de ; 12a
Acet oxy- 3, gn?ff’%é? A*%%Z ﬁm ﬁgl}(g‘éi,%a%’ﬁ%] lﬁ‘ée?ﬁ)ﬁfﬁ %%ﬂcet oxy- 3,

19- di acet Yﬂlerée%n&ﬁﬁidthﬁﬂﬁl Yo apHolide; 3‘§1sl®1£aegmf4;deox9.4zsleoxy 12- met hoxy
andr ogr aphol i 19-Di acet%/‘ 14- deoxi/%J 12 et hog andr ogr aphol i de; 3,

19- Di acet ymercapoheazntiazaly) Rhelideinti bBlianshbil2deN; N3, 19- Di acet yI -
14- deoxy I |
andr ogr aphéﬁzya&ﬁorgg{g}qg glé)"t\t/‘fi&&}% e0X oéi@ﬂ?gygggﬁgﬁgagl P%@%](\:Iét yl am no- 3
Ezphen%/l pmge;my}dhl\l_ M?éﬁe@mmmggaﬂkﬂﬁokyllﬂz a’ﬁdﬂog@a;ilhohdehgd 3('j 194Dlatm0ylh ?/1_-2512 8-
acet ox acetyl am n .- r oxy),. andr ogr apho ;
12- (N-Boc%ﬁ} 9’(‘,1?‘?’&}’1 §5°a°ﬂXB&HW9<‘§1 %‘1’2}' g%&& ograpﬁé% progi olr[:yl e

andrographol i de; 12a"-(N-Boc gl ycinyl ox%
30]. The compounds of the 1nvent10n can be made by isolation from a plant

Andrographis paniculata (Burm. f.) Nees, (Acanthaceae). Alternatively the

compound may be synthesised using methods known in the art.

Treatment methods

[031]. Treatment" and "treat" and synonyms thereof refer to both therapeutic
treatment and prophylactic or preventative measures, wherein the object is to
prevent or slow down (lessen) an airway disorder. An airway disorder may include

" asthma, an asthma exacerbation, chronic obstructive pulmonary disease (COPD) and
other airway disorders known to those skilled in the art.

[032]. As used herein a "therapeutically effective amount” of a compound will be
an amount of active agent that is capable of treating, preventing or at least slowing
down (lessening) an airway disorder. Dosages and administration of an antagonist of
the invention in a pharmaceutical composition may be determined by one of

ordinary skill in the art of clinical pharmacology or pharmacokinetics. An effective
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14- deoxy- 8, 17- epoxy- 3, 19-di pr opi onyl andr ogr aphol i de; 12/ 3- (N Boc

gl yci nyl oxy) - 14-deoxy-8, 17-epoxy-3, 19-di propionyl andrographolide; 3,1
9- Di acet yWeo 20t/demsy- 12- ner capt obenzot hi azol yl andr ogr 2phsiG2a®;000113
3,19-Di acetyl - 14-deoxy- 12amercaptobenzot hi azolyl andrographolide; 3,1
9-Di acetyl - 14-deoxy- 12/ 3- nercaptobenzothi azol yl andrographolide; 3,1

9- Di acet ylamolidt of(the chiapound arftbmposided yd he emploged thérapeaticatly will

12- andr ographolide ; 3,1 9-Diacetyl- 12 - (N, benzy) chl oroacetyl) am no-
14- deoxy- dependn i SgrmBlsoPPAhE fiFrapettc Phisetbies the et ﬁﬁ}lmsﬁaﬂon’

N-benzyl c %g HRAGH N loh @@ﬁmm%%%&% 1n%€,'i99}ﬂ[ BOREREQH f8 thd tﬂé.%ist The
conpounds of the i1 nvention can be nade I solation froma plan

Andr ogr apho sipeatheoddsagesandBuodify the youte of adnjifcstmatibmeemghireddotabtaimtlievel y t he
conpound may. be synt hesi sed usin hods kno in the art.  Treatnment

net hods [Q’Q?lﬂfl.aﬂf‘re F‘Hécn‘?f?ecghéd?ypf‘%égzg_}'y &?@%@F\%ﬁmeﬁ?& %?ﬂ”t tlgflé&gt o both
t her apeut itg up k& 60 RBIk g Teh PRl 866 dyowBishPeraMERIpRE H¥E prataably@boutvher ei n
the object is to prevent or slow down (leéessen) an airway disorder. An

ai rway di dorafieg/dartp l0mog/igdagst hma, an ast hma exacer bation, chronic
obstructive pul nonary di sease (COPD) and ot her airway disorders known to
t hose ski I[033]. i"Subjhet" fortthe p@padjes oftheymestnhiaventionantnfes lapews andl | y
effective gnount” of a c ound wil]l, be an unt of..activ ent that is
capabl e oo e alrat padicaREN el ThesteEBeBOns e sgPdHhle PsBEent ng) an
ai rvay di $Qff8therfRsAAOetMMry4PPliBAtRInk A RRaidfenddaRéAIMRIsEbjestfis A he

i nvention in a pharmaceutical conposition may be determ ned by one of

ordi nary swdnimhal, and iner preferisfl embpdiment theisubieelcs bu@ypnor phar macoki netics. An
ef fectiveanount of the conpound or conposition to be enpl oyed ‘

t her apeut i[634]! yTherapeuticpléneffective anmonmt) lissan ampount olie compoerpkafithe obj ect i ves,
the route.of admpistration,. and.the conditi.on of the m . JAccordingly,
w1 bdieaBe G e h faf St irh Py o aRRY s aSREE [y Che
route of FG@iafioth Gftd @inpbund 8Athelif¥tntiOn MbicH donbiated Al"tHeRdpetfigdligpeut i c
effect. A typical daily dosage m ght range from about 10 ng/kg to up to 100
ng/ kg of tHectimgramauns’ wdlavarydergrdingronthe eomppeundathe diseateastaie pyd Bhout 1

/ xg/ kg/ da . | v for purpases of the
present i %s%g&t%g}}]%%ﬁ%{g%%?}aﬁ% agnxgqgtbﬁg{eatg%ir?a tg‘?hg%r@?cul arly manmmal s.
Thus t he nisripedtcAlyeeffpive anbie chiwbddétbrmined routinely by one of ordinary skill

in the art having regard to their knowledge and to this disclosure.

Compositions of the Invention

[035]. Compounds produced according to the invention can be administered for the

treatment of airway disorders in the form of pharmaceutical compositions.

[036]. Thus, the present invention also relates to compositions including
pharmaceutical compositions comprising a therapeutically effective amount of a
compound of the invention. As used herein a compound will be therapeutically

- effective if it is able to affect the measured parameters of airway inflammation.

[037]. In a preferred embodiment the compounds and compositions are adapted to
be administered to the lungs directly through the airways by inhalation.
Compositions for administration by inhalation may take the form of inhalable
powder compositions or liquid or powder sprays, and can be administrated in
standard form using powder inhaler devices or aerosol dispensing devices. Such
devices are well known. For administration by inhalation, the powdered
formulations typically comprise the active compound together with an inert solid
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human t herapy and veterinary applications. In certain enbodinents the
subject is a mammal, and in a preferred enbodi nent the subject is human.
[034] . "TWenapeudisgal |y effective anpunt” is an anount eCTsceonpounsl of the
i nvention, that when adm nistered to a patient, aneliorates a synptom of

t he di sease. The anmount of a conpound of the invention which constitutes a
"t her apeupbwdérey ddhdrne sudhvas lagtoserir'stanel. [nhatabje diypemdien goropositimsemaypound, t he

di sease state and,its - severity, the age and.weight.of the patient to be
roat od,  ABISHES) INEPSREAT arHEeR T A Cor SE mRI Bt be

det er m neghohigated ARYnitwh PNoPhisedh@h Mitfa¥er DK idshffidfort BecteEdpsilavt ng regard to
their know edge and to this disclosure. Conpositions of the Invention

][035] 3 Corptridgssngy gaheradly caviaoy biitweent 20 pgré0 masafiihe aptiveaampeuadini ni st er ed
or the treatnent. of airwa isorders.in the f g i |
ompoo; t 1 MGGy the ShpHBIndOAEE BRER o imbl e pRLALL wRAGHTRGRIHLC

conposi ti i pel udi har maceuti cal conpositions conprisjng a

t her apeut f@?ﬂl gﬁﬁf’g’ég&f\a’é’%ﬁws B?a_yi?eé’ﬁﬁ%gﬁéwL&’rd’fmtdf%?éggwgh’f&??ﬁ . As used
herein a QoiReyNdr WkdhplBant BEmpREHdscah b¥ psdidaged for tndlfi-dobe ddlivab) @ to af fect
t he neasured paraneters of airway inflammation. 035%6 In a preferred

enmbodi menta mangeramavgansie thetdlesaiheddn GPo2R42434 3604 ni stered to

the lungs,di V. N S wWhal ati o Ltd@ns for
i ni sty WSRO0 51 T AR Retle RSP PR R
conposi ti gB2129691i, GIE2d 6926 H VAT 654, AyS#8 18781 AdUSR3BABRT (wlsich at ed i n
standard form usiqr/:ﬂ?_povxder i nhal er _devi ces or aerosol di spensing devices.

Such devi dBistraesheydpiskhatmndevie)y o P 15t herbehalery deica). 8F B&h, the powder ed
formul ati 96@43%5%&@S|4¥5 ik SGhiBe d%GiEE)‘.’e conpound together with an inert
ered di

sol i dpowd uent such "as l'actose or” starch. Inhal able dry powder
conposi ti be presented in.c ul hi .l 0, atin or a
l'i ke mat emi‘,ngérrayﬁpl op Selrlcs)nso‘r('(j"r ?0 ﬁr‘fa?g@lev(f%aoﬁtﬁlg %@%r‘%%{lgﬁ%gt?%nr&lﬁggéi n an

i nhal er oforinutdtéd Asadqeoussanitionf pssisperBions af 49 acligE@]ydyiveeddromh | y contain

bet ween 20 pg-10 ng of the active conpound. Alternatively, the conpound of
t he i nvenPresTirised Pasksehl ant Bietsipd esganhaleri(MIdhwith thease of & ﬁ‘é‘t‘ibanal abl e

it . ; al i - i F
conposi 'gﬁgefrcég?%@gpm@*fﬁgﬁgdicgﬁom egeﬁfedggmnhg tbstdRfndRY btbRidin FOT

exanpl e, {1 ons can be packaged f ti-dose delivery in a
manner ansdlodouim 4 pre¢sheazediencstéritieat contaiGs aPReR1134t, alt}z8@b 16886y alssb860419,

suspension.

[040]. Aerosol compositions suitable for inhalation can be presented either as
suspensions or as solutions and typically contain the active compound and a suitable
propellant such as a fluorocarbon or hydrogen-containing chlorofluorocarbon or
mixtures thereof, particularly hydrofluoroalkanes such as dichlorodifluoromethane,
trichlorofluoromethane, dichlorotetrafluoroethane, and especially 1,1, 1, 2-

tetrafluoroethane, 1,1, 1,2, 3,3, 3-heptafluoro-n-propane and mixtures thereof.

'[041]. The aerosol composition may optionally contain additional excipients
typically associated with such compositions, for example surfactants such as oleic
acid or lecithin and cosolvents such as ethanol. Pressurised formulations will
generally be contained within a canister (for example an aluminium canister) closed

with a metering valve and fitted into an actuator provided with a mouthpiece.

[042]. Medicaments for administration by inhalation desirably have a controlled
particle size. The optimum particle size for inhalation into the bronchial system is

usually 1-10 um, preferably 2-5 um. Particles having a size above 20 ym are
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US5873360 and US5590 645 (all illustrating the "D skus" device), or GB2
178965, GB2129691, GB2169265, US4778 054, US481 1731 and US5035237 (which
i1l ustratwothe/11Di4skhal er” device), or EP 69715 (" Tur bulralrsG2owmoeias), or
GB 2064336 and US4353656 (" Rotahal er” device). [039]. Spray conpositions
for topical delivery to the lung by inhalation may be fornul ated as aqueous
sol ut i ons gereralistoe iagomwhen inhakdde rash tle gl aipvad. To achipredbeser i sed packs,

such as a netered dose i nhal | )., with the use.of sui.tabl e Iiquefied
pr opel | anParfHIAEE ec%"ﬁ‘%?? ?ﬁ_{‘%é‘g/g’é’d‘i‘g\é\%‘ﬂnﬁ\ﬂyﬁ’%s escfedgt&?ﬂﬁﬂ y stored in
sol ution {uginRpRsety dRds fARbaLkMor TRE d69RURIARFraR1ioN ARG bkaBiarated t hough it
may al so be a Suspension. [040]. Aerosol conpositions suitable for

i nhal at i onutdareibeagsifecation etsievingdirefesably,shepartidas wilt baierystellinei Bienand
typically contain t com d,_and.a.suitabl e Qgg el lant _such as a
n

{1 bor acar BEARIReRyHFBACRCIOH E AT A c PG HToR6Rds BeRoEReiadBls

m Xtur es thereof,

particul aﬁv'ill/bbﬁﬂxb@%}dat&ﬂﬂ_nkﬁ@pﬁti&l@%fze&ﬁtlﬁﬁ sdfive irpgédiéntor onet hane,
trichl orof | uoronet hane, dichlorotetrafl uoroethane, and especially 1,1, 1,

2- tetraf tm&og&m&% spkays may Be formblatadt WRRhaldoH®bPndt-RuRBaNeetdes M Xt ur es
thereof. [041l]. The aerosol ‘conposition nmay optionally contain additional

exci pi ent withyhe addition efsagents sudoasthickensng hg uifertsaliner adider aialnis e

sur f act ant(ﬁ stgﬁ‘%ﬁs Otl el c ac*irq oreélksecri tplioni(gng cosol vents such as et hanol .
Pressuri s&4Y 2P GRE A YSHNG ARG ARy ai ned within a canister (for
exanpl e a um hi.um cani ster).closed with a, neteri valve and fitted into
2ot uat DF3hr SoRtiEEs G tiakohh by e aation Ba3Pe TEMAdNEAD eipgpeous |

admi ni st r 3¢HiQB with tho hddiabh SradasishabhyadidyealRalf Batfedd8dsatshici cl e size. The
optimum particle size for inhalation into the bronchial systemis usually
1-10 nmm pdjestingagents pr sntimacrabaal aigerte sSThexwmaydesterilised by Slteatwo orm

aregenerally. too |ar when inhaled to reach th 1.2l , .10 achi eve
hese par pratink TR p BUSGRYE B0 ptePfels f Ror SRGTE A GcP R P PSRy i

subj ect edadrosol a$ h Afistlceehitd fién Ahagesss Forgtul@tonM croni sation. The desired
size fraction may be separated out by air classification or sieving.

Pr ef er abl yo45].h BRI Paktidusit eMiboliniéht Bie/nBositidg is diinistRe€R6MU &Yt such as

| actose is enployed, typically the particle size of the excipient will be
much gr eap@vdarhalialarhe particle size of the active ingredient. [043].

I ntranasal sprays may be fornulated with aqueous or non-aqueous vehicles
[046]. In another embodiment, the composition is administered by an aerosol

dispensing device, preferably in conjunction with an inhalation chamber such as the

"Volumatic" (RTM) inhalation chamber.

[047]. Pharmaceutical forms of the invention suitable for injectable use include
sterile aqueous solutions (where water soluble) or dispersions and sterile powders
for the extemporaneous preparation of sterile injectable solutions and or one or more
carrier. Alternatively, injectable solutions may be delivered encapsulated in
liposomes to assist their transport across cell membrane. The composition must be

-stable under the conditions of manufacture and storage and must be preserved
against the contaminating/destructive action of microorganisms such as, for

example, bacteria and fungi.

[048]. The carrier can be a solvent or dispersion medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene glycol and liquid
polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. The
proper fluidity can be maintained, for example, by the use of a coating such as, for
example, lecithin, by the maintenance of the required particle size in the case of
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with the addition of agents such as thickening agents, buffer salts or acid
or alkali to adjust the pH, isotonic adjusting agents or anti-oxidants.

