21 April 2004 -1 PROCESS FOR QUALI TY CONTROL AND STANDARDI SATI ON COF

VEDI Cl NAL - PLANT PRODUCTS The present invention relates to the 21%ricf00AIMR
spectroscopy and biological 5 profiling, in conmbination with conputer-based
statistical procedures, in the standardisation and quality control of

medi ci nal plant materials. Many societies around the world have devel oped,
through the centuries, a systemof traditional nedicine relying largely on.
the use of pl aPROGHES FOROBALITVCONTROK ANIDSTANIBARDISATION a7 ei n, the
term"plant"” enconpasses plants,. 10 i ncludi.ng herbs, and fungi. Tn recent -
years there has been a si gniMiE INA o REA NG WtYedd anongst -t he gener al
publicc in the direct use of plants and plant extracts as heal th nodifying
agents, for instance Panax ginseng, Alliumsativum (garlic), G nkgo biloba,
Hyperi cum per f or afhipresiint RBAfGH Mkdshe Gk GPN@R@{)‘&H%&%E)? Iaji@bi%ﬁ%ical

Al oe.vera. 15 These are currently avail able on the market” as her bal

product & ancdprafibngny cempiptiorewith camgutaribaset setibtem! ploceduesseintheduct s

wor | dwi de current].y run to tens of illjons of dollars. In spiteof thi-s.
mar ket i ng pdgttaé%#{dé atpRgn PﬂgYF%‘gFHIOBW&@W@EBIFPU&PwF%ausHy has not so far
directed its attehhPhodid el | i ; i ved
irected its attenhhPlodidids BRud8 YiR! VHTE vleevelBEéH ?ﬂr&g%tgée%ﬁe%t%e” ve

fromplants. This is due in part to problens asSoéi at e conpl ex .

dHE:

nature and isysemeofitratitionahinkdicinetrylyin lipgelytonrtht egd aflptants Al heghsng t he 1 ack ™

of an established system by which drug regul atory approval for such -
product s cékerﬁee‘%@éubgenmrhés perdderaindhe planhesnsempaspes planint based

nedi.ci pg ar %Hﬁaﬁkglﬁ{b‘@gﬁiﬁﬁ 1I ants, parts of plants or.extracts of plants

or: fungl. Since gal materials 25 contain many different

chemi cal conponefngeddnyermd thiefetas badrea sipyifidaftighbwih@T intere QAR dgstthet Ur es.
This makes it very difficult to-standardize and control the quality of the
material s. Nghgrabpublitan thaniisice ssepiplente and plank extiiacts on htalimedfingredi ci ne

ol ant - based “2eBRpshUNCCE Skt e grlPup st 1D, gt os. o
m.xtures andgRpsuR\RAoPRIM (St John's wort), Echinacea angustifolia and Aloe vera.
15 These are currently available on the market as herbal products and dietary
supplements and annuai sales of these products worldwide currently run to tens of
billions of dollars. In spite of this marketing potential the mainstream o
pharmaceutical industry has not so far directed its attention to the development of
- medicinal products derived from plaﬁts. This is.due in part to problems associated
20 with the complex natufe and inherent non-uniformity of plant materials, including the
lack of an established system by which drug regulatory approval for Subh product.é
can be secured. h | '
The materials used m herbal and plant based medic_iﬁe are usually whole
plants, parts of plants or extracts of plants or fungi. Since plant and fungal materials
25 contain many diffé_l;ent chemical components the materials are, by defniiﬁon, |
- complex mixtures. This makes it very difficult to standardize and control the quality
of the materials. Many of the remedies 'emp-loyed in traditional Chinese medicine
and Ayurvedic medicine mentioned above are mixtures of two or more plant-based
components. They are therefore effectively mixtures of mixtures and thus even more
30 difficult to analyse than herbal remedies based on a single plant méterial.

Furthermore, the recipes and methods of manufacture used for such remedies



30 difficult to anal yse than herbal renedi es based on a single plant
material. Furthernore, the recipes and net hods of nanufact ur e2UAmiti2G0dr
such renmedi es 21 April 2004 -2 frequently remai n undi scl osed. These factors
make it very difficult to ensure that two sanples.of a given renedy,

obt ai ned from di sparate sources and ostéhsibly identical, do in fact
contain the same m xture of ingredients.. This problem which Ileads to

di f.fi cul ti edragnentiyntentin imijsddsed qThtsetfyctas nwkeht veny diffiallstp ehare gt f ar
limted the 5 accePta ility of Eastern ?er bg.l remedi es to Western herbal-
practit i oner®o semples|of aeavegsemedyy opigined frog dispargie spucesAnd psisnsiblye are
frequently ' | 1%@4”] 2d 1o | r'om
sources whi gﬁ&\éi?:gj’ragnlggagl rom ﬂegsq%r? use%gfﬁgv%g\%g‘ﬁ" ?ﬁgpgﬁaﬁl‘&gﬂﬁ such

pl ants fromlesigns diffiogldes @nengalling eheafuatity of satldmatenaRChdsabar 1paitdd @yl ar Iy
because_no detail ed monographs i ncluding identity and 10 qual ity standards

exi st. For reaesptahility o Eaptes herpad retaediesdn Westernherbst priagigfiangisent s- found in
di cinal plants will i t i del vaiin t ti
Gopendi ng b many! Hetelst ulbin BEGRhetB pE nib R bt e bieife il RRGRIIS "

where the phaly dnd tRErOMFe ndel o bé BBraiibd ¥8aAT so0h@S wihidh & dMotd Frohahy esd ed,
the conditions under which the nmaterial is stored and processed and the

extraction psecddewevensthd supis iof W& hiplatefrpmaametedpeations tarhexirsagid and t h ot her

plants, for .instance according to traditjonal i.nese herbal recipes, = .-
Phere. | s colRituri peteBHE RS as PaaId BgtoneRtdhaagns HeRgDdeauce - 1t
-5 virjaal |yl ' ) Vi ! ?é‘cfﬁn tnganpl es of
a_gi ve%éjpl anu E%rﬁilda (gg tgﬁgﬁﬁ? %S%?@%‘a'}gtggﬁgglﬁgéggﬁw I %[ggltseg%s a :
uni f or m i derfourdyin R&dieinal faras ol mednyaventwiaty wideheinptyps st concantmatiomn - _
addresses thjis problemby providing a ans of st a&gallrdi.si ng a nedici nal
pl ant rmt er i9gpendingonmIng Fackprs m@é@%&% amggal opig, thedagatipy wherethe

R b e R e e S

bi ochem st r Whith theAabn£iSs sibiedahd gaicesied bk thie@rEh&ic@sycediireaspd aWhanat eri al
on both a 25 chem cal |evel and a biological |evel. Thus the process of
the prisent theseplantsoare pr Bwn guxedaviteatisr plantaepr Histagosaccording to traditional

Chinese herbal fecipes, there is considerable scope for variability in the resulting
pféduct. _ | | _
It is virtually impossible at present to provide any assurance that samples of a

given plant material obtained from disparate sources will possess a uniform identity

20 and biological activity. The present in\}ention addresses this problem by providing a.
\ _ | means of s_tandardising a medicinal plant material. The approach takes account of

the totélity of the componeﬁts of the plant material without demanding any inquiry

into the intrinsic nature of either the components themselves or the plant’s

biochemistry. It involves interrogating the consistency of a plant material on both a

25  chemical level and a biological level.
_ © Thus the process of the present invention provides a means of defining a
standard for a given medicinal plant material on the basis of a known sample of the
_ material which possesses the particular property desired for the standard. A

specification for the standard is established by submitting the known sample to (2) a

30 combination of NMR spectroscopy and a computer-based pattern recognition

technique and (b) one or more biological profiling techniques, and defining the



standard for a given nedicinal plant material on the basis of a known - .
sanple of the material which possesses the particul ar propert3t Aek2004d f or
the standard. A specification for the standard is established by :
submitting the known sanple to (a) a 30 conbi nati on of NVR spectroscopy and
a conputer-based pattern recognition teg&hnique and (b) one or nore '
bi'ol ogi cal profiling techniques, and defining the 21 April 2004 results ‘
t hus obt ai nextsults thixeolsthiaadias e spadird spaifiation Sehisequmnt candidag! gahgles sanpl es -
of the sai ,dh(gtj nt ,maifgrri al can then be tested for conpliance with the
standard. T e saith Pkat mateaipt @ then hedpited & camplinrperngtivthe waadardr Thary gi ve
analytical r t | M.t hi or | ei.t her .part_ or. all. of the
est abl i shed (ga%elﬂg |afs'|0é§£%cf%nr ) J%%‘Hﬁ%%péegg{ehﬁtoni%ﬁ??%ﬁ’ %‘(’:%%nral lr?alltﬂ?mﬂ}sd”\/l?lﬁlés a

process for falitvithih shbwigida eliczpdaing af BEfHelcb@BEdHRA shQifictibedi ci nal pl ant
material, the process conprising: (i) preparing a test solution or test
extract?of. a sanplke prsephwmveriiincicaendinglaprovidenn gracass fahestabliskingmown. t o
possess the Qr each property desited . for the standard; 10 (ii) submitting
the said sol ﬁdg#%ﬂﬁ&g?%?%%’r?&%%ﬁ%%teg MARTRESS FREPGHLE i ncl udi ng
(a) a conbi f‘@t i onyreparli¥ BRE6kRHBR SPRYL %C@f&%‘i&gl@éﬁﬁé‘&‘éﬁd Len
recognition techni que, "and (b) one or nore biological profiling techniques;
(iii). obtaining rmstefitlswliicl m knoenan abssesscthe onmedch poisperty eldsited fot thg (i i-); and .
15 (iv) defining a stgr_dard specification for the said plant material on
the basis of the?® >ts obtained in step (iii). The standard '

speci Thgat i qf)r esbhifle AMALARid dlexd:fer tOUS, BARGH ARVEDA gAYt s oF MW
spectroscopy and conput%r-ebased) pattern recognition as as on the
resul-ts of one orinclnd@glfh)d aghtdsdtioprofNNRRGedtRRboYyHIAS cobipuay Sasedvhen
candidate 20 sanples of the nedicinal plant material are tested for
conpli ance with théernsiegogmifion teghniguenandi(by one of notsdbielopwplkprefiling bot h t he
NMR spect roscopi Cte%%}@_i s and the biological profiling. Rather, all
candi date sanples are*submtted to NVR spectroscopy and pattern

