USE OF ANDROGRAPHOLI DE COVPOUNDS FOR TREATI NG | NFLAMVATI ON AND Al RWAY
Dl SORDERS Cross-reference to related application [01]. This
application clains benefit of; and priority from U S. provisional

pat ent application No. 61/162,861, filed on 24 March 2009, the
contents QTSE\HMNMKJGMOUDE@OWGM FOR BREATENGNnCce. Field

[2]. The inv to he treatnment of airway
di sorderslgg g%tfd%ﬁﬁ*&ﬁd*%%bﬂ@@%ﬁ%l ve pul nonary di sease.
Backgr ound [3] A| rway d| sorders such as asthma and chronic
obst r uct i L&ogsareferenes taxela m afflict a large nunber of

peopl e. At present there are about 300 mllion people worldw de
suf f eri ng [#omThst amhcatlm dlaimgrbedéfat afdandhprioritly éiqm,és& 8l pmglqnal patgrai up

the ai ruageP iRt 0 iRt lied o, ZERERR, GO S gL SRR B

recurri ng heBPieEporatbd héeM wBhetdietdel on, br onch| al
hyperresponsi veness (bronchospasm, and an underlying inflammation.

The intergghjon of these features of asthma determ nes the clinical
mani f est atTons and severity of asthnma and the response to treatnent.
The ri si nggqynci

signal | edﬁ%’r gﬂ ggg‘genﬁeﬂ e&e%qbq%gﬁog%dfﬁ&:@gﬁ :fdéa}ggents ‘ffe?]lsorders
pat hophy s kwdhosg\asthinazesid eheoni sobstiutti feamtimonaly diseaseol vi ng a conpl ex
networ k of immune responses and reactions. Furthernore, exposure to
uncert ai ngdcrgoungnment al factors can lead to different asthmatic
responses 1 n people wth dissimlar genetic backgrounds. Al these

contri but g0 Wiy diSIak RhdESs AsthAS bV BirbAicUbSIHIdRABGRIMbRMS diFekdeng
the control of asthma difficult. [4]. Asthma is a chronic_alrway

di sorder (BQPRR}@&licy adargg nambgapf paeRlanfrhpresent, trmtmerembpet §@Q:Ffet11°@n
and airwa

| ead to t %@fogg}&?}rﬁg’ﬁ%gﬁﬁ%ggﬁésare nofli J%]ﬁﬁf“%cﬁ ers ye ) utﬁizgD is
found to bpts ed@inllioh dy2025.i Afthaaied cmﬂnmnsa:hﬂmxeluﬁgdtsaisedafmhe ABBAys
cells and eosinophils. Cupul ative eV|dence reveal ed that these

i nf | amat 81 1F COpPIe and charaglgTizRde BY XATR0 KL FECHTE SYTRIRDY, akflpy
together whidi MBSt pedlchisl @Ee&é anev&eesowmtus@%ﬁsmweht @Rleflying
nunber of I nflamfatory cytoki nesS and chendki nesi-

i mper at i vanffaprmaione[Theiigteragien ofithedei fegtufesr oft thmay detennings dlie clinical

| munogl| Opnl'zlilnifgsttgt%o(ps Ezind 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)'. 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
eosinophjts. 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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Al l ergen-induced crosslinking of IgE-bound high affinity IgE
receptors (FcsRI) on the surface of mast cells | eads to degranul ation
and activation of mast cells, and the rel ease of inflammatory

medi ators |i ke histam ne, |eukotrienes and cytokines, and i nmedi ate
br oncho- c ddbrganeindered4rodslinkidg iof Igk-baund bightadBnigy &glt mgceptors (FeeRI) on

di ff tiationp, i tnent, ival of i i | i ch
Cont 11 but &5 ¥k pE fiadh deF M R0 Oesttb iR el R Tkt B i the
IL-13 pl a)‘&g@eni'f\&ﬁﬁﬁ{uﬂagr? helidthe 18def msthRlind Nag@udned AR [cOBRAIRS Snd

such as eosinophilic inflammtion, nucus hypersecretion, AHR and
ai rway r eimthetliatyy branshergenstiiesion” chlfoRi inestad ven the sRREd ffarenjistiat.ed

on activation, norma) T cel l.s expressed. and creted) and.. Ln. are
cruci al téeﬁf%‘8“8‘§1 ﬂﬁeﬂy"%’% TP §Bﬁ|§ ¥ cg ¢ H%l%gﬁ%gé@@ﬁ%}l?%&@ﬁ%%n
eosi nophi kirday t@8&idnag inhdthimah 2L.-a3 tphlys iafeeothilrotk, in the &fféist phhseld¥, THYAY
ultimately contribute to AHR in asthmas. Persistent activatiaon of

nucl ear f Zespepses NIrh ks pesinepbidlie nflesemationg mpeys hyrersstedioppfdit ad
ast hma. . 1sh . o) i e§ﬂ{, (o) géq]@g ors
and anti _%&%ﬁg%&%{o@r@@né&ggﬁ?@ﬁ Itgjllr’ r%ﬁﬁaﬁeﬁeﬁﬁa%e t rrlé%g & & Fh
anti - I nf | acaxationynageabtT célly expredsed lahd ngeraetihmnad cotaxah atenahacidi tal yhe

| nhal ed steroids, 2) cysteinyl-|eukotriene receptor,. antagoni st aﬂs 3)
cronol yn. pEVREY O casinephile o ey FITWRRY £ fAR¥aYegosgfophilia, together with
cystei nyl ol uiel f%ﬁ‘zﬂel;ﬂ-fcaﬁetmf-m}%agﬁmiﬁﬁteﬁﬂ@o&ﬁgma' DNARIRE il aGiRIn®.
vari able ahd may be’limted to certain subdgroup of patients. |Inhaled
corti cost Eewistknt haetipatiam of uppies sfacief | @B dmsabeknr eshociatedt mith the
swel |'i ng gf ghe | i n%gﬁq?ﬁf t he ai rways, however the glucocorticoid
usage is SEEOUATEY 4raj or side effects, and about 5-10%

asthmati c re steroid-resistant, Corticosteraojd-resistant patients
present cZ‘ﬁﬁi d&rEsRE BY e f¥n (2SI | CORPTISEs t?feﬂ’ O%“iegiﬁﬁwsa%flér Al ve
anti - i nfl aTRLRLYr TBehiE HRreaandl iRk ea?@-ﬂue{eﬁlﬁnﬁlﬂﬂmﬁjnaﬁiry | ddeits for

therapy for the control of mld to severe asthma patients involves
t he usage coftradling rasthnzs | whichf Inhlugh - Do &dhaledh sterddss o)t crsieindrlonlpirigres)

and | ong-actin 2-agoni st s, (LAB . pRatients, wth seyer Sl stent
ast hma of {eecﬁptpgq%]%?.%) r’%gdzﬂ%l g)p]a?ro A@I)nc aﬁ ORS 2‘*&% hthgrsa p%érﬁc -%ngc(éé%% réfﬁes
and anti - bgdteihiclealpittiene fectitocaitigontst dnd sromslin aerhiphilywatisidd and may
treating asthma, and inhal ed corticosteroids have be;g est abl i shed

as first - PFAEueddaIGeEAR SURSioRpiof matentp- Rhaled spdicasiproyd glag e suppress
Nonet hel e ' [oTaTsToT A gy (Ba:ih 09 '

patients ?‘gﬂlafﬁﬂ?%fosleélgioﬁegﬁg% gﬁeucoc% ?gg}edﬁnel\;}gr?f atgé ﬁ?gjﬁ%c}gidggsé vgrr thvf\:/i th
suppl emenghrcycdrtieridpyge ivbasosiated withr majoassithe exffectsc rapds byt cohd%r n

over the sige effects of CS uch . .as ost.eopoy osi | auco wei ght
onin, 1 e BlRalis A St R G R SR R e R R s AR
retar dati ﬁﬂnh@bxﬁéﬂt'ﬁblﬂ@m@% PRRY a0 alleRkiing affifietdnShitorASreatments
prescribing a higher dose of LABA could |ead to the occurrence of

undesi rabﬁ‘éaikibl?é-effects, it is thus generally recommended that LABA
shoul d be used together with CS or theophylline for better treatnent.

Al t hough {0fd. cdibi fiat lion théraf® fandhd s8Ardlsobyildato sereererasthmsupaentst ul
treatment .used ip treati ast.hma, t curren of . adver.se fects
ke 1t nibphes e bR e ARt VoD BB AR Pr e Gy AR
Chroni ¢ olsiel Atk VE2-BESHINO QLN BAH e PaRerftEGHR) sepérer SerditefNbQRMNG often
bronchitis and enphysema, two commonly co-existing di seases of the

| ungs in vuing edvdtienal \megdicaiwasnsuaiaps eibdeykoinnesTands antdal therapies.
limtatio e flo ir m.1 h S i sh ess
of breat hg}lﬁérlocég}?? lrdas';g/ (t‘)‘%osasf: %ﬁlngl,()ﬂ%e&ﬁre?mnt[‘ a’?ﬁslfl)tﬁlﬁ%fasglﬁh}#?s’l %@vdi Erﬁ%%égr |y

reversi bl eoaidstopuRl hyvedBesony egibitkted elsy fivwpiliae teastmherti 1 patidn®d wiiOPD
is caused by noxious particles or gas, nost commonly fromtobacco

snoki ng, RAEisEstent epgEer s Noactslesy fhgreiin f) smabapiopgrtioadSol{se) phastinaatic

patients fail to respond to glucocorticoid even at high doses or with supplementary

therapyzz. Moreover, there has been increasing concern over the side effects of CS
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[ 10] . Andrographolide is a | abdane diterpenoid that is the main

bi oacti ve conponent of the nedicinal plant Andrographis panicul ata
(Bunn. f.) Nees, (Acanthaceae). Andrographolide is an extrenely
bitter substance extracted fromthe stem and | eaves of the

Andr ogr aphkich panestedpatis, Tgimqnhmntwéightgrgam; fedncede dioné n@dnsinw posels in
China and, I ndia and has _.traditional been d as herbal cine
for  conmmoBreekiaa™, FEgERatien HBHH ﬁ@t@é%ﬁi%én e dad m&r%@ﬁlph%ﬁlmae

has been ghowist Qg ?Fes@[fﬂ;lﬁ falm @98t E&Bmdm&%g%sth@%cmcalo%o

been shown to posseéss ant can er9-1, and hepatocyte-protective
activiti esﬂdesxr@tﬂ&]szdeleffdbaaxy}slﬂlp&&edﬂ:rdléhychomandrd@g rthﬂthBdue sl@dijﬁ)e

C20- 12804 ot her, er penoi d oI ated, from A. e 18- 19 .
The str che%Qﬁeq?ﬁd?thBréf&mﬂp' gi'ée LoReHef frea . Altho gh
1, 12- di depydpiaaiyll 801aPhRd 'LQ@AQQAQ)/ Ifa& tﬂlepms&teﬁwbéksﬁﬂ GtHaBndnt WEATRIY

[12] Accordingly, a first aspect of the invention conprises a nethod
of cont r ofrkdting a&ﬁlﬁrna,rrﬁm perurience df uadyersel ¢ffeathpmdksi Hgnengssary 40 drdvag a

dose of fgrmil a and R2 may be selected froma hydroxyl
group, a ﬁ“@sa?%ﬁﬁng Oa%ﬁﬁn?ene group, or an ether or ester

L nked su g@gmgl,q(@;ﬂw@@gp@ggz%; et 0l SRS LHEED: blndfRE O

| SO- pr opyind@Bphiteral k@0 corintbnl9! @UkisiHEhdidsasB 8N Yhe Imhﬂlhwucﬁn@let he

|l ike, the aryl group may be substituted;” heteroaryl group such as
pyridyl, alcwws bephm@pﬂae'nwed 4HD. This leadseto a h@lth@qreoﬁﬁneﬁovg pbap taapd be

substi tut ﬁ— el ’rﬁg: fillllnk ca1§5u1Ch ﬁl?rtl'?igsnzy hx‘efi&lh%] ]t as a tlhe lfzrrhteﬁzon of
aral kyl group ray er oara group ’such™a

pyri dyl mesibfdw isﬁ)bro'tltjhtbﬁréible,anﬁuﬁﬁh@%etbyﬂmglfe@éi@d}ﬁ%yée oazaﬂlumbe li ke,
t he heteroaral kyl group may be substituted; (C2-C8) al kanoyl group

such as efggpnogDOPIPIsQRAMy ndUERBatticlader gﬂe mdsK Bomind81y( &mEBbacco

al kanoyl group
smoking, which triggers an abnormal inflammatory response in the lung. The natural

course of COPD is characterized by occasional sudden worsening of symptoms
called acute exacerbations, most of which are caused by infections or air pollution.
COPD is also known as chronic obstructive lung disease (COLD), chronic
obstructive airway disease (COAD), chronic airflow limitation (CAL) and chronic
obstructive respiratory disease (CORD).

[69]. There is cumrently 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. f; 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 (> 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 (LABASs) 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 5, agonists in COPD, hoﬁever both 8, agonists and anticholinergics do

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



4 may be substituted; (C3-Cs) al kenoyl group such as propenoyl,

but enoyl, pentenyl and the |ike, (C3-C8) al kenoyl group may be
substituted; aroyl group such as benzoyl and the |ike, the aroyl
group may be substituted; heteroaroyl group such as pyridyl carbonyl,
furyl car 1oy Aadebgrdpdolidkeis thRbbatee ditarpeybdidgtatipisneye Imeain bioactive
substituted; aral kenqyl group.such as pheny| propen

pheny! but &vfapenent ey aipdisa) | plany ArhEogyeilds H‘ﬁ’é:”%’%i By | £y MNs6D

may be su ' ; qr, r

pheny! bt Cac By ARBHsARNe 2R URraHAY, AR QARG from e
may be sub@in 4ndt lealvessuflthe dykirapropfps poiulas:. itk pdard s pfoemy for medicinal
benzenesul fonyl ,. p=tol uenpesul fonyl and.the like, the sulfonyl. .graup
may be suB‘_éIﬂ’P%/*iﬁt‘Bé:.h“F?SmFdsq?@é? %‘E{] %"If 'f%bﬁ‘ﬁ“&ﬁﬂé’?ﬁﬂlpse&rﬁﬁ%&l nééq]rggﬁ%rene
group; Rachandk!Bed §eher raﬁ&“r@nﬂﬂfé&ﬁ’é%'di%&ép&ﬁr@rmbﬁ@@}ﬁs BécAhowiRd
Is selected fromone of the follow ng: a hydroxyl "group, an al kyl

group, a tetheoxifeajiveupgainst neerfairl eaecegy cug, hay alsn bedneshawn dot possess
inent the cell is in vitro. In

i nked . 143, | b
anot her - eRRATHENT: THReERioP YRR AR e Tormul a | | <

dm ni st d t tient |. d of ol | ] ' di der .
F1a T B dub et potifa e froeratinlts SRR e RS
enbodi menp;d BEAGY RolarddSirdid-A %gﬁéaiﬁ:ﬁ- ]?Fﬂé daiyes oaRdrngimshas hete14-

[15]. In one enbodi nent cont Ing inflammation conprises

cont rol | i depxadtlfAeliddhydrmandrbgaphelitodPaénis depinted &t Figneg i nf | anmat i on
conprises controlling allergenic effects. I n another enbodi nent
control | i Sgminmdryammat i on conpri ses controlling chronic obstructive
pul nonary di sease (COPD).

[012]. Accordingly, a first aspect of the invention comprises a method of

controlling inflammation in a lung cell comprising administering a dose of formula

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, 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
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[ 16] . Anot her aspect of the invention conprises a nmethod of treating
an airway disorder conprising admnistering a dose of formula | as
defi ned above. In one enbodinent forrmula | is Andrographolide for
treating an airway disorder. |In another enbodinment fornula | is

14- deoxy- 1 1miPbesudatitntird) 0dCepilaguiop] grdep funh asipeccnngl, buteadylay

di sorder. In one nbo i nent t di sord n asth

elxacer bat i onpenf;‘ﬁly tﬁéﬁ%ﬁﬁé@f@#@%ﬁgﬁmﬂgbﬁ@éﬁﬂﬂ 5 i’@n@@ﬁ’ I n
anot her eﬂbos%ﬂapﬁer%% dRthotdkOfind &85t %,rﬂgp e b@'sﬁ?%@:‘fut@d %ﬁfe@’&{ro

further conprising adhinistering a corlicosteroid. er
aspect of t hgoumwmhtas pyridynertionys faybcmbmmhdn@fhefldﬁenﬂieéletermoxiefl ned

b f in_treat i d nbodi ment
formal a1 | Sapiroy SR shiReRR SrikeRal Erh Sidiien TheRPErERRtA | 1 s
14- deoxy- | ]ph%ﬁylbdteﬁ@ﬁ}’ﬁ[éﬂ%ﬁhﬁ%ﬁmﬁ thelice, tHE RAReRIYD bupeRdy Bhe

conpound may be for treating the airway di sorder of an asthmma
exacer bat i orsubstifuted oerebiraneyigranpraweh asipoersdpropantylmbgnybuteneyls r eat i ng

t he airway di,sorder, of n t, .t y
Fur ther compEay e e, L P 8 Ao S8R0 B ve' iR
aspect of thgohpyirhtas afeteeRilfchE banteasRdhyl, prtomfen@urfo@uaﬁ@sﬁeanm d
and fornmula 1 as described above. In _one enbodi nent fornula |I of the
conposi ti on hayulkmyheioupgraydtsorpstiuteln anot her enbodi nent fornul a |
of the conposjtion my be 14-deoxy-1 1, 12-di dehydr oandrographol i de.
In anot her &kbiedelread fromea methyl mp@félnéﬁﬂwlenmﬂémrrpom tion may be
Dexanet hasone, Budesoni de, Fluticasone, G clesonide, or

Becl onet has@%s@cipctecpﬁonm bydro{qal%}'ouﬂcrramebmrybgmupent t he Conposition
may be for use in treating airway disorders such asthma or COPD.

Bri ef descriktiseeleatd fibm atealthgfollopRiy: ah?ﬂmmyhgmnp; mlkwllgrod;f;abet ter

under st ood byetileference to. t e follow n gescrl .on of several

speci fi c enSEPABHESUP k?e‘iné@ﬁ’ ?nnet FHPTEEED YA BPHAi ngs in
whi ch: e 1: Chemcal |ct|on of the structures of (A)

andr ogr ap%Hlf"l]-déﬂ QWGI(IB?CIIMEE el fis 1’2“(&"%@?1%9%%?@?%1&%@1’ gell is in

(DDAG) . Figy raﬁd%lil e FrinGfd flsoidnﬂﬂgff% @pﬁg@eq@ upaee@/&kdoa&mgﬁg an airway

i nflammatory cell recruitnent nucus™ hypersecretion
| nf | ammat disgrdeel | counts in BAL fluid obtained fromsensitized m ce
24 hours after the last saline (n = 6 mce per group) or OVA (n =7

m ce per @EALP)In ase esbbdinhakt Ifemgda IAldxmmsgppmﬂjddelrdmhde@nlmﬂmemty
reduced OVA-i nduced | nflarmator%/ cell. coupts. in BAL fluid from

sensiti zeéorm“é% 1244“@891’%1 hi4-dide yﬁ!éoqnggogr 4eer osol chal I enge ( DVBO,
n =797, 0.1 n =7, 0.5 g -10 and 1 ng/k n. = m ce
per group)9l 1111 @ﬁ%ﬁ@ba@ﬁ@& POT&R] B Inflomanagions W%ﬁorﬁﬂ}“l?ﬁ ﬁﬁﬁlﬁﬁléf

(Neu) - andh AYSEELRRYERAL RORbnd i TRE SRIEE: chAGpRdCiens, .

eosi nophi kffect§. HEE anathgniehibodiman conzojngaidlamications ecmptises ncqnBABing

magni ficatj on. x 200 ours after |.ast chal | enge of saline
aerosol , @}éf,&n‘a?é?bé%‘%twe@y D gpas&(bg%m.

[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.