[ 044] . Sowotzoomnmaofser i nhal ati on by nebulisation nmay be Pomrschet®domst h an
aqueous vehicle with the addition of agents such as acid or alkali, buffer
salts, isotonic adjusting agents or antimcrobial agents. They may be

st eri | i sedispyrsfonland dyitluserof kedidtangs. iPreventingithecicboreof micrgorgsesthgth as a

non-steril e product. ulizers suppl he rosqQl as.a m,st created from
an aqu_eoy%hef F‘WP%‘PP%&F&FWWO’W%&@X?Q?X ?@iﬁ‘%‘?ﬂq’é’ﬁ%%ﬂglr?é‘ °Tt he conposition
i's adm ni gheneeh bR FotEbinpPRefabeitN8hI8Fobutd6E bherlol, BRE h@a, enbodi ment,

the conposition is adm.nl stered by an aerosol dispensing device, preferably
i n conj unttimerpsgliand thelike hmmany ozses itiwllbbe prgtanable ta inelud/isiotomie i ¢ ( RTM)

i nhal ati on chanber . 47] . Pharnaceutical fqrns .0of the invention suitable
for injecP&Bie ‘lfseé‘aﬁn&f%’ ﬁ%&?‘ss?respgfugl éﬁ%@%g r(ggﬁl%ﬁdiai’ﬁosrp %g%rltglewat er sol ubl e)
or di sper gij&tsbl@bsnsdstidns @aR BYBRuEh out Bietherke ihe anapositigsadar at i on of
sterile injectable solutions and or one or nore carrier. Alternatively,

i nj ect abl agend delayime absaiptin, 18 examepleplunmupsmeaedenrats and gelatdfres to assi st
their transport across cell nmenbrane. The conposition nust be stable under
t he condi {049hs Sterilevmhaliableton irgeciahle selutienyaare prepatgd bylecoppassiens /e agai nst t he

cont am nat i g/%/ destru(f dvye act. on S fe%)ar1 0§xarrpl e,

t of mcraor ani.s s 1such
bacteria ARYSEIRROUIGSIRETe CHHECAPRYIE R gﬁpﬁrgpgaggp\ygrﬁttm AEDEr si on

medi um cofHeaititr ifgredifits @R d aBE¥E bs rdi’ﬁhi}adl,ciblloxﬂéﬂ pfiltée@r exanpl e,

gl ycerol, propylene glycol and |iquid polyethylene glycol, and the Iike),
sui t abl e Besitization. Geraralbf dispergions getpaenasedpy Hicorpgatisg dhgeyariousi dity can be
mai nt ai ned._.{: U’HI? -hy . - . g@%thi T npl e,

| ecit hin, g‘B?ﬂ%?ea%ﬁgl n eerﬁléérq\%éﬁtgg Stéﬁlge ?‘%&]ﬁ? re pégg%%ﬁge g%%%&,lg ertﬁﬁg case

of di sper sinedivanghdxtiie rdxmined ethef irguediantd fromhoderenumetatedptiohe Iaché case of

m croorganisnms, i n the conpositions of the jnuention is. achieved, by adding
anti bact P AFISREMEFTSARR F RN egﬁtgl_}{qerlaﬁlﬂéﬁsﬂwné?ct%é? s, the

chl orobut g&@érredgﬁaﬂ&is: ofRERRioA Gk Avadulin By RS ahd #2624 BSidg, K?Yieﬂdrh many cases,
it wll be preferable to include isotonic”agents, for “exanple, sugars or
sodi um chpowildef ther astive ineiediéns phystany additionsl alesingdoiogredieat Gomposi ti ons can be

brought agr%%ous s%e@ﬁe—%?tgreld%oltuggn gh%r o?'.SI tions of

[050]. When the active ingredients, in particular small molecules contemplated
within the scope of the invention, are suitably protected they may be orally
administered, for example, with an inert diluent or with an edible carrier, or it may
be enclosed in hard or soft shell gelatin capsule, or it may be compressed into
tablets, or it may be incorporated directly with the food of the diet. For oral
therapeutic administration, the active compound may be incorporated with
excipients and used in the form of ingestible tablets, buccal tablets, troches,
capsules, elixirs, suspensions, syrups, wafers, and the like. Such compositions and

- preparations should contain at least 1% by weight of active compound. The
percentage of the compositions and preparations may, of course, be varied and may
conveniently be between about 5 to about 80% of the weight of the unit. The amount
of active compound in such therapeutically useful compositions in such that a
suitable dosage will be obtained. Preferred compositions or preparations according
to the present invention are prepared so that a dosage unit form contains between |

about 0.1 pg and 20 g of active compound.
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agents del ayi ng absorption, for exanple, alum num nonostearate and gel atin.
[049]. Sterile inhalable or injectable solutions are prepared by

i ncor por avorgiwiher4act i ve conpounds in the required anouRCTISG2010800113
appropriate solvent with several of the other ingredients enunerated above,
as required, followed by filtered sterilization. Generally, dispersions are
prepar ed H951]nckhepablets; trached) pillsacapsules andthellikeanhyaalsa eomtainyinddigent into a
sterile vehicle i ch contajns the basic djspersi ?n. mlagl um anggt he required

ot her i ngrA88iteFueh f% h PREDS> ENtinr2GPetPTABBYE. ONI&Y attw_e EasTAGf Cterile
powder s f%nfaﬁ?arpéx%gigérﬁt R a@ffosb@hifIE didaRahADhesMate ThérhmaPhRosol uti ons,

the preferred netho of preparation are vacuum dryi ng and Treeze-drying,
to yiel d aopridedisinfegritmgagentsach agy ferdixemple corn stargh, pdthte stareh) desi r ed

i ngredi ent_ f.r. iously. sterile:filtered salution thereof. [050]. W
the act | vaEHEREREHIES T ThEF ey isaicobfil  MRaeHt ok e BEBABPIE od 1 ¢ hi

the scope fgnkdifimisbeapdté.i TRy nddyealSoidon®ddh X sweab@ak agert B8oh ABerdre, oral ly
adm ni stere(f,n for exanple, with an inert diluent or with an edible carrier,

or it nay lagsossroeseasherin. Thermpyslsosentain b dpyousiizagent wabsuifer exsmple, nay be
conpressed i nt iﬁtabi&\?knét%rgrele}l JY.e ﬂw&ﬁn%?r ated directly with the food

of the di &PPFEOIMora peutic a ni's ion, the active conpound nmay

be incorp e i t xci pi ents and used i.n the form of.ingestible tablets,
buccal tag{)@s,”g‘?ﬂo%ﬁgg?ggéfﬂg prag1s ae‘fap%q?’épmgﬁgf)‘gﬁ@f Biaddity etﬁps, waf ers,
and the | igkferiaBll6fthe apPRIybé, ANFuanchriérepar ati ons shoul d contain at |east 1%
by wei ght of active conpound. e percentage of the conpositions and

prepar ati Q&3 "arioQf oh@HMARriaREnkAbd fillscANEs VNSOGB HiRiwisk nitifyet ween
about 5 to about 80% of the weight of the unit. The anount of active

conpound itie physieal foenayf¢he dasage ynit Fef instapemtabdéts,ipalls or papsuleh mayde a
sui tabl e dosage.w | |..be obtained.,Preferred conposjtions or preparations
accor di ng CP?)te‘?Wétwﬁhgléaénfugaﬁwewﬁﬁb‘% SErR Oﬁfgzblép_éaéf 038{21{1}1%? AV sage unit form
contai ns RempBeY, 8ikQbie 4.alswitealiy apentInethydaid p@polpapoemes [ 051] . The
tablets, troches, pills, capsules and the |like may al so contain binding
agents, smEdsergtivesop dpsantpilaougngsudicascios examplg, dieay s opnggdlaseyrn. They may
al so cont & exci pi.ents, . I 'f?n.inﬁ j phosphat e. They
may al so ?%ﬂr%togll%ﬁ’ %&I |£§t?ﬁ%leu§§&laﬁ%r{ ?&%%Pygéﬁﬁgé@ or a&ecﬁg&r;g% e, corn starch,
pot at 0 st phatmacahtipally purecind sabslartiadly nokeoxid hethermouatssmployelalon a | ubri cant
such as, fgr, ,exatggl e, . X .

addition, the active compound(s) may be incorporated into sustained-release

preparations and formulations.

[054]. To this extent the active ingredient may be held within a matrix which
controls the release of the active agent. Preferably, the matrix comprises a substance
selected from the group consisting of lipid, polyvinyl alcohol, polyvinyl acetate,
polycaprolactone, poly(glycolic)acid, poly(lactic)acid, polycaprolactone, polylactic
acid, polyanhydrides, polylactide-co-glycolides, polyamino acids, polyethylene
oxide, acrylic terminated polyethylene oxide, polyamides, polyethylenes,

- polyacrylonitriles, polyphosphazenes, poly(ortho esters), sucrose acetate isobutyrate
(SAIB), and combinations thereof and other polymers such as those disclosed in
U.S. Patent Nos. 6,667,371; 6,613,355; 6,596,296; 6,413,536; 5,968,543; 4,079,038;
4,093,709; 4,131,648; 4,138,344; 4,180,646; 4,304,767; 4,946,931, each of which is
expressly incorporated by reference herein in its entirety. Preferably, the matrix

sustainedly releases the drug.
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magnesi um stearate. They may al so contain a sweetening agent such a
sucrose, lactose or saccharin. They may al so contain a flavouring agent
such as, wonosxaopse, peppermnt, oil of w ntergreen, oPCTtiserow/obéiavouri ng.
[052]. When the dosage unit formis a capsule, it nmay contain, in addition
to materials of the above type, a liquid carrier. [053]. Various other

mat eri al s [085). [Rhapnasetidallgsicoapidblagsriens and/opdilveents mey alsdirfcjudetaayphysi cal

form of the_ dgsage un For |nstan i sul es may be
coated wi Rd §ﬁé$]1g’5‘&ts ‘tﬂlj’éﬁ‘orbﬁneﬁ‘&t‘??a ‘B\g%ﬁ?a@ﬁ’ Eﬁ“alﬁ Q}"F a?rté@’ E%Et ain the
active COW&HQan&&B%BRﬁFon%%Ia%@"&%@ﬁt@ﬁh@&eﬂﬂ&“’l‘he aRtINhcPREdiRa8Yy | par aben as
preservatives, a dye and flavouring such as, for exanple, cherry or orange

flavour. @erttmfmspdaanmwuml activglsubstanes is vmllelpmwmlg thegrt. di?s:&gfem&ﬂihlt form
shoul d be har maceut i c? é pure and. substt athé t oxi |n the anount s
enpl oyed. 3 ACAGYIVERLMA PReiak #p 1%‘(5’3%‘88?\@’?%)” %e e weﬁ%%?ﬁso;g P& into

sust ai nedm&é&aﬁqlaqh@ﬁg&ﬁqtclcgﬁ@ogﬁdng‘@rcmbﬂ{plm [054]. To th| s extent the
active ingredient may be held within a matrix which controls the release of

the activgpggeryy 1%5@5@5%&% it g26di 8k tmaw&mnbs%r@e@m%ence sel ect ed
fromthe group 08n5| sting of lipid, polyvin al cohol , polyvinyl acet ate,

pol ycapr olcampositonsg (ﬂryiiegﬂbj,bcﬁlbms)uaplemenmy wtilvacngr@)lantls @re gndt-ycapr ol act one,

Bl s poryBengreRCea iR G sl el f R Sn s Bl e

pol yam desntapemhi¥teind\k@nélsn aR@bysehiodilhiord dueh as poiguphesatiaszenes, pol y(ortho
esters) sucrose acetate isobutyrate (SAIB), and conbinations thereof and

ot her prtsholisergicsaSomembaled isirnids may ineludedexametiosongs Budesognle, 371:

s 131 222’(}’@@@0@*@%3@‘1“%%%%@5‘%“? Golpogtde SR DRPIoBRIO o 1

expr essl nymptquee(QadAR) %) oretisrekmeviniartke arti 8 agbsisemhdyriatipde Pref erably, the
matri x sustainedly rele s the dru 05 Pha eut |. accept abl e

carriers éﬂg Grodialtpieels torayalins éalF’%Eq["Q}d%‘] @ﬁ‘}‘?"tg @t@eﬁg& spersi on
nedi a, CcoyfdiSipradbidpncterials and/or antifungals, i sot oni c and absorption
del ayi ng agents and the Iike. The use of such nedia and agents for

oher TRCEURL 105 LSS GRS NIRRT, 7>
i ngr edi entunit disren for ease of administration and uniformity of dosage. Dosage unit form as

used herein refers to physically discrete units suited as unitary dosages for the

mammalian subjects to be treated, each unit containing a predetermined quantity of

active material calculated to produce the desired therapeutic effect in association

with the required pharmaceutical carrier. The dosage unit forms of the invention are

dictated by and directly dependent on (a) the unique characteristics of the active

material and the particular therapeutic effect to be achieved, and (b) the limitations

inherent in the art of compounding such an active material for the treatment of

disease in living subjects having a diseased condition in which bodily health is

- impaired as herein disclosed in detail.

[058]. The principal active ingredient is compounded for convenient and effective
administration in effective amounts with a suitable pharmaceutically acceptable
carrier in dosage unit form. A unit dosage form can, for example, contain the
principal active compound in amounts ranging from 0.5 pg to about 2000 mg.
Expressed in proportions, the active compound is generally present in from about

0.5 pg to about 2000 mg/ml of carrier. In the case of compositions containing
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thereof in the therapeutic conpositions is contenplated. [056].

Suppl enentary active ingredients can also be incorporated into the

conposi t iwo10Anefser abl y t hose suppl ementary acti ve i ngrPewisent®/oarias3
antiinflammatory agents such as inhal ed steroids, cysteinyl-I|eukotriene
receptor antagoni st and cronolyn and or bronchodil ators such as 2 agonists
and/ or antsupphahematygictive inSradients) tiel dodages areodaiammmad bynefareteebe genet hasone,

Budesonide (Pylmcqrt(r)),,.Flutjicasone. (Flavent(r)), Ciclesonide
(Al vesco(Pi‘)af%i%cq“gﬁ%qgﬁlﬁé%@?émﬂlﬁVW’bﬁéé’ES?‘éﬁl@%‘i‘?‘%ts'or others known in the
art. /32 agonists may include sal butanol, al buterol, terbutaline,

sal et er ol059%: The eempeinsl or the compasiting mawbeindhedgrm ofa wepdmenskit  opi um
[057]. It cj)rﬁplﬁsq?%ﬁjeq#olsygqul\{ta@;lﬁggg*ﬁs&&ﬁgﬁg m*lugé.e parenteral conpositions
rmftor- ease of adm

i n dosage un nistratiron and uniformty of dosage.

Dosage uni or,m.as ,used herei.n refers t i,gall I SCI units suited
as ugi tar ;6683)5 g&é?sqlﬁ?\“g{?m%gglof i%’dg?ﬁﬂﬂég%&g %‘ygfao\é?%ggrf% %lg)fh%gach uni t
cont ai ni NEDDARY) &S RS 41O Rkefildadbr reludef thedbdage ofrplueddodicoidbithor atigd t O

produce the desired therl%g,eut,i c effect in assaociation with the required
phar maceuDRAF alogeor By compinatien ggeapyf DI Aorand glucoperticoiddntheon are di ct at ed

by and di dep ent on (a) the unique characteristics of the active
mat eri al agiﬁﬂ{eﬁte pa?l?llgaéul ar therapeutic effect to be achieved, and (b) the

limtati OES ’:‘ nhar eﬂt i’.n ltlEse art of compoundi ng such an active nmaterial for
the treat TIEE e n living subjects having a diseased condition in
whi ch bod, health is jnpaired.,as herein disclqgsed.in detail, [058]. The
pri nci pal i‘iﬁih _e?fﬁg?séabgﬁieq @ﬂ@ﬁ&?ﬁﬁg‘iﬁcm@é‘gﬁ%ﬁ%ﬁ?grgﬁ{fpg?lg ctive
adm ni stratd DDA (DIBAGIES bofplRiTeHTUrSo Ypldtedraltdraids ﬁuﬁﬁ%ﬁiﬁﬁﬁ}eu'ﬁ ically
acceptable carrier in"dosage unit form A unit dosage formcan, for

exanpl e, disprdgisrsucinas arthme pxagerbatien.ve conpound in anounts ranging from0.5

ng to about 2000 ng. Expressed in proportions, the active conpound is
gener al | y[q92s 8t dasoritia Moud Artti- lhflanpgatory Rdje dor 200gmpfiolidedd carrier. In

t he case qf .conposi.ti.ans tal ni ngsuppl ar ct.ive ingredients, the
dosages agét%r%? iﬁhﬁlélg%???ﬁ? g?’gﬁﬁﬁcg&f'%;p%éﬁd %’&lge trf’(‘fﬂg&thoﬁle of
adm ni st r agd1edr fikdtort (NF)S@8 Khsibeer 2db&iated withdh8 Hevelfipn&R PR Or t he
conposition may be in the formof a treatnment kit conprising the dosage

uni t f or méndiegraphelide, theipsineipal@etiyaseomponent of a medicinal plant Andrographis
paniculata, has been shown here to inhibit NF-kB activity. Andrographolide attenuates

allergic asthma via inhibition of the NF-kB signaling pathway in BALB/c mice

sensitized and challenged with OVA developed airway inflammation.

[063]. Andrographolide inhibited OV A-induced increases in total cell count,
eosinophil count, and IL-4, IL-5 and IL-13 levels in bronchoalveolar lavage fluid, and
reduced serum level of OVA-specific IgE. It attenuated OV A-induced lung tissue
eosinophilia and airway mucus production, mRNA expression of E-selectin,
chitinases, MucSac and inducible nitric oxide synthase in lung tissues, and airway

“hyperresponsiveness to methacholine. In human lung epithelial cells, andrographolide
blocked TNF-o-induced phosphorylation of inhibitory kB (IkB) kinase-83 (IKK (), and
downstream IxkBadegradation, p65 subunit of NF-kB phosphorylation, and p65 nuclear
translocation and DNA-binding activity. Our findings implicate a potential therapeutic
value of andrographolide in the treatment of asthma and it may act by inhibiting NF-
kB pathway at the level of IKKg activation.