- recogni tion i | dbtang r&salte Hortthe andi @l &SP ueSH insRp (ii); and
15 (iv) -deﬁning a standard speciﬁéation for the said plant material on the basis of the
*results obtained in step (iii). |
The standard specification resulting from step (iv) is thus based on the results
of NMR spectroscopy and computer-based pattern recognition as well as on the
r{_ssult_s of one or more biological profiling techniques. However, when candidate
20 samples of the medicinal plant material are tested for compliance with the standard
they need not all be submitted to.both the NMR spectroécopic analysis and the
biological profiling. Rather, all candidate samples are submitted to NMR.
spectroscopy and pattern recognition whilst only selected candidate samples, for
inétance taken periodically from batches of the medicinal pla.nt material, are tested
25 for compliance with the biological profiling aspect of the standard specification. The
purpose of this is to rely principally on the analytical method which is best suited to
convenient and fast operation on a high-throughput scale. This is the NMR |
spectroscopic and pattern recognition analysis. The biological techniques are
typically used on a random basis for validation and reinforcement of the decisions
30 ‘being made to accept or reject the candidate samples on the basis of the NMR |

spectroscopic and pattern recognition results.



i nstance taken periodically frombatches of the nmedicinal plant material,
are tested 25. for conpliance with the biological profiling asiiemril 304t he
standard specification. The purpose of this is to rely principally on the
anal ytical method which is best suited to convenient and fast operation on .
a hi gh-throughput scale. This.is the NVRI- spectroscopic and pattern
recognition analysis. The biological techniques are typically used on a
random basi s for Aedordiagiyahe awentioni fofthergeoftes Dprobdre folgRbEiIRRS s3hiphei ng
made to accept or reject the candidate sanples on the basis of the NVR
spect r oscopi ¥ snedipigek plant materalvhick sample gpmglieswiting pravieetydefmedccor di ngl y

the inventio . Vi rocess for providing.a sanple of a
medi ci nal pl a%z{dﬂf%{bghﬁg?t?onvﬁf%?glﬁnn&)?gte%%n%ﬁ ipg‘%ce\’}\ﬁ e rsb?gevi ously defined .
standard spe@hfi gabpaimgfoestlsbRtiopbaRkt dxtherdral oanaifti@te@a@ﬁr%%‘f tHOMRAiE LN

(i") preparing a test solution or test extract. of a candidate sanple of
the medPcinal 5 pleeimestedadrial; (ii') subnitting the said solution or
extract to lysis by a.,conbjnation of NVR 10 spectrosco a

conput er - ba?&@ pasﬂlﬁgﬁ‘%mgé%eosﬁm stoﬁl‘g}?ntoéfﬁﬁ?ﬁﬁ%?na(?XSilqpl?XaB‘H?‘g‘PE%/‘H’g"%-ts from
t he anal ysis of S8rdsebpy anddGniduYerbaS&l S&eiQcd -&pﬂgg{!g@;e sanple if the
results obtai ne'ds%pn st epp)%ﬁ ') c%lrﬁgl y \Af‘t h thg ésh?%ndar Séci fication for

the said nmat(@f’) al obesininglresmite rommnthe hegly(is ofj stef (i hanpr ocess above. This
d out on_ a high-throughput batch scale.

Gand gt %iiﬁ%%}v coefztind teanndifonsimpiehibe oot Fnabis i apeethl and
For subth ssi on't o 15 s skpRflpeiioe PR GRS G L AR RARTI B (00 071

spectroscopi ¢ andhepidcessbbecogni tion analysis the above step (iv') is
replaced by the follow ng steps: (iv'a). submitting the solution or extract. -
prepared in step Yhis Pmp@ss%@Wﬁnlﬁﬁﬂkcm¢%¢wﬂ@g®%@p¢%mgbfﬂeh:mﬁleques;'

(1 v'b) obt 2l it LSS L At B mWar GBELy HESHNL G, H3RS Dot BRids” @7

to stepé'(i’) to (iv’). When the candidate sample is selected for submission to 4
15 biological profiling in addition to the NMR. speéfroscopic and pattern recognition
analysis the above step (iv’) is replaced by the following steps:
(iv’a) submitting the solution or extract prepared in step (i’) to one or more
biological préﬁling techniques;
(iv’b) obtaining results ffom the or each technique used in step (iv’a); and
20 (ivic) selecting the candidate sample if the results obtained in steps (iii") and (iv’b)
L | " comply with the standard specification for the said material as established in
| step (v) -of the process above. | |
‘The biological profiling techniques are discussed in mofe detail later on.
| The "property desired for the standard * in the context of the present
25 invention may be any property or quality posseséed by, or atiributed to, a medicinal | 7
7 | plant material. Examples of this include a clinically proven therapeutic efficacy, a
pharmaceuﬁcal grade quality, a particﬁla: va:iety'of a given plant genus, an A
authenticated origin (m terms of either growth locaﬁon or commercial batch) and a
particular pathological state. The pathological state in question.may be a givenr level
30 of maturity, dictated for instance By the time of harvesting, or an established

resistance to a parasite, herbicide, insecticide or other agent with potential for



20 (iv'c) selecting the candidate sanple if the results obtained in steps
(iii') and (iv'b) conply with the standard specification for 2ipris200d
material as established in step (iv) of the process above. The bi ol ogi cal
profiling. techniques are discussed in nore detail - later on. The "property
desired for the standard " in the contexs-of the present 25 invention may
be any property or quality possessed. by, or attributed to, a nedicinal

pl ant: mat er i gdmadea il [M8ntGh qhskisni Ncl ude a clini cally. proven therapeutic:
efflcacy, a pharmaceuti cal grade quality, a particular variety of a given
pl ant genus, an Hua prefrriedaspadt off theinvetion thesamplefof gietifvimal photvibtetialicat i on

or ‘conmmer ci al i cul a at hol .0 tat e. The pat hoI ogi cal
state in queg}f]tcgr’ls H%ﬂ? 8p8§s\9%srﬁ1e 8(/%q°£§8’1’8ftyﬂﬁ$ ea'taﬁ@aéfietf ¥8EPplnst ance
by the time of SHFSehi wRargsite,

her bi ci de, i nsag?t?elrn??%gd %?i%dtaﬁg‘?plaag%ti%\nalt h po(t:]:{e%‘t'%:pﬁf‘ggor e;&%prl I‘Q2004 5
damage 6o t heamlaahsperificetiesisiestablishad hy wtmixﬁmg&ﬂamm@mtomhe i nvention the

sanpl e of nedi ci nal pI ant materj al ch "known to possess the or each
property des%PFe'aOSPBPY pHETS EGREaItgn ap@ b@I%% peofiligg ag desseibed ebaved and

d d pl k dard
2Bec|tt?| cgt ?on IS esta ésh&gh ath ﬁgﬂﬁ{}ﬁgfmém nom&f ﬁfdﬁlcthaigﬂar

spect roscopyttmﬁ@ﬂmmmrbgmmnbem@téwmf &ﬂﬂl}ﬂihlnc@ﬁv%'tﬂld Ash@sd descri bed ,
above. Subsequent sagl es of the sane plant material, the origin or quality

of whi ch i s spseifig establisheddfor the au&l&hthat@rﬁnld@uw@imdtendr conpl i ance
wth t st andardN é eC| fic t| on thus establi f theraUt g_ent i cated and
audi te rrat erial. 10 NIHEBEY t%ﬁ%@f?%?eft&s(?ﬂ%’h é@ﬂo is known
by itsel f asyraiytiemabylihd inbQieatidh 6f+p¢aﬂt mé%étatsga@ﬁ@&aefptéﬁéﬁ%tapgﬁ&ﬁ ohal s.

One exanple of “its application is in the verification of nt|C|ty ,
of drinks des m/ém"ferlﬁmti‘ommftthe auﬂle@natsapﬁﬂraﬂ{sldeﬂlwﬂrfc@mﬁmﬁ NRrepepioacls copy

has been. e he technl of si nat ur al. i sot gpe
fracti onat {T'gﬁ’%% RESITASCRRY %'; né@?k‘éﬂ?‘? r?ée teplnigus ¢leierspedific 15 of
fruit juice wq.gtm ).

Martin et }aug_grslgdr)t? eﬁt he ﬁﬂé(fah rog wsesegg?' os%ﬁl% aufh%#ﬁzﬁ‘—l%z

met hod}5t o dtfegtjuices. For instance, in JAOAC Int. 1996 Jul-Ang, 79(4): 917-928 Martin et
al describe the use of hydrogen—Z NMR spectroscopy (SN]F NMR method) to detect
frutt Juices which have been adulterated with added beet sugar, The technique relies
on the fact that, when a fruit juice or fruit concentrate is fermented, the propomon of
the resulting ethanol molectlles which are‘_mono-deuterated on the methyl site
20 decreases wittl the addition of beet sugar. Thus any fruitjuice sample to whi.ch beet
sugar has been added will have a significantly lower (D/H) isotope ratio than a
corresponding authentic sample. This technique has also been applied to the
detection of wine chaptalisation using hydrogen-_ﬁ NMR spectroscopy, as reported
for example in J.Chim. Phys.-Chim Biol. 1983, vol 80, pp 293 - 297 by Martin e al.
25 Hydrogen-1 NMR spectroscopy cannot itself conveniently be applied to plant
- materials because it generates spectra that are too complicated to be analysed
visualty. A solution to this problem, reported for instance by Kowalski and Bender
inJ. Am. Chem. Soc. 1972, 94, 5632 - 5639, is to analyse the data by appropriate
multivanate statistical analysis, for example principal component analysis (PCA).