DMSO, or OVA aerosol plus 1 ng/kg andrographolide. * Significant
difference from DVSO control, P< 0.05. Figure 3. Effects of
andr ogr aphol i de on cytolcine levels In BALK BAL fluids were collected
24 hours after the |ast OVA aerosol challenge. Level - of IL-4, IL-5,

| L-13 and {&Ff: yAnutitee @pedt yetie sy ergioanegmperides rk esimponmdn of doroaria lassay

ELI SA ffects of  andro iide. on seru
.(or oduc% i oﬁ‘elgi%f%"’% g?rm%fzwage%ﬁma @@e@@y%%% In %meélebﬁragl}téem&/l\w
aer 0sol C*%aldk‘gg% fhoiifiee hEVEltR! MBRRER! himdiBE 1and taldbe) 05 wer e

anal ysed usi I SA Andr ographol 1de significantly | owered total IgE
and OVA- s péatchfdroaridgigripbuiades [n bmjem‘amdmngmaﬂle WAPB\]IIEbIInﬁY be lforirdaking dre on

the Th2 res ons b dr ogr.apholid e 5. Ef t.s of
andr ogr apf %?ﬁx‘?iﬂr} %ﬂy‘e g?f‘b‘ 8 Hﬂ’?ﬁitt]&‘? GOmBIRE s
Lung ti ssa&@owfsr ¢Rh#iL HRd aittra P Qidcrd &f &ﬁcdm IR hothdPe@Bs@fRht the

chal I enge tal MRNA was extracted using TriZol reagent and the PCR
product wspmpsephmay &uthencemprisingadrogisteyulg agostedstereid. under UV | i ght.
/3-actin was used as an internal control. Figure 6. Effects of

andr ogr apliel8]d eﬁr@ﬁle@dspdchdﬂﬂne dmadntimaycomppms-ar @opposiivents sortitpstenmid

tilate t ..
|t Favenoged Remik: har frernas Aie it tn SoaBre: tpif eReR: seasiiome
aer 0osol  OknAMA FEAbhdﬁ&chhpéjﬁﬂﬁér%ﬁiﬂﬁﬁﬁﬁer@ffoﬂtﬁbFber@bsﬂioH&ﬂdyg

andr ogr aphol i de. I's expressed as percentage change fromthe
basel i ne bevel4-dsbxy-h) 11d erheférogn@me@pbﬂude nle Bnethee pabodimeat néwt

group) aggoxl(t%z)%tg DAL & GOIBLLRNG ?naé/ exathefhadotd, Bl %mcfer ?ﬁ&]ﬁ%&é Sy

group). {hed'§s € press r| ving reSpl FETe di

flow. Cdyi¢ledonide, boBédemethaions Hipiopidndtedf the lung and is defined as
the change in volunme of the |lung produced by a change in pressure

across theol9gngn onki @HbRlirhent( the EbinP6siGo®imaNdE oBf Qi@@%”ﬂ&txﬁ% .
stinmulation of normal human bronchial epithelial cells. Epithelial

cel | s wer disgrdemysugh asthmiaton CAFPg/ M "INF-ci in the presence and
absence of 30 AM andrographolide for 5, 15 and 30 m nutes before

t ot al proBriaisiesmimicnafithe deawings subsequent i nmunobl otti ng anal ysi s.
| mmunobl ots were probed with anti-I1KKfi, anti-phospho-11CKO (Scrimn,

anti-hcBc @)ZOQntIﬂlepim@s[nmm kAL (Ii‘ﬁebaﬁérBGﬁderﬂnd)d hybBefermntd tphbs ptiowbiy
(Ser536) qr ant.i-fl-actin antibody,. and eveto d by. enhanced .
Chent | uni HESEBHER of sk cpoThs ¢ OPERRG SO MOPHEIN G TP ar
extracts @favwgRjidM&lkiah: cells stimulated with INF-a for 30 minutes in
the presence and absence of 30 uM andrographolide. Nucl ear proteins

wer e SEDaTZ%ﬁ-Q e) Bt gpIB(A@EOf ﬂfe%%gtu‘ﬁ@stcn" ta’ndg?g? V@l bliddbhd BP14-

ant i body, quantitated using Cel-Pro 1 mag TBP nucI ear
pr ot ei n wesoxyslddl 2adidehrydioatdmgraphatida (IDDIAG)DNA- b| ndi ng actl vity of p65
NF- KB in nuclear extracts of epithelial cells stimulated with TNF-a

for 30 m Migwe 2: Effebs of uadepaphdlitd cabS¥Asiadnded 30 pnivhtandedigeanitmeitide

vas et er e os by acrction. (A) Inidaaatory Gl couhts 1 BAL Huld obtaha ot
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 mgkg, n =7; 0.5 mg/kg, n - 10;
and 1 mgkg, 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
6



Figure 8. Effects of DDA on OVA-induced inflammtory cell recruitnent
and nmucus hypersecretion. In the nouse asthma nodel using oval bumn
as aeroal l ergen, we showed that DDA dose-dependently inhibited

oval bum n-induced cell Infiltration Into the airways obtained from
br onchoal ¥ads@y of @Vageerbdoliipths (1Angkgfandmwgeapbelidec &|Sigmficant differenBArom
fluid obtﬁﬁgﬁg fro Z)en L1fized mce 24 hours after the |last saline or
OVA aeros fopi dose-dependently reduced OVA-induced
inflammatory cell counts in BAL fluid fromsensitized mce 24 hours

after theFigme Wﬂea@r(ﬂ%drogﬁahvlmg@ cytpleine levglsi [y BALF) BAbuiuids Weree

f d
nggrgggge&%ed)%‘h{;@d?eu 'aﬁf%é‘gqﬁi&‘{ﬁ 38@%%%%%% 'b%r;ﬂ EE@%L 13
Hi st ol ogi el [Fe¥AMefPdnaBfedisidgengyrhé-Hakid I8m8inasgbirlt hesay ('BIHSA)
magni fication Xx 200) and nucus secretion (PAS, magnification x 200)

24 hours f QR e as ol
(00) oAt T B0 bR e ph o Rl oy s%A

(DDA) . Fi goltasted. 24Eln<m@ afierghe E:aBA@Vdn aDuye! ichdlepgel Th\rribmhmf @MA emalciﬁc

recruitnme an etlo fla QUL
b 1 ut g ol TH sERBRE Sabe RSt herRiop e fifta B

sal i ne aekfgakE(#Ad @VArsgeﬁﬁ@@gE WveldPInd@atifd/An mwspéclﬁmm&nm o ter
group) chal | enge. DDAG dose-dependently reduced OVA induced

i nf | ammat dhy respprsedyiardsographglide f | ui d from sensiti zed m ce 24 hours
after the | ast OVA aerosol challenge (DVSO, n = 7; 0.1 ng/kg, n = 8;
0.5 ny/ kgFigure 3; RBiferts w@/amgrogmpholldﬁ mm@mpnwou@NADewr@smn i &

cell coun Wer e erf mnl S t tlf

Cosi nonnt [AEERoRE Hartkde B fedlhd WAL Rllcch 02 £ Robd ecl SEMM v,
(Lym. H 5@@&&9&@1@1&%@% a‘ﬁtafil&ﬁlkm\ @hs lefgetéd asing 1&@1 negftnt ead (8 PCR
(magni fication x 200) and .nmucus secretion (G, (magnification x 200)

24 hours BodEft veie SeRdeted R 2 Bageaese gall Visraliaed Badsr U\blighh &rassisiwasova
aer osol ph%%ﬁa@%ﬁ%teﬂ{al QlAerosol plus 1 ng/ kg DDAG. Quantitative
0

anal yses ammatory cell infiltration and nucus pr oductl on in
lung sect 9 e rfor i1y
of infl ar‘r‘rb;ag ore;\eﬁg:ellﬁf)ﬁl fti P rg?(?m%ﬁpiﬁ%lﬂ %Iﬁckg*g‘%l%éqclggcou é’}

per f or medresponsi@inessnAiaydyhesrrbesiess of mechanigllgdwatilaced, m.gzebh etspondel
57 ol ht - oAUy FRAchel o1 EARAE f SPUCLLF i ENEERE SRORRI O P
< 0.05. Fiof Gerbbi vwﬁlsﬁrectﬁ%ahﬁe T@ngfms%ﬂ N kS hifholtak NEHR

t ol ui di ne-bl ue staining ( e nunber of degrandl ating and intact
mast cel | § expsessoliar paicdantageaharigel frors ¢t haseline e qﬁéﬁ&hﬂ%&g@stmce (R],

d | at ed t in the,l | | t th
number o Dgep Pt peeBeeRErai IS BN RN S B aRnguy aneh P
Ef fects ofreidddfa SBuSVATIIOdUERA BAhelpretkleitivalg RSpiRittbrCdieiell ibyeflow.

| evel s and serum | g production. (A) BAL fluids were collected 24
hours af t Edyn iefersda theglintensbitibog! the bingand és dafingd jas therchpngeqn vplumg of

|L-13, oty f, g, bV WEE S AAEKBRLAINL MG, fEhh SA (n = 6-9 i ce per

group). Lower were as IL-1 and IL-5 at 4

Vouse ser FARS (&) (it B ardRiitie &7 TN tﬁ%@ﬂ%ﬁﬂﬂ@ Aggi! thidan
chal | engeprofifial ﬁleﬁaIQ:talﬁ (ygﬁhel a EelIsCMﬁe sRQ6lafddGritip o n@‘{ﬁ"ﬁﬁe@'lﬁ tHe

lgd, and O\/A-sp cific wer e anal yzed using ELI -9 mce
per gr ouppresmem éhomt aﬁ@ whvé andragrapBplide ﬁ$|59ri|5f ar@am rrdmﬁtﬁsab@fnme

f DVSO t P < 0.05. ,Fi 12: Effe DDA OVA- d
e R f?fﬁ%l{l?%ﬂusaﬁ R
response %Rrd Bidb@&%ﬁvﬁnmcﬂﬂiF oSt &Y, 2i-Ro snaphedphb-he
| ast saline aeg;% or OVA aeroso W|th %@%%Gr eatment of either DMSO
or 1 ny/ k&HDA PR ansi-p6%praas pbesphg-poer Age antirdpetis rastibedie and

developed by enhanced chemiluminescence reagent. (B) Immunoblotting of p65 level
in nuclear extracts of epithelial cells stimulated with TNF-o. for 30 minutes in the

7



Fi gure 14: | nmmunoblotting of p65 NF-K13 in nuclear extract of |ung
tissues (A) isolated frommce 24 hours after the | ast saline aerosol
or OVA aerosol challenge pretreated with either DVSO or 1 ng/ kg DDAG
or immunoblotting of p65 NF-x13 in nuclear extract of normal hunman
bronchi al papeddeedndadbseadel of I0CUME mﬁd‘rugraplaﬂldﬁi Noclefr poptdihs Whke separatddhe
presence and absence of 30 AM DDAG for 5 m nutes. Nucl ear proteins

ver e sepaPitidde BPStBaCEperelredewith @atawsS et antighBP -asgibody, andt quantifated
i body,
ant i body gg @9@50&%&% SSRQ%P%f&ﬁ@g%ﬁﬂ&%ﬁcﬁﬁ%%séf?@%t intdrin

nucl ear pI’O In was us s an intern eX erlrre S were

repeat ed toitrdlDBIA-bindBp ddtivity DITPESENPKB B Dktiddar Wk trlcts bﬁleb@lﬁehlaabélﬁr n
of results. Nuclear p65 DNA-binding activity of nuclear extract of

both |ung ShmgbtféswstthNﬁﬂi dar 38xmiraisssinotheepricsanet iaall absemnes of ﬁﬂullMt ed
with TNF-a for 5 utes in th [esence nce .of. 30Q it

whs. det or ArdioeRatd e ek B e ¢ MHSeA Y PBS RS BoR etk

Val ues sheyn are the mean SEM of three separate experinents.
*Significant difference from DVMSO control, P < 0.05. (E) Epithelial

cells wer t esen nce
of 30 ke EIEREY EHGs MDA BT il lnflahiif B "R ELrRed 25
Tri Zol r eagent hygetiectiodunttbe weuee sstipas atoddl lhsm@o@}bmglarasaerogﬁbrgamd

vi sual i zed under ht,./3-acti.n was _used as, an. i.nt ernal trol
T 7 e Fed oy DA’ aist aBseitoapiiiel o My BB fbRed St S o
pattern ofyé %%Jh}@ays\@tdiﬁ&l ﬁBﬁVﬂoﬁé}%aFvB&amgge BEN @*I) Rﬂﬁ%a‘i&gg&eﬁt €

experinents. *Significant difference from contr ol

Fi gure 15couts scB4Lofluippk@izgidir@nssositzad misiedy( Imews Afierhihe dase salilmqr
i nd d i nat d f t
aorbrTeBVA  erdsll § SRIREE ODIP iSkrESHER " rr B oY ASE et

sensi ti Zemﬂﬂrﬁﬁt&'ﬂf delludotin®f hEBAL TRiid @#iSin SdAitiaed afied 24 Romrshfiet R lagr

group) challenge. Low dose_of DDAG (0Q.1ng/ kg) and | ow dose of
Dexanet ha&dHe agroselshgllrage- Qlﬁweﬂwmlwumdﬂ%f@wemm% adnimmum of

fl t
o ter 1 he L FR A FRURE? shlinoifly (Bl plORSE WWhdo) S (B (Neul M
per f or medlyouphacyte |1iLmnDn (cBD Iﬁ@t@lc@daﬂ sx4minatientf hxyngemaiermmoph(llﬁcikl)&E
h L f f t f
DonG on- cxpatahiane 00 Pl e E Sttt as Tt A dheRs el L
| g productyeomRst éh%)lex%—of lsmrféSaeﬁ@sroe (esb I@megeraéolmﬁ G A elerd0E phast

OVA aerosol chal e. Level s of 3, and Eotaxi n were
anal yzed DM%(EMSS%) Qhoy%a@oﬁ?ﬂl@blsdemg@fgm (DDeﬂ)ues shown are the
mean SEM *Significant difference from DMSO control, P <0.O05.

Det ai | ed Higae PpEiferis of DlD]AG An@nogrimpived ir;ih:mmajbxaztcallandhbment and

andr ogr aphol i 0 ds used to.effect.ively.reduced

VA | nduc B ESRTRELPY (IR EEGnt fuftooRRb KR e R |
| L- 13 ands@eitiasd tidy POkihié Sffer tBETabdalifEadiy sl i@ SiSmide pelBidapyor OVA
eosi nophilia, nucus hypersecretion and AHR in a nouse asthnma nodel .

Conpounds a&psal =i Tinisaep aroup peijallengen R dose-flenendenslyadngsd OVA

gP?Lg?Lfgﬁﬂhbgﬁnﬁ%‘&kﬂ}? TelMEERL th BAE FRAROH \EnliAZed el oW 28
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 (Fos), macrophage (Mac), neutrophil
{Neu), and lymphocyte {Lym). Histological examination of lung tissue ecosinophilia
(B), (maghiﬁcation 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



wherein, RI and R2 may be selected froma hydroxyl group, a nethoxy
group, a nethylene group, or an ether or ester |inked sugar group,
hydr ogen, substituted or unsubstituted, |inear or branched (Cl-C8)

al kyl group such as nmethyl, ethyl, npropyl, iso-propyl and the |ike ;
aryl grougetéragific % sphgity bf inflapidiyty el dnfilbretibn, Ipenbﬁoheinalr qell @unigp may
be substituted; heteroar group such as pyri d furgl {n ophenyl
and the | WRE perfEmed:ler neHie GHieAef mecus “ﬁ‘@ﬂé& lebeell kyl such

as benzyl,

substi tut Pﬂ ée{r}%tg? g’?&y% Q@%%lgﬁsﬁ%%é’gﬁgé‘ﬁ%ﬁ%ﬁyW%@% éiy? et hyl,
f ur annet hsl_\,lsterrf asSamefidayit didfecknicl éroti RBSQ benttvdt Rrdelial | cyl group may be
substituted; (C2-C8) al kanoyl group such as ethanoyl, propanoyl,

but anoy!l Eigdré e Nbdteell$ Bere dotected) indlk@nsyk ugﬂhglﬂtﬂuf@mamblﬁe stabghg (A} ed;
(C3-C8) al kenoyl group such as propenoyl, butenoyl, pentenyl and the

li ke, (C3Ticayumbecar@iperagnlgtipg Aeginsect suast eells wascrounted yi PafeEipsestions as
b | | |
or oup sucheREenddifor el mdlf QR TR 188 SHO LR by BEREIORE Y

het er oar oyimiggr@fi pelbsyithh €0%wi sk irtitide df gmmab.k(EB)oyl group such as
phenyl propenoyl , phenyl but enoyl, phenyl pentenoyl and the like, the
ar al kenoykig@k® VPR EresttsuT DUAG! 4 OVedindussdB KarMiid c@blinp asd Clendskine
phenyl pr I|panoyl phenyl but anoyl , henHI pentanoyl and the like, the
ar al kanoylevels auphsaram [Berodughien.i(Ay uids M’FI%/‘FO lgrtst g4 digurs afisr the last

et hane S RTARAEE a0ty B 1L genep b an AN Pield Koy L0

formed byafaRZednsin®BLIBA (he G2 hdcd pat g&m@hDewérGﬁ?:ﬂ&)fdctbcmbmmrd & and

nsubat i (EVRE SO LAl St &aeRold. o8 Dbt A BREEE b FOERRA 2buch

as met hyl oo/l TBh Mdlse EéPQﬁH wa\D1eARd b Bursafkl tHaN Y P VAl ﬁ&oé’cﬂ phenyl ,
napht hyl and the li1ke, the aryl group may be substituted; heteroaryl

group suc@aasngwﬂ"heliﬂvelsmﬁ tothl, IgEhOU]ﬁhWi c I[giir PO Abpesit: Iekd, pike: t he

het eroary u e_subst i Fe ) e nt
POV BT EGR v bt BB GA TS S A BB RSSO e

i ncl ude hgtdmexite tHeah@GENSENG HS@lﬁdaﬂQﬁlﬁﬁmlc@ﬁbﬁfﬂ)mO Lo, re<ausb. t he

like; nitro, cyano or am no groups. [24]. The substituents on R2 may

be sel ect pgulé PIEERBRGL DIVAGORO VALILAGedIAFR, Alda98@poddiiResddh as
fluorine, chlorine, bromne and the |ike; substituted or

unsubst i t meeunipaby rggnté@p@ SHeinIENONsS todalawnoRy @ﬁ@n@wlip@wweaﬁwa
group s ucﬁh ﬁéurggﬁ th l{ he adfoll %pHVA aél%s r\?91 %re Qac!rnteﬂteofl &E
am no, nono or 'S ed am no group group suc as

et hanoyl , DM&maﬂD)ﬁng@Dm%HRﬁdeiﬁrash& k@pertéﬂt&ge(dﬁ&n@%&omlﬂkwl such
as thionmethyl, thioeth

3/ t hi opr op and the like; (Cl-C6 E é}'

gr oup sucwsalén%lsvmf&f\ E‘PE&S}SWEF(Q%LI%‘X V-9 Bise PEONSAtRRRE §A )ﬁn Z

ar oyl Maﬁﬂ&@orﬂ@hﬁ%@%@%ﬁ g | Phﬁcb glecrea?rﬁé!ﬂt‘%ﬂupgr% dSHEH ASthe
anoyl oxy utf anoy

acetyloxy pr op oxy nd the i ar group such as
phenyl , npmessuky/driving reshieatidnkdyided by dloyl. Cgyo ugfersdy ﬂi@eilstmmblbty of the

L SUDSt | g o B9 B MR A2 U ol by bl ™
the |ike ]

CAHICONH ariaghnfOida b fun r‘%l%ﬂiﬁ@éﬂt@@ff&&ﬁ%&'r&ﬁ%@@ @ﬁ&@ﬁ@ww ()
C6H5CH2 NH, CGHSCHZN the |ike; al koxycarbonyl am no group

such as OigeonthtEffeeatidDak-pn ONFEoTNeENE-1thactivityand mflammatory

ot SeRmOY i Bl B eRHEY et Rk T S et 24,

ar al koxy CigRo aftéralis 6t QVALGErSE bhallen 6 Hp GHAGODAHY asGabia€EkR GhiR
C6H3CH20CON (CH3), CBH3CH2OCON (C21-13), C6H4 (CH3) CH2OCONH, CBH4

(OCH3) CHeegsaEnd iy RCGHe praduets we@,qsm;at%d iRyA 2ip8argrosR) Viyalizedymder
met hyl t hi By l?élﬂydi tagﬂnowasnﬁsgg %L Eltﬂn(?erﬁgldcornﬁgl. I'[‘h%%xpé?‘ﬁﬁ&ﬁ%éﬁé'r&ﬁ@a?ed%p up

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




[025]. When the groups R2 represent disubstituted aryl, the two
substituents on the adjacent carbon atons forma |inking group such
as- X-CH2-Y-, -X-CH2-CH2-Y-, where X and Y may be sane or different
and i ndependently represent 0, NH, S or CH2 When the groups

repr esent Bigulpy 18InahendBlbtting EpEY NFudBeih, nuickar sxtbst of Iluﬁgtlssupﬁ esp nt on
the two adj acent carbons may form gqsl I nki ng group

}/\/nﬁr e R &ﬁk@tqufrqréﬁrlé%%bm(r@aﬂme ksaling G@HS%lsPrﬁ%‘{WFmS@t%H%ﬁd t he
oo’ o DRI NRTASBMYD 6 L HEGHDAR o aseth Y SEPIESEY |

a met hyl efnemgtear pxtrdsdof sorfrl barharbioncimalepiteliaglls @I)csﬂmudntechwﬁhrlbonyl
group; R5 is _selected fromone of the foll dr.oxyl . grou
al kyl gr otmld Nfsei Iﬁ?%ﬁﬁﬂné%ﬁmpggéﬂm(}g?f W“Ef’tt‘%l?ew% ster
linked sugafe; O@g&% seﬂ_zﬂgtcﬁ QQWJVaSD@‘PIA@?er ih Eﬁ’th@SJoPﬁ{thTBP' y

occurring ana 14- epi andr ogr aphol i | soandr ogr aphol i d

14- deoxy- drﬁkhmdyrﬂmﬁyhmdnpgi@pmancm ch&@dlu&me—scence reagent. TBP nuclear

14-12- nethax andr ogr.aphol.i de; . 14- d drox andr o i de; and
Ta. deoxy PR RSP AG B BTG e AP Y SPERET T QEFides
derivati vgse®in ﬁBQﬁl@Qﬁ&p@@ﬁ YA@ith 519121@ patRR@bReeN. Nudlehyp @CIDHN-am e
salts formng part of this |nvent|on |nclude salts derlved from

i nor gani cbmd@G@C@YR@ho%mlCLﬁﬂr exfeact pf bata IUIM}lSSF@ aﬂd:tlmCIth extracts 94l t s of
or gani ¢ b e(‘%ﬂ uml}latelhl ﬁﬁﬁt%fo?gh ﬁ&ggﬁﬁl@@ ’en %\11 'a@?ence of

caf f ei ne, am Roeth am n
N-et hyl rTDB(DhM D%G Mas eétbmhﬂae@agmgla Meargiang @85 ﬁanscnpnon factor ELISA kit.

gl ucosam ne, hydr abam ne, isopropyl am ne, methyl gl ucam hol i ne,
pi per azi n¥al u|§$ H&Wrﬂﬁfﬁéhe TBF’ZBEE gyowqeﬁégafa&er?éamiaﬁ%e% ificant

triethyl agigfafonch HoRPHIK G BLARI, £ KigRSs2 Py Bfifial QWO ATNSted with
10 ng/ml TNF-xin the presence and absence of 30 puM DDAG for 12 hours before
total mMRNA was extracted using TriZol reagent. PCR products were separated in a

2% agarose gel and visualized under UV light. S-actin was used as an internal
control. 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, £ < 0.05.