[064]. We describe for the first time that DDAG effectively reduced OVA-induced

inflammatory cell recruitment into BAL fluid, IL-4, IL-5, IL-13 and eotaxin
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[060]. Preferably Andrographolide or 14-deoxy-|

1, 12- di dehydr oandr ogr aphol i de (DDAG may be able to replace or reduce the
dosage ofwglomoaorssi coid either with DDAG al one or by ceaiscavioonotiher apy
of DDAG and gl ucocorticoid in the treatnent of asthma. Preferred

enbodi nents [061]. W propose the use of andrographolide conpounds such as
andr ogr app@dhd@mmngE(sﬂDA@is,tpalmmqny eosanmiphdra, rucnehyececstiah asd er oi ds

during air di sorderg suc rbati 062].. We describe a
Novel - Ant AHR %W%%eoaﬁgmﬁo%dera} P%Rhg'ﬁm ’?}Hg’lt‘l"aé’fﬁ}”ﬁé ‘r‘;afyvi a I nhibition
of The NugiRédveFasli&Nes kit Bahbiehow d?@"a%hsihﬁﬂhnﬁﬁiry ¥EtitoWheh gives! ear factor
(NF) - kB has been associated with the devel opnent” of asthma.

Andr ogr aphlom,d;embtmaorppfm é%ﬁle oAb Ae a@d@mmlc@lﬂ tegatpeefitci nal pl ant

Andr ogr aphi s heen,.shown h n ctivity.

Andr ogr aphgi® f%% gg inflarmation npeu gtlhén%l n c?e%.ﬁheg%'ﬁn# %ﬁie NF- kB
signal i ngs@bﬁ‘&&ﬁer }fﬁbdﬁéhzal’u@fBﬂDBm{iﬁﬂlléltrE@t%e%ﬂdfﬁ&ﬁhi.enged with OVA

devel oped airway inflammuation. [063]. Andrographolide inhibited OVA-i nduced

i ncreases|geB].t Wl ¢fddos€OUNh. €@l NORMrbgrapklide aner | L-14.deokyH,@nd | L- 13
| evel s in bronchoal veol ar | avage fluid, and reduced serum | evel of

OVA- speci didehydgeandragrattolida (EX24) @vathentientment of gsthmasase ageositabgrhilni a and
ai rway nu NA expressi o l.ec It Muc Sac
b e BaSh B o e AT S0 BB e Sl g

hyper r espanbi theypesuire @eil haceids neumigw éwr&nbaﬂlmg VEpi phfpbseal tocaisles
andr ogr aphol i de bl ocked TNF- -induced phosphoryl ation of | nh| bitory KB

(1 KB) ki narssographlidr/og DDA campiesiant aral slemidedr satice ol spedddypoai ¢ of
NF- kB phoé%glﬂﬁ&a% i9hon.2Nd p65 nuclear translocation and DNA-bi ndi ng
activity Ings inplicate a potential therapeutic value of

andr ogr ap | tnent of asth and It may act by inhibiting
NFKB pat hvagiloéﬁ"d 5alft)'e0\l/l‘ékfmat erg?wgwg)é V& on. [064] . We describe for the
first ti a tive duced OVA-I ced amat ary. cel |
recrwtrre”ﬁllﬁ%r %‘oncé/ﬁfafl; Etoi{y r‘i?l (gfea‘}dfogri@ogﬁ otfggﬁl ST o %/flo serum

| gE synt hpmibttiorPsH e N kB%ﬂiW%'ohﬂmdﬁb@HﬁhﬂMﬂﬁéc&?%ﬁfgl @ralbalﬂﬂnAHR ina
nouse asthma nodel potentially via inhibition of NF-kB activity. Moreover,

at doses tdieallemgennwe sbowod ﬁﬁya@ﬁ@graphﬂ?ﬂlﬂaﬁ?ﬁ&t@Wd@ﬂﬁ)é&ﬂ%bltﬁﬂ@ﬁalbm@n
Induced cell Infiltration Into the airways obtained from bronchoalveolar lavage fluid

—

and observed in formalin-fixed lungs as shown in Figure 2

[067]. Andrographolide was able to suppress ovalbumln-Induced cytoklne production
obtained from BAL fluid (Figure 3) and serum IgE levels (Figure 4). This indicates that

andrographolide may have anti-allergy and anti-inflammatory activity.

[068]. Furthermore, andrographolide was able to suppress ovalbumin-induced
expression pro-inflammatory adhesion molecules and biomarkers (Figure 5). The
clinical endpoint of airway hyperresponslveness in mice could also be blocked by
-andrographolide (Figure 6). The mechanism of anti-inflammatory actions of
andrograhpolide in asthma is likely associated with Its Inhibitory effect on nuclear
factor-kB signalling pathway (Figure 7). Protein bands of IKKS and phospho-IKK@3
were quantltated using Gel-Pro Imaging software (Media Cybernetics, Silver Spring,
MD). B-actin was used as an Internal control. (Upper right) Immunoblotting of p65
level in nuclear extracts of epithelial cells stimulated with TNF-a for 30 minutes in
the presence and absence of 30 uM andrographolide. Nuclear proteins were separated

by 10% SDS-PAGE and probed with anti-p65 or anti-TBP antibody. TBP nuclear
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al one, conbi nation of |ow dose of DDAG and gl ucocorticoid treatnent
synergistically attenuated inflammtion in nouse asthma nodel. These

findi ngs woppovtioast her apeuti c value for DDAG i n the treatrseaoioohoiast hima.
[065]. W propose to use andrographolide or 14-deoxy-I11, 12-

di dehydr oandr ograhol i de (DDA) for the treatnent of asthma as a controller.
| n addi t i proteifi-wid3%sed at he intstnahresritod. @owen oighOdINA donding lactadtybsf phdr r ent

drug trea and they require.oral steroids.duri exacer bation. W

pr opose tﬁ)\’(f'ﬁg% I’éﬂW%"dFéBﬁ%’f ?%eé”tg?h%lﬁﬁﬁst %‘r‘&‘g?ﬁgﬁj@' ﬁg&‘)g?’rg BHBHE Do

repl ace ogd ppds8AQRI gndlUibkdde asHt DUBURIX afd@oBAbhANde Wi dRfermiidd og¥impPhol i de in
treating airway disorders [066]. A novel anti-Inflammtory role of

andr ogr apAoins4MMp6SiransariptomctonELIS A kitnhi bi ti on of the NF-kB pat hway hi
our nouse asthma nodel using oval bum n as aeroal |l ergen, we showed t hat
andr ogr api@d9].d A ndogrepludide metbrced wpvalbhinin-irddcely edsinaphi -coundinc BALc 8hid

Infiltratiop.lnto.t ' i ped from.b hoal .ar_| fluid
and obser JRAIT AIBEFErRIEchnR8 YAYET SibRBIR i gt esd o 9f | Y
Andr ogr ap mh'wi%g)smi@@ kfhiBiRdSONRA-ARBCAY 8dsibphil- dnddafho6ytt UeunR® dudoduct i on

obtai ned from fluid (Figure 3) and serum I gE levels (Figure 4). This

i ndi cat es TNFa@ ant &N plevels dreBAdyflidyvQunfindingy texeaod sayerahnti-apthmaammat or y
activity. [068]. Furthernore.,androgra i de. o) oJols

oval buni np{orpgﬁ%gdog%glrggsalpéﬁl’l%er ov-vlfnr(f I gorcnijlrlgdte oggnb\gﬁi%gbﬁloﬁeﬂnﬁfjg%ﬁ "gg&zind

bi omar ker gnf{ifratgpir ®itdihe ditveayslisitigCH| & eMd@biing, miicudisevretion yip eier fiBpdRS| veness
in mce could al so be bl ocked by andrograghol i de {qgigure 6). The nmechani sm

of anti -i HAPERAS WRipingcThoegoldne Ghat-dhrakkdpiand ep feyiehin BAL fluid.y

associ at e it Lhitar fect u a - { .ing

pat hway ( |r\34151r @%i“%ﬁ@?@%ﬁb?f S sﬁ%ﬁﬁ& %’ S%G&' %?1({02%(&%%)1 l&m%&tant | t at ed
usi ng Gel rd¥pansivengssngs sefldevadr by (didvdiyardSistance etnid cdynaBii¢ vwempBpnéen and VD) .
/3-actin was used as an |Internal control U r. riqh nobl ot ti ng of
Dos | evel PrRntenaRTy BRr cone prpranineridme g L A AMT TR N2 o
30 m nut eANOadeh T KA-86,EV0A, N2, ANERITaE a8l iR0S MV eARHE QoARPOHdIL nehiUC] ear
proteins were separated by 10% SDS- PAGE and probed with anti-p65 or

ant i - TBP mechdnshy . of TBRiqwu of eandprasapdiolideahy sBewings then inhibitiema0f EEKOr of .
L i ght - i j i Vi NEr kB | f
(Lover " G R et AP L ©

and p65-DNA binding. We have provided a detailed picture of how andrographolide

works in asthma. We also showed potential anti-allergy action of andrographolide.
Use of DDAG in treating airway disorders

[070]. In addition, we have data showing DDAG (14-deoxy-1 1,12-
didehydroandrographolide) anti-inflammatory effects in asthma.

[071]. DDAG dose-dependently inhibited ovalbumin-induced increases in total cell
count, eosinophil count, and IL-4, IL-5 and IL-13 levels recovered in
“bronchoalveolar lavage fluid (BALF), and reduced serum level of ovalbumin-
specific IgE. It attenuated ovalbumin-induced lung tissue eosiﬁophilia and airway
mucus production, mRNA expression of E-selectin, chitinases, COX-2, IL-17, IL-33
and Muc5ac in lung tissues, and airway hyper-responsiveness to methacholine. In
normal human bronchial epithelial cells, DDAG blocked TNF-o-induced p65
nuclear translocation and DNA binding activity. Similarly, DDAG blocked p65
nuclear translocation and DNA-binding activity in the nuclear extracts from lung

tissues of ovalbumin-challenged mice.
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t he presence and absence of 30 mM andrographolide was determ ned using a
TransAMtm) p65 transcription factor ELISA kit. [069]. Andrgrapholide
reduced owal2bumiinz4snduced eosi nophil count in BAL fl ui dprams$Go10iondiibi t ed
E-selectin and VCAM| staining in lung sections (Figures 2 to 7).

Andr ogr apohol i de i nhi bited OVA-i nduced eosi nophil and | ynphocyte counts and
TNF- and GWVISFAdditienalyi lovBadbsefDexiathath@sonef donthima®nrsgrargistchllyeukibitd

anti-asthma properties.o drog hollde h incI i nhi piti of cell
i nfl ammat i%E |9Y1a{lﬂ“fqﬂ“é't"? ‘?ltﬂt?)l ¢ C%’inF vﬁé’ﬁ’é’\gﬂg‘i U 3 gﬁ‘é‘!tl gﬁﬁg’ngf?ﬁucus
secretion jg eR;E‘;?Eéﬂa&ifﬁWelé’“ ng PAS staining, Th2 cytokine (IL-4, IL-5, IL-
13 and eotaxin) [evel in BAL fluid, serumlIgE level (total IgE

VA spec! Tlyg)l Ghrind SiGhs A S8 sl el dVRIbuIR 88 RESARRSLY GRSAISwES P! eCt ed

by airway Te ance a dynam c co l'i'ance, pr ol ammat ory nar ker
gene expr eBBAcdvse-dependeniy inhibited ovalbifidvintindiced ebk%dmﬁlﬂaﬁohl\ﬁasme afiktaysl0, YM ,

YM2, MJC5ac and | nCS. av | so reported m o on of
andr ogr apH9iaRed WM?&B "P‘ﬁ’é%‘ﬁ‘ﬁ? a\ P@élv g’r’?‘?é‘?%ﬁ | KB
phosphoryllg[tl%?ngshé\g@ﬁl gglreag@tl on, p65 nucl ear transl ocation and p65 DINA
bi ndi ng. We have pr OVI ded a det ai I ed picture of how andrographolide works

i n ast hnma. Egg t nn]ﬁﬂ %E phol i de.
Use of DD aéfe?ga |ng arr g{k?o %ﬁrégpfégé}gﬁlqufﬁgg it olt B%;Ase dat a
showi ng D[aﬁﬂatlﬁemmdﬂmxyeﬂfecls deBDAl aedipdaydayper-egponsiveneste) anti -i nfl anmmat ory
effects in asthma. [071]. DDAG dose-dependent!y inhibited oval bum n-induced

i ncreases [o7s]t oWalprégist thOWR of eadrbgrapiilidecadDD A A an lant-infldmshatend | L- 13

| evel s recovered in bronchoal veol ar | avage fluid (BALF), and reduced serum
level of cgartfonsontipdngasthmayE. 1t attenuated oval bunin-induced lung tissue
eosi nophilia and airway mucus production, NMRNA expression of E-selectin,

chi tinas esI07QIO)BzQLBM_m1@7SCH$lLIZ®Ba%élhall?@&ﬂcwilth Qviakgmin %WQPG%W@X rway
hyper -r espeq%r {2 Sq}ﬂgch”o?aliv%gfarr]% agggluup wal Tl QotQI[ AN Birilef t hel i al

cells, gced nucI"@ar ran ocatl on an bi ndi ng

act i vi ty. cBlintduntd, YandDBRGkink onide dh@hdkine dbwadd. Sérafns lge devels vaerd dBA- bi ndi ng
activity in the nucl ear extracts from|lung tissues Qf oval bum n-chal |l enged
m ce. [072]dete}51@6‘}e@| ohung yiissugsy Werse cpaiiedt Has ot aBhisiatan gpd mucus

syner gi st 'H&ﬁlﬁ:ljs&rém, bigh§d the expression of inflammatory biomarkers. Airway

hyperresponsiveness was monitored by direct airway resistance analysis.

[077]. DDAG elicited a significant inhibition on p65 nuclear translocation and kB
DNA-binding activity in OVA-challenged lungs in vivo and in normal human
bronchial epithelial cells in vitro. Reduction in IL-4, IL-5, IL-13 and eotaxin in BAL
fluids may be due to inhibition of NF-kB by DDAG in inflammatory and airway
resident cells. Reduction in airway eosinophilia by DDAG may be due to decreased

IL-13, eotaxin, RANTES and E-selectin expression, secondary to NF-kB inhibition.

[078]. Reduction in serum total and OV A-specific IgE by DDAG may be due to
" inhibitory effect on B cell activation via inhibition of NF-xB. Therefore, reduction in
airway hyper-responsivness by DDAG was observed. Although DDAG is not as
active as steroid, it demonstrate significant synergistic anti inflammatory effect

when a low dose of DDA was use in combination with low dose of steroid.

DDAG Suppresses OVA-Induced Inflammatory Cell Recruitment and Mucus

Production
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BALF oval bum n-induced total cell count, eosinophil count and IL-4, IL-5,

I L- 13 and even Eotaxin levels. [073]. In the nouse asthma nodel using
oval bum nwe=0sernoal er gen, we showed t hat DDA dose- depemderscGyioonduiibi t ed
oval bum n-induced cell Infiltration into the airways obtained from

bronchoal veol ar | avage fluid Figure 8A and observed in formalin-fixed |ungs
as shown i[079F ®Ale fREd Wd37d&dllectsdva4 dloutsniftantiet lasty Ovay loersalipe@aemzglr essi on

profiles are_inhibited by and the | nhibitor ffect .DDA on airwa
hyper - r es ﬁbﬂlﬁn@%n%@st.oufl Cﬁ?‘é]qgf nBi’loffg]s 8‘“{%‘”&%% orgiedr Z’@?‘éd%l?t&? and D>[/)A
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sensitize enged W th oval bum n devel oped ai rway i nfl amrati on.
Br onchoal we@03rintrassed endcrephdgeyd gmpbayssad feutroplul edunds) ds domhpareémiithal cel |

counts, and.cytoki pe an ine, Level.s. Seruym | | evel s [ | so
det er m ne&gIll e%/ﬂ?ﬁosf’rg%rﬁ@i ﬁﬂ?\g@g’rﬁ '#\éﬂgfldp gf #raftﬁ%ﬁp't‘ﬁﬁlie%eﬁv@ﬁ g‘)t%ucus
hyper secr gtii @hd edifopHiecstmby BSBAPNIEE ih Af dABTHRpEHMEnDMARRET 8T mpatddnay
hyperresponsi veness was nonitored by direct airway resistance anal ysis.