30 This is a technique of pattern recognition where the dimensionality of the data is

reduced by combining correlated variables (peaks in the spectrum) to form a new



fruit juices which have been adulterated with added beet sugar. The
technique relies on the fact that, when a fruit juice or frui?l Awhd¥dtrate
is fermented, the proportion of the resulting ethanol nol ecul es which :
are. nono-deuterated on the. nmethyl site 20 decreases with the addition of
beet ‘sugar. Thus any fruit juice sanple-60 which beet sugar has been added
will have a significantly lower (DIH) isotope ratio than a corresponding

aut henti ¢ sasmdler s@hifsndepeddentiorthopasal abdabl@catiedpphdisa coRpbiiaits (;P@eﬁc'f i on of
wi-ne chapt al jr%aﬁt :%%n usi gg hydrogen-2 NVR spectroscopy, as reported for
exanple in JIRSE TS BRRydeediageor@ng o thegability, 9 exglyin hp vedamce coggingd invar t i n
et al. 25 Hy. AL VR S pnat. itsel f conveni entl e applied.:
to plant . na%ﬂg(ragg{ﬁsaﬂ%ec'aﬁ egjﬁ‘g"g‘e‘%@% e légplnetgtarsga‘ferfgﬁn%f@yttg%h’é%Hgﬁi cated

to ‘be anal ysgdvides suisight info Selsliileiy bpdihdainﬂaﬂng%@m@fp%a%w&s &f1d nstance
by Kowal ski and Bender in J. Am Chem Soc. 1972, 94, '5632 - 5639, is to
anal yse>t he e Biashemispl egsmpasition. Hnknowa pf testsamiplesican alsabe arogdopesi eato f or

oattorn §ecotliBheRaP Wl RRA vy b clnpsit e refficies Sletiuceq by
conbi ni ng caokRlepds Yas kb IFesd (RERksy 10 Lgy Spegf rum) to form a new 21
se (0]

April 2004 -6 smal |l er i ndependént ortHogoral variables called

princi pal conponehhescopitisgtion of hpdreg@t NMR speatesapy awith patitdrg rdcoghikieh r
ability to explain ghe variance contained in the ori %;l'nal data. A -

proj ection &Faﬂ‘l‘@‘% AbPese apRH a5 asgreeRing fond e deterninme the guthenticty obrovi des
an i nskght - i t; 00! | 31V | Sshm ' f -sanpl es, with.respect
fo 5 thair b akedreTyORUbe disRE 6 B ek hdditrdiln bR G PRRERI M ol o

proj ected orifealetdchidbysthizareannd Thatlehtity of HetregpowiibléabhMnitantowmamesd Wi th the
reference sapples (Vogels et al, J. Agric. Food Chem 44, 175 - 180, 1996).
The conbi natd ediyfosiglaton oftr PG Eestlissvish parsicelar tssenasees preseoiginithe on

t echni ques @ngﬁédﬁ%as a screening tool in determning the
L0 0oranhge Ju

authenticity ice (Vogels et al, 1996 loc. cit.). The -
adul teration of sAsp@binatiendl BareRu! IINMREsfRet@ChbSHadcattns1I|RNE. The.

i dentity of .the responsible contani-nants was then deterni ned by
correl & i on spectrasecpycrith BEA has alsp brerpaset ite differentieteoviaescasthp beseof thein t he
ori gi nal . NN%rng'i)ne E\%g%i? et al, Cﬁemometrics and Intelligent Laboratory Systems: Laboratory
Information Management, 21 (1993) 249 - 258). Discriminant plots of samples
- originating from different wine-producing regioﬁs in Germany showed clustering of
the samples by origin in the discriminant space after a supervised method of --
20 statistical aﬁalysis. Subsequently, reconstructed spectra were prepa.réd from the
 PCA datato rg\?eal the NMR spectroscopic pea.ké of the particular wiﬁe constituents
(for instande monosgccha;ides s_ﬁch as ghicose, mannose, rhamnose and galactose) |
responsible for the differentiation. Similar studies are reported elsewhere, for
instance by Vogels ef a/ in Trends in Flavour Research, Maarse & Van de Heij (Eds),
25 Elsevier, Amsterdam (1994) pp 99 - 106. .

Another application of hydrogen-1 NMR spectroscopy and principal
component analysis is reported by Trevisan ef al in Chapter 8 6f "Characterisation of
cell suspension cultures of hop, Humulus lupulus L.", a thesis presented to thé |
University of Leiden, the Netherlands, pages 95 - 122, published in 1997. The

30 authors carmried out hydrogen-1 NMR spectroscopy and PCA on treated cell extracts

with the aim of identifying specific metabolites accumulated by the cells following



A conbi nation of 'hydrogen-I NWMR spectroscopy and carbon-13 NWR 15
spectroscopy with PCA has. al so been used to differentiate w nedt! i 200z
basis of their origin (Vogels et al, Chenonetrics and Intelligent
Laboratory Systens: Laboratory Information Managenent, 21 (1993) 249

258). Discrimnant plots of sanples originating fromdifferent -

Wi ne- produci ng regions in Gernmany showed clustering of the sanples by
ori'gin in thgesdinsss Imegaamre &ﬁ?&&e%ﬁt&ﬁ&te@i@fblﬂ%%gsﬁgciﬁﬁﬁ)gﬂﬂ iRfhedR
statistical analysis. Subsequently, reconstructed spectra were prepared
fromthe PGPedmm which wersdinoningo bivRus tpdotivabebellcoppekantaf the particul ar
W ne constituents_(for instance non{gsaélggari des such as gl ucose, nmannose,

rhamose and gal a{!’g‘i?é‘éf)as.“?.é‘?ﬁ%@%? of § the NIVIR ;specdrpseopis O pagemi | ar
studies are feg 'ﬁ&gpl%lcécﬁl\f@%ﬁloﬁé@iﬁet?% B‘?’E%sg%?ﬂgyigé{ £ ﬂn@erﬁfona‘g%l;%sﬂ ends in

Fl avour Research, Miarse & Va sevier, erdam
(1994) pp 9meithtOfn idvestifetionamp thetibtlemisty Sitde pgarbeitg MYRssPast hoscopy and -
principal conponent analysis is reported by Trevisan et al in Chapter 8 of

" Char act er i sSSPFesent corelation of thsanatipanresognitidrresuts wigh partied NAMR. upul us L.

p _
", a thesis ' ity of Leiden,, the Netherlands, pages
95 - 122, pusﬁllre?tz ed | nlte%ﬁggsesfhggb]\yitgé gou% gl(rﬁs? %WPP%%B@%?&%@@WQ%? NI\/E ] .
spect roscopylndtesd ReAiedmpbh et iafbr@elidn Sredenf@ltsy th¥idhBrehPparRbdluddent i fyi ng
specifi.c nmetabolites accunul ated by the cells follow ng 21 April 2004 -7
treat ment. THsiveddiom NivEk date, thoserdaty isdumdeflerting thepntatity ofgbecdmpoypdales in
the N spegtr whi ch. wer e kno t ue to individual cell conmponents. .
In co rl\l/R(r) ast @8 Prﬂﬁtg?é{efléb‘\g’ﬁ{cg &esﬁﬁ’\f{\@t?o‘ge %ﬁ@g RRASLOHOPIG iGegHe e higd spht t er n

recognition proc mm | ' i I I\pyention
requires .5 nei telrjlhe% an | r?eggssjﬁggﬁ%ﬁﬂ%?gﬁt%ﬁg%ﬁ%g%é?npgtt%%tr%d?@tﬁﬁghpI ant

bei ng anal ydgdrenaftentesneb BiylR spectosaopy/phitan rabgtitionpatpleyet inelsogoidss on
results with riicul ar Nl\/ﬁéy spectroscopi c resonances attributed to
specific corﬁfp IRV ERYONSFPICRYY FBRHSerat erial .  Instead it relies upon the

I nformation es : [ I I nived from NVR
data, those dat aﬁ%&?ﬁ@ﬁt@%@fté@{ﬁﬁﬁgﬁ% WQ%M?B?@S%O@#%MS in .10
the pl aht materi akcoriinglonees pndNMR speetrMidspect roscopi ¢ techni que being
used. ' ‘

£

(b)  submitting the data obtained from the or each NMR specirum to a.
multivariate analysis to generate one or.more poinfs on a score plot. _
A sphefe of aéceptability ié typically défined around the point or points on the
score plot gen.eratedrin step (ii) above when the NMR spectroscopy/pattem' : |

20 recognition analysis is béing used to establish a standard specification for a medicinal
plant matgrial. That sphere thén constitutes part of the specification. VCandidat_e
samples of the same material are subsequ'enﬂy éccepted or rejected depénding
whether, when submitted to the NMR spectroscopy/paﬁem lrecognition analysis .
defined abové, they give points in step'(ii) which fall within or outside the sphere.

25 ' The NMR spectroscopy/pattern recognition caﬁ beused by itself as a way of
standardising samples of medicinal plant materials. | Abcordingly, in one aspect the
present invention provides aprocess for providing a sample of a medicinal plant '
material which complies with a préviously established standard speciﬁcation for that
material, the process comprising: ' | |

| 3Q (i")  preparing a test solution or test extract of a candidate sample of the said plaﬁt

material;