Figure 15: Effects of DDAG and Glucocorticoid (Dexamathasone, Dex)
independently or in combination on OVA-induced inflammatory cell recruitment.
(A) Inflammatory cell counts in BAL fluid obtained from sensitized mice 24 hours
after the last OV A 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 Iymphocyte (Lym). Effects of DDAG on OV A-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.
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13 di et hanol am ne, neglum ne, ethylenediamne, N, N -

di phenyl et hyl enedi am ne, N, N -dibenzyl et hyl enedi am ne, N-benzyl
phenyl et hyl am ne, choline, choline hydroxide, dicyclohexylam ne,
met f onni n, benzyl at ni ne, phenyl et hyl am ne, di al kyl am ne,

trial kyl amDeigiled ddsafiptien am nopyri m di ne, am nopyri di ne, purine,
sperm dine, and the like; chiral bases |ike al kyl phenyl am ne,

gl yci nol , [ohgnydndebptepti® pasie@latah@nd/bK endrs@ibplfolide daipbualls a1 QsaiCciads
such as glycine, alanine, valine, |eucine, 1soleucine, norleucine

tyrosi ne, eSpetivelperedasast @VaeindneadhinBrammatory eell rasauitrhgr igRyB A Sridadl-

hi sti di ne, it Qi Lne, arai.ni Ser | eoni : 5
phenyl al arﬁ? ﬂg]S, ﬂ‘hﬂgﬁ‘fi é(?ta}gﬂipﬁ%c{%bfn&s%’gﬁi#E;Mepgsbﬁ@h{sb%o %OSQSPIPPS’[ ed
am no_aci ggicu§ HastirsichgionHOAHR B £ cholaaighamodbier ei n t he
substituents are selected fromnitro, am no, alkyl, alkenyl, alkynyl,

ammoni um Qfynsidhadd ttheshvapp®mpi um salts and alum numsalts. [27].
Salts may inclTude acid addition salts where appropriate which are,

sul phat es o k2 65ouRllos BRALES knph CHISALARIAROLARSSInISVIHALAl kles,
acetates, tartrates, mmleates, citrates, succi nates, pal noates,
met hanesulcphpoaidiss thefullostmsstngairecy| at es,

hydr oxynapht hoat es, benzenesul f onat es, ascor bat es, gl ycer ophosphat es,
ket oglutarates and the like. [28]. Pha@ maceutically acceptable
sol vates may be hydrates or conprisifg BaiRfer sol vents of
crystallization such as al cohol s.R*#129]. Particularly useful
conpounds of the present invention ipgelude: 3,1 9-

Di acetyl-12-(N-benzyl am no) ,44- deaxy| angs ogyaphol i de;

3,19-Di acetyl-12a- (Nbenzyl ampe)>~{4>¢€0xy andrographol i de;

3,19-Di acetyl-1213- (N-benzyla %w deoxy andr ogr as)hol i de;

14- Deoxy- 12- (0- et hyl pheny! gRyc ) o}=~3, 19-0-0- phenyl €t hyl i dene)
andr ogr aphol i de; 14- Deoxy-12a- R{ 0* et hyl phenyl gl yci no) -3, 19- O0-
(I - phenyl sthewin,dene) andrographolide ; 14-Deoxy-120-

(0- et hyl phenyl gl yci no)- 3, 19-0- (1-phenylethylidene)

andr ogy ap Bl and&R*;ma; Hedselicamicfgrh alddcheyk grofif-a fabthéxy group, a methylene

met hoxybenzyl am no) _ andr ogr apho) i de; 3, 19-Di acetyl-14-deoxy-12alL
(N-4- et r%@%%ﬁ%‘y%%?ﬁ %&f‘geéﬁaﬁﬁgﬁﬂ&mﬁf)mztyaogem ibsetticd 58

3, 19- D acehylbsithidie Axdar b2 bAmchdt gl-c%n@xg%aﬁmmrﬁ&hﬂ, ethyl, n-
andr ographol i de; 3,19-D acetyl-12- (N-2- ¢hl orobenzyl am no) - 14- deoxy

andr ogr apipodnyligso-gropgl Middbetilia ; ayhgrogisech asihsnpbephiind and die-like, teoxy

andr ogr aphol.ide ; 3,.19-Di ty1-12f1 - (N-2- . .

ahi or obendii ERrRaT S HBSHTA Br et b tagach as poridyl furyl, thiopheny
3, 19- Di acehy irelifed@@titteldaryl @ouprBiak bk RubEtRNED; apdiklylGytla phibdnzd ;
3,19-Di acetyl- 14-deoxy-12a- (0-nethyl proling) . andro raph}(zl i de;
3, 19- Di ac@hynethyl apd iglikep the argkpkgraln paygbe ﬁ‘t‘f»)s“&ﬁ%#?@@%é?ﬂ%‘ Yiggoup

s
3,19-Di ac -14- 2=k h a i aphol i de;
3,19- Di aggﬁ%wg%%gﬁlg&zgﬁﬁéﬁ%%ﬂyra é%@]g)ﬁ@ gi;]egg{oeb?lgphlol i de;
3, 19- Di acéieterdadalkigiopeyu 26l be Ohatititbd;|(Ch€hydlkirsnyl poupanch axgtaplesl.i de;

2;,] é r9 ;) 3 y g(}::) E%%}]éééﬁ: gx?tg.r)i%/yjl %.ﬁd &%_IE[(%E H}él (Cg’»'dg%%&yf 350%5'115'3 be substituted,;

3, 19- Di acegy. i i . )
andr ogr :gﬁg%{%%a k%ﬁ)%ﬁﬁ%é%&%ﬁ@ﬁfﬁﬂ%ﬁg%&%ﬁ %%i-’ll’ ?%ift&{yllﬁﬁ& the like, (C5-Ca)

met hy 1- 3- phenyyl sogemay by salrmtitaed; apdid igrap;sugh aobabizayleangd tha Ukey dagxy - 12-
0- met hyl et hi oni lide: 3. 19-Diacetyil-14- 12a-
(0 vy SRR oSBT Bl BeRalyindadatnddy,
(0- met hylamioyORdNRe liRe dEOBeRAR)y gﬁhg%laé/%e%aﬁﬁﬁﬁé&;a&éﬂ(éwgmh%‘ (0-

met hyl phenyl gl yci no andr ogyaphol i de; D acetyl- 14- deoxy-12a- (0O-
met hyl phersylgas eHiensprensapgphgshuteneyl, phamipynigmeylandithe fikesde 120- (0-

met hyl phenyhigl b5l By A QA BRI Graidnd S FHAF Sl ks bediftyader, (O

phenylbutanoyl, phenylpentanoyl and the like, the aralkanoyl group may be
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Deoxy-12fl - (0-nmet hyl phenyl gl yci no) andrographol i de; 14-Deoxy- 3,
19-0- isopropylidene-12- (nmethyl phenyl al ani no) andrographol i de;

14- Deoxy- 3, 19-0- i sopropylidene-12alL (nethyl phenyl al ar nno)

andr ographol i de ; 14-Deoxy-3, 19-0- isopropylidene-12fl -

(et hyl phenbstialten lsﬂl@é)nyiii@ﬁﬁ?@)@pMhbtﬂiﬁnesillﬁbn)(lj\bdﬁzaieyhiﬁﬁynq:)—-

14- deoxy- 3, 19-0- phen et hyl i dene) andro raphollde ; 12a-

( N- Benzyl én%vmyulfml mébtiay ige, thesulfonyl gioHR mMAYAEHYPstHatEd)

andr ographolide ; 1213- (N Benzyl ani no) - deox -3, 19-0-

(1- pheny| ¢423y] Sdidahdy cpelitr sapchpéroformed byﬂR znay(bir» selected from-O-

t hyl ph 19- h dr.,0
T Doy BRI hed R g ke shad bERSY 96”5 B B B PRt
andr ogr aphodrogén, ulléabsﬁaﬁé&yoaad&nﬁﬁem?%dmsb @Bl@me& a&oanml(cpbzﬁﬁalkﬂ; such as
9- 0- (1- phenyl eté&l i dene) andr ogr apho 14- Deoxy-12-

( 0- net hy| prediilnehyla p-propyd-angdith pﬂdq@ya@d mupdm)asmb@rﬂamyll and the
apog s R b b0 U dd: Rl A SHOVL G5R,

19-0- (1- pﬂ@dipﬁeﬁylb)ﬁ)lrﬁ%ﬂ%hdalﬁwﬁmmﬂmém&@d g&),uphlééflﬁbﬁbsntuted or R” and

enzylidene;12- (N-benzyl am no) - 14- deoxy andr ogr aphol i.de 19- 0-
Benzyl i deRe fagsther (?@rﬁ‘é’ﬁkﬁﬂ’m Wpﬂe&efﬁﬁéﬂmﬁgﬁr 1o 2 st ué%tlme”ts on R’
3,19-0- Begzyk# ! f} Q%Mhrénﬁfdﬁ%é‘%@'ﬂléjﬁk
3,19-Di ac%t%? ?ﬁagée%géﬁg}( gyS%I QQ ué B met’hyl met hi oni no) .
andr ogr aphito, dggnodr hfhihd gcapayl 14- deoxy 8, 17-

epoxy- 12a- ( O- nethylnethlonlno) andr ogr aphol i de;

3, 19- Di ac{i24].- The dabstifuddts dad R emay)bels%ﬂbcte(dOﬁnmt tyshoehydroxy,naro, thio,
andr ogaphol i de; 3, 19- D| acefyl- 14 - , 17-

epoxy- 12- ggog@} ﬁ%%fﬁé‘ 13§ Eq)rl%a) ?’IH.B}ei a%d the like; substituted or

3, 19- D1 achatbeddires@ipshelctiea f ﬁmxmwa;ar blabio B (0110 g ity A s

andrographo , D acetyl- 14-deoxy-8
17- epoxy- ﬂr@(‘hy(l (Bﬂmé,t mptqpbrb nso-ropyeli and)thelikie ngmaxphmbmd er d1subst1tuted amino

3,19-Di tyl-14-d t ,

319 D acBiE: Tt Bt syt e einost blopB S aRIE RGP BEAI, b6 i
3, 19-Di acey &Ik%ﬂsﬁ'@péé’ﬁafn%ﬂly( Nhioetuyd; thidRepylyand ﬂi@dm&gr(@mblaﬂi&my
14- Deoxy-12- -di et hyl ani | i no) andr ographol.i de; 14-Deoxyl2a-(2,

3- di et hygawmspﬁlws m&wesngnr%tbww pERpylory, batylarypddbe bbe aroyl group suc
3- di met hybé%én& aﬁ@d ,g gylgg},agg)gg)?égha%t ¥detyiBz e RopahiGyloxy,

(4- met hoxy- 2- rre ylani

3,19-Di ac Butylﬂe)mé)ﬁ)daﬁkmelﬂa ar@ﬂgim.pfmxly a® pheiyh yapithyl oald the like, the aryl
andr ogr aphol i de;

19-D acge 1-14- 0X
( 4- met hox $LOPPITREY fwinaﬂ? Py ﬁla ?f?dvlf%rgup such as pyridyl, furyl, thienyl

3, 19- Di acghy kndl ik 6 0xeftabdr ( déWaSZ CONRNCLERYONH, C3H,CONH,
andr ogr aphol i de; 1219%0 ag%tyl 14- deoxyo% SHIEO .

(4- hydr oxﬁHa@@Nfﬁyl@dl | Gebla§ O r Ogmﬂi’y&ﬂm@e gr@ip] such as CeHsCHoNH,

9- Di t I | h ;
107D o Gey O b SR e T R Ry ARt B LS PRE ik 8

, 19-Di acamge@moxmsmezqm mg&egmata&lul t}ﬂohk@nﬁwﬁﬁ@aﬂb&hylﬂiﬁmo

, 19-Di acetyl - 14-deox (2-nmercaptoanilino) andrographolide;

, 19- Di ac8topp- suchd@sx (e @-CQ@{, Z@di@&%‘iﬁamqﬁﬂn@g:%%gr of¢e:

100 D S DGONR CHEOCA S SichRH fia b ML MMKBH a1 AR B30 p{%%i e
i,gls[;] ?C@Hw}:ltzzgegﬁllml :Gr?g[@CHﬂCHMQP&th@?CH@ﬁGDM@HQ, CeHsCH,OCON
Di acet y1- E@Zﬁ})’a‘ﬁﬁﬂ (ﬁgﬁlﬁ:}ﬁééﬁg‘?ﬁnéﬁlg‘g&i(gﬁ@ CSQE&)&S%H a“dlthe like; (C1-Cs)
3,19-Di aC% A%- X%‘t)(:h]ag e(zﬂ%ylglgf’o dé{’ﬁn}gﬁ% ?ﬁé iithld'd AR GkeIRRGBkY/HR0 3

1 9-D acety y- 12a I 1 no) andrographol i de;
3, 19- Di acgtoup- sm:hdaecpwldyma fugPlthiB; t}dmpienyﬁj&hanbéuzmh)azamtno,gpmw&ho de;

benzimidazolethio, pyrimidinethio and the like; acylthio group such as acetylthio,

W WWWWwWww

propanoylthio, butanoylthio and the like ; aralkylthio group such asbenzylthio,

12



18 andrographolide ; 3,19-Di acetyl-14-deoxy-12a-phenylthio

andr ogr aphol i de; 3,19- D acetyl-14-deoxy-120- phenylthio
andr ogr aphol i de; 3, 19-Di acetyl- 14-deoxy-12- acetylthio

andr ographol i de; 3, 19-Di acetyl-14-deoxy-12a-acetylthio

andr ogr ap?ﬂéﬂyﬁ&hylﬁnd,%ﬂ&@lpﬁd@khﬂmﬂbmeyhld@ abylthie @t'qdpt duich as phenylthio,
andr ogr aphol j de;. 3,19- D acetyl-14-deoxy-12-ethylthio

andr ogr apRapthylghio Findothe; lal‘é?et(%- Csh aHfé(lﬁ?&PnQZSé’IE e?tsh?lﬁ}w}sﬁleno ethylseleno,

andr ogr ap Xy I Oqag
andr ogr apﬁ&lp?%g}en% 153) @Dgﬁg‘%&%} %.gd g@% é%%(e?}xagn Pogr ap?%‘sglgno
3, 19- Di acetopieni/Beicnonzyrid 14he déioey andilrzdgylaq:lhlm [ d&c;h as benzylseleno,

3,19-Di acefyl-12)3-benzy deo andro raphol.j de; -
Di acetyl-B ela’éfalskxlseimlp nyaw@yﬁ%lﬁnﬁ. & §1 dtks e;no such as

andr ogr app iend; ﬂap?h lgﬁ%ﬁ]théﬂkggpéb(ﬁ@awﬂ&e Rlre R&k&ké"ﬁ@'drogen or
di car boxy at ¢ net'hyl) ndr ogr aphol I de; 3,19- D acety1-14- deoxy- 120-

E)é | 1 gl éfllﬂd)lﬁxiagrbmlﬁmesu::mmww amd&:lg@cdapftlmén hdﬁgemléﬂ:yrc]lroxy, nitro,
oxy- enyl thio pho a- phenyl thi o
andr ogr apﬁ%q“lod%mmfﬂf(%egi)ﬂlig ﬂn%r(rj@i‘ Fljﬁq B&bhol i de ;

14- Deoxy- 12- | thi o andr raphol i 2a-ethylthio

andr ogr apH#R ? 1enthe BERRY ZP?reﬁ“ﬁaﬁPll’ﬁtﬁugﬁdﬂég AHBSH enfs on the
14- Deoxy- I %I[(M -y2agheny! ¢no
andr ogr aph I%@M{%ﬁlﬁg}% 120ggF1eny ge@gn%ucgﬂagﬁg%p%o |d€ﬂ¥1(§%|_

Deoxy- 3, %he®-Xsoprd p;alyl berageldt-different il mdepehdefharspoisenie, NH, S or
14- Deoxy- -0- |sop | i dene- 12a- phenyl t hi dro r,aphol i.d

14- Deoxy- éﬂ%g“%‘ Fstgﬁ @/ ffgﬁaéir%‘%%}l'pﬁy %‘ﬁﬂ% lﬁn%lg %Shgl? a‘msgments
14- Deoxy- giel&rtqyn(tlreﬁ%nﬁ/d igdely bardene i Zor he Nikih g i ggodn sl gorApity| vde |
14- Deoxy- I%hen et h\él i dene) - 12a- phenyl thi o androgr e g{horl de;

14- Deoxy- whetrgloand( sRessntdEnGh) Qiké}‘lé)mllzﬁ)m(eﬁl)’blf‘éWIaﬂﬁﬂéﬁl

andr ogr ap 2; ylithio
andr ogr apﬁj%% bgesmn%%{%é&@?d]lga% ée}mg)t}%%& éei{tmzf g%néwﬁﬁe?hyl(?hl o
andr ogr apbol i de; 14- Deoxy- 3, 19+0- ( 1- phenyl et hyl i dene)-1213-ethylthio
andr ogr aphol i de; 3, 19-0-Benzyl i dene- 14- deoxy- 12- phenylthio

andr ogr apRoks sdiscted, frokf) a Onddeyl Zydiptanemddyldae xsoup2a- phenyl thio

andr ogr aphol i de ; 3, 19-0-Benzyl i denel4-deoxy-126-phenylthio

andr ogaphgF id@lectbd kbmba 2§ 8EkIt dbap 80X ¥arBonyl £ xy-12- phenyl thio
andr ographol i de; 3,1 9- D%ce%y%élg deoxy- 8 ﬁg{gﬁgpoxy 12a- phenyl thi o

andr ogr ap @fg %%cwa ﬁcﬁn@h@@%ﬁ%l%x §OXNyBoxyh ﬁrﬁﬁoéﬂaﬁ{%pgﬁbﬁwl thio

andr ogr apho G mmanoyl oxy- 14- deoxy andr ogr aphol'i

12aC nnanmmgthoxy gtelipd e onefh dendr grgap oo ki gther Qﬂwmlmkadm;gaog@uw deoxy
andr ogr aphol i de; 12- G nnanoyl oxy- 14- deoxy-8, 17-epoxy

andr ogr apiibé 'fajmula]jﬁeﬁiemmﬂﬁqllmyig hdtuddyxoecBiring Anelogxyi 4andr ogr aphol i de

11200 MR X AL oo KT SPOI SRR AR e e 12

andr ogr apbgl i 88 p.4éH W Rydnaxeoandb ird aan 14
Acet oxy- 3%9 di acet y% 1(Fjoég?a(ﬁ(p?bandrogrgpﬂ-q Q%H%% rbgraphaiide; an

12a- Acet oslgoxy: 1119hndrasmxﬂaogtzphoaé@xmwafnm@grfmpmuncdwles dgrdgatives of

( 3- Acet ox (g cetyl-14-deoxy andrographolide;
3,19-Di aCéIl‘ lfﬂ fﬁhcglé%xy 12- met hoxy andr ogr aphol i de;

3,19-Di ac 4- deox amet hox dr.0 hol i 3, ..

To- D acet bk PR RieEs HernORy SHISTIgHABROR PUdis Hivention include salt
3, 19-Di aC@EHJedléorﬁQH&gaﬂ:l% bases such as Li, Na, K, Ca, Mg, Fe, Cu, Zn, Mn; salts of
( 2- acet oxy- 3- N- acet y[ am no- 3- phenyl propi onyl oxy) "andr ogr aphol i de;

3, 19- Di acetgpmwlbad@owduas X2- Mednentyle®yhnadiemyncanbeiaing, caffeine, 2-
phenyl pro on rogr hol d@mB%%%l %acet 1.1 12, 3-
(2-acet oxg %é ni no® nBﬂtb PEHTOR on %ﬁp ﬁ%%[hol i ddv
12- (N-Boc eﬁxly}rﬁﬁbéi‘iﬂhﬁw EEAmSROX Y pficodamiBROX Yiry@lrabhfrifl, Pr @dpelamine,
methylglucamine, morpholine, piperazine, pipenidine, procaine, purines,
theobromine, triethylamine, trimethylamine, tripropylamine, tromethamine,
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[31]. Treatnent” and "treat"” and synonyns thereof refer to both

t herapeutic treatnent and prophylactic or preventative neasures,
wherein the object is to prevent or slow down (|l essen) an airway

di sorder. An airway disorder may include asthnma, an asthna

exacer bat diethan6lamii, enedbsihineg ihylenpdibmiveady N ﬁqﬂm&ylétﬁ@l%@):diamd:eo@her
ai rway di sorders known to those skilled in the arft. 5321; u
herein a tﬁ’é’?‘&@'éﬁbﬁé%ﬁql%m’@ﬁ e Y PeRzvA mophrnylegyl HEGp SHRE™ N | Fh @ean
anount of a eCa f t pr. at
| east sl 01\}\?[{%5*1 & ﬁ%?élgé%ﬁﬁ an&géleéo\;\ﬁg@ dl%or b{ﬁﬁhe a\ég%ﬁ:%ﬁ%rrﬁﬁe,
adm ni st réttalhytnnaﬁe amﬂhylatgum sthiaafing, hammpmm:d:me [ mmmopyadm,cqautihe:;al

conposi tion may be eter 1 ned b f or ry skill in.t rt of
clinical WH%% %’gly P%%oﬁ?sﬁ%t tkegal E’%B%t&@e{qevegl Yo r@e

t he Corrpogl?gmgf a.t‘fd)fHEQﬁ{et 'sﬁlﬂ; S PnfteraLIRERY £Gad fiRhaReHiRA! didhiNg, |vla11ne
depend, exanpl €, updbn the therapeutic objectives, the route of
admi ni st r Euvion, isatmicinee mdnuhme,otymsﬁnet heystimamensteing cmﬁtlncngﬂley pmhn«w N

be necessary for the th I.St to hm'éer t he dosage andem)dl fﬁé/r the
route of W s#F trteon F’@qwofr@ % OBt TREI YNt PR ¢ HEPARSGt i ¢

effect. A?ﬁaﬁﬂla%hned@hh@hlﬂt@ﬁﬁﬂﬁ) AWid¥uch an Prisbiner @ebititded rag{dﬁgactl@s up
to 100 ngy of the mamual's body wei ght or nore per day, preferably

about 1 j g@n@m@a@abstﬁutrd m@m@mwere[rogmsubste@we@@e selgpted Heom gitibs es
f th
gartl gulo;gﬁ ’Iegﬁ(le ﬂgﬁ‘gp ggglﬂgr gn%é)p @%gbwlﬁ%tsﬁh%unan

t her apy aﬂdm\ixﬁi:ﬁﬁztlfsary appl ications. In certain enbodi nents the
subject is a mammal, and in a preferred enbodi nent the subject is

human. [OfA%). 84 &Qﬁ@sﬂﬁiéldd%%bi(ﬁ/adﬂftf&ﬁaltythafaﬁib@fopria&: WhichRe) Bhlphites)
conmpound of the invention, that when adm nistered to a patient,

amel i or at RiratesBhepphatese Perchieraiess Barates, Imeohakigesm ecesptes t%ﬁfﬁé&fﬁ@eﬁﬁs t he
i nvention h u he ff a |1
vary depefilriss ofRpRalely Eanfaics; ThRERHMGALNCE T AEkbie, 2 B

t he age angaﬁrmejrrgphﬂmﬁtes he ﬂ)amzeaatulﬁonatbe t r esdoglohtesand glyeeﬂopkcaphatbsg

t her apeutj cal | effectth e anount can be determ ned routinely by one
of or di nak§fosRiarates pdithe ket having regard to their know edge and to
this disclosure. Conpositions of the Invention [0351. Conpounds
produced H@8br Bhwaﬁeﬂtcﬁléy REcretblofPIRa RS B@ymmréteepwomaﬂsm@thﬂ

treat ment ( 9f .. fﬁ’\%%‘stﬂ*%&ﬁcﬂt% hhs?aﬂ:&ﬁ) form of pharmaceuti cal

conposi ti ons. e present invention also relates to
conpositi i j I; ﬁ%’iﬂtf ol 8l a

t her apeut ﬁ@ I gﬁjé‘?‘ge ?Iu\gl)%ﬁlg. !g){@%aﬂlgg@%ﬁ 1%%81;18? el nv§én1trt’?on
used her eDi‘acatyl:—@mQNwEﬁzyhhﬁndjei 4I-dm5c§t|aﬁ&rb'gm@hdﬂycleef3ﬂ@emiavay]-12cz—t(N|- S
able to a’ggnezgr%an{lt?c% 14—3 Solgcgreagldgjag['zgﬂgf gersj l%tD?aIcg:t\gzvii-){Z Iﬁ’[] ]Elll %enzy Zlil’g{l]lo) 14-

deoxy andrographolide; 14-Deoxy-12-(O-methylphenylglycino}-3, 19-O-(1-

phenylethylidene) andrographolide; 14-Deoxy-120~ (O-methylphenylglycino)-3, 19-
0- (I-phenylethylidene) andrographolide ; 14-Deoxy-128- (O-methylphenylglycino)-
'3, 19-0- (I-phenylethylidene) andrographolide ; 3,19-Diacetyl-14-deoxy-12- (N-4-
methoxybenzylamino) andrographolide; 3,19-Diacetyl-14-deoxy-120¢ (N-4-
methoxybenzylamino} andrographolide; 3,19-Diacetyl-14-deoxy-128- (N-4-
methoxybenzylamino) andrographolide; 3,19-Diacetyl-12- (N-2- A
chlorobeniyiamino)- 14-deoxy andrographolide; 3,19-Diacetyl-120¢ (N-2-
chlorobenzylamine)-14-deoxy andrographolide ; 3,19-Diacetyl-128- (N-2-
chlorobenzylamino)-14-deoxy andrographolide; 3,19-Diacetyl-14-deoxy-12- (O-

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



[37]. In a preferred enbodi nent the conpounds and conpositions are

adapted to be adm nistered to the lungs directly through the airways
by inhal ation. Conpositions for adm nistration by inhalation nay take
the form of inhal able powder conpositions or liquid or powder sprays,

and can ben&dgiaphslideas g9-Diacaylantdsakyt E(Oshéalylpailie) andibgbgliolide;
devi ces or aerosol_ di spen5|22ga devices. Such devices are weII known.