[077]. DDAGhethic IMEO eehi¢leephtralfigureAADi At bighalesp 65 meleg)e BDAG &89l ocat i on

and KB DNA-binding activity in OVA-challenged ungs in vivo and in nornal
human br o€ |%f¥jm8 f’?ﬁ eiagfix%%&imscylénco\l/ll {S'ro. Reduction in IL-4, IL-5, IL- 13

d eotaxipn jin BAL fluid dye to inhibiti NE- kB by DDAG i
"E1 amar S08P1 g fisgu ool oot Ao e b, B (VA Pr g S ot 1 2 by
DDAG nay RRaiftrge. v AarfR8b&fhllbhgelinducedGhakedin AU fafflafEma R 641isn

expression, secondary to NF-kB I'nhibition. [078]. Reduction in serumtotal
and OVA- speithia peribgenichipldag neriyadselag gennegtivntissbes d somufarascwvith salmecel |

activation_vi iLnhi biti F- T f . than_in ai

oy -1 copgtsd, HHeRLS | ARG AT nlie NEHEGR Bl A AR
steroid, ildukdeyronsfiltratién 96 @oinparedntitts PMSQi ®hirol @Figurei 9B) @nrdieastieref f ect
when a | ow dose of DD se in conbjnation with_lI O\I%dose of steroid.

A
DDAG Supphaad Vsl o gén ub A S8l el ipngedcifier REHIORRGMPEkEds
Producti o %LQIZ? kel @@Fertglaﬂiad P Sl ll@g&ﬁgcr for A tRe Bfdrhi. [OOALRRhcVA or
cha e n | cell

sal i ne aefroso ge, and total differentia counts were
per f or med muowA hiypersdcadtionnwas significantly halted by DDAG (1 mg/kg) (Figure 9C).

DDAG was shown to reduce the number of degranulated mast cells in the lung

tissue of OVA challenged mice (Figure 10).

DDAG Reduces OVA-Induced BAL Fluid Th2 Cytokine Levels and Serum Ig
Production

[081]. OVA inhalation in sensitized mice caused a notable increase in IL-4, IL-5,
IL-13 and eotaxin levels into BAL fluid as compared with saline aerosol control
(Figure 11A). In contrast, BAL fluid level of IFN-y, a Thl cytokine, dropped
slightly in OVA-challenged mice. DDAG significantly (P < 0.05) reduced IL-4, IL-5
and IL-13, and to a lesser extent, eotaxin levels in BAL fluid in a dose-dependent
manner as compared with DMSO control (Figure 11A). Noﬁceably, DDAG at
1mg/kg markedly upregulated IFN-y level in BAL fluid. This finding implies that
DDAG is able to modify the Th2-predominant immune activity in our OV A-induced

mouse asthma model.

[082]. To further evaluate whether DDAG could modify an ongoing OV A-specific
Th2 response in vivo, serum levels of total IgE, and OV A-specific IgE, IgG1 and
IgG2a were determined using ELISA. Marked elevation in serum total IgE, OVA-
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mar kedly increased total cell and eosinophil counts, but slightly yet
significantly (P < 0.05) increased nmacrophage, |ynphocyte and neutrophil
counts, asocompaomd wi th saline aerosol control. DDAG (@CTI/SGRoth/oamd3 1

ng/ kg) drastically decreased the total cell and eosinophil counts in BAL
fluid in a dose-dependent manner as conpared with the DVSO vehicle control
(Fi gure 9Apecifie Igh gid @MéeSp(eciﬁCrngRQ?Yelﬂgglﬂ@w%\%fsed@ﬁe@g@%ﬂzkﬁﬁha@@ and

| ynphocyt e, count s. 8 Lung tissue was.also ol l.ected 24. hoyrs after the
| har Ov SPSERY ROV bt RS i P Saife iR SRR TR e ke
infiltratiigB)abDAKS kteoHEht Supprasséd ©ViArspecifielgBeleldls evéhatathalowaéyd dose

perivascul ar connective tissues as conpared with saline aerosol challenge.
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gobl et celthe eraaripya of DVBAGpaaific 3gbGYnandieatingt 4 specific inhibitiorooCthie. Th2

OVA- i nduced nucus h%persecreti on was significantly halted by DDAG ( 1

ng/ kg) ( Fresapesedy)DDABAG was shown to reduce the nunber of degranul ated
mast cells in the lung tissue of OVA challenged mce (Figure 10). DDAG
Reduces OWR4Gidigdeers BNA-Pidyced AHR imMiski ne Level s and Serum | g Production
[081]. OVA inhalation in sensitized mce caused a notable increase in |L-4,
| L-5, |L-[a8B]laf® owvestigate theyeffecti of ®IBXG 61 ARain cesppaseetd wareéasigl i ne
aerosol contro Fi gur e . .In contrast., .BAL fluid-.level of.|FEN:g, a Thl
cyt oki ne, “GPGH @tgor’gquF’gWFﬁlﬁsgl}o BVA® crﬂ%qs}néeﬁgbeo@’ rﬁlcaél.d CHRETS frbeﬁP eal tly (P <
0. 05) redyemiatell Hice.| Rt & @dfthell las tAS predfide tdfiving RSpigftioaxdigided bgol@xi n | evel s
in BAL fluid in a dose-dependent manner as_c ared with DVSO contr ol

(Fi gure HAdynmefersctedhe gistenpihdity of theglupg anﬁliSko ned g5 theychagge dn VEIWMS | evel in
AL T o T f i ; t ; _

Tho- pr ot Hsfing pESLIS STPUARe b Blesidliirbss B! OVIRChdnpclfmice |

[082] . To dbuslopedr AHRaWhiah és tyipitatigrefioA@ leyhigh Ribatidf lpwa@dymFogurg 12).

OVA-speciftic Th2 response in yivo, s m |l evels of, total |gE, and
OVA- speci HQAﬁ ,mg/%@ g%ﬂlﬂft‘lc ge%?ikg@pg rritored (EMH@ (éYfA‘g&‘.au%geQed
el evat | on e BT ibbkalo iinacRUAREC Shddesrin @ ondl tmf¥he RRNAEd Gitval§ | evel s,

but not OVA-specific IgQ&a |evel, wer

pathology in vivo was modified. OVA inhalation markedly increased total
degranulating mast cell counts as compared with saline aerosol control. DDAG (1
mg/kg) drastically decreased the total degranulating mast cell counts in toluidine-
blue staining lung section as compared with the DMSO vehicle control (Figure
12C).

DDAG Inhibits OVA-Induced Inflammatory Gene Expression and NO production in

Allergic Airway Inflammation

[084]. OVA aerosol challenge markedly up-regulated lung mRNA levels of
“adhesion molecule E-selectin, which is pivotal for pulmonary recruitment of
inflammatory cells like eosinophils and lymphoctyes; chitinase family members
including acidic mammalian chitinase (AMCase), Ym1, Ym2 and YKL-40, which
have recently been shown to play critical roles in airway inflammation and
remodelin_g26'28; Muc5ac, which is essential for mucus hypersecretion”. IL-33 is
known to recruit, activate and enhance Th2 T cell function®; IL-17 has been shown
to induce the release of eotaxin from airway smooth muscle cells, and both IL-17

and IL-17F were able to induce the release of in flammatory mediators from human
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observed in OVA-chall enged mce as conpared with saline-chall enged m ce
(Figure HB). DDAG strongly suppressed OVA-specific IgE | evels even at the

| owest dowe 200v1ioT¥g/ kg), and, to a | esser extent, the secuscemsboias t ot al
| gE and OVA-specific 1g@ wth significant effects at higher doses (Figure
HB). DDAG had no effects on the serum|evel of OVA-specific | gQa,

i ndi cat i ngoginsgtaRi i citiolThiFretidatmeraf witheDDAL (Espghkgk domobbAatd BBKE Reduces

OVA- | nducedAHR i n ce [083]. To investjgat e eff o] AG AHR in
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and Cdyn iR ; ' I t h Rt Ol ' sure
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change in pressure, acr,oss. the | A-chal | enged m ¢ evel.oped AHR whi ch
o ypi CaFPPORE MEBE D S DA 1o Jieesy e, FPEly Be70) MBAEVE! 1 oy ko)
dramat i calkigufeebi)QehifHl isaheifinf PrafueofDNn vivoOVA- chal | enged nice in
response to nethachol i ne, suggesting that imune-nedi ated ai rway pathol ogy

in vivo V‘@ﬂ)ﬁ'@%ﬁibﬁpoMﬁd&%&%ﬁhﬁ%n%%ﬁt%”ergﬂ%ﬂ%ﬁﬁ{lhﬂ%hoﬁEHJJ anul ating
mast cell counts as conpared wth saline aerosol control. DDAG ( 1 ng/kag)
dr ast i cal IIWNRiedrdasé NF-ARAttnation deYormal FurmargBrowshial Epithalivlfelds i n

t ol ui di nebl ue staining lung section as conpared with the DMSO vehicle

co gt rN& ( g«')smr Folvfy thidAke lantiifildansmadddy kffeltts ef (DI A Gnine® ¥ty cladiaegddx pr essi on
an roduction in_Allergjc.A.rwa nf | tion [084]. OVA aeraosol
chal | enge THEF WEEA W@f&@f‘igﬁh%tf@&ltlﬂ%&h@@@%a@ ! ‘é‘gitfﬁﬁ‘g‘]ﬁﬁ‘ftg’&‘ul e
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cells like hoctyes; chitindse fam |y nmenbers including

aci di ¢ nmaboedsi after the tlast aQ¥A( diviSaline) aerasoll | chyliengsn @ VK| challengghinatkelyy e

recently bee hown. t ay critjical roles i Lr infla tion and
renodel i 2% ??Wﬁk%@&ﬁ% W){?fn&lﬁ i} the nucledr ?’%ﬁac{]%ﬁhﬁx@éstlsﬁ?ep@}rgs%g?lg %on 29.

I L-33 is kpoesr 63 DRAbinlingaetiVivphecanshred Watcalidd Zerdsol @bhtrdlUFigure@n30; | L-
17 has been shown to induce the release of eotaxin fromairway snpoth
muscl e cellf4, andnldB)oPPAG (1 mp/kg) significantly (P < 0.05) reduced both nuclear p65

amount and DNA-binding activity to the basal levels, suggesting that DDAG may

exert its anti-inflammatory actions via inhibition of NF-kB activity.

[086]. To further explore anti-inflammatory mechanisms of action of DDAG in a
relevant airway cell type, we studied the effects of DDAG on TNF-a-induced
activation of NF-xB and cytokine mRNA expression in normal primary human

bronchial epithelial cells. TNF-« plays a critical role in asthma’>?

and is a potent
stimulator of human airway epithelial cells®*. A sharp increase in nuclear p65 level
and in p65 DNA-binding activity was observed (Figures 14C and 14D). DDAG
markedly abated p65 nuclear translocation and DNA-binding (Figures 14A-14D).
Furthermore, andrographolide noticeably blocked TNF-a~induced up-regulation of
IL- 6, IL-8 and RANTES mRNA expression in normal human bronchial epithelial

cells (Figure 14E).

Low dose of DDAG and Dexamethasone Synergistically Suppress OVA Induced
Inflammatory Cell Recruitment and Reduces OVA-Induced BAL Fluid Th2 Cytokine

Levels

[087]. To study the combinational effect of DDAG and Glucocorticoids in OVA-

induced airway inflammation, BAL fluid was collected 24 hours after the last OVA
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and IL- 17F were able to induce the release of in flamatory nediators from
humaneosi nophils in vitro3 1. Pretreatnent with DDAG ( 1 ng/kg)
denonst r avedorimong suppressi on of E-selectin, AMCase, YowAG2yidloodids

Muc5ac, COX2, IL 17 and IL- 33 in the allergic airways (Figure 13A).
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via inhibition of NF-kB activity. [086]. To further explore
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[089]. Our findings reveal a significant inhibition of p65 nuclear translocation and
kB DNA binding activity by DDAG in OVA-challenged lungs in vivo. To be more
specific, our immunoblotting analysis of TNF-a-stimulated normal human bronchial
epithelial cells in Viﬁo shows that andrographolide reducéd nuclear translocation of
p65, and diminished p65 kB oligonucleotide binding. Taken together, we have
established that Andrographolide and DDAG, the principal active component of a
medicinal plant Andrographis paniculata, can effectively suppress various aspects
of OVA-induced Th2-mediated allergic airway inflammation in mice potentially via

" inhibition of NF-kB activity. As these compounds share the same basic structure as
formula I (see Figurel A and B) presumably other compounds containing the same
basic structure as formula I will have a similar effect on airway inflammation.

[090]. Th2 cytokines play an essential role in the pathogenesis of the allergic

1-2

airway inflammation ~, and NF-kB is a critical transcription factor for Th2 cell

differentiation**. IL-4, IL-5 and IL-13 can be produced by various lung resident cells
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[087]. To study the conbinational effect of DDAG and d ucocorticoids in
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bi ndi ng. Taken toget her, we have .established that. Andrographol.i and DDAG
he.pr i ncPBATRgRoT VR GBS DY S TRerSioRn SR ame RSP ed e

pani cul at anti G@flan@hht@f) Eff@)t W UG @S5t ¥k i0pt AsfiafdIhRugAupprdsord
Th2-medi ated allergic airway inflammtion in mce potentially via
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into the airways as shown by a significant drop in total cell counts and eosinophil
and lymphocyte counts in BAL fluid, and in tissue eosinophilia in lung sections.
Leukocyte transmigration into the airways is orchestrated by cytokines like IL-4, IL-
5 and IL-13, and coordinated by specific chemokines like eotaxin and RANTES in
combination with adhesion molecules such as VCAM-1 and E-selectin” **. IL-13 is
by far the most potent inducer of eotaxin expression in airway epithelial cells*’. IL-
17 has also been shown to induce Eotaxin from airway smooth muscle cell*’. We
have demonstrated that DDAG strongly suppressed E-selectin and IL-17 mRNA
-expression and eotaxin production in OVA-challenged lungs, and RANTES mRNA
expression in TNF-o-stimulated normal human bronchial epithelial cells. These
findings are likely to be due to DDAG-mediated NF-kB inhibition, as the genes for
Eselectin, eotaxin and RANTES contain the kB site for NF-xB within their

promotersfw.

[093]. Taken together, the observed reduction in airway eosinophilia by
andrographolide and DDAG may be a result of combined inhibitory effects on IL-

13, eotaxin and RANTES production, and on E-selectin expression, secondary to
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airway inflamation 1 2 , and NF-kB is a critical transcription factor for
Th2 cell differentiationd44. 1L-4, IL-5 and IL-13 can be produced by vari ous
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W thin theldages leading to NF-xB activation and production of lipid mediators, cytokines
and chemokines® *°. Therefore, the observed reduction in serum total IgE and OVA-
specific IgE by andrographolide and DDAG in our asthma model may be
contributed by its inhibitory effect on B cell activation via inhibition of NF-xB

activation, and on IL-4- and IL-13-mediated class switching to IgE.

[095]. A family of chitinase proteins including AMCase, Yml, Ym2 and YKL-40
has recently been found to be markedly elevated in allergic airway inflammation in
“human and in mouse asthma models”®?®. They are mainly expressed in airway
epithelium and alveolar macrophages. AMCase level is increased in a mouse asthma
model and in asthmatic subjects in an IL-13-dependent manner’®. When given
intratracheally, IL-13 elevates Ym1 and Ym2 levels in BAL fluid from mice in
vivo™. Besides, YKL-40 serum level correlates positively with asthma severity,
airway remodeling and deterioration of pulmonary function in asthmatic subjects’®.
Overall, chitinases may play a role in airway inflammation and remodeling. Our data

show that andrographolide markedly down-regulated AMCase, Ym2 and YKL-40
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pronoters49. [093]. Taken together, the observed reduction in airway
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[095]. A famly of. chitjnase oteins. incl udi AI\/C?se Y nd YKL-40
has recent™F2EEeR qeg{jaﬁaiaplgg %a%ﬁg;lﬁgow tg’flgéjéﬁ {ei% TR HPs0g ) ?11%:6 ‘é‘;%&g
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expressed in aifrway epitheliumand alveol ar macrophages. AMCase |evel is
i ncr easedreSPPIEE O , E@tqmved reduction of AHR by DDAG may be associated with

the reduction in Th2 cytokine production, tissue eosinophilia, serum IgE level and

mast cell degranulation.

[097]. Corticosteroids may regulate gene expression in several ways. At clinical
dosage, glucocorticoid receptors (GRs), after activation by corticosteroids,
translocate to the nucleus and bind to coactivators of NF-kB and recruit histone
deacetylase (HDAC)2 to reduce histone acetylation that leads to suppression of these
activated inflammatory genes>. The main effect of glucocorticoids is to suppress

.inflammatory transcription factors activities.

[098]. Nuclear factor kB activation inhibition by compounds having formula I such
as andrographolide or DDAG or the others described herein hold positive prospect

in treating patients with glucocorticoid resistance.

[099]. As-high dosage oral steroids for long periods is associated with severe side
effects, steroid-sparing treatments have been sought after. Even though the anti-

inflammatory activities that andrographolide or DDAG exert are less than
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[0101].Female BALB/c mice (Interfauna, East Yorkshire, UK), were housed in
appropriate cages (maximum 4 mice/cage) at the Animal Holding Unit (AHU),
NUS. The temperature and humidity of the housing environment were maintained at
approximately 22°C and 55% respectively. Commercial mouse feed and water were
provided ad libitum. The beddings were changed three times a week to ensure
cleanliness of the living conditions. The handling of mice and the experiments
carried out strictly followed the guidelines approved by the Institutional Animal
Care and Use Committee (IACUC) of NUS, Singapore.