The NMR spectroscopy conbi ned with conputer-based pattern recognition.
(hereinafter terned NVR spectroscopy/ pattern recognition) enpl2iykmdi 2004t he
process of the invention typically conprises: (a), submitting the test
solution or test extract to NVR spectroscopy and 15 recording one or nore
NMVR spectra; and (b) submtting the datagobtained fromthe or each NWR
spectrumto a. nultivariate analysis to generate one or. nore points on a

score plot. @"sphaibenifingabenpisahitionloy tdsbextiipi 16NVR Geétidieshyamaund the point
or- points on the score plot generated in step (ii) above when the NWR
spect roscopy/ pat t @eerdIE aness grvre NOR apesirgsi s is being used to establish a

t andard By ion. f ' i ci nal | ant terial. That h th
const 1 tut oo whar {bptine e Frieied B BeAlrseaonipiwetam H same |
material are subsgguRBLib 2RAGEPIEEEENatd Rle®h iRde ﬂ&ﬁf‘sﬂﬂﬂ M{e;')ﬁsl&t Qg . when

subnmitted to the NVR spectroScopy/pattern recoghition ana I'$  defined
above, fhey (@'Ve sstdcting thercapdidpte Gamplewh b cimplalvhivh torhplied withithsiadé t he

sphere. 25 The NWVR spectroscopy/ pattern recognition can.-be used by itself
as a way of st anﬁ%‘l“%‘ﬁ?ﬂ?@l ’%‘1‘\%‘1 cg@y H?ft{“h%P‘é igkagrats aRthesepremled g step
Accordingly, in gt i I+ g ' | i process for
providing a sanp?@ﬁoi?ﬁgﬁ%ﬁe%% glﬁ]ﬁgﬁf%%%g%&abﬂ%%gﬁd?g&%%%&@m ies with a

previ ousl y est ablgdpgtiidatiimandard specification for that material, the
process conprising:- 30 (i") preparing a test solution or test extract of a
candi dat e sanpl e Bie standagdspgcificatinn ipghie pspgrt of the inyentionaomube goyided by

submtting th wsql ution or test extract to NVR spectroscopy and
record??lg one rgét%?r%?hé&l\f#}ﬁlpsnpgsctra;' (iti"™) submtting the data obtained from

the or each (gaj d JWfArmigeakdt4OMtien Br teblbxirhMATadh@pRIHINSIaM flondRAIEHAL € Oone
or nore points on a score plot; and (iv") sel ECFI ng the candi date sanple

as a sanpl e whi ctwiichis Ynowndp phssesrcths af eachpaomtay desipuldf theatandadpnl y if the

poi nt S_ gener(ﬁt. ’3d S%Bmtitﬁgg %tfeot%s sglluggn'iop tegtteg'\(?ract to NMR spectroscopy and
| ' fedording ohe Of more spectra; ' | _ | |
15 (i1"’) submutting the data ob’cainea from the or each said NMR spéctmm toa
computer-based multi-variate analysis to generate one or more points on a
score plot; and | |
@iv"). dgfining a sphere of acceptability around the points generated iu‘s;tep (1ii"’) as
_ the, or as part of the, standard specification for the said plant material. _
20 o In general multivariate analysis theory, the fotal data is the product of the
scores mulﬂplied by the loadngs. The loadings plot can be used to define the
'c':ontribﬁtion of each of the variabl'es-'(spect.ral descriptors). A “"score plot"isa .
* graphic representation m which samples are projected into the space spanned by two
or more principal component axes. Principal component analysis (PCA) 1s a
25 particular method used to analyse data included in a mﬁltivaﬁate analysis. InPCA
' the position of the sarnples can be plotted in a score plot in two dimensions where
similar samples will tend to form clusters while dissimilar samples will tend to
spread over large distances (Kowallski & Bender, 1972, loc. cit. and Trevisan, 1997,
loc. cit). - R |
30 The context in which the points are generated on the score plot in the process

of the present invention must be the same when establishing the standard



(iti) fall within a sphere of acceptab| lity as defined in the standard

speci fication. The standard specification in this aspect of t Apil208¢i on
may . be provided by 10 a process which conprises: (i"') preparing a test
solution or test extract of a sanple of the said plant material which is
known to possess the or each property de8ired for the standard; (ii"') =
submtting the test solution or test extract to NMR spectroscopy and :
recor di ng ongpeoificativreaswhet aralysidy cahdidite baplostdr ichm@liidie vl e Shdi@ed from
the -or each .said NVMR spectrumto a conputer-based multi-variate analysis
to generate OPRCURPHSAE 9hdhansthadolagy ‘é&?éﬁ‘eeq&t&ﬁ therppsitioning)of dhef poritrag a

sphere of ac i Nt s; genera ste I"') as

the, or as pgap&%gtb%g%rg? g"grt%e SPe | RIS ﬁt(‘?%e?ﬂ]teﬁge c{)‘l“ﬁﬂtbenat erial.
20 1n’ gener apresatk Whea thNRROGREYSIcSp &H@@%@MH&%&&H@M&% #ngl& e product
of the scores multiplied bytheloadlngs The | oadi ngs pl at can be usedto

def i ne. Phe  ploAess b Ui pactist theadata derivet &owethe Msp@tsmm:d)ﬁthé sabésle nigdt or s) ..
"score plot" a hi c sentation in ) es are projected
into the spate tﬁ% tﬁ'ﬂ{\"éa “E’i)%teﬁé? a%?%flaﬁ? PﬁE‘PBféPOQBW]gﬁ%WlaW@lsUW| nci pal
conponent a g;@}n ata
| ngFuded | nnlghﬁr?u%luflfélzrl at e ana SI S. bé&ﬂLﬁO{&l hdg%%%ds{;ﬁ(%?gn ﬁﬂﬂqé&ﬁerd | es

can be pl ot t with ithose of therséandhudt The sphuve dfmaqaalﬁh@ iidefieed B lithitsin tﬁ@mﬂ es
while dissimlar samples will tend to .spr.ead

\émvlalr |t Spget gﬁcfgf & H’?Skgﬂg? Rgen egfabishgd pn WQ‘S of the pOémpn imhe syorepiagan, |
1997, POC ints dér@veﬁ%oﬁ%ﬁé §ﬁﬁaofe”ex\ﬁ@ B:.'é‘fm{%%h@t 12} T gbiere aled on the

score p ot in-“the Pprocess ese I nventl on éTegame ‘when

est abl i shi ngaspbe oftlﬁﬂdﬂéﬁoﬁlhﬁﬁhltivaﬂﬂ@énal@ms is peHBfhéd lfs%ig Aluridfp apgey
anal ysi ng candi date sanples for conpliance with the standard. The
conponent s orethpdolagy.hodol ogy used to establish the positioning of the

point of - POl ntS A kAR $5eRlrSsRbRlechBlqut DSed B UL SRRV g deTi ne the

carrying out hydrogen-1 NMR spectroscopy at high fields in _combmatmn with
15 multivariate analysis. In this particular aspect the NMR spectra are typically
measured at 400 to 700 MHz.- The data deﬁved from them are then analysed by
- multivariate analysis software, for instance the commercially available "Pirouette"
package. _ _ .
Examples of the h1gh resolution hydrogen-1 NMR spectroscopic and pattern
- 20 recognition analy_sis are discussed by M. L. Anthony et af in Biomarkers 1996, i, 35-
- 43 and Molecular Pharmacology 46, 199- 211, 1994, ranc.i by I.O.T. Gibb ef al in
" Comp. Biochem. Physiol. vol. 118B No. 3, pp 587- 508, 1997, -
" As an alternative to I-dimensional high field hydrogen-1 NMR spectroscopy,
I-dimensional NMR spectroscopy using other NMR-active nuelei such as carbon-13
25  or hydrogen-2 may be used in the present invention. It is also possible fo usea range -
of 2-dimensional pulse seqﬁence spectroscopic lvestigations with hydrogen-1 or
other NMR-active nuclei such as those mentioned above. The same principles apply
in each case, though, and the results are analysed by appropriate multivariate -
analysis. | '

30 The NMR spectra may be normalised or non-normalised before the computer-

~ based pattern recognition is carried out. Normalisation has the effect of removing




present when the NVR spectroscopic data fromthe candi date test sanples are
processed. |In practice the data derived fromthe NVR spect rumZfAprit®04anpl e
used as the standard are subjected to appropriate nmanipul ati on by _

mul tivariate statistical nethods, for exanple principal conponent analysis
or canonical variation, together with tHfse of the standard. The sphere of °
acceptability is defined by limts in the score plot which have been

est abl i shed pmktiftenditysivhichfis & perefyopiahiitativé parhdetes ofthe spdcat, 2@ of poi nt s
derived from.one or .nore extracts of the known sanple. In a preferred
aspect of t hESHYBRINSIICIORe NRTIMAlISoRY 15 thereinn typically carped ouivhea thesmaig

an- unsuper vi -The : COR] : ' ysed in the

i nvention na@tﬁ%rﬁg}o\?gg 5?%?%&303?1%{%? gg@&éﬁl\ﬁﬁﬁé%ﬁéegt% ?@?@%g@e“ﬁ? hi gh
fields in costhiined from differdent shbnples| Homwé@@smax@siﬁak trterdshty ﬁmz%ret i cul ar
aspect the NWR spectra are typically neasured at 400 to 700 MHz. The data
deri ved>f r orfeeWE aracdisqrisninating fpeferwhen abyoluts quentitetize walugsy Eirdnssaicewar e, for

i nst ance t he rcially,ayailable. Pirouette” ackage.,. anpl es of the
hi gh resol utqu%%ﬁgéﬁaélﬁﬁj‘ Cgﬁgiﬁt@%%ﬁpﬁcwegﬁ'?ﬁ?m%' recogni tion

anal ysis are di scAgsBporait Mivahtagéof KRR sdetrBdcob{/Patirh kB0 EGiSn £38% i 4. 35-
43 and Mol ecul ar. .Pharg%col ogvy j‘é 199- %I%% 1%Bg@aand by%%%gﬁﬁglbé et al
in  Conp. BinsthentedPiyasiclsictiva/daliveryi® BetotioBsystem. 5SSpectrs 8@ beli@€dtdedds an '

alternative tg 1-di.nensional high field.hydrogen-1 NVR spectroscopy,
| - di nensi onat™ pE‘B%P:‘FFfOEf@H%‘b#tg‘g feipsaly OrN?@%%ré‘i%@“%@qVé‘Pgéﬂch as

car bon1d3 2%ofpolils BR sZmpRMuileh HRSKs bbrdBi 1 PEGRAMe LIMEBILRMME |S al so

possi bl e to us€ a range I onal” pul se sequence spectroscopic

| nvest i gat i: cpsctwinh.h Ahylgsio g€ the kpestrunobinthe oivivRvatits aalyitel technidiel as those
menti oned abgve. The sane principles apply .in each case, though, and the
resul ts ar e GiraPSpdaBoYRexgAlt pRipatiad Balyehle diseriminating faagiresefdhe gectthe NVR