For adni nPdOriereil- Hrdeewyal ZaPomethylnbendulaning andsesraphalideny 19y pi cal | y
i t

COM | 96 e RRLRoRPTDAURS, SRR i) Rl S S5 acey

conposi ti Qm&lemagylma (@Fms&nylmdnylalanmpxaﬂcbsgmpl@blm!aﬂ ﬂQGlgmtylfMg:ﬁoayi n
ik bl j st f . f

"1 2n | nhdPeiC Bledha Rk Bp o) SR BT N o KA AR ey B A al |y

contain bgér)]"fﬁ‘&ﬂylzﬁ ﬂ%s%ﬂn fanla @ﬁph&@ 30@9%@@1 18de8iNab ey,

t he conmpound of th ventl 0 resented w thout excipi ents
[ 38]. Themelﬁ}dtBe;ﬂieey]axmmus])tandmgraphyhd:aeS;iadklag@ul fodeanyt12-dOse or

Pl‘)'rtkuf’??%@ﬁyima@r%@” e Relie o SRR L B R G P T e T B
2242134, hoﬁ&é@ﬁ@%ﬁﬁcét 14 12?4 gotall
illust ratl n D| skus evi ce or GB21 8965, 29691,

GB2169265m ‘7‘31@519,) anmg@phgll @ﬁd9%@9@5123#dew1:31 (Orlustrate the

D skhal er ar EP r GB 2064336
andSUMSS%g'?\hﬁ&ﬁg%aqoé andr g lgé?%c%gl 14’3 %thpons for
t opi cal dﬁ‘leth&@;ménykglytchﬁ:) Iaumg&phomsammiacawmee&@:mﬂ &ed as

aqueous sol utigns or suspen5| ons Oor as aerosols deli vered from

pressur i sBStpARheaylebistie) aadrermphelids 3 dgddiariHal €AY Oni th the use
f it i quef § Z&d MDI
’s oot ¢ ARUEIAHE B MRG0 DI deBly. e (O BB,
cont ai ns an¢?ogqap]hdlaiet3, 18-Divoetyt 1#-tdeoey 1 20-60-nixeh dalsump pargirograplicdidie;] .

A | t f al t ith
e ouepenang et oGt o BB oo BRb Sl s AR BTl 4"
conpound aé&yau%u(@atﬁétﬁylgmaﬂ) laadYo gpBElIRS 38 9fhidedt IChY- béz:a?orzﬁ- (O-

hydr ogen- cont ai ni ng] chl orof | uorocarbon or m xtures thereo
4

part i cul amejhylglteios) andresaenwtids; 3 L-Riaestylhl drlearwd2f (Qror onet hane,
hl | | [
o O o LB SRS O a5 0

and m xt umﬁlyﬂdemrnemfct}uorhﬁd)]andﬂapalﬂmhd&(ﬂ 196Dme§i-ﬂ4@monﬁy2@r{0 onal | y
contain addl ti opal Gi pients typi c V. ocCi a with

conposi t i B Yslelﬁm@)‘? ’éo)sﬂl!ilf#%’t‘l&‘ﬁ 'sgu]?;nf)éascew frdegey- &IEO&]I ecithin
and cosol }&ﬁ{f&%ﬁolﬁl?'al ne%r %ﬁ&?&b"k 190588 Elﬁ&ébxfyofzwkﬁhm@db%ol@‘li

generally be co hin a canis for exanple an al’um nium
cani st er) andrographalideh3,d %ﬁtaeﬁuyh@f-l«dabmelféﬁwﬁ\lmmdaedlyl)rmdrm\a;@@hdm or

provi ded wi 2 _1ou i ece 42 di ca nt for d tration by
il at i o EZRPARY b Reave 12- hrer By T HarD e epb S RS R,
particle sigeotyp12d-TNahathyRipdridifo)dadrdprpnehials, Byblestyl-s4dssay-| Y
1-10 ptm preferably 2-5 ptin. Particles having a size above 20 ptm
are 126- (N-methylpiperazino) andrographolide; 3,19-Diacetyl-14-deoxy-12-
morpholino andrographolide; 3,19-Diacetyl-14-deoxy-12c-morpholino
andrographolide; 3,19-Diacetyl-14-deoxy-128-morpholino andrographolide, 3,19-
Diacetyl-12- (N-acetylpiperazino)-14-deoxy andro graphoiide; 3,19-Diacetyl-12¢-
(N-acetylpiperazino)-14-deoxy andrographolide; 3,19-Diacetyl-12p- (N-
acetylpiperazino)-14-deoxy andrographolide; 12- (N-Benzylamino)-14-deoxy
andrographolide; 120~ (N-Benzylamine)-14-deoxy andrographolide; 123- (N-
Benzylamino)-14-deoxy andrographolide; 14-Deoxy-12-(O-methylphenylglycino)

andrographolide; 14-Deoxy-12¢a- (O-methylphenylglycino) andrographolide; 14~
- 15



generally too |arge when inhaled to reach the small airways. To

achi eve these particle sizes the particles of the active ingredi ent
may be subjected to a size reducing process such as m cronisation.
The desired size fraction nmay be separated out by air classification

or sievi n@eofy-eﬁm(i&binythylﬂhmﬁgt}tcim) aﬁdmgn‘abhdﬂédegw-snmkwmw -Ovhen an

nt t d t t | f
The. bxc pieHOR DG~ AWy hea mmrkendrhe spiaiec FEDEPRE 3P drne  ©
active i “%ﬁo Shlene- 1[2%§lmﬁth9fpﬁ@r%ﬁ§lt§{?n8 %H@iﬁh@@ ﬁ@ﬁj@ékﬁlse@ - th

aqueous or Jagueous ve es 'w 1on 6f agents’ such as
t hi ckeni ngopweylidenekl2ist émethaﬂphsn)dakamnohandmghp&wﬂlde;t}i i BazylaengH,

| nhal at | o Hy RIS SaMIHEHEETS PP Eveho i I LA TEm o1 o

with the M@b&tﬁﬁ' sloaggMeayRighdas) aﬁdregl%h@lhd&alvzﬁ sza‘eﬁfylﬁﬁldo;

| sot oni ¢ ad] ustlng agent's or antim Crobi al ent’s.
steril i sediddygoxy-p ,t1r9a$-| (bphenyléthlideng) andregraphedide M/é)eomf-léf (Q-ent ed as

a non-steri r odt U aey osol

created fFY§ hﬂ%ﬁi QY 38‘&‘%’9]?’0?]% ‘péﬁnﬁg%’ﬁ%ﬁaene C% %?Sdletlu Foxy“

enbodi rrennz&uf(e)-ﬁi@mg@ﬁiehylammn%)@dmm IL-phedd1dtli Ridefe d)da'rm d@meﬁdet rllaal er.
mn

[46]. In another enbodi nent, the conpositionis a I stered

aer osol d%%ﬁé?ﬁ@ﬂmﬁhﬂéhe@ﬂ@m@b} y Sr@-(Eehgnyhetiaylisteney ﬁﬂﬁm&iﬂphOhde
hal at b
I[Z??. aPlhg?rragégg? a@&@épgopﬁ?%gollwﬁ@"h or?ﬁsu EM{%. nj gg?ﬁble;
use i ncl ummbgwﬂm— (&zlqnm\;ﬁ%mhh%s d@tSOh ((thfrgflmm_',tl&iene)dndtd@@phoh?e f
i spersions_an rle (6] ers or e neous Ion O
Sterile i MEEORE 54BrTRREc im0 19-GHE- ey ilaidenes padbetabotte; 5
Alternatiyglyp énayﬁd‘énequhﬁeéﬁ&laﬁﬁﬁowﬁ#d&ﬁy%hfowﬁew@Cﬁwd ated in

| |posorres to assist their tranSport "across cel menbr ane.
conposi t i Bnnznlusltmda&ts—t(hlblb@zmlmgm@tlmedmm@ndm@mholﬁdmédﬁf(&&euméldami

cti on of LA Q) beraaRTLRY L aeno g Bo o BBl PRaER TG

[48] . Theeﬁcﬁd'yfuer(()cxﬁ&h e‘@h@ﬂﬂn‘é fidr apmﬂmerm@mlm&mm@my&, nyng,

for exanple, water pol yol (for exanp gl yceral, rogfyl ene
gl ycol aan?qumodqymwwh&v@ Qiapdiseraphatios; ﬁé%?l@éytﬂ Lrdeamts

I Xt

o e, QAR Pl B SROD LU L des, 1

exanpl e, bkmoiyt - m—nmyh)tlﬁmnmglymmjamdmgtﬂphbhée r3e]c$uDraedtbeﬁbwt3e8 si7ze

h f
'n the Cagg?ox?f»mm- (O-methylphenylglycino) andrographolide; 3,19-Diacetyl-14-deoxy-8,

17-epoxy-128-(O-methylphenylglycino) andrographolide; 3,19-Diacetyl-14-deoxy-
12- (N-1, 2, 4-triazolyl) andrographolide; 3,19-Diacetyl-14-deoxy-12¢- (N-1, 2,4-
triazolyl) andrographolide; 3,19-Diacetyl-14-deoxy-128- (N-1,2,4-triazolyl)
andrographolide ; 14-Deoxy-12- (2, 3-dimethylanilino) andrographolide; 14-Deoxy-
120+(2, 3-dimcthylanilin0) andrographolide; 14-Deoxy-128- (2, 3-dimethylanilino)

| andrographolide ; 3,19-Diacetyl-14-deoxy-12- (4-methoxy-2-methylanilino)
andrographolide; 3,19-Diacetyl-14-deoxy-120- (4-methoxy-2-methylanilino)
andrographolide; 3,19-Diacetyl-14-deoxy-128- (4-methoxy-2-inethylanilino)
andrographolide; 3,19-Diacetyl-14-deoxy-12- (4-hydroxy-2-methylanilino})
andrographolide; 3,19-Diacetyl-14-deoxy-12¢- {(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



di spersion and by the use of surfactants. Preventing the action of
m croorgani sns in the conpositions of the invention is achieved by
addi ng anti bacterial and/or antifungal agents, for exanple, parabens,
chl orobut anol , phenol, sorbic acid, thinmerosal and the like. In many
cases, it ImdebxjaéZ@{(éfmemhptearnmo)mﬂmgmpﬂmhdiear?:i,3(9 Boestyk14-deoxyeXanpl e,

sugars or ,sodi.um chl or, roI 0 0 f, the |nj abl e
conposi ti & i éi&}?%%?lﬁiag}ﬁﬂ ﬁ{h%ﬁa ?”hﬁg ﬂlgﬁj@%% B t‘laons of
agent s deldmtﬁaxﬁhﬁﬁfo 515&9 Pl‘ﬁfluﬁxﬁw slacsdgumme@%ﬂmg garate and
gelatin. [49]. Sterl i nhal abl e’ or injec abl e sol utions are

prepar ed idyméthexyapdima) amrgogihghcdxﬂlel ﬁd%Blapctuhéi%-amhmpﬁé desydi r ed anount
in the appr rla 0 t.h sev f the of her .in nts
enuner at eﬂn §hd bégﬂ#'@‘éﬁﬂ ]f%)f )9] XY agho é%?ﬁjégtl on.

Ceneral |y Dlﬁ’de%‘lﬂ@%la%ﬂﬁmapﬁdw)@%ﬁﬂ%@}ﬁohd@ Ol BeDRickiY 1 4 deoMAl 2-qus3-
sterilized active ingredient into sterile vehicle which contalns

t he basi c diénghezsilivg) amimgml@hde,tﬂaé Sridigestyletit-dedrer 300G 8di ents from

t hose enunge Vv iyl or the
preparati on Iﬁ&?%@?& agndlr(%'#aéﬁ@flg’a%?g ?;r%?% aglageoggﬁgﬁ @hg t he

pr ef er r ed dirpéthpldsiliad) pidegmigtolide; zammmwmmdieysxﬁg 2a(mlmf3mgeze dryi ng,
to yield a powder of the active ingredient pl uséﬁ_@é addi ti gnal

dest'red | gl A AL e Bk ST oSG or.
[50]. Weq, S hht\éfﬁ‘rﬁléﬂ@g aglgiéoeggr%pﬁtoﬁﬂg PR Dby 4 %%EJ;}L 158 (?%étﬁ?l -4-

contenpl ate WI n e’invention, are suitab
pr ot ect ed ntefigyfsuifopatoenibna) dmirc@hphnhdﬂ: éil;inlDla‘cetryl-éﬁdﬁpxse;lZ-vﬁN h an inert

di | uent th di hl it | ' d
Sor ¢~ shel feefariisFhngiapdirie Rl E s 1 Bitsen T RE Lo A by Birtncl,
it may beahd}%%{aeﬁélﬁéeegl 19@@@&!{' 14Middxyt 18- (19Q6kBb1y14RInG) 8t . For oral

therapeutl ¢ adm nistration e active conpound ray be incorporated

wi th exci pn@rnmphﬁdieuéfé@qonyﬂae(% 61'41&16&0?&)’1@7@13!!(0@@0@&911@]@@ ccal

t abl et s, ch ong fers, and
the |i ke H§uc¥ﬁ DSI %y“ {(no %%%?él%?%ﬂgdesg He%?(i ?a@\é\@at Ieast
1% by wei ghhetﬁéxﬂﬁﬂin\b)?alﬁﬁﬂmhﬁﬁﬂe TmDB@-ryc:enlt%Qes@;:fropﬁmemms|3t~| ons -
and preparations my, of couri‘ be varied a %Ez\llgn%ntly be

LN

bet ween aBBBRth¥apignalandrogepiobde: KeDetvght L %0 'lfcﬂ’éo (asount  of
active co t 4s L such
that a Su%ﬁ@%@gi@&ﬁ%@@%ﬁﬁﬁg Pr?%:‘e é?@%@%%g?@ (%235 or
prepar at i dnsethxalami1d0h€gmdmgrapi'@l1pc,ds4eﬁcoxmi/kr(ﬂfrmﬁh:dmhpo)eha]ﬂe@ &o that
a dosage uni c nt ai ns bout..0. 1, u d .20 ive
corrpou%d phe ﬁyﬁﬁyll %ﬁr@fﬂ%“ﬁ &Bg&ﬁ@%oxyp %Oq'iz “geé%a?ﬁlﬁgo}g%gfgt{ﬁg 1i ke
may al so 9ﬁéﬁy@¢tﬂyzmeﬁ@) aiﬂr@@mfoﬁde s UeDedgy- 1 DRI BxaNhElin-B119a5-Aci a,

corn starch or ge atin. also contain an eXC|p|ent such as,

for exanpphenylgt ﬁn@ng}ﬁrﬁmmlée 3THEQ-Benzylifens- Hofieayni 2a (3, 3-

di t L at

otar on O Al ORyBGRAL Sl AR, FKB TG R D4 BEEN2aPRBL D |

such as, ﬁﬁnethy(lamﬂ)he)hamimqmolhﬂb Sil,E%[}aBmzy]iﬂme-nﬁ;lecadysm&@gﬁ-al n aI
tenin nt Cro actose or.  sac ari.n al SO

contain adimapdariiag @@é{?ﬁ% RhgLAe ad;1 f%‘?ceéxla%?%ﬁn%éﬂﬁféf’ﬁ‘g%7‘6‘@P¥Y of

wintergre eog{aPﬁaﬁerxefd -BYRU-1%0: anliiB]14-080. Re.clpgpoe uni L form

is a capsu cént ai n, tion to materi a of the above
type, a | Bnﬂmgraphmlldeeﬁ 19-Ipxﬁ@e]ty1—1\w:nmhmo -bé-HdeoxyBit 6 cla'ixg andnp ghrphplides ent

ti nodify th f th
it For Sgabiargal L Garece, [Tror: 200 G D alentily) siroBHpba s b
shel l ac, suganiaestyRe4-Beody- §YIWLEE>0Q§ 18hi @9 | 1-difRdth Qﬁnlﬁb hu@

corrpound sucrose as a sweeteni ng % met hy (gy paraben as
pr eser vat Bl@sDiagetplls b4-dek - § d\?@@oﬁmﬁ §u@13aigmeﬁad}andx@§pn ogrehkelide; or

orange {1 39l B ERUEAED ABoTRHEEE 1 B8y RRTRPAH A 21y dosage
andrographolide; 14-Deoxy-128- (N'-uracil) andrographolide; 3,19-Diacetyl-14-

deoxy-12- [N- (1, 2-dihydro-2-pyrimidinone) amino]-1-andrographolide; 3,19-
17



[ 55] . Pharmaceutically acceptable carriers and/or diluents may al so
i nclude any and all solvents, dispersion nedia, coatings,

anti bacterials and/or antifungals, isotonic and absorption del ayi ng
agents and the like. The use of such nmedia and agents for

phar maceuDisadtylaetdeoaysldbs [Mclas-dl}@dmmpykxnudmom) dotimojart . Except

insofar as any conyventional rredla t |no atlble th the
active i nghdrgeepholidesd, lﬁé?lé@ﬁ“ylrw ‘FR%‘Yt @L@u@.fﬁ A oRYTigHOnE)

cont empl abtho) i HibrosRHABATBNGADKCAG LY SebROTRCNERERUPaD &l o be

i ncorporated I'nto t npositions era se suppl ementary
active i ngnéigmphslide 8, 18rDiacétpk Ithdemnyeﬂjx @jbmsﬂ)sa.ndmg@hohﬂat 349-

o br onoh UG gARse s Y SHR SRR G At Fargred 12 Some
i nhal ed s{RKGLAfHrSBYcil) %&Ggrayseqmetah@@lscerﬁme@&a qezd;wliqs-cor n,

Fl uti casone (FI ovenn, cl esoni de (Alvesce),” Becl orret hasone
Di pr opi onah]erc(u@m(]m)dyomp}mliden@ l@rl@metvhl‘% Heoxar 125- - Egeiprouscibily

i ncl ude sal ut a t ol ut a 1 net erq

For ot er oPnatREagRytideh 1 1 Bl Pk S PP EAN aRbemprnatice;
especi al | Y3519V[aﬂa&&§ilepl45debﬁyf1@@-glﬂ’-€$ Brodahedig Taldre idej NS i n
dosage unit formfor eas mnistration and uniformty of dosage.

Dosage un ﬂlaqe@f{#a@oﬁxéaﬁh@ ‘el %Cﬂﬂba%%ﬁwhld‘? HiSHweydfi t s
d
sui ted as, r}'{ O(%aﬂv?&o%x%{:et Eﬂﬁé éh?@ @B{fﬁ%@? Ih%eg b4

each unit co I ng—a prede n ive ma eri
cal cul at e(ls-ﬂoomlumiuq: endrhgaﬂhmdeeﬁt 1 ﬁﬂhaa’pﬁu]t 41-deeiyf-la(213- [NP(Saﬁtmomratil)Q) n

with the required p ceutical rrler for .of
t he i nvené® H%PEOIHF fat Q‘Wtygﬁcf' %@ﬂ@r&ﬁdﬁﬁ@%&@ ’?"P %ra?ﬁ"
uni que ch @rl@%ﬁfzét?f' | £8e8y- Iﬂ‘?(sal%ﬁbﬂ&ﬁmg%ﬁ{rb ?.Jap@d'lﬂiet beonshtdrpLiar

therapeutic effec to be "achi eved l'i m tati ons 1 nherent
in the arteafy- blﬁﬂﬁlim{drlngowamﬁ] mﬂl‘@gﬁphﬂéldnntléfmeﬁxyf@r (Whel, Erdelardient

f di | bj ect h
bodi |y nedrbRmiginoRR B Sl oo e LErRER P p G 1 bt The
princi pal pagiidiford) @it RErogfapbORROUIIdDE0 L0 124 RV e i2edily G-

effective admnistration in eftpﬁctlve anounts with a suitabl e

phar mac euPye@idigonss amwd sndrogaphpkde; il A-Lpes ol -6 - flugronragiDiini t

d f d

R e e T N e

gr gpor t ![ ongs- [ﬂ\tae(Saﬁuemeracﬂ)m?dm@rap&olgm;leWa{)qu;pib@ﬂﬁ-}s(&brompm_ﬂiljout ‘
o a ou of car n the case of cqonposjtions

Cont At ni nanOigBfelE B Yeorst 178 TN greprionracinf ifaenfliRn b DS

determ neq'z,élmt -%f(ﬁﬂ&ﬁ‘aél ﬁﬁlﬁo@ﬁﬂ%hd@oﬁﬁmﬂﬂy MRIES (S%douracﬂ)

adm ni strati on of-the salg i ngre nts [ % The corrﬁoun or the

conposi t i endreasaphalider; iﬁa@eﬁm}ﬁoaﬂNg(idc@@mﬂ ] arilrographplides i AP eors-

dosage un r i

Andrograppl%ﬁa' [%évgsr-m%gur&g@ﬁ 3}@10%9 afg‘)l(l]g cfelhy roa‘?L g’%ﬁp dﬁ ?P gpA}%tBBAG)
may be abh@drbgrapmi@gu@eo@@u@%pm Uns plgshylthiogindespeaphivlide)iid- ei t her
wi t h DDAG_al one or by conbi nation therapy of DDAG_and ql ucocorticoid

in the tr&%0%it Bﬁpw%phmém o gaphlidgiehi & Diacetyl-14-deoxy-12-
phenylseleno andrographolide; 3,19-Diacetyl-14-deoxy-120-phenylseleno

andrographolide; 3,19-Diacetyl-14-deoxy-128-phenylselenc andrographolide; 12-
(C-Benzoylmethyl)-14-deoxy-13, 19-O- (1-phenylethylidene) andrographolide; 120~
(C-Benzoylmethyl)-14-deoxy-13, 19-O-(1-phenylethylidene) andrographolide; 123-
(C-B enzoﬁrlmethyl)- 14-deoxy-13, 19-O-(l-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-