Systemic OVA Sensitization

[0102].All mice were acclimatized for at least one week before sensitization. A
sensitization mixture was prepared by dissolving 20 pug of OVA and 4 mg of
Al(OH); in 0.1m] of Saline. The murine asthma model was developed by sensitizing
the mice with 0.1 ml of sensitization mixture on Day 0 and Day 14 using

intraperitoneal (i.p.) injections.
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needed foi&émri% @FF‘%‘%H‘?""&‘H@@%’P@%E@% 2@%&8“%@5?#@?%%& a%efﬁngtt cause
by hi gh desagewsf entB oGR8 Petfoh theadiE & {iieP aé¥aksThred th
[%101]9. Femal e B%Leél?é:l m ce ﬁ(eil'fﬁ?g(ré% aunz;,é]f‘1 aﬂsrt@%d\?gp.rkhg%rge, L_JI%) , IS\/ver_etheoused in
%Bg r o_;l)_ L i afballpagefnl(( reaslipymped the aerped geipt @eartidhesiAp i< HIHidnt; ?gacmem (AHY) ,

: ete ratu a m_di i Y
mai nt ai ned“3} Oela%lﬁrrn%% Vr¥§ rglht;ﬁef%&é )gvr?gé gfggfdr@g%éé | \}lg]%yal.&o%gg?rééhr %:%g(?gﬁ‘ouse f eed

and wat er wldbgfeoskipdedd todhé hftideririn theheirvasd demgatingedreinahaegesbonke #e ti nes a
week to ensure cleanliness of the living conditions. Thefigﬁ%ﬂ i n% of mce
I

and t he efifefirwenthat saimicseastyng pathogeqesiy ang) thysuseeating agd Yopr oved

by the Inggytutional Animal

Preparation of Andrographis paniculata extract

[0105].1000 grams of Andrographis paniculatd aerial part (biomass) are covered
with 3.2 liters of 70% ethanol at 65° for 3 hours in a static percolator. Then the
percolate is recovered and the biomass is extracted 5 times again under the same
conditions, but using 2.6 liters of solvent per extraction, so obtain approximately
15.2 liters of percolate. The combined percolates are filtered and concentrated by a
rotary evaporator at 60° under reduced pressure. The extract is dried at 60° under
reduced pressure for one night. This extract has a total dry residue of 90.9g; the yield
vs starting material being 10.1 w/w. The Andrographolide HPLC content is 22.38%.
Alternatively the andrographolide or DDAG may be purchased commercially from
Sigma, St. Louis, MO. '

Drug Treatment to Mice

[0106]. Andrographolide or DDAG alone (0.1, 0.5, and 1 mg/kg; Sigma, St. Louis,
MO) or vehicle (1% dimethyl sulfoxide [DMSO]) in 0.1 ml saline was given by
intraperitoneal injections 2 hour before and 10 hours after each OVA aerosol
challenge. Andrographolide or 14-deoxy-11,12-didehydroandrographolide (DDA)
were prepared from stock. DMSO was used as a solvent to dissolve
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Care and Use Commttee (1 ACUC) of NUS, Singapore. System c OVA
Sensitization [0102]. Al mce were acclimtized for at |east one week

bef ore sewei2bioziadbi4en. A sensitization m xture was prepared/siegowiossas vi ng 20
ng of OVA and 4 ng of AI(OH)3 in 0.1m of Saline. The nurine asthma nodel

was devel op d by .sensitizing the mc of sen I ti,z m xture
on Day 0 profidzer B4 h g Foioinbal 1o pighnl e predireg o Aftpedy " ¢

Chal | enge _jPE0When L6, $8OSEbEK Foetioh &@s hewed embdinstEwith®afthé velutiGhwl | enge to
produce both the control nodel as well as the asthma nodel. A challenge mx

was pr epafeh tiyeejdlﬁeofmtldm@ ooriBnigatows; 0/ ong/mln).06fmg/ailiand Gbimg/mbn. The

m ce were.{ hen |l en rosolized 1% OVA for 30 mi nutes on Day 22,
23, 24 toTbFPﬁW 8n§S$WﬁQPPghPF§ponse A negative control for the ast%na
nodel wa In this
case, 15 asoni c
nebul i ze

enpl oyed t he
chal | eng 0 an
adj acent

aer osol i

generat i pogenesi s
and t hus 06051 | graphi s
pani cul a 1 100 gr¢ : ani cu aeria

part (bi ver@@SV\Ath 3.21000 ers of 70% ethanol ap.055 for 3 hours
in a sta r. Then the percolate is recovered and the bionass is
extracte P ' ers of
sol vent 30 0Dbt a tois] | i gol at e.
The corb e 20 & e R Ly £

evapor at or “AE 60 rutrg‘nré udcg Dr 65 6. 'ﬁeéegﬁ rac% I's Aa_rlees_at’ 260 under

reduced pdriehydrearddosgraptolide Gloin stddk soletidn act has a total dry residue of
90.99, the yield vs starting material being 10.1 ww The Andrographolide
HPLC content is 22.38%

[0107]. There were six treatment groups in this study as presented in Table 2. Group

A (Saline) consisted of mice sensitized with OVA and challenged with Saline, that

served as the negative control group. Group B (OVA) consisted of positive murine

asthma model that were OV A-sensitized and OVA-challenged. Group C (DMSO)

consisted of mice that were OVA-sensitized, OVA challenged and given

intraperitoneal (i.p.) injections of 1% DMSO 2 hours before challenge. This group

served as a vehicular control and a negative control for the drug.

[0108].Group D (0.1 mg/kg DDA) consisted of mice that were OV A-sensitized,
OVA-challenged and given intraperitoneal (i.p.) injections of 0.1 mg/kg

- andrographolide or DDAG 0.1 mg/kg 2 h before challenge and 10 h later. Group E
(0.5 mg/kg DDAG) consisted of mice that were OV A-sensitized, OVA-challenged
and given intraperitoneal (i.p.) injections of 0.5 mg/kg andrographolide or 0.5 mg/kg
DDAG 2 h before challenge and 10 h later. Group F (1.0 mg/kg andrographolide or
1.0 mg/kg DDAG) consisted of mice that were OVA-sensitized, OVA challenged
and given intraperitoneal (i.p.) injections of 1.0 mg/kg DDA 2 h before challenge
and 10 h later.
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Al ternatively the andrographolide or DDAG nmay be purchased comrercially
fromSigma, St. Louis, MO Drug Treatnent to Mce [0106]. Andrographolide
or DDAG awvoneio@okg 0.5, and 1 ng/kg; Sigma, St. Louis, pMDsGaoiomediiel e (1%

di ret hyl sulfoxide [DVMBO) in 0 1 mM saline was gi ven by [ nt raper| t oneal

I njection Q O : et e .

Andr ogr ap re
prepared]| hol i de
or DDA C. Wen
used, to
formthr 0.1
differe ndr oge ap e eoxy=11, & W

di dehydr [@Mﬁ] Thet® meded si x

treat ment, ps in this study as presented |n Table 2 GrcmproA (Sal i ne)
consi ste A \ , : : 3

served g ‘rol grol p ® ved ol “positive
muri ne : Gl < O\ ed~ up C
(DMBO) c0 t Rer®@ d, @e"tﬁ’ and gi ven
i ntraper p ) i nJ ect i omdr%ranf%héﬁ/so 2 hours bef ore chal | enge. This
group se Faetrienl aftsr : i A rug.
[0108]. € (0.1 ngikg- | CON 'a ed.of I cé ‘ OVA-sensitized,
OVA- chal | r P \ / kg
andr ogr WAWQHQKQM@)W ch@MAenge B Tieatmdnat er .

G oup E kg DDAG) COI’ISI sir&hlogirﬁphuh«ie that wer e O\/A-sen3|t|zed

OVA- chal & ' . B i-04ae b—ixg/ k
andr ogr apHab P@@J&er@tsomfmlwgdmezt HOBRS A )éﬁ‘éﬂIQI@ﬁg’eﬂwdﬂO h Iaterg
Goup F (1.0 ng/ kg andrographolide or 1.0 ng/kg DDAG consisted of mice
t hat wer e B@®vikheemenlar kedge RALIMEd| enged and gi ven intraperitoneal (i.p.)
injections of 1.0 ng/kg DDA 2 h before challenge and 10 h | ater. Table 2
Di f f er ent [@168]. Bodnchnal veolanlanaget (Baylgupss dondidtedi on Blay R8¢ 24 houtsafter they .

Bronchoal }élggll 8{/ &s%ﬁ% hzgl eﬁ‘lg fl\lfhce were anaesthetized by 0.3 ml i.p. injections of an
anesthetic cocktail (ketamine: medetomidine: H20 = 3: 4: 33, Pamell, Alexandria
NSW, Australia & Pfizer, Auckland, New Zealand) with 27G': sterile needle
(PrecisionGlide®). Mice were sacrificed by cervical dislocation 5 minutes after
anesthetization. 25G'. sterile needles (PrecisionGlide®) were used for blood
extraction. When withdrawing the blood, the needles were pierced diagonally into
the wall of the left ventricles, and the aspiration should be slow so that the blood
flow did not collapse. Tracheotomy was then performed and a small transverse
incision was made on the exposed trachea. Blunt needles (20G), which were
connected to 1 ml sterile syringes, were inserted into the trachea through this
“incision and 0.5 ml of ice-cold PBS (4°C) was instilled thrice into the lungs (0.5 ml
x 3). About 1.2-1.4 ml of BAL fluid was retrieved from each mouse and was kept in

-80°C for subsequent experiments.
Serum collection

[0110].Blood collected from the hearts were allowed to clot for at least 4 h.
Centrifugation at 3000 rpm for 5 min at 4°C was then performed on all blood
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[ 0109] . Bronchoal veol ar | avage (BAL) was conducted on Day 25, 24 hours after
the final OVAlsaline challenge. Mce were anaesthetized by 0.3 m i.p.

i nj ecti orwoabicenoamsest heti c cocktail (ketam ne: nedet onpdirrse2010@®@1%3 3: 4
33, Parnell, Alexandria NSW Australia & Pfizer, Auckland, New Zeal and)

with 21Gvi sterile needle (Preci.siondide (r i ce re sacrificed by
cervical §RMEPISS hesHPEMAAR, L f@S%sW%e%?ﬁ?MSWC%@Q Sg rg%l Me needl es
(Preci si oR@hd dhe(shbledtiede kg dof PLISA. 00d extraction. Wen withdraw ng the
bl ood, the needles were pierced diagonally into the wall of the left

ventri cl e%taq@%”t&gmpspi rati on should be slow so that the blood flow did
not col | apse. Tracheotony was then perfornmed and a small transverse

i nci sion n. 1 he, expo I irch were
connect ed I%GL gl%uedﬁ F(ﬁleeczs(e@rf?%ge%% %v%’% gjfi tﬁé g’?‘iuesg%?a%t%ﬁpﬁég? r ng#é(igc t hr ough
thi s inci sprAforaf chif) ab470. Tk supemarahtdwiBH1Iedted and Storetisati-BO Thirpetlet i nto t he
lungs (0.5 mM x 3). About 1. uid was retrieved from each

2-1.4 m_of BAL fl )

mouse and WAa seskapsndediin 29auliaf 0.8/ NEER(S- merNiriia 1 mpMiliQ weteBct i on [ 01
10]. Bl oo fq QF t east 4 h.
Con v  ugapd e BabE s Aol 158, EmBliale | Mt wVELR e

bl oodsanplTas.cellhasperpamnataarthen whntcfiged 4th#000e rpmm fomeds men tat seA’Cedlhear ef ul | y
and stored at - 80C. The s | e re Fept far. ELI SA. Tot al Cil?ll Count [01
H . BAL fFERELYI| ¥at S‘F‘FW at ﬁ\i’\gng@ eh cqntraning, slamumatery, ol W¥Bd at 3000
rpmfor Srdugpeliedia 20008 of RPVINRIR N, BRA mhilgﬁﬁmdnm REMINEThatotalB0C. The
pell et was resuspended in 200 m of 0.875% NH4Cl (8.75 NH4CG in 1Im

M I1iQ wanemperaof] viahteutrliseslas enurgeraied wising athaemoeytomaise (50 uwd oft G4%enove

unwant ed eryt hrocytes he cell suspension.was th ntrif at 3000 rpm
for 5 ni ngigarhh%}le TL@”L Céa’?lnsgf%eﬁlf'lon RS T e ena?r}toﬁg I%a }ﬂe{%ﬁg%nt ai ni ng

I nfl ammat qr.y. cel |l s resuspended in 200 M of RPM with 1% BSA (10 ng BSA
in 1m RPﬁ#e.’e Wéqeﬁ?(g‘?”"ﬁunber of viable cells was enumerated using a

haermocytoneter (10 m of 0.4%trypan blue : 10 m_of cell s ensi.on),
under a m1dkEelieviag the ttaheghPeyntadifions s ePERTRS) omdlq ﬁ%iuﬂwd[ 0112] .

Fol | owi ng cbifietdaohth (HERPMIPESA soflitloht (1005 0MRERs BET 15U fBSr RPMIDBSEAL ! uid
Cytocentrifugation was then carried out on all samples using a Cytospin centrifuge
(Thermo Shandon, Pittsburgh, USA) at 600g for 10 minutes to fix the cells on glass
slides. Smears of the infiltrating inflammatory cells were allowed to air-dry and then
stained using Liu staining (modified Wright staining). In Liu staining, éytospin
slides were stained with 800 ul of Liu A for 30 seconds and then followed by 1600
pl of Liu B for 90 seconds. Slides were left to dry overnight and glass cover slips
were mounted onto the stain. Differential cell count was then performed on a
minimum of 500 cells under the microscope (1000 x magnification) for each
cytospin slide. Four types of inflammatory cells namely macrophages, eosinophils,
neutrophils and lymphocytes were identified and their respective ratio was

enumerated based on the staining outcome and distinctive morphological features.

The absolute number of each inflammatory cell was calculated.
Test treatments

[0113].DDAG alone (0.1, 0.5, and 1 mg/kg; Sigma, St. Louis, MO) or vehicle (2%

dimethyl sulfoxide [DMSO]) in 0.1 ml saline was given by intraperitoneal injections

2 hour before and 10 hours after each OVA aerosol challenge. In the combinational

experiments, DDAG (0.1mg/kg) in combination with Dexamethasone (0.05 mg/kg)
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collected wwth the RPM/BSA solution ( 1 x 105 cells per 150 m of
RPM / BSA). Cytocentrifugation was then carried out on all sanples using a
Cyt ospi n wenbrwfioye ( Ther no Shandon, Pittsburgh, USA) atcéBGgoifmnoiid
mnutes to fix the cells on glass slides. Smears of the infiltrating

inflammatory cell.s were allo o air-dry and then stained using Liu

st ai ni ng ("‘f‘?ﬁ(ﬁ“fqnéﬂtrwwali¥‘ﬁﬁS?Phb‘?x.peflﬂleﬂflab S‘[s}g%g’ PR ae&?ﬁ[oggvﬁ? Hsgﬁ?sdes wer e
stai ned Wit eS8 eMcoffolli Anthdl ObxpiPink@EP NHereaperfoe f4tdranpd tby tHe600 nl  of
Liu B for 90 seconds. Slides were left to dry overnight and gl ass cover

sl i ps wer énstitutioneld guitkebngsh fors Amimal Gafed @andntpe| Canemitteg oo tth tiopaln
performedd)n a.Fi r}lgrum of 500 cells under the m croscope (1000 x

magni fi cat |n(5Y"|e)rS1 Yot OEeyt ospin slide. Four types of inflammtory cells

nanel y macrophages,  eosinophils, ophils and | ynphocytes were

i dentifi eéfyg’gf(f’et‘ﬁ’é’iqhe éwé?éﬁ’?/m%flwﬁs enuner at ed based on the staining
out cone and di stinctive norphol o?i cal features, Thedﬁbsol ub%aaunber of each
i nf I ammat 4bdevelgeef Haftc lrat Bt 13, Teetexin, and dENs in ghe L Wf%ne (0. 1,