Spect e Ty IRCPELTBl Lol AOSSRRLTE HaRaTOLhs LA AT S
removi ng 21 mgkirks Q@hpodlhts contained in plant materials. -
15 It is Donetheless possible in certain cases for the differentiation of samples of
h plant material on the score plot to be poor, with points deriving from identic._":ll.
samples of a given plant material being spread widely rather than forming a _bltistei_'.
This loss of similarity arises when there is variation in the NMR spectroscopic shift
values of iﬁdividual components of the plant material. Such variation may be
. 20 crétu'sed,_ for instance, by the presence of an overwhelmingly high concentration of one
- particular compourid in the plant material or by the modifying effect of pH or metal |
‘irons which cause shift values to change. Ifth13 problem occurs thé test sblutibns or
test extracts of the plant material which are submitted to NMR spectroscopy may be
pre-treated to remove the source of error and achieve better clustering in the score
25 plot. In oné aspect the process of the invention therefore includes the additional
inttial step of purifying the tést solution or test extraét of the candidate sample of
plant material prior to submitting it to NMR spectroscopy. -
Tea provides a convenient illustration of this principle. Signals due to
caffeine dominate the hydrogen-1 NMR spectrum of tea and so when NMR
30 spectroscopic results of tea are processed by multivariate analysis the points on the

score plot for samples of the same tea do not form clusters.. If caffeine is removed



peak intensity, which is a purely quant‘itat_i ve par'a'rreter of the spectra, as
a discrimnating factor. Normalisation is therefore-typically2idarit3084 out
when the main objective of the procedure is to highlight qualitative

di fferences between spectra -obtained fromdifferent sanples. However, in
sonme cases peak intensity may be requirHd as a discrimnating factor when.
absol ute quantitative.values, for instance. potency, are required. In such
situations Ehagm &RYHIdrTo B INOGtINNEREbEaREcopy, Al insioe bandvesd\phndeage of NWR
spectroscopy/ pattern recognition is that it 1s not limted by a selective
del i very or chremategraphyspropemnlusspingtaf shecsamplies acewrs padihe sypilarsics bpvesn
purification of the tegt solution or test.extract. thus hLng.all JO
conponent s Of° BH@P 5%1%&@ SEpfE 1Pt P e Sﬁgt%ﬂﬁ{sgatg%n .?g#ﬁngggdt he

overal | . "NWR &%ﬁ% HOE AR ¥58hSd 88, FRErsPLH £ wHrdNlot e uiddddes i at e

anal yti cal ta?ac | qgeg] é%bﬂgcussed abov{eg%r eveal s poét)%lnti al val uabl e

di scri rfi nat saigplesahareatsedringlieindpdottr Figunh#Bhs & aeergplotfsgraniredtediteni gh
degree of precision for the description of. {he conplex ;. mxtures of
conponent s SERteaithentsat et cieat dpsterng Wli‘ﬁf’ FﬁoW%g%bthv&q\séﬁngggatﬁ’&ssi ble in
certain cases fortLhg fI A gﬁﬁ[@'aﬁél"ﬁﬁfs" RbRAN @R 4@l on the
score plot to berrpl)%or, \Eﬁﬁ{og%qphﬁ%ﬁ%rr%% ng romyi d(lasnt‘lkcgl ® sanples of a“
gi ven pl ant hapihelchpdcith @ Bifesdrierdamplie bf plaat meteritlheinck appeaniy te cl uster .-
This loss of simlarity arises when there is varjation.i

: n the N o
spect r oscopiidengingliwhensaplyeed ‘B’fOthﬁdﬁlﬂmﬂ?&?gl%r%}éﬂﬁt@m&fbe%gﬂ‘ﬁﬁ@% material .

Such vgriation may bhe 20 caused. . for i ' : :
Q\Zervmﬁ i 'nb‘F’ﬁgﬁ?%h(?%%%tme%@é’# gflesgﬁgésq:gggﬁlﬁﬁ %ﬁgghpggung Fﬁflgﬁg plant .
material or RS am (LY Bbktesis ofitwd différenvaypds of teanShevesaltingause shi f t
val ues to change. 1f this problemoccurs the test solutions or test SR
extracts of chivengdbgrats aretsbpvalin edsompanitieg Eighrastkand 3 Onavipepeertisetopy nmay
be pre-treated to renove the source. of erxor and aghi ' t | ustering
in the scor é‘ngsatﬁ‘?&mpqo%(%l%’f?@mé%@ﬁfa‘ Wé"%?@?lgg%es _CCIJfEmei Eﬁ‘ﬁ@gﬁ’ﬁ%ﬁ“‘fﬂﬁer efore
i ncludes th L L0 o ; i fying the test solution or
refflflshin B3t hrofufidst A BSh BRuHHigBid). | Y1 Ng

test extract sanple of “plant material prior to submtting

it to NVR spect r RhedguresTsowiintofddisha HRIAD doé¢saret ciepily disfinguighnbegweethi s
principle. Signals due to caffeine dom pate the hydrogen-| ect rum of
tea and so \méﬁﬁdHWFP@W%%%&H@%&%S&“%@S{HWB%O%@? ég aﬁ'ﬁgﬁp‘%é’?ﬁé by
multivariat ?de%'ﬁ%lﬂ}l-% éretcﬂl%nﬁ?dg?ﬁrﬁs 98 2hf8B. Second, the Figures show that HPLC

does not have the power to discriminate between different types of tea since the

chromatograms of Figure 2 are virtually identical to those of Figure 3. In both these
20 | lrespects HPLC contrasts with the NMR spectroscopy/pattern recognition technique
o used in the present invention as illuétrated in Example 2 and the accompanying
Figures 4A and 4B. | 7
An important application of the process of the present invention is 1o the |
standardisation of mixtures of plant méteri-:a.ls. Examples of such mixtures include
25 remedies from Traditional Chinese Medicine as discussed above. These are typically
mixtures of several different plants and fungi prepared in accordance with recipé,s
that may be many huridreds of years old. To date there has been no analytical
technique by which producers of s‘uch materials could reliably and conféistenﬂy |
differentiate their products from ostensibly identical products sold by competitors
30 under the same name. It has now sﬁrprisingly been found fh_at the NMR

spectroscopy/pattern recognition technique used in the present invention can provide



score plot for sanples of the sanme tea do not formclusters.. |If caffeine
is renpved 21 April 2004 -11 fromtea prior to carrying out NMR April2004
spectroscopy, for instance by reverse phase chronatography, proper
clustering of the sanples occurs and the simlarities between |ike sanples
on. the score plot becone clear. This is-liZklustrated in Exanple 2 and
acconpanyi ng Fi gures 4A and 4B. -Figure 4A is a score plot for untreated tea
5 sanpl es whde® diffushidstiondetgeenrsainples nf4 given guxtareddd plant masiaisewhictref or :
pre-treated tea where, in contrast, there is clear clustering which allows
posi tive di sHPPAISEAP bsadentigy duhpyr obined e dibleranasquasss. dasdg Hiustrated dhal ysis -

is highly s MY Kt Lff ' )l es of pl ant
mt or Lol i SIS BBEcORT A 5 EHAAE) Xnb ikl UM Bk SpRARORS Of Plant
met hodol ogi egllowkhhEtires ofglantindeeds fol Yeubifferahipded S disdnderdised. ~ Conpar at i ve.

Exanpl e 1 describes the analysis by high performance |iquid chronatography
(HPLC) - &f ext r act Sheeombipatisinfgf¥MRtspestipeecnyfpatiem. refigmitionsad biolggical

roea T untr oomalifs Airaebl, MESERANG RS et hifn i slinetiBs 3R ) "and ¢ ne
other used apedicRat ﬁl?ntleﬁ:&@ﬁﬂ Iﬁgmhe%ca%ﬁmc@nicﬁl &?&hwﬁicﬁ%ﬁ)deﬁ% The

Fi gures show first © t hat "HPLC does not clearly distingulsh between
treat ed and pmcidlydibms anppaticdir cosposemtdet whichnatogderbly2dodifidd 2B ar e
virtually identical;; as are chronatograns 3A_and 3B. Second, the .Figures
show t hat HAREN Bhfgf PREGREERE B%g?P‘tﬂﬁmdiA?éﬁr’lP%*Fﬁd’E%ﬁB’&%@éﬁmdi fferent
types te | . . [ ' Ay tical to
those af Fi uPLREE qARIEHIORBAAR G5 Bold Al effedt &) Md futelodhBE) "R
spect r oscopythpaby esmpleamating andior doafilmingue: mfathation bieinpd bg et NMRvent i on as -
illustrated in Exanpl e 2 and the acconpanying. Figures 4A and 4B. An

i nport ant  apPRHEFCPBIA 2B PRlkREn Frepgiben agalysie present invention is in the

st andar di sati on |- ; i . Lal s I o} ~mxtures-’
i ncl ude 25 re_mad?_iélé lﬁ@ﬁﬁﬁﬁﬁ%ﬁéﬁﬁm@%ﬁ@%@%ﬁ’% Og?led'lL }s’%ngfsbgeq above.
These are t ygn&@#hitya MethdibRfalily auellial afd fthadedibinpladesisedaashpld dfilardr epar ed
in accordance with recipes that may_ be many hundreds of years old. To date
t here has besaterial ianemmptafdtgbiological activity. It is now recognised that the overall - o

efficacy of plant based medicines does not solely derive from a single active

component but is due aiso to auxiliary compounds which are present in the complex
mixture' of substances in the plant. The biological profiling techniques used in the ,
process of the iJ_:wentioﬁ. allow synergistic effects exerted by these é.uxiliary R
20 compounds to be studied without the need to identify the compounds themselves. he
synergistic effects which may be observed include,-for instance, potentiétion of the
~ activity of the principal component, enhancement of the selectivity or bioavailability - |
of the therapeutic substance and suppression of unwanted side effects. This aspect of
the biological profiling is parﬁcularly useful for suﬁstantiaﬁng the claim that the use
25 of a whole plant or plant extract in thefapy is more beneficial than fhe use of single
‘components isolated from the plant. | _ | _

A préférred biological profiling technique is protein analysis, particularly |
proteomics. This is because dhanges in protein expression represent the ultimate
biological effect irrespectivé of the particular mechanism of action such as enzy'mé .