1283- ethylthio andrographolide; 3,19-Diacetyl-14-deoxy-12-phenylthio
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[61] . We propose the use of andrographolide conpounds such as

andr ogr aphol i de and DDA (DDAG) to conplenment or to replace oral
steroids during airway disorders such as asthma exacerbation. [62].
We describe a Novel Anti-Inflanmatory Role for Andrographolide in
Ast hma vi androfriaphdliden 3¢lf9-Dieectyitd #-daox -2 phedyﬂhﬁamﬂvc@yaphéﬁds,ixi%nt

Govel opmoRisgpT ity A5 sav Dk s e Bappnian o D Eady e fta- 121
component aghyif i AhoIRAY' oAU AQUERAD)S- RRBIEIER, has been

shown here to inhibi KB  acti vi t Andr ogr aphol rde attenuates
allergic amThmphnlaiel hhPBdin¢adyi- ld#daoue-llﬁﬁ mﬁdﬂ*gmaﬁdmgm@ﬁﬁm@ 19n

0 | ammt DRSS e SS I APy e e I AR eases
in total Qﬁ&iﬂnﬁ%&ﬁogra%ﬁmldwBh'9LDiIa@ét5}I~144&8&!& 1—2341etH)11-ﬂ1§) aaﬂebgfrhphbﬁde

| evel s in bronchoal veol ar Iavage | uid, and reduced seruml evel

OVA- speci $il8- Elg@tylkﬂhqftl&fhil‘&ﬂe@f(mﬂmgﬁ@]@éde,l%h%&ﬁ@@uézéféﬁnﬂdﬂﬁrI i a
v AR A (T TR BB 1

ti ssues, Eﬁ\ﬁe@ﬂ—ﬂ natgoXy PRI T esﬂmlﬂedmylame ﬁieﬂﬂjﬂa)cahdfdgr@hohme Buhﬁm
| ung eplthellal cells, androg ol.ide bl ocked, TNF-aLi nduced

phosphor ypéﬁCPH?‘rlﬂ‘fdeP’Fbﬁﬂ %‘P‘{brlyd’r@ﬁly(l AleasboryRisme by apdrogyaphglyce: 3,19-

d d
065 mucl omicE PR AEHEBE eI IOHBNSH b erhlT) BRRGRAPRAILE, Lo0- o
i mpl i cat eDaoxpol Ephexaﬂtiﬁdmrdaq@apho@dv;al%Eemiy-mrdpb@ykhimcﬂndd@mphohde :
t t t th bi t th

| evel of HBEBREARvaETo Akagsbhoiesleprnty- Y IER PRE R nat

DDAG ef f egd.ipegk 42@@@15@1430%4&& sitede | M IDRBRRI 9B ¥t Ahio recr ui t ment
into BAL fl uid, ¥ | L-5, ILg?13 and eotaxin production, serumlgE

synt hesi sanq@%iﬁm}d? b%ﬁeﬁb?hziphanﬁm@sﬁﬂﬁ%@@hﬁ%t 14oReaket12MR i n a
Vor eover , Py BE: PRLEARRAISY 1ok BB s dlonc ekttt

when gi veDeatyohel9-Odstpropylidenc-0D- ﬂhewld@@mdibg:@ﬂ(ﬁchnm Pleuxpdabt®coi d
treatment  synergistically attenuated &f anmat i on _i 8Quse ast hma
model . Th@gEroPVWﬁ ¢ B@ﬂtwan fﬁéliaaia e HR0R% 31 B 1depgs

treatment dkfiRipholide ; 14-Deoxy-3,19-Q-(1-phenylethylidene)-12-
Wepr oposet ougea rogag}apc%?% gelor14 eox{} é phenylehy >

di dehydr ogmwbmoaandmgu@hpm 14-Deos 3, 19f@dt pizamylegiiylidsné)ri ospheaylthio

wel |- cont PP @ARICE, P BeS s Pr LR P aep i tip

st eroi ds ghifrbf@pieiRecIPalebon3, mm(ppﬁ&glétmlmﬁeﬁMEmgm@hol i de or
DDA to conpl enent oral steroids or ‘? ace oral sterold during asthm

exacer bat pesiiogrepiwlige ; dfdPesgyaHbOr @ep epvigtyidene)- Bhorolaylthipsor der s
andrographolide; 14-Deoxy-3,19-)-O-(1-phenylethylidene)-12§-ethylthio
andrographolide; 3,19-O-Benzylidene-14-deoxy-12-phenylthio andrographolide; 3,
19-0-Benzylidene-14-deoxy-12a-phenylthio andrographolide ; 3,19-O-Benzylidene-

| 14-deoxy-128-phenylthio andrographolide; 3,19-Diacetyl-14-deoxy-8, 17-epoxy-12-
phenylthio andrographolide; 3, 1 9-Diacetyl-14-deoxy-8, 17-epoxy-12c-phenylthio
andrographolide; 3,19-Diacetyl-14-deoxy-8, 17-epoxy-125-phenylthio
andrographolide; 12-Cimmamoyloxy-14-deoxy andrographolide; 120~
Cinnamofloxy—ltl—deoxy andrographolide; 126-Cinnamoyloxy-14-deoxy
andrographolide; 12-Cinnamoyloxy-14-deoxy-8, 17-epoxy andrographolide; 120+
Cinnamoyloxy-14-deoxy-8, 1 7-epoxy andrographolide ; 128-Cinnamoyloxy-14-

deoxy-8, 17-epoxy andrographolide ; 14-Deoxy-12-hydroxy andrographolide; 14-
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[66]. A novel anti-Inflammtory role of andrographolide in treating
asthma via Inhibition of the NE-KB pathway. In our nouse asthma nodel
usi ng oval bum n as aeroal |l ergen, we showed that andrographolide
dose-dependent |y | nhibited oval bum nl nduced cell Infiltration Into
the ai r wapsospil dehgdroky emitogrpbblidd; | édbenyt 12Bdgydrdxyndrographobdg riZed

wns abl'e toeiers Wb AR ettt fo i s fautan POt B S e
from BAL {ibasiyoaraFd Og&ml%héé 92@(35&5&3&;}“9% Eﬁé@ét?l-(fﬂ&wyemﬂ}ogréﬁhbﬁde

i ndi cates that andrographolidé nay have anti-allerg
anti-infl érh?a@xapgtylab% dwayylil m[etm}(y afidnogtipholides 3, lariaxaoqylab%dq:QWelZﬁas

Sahesi on TR oG ROy St kB seeB - drosy- 1 28meetbdy AREREEikids i
of air MY3h¥?ﬂﬁfaé&gpmar§éedkgrﬂE§$2Jaﬂetﬁkﬁ3 maétgilaain&mrpﬁe@ﬁp@bﬁﬁyWy)

andr ogr aphol i de (Fi e mechani sm of anti-infl anmat Ori‘/r
Its

acti ons ofndagiepheli pbllf’d%laﬁﬁyials“tﬁm}’rl@% (FcaeejorysTdt acetdamigor

oo iR bR WAL LT el LB AR
Gel -Pro | m@qummbt%pm@y(wbﬁy@m%ﬂﬁgrmh&l VB N-Barci ghgrin¥bdy)-

(3-actin was, used as an Internal control r r|

hnrunobl of fdggxises He@ﬂw@eﬁﬂ’ ﬂqumwségpdr@%@ae Zfdrf%crfeglmpyleéwrs
stinmul ate CAJ.

30 AM and SoebR L1 ol B 1P E%?%PE%%%%H%%SS?&%B% BB !
SDS- PAGE M{(ﬂem)@&,ew debl-m dippsiomyl aadmgpa”ﬁaﬁhthnﬁuﬁdarpcetmm -demdyear

g(r:'?;[ \E;: '[]y ? used 2 e&@gg g[r;}[qﬁgg,t% érﬁm‘:ﬁf}[lﬂgme)gﬁmé bi ndi ng

stinul at eﬁaemab{fbbyﬁ%ﬂﬂai&yl &@rdgriphbﬁae,lsmg-macef 216X m@k?-absence of
30 AM andr ogr aphol i de was determ ned usi n&l ransAMI'm p65
a5F

transcri priestptoenethimol gandragraphpbdg; 3, ¥ Wbﬂ& NN educed

oval bum n |1 4C i i

e ool oot | BURAY T GRoRRMILRER Ry a0 il Tt il Rl B8,
Andr ogr apdhisdnzeizhiondtchivl)ethifihAdideduyp-¢ d-aadsigraphblide ami:B , 1 9-Midvecyi1e3-
counts and _TNF-a Gwv | eve in ui d. fi ndi ngs
reveal ed &%Tbgmﬁ%ﬂwoa%ftcﬁ L‘gﬂﬁwsf’%ﬁnfjgﬂa@%& hol i de, whi ch
include inhibition of cell inflammation, infiltration into the

ai rways uf430% mh&cgngmdﬁpﬁaw lﬁm@@nﬁ%b%m%ﬁhy#ﬁ%@naimyhanhm ng

PAS stain dnd evel in
BAL fl ui d"mg” 1 f%'ﬁg A (%J[J%Itl;f} E%Ac%?kthégeégp?‘ﬁpﬁﬁ‘é% ﬂléG1 and

| g&a), anqsmp(yudalypeybarmﬂmesed/emﬁgmeﬁmds &hdweniethelay. ai rway resi stance
and dynam c conpliance, and proinflannnatory marker gene expression

| ncl udi ngThéaAlverk mekaivt 1, E-sel ectin, AMCase, YKL-40, YML, YM,
MJUC5ac and i n0S. W have al so reported a new nechani sm of action of
andr ogr apgm_il 1. dFrQ¥m e d BrdafeandhShinh PiMeRbf tids th bofhasmpariy! at | on,

| KB phosphoryl atlon, |KBa degradation, p65 nuclear translocation and
p65- DNA biragfmegt arxﬂaarﬁduéaq&ucwm@@n@ua@mm@@s, pihetein hegbjasbisto

andr ogr aph i.de r K I

anti-all engelgtc ’?@W &?‘;‘m Qg %%}Qf )@@&eée% d%%Htler?‘ea |1H§1ug?rway
di sor der s asthri@] an dsthn@dlehiaterbBtion)ehtvaieotdatetivwniimogarPiieade Y COPE)xnd 1
1,12- di dehydroandrographolide) anti-inflammatory effects in asthna.
[71] . DDA@tb(%éléwéDéﬂ’éWdéﬁtklﬂ?WPﬁﬂmsFé@ilﬁ@é} $H6&th- i nduced increases in
total cell count, eosinophil count, and IL-4, IL-5 and IL-13 Ievels

recovered [(mlb Aorsebhgrolact “Aherppapiigally ¢ffﬁ0éiv? BAEFI} " of i gompeslapllcher
level of oyall ﬁﬁﬂ&%@&&édi%eﬁt 196 rg:u}%ab% BFt’P IQV& M&xem‘% ns,l ”“9

ti ssue eosi I’lOp Ia an I Tway exXpr essi o

E-sel ecti dowliebdeNBigpan aibhdy al,soﬂdbr ﬁosagds aﬁa adﬂﬁinﬁ&hﬁﬁa@)f lafi ahtid pehist of

ti ssues, and ai rway hy ger responsi veness to nethacholine. In nornal
the 1nvent10r1 inap armaceutlcal composition may be determined by one of

ordinary skill in the art of clinical pharmacology or pharmacokinetics. An effective
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[72]. Additionally, |ow dose Dexamat hasone conbi nati on

synergi stically inhibited BALF oval bum n-i nduced total cell count,
eosi nophil count and IL-4, IL-5 1L-13 and even Eotaxin | evels.
[73]. In the nouse asthma nodel using oval bunmin as aeroal |l ergen, we
showed t hatnobR¥vfdbs esmigpedde cdmposititn toi becsnmvpddohatapeitivdlig edll cel |
Infiltration info the ai r\/vay}sl?%bt ai ned f.rom bronchoal veol.ar | ?vage

e
fluid Fi gffRengalon sxapplecrradhe herapepiig ohiestiives ?{ﬂ\l@%@%&r@w&m 90,

Fi gure 8Bapg {hétbndifieN 8F fle &ﬂﬁh@%&d&gﬁ%%ﬁﬂl e SR ©5 HeAferapist
profiles are inhibited by DDA and the Imhibitory effects of DDA on

ai rway hy petiter 8eplosage\ead esaslify the Sjute ydadmiopteton dreregaiecddd obtain the

andr ogr aphol.i de. and A .as. an_antj - i.nf] ammat o agent faqr trolling
St " pPaTal AR e AnEIE] AN SREECRE BREAOm THreblAnERR n
devel oped @iy wad00 rAbMka BieHe RANmBI PRS0 ¥R r3hork PLAEE), bleférfblyabout
assessed for total and differential cell counts, and cytokine and
chenoki ne llpgled/dny tedPumg’kgEay.evel s were al so determned. Lung tissues

were exam ned for cell infiltration and nucus hypersecretion, and the
expr essi of035]. [ Sdljentrior dhepusposea ok depresentiayeritippencledgsdugianeaats was

nmoni t or ed di.rect ai.r resi st.ance anal ysi s. 77] . AG elicited
2ok o 1 ELReE SRR PRHGH A MR s s HbeRs e ppdieabRgo e

DNA- bi ndi Agma tHeYdpydant F-efMa blieaaasl 1h¢BesiniehboiMent e 'sﬁbj&ﬁﬁﬁ@'
human bronchial epithelial cells in vitro. Reduction in IL-4, IL-5,

| L- 13 andmaowasli end in apmefetred pabodimenbhiegulicetds wmkbi t i on of NF- KB by
DDAG in inflammatory and airway resident cells. Reduction in airway

eosi nophi [03d].byTiRDAButeslbeffattive amovsl issmsagount of 8 compound of theRANTES

and E-selectin expression,.secondary to, NF- i.nhi bition. 78] .
Reduct | on TVEIRE it COE PO ESATS BERT PRt LRBRR P Ghtese o
i nhi bi t or yhehmB6hAt dTA BrfRhhd 8ftht ikendBn Whethi doRbtRtites @rriefapbitidsBy
Therefore, reduction in_airway hyper-responsivness by DDAG was

obser ved. efi¢ativsagoupiaall vernétreading onithecompandy e disepse stabadifsity at e

significa | St Alde eRE C w dose of
DDA was ugégelﬁy ’?g)%ﬁ%r?gg i“ge'? \/t\,ioéc Hlfel I%vﬁx;g%gggxg? Llfse?’eérngyﬁssﬂlf%gégSuppr esses
OVA- | nduc dgrdpeifi caltyetffecyvcCahdurRear be deremiinahtbulbielydykme difi otdimary 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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[79]. BAL fluid was collected 24 hours after the |ast OVA or saline
aerosol challenge; and total and differential cell counts were .
performed. OVA inhal ation markedly increased total cell and

eosi nophil counts, but slightly yet significantly (P <0.05) increased
macr ophagpowdsgrmgb Hideant euchras lasogerashirdh. énhatabds drypovwliepaemapbsitians syl i ne
aerosol cogntrol. /.k astical | cre

the total °¢BIeFen, ne‘iﬁ‘E§'ﬁ%‘pdrﬂdl ag{)‘aﬁ‘f |ggg§ﬂL F?’%Fglﬁt‘?{laé %@i‘éteﬁe%zment

manner asjanRed snbhiufh foltGoPhdeGh e iHale® of AihiffRkor( Ehdi¢psfbr At hi gh
dose (1 rrg/k(g DDAG al so reduced macrophage and | ynphocyte counts.

[80] . Lungatridgsueayngesicrlly sonein katweeh 2iphdlims teffth@acttvn@omguHMA or
| | |.. chal | d
L, R DR LRI
d
Chal | ngelCBhABHe TRl PR RBE! ot PP REI Heagss Hophir ot qsr-ch
| eukocyt edélﬁfegl' %?Eﬂ{fﬁ‘ﬁbl@sth@ Q(SEﬁﬁés‘?@odé‘cEﬂbmagéﬁqﬁ%ulﬁﬂogél&&w%@ in

t he ot her han OVA- chal'l enged  m ce, but nhot Saline-chall ed mce

devel opeda mnk@cﬁngbab@&toctbatldemlﬂv@dpm a8 224ah, rﬂﬁ;ﬁﬁ%@ﬁ)é}%féé &% on in

hal ted_ by USSAE0 Koy o0 Bt T BB R B ST Reliit ot bR E66ne
nunber of Gaogresul alRed6omss, Usel7y$054) USHe 11 1910ardi 198303 5087 GMfich
chal | enged mce (F!dé]ure 10) . DDAG Reduces OVA- | nduced BAL Fl uid 71112

Oyt oki ne illwients thenddisidialan dngdmﬁlf YA S ("BurpuhatszA dewies). 8 C8n i n
sensiti zegOéH ggfﬁ@%%%_mﬁn &Jaﬁalbln%%@i% e inlL-4, IL-5 1L-13 and

eot axin | evel as conparé€d wth sal | ne aerosol control

(Figure 1 ntras fluid.,leve ThI Ki ne,

Gt opped sMPgh PoraF otspRRlinn b et ek toufe ety el p&Y O <005,
reduced | foréhulatdd & a@ﬁéodslsoﬁﬁomaﬂﬂsds@erﬁldnﬁaﬁﬁae@ﬁoﬁ’ﬁalwe&ﬂfﬁﬂrﬂﬂ | evel s
in BAL fluid in a dose-dependent manner. as conpared with DVBSQ control

(Fi gur e 1R&ysuringst packaisiugh apbmetesed dopg/imhplerd Wlﬂakheé@ﬁ Phe s¥taplan- v
level in @J(rfﬁfeh#rﬂ;enm' $hd 1adicBG0r IHHrEs%ﬁniera% ﬁ%&u& Sofdhf Y

the Th2-pr I nune activity 1 n our in uce nouse ast hma
nodel . [ 8?ftionNn & predshezedonsaistettieat whething ia pbipkBastp altitbughdt myy also be a
ongoi ng OVA-specific Th2 response in vivo, serumlevels of total IgE,
and OVA- sf}@B? $¥1gE, 1gGl and IgGZa were deternined using ELISA

Mar ked el evatl on in serumtotal

OVA- f I
OVA- speci [448]-| ferpsplspamnositions Sw@ﬂ)?ﬁw @EP$ fegrf f@,%%aea%é/@ﬁlerwer e

obser ved o I
e (5 oTipEAb SRR CGGh B RyG R fhotich Ve StpAfdana oA

even at t p@pbldnm smclthssaeﬂl(c@omﬂwg'l drgydragen,confainang ggemiluesdcerbon of he

serum | evel. al I t fi t
of foct s abipigs e arseE ity R e sHiftos i o RisBiorishPine.
serum | eve{chRfrofdomBahd, idechl @caaflhatdbbatd, A8d aspepany fi1¢ 1] phi bi tion

of the Th2 response by DDAG. DDAG Reduces OVA-Induced AHR in M ce
tetrafluorcethane, 1,1, 1,2, 3,3, 3-heptafiuoro-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 ym, preferably 2-5 um. Particles having a size above 20 ym are
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[83]. To investigate the effect of DDAG on AHR in response to

i ncreasing concentrations of nethacholine, we neasured both R and
Cdyn in nmechanically ventilated mce. R is defined as the pressure
driving respiration divided by flow Cdyn refers to the

di st ensi b'gérietqll;otboﬂfhge heyirgakkdite raieh the&nhaébain’mefscﬁam@n?evierth&ml une of

the | d
V- char1 Bl ses eaRvirtonane sl e et Hoppe st P Rasizced by
high Rl afuaubﬁg/ pesbAgs sﬁﬁhgyﬁﬁ‘crégl)sanm% ﬁésuréa/siszﬂ)ﬁaeﬁ@mﬁfay%als&yams&iuced

Rl and restored Cdyn in OVA-chall en%; mce in response’to
met hachol putdy augesséfiidatign phsievingairaksrablylithe pattieles wall bperybiellimgy When
vivo was nodi

Hoor anat 2t s piEsuchl s tapigds B et fiR S ically WeHRF ik St B sugipient
control . {6 frhcHEfdstt} ﬂdahaﬁégl blbxlz@%@wdetdye&a{tal degranul ating
u

mast cell counts in tol uidine e staining lung section as conpared

with the fiBD uphhgda®s 9{51{19} bé Fdrﬂl‘tifﬁedl%@ aq@gﬁ@ofﬁﬁﬂ Je§u@/é%11&l&duced

I nf | ammat ory” Gene Expressmn and NO production in Allergic A rway
| nf | anmat with thy mtxorﬂufmga@ts suahl asghigk éring egants; ketensalipor agdibnalisali faung

nRNA | evel esi.on. uIeEseIetln ich is pivotal for
pul monary f’é@?ﬁgﬁﬁlﬁ?m@lﬁ %ﬁ%elnfﬁ' quédwe eosi nophi |l s and

o g b R WA
shown to pligye %ﬂhtthé Q&dlﬁ&{ @ﬁagﬁﬂts%é}‘{\@é’aﬁd‘éﬂ ARTRHUERr ANE isotonic

renodel i ng26-28; Micb5ac, i's essential for mucus .
hypers ec r adjusmegents ogantimiciobialagenss. ey miay, beeséfenhsad by &lfthtionioance Th2

T cell ion39: 1L-17 ha n, shown t.o e

ot axi 1 DEHRBR Mg QiHbls AF ST St P belg MR B pl s Sy e
vere abl eadrésol Bslyfsticheitddetr &8 38 a@hedul fomalARINOr Y rredl ators from human
eosi nophils in vitro3l. Pretreatnent with DDAG (1 ng/kg) denonstrated
strong supRSESE] Qe fattidelaehBolident ME@eosiithds adiiaished Nbgragy COX2,
I L-17 andmlaLFSS in ljt%%te allergic airways (Figure 13A). Nitric Oxide
(NO) is ppowdasénlialerhi gh concentration in response to infl anmmat ory
stimuli and perpetuate the inflammtory response within the airways.
DDAG al so{Mébluhueamﬂ@r smbodmrent, the eommpdsrtiongs hdmalist¢red jyar agrd@B)l whi ch

is the fi rod ct of n. Vi vo. oV, duced NE- KB
Funct i on P Pl AP P i RSP i A R RGLie ATR o R Ee
Activati OWd,]{}Inbbér@TNﬂlﬂmma&@ﬂlmﬁ]ﬁr Epithelial Cells [85]. To
verify that the anti-inflammtory effects of DDAG in OVA-chal |l enged

mce wer e{m}j' ?Eeﬁﬁa@éﬁtﬂ‘cﬂefohﬁﬁbpﬂ%h%nﬁfm H.F ta'bfﬁ'or WheRatAEhadcinge | ear
transl ocation of p65 subunit of NF-KB and p65 DNA-binding activity in

| ung ti sssesleshuenungdludniiydese watersoluble) ¢mspe@mswd§mmgo»a@er ®sol

hal | ke d h b
The. nuot o BT aRporgreen BRpiRf of oE Qedlnls B R Bt g e pERlde ' "
DNA- bi ndi &igria¢ Alltéidasivels, 1@ T ltidnb &g HenRliaee @ 86da @lﬂaﬂeﬂm (Figures