0.2, N0 IndIlefur ) GBS artd (PN-0Ho BUBIcLie&RIPhhAnheds BThBN, c4l 1 ol de

[ DVBQ ) sdl'i'ne was given by rntraperitoneal 'njections 2 hour
bef ore an@WSK] Iield andfebmrinefrom RED Sgstems] MimdapeligydVIN| USA)e Therkitsnat i onal

experinments, DDAG (Q | ng/k i n _conbination wth xamet haso. 0. 05

ol Ka) e YT BPAITEE TR CHEHPHPARiaauiers adkh s i PRTOOE GHTER oy ne
aer 0sol  Wagdis 8dpaIn BriBL YO YL CSARE cRpture MHtiBBAY BraRSidciPOESatin baffeR! f or med
according to the Institutional guidelines for Aninmal Care and Use Commttee

of the Na(pRR#, 0WUnM sediumycathionglerfgrnPorteIL-6\and KF Ney; dnxl PBYetopitl-r1é andvel s in
BAL Fluid [0114]. Level.s, of |Lls4 c 9, . Ls eat axip.a I j.n the BAL
fluid wer gl)tl%lg Ur8d” o(a Fﬁg tZ? £)(?'I‘_"feg‘)l glﬁ% Iﬂ{f’-te r o(r:n EB%P%%’C?@% gis}lé %ﬁasr m ngen,
San Di egosedléd withparakilm kad andibeel axeimidht ahtdSgdtiSy sérapaatudd @r€apolli-s, M\,
USA). The kits were obtained fromtwo different mapnufacturers and_ thus the
pr ot ocol s4dili$ erd Ny asd reem terpaptare foy lyrldand egtyxm)- Wext dgxt saal Wellpt ur e

anti body | | [ 1 : 0 KW@ dpnat e for
IL-4, |L- ga%%%@%’@%gﬁp %@?B}sﬁﬁ%é?ﬁ%ﬁé&?ﬁ% (&)al}{hvégéyggat ed jtbg 96- wel |
ELI SA pl apbblohkiNgbublen(RBKwithTI0% FBSt for e, Hedl and NeY) IpaPBS iwith Hid

I ncubat edB Y‘\earmrg g’gtsugrtosé ?osrrif(-:l%i a\llned éo?g}?g)r f%tr lirheoug'sdf.% r];grrn tLrIﬁi)erature. After

blocking, 50 ul of standards and BAL fluid samples were loaded into respective

wells, and incubated for 2 h at room temperature. Several washings were done to
remove unbound molecules. The plate was incubated with biotinylated-detection
antibody with HRP for 1 h (BD OptEIA™ Kit) or with biotinylated detection
antibody for 1 h followed by HRP for 45 min (R&D Kit). After washing, 50 ul of
TMB peroxidase substrate (solution A: solution B = 9: 1) was added into each well,
and incubated for 30 min in dark. Lastly, 50 ul of stopping solution (1 M H,SO4)
was added to stop the reaction. The optical density of each well in the plate was read
-at 450 nm with A correction at 570nm. Detection limits of the respective kits are as
follow: 4pg/ml for IL-4 and IL-5; 15.6pg/ml for IL-13 and IFN-y; and 2 pg/ml for

eotaxin.
Bronchoalveolar Lavage Fluid and Serum Analysis

[0115].Miée were anesthetized 24 hours after the last aerosol challenge and
bronchoalveolar lavage (BAL) was performed as described above. BAL fluid total

and differential cell counts, and cytokine and chemokine levels were determined as
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4, 1L-5 and IFN- g and roomtenperature for IL-13 and eotaxin). Next day,
each well was washed with washing buffer (PBS with 0.05% Tween-20) and
bl ocked wohof0Qoms bl ocki ng buffer (PBS with 10% FBS f ecTisiG2d10/0bd14%5 and
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and cytoki ne and chenokine | evel s were determ ned asdescri bed above. Bl ood

was col | eaeplepyvesalendsd iptmesnecive aviellssandiamqubgied sfopf2 hoFallowek band

OVA- speci Waﬁah%@gspgg@g (%e?ég:(?ilvla %ﬁ%?od&%v\%rﬁ 3&?5%% &Eﬂ&é&eﬂr 1 0 fcflwedlevel s of

total IgE an I'n serum wef e nmeasur ed.
96- wel | Eby A npihdheubatiod eﬂH\HPt-éi)nﬁlg‘afeedntﬁGdydforGfS wépinuthe darkt Sbbsigate(sf or total
I gE, 1:250 dllutl

OVAspeci fyverq then a&@é%r éﬂ&‘qul %?g‘%/é’%i?lrﬁg‘i S ioﬁgglswd’é? &'?Bmﬁl ate was

washed wi § }ngz)e&/as( E&ﬁd%ts'fb;pthgﬁe/ﬂéﬁﬁﬁe@hggﬁﬁ&ﬂ (fe9§1%J of éeh PBS with
0.1% Tvveen 20 f OVA-specific Igg) and bl ocked wt 10% FBS i n PBS

for 2 hr wbllnmmﬂnlaﬂp@saczutg 45pmimewith[Aowikienigon it Wfda: éfbe@omb}mf lomitt ot al

| gE) and 1€ | oaded into respective wells and incubated for
2 h. Foll m%%%ﬁﬂ%ﬁ T espective detective antibodi es were added and

i ncubat ed 2{ ol l owed by 45 min incubation of HRP-conjugate anti body
for 45 ni ’%’ 0¥’Hé4”6 %, Substrat es

[0117).Lungs were fixed in 10% neutral formalin, paraffinized, cut into 6-pm
sections, and stained with hematoxylin and eosin (H&E) for examining cell
infiltration and with periodic acid-Schiff stain (PAS) for measuring mucus
production. Quantitative analysis was performed blinded as described below. Mast
cells were detected in lung tissue using toluidine-blue staining, and the number of
mast cells was counted in paraffin sections. The percentage of degranulated mast
cells in the lung was calculated by counting the number of cells with 10% of

extrusion of granules.

Qualitative Analysis and Scoring Criteria

[0118].For both H&E and PAS staining, bronchioles selected for analysis were of
similar structure and sizes, with clear morphology presentations and minimum
disruptions of the surrounding tissues that could be formed during sectioning. The
scoring of inflammatory and globlet cells was performed in 2-4 preparations of each
mouse and mean scores were calculated from 4-5 mice. The scoring criteria is

summarized in Table 3.
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were then added for 30 min in the dark wwth mld shaking. Lastly, 50 m of
stopping solution (I M H2SO4) was added to stop the reaction. The optical
density obWoeammiwmBl in the plate was read at 450 ran wpCh/SiG2eomn@asi on at
570nm The detection limt for total IgE was 2 ng/m . Histol ogic Anal ysi s
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scores were calculated from . The scoring.cri summari zed in
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e | or MRk diftaif aftpalsPihirRER i akNSHIDASOWRnEGL I 1. a few
ells; Ing o ceI ayer deep;, 3, aring of célls 2-4 cells
deep 4 6051 ng of cells of >4 cells deep. To determ ne the extent of nucus
product|o

A 0 Il Cells & - ’ g ) e - :..0%_: e
1 a few cells <25%
2 aring of cells 1 layerdeep - 25-50% -
3 a ring of cells 2-4 layers deep 50 75%
4 a ring of cells >4 layers deep SR >75% """"

Table 3 Sconng systems for both H&E stammg and PAS stalmng of the sectloned
lung samples.

Measurements of Airway hyper-responsiveness (AHR)

[0119].Mice were anesthetized and tracheotomy was performed as described above.
-The internal jugular vein was cannulated and connected to a microsyringe for
intravenous methacholine administration. Airway resistance (RI) and dynamic
compliance (Cdyn) in response to increasing concentrations of mechacholine were
recorded using a whole body plethysmograph chamber (Buxco, Sharon, CT) and
ventilated mechanically by a ventilator via the tube that was inserted into the trachea
at a tidal volume of 200 ul/breadth and a breathing rate of 150/min. Airflow and
pressure changes were detected by respective transducers, recorded and analyzed by
Biosystem XA software (Buxco, Sharon, CT, USA). Results are expressed as a
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epitheliumwas quantified blind using a 5-point grading system 0O, no
goblet cells; 1, <25% 2, 25-50% 3, 50-75% 4, >75% Scoring of

i nf | ammatwoyonelibrsand gobl et cells was perforned in at pceasoid/ode1fis er ent
fields for each Iung section. Mean scores were obtained from4 ani rral S.

*Significant djffe cefr ntrol, P < 0.

systems | GPrEBIEC ALERSIeSpIANG DI YBASS JF SPRPRTF O PseR L bEMERR G g

sanpl es. \eBsyr ement s of Airway hyper-responsiveness (AHR) [0119].M ce were
anest heti zed and tracheotony was perfornmed as descri bed above. The internal
j ugul ar V%e?lé‘:?& gannul ated and connected to a mcrosyringe for intravenous
nmet hachol i ne adm ni stration. Al rway resistance (RI) and dynam c conpli ance

Cdyn) in S a n

oot ned JUFRRY Selfinind e Stk SROAERANIANS, 8 GRANEORL REnURIC )
ventil at edesf}liﬁﬁé'b@nmC@lnlphobyte@ thericid afnyph \niode tdeHs twdre drbwh inabronokiel t ed into
the trachea  at_ a ume of 200 m /breadth and a breathl n r%te of

150/ mdn Apitheligly %‘HEP“EF e‘§§‘UP@ dhambex \Ripecigace cYVatkeryilee Mbet
h
transducerg )l rﬁ@ﬂé&je\gltﬁ%ﬁﬂé‘ éﬁﬁW%x§h85¥?tﬁW %dﬁfb%&%h@ @éﬁgass aron,

CT, USA). fs are expressed as "apercentage of "the respec

values in re@mmmhumaplﬁﬁpm mlbupmeplmhes(ali mb) raBSyrin (215 miinsulire s

[ 0120]. To ,dete mnethe f eon O\/As i fig | mmune
responses (SS nPRBe %‘%g ﬁ éc&l“ &gr}ﬁisfﬁg CE » S 5@%“? ronchi al
epi t hel i alyopyt)| ghkidmphBetridd BCESPm@mIB qrﬁsl&ngaverw&h&ﬁfase& ke 5MEOLUSA) |

suppl errented vmth bovine pituitary extract (2 m ), hydrocortisone (0.5 m),
r econbi nanucuhatenat B, (agd SUbﬁu)lﬂlreémtri?é)%tQ &%A) (@nBuericy; C@Msawgt@&mpﬁd( 0.5 m),

insulin ( CI d dpt
gent anyci g goﬂlgmél @6‘ ol g’%néanaﬁgl erl 08 1?%’6&&9?& §gse‘?he ceI S
wer e i ncubatitidle icon®dh %eﬂnﬂt&ﬂﬂ@aﬁ@m pdrall?e_{ anﬁé’ede suharek twire cinalyz€0 %ot 0 85%

confluency. Cells were elé%sed to 200 nmg/ M .  OVA for. 72 hours. Concanavalin
A (Con A, cYoking/lsvels aBLinbdNemnah hyman branchial ppifhsfial aslls svere culfired 1y om

paral el {hiph)aalSnGHiit Yhidsli fiftn Wifh F-Yﬁ&@é’rh EX&hS BaYel ELI SA
Nor mal rrg nrl)ﬂbreoncrﬁflﬁi %{lt hé a ceﬁps%wer e cu é}ﬁs I( ©
Switzerland). Cells were pretreated with 30 uM andrographolide or vehxcle (0.01%
DMSO) 4 hours before stimulation with 10 ng/m! tumor necrosis factor (TNF)-c.
Total and nuclear proteins, and mRNA were extracted from cells at specified time

intervals.
Immunoblotting,

[0121).Lung and cell culture nuclear proteins (10 mg per lane) were isolated.
Lysates were incubated on ice for 30 min before centrifugation (18,000g for 5 min).
The supernatants were collected, and protein concentrations were determined using a
BCA protein assay kit. 28 ul of the protein measured were mixed with 7 ul 5x
sample buffer and boiled at 95°C for 5 min. 10% SDS-PAGE gel was set as known
in the art. The gel was placed in a Trans-Blot tank (Bio-Rad Laboratories, Hercules,
CA). 30 ul of the sample mixtures and Pre-stained SDS Page Marker (Bio-Rad
Laboratories, Hercules, CA) were loaded into respective wells and ran at 100V for 2
hours. The proteins were then transferred to a PVDF membrane using a semi-dry
transblottér (ATTO Corp, Tokyo, Japan). The PVDF membrane was blocked with
5% non-fat milk in Tween-20 Tris buffered saline (TTBS) for 2 hours and probed
with various primary antibodies in 1% non-fat milk in TTBS (1:2,000 for anti-rabbit
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optim zed bronchial epithelial bulletkit nmediumw th supplenents (Lonza,
Basel, Switzerland). Cells were pretreated with 30 nM andrographol i de or
vehi cl e (WOQdAPiIDMVE®) 4 hours before stimnulation wth 10prog/Sclotowomin3
necr osi s fact or (TNF) a. Total and nuclear protei ns and rrRNA wer e

extracted f ecified ti nt ott| n 0121].
Lung and (’?8 fﬁ tufgaétﬁsﬁpglat RO éf’ﬁig d(’?oelng&% ?Ver?%gﬁ 5{

Lysat es were, TRE PRAdEeasthdrc®adtied with mmsbai‘rqroenmemz Lfajgfmt lefth) ( drfdl 0009 for
5 min). The supernatants were collected, and protein concentrations were

det er i nednawbptied im HBEA op Adt-eqnjuigated-antirneuse g apti-rahpbit andibediss &l htisur ed
f %
ver e i et nirafl WX sBANRLERBY LA TR BAYIES BLiBRCa Ky o 10%

SDS- PAGE g nown ace
Tr ans- Bl otea¢lnok HRBI subRagte Llakl aubstrate 2, wbierazidbdesmtd)%): méiﬁbnahe dfortAR- sanpl e
m xtures and Pre-stai ned SDS Page Mar ker B| o- Rad Laborat?rl e Hercul es,

CA) were [coaysed antipadyshadni Ph’%ra% Q(aﬁl AP 2pdntfesy 7ouhReagsnt The
proteins V)@p% ,%gtﬁ%g%gaﬁtﬁ %& apangﬁ% T‘E@r%[ g@% r%af%ags fhefi AV e16p8d

transbl ot té rane was blocked with
5% non- f atin mhd &arkmnThgmnﬁ]m; ismg abBCGle rrmeealhnnam@mefeoprobem&uﬂs and

probed with.various primar di onfat BS ( 1:2,000
for anti - PAHH g%aﬁ%ﬁ“ﬂ@’&?’é‘épgﬁ@%?@ ading prq 5‘82?@? X beam, 000 f or
-actin) oYgmbrid t, @k).40C. The PVDF was then vvashed with TTBS for 10 tines
(2 - 3 mn each and I ncubated in HRP- or AP-conjugated anti-nouse or

anti - rabbifpx for 1 hour. The nenbrane was agai n washed with TTBS.
For HRP—conJ ugat ant| body, 1 m each of HRP substrate 1 and substrate 2

wer e adde ' '

Subet ot oQ R hBE W BRI e InARGANIO Da MLl GUAY AT

\r/]vat er% . }I\/aSaI&Md_ llweEgLﬁi storeién ;Ra{mlawasrhdmml t pdhsvseérembst bihctubtah:d aﬂa40€Con65
erfilnms us an reagen nmunobl o ro t

anf i - phos BN%mi%'g ‘(@é‘? Mlatearta PSHT"?ateI'JrL}t*F%ﬂEﬁ sﬁ&s dPéFag?ﬂ(ZPégﬁ Map

Canbr i dgerphhmp r@%rgtﬂéf%téanat[ %8@] Befo #N AVgdofationO tatge@lsstésowehe

thoracic cavity P24 hours after the |ast OVA of saline chal | enge, and stored
i n RNAl at ¢hawedlrat -4°4hJlhey weee thehirempvédiromahe RNAlated @@l immersed in 1 ml

Trizol solution. Then, homogenization was performed using a homogenizer
(SilentCrusher M, Heidolph Elektro GmbH & Co., Kelheim, Genman). All samples
were placed on ice to prevent RNA degradation. The homogenates were then
centrifuged at 12,000 g for 10 min at 4°C. The clear RNA containing supernatant
was then decanted, incubated for 5 min in room temperature, and 0.2 ml of
chloroform was added. All tubes were shaken vigorously for 15 seconds and
incubated at room temperature for 3 minutes before being centrifuged at 12,000g for
15 min at 4°C. About 500 ul of the colourless upper aqueous layer containing RNA,
was decanted. 0.5 ml of isopropanol was added and mixed for 30 sec, before being
- incubated at room temperature for 10 minutes. The tubes were then centrifuged at 12
000 rpm for 15 min at 4°C. The supernatant was discarded and 1ml of 75% ethanol
was added to the RNA pellet. Centrifugation at 8500 rpm for 5 minutes at 4°C was
then performed to wash the pellet. The supernatant was again discarded and the
washed RNA pellet was air-dried at room temperature for 10 min. The dried RNA
pellet was dissolved in 100 pl of ribonuclease-free DEPC water and incubated at
55°C for 10 minutes. The amount and purity of RNA present in the sample was

quantified using the spectrophotometer (NanoDrop ND-1000 from Thermo Risher
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overnight for the RNAlater to perneate into the lung tissues to stabilize
the RNA. The sanples were then stored at -80C. Before RNA isolation, |lung
ti ssues woeotonawad at -4C. They were then renoved frompChscRNAloadies and

immersed in 1 m Trizol solution. Then, honobgeni zati on was perforned using

Cennany ST pinGs. WalBetn) M GRATCEOM, 1 e NEGr ey 8 The
honmogenat es  W&J.& (DRANreSRE chhtdaiPithn®) rdtdosO0&te FedoRded s & thdddatibfeof The cl ear

RNA cont ai ni ng supernatant was then decanted, incubated for 5 min in room
t enper at upsrityapfithe. RNA exdfaciet] dnaiceentabladevgl @b purity for betedrae ahken

vi gorously, f 15 seconds d.n £ at roomtenperature for 3 mnutes
bef ore befﬁ@‘?‘é@ﬁfelaﬁ’fl%% ugfgi?o(ﬁlggggat 23)'15 mn at Té About 500 m of the
col ourl es r agueous | ayer containpn NA, was,decanted. 0.5 .nd of

i sopr opani?&%i eXt38d %Fr‘rﬂ)(‘%d Y85 %"6%(’?385 i Sy%thﬁsé?%gsyglfﬂ%ﬁf“&l at room
t enper at U'b@m%&ine;x%{_ﬂi DescDNY) tibRphtedeidnt "B RNU I btH@RM. aVolliéneDO00 rpm

for 15 mn at 4C e supernatant was discarded and | m of 75% ethanol was
added to tchataiRivy badgl tetal RO twastaglyalateshbased ®50be npeleicorcid coaentrationat 40C

was then perfor t Q. wash. th | | et, Th [N t aj i scar ded
and the m&é%%ﬁe%%%‘? 5?60\}\%?&%@&1-6 ge(r?’l %ndj at sﬁg ne'ldt %&rggrzg}t,\ﬁf (‘ﬁ?’ oir)%f mn. The
dri ed RNAvwagd! €0.5898 ofimadrvatk was 100 sddedfto rdatloBatipleeThen, dDNA WASPC wat er
and incubated at 55C for 10 m nutes. The ampunt and purity of RNA present

in the sasprbesiged fERmnk Heid RINA ying aanuiwal thermst SxdeefCARIDPEE ND- 1000
f Th i I 1Lk | , WS 0/ A280
( E)&T/ pr g'[ g? X mbg%@l @b&( B@%ﬁﬁn?@oﬁt ’mC#é)r?%Sss‘ﬁ?gﬁ% re recorded

as an i ndireaatibmolafmettd &5 L fortlY mihutek andRAZC(Efar BAgniedtes. An accept abl e | evel of

purity for both A260/ A280 and A260/ A230 readi ngs should be about 1.8 to

2. 0. [0123)124ReRER amplifiaatsesiviare tHenvpesfopaed asing thetmulsiyelltbanme cycler

si ngl e-stranded_conpl ementary DNA (cDNA) tenplates fromthe RNA extracted.