30 inhibition, receptor binding inhibition or signal transducﬁon modulation. The term

proteome describes the complete set of proteins that is expressed, and modified



t echni que by which producers of such materials could reliably and
consistently differentiate their products from ostensibly i deditAnib?004
products sold by conpetitors 30 under the sane nane. It has now’
surprisingly been found that the NVR spectroscopy/pattemrecognition

techni que used in the present invention-lgan provide 21 April 2004 -12-. _
clear differentiation between sanples of a given mxture of plant materials
which are sfappeagtexpeeshion) tamt et gohdm@inthe Dfcinitast af deD P et dnfic€Rtthe
sources. This is illustrated in. Exanple 5 and acconpanying Figure 7. The
process of tstedy ofithe progeemeesing tigplmolagidspidarge-reals proterf sephration awt eri al s to
be different.iat nd.st.andar.di.se The. conpi nati an of . NVR . . '
spect r oscopy? fcéiﬁ?nn @%ﬁnyqli‘fgz’ ggr?c?’ B‘?E)ﬁg B’E&’I?eo”ﬁf’soﬁamsﬁds flustrated ient | y
desirabl'e simgendibe viRPlB%wRl Xt ure of conpounds in a  nedicinal plant
material may show an overall clinical effect which may derive principally
from ong parti cul Accocdinplynmra profetrediaspeht ofshepresdnt ervainiion thetiologiehl or -+
potentiated by_t he presence of other conponents.. Biological profiling can

t hus. 10 pr oWAF ‘%Bi?ﬁgﬁﬂ?ﬁ?%ﬂ?ré‘%asure of the biological effects of plants .

and pl ant exty act : L NG: rLGeef LR Ag. .
I nformati on)@bt ainggdgd}e%[ﬁ%éhwgeg{é&?% %%dgglgg?(g{h%ﬁgﬁ%%#g%@e%%? I-on-
anal ysis. The bi ahegieditinad ptahi hifegial ie atrivieGind $ndubaithg the tdhget REIGORRB aOf the

invention contribute a nmeans of quality controlling and standardising a
desired sanpl e ofcapflidate samplepfites said mptsrigkeppd of its biological activity.

It | i sed t.hat th L1, effi f ol d ,redi ci
does b sort s deprstn s G EERERl el GEtppisRaRA 2 e e ol so to
auxi | iary compoungseitictie BhMePieSORin bxprékiRnGR MY @Ns add YebilE 6F SposibSt ances

in the plant. The biol ogical profiling techniques used in the process of
the invention al ltowhsigstespmipls i ¢ ef fects exerted by these auxiliary 20

conpounds to. be studied w thout the need to .identif,y..the conpounds
Chemsel ves. he - ik Boces oF HraundSp AR oray PR RS U8 T REh QULon f or
i nstance, pPQLeRid &tth@plaf mhidfal @ﬁ&ﬂb Pb§s¥ss@§ the ch&h'ﬁ%r&??gﬁ%f‘&@t ,

enhancenent of "the selectivity or oavail ability apeutic

subst ahte anthndagpr 8hsioverall fpatiernai thahgs il proedfif exgirassiofiiubseraap@atepdii) ist he
bi ol ogi cal filing is particularly usefyl for substantiating the claim
t hat tg he uspe e as;?art of tBe standard spec%/ﬁcats:lon H)r that plantmate%al. C dida%e

samples of the same plant material may then be accepted or rejected depending |
-whether they give the same pattern when submitted to the abové steps (i} and (ii).
An app‘ropriqte fzir'get cell is selected .in the first step according to ‘the clini-cal
20 indication, or disease, which it is desired to model. Following incub‘ation'of the cell
with the test sample, the proteins in the target cell-are separated into individual |
_proteins by two dimensional electrophoresis. Detection and apalysis of the resuiting '
protein patterns is typically undertaken using computerized image analysis '
techniques, and proteins are identified using microsequencing and mass |
25 spectroscopy. The results may, if desired, be submitted to computer-based pattern
reéogm'tion procedures such as principal componenf analysis, as described abéve.'

- Changes in protein expression which are detected following incubation of the tafget
cell with the test sample are then compared with the corresponding changes detected
following incubation of the target cell with a known sample which has élready be‘en

30 shown to possess activity against the clinical indication in question. |

The potency of the test sample can be related to the potency of a



25 of a whole plant or plant extract in therapy is nore beneficial than the
use of single conponents isolated fromthe plant. A preferredithol ¥§tcal -
profiling technique is protein. analysis, particularly proteomcs. This is.
because changes in protein expression represent the ultinmate biological '
effect irrespective of the particul ar mddhani smof action such as enzyne.
30 inhibition, receptor binding inhibition or signal transduction : o
modul at i on. fleemteubical gratestandanddyoonipasng e wmocqutretien sfahe tt uglei ns t hat
is expressed, and nodifjed 21 %ri I%égm -13,fol l-ow ng expression, by.the -
entire genorfECFITAPHE Aroquse thearegsonse eidhe stagdatd.eomics is the study of the

proteome using teghnol 84:8Ssi - l: i hdk td d -
identification (I\I§t ur eé,?%\&/(gﬁglg 1?‘@%%’9@&%1@?% g}%%gﬁgg%gggggﬂ%bysi sis
i |1 ustrat ed inhibithoraaspdye Thiskdrcdivd o fhawiableecakate of the, bislogiaalpieahiey sfd aspect
of .t he Eresent i nvention the biological profiling technique conprises: (i)
provi di pg a Rlaptgeatedal) Sughppassaymag be condvgteddn eprerdappy el cpRvEngasdlon in

which th i.cinal__pl terial i i.ve. and,i ting the i t
col 1wt shraoReoh G e MBloAf oY iR Ebiat e f POt T Bl Pieti) St ng
the i ncubat adaefibl £ ol AndidhteTbEGE LERARACSH SropylBPoflda86dr of ifflaniiRRYI NG the

change in protein expression in the cells as a result of exposure tothe
test sanpl e.the methns gompssing defermindng whethet the sebistangboppreseespbe gtinyulatinh (i)
are carried.qut on a_sa e, of the.plant teri.al which.possesses the or -
each ‘propert ao%??PE?in?tS'ET‘Bh‘f_B%i%b%ef‘éﬁag?ﬁ?‘{%ﬁé‘mw&’éws %éﬁ@aé]f“ﬁat&ff“'change in
prot el ppexpr essi %tﬂ@ﬁl%&’ﬁ%f-—‘tﬁb igb&fioh ithe Ih&,mﬁ&ﬁdl@?ﬁgﬂﬁr doadikts Bf‘, of e
st-andard specification for that plant material. Candi date sanples of the
sane pl ant nderived omyaywioheplatica pert eps phinp i plat extatodeplentdiawon.whet her -

they give the sa attern when supmtted to_the above steps (i) and (ii).
An appr opr i réfeffgﬁij rpaiprialiconusts ab OB qerivedom; prg orgpers Ogﬁ%ﬁfp@]‘%"ng to the

clinical _quéx}%gilﬁﬁits,i @#\V?rﬁrefng{é?ﬁg@es&d s‘é’@&sc&aiﬂlaﬂt.s desired to nodel .7

Fol | owi ng i ncubation o

The inherent variability of plant materials presents a pa.fticular problem to the
15 drug regulatory authorities who need to be cbnvinced that a candidate product for -
pharmaceutical licencing is of a consistent and verifiable quality. The reason for this
is that the effectiveness of dosage 16velé and treatment protocols. need to be
guaranteéd. However, there is no reliable'system'available at present which allows
~ the identity and activity of a plant based pr_oduct to be measured against an accepted
20 standard and which is universally applicable to all kinds of pla.ﬁt niatefial. In one
aspect, therefore, the invention as defined above represents'_a solution to that problem
and provides a means of establishing a pharmaceutical gr_ade standard for a ‘
therapeutic substance which is derived from, or consists of, a plant material. In this
aspect the process comprises: - |
25 (@) prepaﬁng a test solution or test extract of a sample of the said therapeutic
substaﬁce which is known to be of the desired pharmaceutical grade;

(i)  submitting the test solution or extractr to two or more analytical methods
including (a) NMR spectroscopy combined with a computer-based pattern
recognition techm'qué, and (b) one or more biological profiling tebhniqués;

30 (i) obtaining results from the analytical methods in step (ii); and

(v)  defining the pharmaceutical grade standard specification on the basis of the



with the test sanple, the proteins in the target cell. are separated into
i ndi vidual proteins by two dinensional electrophoresis. DetedliApil 2084
analysis of the resulting protein patterns is typically undertaken using
conputeri zed i nage anal ysis techniques, and proteins are identified using
m-crosequenci ng and nass 25 spectroscopyl5-The results may, if desired, be
subrmitted to conputer-based pattern recognition procedures such as -
princi pal conponerbulsnabitainedin seep (@dscri bed above. - Changes in protein
expressi on which are detected follow ng incubation of the target «cell with
the test sanple abee mReHiadHPheRIOAesH RIpRESE BmERBISNg TP asnasegteal det ect ed
fol l'owi ng i [ r ell. with a known, s l.e_whi.ch .has

al ready bee R&gg 3 %&/ﬁﬁﬁco&ggtéa%%s‘gﬁg% sldveln'y %/\A %8%? RSOl 0?1??!?‘%%{?%%% cation

i n question.the phrefioniiikingf the test sanple can be related to the potency
of a 21 April 2004 -14 pharnmaceutical grade standard by conparing the :
concent Pat i dif)of praparingsa testahition ontasesdactoftacapdidatesempleftiesponse of t he
standard. A further bial o%' cal profiling technique is a receptor binding or -
enzyme i nhi bi ti oR®BBEHF SUkHi can give a quantifiable measure of the -
bi ol ogi cal agy Vidniing the i ARIuABH &ekhet 1SHEIYRL RS SHbAENoDS gPRduCt ed
in-accordance with a conventional assay protocol. ‘One exanple of a - _
suit abl e assay i sspactrosebproghd Dronspiterdrsetpatep] @odgnitiet echmdueas a candi dat e -
for the treatnent or. prophyl axis of cancer or jnflammation, the nethod
conpri si ng iﬁe‘f[rgr mh%%&xﬁ%%ﬁgﬁorrtmagﬂﬁgf 8{1_ %Pghijﬁf‘gsse_s the stimulation of
a‘genejpro : : e

ot | bt o) 104 o 2% EERRb e bilnf B GAARIRNARF Bk el

typi cal I'y consi stebtgified brstéps(iidfe comply Wwitlothe specificition fbrethe phampaditicgl a
plant, a plant extract or a plant fraction. Preferably the nmateri al
consists of, or igFadreiandag estabishedia siop ()ebowt the roots, |eaves, buds,

f | , f - , . . y i . - b .. f , '
bl ant material s prREEARLAaTRERSaRbeds PR ol WA REE B ol bl or
aut hori ti es jhadifiegto the NIGRCHPBMIARESSIc biPpatint ARSEMIAS L2 RAEUIEE abdVe step: |

phar maceutical.licencing is of a consistent and Vverifiable quality. The
reasonlfor t(hkis r_eglach@gy thefollewingisiepeness of dosage | evel s and treat ment
protocol s ne(levda)t OsuBrenitting the solution or extract prepared in step (i’) to one or more _
biological profiling techniques; o ;
(iv’b) obtaining results from the or.each tecﬁnique uséd in step (iv’a); and
(iv’c) selecting the therapeutic substance as being of phan_'_nacéutical grade if the
20 ‘results obtained in steps (iii”) and (iv‘b) comply with the specification for the
| pharmaceutical gréde standard established in step (iv) of the process above.
In these embodiments the NMR spectroscopy, pattern recognition and biological -

profiling may all be performed as described earlier in the speciﬁcaﬁon.