14A and 14B). DDAG (1 ng/ kg) signifi cantly (P < 0.05) reduced hoth
nucl ear pleEPsamSE iR asaﬁathmﬁz:ﬂm;m #gosaceil pempreng. he copesitionpEstbe

suggest | ”&aﬁl?ﬁk@%ﬂﬁ tlo%g%ﬂnahflggfh'% %“Bd %Ilra? % b 1 és%P«?edV' a

inhibition o activity. explore

anti-infl mtﬁrey:oﬁmﬁﬁﬂmirgﬁksmct'ﬁfetabﬁdm of mDbAEgamsas siehavat ai rway
cell type, we st udi ed cﬂ effects of DDAG on | NF-a-induced activation
of NF-KB ‘é?ﬁ’éf’ﬁ?ﬁt 3K aR ‘expression in normal prinmary human

br onchi al glthellal cells. INF-a plays a critical role in

ast hma32- ¥48hndhe garaerp@péma sgi\fqﬁﬁpra@lépermn Hgm eanisipinecion exanpls)

cel | s34. 85 [ dONA- bi ndi ng
activity %@P%@@pg@g@?g at?&es Cep ’.L%JB?)\/@&)%%QO} agﬁﬁ}g?y abat ed p65
nucl ear tpelpatholent piyoolamet MdD), ldntarbge fnfttgies @serdof fantiddpetablerdiloeTor e,

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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[87]. To study the conbinational effect of DDAG and d ucocorticoids
in OVA-induced aitTnay inflammation, BAL fluid was coll ected 24 hours
after the last OVA or saline aerosol challenge, and total and
differential cell counts were perforned. The | owest dose of DDAG (0.1
mg/ kg) i ndisperkiionanﬁ by thwi use of swvfabtrsits. BfevRetuagriierasanet r(ltkr@ﬁggiisk-gs) in

drast'cal decre sed e.total cel] e no [ofe) n BAL
f1 ui dI as r‘FBﬁ%PQS #&ﬁ@“@ﬁ?%ﬁﬁ@#ﬂ‘%&% I %t’:béﬁaléti ﬁ/olf r eat ed
mce as PRgifhhMe 2604, T extafl tp@éi@@raﬂéﬁ chlsalaﬁ@tahai PREDI, BT ORI t hdl ow

dose of ster0|ds Significantl reduced IL-4, IL-5
| L- 13, anthimomsaleod dhe ke évmlasy pzn:eBM_Wfll i prefenabde t!ngelud@}ﬁetﬂ@mwt

manner as_co h Dexanet haso yre 15 B to
B Dl So MR Gt Plepuiadr R et Rtk PR R LG b er ved

in aller girgec@dbllé’\@:)tn hdaftloneeat bOBroagithbbit Bittie iis@itthé Bordposidnsrrdel s of
ast | una33 Antigen receptor activation in T and B Iyrrphocyt es and

mast cel | agents delayingeabspipting. for gxaenle. adumnpgomongstearge aadigelatih, TNF- a
stinmulation of airway epithelial cells triggers NF- KBdependent gene
expr essi of049]. \/Stentnmhalhbiwpgu@qmbls scrlam@glae@pxteaargébadnmqrmg\me 03

si gnal i ng_pat hwa deco ot i de'

60 spect MR eanEPoRGdn B Horf ARt Ru e GG opRRe s BT vy Blar,
nol ecul e inahitttr iirdBeita vourlaaRa $b6 v, @aréqaﬁreci ifgll@bvedty BRérsd i n
experimental asthma nodels. [0891. Qur findings reveal a sjgnificant

i nhi bi t i ovicdlizagien. Generalys dispermiondergprentrethiely RECIDRIRUBE Haft YAFIOHEL i vi ty

.b y DDAG i i%d%gﬁ’{'é ﬁx%g%g%nlt %Rh%ﬁ sfeﬁ V\'re cl gncl?lecom%lﬁr?s tﬁ@ﬁ& (!119 erﬁH

i mmunobl ot ti'ng ana nor mal "hunman
epi t hel i anediedd aldl the vequrred sﬂ@mﬁd&é&nt@ﬁdnﬁlgmmpdmheﬂm&&duadd thmcdsear

transl ocatj on of 5, .and di m nished p65 .x onucl t| de bi ndi ng.
Taken t oget et epwg FaJer tggpwﬁiagﬂléag HAR alﬁﬁ?tﬁ nﬁx&ﬁ
the pri anr@?érreﬁ%étH@dsWﬁﬁ%fon%e PachBAY cﬁ&n'ﬂg'an@ lﬁ%@ie—&@'ﬁfg%%f ARl

pani cul ata, can effectively suppress variousS aspects -i nduced
Th2- medi ap@dd@tlolfﬁregacuvamgmi}ent plusampraddiinndl desireseingrstisnt framl y vi a

inhibition of NF-KB.a IVIt .As .t hese conpounds share the sane basic
structurepr%loflgménée"ﬁtf?géglﬁpgjﬁpgfeo andml_g,) presunably ot her

conmpounds the sa si.c strugcture,as fo |] have
2T o 1 ar 050 o et dotia R PR RckToo 596] HoteesIe8 FPORTREL 2y an

essenti al wiRinahe acotpe of BRINPGRIBASAre sﬁaﬁabwﬁmeéck@rtaefmay bY¥R¥ally
inflammationl-2, and NF-kl3 is a critical transcription factor for

Th2 cel | eimhinistesed,ifon ¢>@mple Mithzan ipert gilagyd or WJtilan@dkbifb@mp%auéé@yby
various | ¢ glclios%d 9 Phira oF sof% 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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such as bronchial epithelial cells, tissue nmast cells and al veol ar
macr ophages as well as infiltrated inflammtory cells such as

| ynphocyt es and eosinophils. [0911. Qur present results show that
DDAG significantly reduced the levels of I1L-4, IL-5 1L-13 and

eot axi n i fOBPL THeuatdets,ftraeDplliss baishien gudltheilke mdSi alsd amtdin botidoggs wer e
observed in OVA-chall eng{ed ice wth disru t%NF- KB &anti on via
condi t i onZBSRRGERDED KICXARRIS BUT- #925i8s (IR SRIGRBRIANIA APCYRAY 858 on
sel ecti velgniafh & KMo Rubh 88 11988 ntbre, dfcatpim pRBIhdte, EHES B370RE O
| L- 33 whi ch enhances fhe production of IL-5 atrll)d IdL- 13 bf/y Thg cells
but not byoffain xdibintegratingiagent sush ak, dortdxemipley comditereh, pptaBbri@ch) n
addi tion, repression of.. NE-KB signalin at as ,been shown to
bl ock. | L. PHRAAGR A0 4t iR OBy BN ALP SRR & INERPE AL hn P SR PHEY
smoot h NU$deBesitmlstdhite. THRY 88 M50 doRGIPRSREMERINE ﬁ%ﬁ%ﬁ&ﬂa Qfcrdsk; 4,
IL-5, IL-13 and eotaxin levels in BAL fluid from DDAG treated m ce

may be dudadteseionhidsharinThey nNy-2® cootaivafllpwpnring agaet suak ks foraxempland
alrway res

ident . cel. The t the anti-inflamuatory
ef fect of pﬁ%’ﬁé“lm(si’ $all gﬁ‘gglg rﬁfeﬁg’g)arr Pg%ggla‘g@g%&lgt hr ough a suppressive

ti tes. 92].. Eosi il I ) tr.al le i
he pat nod Bt NERg s ipineg et oyt S pran iomay Soesies FAEHE 51 nai ngs
showed t hahaidkh G mneMeeadnd Rill@m@kgey cell infiltration into the

ai rways as shown by a significant drop in total cell counts and

eosi nophi ljpg43d V/4aRbh oGyt ﬁa&ﬁﬂ@tlﬁaé)t% Fblent Mdﬁtiﬁ?ﬁ% to R drR e nodify

eosi nophil'ra’in a%‘lung sections. L ocyte trans ation into theé

ai rways i sheplghiest foan ed theydasygekiih &sr Instapcd, tablgts,|pill§ oanapsules #dy band

di nated b ifi h Ki | ik t.axi . RANTES i
Conb nat 1| GG PROSOHLS BIeor B A SVl R RuT kPRI BT ot i nL
25. | L- 13 chmpbind, BlicrédeisiSccRinioehiN fHdaS1 aﬁp@ﬁ&@ﬁaﬂe@wr ession in

airway epithelial cells47. IL-17 has al so been shown to induce
Eot axi n f PevPREHvRsya dvpardhilavessng sed gs; for peapplgecheaign orange davewiat

oot a1 R aRHRRY HRAGH oAl bhdh @l Wbsabl NS RAER o and
expr essi ophirmatdificall g pluradnd tsebstanialisinohdos o ilbtheneattuats eapildyedl Inal
cells. These findings are likely to, be due to, DDAG nedi ated NF-icB
i nhi bit | oﬁ§$&9n¢ %a%efﬁégmrpaw SLPaehs Hicopgraled Mt shstanadresaiont ai n

the K13 sit&af@bndmidhinWatibhy) their pronoters49. [93]. Taken

t oget her, "t he observed reduction in airway eosinophilia by

andr ogr aphgd £ dgn3ffl (LRAG iV CRRIRES Atk i Q] ¥
effects o Idll- ?8 egt axi #%g‘g%p%ﬁ%ﬁ%%ﬁg#‘téﬁ%ﬁ on, an% on E-selectin
expr essi owontsde trdeleysetaf tBSactivalagtnitt PorferablyNbeltiBates tbmatibasra subdaiay e

al so denonstr.at ed dramatic .reduction in air [ roduction in
DDAG 1 1 0atSacHl Famiibe Eithg.coan s ot inmaobums Siobeh A DEseEs donce
i ndi cat es pbf}%&prblatﬂ)ge,'r%egﬁrg]@l\&/ﬁl(i:é gccia,gpdﬁr@a\étig)a%{dé b§8hproRLRné, okttt

cell hyperplasia an ene and p ei'nexpression in

m ce29' 5@cid, polyahedtidesgbylylavtidsee-ghieakdesxpelaaminoracids, prdpethrens on

the transcriptional. activity,o F _KB29, 49 51 | bserved a
st mat Sl AR el bRl lEn R pilSaniies A SSBESET YR
DDAG in %Ab@a@ldnﬁﬁg@gi%dlyﬂgﬁﬁhﬁeh@gpw@aml ater)suofosblaedte fidsobatykna i n
ai rway epitheliumhas been shown to reduce OVA-induced nucus .
product i ofSABprdeaEnbinsionadhaeediand ofier palyrsss Hishas thase discloned ia
producti oRy i | et Ny~ I .e
Po & s gniFS P Nl Ty K (i 455 35k 206,170, T30 205 DS A B0 0.

di rect i nH(9G8{760y4,481,648) 4018 3NFH4KB, 120,646 1BG4, BEH; Dt 9dm each 9djvhich is

El evated serum IgE | evel s are a hall mark. of the Th2 i e response.
Qur data SKERREND ieatpoRedhy Telorenes horein h i CHYEYa 3TN Béeem | gE

wer e S“bStsﬁélﬁihédI{d‘e}Eé%gé‘ﬁl%cﬁrQQ’. andr ogr aphol i de and DDAG i n
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[95]. A family of chitinase proteins including AMCase, Ym, YnR2 and
YI CL-40 has recently been found to be markedly elevated in allergic
airway inflammation in human and in nouse ast hma nodel s26-28. They
are mainly expressed in airway epitheliumand al veolar macrophages.
AMCase | e{®85)i $hamacestiatlyiapceptabia caeriers ahdrar dabwkats mayalsoinsbtdermayi c

subjects in I.L- 13- dependent ..manner 26. en given, intratrgcheal ly,
RERACIRE B e AT et DR R A e
Besi des, YdSksAiQarkPas i%ﬁ%bla?ﬁgragbﬂﬁﬁﬁd PRikel TR YseWbliclAmbdiABNd

severity, airway renodeling an eterioration of pulnmonary function

i n ast hmaggents foyjpbamareutical eativelsubsianices wasallsknoan iplthgach Bxsept inspfar

ai rway inflanmmtion.and renmodeling.. Qur a_show t hat . .

nar oy apfo SR, pelBun seul & mreiraasEh R A Rk irarientorserna
expr essi Otherdbftifl thel thtgpedic coMpositiahd iReMEmAILL. These may be a
consequence of the major drop in IL-4 and IL-1 3 levels in the

al 1 way's. v dds) 2adbORRRRAR) dofite HerDRAR LiPALRSoARArARYnRORL | bute to

the di m nished pul nonary eosinophilia. [96]. It"is believed that
i nf | anmat cepposdenst dreferablyethessdsugplemegtarhactivieliegrgdients afd anfmat i on pl ay

acritical yole.in AHR devel o nt 54. . r epor,t, here that AG

i on 1 camtlefamBians e RATRL Fonidh pi U Gt Bkl at i ons
of met hachghbdifist anll chisolPeend estohttodledrd fuah at Br dpoBiseysdiorcri ti cal
role in AHR by nobilizing and activating esoi nhophils, leading to the

rel ease ofntghelingreicantrmdinpaled swiidsmay selude Daxagicthssencs Bydenoaids and

t ei nyl i ' | : ' i W
cudi i on, O WS MARGCT, (R oRctaLes Biblhobidthe - 1"
ast hma nodéprepionateliQMARS)sir etteyd kiosukintthe emess spenistsemrintlopé i cat ed in

AHR6' 55-5 Mor eover, | nedi ated nast cell activatio ]
contri but é"ﬁ?‘& aﬁxytegwogegé‘#ﬂgwasa‘im@r r PRPTIBP LT f%{%ﬁﬂ%@@ﬁg‘g‘%’o‘?%ors

and cytokgr{&ﬁm@'mﬁm%ﬁ%_i ncrease in airway hyperresponsiveness in OVA
chal l ange mce may be due to the increased in degranul ati ng mast cell
counts fo I R i t i i y
const 11 ot LBl RS Bheril by FEHE RS e DR e ol TR R R o3t

r esponseb5unit Tomusfor e ofladmini stchitivecind nndornofy FHRshge. Dosdgensyt foen as
associated wi.th.the reduction in Th2 cytolcine production_. tissue
cosi nophi P78 DS drfeisderiuvealy fhrsta st e depPlany Aaraeshor theg7)
Corti cost giagifdiABMbeed ¢ BE Bl @aCiRRiESHItARInk A PREeSrAHindB{Antithlof
clinical dosage, gl ucocorticoid receptors (GRs), after activation by
corti cost eetbiednatenzlpaksnlséeste preduch tharssiredidieeapautl ¢féect B assrm@ationat or s
of NF-KB ar ecr ui j Lyl ase. (H . r G I : e
acetyl ati %‘/Eﬂtth%feqﬁg%%Eh@g%@%ﬁ%?l}ég%hf%d Sﬁg‘g\g&é@t&ﬁl@g? g%ﬁ\rf]%'ug% ory
genes59. Ihetedbyaef diewtly dbpgideatanofa) iheaintifieichatactefistirof sis: active

i nf | anmat ora%/ﬁgit ranscriptjion factors activities. Nucl ear factor

KB oot vamidse) AN G PRIy GEerRUOR Eeat 4 Ph e o () Biedimtagions
andr ogr aplle e 'a?%@ceﬁ)ﬁ{a@%@% ﬁﬁﬁ%@@é@éﬁ%ﬂ%@f letrdinhehtRpsi tive

prospect in treating patie glucocorticoid resistance. [99].
As hi gh ddsezse intizingstbjecs dsvihga disagpdpenditids in whabdodilphedthvist h
severe side effects, .steroid-spaji.ng treatnments have been sought
after. Evgﬂpﬁlﬁgt?ﬁﬁ?ef%éléﬂﬁe%ﬂﬂ%ﬁ%ﬂmtory activities that
andr ographol i de or DDAG exert are |less than_corticosteroid ’%\nd
nonst er oi #881-dlhgsrinsialasiys ngresiens prosrponpaet fon sonsrenisnhend ¢ffscliyeice
ai rway i nfhammat.ion. . aklMRY SARCDS i RG AR fi %gg%léevel
led to thé&gpecu lg?i’l%?]fftéﬁfgt agﬂr?g‘?{ggrapﬂ%{l?éde or DDA‘Clalﬁ‘lﬂlgﬁ"?c e used to
control seareierin queegd yniciontir Alunitdlobagenfohn hn,det dwmmple, 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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Combi nation therapy [0100]. W al so exam ned the therapeutic effect of
DDAG and | ow dose of glucocorticoid in asthma nouse nodel. We report
that DDAG and Steroid can significantly reduced inflanmmtion even at
the | owest dose of DDAG and | ow dose of Steroid conbination. By
conpar i ngswiptdmddbAGacticriegedieDsx teelbbagss are detaneeddsi rdferénce e the- 4,
IL-5 and |L- t he DDAG Dexanet h ne .conbi pation al so

S oni 1 caliy doneat sRREHE araART AR S T or uf t <

eosi nophils by inducing their chenptaxis. Thus, .therapeutic use of
DDAG i n cEISB.nEhS RN oF theckgTEROSIIOSTBH T ANdRG T doR errapBeT ge of

_ i AR oS it
Sgééi b1 o G B B o B R ocor 1 ot

i ni ' S . Ani 0 . lhe;- ] .
(it or § aufeoF ERist Y g oRlBR e of Hbeond [ b Bt dbffotice o

( maxi mum @A CEnEAIR)abdd tolrBfladbrivaduddahsldsggdiof glutddtlicoid\tither With
tenperature and humdity of the housing environnent were _ maintained

at appr oxPRéG@plpne orby gembmationtsrpyiol IRAGEsdebiceryticoif da thef eed and
wat er wer 'ﬁ?ﬂ]ﬁg libitum The beddi ngs were changed three timnes
a week toﬁg%égl\r{ﬂe cleanliness of the living conditions. The handling

of mce apdthe experiments carried out strictly followed the

gui del i nei&?&?%&%@?—%ﬂ%é Institutional Aninmal Care and Use
Conmittee of N Si ngapor e. tem c A Sensitization.
[0104M B fucP@ o vi2sh S PR ERsu e e B8 prf fBlaphblie
sensiti ZaiddQDDA“(}ﬁE&@? td cthpleMef oF k! Fépl R Dral sepsid e duide dhegpol vi ng 20
jig of OVA and 4 ng of Al 3 in 0.1nl of Saline. The nurine asthma
model wasdigerdelsspdtiasastivenetaceppfi@n.t he mice with 0.1 m of

sensitization mxture on Day 0 and Day 14 using intraperitoneal
(i.p.) injoézl.i Breslescrieravdyvelifaiti- mflgmmaagRole fire\mwogepliclidd imi ce wer e

subj ected,to air .chal | t roduce th the, contr.ol.nmdel .as
oot ] o et Ehiahe o MNP SEH R Tty e B G TR 9157 g
0.15 g Ovifudidak Gacldr (NF)RXB 158 besifassedibied @nth the BevalGino bLadtien

chal l enged with aerosolized 1% OVA for 30 m nutes on Day 22, 23, 24

to sti nulApdrogephitide; Be pPEBYPH setivecorpgaent v a msdicins Plbl-Andiesra i ma
ol ; . _ _ e
o hi o 2 BAPARES v B Her0 D TR PSSR DO RS Bt

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

sensitized and challenged with OV A 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 OV A-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-c~induced phosphorylation of inhibitory kB (IxB) kinase-3 (IKK@), and
downstream IkBadegradation, p65 subunit of NF-«B 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-
«B pathway at the level of IKKg activation.

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

inflammatory cell recruitment into BAL fluid, IL-4, IL-5, 1L-13 and eotaxin
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[01041. An ultrasonic nebulizer (U tra-NebTM 2000 from DeVil bi ss

Heal t hcare Inc, USA) was enployed to performthe chall enge process.
The nebul i zer aerosolized the challenge m x and punped t he aerosol
mst (particle size <5 pm into an adjacent aerosol chanber where

the mce pedectipnassecm INE senthedig ipuhgomey essaidphdih, ﬂxﬁ&c@/ﬁypmbmibmand
re-exposed _to the antigen in_ the air , .generati pune
response Al Wé%?‘l‘%é‘g?g‘ffﬁaff‘o‘ilﬁt[ @gt@&a %‘ﬁé‘%ﬁﬁ’ﬁlﬁﬁé’gﬁﬂ"s‘g agihdtht hus
creating pRyd gl Hﬁﬁgsgla{ 85 n@tssthB ng%hﬁ%ﬂﬁhfn@fbr%ff@tﬁgwgﬁ BRe S

pani cul ata ext ract 1000 gra Andr ogr aphi s pani cul at a
aeri al paalbng, bombamEdn af wwcdoserod DI Gand glicottrticaiddfea@dtt et hanol  at

65 for 3 hours jn.a statl rcolator. Then at e |

recover edsm@ﬁq‘fgu%f’%‘??&@? Epatey @dn@mﬁaﬁté@ J’S‘%\c{eﬁ ﬁ%ﬁn 1H&® sane
condi ti ongy, poHtath’e?h n@vﬁlublf&emm@iuﬁﬂaéﬁ%mnea%f@mrﬁ@ctIon so obtain
approximately 15.2 ters of percolate. The conbi ned percol ates are

filtered @ﬁ]ec%cen@ cfi:%?éj by,a rQkar yﬁg@gﬁﬁgg{a at ,60 ‘{Qd(feb%co?ldl%ced

pressure. extra I's dried at 60 uced pressure one
ni ght. Thdﬂel@drcumdtognamhde t{®2A) dorytheeseatmentodf a6theyg, ast hecopirellet. Vs

startin eri al 10..1 w/ The ro |i de HPLC conitent i
5 B0k AR AR O theciSHiettss sio R GoOT DRAGY i eBL e e
comer ci alldy thiPMeguffBorabt stekQdé Sdu SadabdiiGat 'Wé‘t pt OM CR use
[ 0106] . Andr ogr aphol’i de or DDAG al one (0.1, 0.5, and rg ; Sigma,

o

St. Loui sandmgraphohdem anRA (tq%mpmembraé sletasty @I:erepl'_ans stepoid duripg
sal i ne was hcat C%% ﬁnt raperitoneal injections 2 hour before and 10
hours af t&F %%1%’?? A'%%r osol chal | enge. Andrographolide or