Vol une coRBdithicRYA templatgin a 2val reastiomyelumss £he FRastion ¥alumecontained; ¢ acid

concentr at t to 20
Déggmlmgeiggggﬂﬁr, Q-? ﬁ%%&ﬁ%%gﬁ&’ﬁbﬁfmﬁﬂﬂ W1RSy - RPREe P

m wth wat er . mast er was then added to each sanple.
Then, cDNAGWaM)syd il RS9l 2xPER omster ngx (50 ®iits/mb TegPNAmelymevasd, 40Oevinal

cycler (CanaATlbas Sth SERPACKPTOARM JFfb BRETT: VEer Bkt BV O

USA) by
inflammatory biomarkers are shown in Table 4.

Sequences

Targets Forward Reverse
AMCase 5’-TGGGTTCTGGGCCTACTATG-3’ 5’-GCTTGACAATGCTGCTGGTA-3’
(mouse)
Yml 5’-CTGGAATTGGTGCCCCTACA-3’ 5’-CAAGCATGGTGG TTTTACAGGA-3
(mouse)
Ym2 5’-CAGAACCGTCAGACATTCATTA-3’ 5’-ATGGTCCTTC CAGTAGG TAATA-3’
(mouse)
YKL-40 5’- GTACAAGCTGGTCTGCTACT-3’ 5’- GTTGGAGGCAATCTCGGAAA-3’
(mouse)
E-selectin 5~ AACGCCAGAACAACAATTCC-3’ 5’- TGAATTGCCACCAGATGTGT-3’
(mouse)
MCP-1 5’-GATCTCAGTGCAGAGGCTCG-3’ 5’-TGCTTGTCCAGGTGGTCCAT-3’

_ (human)
COX-2 5’-GGAGAGACTATCAAGATAGT-3’ 5’-ATGGTCAGTAGACTTTTACA-3’
Muc5ac 5’-GAGTGACATTGCAGGAAGCA-3’ 5’-CAGAGGACAGGAAGGTGAGC-3’
(mouse)
iNOS 5’- GTCAACTGCAAGAGAACGGAGAC-¥ 5’- GAGCTCCTCCAGACGGGTAGGCTTG-3’
(mouse)
IL-8 5’-ATGACTTCCAAGCTGGCCGTGGCT-3’ 5’-TCTCAGCCCTCTTCAAAAACTTCTC-3’
(human)
IL-17 5’-CCGCAATGAAGACCCTGATAGA-3’ 5’-CAGCATCTTCTCGACCCTGAAA-3’
IL-33 5-GATGGGAAGAAGGTGATGGGTG-3' 5 '-TTGTGAAGGACGAAGAAGGC-3'
RANTES  5’-ATGAAGGTCTCCGCGGCACGCCT-3’ 5’-CTAGCTCATCTCCAAAGAGTTG-3’
(human)
VCAM- 5’-CAAGGGTGACCAGCTCATGAA-3’ 5’-TGTGCAGCCACCTGAGATCC-3’
1(mouse)
GADPH 5’-GGCAAATTCAACGGCACA-3’ 5’-GTTAGTGGGGTCGTCCTG-3’
(mouse)
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reaction volunme to 95C for 10 m nutes and 42C for 30 mnutes. [0124]. PCR
anplifications were then perfornmed using the multiwell thermal cycler on
1m cDNA werrploatie7ssn a 25 nl reaction vol une. The react ipam/SGadwrmeoiadnt ai ned
10.5 m nucl ease-free water, 0.5 m forward prinmer (10 VM, 0.5 m reverse

pri mer (1 d rase,
400nM dAT bo% ol a‘é%ﬁ?“‘%‘ﬁ%?gﬁﬁgﬁi%ﬁ d#Té’élg\r?gA{:i%@%%E @E‘Pﬂ%ﬁ for
i nf | ammat ERIEIST RIP T2 EDICEM ERAGBRIBAINOT War d
Rever se Aly@g@rlé ,;rmggTGGGCCTACTATG e e TGACAAT GCTCCTGGT A 3
(mouse) Ym 5 - CTGGAATTGGTGCCCCTACA-3 ' 5' - CAAGCATGGTGG TTTTACAGGA- 3
(mouse) Yngr5p- C AGACATTCATTA-3' 5' - ATGGTCCTTC CAGTAGG TAATA- 3'
(mouse) YKL-40 5'- GCTGGTCTGCTACT-3' 5' - GITGGAGGCAATCTCGGAAA- S

(rmouse) E; WT %@W JGIGT- 3'
(rmouse) P%ﬁgﬁd%&%% 4 fgpN% KBF%)CI\:II'A-&TCCA%GF ﬁ%

(human) Cahe TraoisACGAGAEBCIGST GANSAPAGH -factor Esmﬁmmm TCTADAdS

Mucb5ac 5' - GAGTGACATTGCAGGAAGCA-S ' 5' - CAGAGGACAGGAAGGTGAGC- S' (mouse) i NOs
5' - GTCAA CAAGAGAACGGAGAC- 3' 5' - GAGCTCCTCCAGACGGGTAGCGCTTG 3" (npuse)

| L-8 5' - ATGACTTCCAACCTGGCCGIGCECT- S' 5" - TCTCAGCCCTCTTCAAAAACTTCTCG- S (human)
|L- 17 5 -StrtstiepPgASISCCCTGATAGA-3 ' 5' - CAGCATCTTCTCGACCCTGAAA- 3' | L-33

5' - GATGGGAAGAAGGTGATGEGTG 3 1 5 ' - TTGTGAAGGACGAAGAAGCE:- S 1
[0126].Data are presented as means + SEM. One-way ANOVA followed by

Dunnett’s test was used to determine significant differences between treatment

groups. Significant levels were set at P <0.05.

[0127]).Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described.
The invention includes all such variation and modifications. The invention also
includes all of the steps, features, formulations and compounds referred to or
indicated in the specification, individually or collectively and any and all

combinations or any two or more of the steps or features.

[0128].Each document, reference, patent application or patent cited in this text is
expressly incorporated herein in their entirety by reference, which means that it
should be read and considered by the reader as part of this text. That the document,
reference, patent application or patent cited in this text is not repeated in this text is

merely for reasons of conciseness.

[0129].Any manufacturer’s instructions, descriptions, product specifications, and
product sheets for any products mentioned herein or in any document incorporated
by reference herein, are hereby incorporated herein by reference, and may be

employed in the practice of the invention.

[0130]. The present invention is not to be limited in scope by any of the specific
embodiments described herein. These embodiments are intended for the purpose of
exemplification only. Functionally equivalent products, formulations and methods

are clearly within the scope of the invention as described herein.
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RANTES 5' - ATGAAGGTCTCCGCGGCACGCCT- 3" 5' - CTAGCTCATCTCCAAAGAGITG S'  (hunan)
VCAM 5' - CAAGGGTGACC AGCTCATGAA- 3" 5' - TGTGCAGCCACCTGAGATCC-3 ' 1( nouse)
GADPH 5' -VEOCAMATTES AACGCCACA-3 ' 5' - GTTAGTGGGGTCGTCCTG BCT/SGrowse) 13- Act i n
5' - TCATGAAGTGTGACGTTGACATCCGT- S' 5" - CCTAGAAGCATTTGCGGTGCACCGATG S (bot h)

TABLE 4. P SETS FOR . REVERSE TRANSCRI PTASE- POLYNERASE N CTI ON
ANALYS! 5 10T TERAERIOR (6T DL Byrer PG A e SPe Rl e L Stke Sd for
NF- kB DNAshENelndentagibh \etd)y Alednig off Ralués il Adluiers@BoR 88 iddhadesdll valuéson f act or
assay kit (Active Mtif, Carlsbad, CA). Statistical Analysis [0126]. Data

are presenithin the raggen incluing thervaluga denpiogshe mngeaad valuepadiseent t@ theest was

used to d r.m Lani fi | ff t aar .

S ani 1 catier oyaien ST IS 1 Shme'or ShGAREHY) Bl SR BLESHETR ol PR,
wi Il appr gameliatdynadjaddnetd thaerhieowhidk defindsehl bameary toshstangepti bl e to
vari ations and nodifications other than those specifically described. The

i nvent i on (012 YlRMughbht ﬁﬁ@@;f)é@ﬁéa%h,oan@m thdbhteLietdqanss oftfeewisBy et i on al so
includes all of the steps, features, fornulations and conpounds referred to

or i ndi catedd i 'sompesepeti varigtensosuch wdi \dogpaises/ er "eempagingyeMill hied any and

L WCOmbi 348034 01 oY iR QLGS Bl 1Fecdl 5500 of BRLAEE Gy kPARE) - Fach

docunent, reference, applicatron

expr essl y ekdlGsi6p of ahg btlerigicger or ghmiprofeintdgesst yithy dlef astedakat inhthish means
that it should be read and considered by the reader as part of this text.
That the SBeloRERt and pasieialy 1pathenclaimgy| prdier drragranhss dFRMSiSPEY 3Sn this

text is not,faoeat ea gy dBis &xilprls Yht Ofiked’ &8 OO theS MGhiNeSS-
e CQ[IOI’%TE e

[0129] . Any nufaét ur S 1Astru scriptions, product
speci fi canitdmged andt pa dfiScPawheddvs; £.gr, they cpn adermt Sinckdes’orfadtludeddi n or in
any docurrﬁlrrlxtcluidlnn(f‘;g,r EI?C{ %ﬁeeﬂke; and that terms such as “consisting essentially of” and

“consists essentially of” have the meaning ascribed to them in U.S. Patent law, e.g.,

they allow for elements not explicitly recited, but exclude elements that are found in

the prior art or that affect a basic or novel characteristic of the invention.

[0133].Other definitions for selected terms used herein may be found within the
detailed description of the invention and apply throughout. Unless otherwise
defined, all other scientific and technical terms used herein have the same meaning
as commonly understood to one of ordinary skill in the art to which the invention

belongs.

[0134].While the invention has been described with reference to specific methods
and embodiments, it will be appreciated that various modifications and changes may
be made without departing from the invention.
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by reference herein, are hereby incorporated herein by reference, and may
be enployed in the practice of the invention. [0130]. The present invention
is not towbeolommt4ed i n scope by any of the specific enpodiscensocdescri bed
herei n. These enbodi nents are intended for the purpose of exenplification
only. Functjon equi val ent. oduct s or mu i ons. and t hods are
clearly wit ﬁ?lhgllt hém%a@igsﬁoél%o’fe[@?IllvgE%‘%‘F%ﬁ“%&”a’%“%%@%Irlerg?)tg%' aﬁ‘é'ér]gﬁs ﬁ?sﬁldfm 1]. The
i nvent i on desc mighletdrsimaiupityndles Renleimuebéd Tor?@0%$(6xA38-686 ange of val ues (eg
size, concentration et cé. A range of values will be understood to include
al | val ue$- Tatik Nelpeimp Bl and sosipqpilin G i@in/amyes Tef i ni ng the range, and
val ues adj ﬁ@%gé %&% BPe range which lead to the sanme or substantially the
sane out cONB 49 tH&Val ues i medi at el y adj acent to that val ue which defines
the boundar iy 8 ubAF G 112 37 padAERNO ML) DeSPeCI T cati on, unl ess
t he context requires otherw se, the rd "conprise” or variations such as
" conpri sespo462:180909ri sing”, will be understood to inply the inclusion of a
stated integer or group of integers but not the exclusion of any other
i nt eger or. Kogal§P, Rbseibaiig BIFENMSqbellR, etiab EadimdphileGiobgichlpadpertits ahdiole irchiesithl osur e and
particularly in | al Sxoterms such as "conprises"”,

an& J?s%asg..c%a E‘?pa,ﬁ%% %éay??(&%@@?%%ﬁo.

"conprised", "conprisin an have the neaning attributed to

i t in U. Sg. k@R SallcfiﬁéfC_I\EKg]g GG PRdhafi AR oFBARY hipledspbel@&eness i'niaﬁ_ﬁ}hdeed" y
"including", and the Iike. and g hg%/ terns such as "consisting essentially
of and "consi stRésl’ﬁglg%fnﬁePé‘?qup(é)f 8% the neaning ascribed to themin U.S.

Pat ent | ay,..e. h | .o s 1.Cl ifRQe. but

excl ude ep/'ezr]rnlg‘ﬁ st Pa@l}gacﬁéb?g&éigﬁﬁnﬁi@@%&?@?ﬁdﬁ%&gyf&%ﬁ%g%ceglg %ect a basic or
novel charact efridaqefl apopipsis WirepSp-npdinted dspth reEies S pp-regilatien MpbEersertIpendl £ or

sel ect ed ter s omedn)beneigw. may be found within the detail ed description of
the invention and apply throughout. Unless otherw se defined, all other
scientifi ¢0.dindg FRe G Eho €,rGiso HIB Edl ShSoypirassidvend e-Stehmnséammgiondani ng as

commonly under gipad, ﬂ&dé’&?@ﬁ%&@%&ﬂfﬁ@%éﬂf&&ﬁ addRitdnbBioRSlinelERk Whhigly t he
i nvention bel ongs. f0134 le the invention has been described with
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; aryl groupremdhsapraplyband the hilip htutyy promp ducthas pheky, nafiehyd and the'ldep nay be
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thiophenyl and the like, the heteroaryl group may be substituted; aralkyl such as
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benzyl, phenethyl and the like, the aralkyl group may be substituted,;
heteroaralkyl group such as pyridylmethyl, pyridylethyl, furanmethyl, faranethyl
and the like, the heteroaralkyl group may be substituted; (C,-Cg) alkanoyl group
such as ethanoyl, propanoyl, butanoyl and the like, the (C,-Cjg) alkanoyl group
may be substituted; (Cs-Cs) alkenoyl group such as propenoyl, butenoyl,
pentenyl and the like, (C3-Cs) alkenoyl group may be substituted; aroyl group
such as benzoyl and the like, the aroyl group may be substituted; heteroaroyl
group such as pyridyl carbonyl, furyl carbonyl and the like; the heteroaroyl
group may be substituted; aralkenoyl group such as phenylpropenoyl,
phenylbutenoyl, phenylpentenoyl and the like, the aralkenoyl' group may be
substituted ; aralkanoyl group such as phenylpropanoyl, phenylbutanoyl,
phenylpentanoyl and the like, the aralkanoyl group may be substituted; sulfonyl
group such as methanesulfonyl, benzenesulfonyl, p-toluenesulfonyl and the like,

the sulfonyl group may be substituted.
R? is selected from a methyl group or a methylene group;

R* is selected from a hydroxyl group or a carbonyl group;
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het er oar al kyl group such as pyridyl nethyl, pyridylethyl, furannethyl,

f ar anet hywoanoy/tibras! i ke, the heteroaral kyl group nay bepsulsstotowoeds (C2-C
) al kanoyl group such as ethanoyl, propanoyl, butanoyl and the |ike, the