25 - _The invention will be further illustrafed in the following Examples with

reference to the accompanying Figures, in which:

Figure 1 is a principal component analysis (PCA) score plot of factor3 (y -
 axis) against factor 2 (x axis) for six samples of Panax ginseng obtained from |
30 different suppliers as described in Example 1. The symbols used in the figure are as

follows: * =supplier 1; * =supplier 2; + =supplier 3; V= supplier 4;



guar anteed. However, there is no reliable systemavail able at present which
allows theidentity and activity of a plant bas ed product to?wrinz®4ured
agai nst an accepted 20 standard and which is universally applicable to all-
ki nds of plant material. In one aspect, therefore, .the invention as-

defi ned above represents a solution to tlkat problem and provides a neans
of establishing a pharmaceutical grade standard for a therapeutic

subst ance. whi efsuppliaiéy ek @  suppliené. consi sts of, a plant material. In this
aspect the process conprises: 25(i) 30(ii) (i ||) (iv) preparing a test
solution or test extract of a sanple of the said therapeutic substance

whi ch i-s known t og: f e ' g the
test solution Or%gﬁ%%ﬁé%&? g%gﬁﬁ%f& eﬂg{l@ﬂf\e&suswﬁ (?npng (a)
NVR spect r ossptimissioiobitreadparhiidn of cataBidk a4 désaﬁlmll ip@dnefarative BxaMPie 1, @0
technlque and (b) one or nore biological profiling techniques; obtalnlng
resul ts>fr- orﬁfhlﬁlé Adﬁﬂﬁf/?ﬂ%@ﬂ unEsefrgden sampde al B represeaina t@esaMﬂImIquh@as

phar maceut i rade Rlandar speci fi cation on the basis of the 21 April
D004 15" r edrp SR P ROV PR Hep Gl SR bt PRaR MBI o ovi fes a
process for producing a pharnaceutlcal grade t herapeut.i ¢ ‘'substance which is
deri,ved from or .c_onsi sts of, a plant material, the process.conprising; 5
(i') ‘preparing aE_&Mdmmimlﬂia@@bmnwagrmsfmﬂaaswgﬂdhdMgtwanﬁhg of the
therapeutic substance L ubm t.ti n said sq r extract to '
anal ysi s by & E‘i?ﬂ’o‘i’ﬂ%’ﬁ“? ‘ OB}beIWafé‘ﬁb E‘é‘f)?s g‘i’?ﬂng "é‘&r?&ﬂ@?atﬁ’ésed pattern
Eff"?”’% i onEasaﬁfamlqﬂ%ﬂu&ﬂA'reare&ms%mnﬁgatw%a'ssﬁpféaamﬁ_&sr&&ﬂé Y8l Of step .

sample which has been previously treated by passage throngh a solid phase extraction

column.

Figures 4A and 4B are PCA score plots of factor 2 (yaxis) agamst factor 1 (x

- 15 axis) for sxx different types of tea, obtamed in Example 2 which follows. The
symbols used in the figure for each type of tea are as follows:
0 = Qolong; + = Keinmun; V= Lapsang Souchong; ¢ =Darjeeling;

* = Gunpowder; ¢ = Assam.

20 Figure 5 is a PCA score plot of factor 3 (y axis) against factor 1 (x axis) for
the five different commercial samples of Tanacetum pafthenium (feverfew) capsules
obtained in Example 3. The symbols used for each sample are as follows: & =

sample 1; * =sample 2 ; O = sample 3; » =sample4; and V= saniple 5.

25 | E_i_gg@_@ is a PCA score plot of factor 2 (y axis) against factor 1 (x axis) for B
the seven samples of Tanacetum parthenium harvested at different intervals after
planting out, as described in Exam;ﬁle 4, The symbols used are as follows:

e =sample TO; V=sample T1; © =sample T2, * =sample T3; + = sample T4;
. D =sample TS; and % = gsample T6. | |
30 )
Figure 7 is a PCA score plot of factor 2 (y axis) against factor 1 (x axis) for -



10 (iv') selecting the therapeutic substance as being of pharmaceutical if .
theresults obtained in step (iii') conply with the specificalidmil2®d t he -
phar maceutical grade standard established in step (iv) above. Wen the
candi date sanple is selected for subm ssion to biological profiling in
addition to. the NVR spectroscopic and pgdttern recognition analysis the
above step 15 (iv') is replaced by the follow ng steps: (iv'a) submtting
t he sol uti onthedTaditienat Chpresphieditineremedyparalyspd irExmeples. Mhe eymbolohagi cal
profiling techniques; l(i A b% 1obt ainin g,esu_l s fromthe or. each technique
used in st'ep*%‘(fa?i" sayipleary ay follopys: &t gLt he stpRiteagettd & SowRRlishde as

bei ng of pharmaceutical grade if the 20 results obtained in steps (iii')
and. (iv'b) conply with.the specification for the pharnaceutical grade
standard est abl i skigdrei & issd 2D gélpyotéih prdftle ilve£sainnbOIBR3 huinfarl 6]

enbodi ngnts {he NVR spectroscopy, pattern recognition and bi ol ogical :
profiling mdf fablﬁst&éia@% e dhgasseeeidiiample @ sichdollpys,iwhereipdcisfancat i on.

25 The inve i tham ill in_the foll owt anples with

reference t(r)G ﬂt gt e\gngl@%ur}%gny Eleg&giBgi&raesgﬁl E’lieﬁ-’tﬁcfuc ?ﬁeﬁ%geﬁ e thg‘al%xd‘l’ﬁr}ﬁt'l pal :
conponent aniisi of Budlfefy glopewee pl ot of factor 3 (y axis) against factor 2
(x axis) for six sanples of Panax ginseng obtained from 30 different .
suppliers as described in Exanple 1. The synbols used in . the figure are as -

follows: * = supplier J1; _ s~suppljer 2. + = suppli -V = supplier 4; 21
nor | 2004 - 16 ~ e shie 0 B Rl prie (T D €T e 3B e o
HPLC cho onatmgsaass botaidsa fvdtte @say b8 ERSmple WwhieH Yol R WhaeH A RF the
separation of catechins as describéd in Conparative Exanple 1, in 5 which A
represent s amtigated cantenl samplesadil » azauipk T2dpuesafiar sreatntentwith aylopginki. ch has
been previously treated.b assage through a solid phase extraction col um.
Figure 3 shcﬁ%&‘%?%%%g{?g‘h’&t ograns for -Lapsang Souchong tea, using a .
system optim sed for the separation of catechins. as-described in '

Conparative 10 Exanple 1, in which A represents an untreated tea sanple and
B represents .a tea. : ,

15 Example 1; Use of NMR Spectroscopic and Multivariate Analysis to

- discriminate between sources of Panax ginseng
Preparation of extracts :
B Samples of white Ginseng were obtained from six different commerciél -
suppliers. White Ginseng is aeﬁved -from the root of Panax ginseng C.A. Meyer.
20 The root is put in boiling water briefly and then soaked in the sugar juice. Itis
‘ subsequently exposed and dried in the sun. White Gi_nséng 1s also known as Sugér'
_ Ginsel.lg; | |
| The dried plant root material was ground to a fine powder using an "Illico"
blender for five minutes. 1g of the powder was mixed with 20mL of cold water and
25 stirred continuously for 2 hours on a shaker at 150 rpm at room temperature (22"—C)_ 7
The extract was filtered through Whatman No. 1 ﬁlter paper, the filtrate collected and
freeze-dried overnight. 10mg of the sample was dissolved in 1 mL of denterated -
water for NMR spectroscopic analfrsis. 800 pL were used for NMR épectroséopic
analysis and samples were referenced internally to‘TSP .at 0.00 ppm. |
30

TR S



sanpl-e whi ch -has been previously treated by passage through a solid phase
extraction colum. Figures 4A and 4B are PCA score plots of fa&htAnrl 2004
(yaxis) against factor | (x 15 axis) for six different types of tea,
obtained in Exanple 2 which follows. The synbols used in the figure for

each type of tea are as follows: (c) Ooll8ag; + = Kemmun; V = Lapsang
Souchong; = Darjeeling; * = GQunpowder; Assam 20 Figure 5 is a PCA score
pl ot of factProt®ol for&VB)spatimisagty factor 1 (x axis) for the five different

commer ci al sanples of Tanacetum partheni um Sf everfew) capsules obtained in

Exanpl e 3. The syHBéiogenrd MMRFpedrcrere seprdsd gpa BrokerdPR¥GH0 Spegtrometempl e 1;

o soP® Caperp e B3 53 v oSGy Bt it R Bl B i 50
seven sanpl espeefra TRREL BsiibPEd RARNDRID hik ¥OSdPRida arl R EMcrddthey val s
after planti ng out, as described in Exanple 4. The synbol s.used are as

followsd = Ralataqoints.—Asgipition iine p@ scag avap R SE2onds. Prisampl e T3; + =
sanple T4, o =.sanple T5; .and, + = e T6. .30 Fiqure 7 is a_PCA score
oo of |1 act SISBRRGE ade s eding LRI wax donlith agd Prspectraapeet Fostise. 17
the Traditiof lef e ReFMaR advn plgm',g synbol s
used for eaChﬁgg%eg g?fa asi oﬁéﬁm%oggﬁﬁer 1_;S* = su%pa?fﬂggag; and + =
suppl ier 3. wWingAMIX softvartoDedyek thprspeettaningr tistbgrafs! toneainiap dicketsodf | BR3
human.-dermal - fibropl asts, obtained fromthe assay of Exanple 6 which

foll ovis, whet-PRUAWA® an untreated control sanple and'Bis a sanple 72
hours ghter treatment with a 10 pg/nl extract of Buddleja gl obosa. Figure
9-i's .a 2D gel protein profile (silver stain) of IBR3 human dernmal .10
fibrobl ast's bicipabesmporemt bhdysisssay of Exanple 6 which follows wherein Ais
untreated control_sanple and.B is a s_arEpI e 72 hours after treatment with a
10. g/ mL  extract bie wgHarefile wasspered in Excel where normalisation was performed

using the sum of the entire spectrum. The data resulting from this was then _subjecf:ed

to multivariate analysis using the Pirouette software package. Unsupervised PCA

15 was performed using mean centring (and autoscaling).