;?ogﬁ?xﬁ/é%ﬁ Qég Wg@tg};zgé %l?zg%ﬁo 5!}%}',8&; A) were prepared from

[066]. A novel anti-Inflammatory role of andrographolide in treating asthma via

Inhibition of the NF-xB pathway. In our mouse asthma model using ovalbumin as
aeroallergen, we showed that andrographolide dose-dependently Inhibited ovalbumln-
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 ovalbumin-Induced cytokine 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-xB signalling pathway (Figure 7). Protein bands of IKKS and phospho-IKKf
were quantltated using Gel-Pro Imaging software (Media Cybernetics, Silver Spring,
MD). $-actin was used as an Internal control. {Upper right) Immunoblotting of p65
level in nuclear extracts of epithelial cells stimulated with TNF-& 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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39 Andrographolide or DDA. A stock solution of 10 ng/m was prepared
and stored at -20C. \Wen used, the stock solution was thawed and
diluted with Saline solution to formthree different drug
concentrations: 0.01 ng/m, 0.05 ng/mM and 0.1 ng/m. The preparation
i s shown protéialwas wked Tmbd éntémPy epdnobt(Lowenfighl) ONeA dmmdinig setsvityfof poS

andr ogaphgl_i or l4-deoxy-11, 12- _di dehydr gandr ogr, ol ide from stock
o1 Ut oh. RECHHH TRl EX iAo PR SE R 60 Ot T Aot 59 e
present edgjeNpkadlce #hd GhQAPe At $¢! iMendORehIRNIRE Rhs WefefnS el SidigZ 8d
with OVA and challenged wth Saline, that served as the negative

control gTompAMI@ap tBnycOptin fots EBISAkibf positive nurine asthma
nodel that were OVA-sensitized and OVA-chal | enged. G oup C (DVSO
consi st ed[(6D].mMAadrgrijalide raluckPosabemin-mddceddAiniphil lcongent BAA fiwiden

i nt itonpeal. (i.D. i njecti 1% DVBO h b
Chal | o eandr it Bselsplia gon AT SRS R S G omdFERe ALY b
control fghdfrogﬁggﬁ&we B3Rk - SaUR R ddOeokin®hlf BB MIpROERL ToBfks And

m ce that we A-sensiti zed, OVA-chal I enged and @i ven )
i nt raper i ThiFeahnd GMpOSFilayadein BAS. fbfid.00dr fimdikep remenl eysexptad hirtitestbma

DDAG 0.1 [ kg. 2 bef ore allenge and. 10 h,lLater. & 0.

o/ ko DoABPPEdiSS & o afaie TR aPE B ARl st nffatihafion,
OVA- chal | pigesticangtcoineedirvaik iid rﬁﬂ&@@tlairﬁﬁ%ﬁnﬁcub RE&etib0 S t1Rf aifvdys
mg/ kg andr ogaphol i de or_ 0. / DDAG 2 h before chall enge and 10 h
later. Gruupg PABFtaning g @g&hp’héLiSdéLﬁﬁ and gotawink levBDAGAL fluid,

ST i) ver
Uit aper TONBaleE 1vE ol 1EE MY R Spahe Ak e WO END EihaD ugbrren
chI | gntz:jire%stﬁlsﬂx&nllsssl ﬁd ee_rﬂec';e'ﬁabjr ?irgvagﬁ i;eﬁemﬁﬁé aindrthlrrxahmara:dntplieméxrﬁmﬂ

u - evel oped I.n e stuay. r onchoal veal ar vage,
6" [ 0 oSl BRI ABAPST §979 SUPSRIoPHAC PO AN o AVB ERSIo8a 24
hour SBal;ﬂt ﬁ,:fvl(%i&%, {iknaho, Y1 Sehvinaviesahl GRgenod R e q1aNesstdies haed

by 0. I njections of an anesthetic cocktail (ketam ne:

medet oni dinmehani0 of &ctios: o8 JndRgrapkblide Alye shomwiimigatheSighibitien refl IRKE
Pfizer, Auckl and, .Ne | an i.t h 0/2 sterile needle .
(Proci 51 bRy atb B BPn bR S Forfreichlipn e e gensipeaion

m nut es ajddpesaDERY Bialinga i ihve DAY Sddes ﬂétﬁldﬂ%ﬂ&hﬂﬁoﬂlﬂhe&i@bgaﬁﬂdli%)
were used faor blood extraction. Wen w thdraw ng the blood, the

needl es wWePEspn astbma. Wieadrorrapod potentialgativiliereysctipmef anregrophididec| es,
and the aspiration should be slow so that the bl ood fl ow did not

col | apse. Usg efdPRdGanyrensing aiheqy dierflensmed and a smal | transverse

i nci sion was made on the exposed trachea. Blunt needles (20G, which
wer e connfd0pdIt oaddifibn,st wei | lmvsyrdatgeshowage Dbt dd4idedwy-t hd,12-

trachea thr.ou this inci.gion,.and 0.5 n ice-cold PBS (4C) was
instill edd@ﬁ?%%a‘\gﬁ%aﬂqﬁﬁe‘aﬂﬁ?&émﬁ%#ﬂwfﬁfﬁ?f?1 a1 21,4 M of BAL
fluid ' f h in.- f
Suglseq\lljvgrsl[ﬁr'/iic;l@ﬁﬁ ﬁpée?crlgp%g entir)rr[irlill?i%itgcll’] gval gmﬁfi%&luée% ingrgacses ?r[ 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 aftenuated ovalbumin—induged lung tissue eosiﬁophilia and airway
mucus production, mRNA expression of E-selectin, chitinases, COX-2, IL-17, IL-33
and Muc3ac 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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Serum col | ection [0110]. Bl ood collected fromthe hearts were all owed
to clot for at least 4 h. Centrifugation at 3000 rpmfor 5 mn at 4C
was then perforned on all blood sanples. The supematant, which is
the serum was extracted carefully and stored at - 80C. The sanpl es
wer e kept [672]. AddBionallg] bl disk |IDekamathagdhk tbnbBalkiof Isynedgistidallgdhlgditéd om

the lungs of_ the nouse was centrifuged at 3000 rpm for m t_4C.
The super M%pvesagmebmd@e%@tarf&llwte&O%OE%be.guﬂrr?@dplir‘}»e‘ﬁ-ia@-ﬁ
resuspend die{?erﬁﬁgta%itnl efis 0- 875% NHACL (8.75 ng NRICL in 1 m MIIiQ
wat er) and I ncubate flo % minutes at roomtenperature to renove

unwant ed hrocyt T e trif

3000 pm AbLTs i puss iRk a S USRS llF 5y LOGHISERR, bR By
cont ai ni n@DAfdosdieeadantlgahhibitvd svilasniaiedded celb Oatdin iafo REMrwayd h
1% BSA (10 ng BSA in 1 RPM ). The total nunber of viable cells was
enuner at e@btaied drom Reesbra) ok davpes floidddzye 8 and ehsgryssh ipfogaalin-figed, 1
of cell s L . m croscope at 200x magnification.

D fferent ?%ﬁg%‘ﬁw&lﬁlﬁg%@ﬂ .Following the total cell count,

di lutions e erf d on the BAL fl ui Lt BSA
sol ution (@F{! 1% ergféh?%m&a?orf%a:g?}% e%ﬁﬁﬁ#ﬁ& I.Co t%%%‘%ﬂé@?u@g I én
was then aad tHeddhiditbryodtfatd of DDAl odSaitsidy iy par-fegp@splenessent ri f uge
(Therno Shandon, Pittsburgh, USA) at 600g for 10 minutes to fix the
celI's on ghrsys Wt ipdsisose B AscSoPLindrb@aptithidetandtDPG 2hd aRiBiMm&sH S
were allowed to air-dry and then stained using Liu staining (nodified
Wi ght st aientdep)confrallingiastinng. ni ng, . cytospin slides were stained with

800 pi of Liu A for 30 seconds and then followed by 1600 pd of Liu B
for 90 sed®ids BALB/avionsensitiefd: artdoctaitlpngadewith givalbamdn geedepadoaiovay

slips were unt ed to.the stain. Differential cell unt t he
per §or med THRERIN: AIARIOAEGRtoE SRS BRI el 5t Liferha BBrpnel
magni fi catcklprdouh®! aBACHyENhE SHdN clidnidlene Fowdls. t SRes: OIE iefdlanvame ol
cells nanely nacrophages, eosinophils, neutrophils and | ynphocytes
wer e i dentdeferminegndluriei tisspess peerei weamed o fofascelnupBliationy ped ctrusHs
t he stai ni | St | i p i f . T
absolute n rgér&%&rﬁgagﬁgi g#?a%%%ﬁl cel | &%agg%% ullgﬁlglgl.rk%&' AQﬁvay
hyperresponsiveness was monitored by direct airway resistance analysis.

[077]. DDAG elicited a significant inhibition on p65 nuclear translocation and xB
DNA-binding activity in OVA-challenged lungs in vivo and in normal human
bronchial epithelial cells i 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-xB inhibition.

[078]. Reduction in serum total and OVA-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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Test treatnents [0113]. DDAG al one (0.1, 0.5, and 1 ng/kg; Sigma, St.
Louis, MO or vehicle (2% dinethyl sulfoxide [DMbO]) in 0.1 ml saline
was given by intraperitoneal injections 2 hour before and 10 hours
after each OVA aerosol challenge. In the conbinational experinents,
DDAG (0. 1p@r9.gBAILN flodiTivas atdliettedi 241 hbers aafeet iths dagt QA0 Br nsglitkeg herowels

gi ven intraperitoneall [

. Ln_both. [ t al tting, | in I
S tised sl gt ot SR i Eeenigh GOl CORBeFIRPE T e ONEA OIS
aceor di . Ctotd ) : .
ot ognafediFingfRated i B0R an b3 SRl oAU By (&) Serftierkls P
Chenoki ne<Il0e¥3 liscrease®Alactdphiage, [ diilkbcytecand| reumbpHil eclints] 4s Bompdred 8;th
eotaxin and, IFN--y in t AL fluid d.(l.L-4, IL-5 d
oo ol Bl DB i s LS BT e
eotaxin f F?%&f‘%ﬁﬁﬁ%n{w RNSAP A& in M\&os&? endSfCmkife? a%‘%ﬁllpared

obt ai ned wo di'fferent manufacturers an hus the protocols
di ffered withabe DM BOstebjpde comirdr(Figure $8). At lnigh dost {hgedept DPAG also

anti body in respective coating buffers (pH 9.5, 0.1 M sodium

car bonat erepiBFedirgé‘%?Pt}alg-e%“gﬁPﬁ“ .COM-" peS for IL-13 and eot axi n)
was coated to 96-well ELI SA plate (NUNC De rk). | at.e was
seal ed wi E%“bai&?g Flﬁ%uaﬁﬁPSim@ega& 3bjé’i°H¥5gﬁf{g§}ﬂe fﬂé%%ggt ﬁg)wime aerosol
tenper at UE&u@ﬂée. Ej)m 'ﬁgfoéol Aﬂanéng%nﬁdddé&@armnﬁmowm@ﬁﬁﬁw &ls

| L-13 and eot axi xt day, each well was washed w th washing

buf f er (PB® thetperibradsMolanasd p2Oyasanldr bdrpekied: vdsuds B0OmMardd witk salipe

buf fer (PBS wi,t 0% F f L-4, LL-5.a LEN-v:. |, x,PBS with.,1% BSA
and 5% suf¥8%s ‘Ig}?i]eli’g?-' ﬁDﬁsﬁ% QO%Q)WH% ﬁigal,ngﬂhgg tthSo?ﬂs'm()p{:hi'mci-l

t enper at Urekodid BIfilRARSKANBompite® witd DMSDdRNES] EIFLBAB)f Al e R €S
were | oaded into respective wells, and incubated for 2 h at room

t enper at uhand, $2VArchallopgedi mips, Rut aot selerchallengsd eninsh davrionsd) Baticds.

The pl ate i e, i [ Ot -.det 108, i W HRP
for 1 h Biepef AR & Sht RRELES R, BF U0 Bl OO b o
1 h fol | om@duditypdrieciebivon dbasrsignificdddlyKhiled ¥y DA GaEhmgkg) $Bigutd 9Gj.
TMB peroxidase substrate (solutjion A solytion B = 9. 1) was .added
into eachD¢ ,W%?n@q%%éﬁtd@ae i agbe o (reraaRed st r%i}s g theyluge
stoppi Ng §ahHbFOVA hdlchBPRidqpigddas to stop the reaction. The

optical density of each well in the pl'ate was read at 450 nmw th

correctio 99@% Eﬁ)?_gg%' b L ; ' il g are as

foll ow 4%é?4n(1;l§%or -4 an bﬁB@Wﬂ%ﬁgﬁ%%@ﬁ%ﬁ%X% I y; and

2 pg/m far .axi n. Bronchoal veol ar Lavage Fluid and Serum Anal ysi s
Plodi 2k

10115]. M ce"were anesthetized 24 hours after the | ast aerosol

;Bgl/ le en %,(Zl(%afu E)épz{] g[{}%falti\é%%ln as'é:nsli 1:\5/e%gx%ic% %’g‘lligedméaﬁotggfef igérggs% i%sILgﬁ?,sIﬂib ed
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 OV A-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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and differential cell counts, and cytokine and chenoki ne | evel s were
determ ned as descri bed above. Bl ood was col |l ected by cardiac
puncture, and serumlevels of total IgE and OVA-specific IgE, 19d,
and 1gQ&a |l evels were determ ned. [0116]. Levels of total |IgE and
OVA- speci BpeifigEE m@@VAaapdcilﬁg@@I ilevetse butrnoié A specific &gG20lgvelewere

ELI SA pl atg i ther 50 Al of ti hody .(f t al
TOE. 1" 2560tV Yy PRTenE ReiSTRsorgrare RSB aAg ar TR (TR
OVA- speci fiijg). ImﬁAd dnelyPabpta5a00 VAL &R e Faby devdNeattthel @iwest Bése

pl ate was washed with washing buffer (PBS wth 0.05% Tween-20 for

total | gE(0.PBE/kgk And) 10 % rcweeaxtzmt, flor smlg\ﬁé@f fotal ﬂgaandafaHAbméxﬁéd
with 300 0% FBS. gom { e

bl ocki ng, ﬁl%q{’}\ rségné%aﬂfs%%sr atttB%}éﬁr SEE)( and” g@uﬁﬁ%[ggp a(eisn OV\SEE egls on

| oaded i Nt depsRestel b€ ONEA IsBeciiél I3 G4 hadiedink ol spécific inhibitwiest iy Th2
washi ng, respective detective anti bodi es were added and i ncubated for

1 h, foll s#eersPYAOA G i ncubati on of HRP-conjugate antibody for 45
mn in the dark. Substrates were then added for 30 min in the dark
with mi| dIEhEKRaduces 63t4-Induel MIRdk Mcoppi ng sol ution (1 M H2SO4) was
added to stop the reaction. The optical density of each well in the
pl at e was [(83%d Tat indBQigatn tiet bfféct coDIBEGi an AR 500 mspoifdeetod atoeesingn

limt for total |gE was . _Hi st ol ogi.c .Anal ysi 0117].Lun
were 15 eEoRERTEA R ROl 1 mavE 1o FOndeGe At SlogTary
sections, vafiflated %le@Mst&bﬁBm& ey b fe@s@é‘@n@ﬁ?g fesifA&bh Jlﬂﬂe&x,@rndw ng
cell infiltration and vmthgerlodlc aci d-Schitf stain (PAS) for

measur i ngcﬁmm@fe@rtodhmdlswnm Dip et ﬂteal!ll‘lg(@méiﬁaqi%fmed agdlee phange ireelume

bl i nded as cribe b Ve e
usi ng tol uf%ll ﬁ‘é IEHPge e?jal it ?Pgangé H})‘Sre S%rél\gngsé"&ﬁ%& %%'agtvl %e%l#f%g%iééf mhice
count ed i BevatsoprtfAMRSEEth engpicihe rﬂ‘iﬁcﬁ‘dﬂrﬁ}aﬂlghdﬁ zdﬁgbarrmdiyﬁ &dgufaﬂa)
cells in the lung was_ cal cul ated by counting t umber _of cells

10% of exPRAFJA BEKg) awmaégallsqpaipp%da?\i pad A?Pé?ryé.%dy&ria %Xér?h%&enge
Criteria [18]. Fegg?ﬂettb %@eﬂglﬁésségg%mgnqhmbmﬂm Q{eﬁﬁtéﬁla%a?d

for analysis were sim l'ar struct'ure™and %i zes, cl ear
nmor phol ogpatholege nimatvivn swandnodifiedru@\dh s rrﬂuptation smafketil}e 1BUeased nthitaig
tissues t

ul d befo rred durin The scorjng
it Betanii Bartrl don HuetBrer igathe s gakmiac ¢
each nouSEARY RIS AEQ8asHetRe @cﬁlﬂc&ﬁg@{hﬂhﬁn@%ﬁ -cell NoGfits i EIusdifs-i Ng
criteriais summarized in Table 3. Peribronchial cell counts were

per f or nedbivg saibingnyngeseeiian ahgompatcddwvidlk the dWASOnvelhde goptroja(Figure
five- p0|nﬁzéforing system (0-4) was adapted: 0O, no cells; 1, a few
cells ing of cells one cell Iayer deep; 3, aring of cells two

to four c han.f our

cobl ot coPlPAG FEr B4R i ety B e 28 g o
and scor eﬂzz@%@@gﬁmgjﬁfmﬁ,h@@er cent age of PAS-positive

mucus- produci ng cells. A five-point (0-4) grading systemwas as

foll ows: ?)84 no caeh! flrowe! dalledge Tgé%d@ l?q?-ré%/ﬁte@ Iu@ rﬁﬁ?@A 4everd W

Briefly, determ ne the severity of ammatory cell infiltration,
per i br onc hdlesione iolesplen Faselstia, pehzf:lmrxsrephvmal rigr l:méiadnw wcsuqmnhtof

2501119, 45y 0550 SoohnsBel B4 E5HRRoRs BT Bl
cel l's of nfthiehd §mdﬁ@ﬁamfﬁ@han chitinase (AMCase), Ym1, Ym2 and YKL-40, which
have recently been shown to play critical roles in airway inflammation and
remodeling %628, Muc5ac, which is essential for mucus hypersecretxon 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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determ ne the extent of nucus production, goblet cell hyperplasia in
t he airway epitheliumwas quantified blind using a 5-point grading
system 0, no goblet cells; 1, <25% 2, 25-50% 3, 50-75% 4, >75%
Scoring of inflammatory,cells and goblet cells was perfornmed in at
| east 3 diepfinomnls i eitrgs . ostreatioent| wity BPAG dh. mgflsgh dsmonyetsge pleong

bt ai ned f 4. anial s, .*Si.gnifi '
200 0n " e Qe ARk B2 RS R s b O RAPH F Uhd B
deep a ring iaf theedllesgid-Arwa3Y QFfue@PAS. WitichOxiak ©&D) & prbdhey el high

deep.. Table 3 Scoring systens for both H&E staining and, PAS
st ai ni ng 6fneeRBatiaTtin ERRASE thipflearpitery. stk ardperpetvalgthoynflgymatory

hyper-r es?%Bgrils\ée@J%ﬁﬁl %Hg%)rways. DDAG also reduce the serum nitrate nitrite level
(Figure 13B) which is the final product of NO in vivo.

DDAG Inhibits OVA-Induced NF-xB Function in Allergic Airway Inflammation and
TNF-o-induced NF-xB Activation in Normal Human Bronchial Epithelial Cells

[085). To verify that the anti-inflammatory effects of DDAG in OVA-challenged
mice were mediated by the inhibition of NF-kB, we examined nuclear translocation
of p65 subunit of NF-xB and p65 DNA-binding activity in lung tissues obtained 24
hours after the last OVA or saline aerosol challenge. OVA challenge markedly
raised the level of p65 subunit in the nuclear extract of the lung tissue and promoted
nuclear p65 DNA-binding activity as compared with saline aerosol control (Figures
14A and 14B). DDAG (1 mg/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-o-induced
activation of NF-xB and cytokine mRNA expression in normal primary human

bronchial epithelial cells. TNF-a 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-o~induced up-regulation of
L~ 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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[0119] . M ce were anesthetized and tracheotonmy was performnmed as
descri bed above. The internal jugular vein was cannul ated and
connected to a m crosyri nge for intravenous nethacholine

adm ni strati Ofgne %eroso ychaﬁgn hce‘ﬁ fot a.r)d t%@t%¥en¥ nf:mélg ﬁ%lfn@l e?en}%eerfcgn%de\én)

in FESpOHSé Sfri creasi ng I ons O

recorded UsHenghvieshidse @DdyDAGet(hysmtggpm CdeaiBedtion Bwito lowshédsenof
CT) and ventilated mechanically by ventilator via the tube that was

i nserted iPpxemethasoneatth@ngkeh dfasaaallw geergascaf the ototdl avollr anditensiapphih
breat hi ng fate r?hAij’ﬁéﬁ‘a@ co%{é%édow A BLAS ?éﬁrsﬁlés Qﬁ&‘%ﬁeﬁle eﬁf@&?&f ed

by respective ransducers cor de and ana
sof twar e (nBue(ca@,poﬁm&éwmntrﬁlT (Figle) 158 DDAS Ay eorﬁhmaﬁms Sidthaﬁmadose of

steroids significantly (P < 0.05) reduced IL-4, IL-5 and IL-13, and even eotaxin

. levels in BAL fluid in a dose dependent manner as compared with Dexamethasone

only as control (Figure 15 B to E).
DISCUSSION

[088]. Persistent NF-kB activation has been observed in allergic airway

inflammation both in human and in animal models of asthma®>®

. Antigen receptor
activation in T and B lymphocytes and mast cells culminates in NF-xB activation®”
. In addition, TNF-e stimulation of airway epithelial cells triggers NF-xB-
dependent gene expression®®. Various therapeutic strategies targeted at the NF-xB
signaling pathway such as NF-xB-specific decoy oligonucleotide®!, p65-specific
antisense oligonucleotide® and IKK@-selective small molecule inhibitor® have

demonstrated beneficial effects in experimental asthma models.