(C2-C8) alk | gro may be substituted; .(C3-C8) al kenqyl group such as
pr openoyl , %ﬁéﬁ?&%@%@%%ﬁﬁ%‘g PRYE P%gdr(of‘&gréﬁ’ a&l@@'ﬁ&ﬁ‘g’g?oup may be
substi t ut ed;m&ho¥ %Gﬁgtmnaﬁwen@gmhswl et ®r bkter 1Iim&ea,sug4}egr@df;9yl group may
be substituted; heteroaroyl group such as pyridyl carbonyl, furyl carbonyl

and the IEK@'GHE@‘HgEﬁqugﬁ¥Bn O 98y B substituted; aral kenoyl group
such as' ' p en§ﬂpropenoy’, phenyl but enoyl, phenyl pentenoyl and the |ike, the
ar al kenpy | o I .

heny! o opa B TR SpRabbd s oL, SRTEE o W Sl RRereq

ar al kanoyto gparient imeed of sontllidginediwBidisadstl group such as

nmet hanesul fonyl, benzenesul fonyl, p-toluenesul fonyl and the |ike, the

sul fony, YhOMRtHIEYfRRIM UBShdréiH feghullRBid AndBh@phadief rom a met hyl group or a
met hyl ene group; R4 is selected froma hydroxyl group or a carbonyl group;

RS is sel ¢hd RAHOBITCRRR 18indtia f&HﬁdeY"isnlgl:-de%x%Y‘ijﬂQXY' group, an al kyl group,
a net hoxy group, a nethylene group, or an ether or ester |inked sugar
group; 2. didtlydroabdrograpliolideai m 1 wherein the cell is in vitro. 3. The nethod

of claim1l1l wherein the cell is in vivo and the formula | is admnistered to
a pati eént Thexmethed of tladnntwlsdréin cgntasiliag inflaynmiatiomrcbarprisds cohtrellimgt hod of cl aim
1 wherein formula | is Andrographolide. 5. The nethod of claim 1l wherein

formul a |135¥M&4- deoxy-1 1,12- di dehydroandrographol i de. 6. The method of
claim1 wherein contraolling inflamuation_conprises controlling asthma. 7.
The netlhodhgmeathed of claipnkepaetsinceontroling infammationsmppetes copfrlliag s
controlliggﬂééﬁf%ﬁ%@@ c effects. 8. The nmethod of claim1l wherein
control ling Tnflammati on conprises controlling chronic obstructive
pul mongrydi se D). 9. A f i . al j sorder
conpri 3 na %Igilﬁ?l %Igé) % gr%f IIrllg V%theé%}rslgo o‘%&ﬁ g$ ﬁluqa%ﬂﬁﬁ}onn&nﬁ’%gg &%&lg{g

chronic obstructive pulmonary disease (COPD).

9. A method of treating an airway disorder comprising administering a dose of formula

I:

wherein,

R' and R? may be selected from a hydroxyl group, a methoxy group, a

methylene group, or an ether or ester linked sugar group; hydrogen, substituted

or unsubstituted, linear or branched (C,-Cs) alkyl group such as methyl, ethyl, n-

propyl, iso-propyl and the like ; aryl group such as phenyl, naphthyl and the like,

the aryl group may be substituted; heteroaryl group such as pyridyl, fu;yl,

thiophenyl and the like, the heteroaryl group may be substituted; aralkyl such as
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| : wherein, Rl and R2 may be selected froma hydroxyl group, a nethoxy
group, a nethylene group, or an ether or ester |inked sugar group;

hydr ogen,weubstiibuused or unsubstituted, |inear or branclret/sGerGo@)3 al kyl
group such as nethyl, ethyl, npropyl, iso- propyl and the like ; aryl group

h henyl , ht he th b bsti t ut ed:;
ot or oar o1 o Bl afd e, te SN Sarbtmelt R e. | ke. the
het er oaryl gﬁ&%aﬁ}w BRupubst éép&trﬂ‘ﬁmélhﬂ' Fyﬂndyﬁétﬁ asaneanll fzﬁi&fbﬂ%ﬂhw and

the |ike, the aral kyl ‘group may be substituted et eroara group such as
pyri dyl met hyand thy likelyhehdigroarakyl grovetmay be substitntedh(T.- dllltaneyll gréep t he

het | kyl b C h
ethanoyl - prUBAAYRaR R R e I T S
be substitut@eybé %@ﬁh@t@ﬁ@@yﬂlk@bwgoﬁygﬁbm pRopEReYpBhitendf €noyl

pentenyl and the |ike L& al kenoyl group rmay be substit uted, aroyl
group such arentrsyband thedikie(§e- QS? rikenqyih groapayay be Sbstitved; BOYLZEP| t ut ed:

het or oar oyl GRUPLEHEN &% Y Tikehe SBTLANK mal $EXLLERERANcraRE, e like;

t he heteroaroy rou enoy groou

phenyl pr opengrglip sqﬂheispbzhdylmfbdnyl ;ﬁulnqhydrbm;ﬂ amb;he lﬂmdthemetelmdwyl t he
ar al kenoyl group be sub

S ar al kanoyl. grou h as
phenylpropaﬂ%?PP“BM 9Wﬁ@@§ﬁi %ﬁ@h?@ﬁ%ﬁ?gﬁ%y?eaﬂﬂnﬁﬁéo 1ke t he
ar al kanoyl gSHHPILIRY NS IR pgighieﬂéﬁ%d%&e QN Ye LAIREROYE YRupas

met hanesul fonyl; benzenesu -t ol uenésul f onyl “and Phe I|ke t he
sul f onyl grcnmpstrtatpdber%kdnsyl grutlleshchms phsn)dm%m(mﬂ, pheoytbatanelhyl group or a

nmet hyl ene grqup;, R4 is.s d from r OX rou r a.ca group;
R5 is sel ect@&gf{l%‘?ﬁ“b% ‘k ef%’Fla&}fﬁ?aW%mH 0 msﬁgﬁwsd Sé.‘ﬁb‘éﬂkw gr oup,
a met hoxy gr&vap s&h%h’f&ﬂha&@ﬁllﬂfngu BenZhestlfof YN pltoREndSIfEhiyl laha iRdileugar

group; 10. e nethod of claim9 wherein fornmula | is Andrographollde 11.

The net hod che splanyl grounarayibe substituted. | i s 14- deoxy-1 1, 12-
dldehydroandrographollde 12. The method of claim9 wherein the airway
di sorder is Rinisaelettad frorarmethat gronp ot 8 methdenesgrhemt of claim 9 wherein the
ai rway dlsorder is COPD

R* is selected from a hydroxyl group or a carbonyl group;

R’ is selected from one of the following: a hydroxyl group, an alkyl group, a

methoxy group, a methylene group, or an ether or ester linked sugar group;
10. The method of claim 9 wherein formula I is Andrographolide.

11. The method of claim 9 wherein formula I is 14-deoxy-1 1,12-
didehydroandrographolide.

12. The method of claim 9 wherein the airway disorder is an asthma exacerbation.
13. The method of claim 9 wherein the airway disorder is COPD
14. The method of claim 1 or 9 further comprising administering a corticosteroid.

15. The method of claim 14 wherein the corticosteroid comprises Dexamethasone,

Budesonide, Fluticasone, Ciclesonide, or Beclomethasone Dipropionate.

16. A compound of formula I o




14. The method of claiml1l or 9 further conprising admnistering a
corticosteroid. 15. The nethod of claim 14 wherein the corticosteroid
conpri seswDensvmgbiasone, Budesoni de, Fl uticasone, G cl epamisdeo10000113

Becl onet hasone Di propi onate. 16. A conpound of fornul anherein, RlL and R2
may be selected froma hydroxyl group, a methoxy group, a nethyl ene group,
or an ether or ester linked sugar group; hydrogen, substituted or
unsubstituted, linear or branched (Cl-C8) al kyl group such as nethyl,

et hyl, ané‘SSPIms i so-propyl and the like ; aryl group such as phenyl,

napht hyI apd he |ike, the aryl group may be substituted; het eroaryl gr oup
such as pRriadgR may@elselem gb’dl'&mzll grh@,IalIR@hO)E)hgohEtaeIm@Wﬁnegroup may

b b d K ik h I
e U b ke AU e BIEHE A, |y, e ol

pyri dyl et iydubstitutedhmdah gt braﬁarearqe; day) alaylcgrbﬁpsdmlae méting, d‘tﬁj‘lleﬁoar al kyl group
may be substituted; (C2-C8) al kanoyl group such _ as et han(g 1@ Banoyl,
but anoy| BFo@Yh i-PIPRY, antiﬁlaﬁ likey;. avyh grapi sHebyas P narhthyhandsihs ket the ed:

(C3-C8) alfuﬁrggxg%éknga[ A uﬁycﬁn%’:ashé? rBBSIf'g%IuH SQar s ?’dm i) the like,

(C3-C8) a up may be’ substrt up”such as“benzoyl and
the like, aﬁd}ﬁeanke,ythe getemaryfgyodpena)ubessumumm aﬂaﬁ(yésmmraswengrlpup such as -

i dyl b d the | het b
oot ) ¢ ut Beenelh it e gRo AR aft e b bRl B o AW enoyl |
phenyl pengtﬁ:’ﬁ%'pyﬂﬂﬁrﬂe’ﬂ@llﬂ)}fﬁ ylett}®, far yﬁara%mgpm{me BRe SHbstituted ;

ar al kanoyl group such as phenylpropanoyl phenyl but anoyl, phenyl pent anoyl
and the | hﬂecoatallieyl gr(aipmmobd supstatupedaely,- -6e adiapayl grgms;uchsag lethengyl, gr oup such

as net hanesul fon uen suI fo i ke, the
sul fonyl Bi°8a% Q%‘B’n‘ﬁﬂlk?ﬂﬁg (&38?)5511%&8 c%rg%P dbstn?lhe(, group or a
net hyl ene(@t@gg&lkeﬁéyu go@;eé@ﬁtaegréﬁeﬁmlablhwyomhtegym the like t(@g-b:(g)\yl group;
R5 is selected from one of foll owm ng droxyl group, an al kyl group,
a met hoxyalgpmy,b STeNPTRAYRA %hbétltgteéugoywoamS‘&hr?érbeWYéé%ﬂlelhkﬁk@a sugar
group; t ;9@* i ﬁ% P jof claim16
wher ei n t o%gr \h/\gr&agﬁ’gosp elrt@t?%q{aeg 091 gﬁ;ﬁ%}h aéé%m{}% ?9 Pm?m 16 wherein
t he ai r wayarborsd laddathel like(XBeReteroaroyl group may be substituted; aralkenoyl group

such as phenylpropenoyl, phenylbutenoyl, phenylpentenoyl and the like, the

aralkenoyl group may be substituted ; aralkanoyl group such as phenylpfopanoyl,

phenylbutanoyl, phenylpentanoyl and the like, the aralkanoyl group may be

substituted; sulfonyl group such as methanesulfonyl, benzenesulfonyl, p-

toluenesulfonyl and the like, the sulfonyl group may be substituted.
R? is selected from a methyl group or a methylene group;
R* is selected from a hydroxyl group or a carbonyl group;

R’ is selected from one of the following: a hydroxyl group, an alkyl group, a
.methoxy group, a methylene group, or an ether or ester linked sugar group; for use

in treating an airway disorder.
17. The compound of claim 16 wherein the airway disorder is asthma.
18. The compound of claim 16 wherein the airway disorder is COPD.
19. The compéund of claim 16 wherein formula I is Andrographolide.

20. The compound of claim 16 wherein formula [ is 14-deoxy-1 1,12-
didehydroandrographolide.
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19. The conmpound of claim 16 wherein fornula | is Andrographolide. 20. The
conpound of claim 16 wherein fornmula | is 14-deoxy-1 1, 12-

di dehydr omodnomgnepkol i de. 1. A Conposition conprising a eoriSiceosioesios d and
formula 1 wherein, RlL and R2 may be sel ected from a hydroxyl group, a

met hoxy,.gr.o a.met hyl ene grou r .an her ,or ester |inked sugar group;
hydrogeﬂ;As%JgP‘?sftEﬁne Sﬂ}éﬁ%{g?fsﬁﬁr@amﬁf%‘#agr branched (C1-C8) al kyl
group such as nethyl, ethyl, npropyl, iso-propyl and the like ; aryl group
such as phenyl, naphthyl and the | ik the aryl group may be substituted;
het eroaryl group such as pyridyl, ¥Ir* t hi ophenyl and the |ike, the

het eroaryl group may be substiqué Y aral kyl such as benzyl, phenethyl and
the like, the aral kyl group nmay be_substituted; heteroaral kyl group such as
pyridyl nethyl, pyridylethyl, furarmethyl, faranethyl and the |ike, the

het er oar al kyl group may be-subs ; (C2-C8) al kanoyl group such as

et hanoyl, propanoyl, butanoyl e like, the (C2-C8) al kanoyl group may
be substituted; (C3-C8) alRen group such as propenoyl, butenoyl,
pentenyl and the like, (C3-G8 fkenoyl group may be substituted; aroyl
group such as benzoyl and the like, the aroyl group may be substituted;
het eroaroyl group such as pyridyl carbonyl, furyl carbonyl and the |iKke;
t he heteroaroyl group may be substituted; aral kenoyl group such as
phenyl propggey . phenyl butenoyl, phenyl pentenoyl and the Iike, the

aral kenoyl group may be substituted ; aral kanoyl group such as

henyl I ' h
B ol Kanoyk i R rRy B Ruked BOH o nPGAGRY A TifMho i tolna bffiend 1
rrelt Paneisugxbogwr,anbdfezb eﬂeﬂbeﬂt lirdoeg bugaptg?)ndu_pehﬁklugént)s%bs;ianeﬂ othe It ihkle, t he
sul fon roup. may be substituted. sel ec r a roup or a
met hyl gneg‘}ﬂ’ gﬁ‘,‘te 1njear th@éﬁ‘?’r‘@#)i aﬁ‘ﬁ)ﬂ&?‘&(ﬁ}ﬂcgﬁ? Hl?ﬁw r® nﬁc’ﬁ?bogyl group;
RS is sel gohedidbipopanad fle ke &l oWy flth aélpﬂéiﬂr'l,%hth [ Mdthe Ake, ah&ky! group,

a met hoxy group, a rethylene group, or an ether or ester Llnked sugar
group. 2Z2arylTgreuporaydsisubssituted; ketaparybgroupseshedsipytidyliral, thipghenyl

Andr ogr aphal i d ., The osition of claim2. 1 wherein formula | is
14- deoxy- ‘lm%lt,higke’gﬁ%l]éﬁff(? ?&2%8@?% eoﬁurbatém%fn?awgs%glr?ﬁ% LHy;i)’on of any one
of cl ai msphndthlyPandth¥diRé,@hdaralkgl P neAHeyubbtetua)idtérd&alkyl group

such as pyridylmethyl, pyridylethyl, furanmethyl, faranethyl and the like, the

heteroaralkyl group may be substituted; (C,-Cs) alkanoyl group such as ethanoyl,
propanoyl, butanoyl and the like, the (C,-Cs) alkanoyl group may be substituted;
(C5-Cs) alkenoyl group such as propenoyl, butenoyl, pentenyl and the like, (C3-Cs)
alkenoyl group may be substituted; aroyl group such as benzoyl and the like, the
aroyl group may be substituted; heteroaroyl group such as pyridyl carbonyl, furyl
carbonyl and the like; the heteroaroyl group may be substituted; aralkenoyl group
such as phenylpropenoyl, phenylbutenoyl, phenylpentenoyl and the like, the
‘aralkenoyl group may be substituted ; aralkanoyl group such as phenylpropanoyl,
phenylbutanoyl, phenylpentanoyl and the like, the aralkanoyl groﬁp may be
substituted; sulfonyl group such as methanesulfonyl, benzenesulfonyl, p-

toluenesulfonyl and the like, the sulfonyl group may be substituted.
R’ is selected from a methyl group or a methylene group;

R* is selected from a hydroxyl group or a carbonyl group;
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Dexanet hasone, Budesoni de, Fl uticasone, Ciclesonide, or Becl onet hasone

Di propi onate. 25. The Conposition of any one of clains 2 1 to 24 for use in
treati ng woresyl1di4gor ders. 26. The conposition of clai mp2%/Schern®nois he
airway disorder is asthma. 27. The conposition of claim25 wherein the

ai rway di ilqrig s(?erlecltesd fgom%ne of the following: a hydroxyl group, an alkyl group, a

methoxy group, a methylene group, or an ether or ester linked sugar group.
22. The Composition of claim 21 wherein formula I is Andrographolide.

23. The Composition of claim 21 wherein formula I is 14-deoxy-1 1,12-

didehydroandrographolide.

24. The Composition of any one of claims 21 to 23 wherein the corticosteroid comprises
Dexamethasone, Budesonide, Fluticasone, Ciclesonide, or Beclomethasone

Dipropionate.
25. The Composition of any one of claims 21 to 24 for use in treating airway disorders.
26. The composition of claim 25 wherein the airway disorder is asthma.

27. The composition of claim 25 wherein the airway disorder is COPD.
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