[089]. Our findings reveal a significant inhibition of p65 nuclear translocation and
kB DNA binding activity by DDAG in OV A-challenged lungs in vivo. To be more
specific, our zmmunob!ottmg analysis of TNF—oz—stlmulated normal human bronchial
epithelial cells in vitro shows that andrographolide reduced nuclear translocation of
p65, and diminished p65 «B 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-xB 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
airway inflammation'?, and NF-«B 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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45 percentage of the respective basal values in response to
phosphate buffered saline (PBS). Cell Cultures [0120].To determ ne
the effects of andrograhpolide on OVA-specific immune responses in

I h t J; cell 0 I, 2l

cpi thel | aroe 9 oA coififi BORE dEgle fpf BER SRR nBl ARARLE et
USA), suppkerfdtrbted inflankmitomi cells pudhudstigmphecsytasantt ebPnophils.

hydr ocorti sone (0.5 m ), reconbi nant human EGF (0.5 m ), epinephrine

(0.5 nl), (b9 heprésent@sultsEhow thatIUDAG iSniBicatitly, refiiiel AR levas be1I(-9, 5
m), triiodothyronine (O m ,ég‘ﬁntarrym n sulfate (50 Itg/ rrfL%,d_and
I

.5
anphot er i ¢k, B18@nd gpiaxin in idssfreim (&V Arrbabensed mige. Sygdapiindings

i ncubat 3 d. | t_80% 1.0 8h% f LIS,
wor o oxpodiF (e g e E at ilh hRAT NERE s, Vi
10 ps/ ml) conditivss knaskout ROSKKIPVE aRgémdd kB panaatenpiessib eele@bieh! (el

triplicate cul tures wegg.analyzed for cytolcine levels by ELISA
Nor mal huidWapr epitwliam cpi Ceadiptantly e pxrresiiane of ull-33 ewhich ™ eptaness, e

br onchi al i i I Vnﬁ@ 1 e . : |,
Swit zerl arﬁ’ﬁ%’%@ P?L\f\grldlé& gIth? ib at edé%ph{ %‘H‘ alnﬁﬁgtérr?ggﬁoglg?%émg%ﬁp
vehi cl e ( Gedei8obpMBDA G hoaddititrefrepresson wfi|NE-kBnsigndling lighthngdyrhad beor
necrosis factor (JINF)-a_.Total ,and nucl ear. pr.otej ns, . and mRNA were

ext r act od P ok 1ot dpbited PR Hraditiio i gPiured BHmas Birgey srgoth
[0121]. LungcRngise! Théhobd! e DU reBi Qi 6%11(—4,01Lg§,f 013 A btaRy ©

i sol ated. Lysates were incubated on ice for 30 mn before

cent ri f ugdevebnin(BSLODOE frosn DD ACriyeatethmicsumay batduatte ingbisiop sif| NGw«Ed

and protein.concentyations were det.erm ned, usi B rqt ei say
e P28 periRog i e it SRl BRAEHS, Prl el SR IRl
buf f er andntionfleematoryOeiect of DDAG s at1044 SDSrPACE 2@l thivagh a8LpHSsskown
inthe art. The %el vvasy%&aced in a Trans-Bl ot tank (Bio-Rad
Labor at or P00 ofcF dPRIVCYER) . 30 /21 of the sanple mixtures and

Pre-stai ned SDS Page Marker (Bio-Rad Laboratories, Hercules, CA) vyere
| oaded i n1®2e&paisopils piry 2 sendrad rolain the prdwgetssis of aHegisinfmanation ™

proteins r ran I 3

P anabl ot r a7 S BEFr SR T b5 BOAC b EHRR R0y S BIGRIOY,
W th 5% nérie fild aifivhys asnshbweety 2 Gightficinb dfdpeinedtas atll Reurtd 2BSEodiasphil
hours and probed with various primary antipodies.in 1% non-fat mlk
in TTBS (E‘.“%,EE@W srts inaBnile uidnppd dgitisgue qosiiophiarigr lupg Seetiphsse

ant i bodi ei'eulgcicé% Ormﬁ%&iéd i .e@w&\ffﬂmrgﬁ%%tr%g;bg-c &5 YiE ry@s it hen

washed with TT I0 tines (2 - 3'mMme i ncubat ed 1 n HRP-
or AP- conpugdtlédl Zaand coodgateas byaspecifrcaditeintokares ilikodotesinf ard RAMNIES inThe

nb i d.with TTBS. E - canj ugat ed antdsbody, . 1

" oach of e dauD wPREesct s spdr b Heid bR ERER Tl i

nmenbr ane. b?@ﬁr HETEROpsteA iB8udh b ReEYin ckpRestion @h aia$ @%ﬂi&i@t east’300 A
er

AP 25x Buf , 75 11 Reagent A, 75 A Reagent B, 7.5 wat er ), . was
added per 1§dias alsnebegashown o ipdire diojain jem pirwel smearkmyscle galt { Wens

ant | - phos SR BEAe el BN SRR Cholf), SR RREF PR T R A

Canbr i dge expdgsion and eotaxin production in OVA-challenged lungs, and RANTES mRNA

expression in TNF-csstimulated normal human bronchial epithelial cells. These
findings are likely to be due to DDAG-mediated NF-«B inhibition, as the genes for
Eselectin, eotaxin and RANTES contain the kB site for NF-xB within their

promoters®.

[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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MRNA Expression [0122]. Lungs were isolated fromthe thoracic cavity
24 hours after the last OVA or saline challenge, and stored in
RNAl ater. The sanples were first incubated at -40C overni ght for the

st es. witiBEREAE MEstd eliteton, e i St bR Rt g P o
were t hawa&way s pld¥RYENEEDDARR. e R e he Bsmbired W BVO aditrol.

imersed in m Trizol solution. Then, honobgenization was perforned

using a h&wgléathmvld(e@w @dtoaeaﬁraéﬁm I48i206 II5H 3mexe edticabiole & geblet

eor adat | A PEREPISIRgRRARAET MEESeDRE T Bro B bR B F or- 10

mn at 4Cmtddatipl g avudINe g@@@é@réusm is u@@haait&mtthwangchpﬁom@atm@dof
i ncubat ed for g45715n in roomtenperature, and 0.2 nml of_ chl orof orm was

added. Al NEies weMée glﬁgraéwmdgaos*@at@mya fdsep IPsMyeRasTaR NAnekrrersioB dved
t t t b f 00

for' 15 1 ShBBEAbHIRe A DR SF AXHAE LA, SERLE)C BT NB 0

cont ai ni ngurixiiédn 1waanﬁkgcapiﬂmllmn0h5s rﬁeemfshompubormlnoé OvaA-indicbed Iancbs

m xed for 30 sec,. before,being incubate rogmte ure for
Tt es. | TREUSGRTLE WAL £ Leh be PUBkeH dEeree GRS o

4C. The s f to
the Fua e pr EBRbkiacEl REA dle b%%%“‘“?%‘#? {0, AR R cublich ST

t hen per f c-fedd fb- idevels, hed pdiredtinhiflierysagien naNF B wasiraggépithelium.
di scarded and the washed RNA pellet was air-dried at roomtenperature
for 10 m 94T hElnicdderiNAIgieldvels anaa hdllmark Mﬁﬂhei"ﬂhﬂlﬁﬁnmie efponse. Our

ri bonucl egse-free PC water .a n at t 55C.f 10 m putes. The
ampunt an ataa@«?wi e Wﬁ?@%ﬁ? o Igpan %@P%@c _Wﬁefﬁugﬁme&%*wg
the spect rQpRof W%&B%x(ah?&%eﬁﬂ rbBAtPQPowpeﬁaﬂeﬁ%émmﬁes Rehddition, NF-
Scientific Inc. MA, USA). Both the A260/ ( pr ot ei n)

and A260/ AB@&hy(SBIW@algam 0 Begit 1anilfmttcm)an|datewd9pmnte I etrsk ldeti and [Lan

L Sat o Bis bRl Wodein Bodb et FEEaCh AR Gragt®). o

to 2.0. [%aslol@mra@&vmé@aﬂgﬂ &telrﬁémm tlﬂ@ﬁﬁlﬂitﬁﬁﬁeﬂa@h&yﬂrith&ﬁé EeeRI
si ngl e- stranded conpl enent ar npl ates fromthe RNA

ext r act edon \yaas rfc‘@llwﬁﬁiabaspﬁgf;l C}rpsj leré%a OW&EB‘,&@&W& dnwltiale sigaalimgon
th | t ,
and was ?é%fﬂ?ﬁﬂ%a“d?%% FRU ARRBR Ao, T 1RRPRIHRRAC QIRA
was then agtbenakieatff, ﬂ“harpfcee thé ebseroddedvamn Sy Bd:rh&smm(kﬂ amh\')YPpg

f RNA tjiwall, th A tem 2700 f
Aopl 1 ed- B dbk | bt Clid TR PR gt FodFbaEs dff
v0| ume t ocGrishihted 1t§n11ﬂ‘HE g&?/aéﬁtcfl%g 1B QeI 326h i 9f idhiddd of RERkB

anplifications weré t en p ormed using the nultiwell thermal cycler
on 1 jil esdatiommptlandLi4r sad 3b-1gtmediaied class switahimg toTiBE. r eact i on

vol une contained 10.5 pl nucl ease-free water, 0.5 pl forward priner
(10 pA4), [(1?55 @I fanslyesSehifmaseprotéihd imdiagmM(Zaie pm XY RZRndaSE br40m x

300pM ATTHAEAMSEE I R Retkeayole(eld At gbs BRI &
shown in .Eﬁ‘tﬁb& atd i §eﬂﬁﬁ£hcQﬁhﬁﬁrrﬁﬁﬁeﬁzwwgc_r%ﬁr%ﬂ%é@ed in airway

5' - TGGGTTCTGGEECCTACTATG 3' 5' - GCTTGACAATGCT
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 Yml and Ym2 levels in BAL fluid from mice in
vive™. Besides, YKIL-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 YKI-40
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(rmouse) Ym 15" - CTGGAATTGGTGCCCCTACA- 3' 5' - CAAGCATGGTGG Ti |l | ACAGGA- 3
(nmouse) YnR5' - CAGAACCGTCAGACATTCATTA- 3' 5' - ATGGTCCTTC CAGTAGG TAATA- 3’
(nmouse) YICL-405' - GIACAAGCTGGICTGCTACT-3' 5' - GITGGAGGCAATCTCGGAAA- 3

(ng,lil\ﬁ) = C%@?{Oéﬁﬁ%%ﬁ@ﬁés%%ﬁ%igngé& mice. These may be a

consequence of the major drop in IL-4 and IL-13 levels in the airways with
andrographolide or DDAG treatment and may contribute to the diminished

pulmonary eosinophilia.

[096]. It is believed that inflammatory mediators released during the allergic
inflammation play a critical role in AHR development™. We report here that DDAG
significantly inhibited OVA-induced AHR to increasing concentrations of
methacholine. It has been established that IL-5 plays a critical role in AHR by
mobilizing and activating esoinophils, leading to the release of pro-inflammatory
products such as major basic protein and cysteinyl-leukotrienes which are closely
associated with AHR™ 7. In addition, IL-4 and IL-13 have been shown to induce
AHR in mouse asthima models in which cysteinyl-leukotrienes have been implicated
in AHR® 3¢, Moreover, IgE mediated mast cell activation may contribute to AHR
by producing a wide array of inflammatory mediators and cytokines® ®. The
increase in airway hyperresponsiveness in OVA challange mice may be due to the
increased in degranulating mast cell counts found in the Iung tissue as the mast cell
mediators directly constrict smooth muscle cells and potentiate their constrictor
response’’. Thus, the observed 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), afier activation by corticosteroids,
translocate to the nucleus and bind to coactivators of NF-xB 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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the speculation that andrographolide or DDAG might be used to control severe,
poorly controlled bronchial asthma.

Combination therapy

[0100].We also examined the therapeutic effect of DDAG and low dose of
glucocorticoid in asthima mouse model. We report that DDAG and Steroid can
significantly reduced inflammation even at the lowest dose of DDAG and low dose
of Steroid combination. By comparing with DDAG alone or Dexamethasone alone,
aside from IL-4, IL-5 and IL-13, the DDAG and Dexamethasone combination also
significantly decrease the Eotaxin level. Eotaxin recruits eosinophils by inducing
their chemotaxis. Thus, therapeutic use of DDAG in combination with a low dose
steroid can reduce the dosage of corticosteroid needed for administration, thereby
reducing the possible side effect cause by high dosage of glucocorticoid

administration.
METHODS
Animals

[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 fo ensure
cleanliness of the living conditions. The handling of mice and the experiments
carried out strictly followed the guidelines approved by the Instifutional 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 pg 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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[0103]. The sensitized mice were subjected to airway challenge to produce both the
control model as well as the asthma model. A challenge mix was prepared by
dissolving 0.15 g OVA into 15 ml of saline solution. The mice were then challenged
with aerosolized 1% OVA for 30 minutes on Day 22, 23, 24 to stimulate asthmatic
response. A negative control for the asthma model was developed by performing
saline challenge on several mice. In this case, 15 ml of saline was used as the

challenge mix.

[0104]. An ultrasonic nebulizer (Ultra-NebTM 2000 from DeVilbiss Healthcare Inc,
USA) was employed to perform the challenge process. The nebulizer aerosolized the
challenge mix and pumped the aerosol mist (particle size < 5 um) into an adjacent
aerosol chamber where the mice were placed. Mice inhaling aerosolized 1% OVA
would be re-exposed to the antigen in the airway, generating an immumne response in
the airway that mimics asthma pathogenesis and thus creating an ideal model for

asthma.
Preparation of Andrographis paniculata extract

[0105].1000 grams of Andrographis paniculard 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 90.9 g; 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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Table 1 Pre;a-;ation of different doses of andrographolide or 14-deoxy-11,12-
didehydroandrographolide from stock solution.

[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 mghkg

. 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, OV A-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 OV A-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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flow did not collapse. Tracheotomy was then performed and a small fransverse

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 mi of ice-cold PBS (4°C) was instilled thrice into the lungs (0.5 ml
% 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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Ther. Jul TROESH AuFpenBibAOw2d 8lien centrifuged at 3000 rpm for 5 min at 4°C. The
supernatant was discarded and the pellet containing inflammatory cells was
resuspended in 200 ul of RPMI with 1% BSA (10 mg BSA in 1 ml RPMI). The total
number of viable cells was enumerated using a haemocytometer (10 pl of 0.4%

trypan blue : 10 pl of cell suspension), under a microscope at 200x magnification.
Differential Cell Count

[0112].Following the total cell count, dilutions were performed on the BAL fluid
collected with the RPMI/BSA solution (1 x 10° cells per 150 ul of RPMI/BSA).
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, bytospin
slides were stained with 800 ul of Liu A for 30 seconds and then followed by 1600
(l 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 mi saline was given by intraperitoneal injections

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

experiments, DDAG (0.1mg/kg) in combination with Dexamethasone (0.05 mg/kg)
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4, IL-5 and IFN-y and room temperature for IL-13 and eotaxin). Next day, each well
was washed with washing buffer (PBS with 0.05% Tween-20) and blocked with 200
ul blocking buffer (PBS with 10% FBS for IL-4, IL-5 and IFN-y; 1x PBS with 1%
BSA and 5% sucrose for IL-13 and eotaxin) for 2 hours at room temperature. After
blocking, 50 pl 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 I 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 gl of stopping solution (1 M H,S04)
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].Mfce 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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by 45 min incubation of HRP-conjugate antibody for 45 min in the dark. Substrates

were then added for 30 min in the dark with mild shaking. Lastly, 50 pl of stopping
solution (1 M H,S0,) 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. The detection limit

for total IgE was 2 ng/ml.
Histologic Analysis

[0117}.Lungs were fixed in 10% neutral formalin, paraffinized, cut into 6-gm
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 1s

summarized in Table 3.
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determine the extent of mucus production, goblet celi hyperplasia in the airway

epithelium was quantified blind using a 5-point grading system: 0, no goblet cells; I,
<25%; 2, 25-50%,; 3, 50-75%; 4, >75%. Scoring of inflammatory cells and goblet

cells was performed in at least 3 different fields for each lung section. Mean scores

were obtained from 4 animals. *Significant difference from DMSO control, P <
0.05.

~_no cells
a few cells
arngofcells Llayerdeep™” 7 . 7025-50% 0 .
a ring of cells 2-4 layers deep SO 75%
a rmg ‘of cells >4 layers deep _ ‘:“:-" F >75% ” i

Table 3 Scormg systems for both H&E stalmng and PAS stamlng 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 mechanicaily by a ventilator via the fube that was inserted into the trachea
at a tidal volume of 200 pl/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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(8) 96cytgki}1e levels by ELISA. Normal human bronchial epithelial cells were cultured in

optimized bronchial epithehal bulletkit medium with supplements (Lonza, Basel,
Switzerland). Cells were pretreated with 30 uM andrographolide or vehicle (0.01%
DMSO) 4 hours before stimmulation with 10 ng/ml tumor necrosis factor (TNF)-a
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 wul 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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280(43): SEEgrgﬁg%? ?o]i7the RNAlater to permeate into the lung tissues to stabilize the RNA.
The samples were then stored at -80°C. Before RNA isolation, lung tissues were
thawed at -4°C. They were then removed from the RNAlater and 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 pl 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 Iml 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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reaction volume to 95°C for 10 minutes and 42°C for 30 minutes.

[0124]. PCR amplifications were then performed using the multiwell thermal cycler

on 1pl cDNA template in a 25 pl reaction volume. The reaction volume contained

10.5 ul nuclease-free water, 0.5 pl forward primer (10 pM), 0.5 pl reverse primer
(10 pM) and 12.5 pl 2x PCR master mix (50 units/ml TagDNA polymerase, 400pM
dATP, 400uM dGTP, 400uM dCTP, 400uM dTTP and 3mM MgCL). Primers for

inflammatory biomarkers are shown in Table 4.

Sequences

Targets Forward Reverse
AMCase 5-TGGGTTCTGGGCCTACTATG-3’ 5-GCTTGACAATGCTGCTGGTA-3*
(mouse)
Yml 5-CTGGAATTGGTGCCCCTACA-3’ 5-CAAGCATGUGTGG TTITACAGGA-3
{mouse}
Ym2 5-CAGAACCGTCAGACATTCATTA-¥ 5"-ATGGTCCTTC CAGTAGG TAATA-3’
{mouse}
YKL-40 5'- GTACAAGCTGGTCTGCTACT-¥’ 5- GTTGGAGGCAATCTCGGAAA-S’
(mouse)
E-selectin = 5-AACGCCAGAACAACAATICC-Y’ 5- TGAATTGCCACCAGATGTGT-¥’
(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-3 5- GAGCTCCTCCAGACGGGTAGGCTTG-3’
(mouse)
I8 5-ATGACTTCCAAGCTGGCCGTGGCT-3 5'-TCTCAGCCCTCTTCAAAAACTTCTC-3’
{human)
IL-17 5-CCGCAATGAAGACCCTGATAGA-3Y’ 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’ S-GFTAGTGGGGTCGTCCTG-3’
(mouse)
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Clains 1.An in vitro nmethod of controlling inflammtion in a |ung
cell conprising adm nistering a dose of a conposition conprising a
corticosteroid and formula |I. wherein, and R2 may be sel ected
froma hydroxyl gqr f ,
ctner or dgaer 1 Prftlioalstis a?%%g?éﬁﬁ‘éﬁ aéeﬁ% & %ﬁ?g%ﬂﬁgm@frccﬁ&ﬂca
unsubstim RO TRANSERIBHASEID ASETHT

et hyl, nprgR¥tioN ﬁ@ﬂﬁ and t he Ilke : aryl gr oup such as phenyl
napht hyl and the ?ﬁ(e e aryl group may be substituted, heteroaryl

group suchy@sg WA BWgind uryl, thiophenyl and the Iike, the het eroaryl
group may be substituted, aralkyl such as benzyl, phenethyl and the

i ke, the et f

as pyri dyllmﬁ'wde%g/?@?[{gt hgﬁ ?@(#1%?%# tfﬁf’f\lﬁﬁ%ﬂ:&bﬁrﬁﬁ% %mﬁnjsﬁéﬁe
t he het er dar atdag AMYNTURBNPSS bransribton tfattteid assé%mCtaiekaf | Carishag,
such as et hanoyl, propanoyl, butanoyl and the like, the (C2-C8)

al kanoyl Mup may be substituted; (C3-C8) al kenoyl group such as
propenoyl, butenoyl, pentenyl and the |ike, (C3-C8) alkenoyl group
my be sub&tistealethabaroyl group such as benzoyl and the |ike, the

aroyl group may be substituted; heteroaroyl oup such as ridyl
car bonyl , [9126)Datmrapo mytseated ehanednget SEM hgnemardMOF@f cfpﬁ WG@; e

phonyl but FHBYRL Sping PRt Sy ERAE s eaf OFRECRK etvesy: ooy

may be sulsdupkRigsifica &l diaRariset @p0oo3ch as phenyl propanoyl,
phenyl but anoyl , phenyl pentanoyl and the |ike, the aral kanoyl group

may be sulppiazg 4885 siHed Bk aﬁrﬁupap@k&kht@ﬁlafrﬁ{ehﬁi?ﬁﬁwhf&mﬁbed herein is
benzenesul fonyl, p-tol uenesul fon and the like, the sulfonyl group

may be sulsesceptiledo vRations sati ane ﬂcatmm@qﬂéhmyﬂwgfr epasiftnally desarivpiene

group, 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
exemplifi¢ation only. Functionally equivalent products, formulations and methods

are clearly within the scope of the invention as described herein.
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R4 is selected froma hydroxyl group or a carbonyl group; 56 R5 is
selected fromone of the follow ng: a hydroxyl group, an al kyl - group,
a net hoxy group, a nethylene group or an ether or ester |inked sugar

group. 2. od _of mula | is Andra |de.
9 The reltIaa-Re iR SceRHP beGRey e albng of picks HREE SR BRAVLEe
di dehydr oginglr @atcRARb: dR). 5& rahBé€ ofwhlRedwAll behaiemtbodMeiiRiie all values
controlling inflammtion conprises controlling asthma. 5. The nethod
of cl ai m withiretheirangeoimchuding thg vahies defeing tie wogprand ¢slued adireant fnhe
all ergeni rcanﬁg: fvgkﬁ&? lead to the same or substantially the same outcome as the values

immediately adjacent to that value which defines the boundary to the range.

[0132]. Throughout this specification, unless the context requires otherwise, the
word "comprise" or variations such as '"comprises” or "comprising", will be
understood to imply the inclusion of a stated integer or group of integers but not the
exclusion of any other integer or group of integers. It is also noted that in this
disclosure and particularly in the claims and/or paragraphs, terms such as
“comprises”, “comprised”, “comprising” and the like can have the meaning

th] 149

attributed to it in U.S. Patent law; e.g., they can mean “includes”, “included”,

“including”, and the like; 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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6. The nethod of claim1 wherein controlling inflammuation conprises
controlling chronic obstructive pul nonary di sease (COPD). 7. A
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Claims

1. An in vitro method of controlling inflammation in a lung cell comprising

administering a dose of a composition comprising a corticosteroid and 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;-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,-Cy) alkanoyl group
such as ethanoyl, propanoyl, butanoyl and the like, the (C,-Cys) alkanoyl group
may be substituted; (C3-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 phenylpropanocyl, 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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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 method of claim 1 wherein formula I is Andrographolide.

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

didehydroandrographolide.

. The method of claim 1 wherein controlling inflammation comprises controlling

asthma.

The method of claim 1 wherein controlling inflammation comprises controlling

allergenic effects.

. The method of claim 1 wherein controlling inflammation comprises controlling

chronic obstructive pulmonary disease (COPD).

. A Composition comprising a corticosteroid and formula 1

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, naphthy! 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,-Csg) alkanoy! group may be substituted;
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10.

11.

12.

13.

(C5-Cy) alkenoyl group such as propenoyl, butenoyl, pentenyl and the like, (C3-Cg)
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 phenylpropenoyi, 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;

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 Composition of claim 7 wherein formula I is Andrographolide.

The Composition of claim 7 wherein formula I is 14-deoxy-1 1,12-

didehydroandrographolide.

The Composition of any one of claims 7 to 9 wherein the corticosteroid comprises
Dexamethasone, Budesonide, Fhuticasone, Ciclesonide, or Beclomethasone

Dipropionate.
The Composition of any one of claims 7 to 10 for use in treating airway disorders.
The composition of claim 7 wherein the airway disorder is asthma.

The composition of claim 7 wherein the airway disorder is COPD.
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