Results
" The data were converted into points on a PCA score plbt. This is Figure 1
attached. Tﬁe_ﬁgure clearly shows six distiﬁct ciustérs'of points attributable to each
20 of the Panax ginseng samples, thereby illustrating that the technique provides a
| means of discrimination between ostensibly identical samples of a given plant

: maten'al.

25 Comparative Example 1: HPLC analysis of extracts of tea
'The teas used were Kemmun and Lapsang Souchong. Extracts of each for

HPLC analysis were prepared as follows:

. Untreated samples

30 Dried commercial tea sample (50 g) was ground to a fine powder for

approximately 1 minute using a Moulinex "Illico’ blender, to produce a



15 Exanple 1 Use of NMR Spectroscopic and Multivariate. Analysis to

di scrimnate between sources of Panaxgi nseng Preparation of eXtAnit2094
Sanpl es of white G nseng were obtained fromsix different conmercial
suppliers. Wite Gnseng is derived fromthe root of Panox ginseng C A
Meyer . 20 The root is put in boiling watlér briefly and then soaked in the
sugar juice. It is" subsequently exposed and dried in the sun. Wite

G nseng i s ahdifodenews sampfel §2bf theipdeangwas BRoMed A MARAGn & 200 mIBIRds al was
ground to a fine powder using an "lllico" blender for five mnutes. |Ig of
the powder  vsigH ﬁéﬂi iwf@(wflmﬁf@ﬂfec(&@)maioemlua?ﬁhmlms déstilled wdtec ®as i nuousl y-
for 2 hours on_a, shake eratu The extract

was filter ecpquﬁ?do(ﬂuvgeﬁlﬁwtg? ﬁ%‘?ﬁf‘q&h‘@ WarslsflgF&)Hétbé"rrmast“ﬁéo‘i{ gqrflpétagr Bt lected and
freeze-dri edteﬂt}ﬁ@faﬂirg e 301191E?(te§f Tho ExtBRMRAEANGE] Hire i ARl ainthnINdTly For :

deuterated wa MR spectroscopi c -anal ysi s. 0O L were use

spect r o§copi gaper iz ﬁ}:tna& @hldctsdapl fsezedried oekwghn dédng of the sahple ware TSP at
0.00 ppm 30,21 i rotocol for NVR spectroscopy Hydrogen-1 NMVR - -
spectra wer edlﬁs&lzéﬁ d‘é?\ gdﬂpﬁ%&"aﬁﬁx 600 Spectrometer operating at 600.13

Mz for the BpOEQRuRRGNINGl ey PRUAREIL 1 189PERTIl LARAIARGH SPoct 2 were a

result of 6 can m sweep W and were co into 49152

dat a poi nt s. HECQubkhiniri: @1StRIVHypesil SeA50wE6 Z2af) seconds. Prior to
transformation, a |line broadeni ng of 0.3 Hz was applied and the spectra

were Fouri ertPLE apabilsrmbase: Methanok Waterg Onophespirasre md@@%%@ph‘\’/",l\ﬁﬂ\’spectra
wer e angl yse X [ e the spectra into "histograns”
cont ai Elané bgtekd?nﬁg?%\% QP%&I?%V\@\AW% %lgn%ggr’gl Mici pal IOcorrponent anal ysis The
resul'ting file wapheRQUEAy thiromi®Rtant1eE @ccﬂﬁfpﬁ@g}mgaiglupéa m@@ﬁﬁ@rdﬁad

3A (Lapsang Souchong).

Treated samples

15 ' Dried sea sample (50g) waé ground to a fine powder for approximately 1 -
* minute using a Mouiinex "Tilico" blender, to prdduce a homogenous sample, 50 mL
of boiling distilled water was poured over the tea sample which was stiﬁed with a
plastic rod and left at room temperature for 30 minutes. The extract was filtered
through a Whatman No. 1 ﬁltér paper, the filtrate collected and freeze dried
20 ovemnight. 10 mg of the sample was diséolved in 1 mL of distilled water which was
fun through a Reverse Phasé (RP) C18 Isolute® column under vacium. 20uL were
used for the HPLC analysis, folloﬁring the method described above for the untreated
samples. ' 7 | -
The resulting chrdmatograms are accompanying Figures 2B (Kemmun) and
25 3B (Lapsang Sbuchong). The Figures show that HPLC does not clearly distinguish
between treated and untreated samples of tea since chromatogram.s 2A and 2B are
virtually identical, as are chromatograms 3A and 3B. The Figures also show that
HPLC does not have thé power to discriminate between different types of tea since
the chromatograms of Figure 2 are virtually identical to those of Figure 3.
30



u5|ng the sumof the entire spectrum The data resulting fromthis was then
subjected to nultivariate analysis using the Pirouette sof t wetepietiRage.
Unsuper vi sed- PCA 15 was perfornmed usi ng, nmean centring (and autoscaling).
Results. The data were converted into points on a PCA score plot. This is
Figure 1 attached. The. figure clearly.mhows six distinct clusters of
points attributable to each. 20 of the Panax ginseng sanples, thereby
illustrating that the technique provides a neans of discrinnation between
ostensibly identical.sanples of a given pI ant rrat erl al . 25 Conpar at ive
Exanpl e 1: I-Egmalmz_ys : MR Spe 3 d palysisds ¢ Kenmun and

Lapsang Souchong. Extragcts of egch for HPkC anal yS| s were prepared as
foll ows: Untreated sané' tea sanple (50 g) was -
ground to a fine t W nex :
"Il'lico" blender, ?It?%%ggrg%egceerg@%%ﬁlﬁ%gﬁn Iﬁun%geneous sargp 59 of .
t he powder. vx&mchemgmdﬂalmdgplhﬁeated mndtreafid sanplps af shese reas wade p‘rélﬁséd z&t Toom -
tenperature (22C).. 50 nmL of bqiling distilled water was poured over the o
tea sanpl e WHFSERPeRR Camparatiyedixarmple bl astic rod and left .at room

tenperature. for 30 minutes. The extract was filtered through a Watman No.
1 filter 5 paper, the filtrate collected and freeze dried overni ght. .10 ngy

of the Sa”D'BroY&bEfdiﬂ\ﬂ\ﬂPJs‘ﬁedrdsBodvdﬁHF?fnc@b.ﬁ@dnhb@ﬁnmhﬂﬁsm HPLC equi prent :
Hew ett Packard series 111090 Liquid Chromat ograph HPLC col umm: C18 RP
Hypersil 5, 150 xThe B0 mateita@piessvere diselved inMbmbeof deuteragederater (D,0).

Ot hophgspho cid 20:.79. v, flow. .10 ra

s e PBEPN oy 2 et S50 G Mk e it A2 bR ot A PO rpaany i ng.
Fi gur es 2A - (15?6%‘311})':0311'9? at%dpbﬁp?%&o%@@&gﬂbedﬁh%ﬁglém &xtried out

on each of the tea extracts.

15 ' The data were cnnvexted into points on two score plots. These are Figures 4A
and 4B attached. Figure 4B shows six distinct clusters of points attributable to each
of the tea extracts following tireatment, whilst Figure 4A s_hows that before treatment
clustermg was poor. . |
| ~ The disciiminating power of the NMR spectroscopy /PCA technique is

20 denlonstrated, contrasting strongly with the inability of HPLC to distinguish tea

types as shown in Comparative Example 1.

- Example3  Use of NMR Spectroscopy and Multivariate An’alzsis to

25 ' o discriminate between commercial samples of a herbal remedy -

Preparation of extracts

Commercially available capsules of feverfew (Tanacetum parthenium) were
obtained from three different manufacturers. The products .were ostenstbly identical,
being hard gelatin capsules containing a “standardised’ feverfew powder.

30 Five samples, each consisting of 10 capsules were taken. One sample was

taken from manufacturer A. Two samples, each bearing the same batch number,



15 Dried sea sanple (50g) was ground to a fine powder for approximately 1

m nute using a Mulinex "Illico" blender, to produce a honogerdu¥risdepl e;

50 mL of boiling distilled water was poured over the tea sanple which was
stirred with a plastic.rod and |left at roomtenperature for 30 ninutes.

The extract was filtered through a Whafban No. 1 filter paper, the B
filtrate collected and freeze dried 20 overnight. 10 ng of the sanple was
di ssol ved i nwvere rdkenfroch sinifhetdrendt eTwokimplesyaach beaning Ardiffgéntdafdaver se Phase
(RP) C18 IsoluteR col ym under vacuum 20pL were wused for the HPLC .

anal ysis, fdl TECTE HOTHBANYACHEE S | bed above for the untreated .sanpl es.

The -resulting chromat ograns are acconpanyi ng Fi gures 2B (Kemmun) and .25 3B
(Lapsang Souchong). The Figures show that HPLC does not clearly distinguish
bet ween tregted unt r ealt npl es off je nce chrppatograns ZA pnd 2B
are virtual Its\?ﬂﬁpzlee Pi cal ,aia@da’é‘%gctmformt o]é'f“g]ﬁg‘)BA and BB2PSE lgtr ek al so .
show t hat HPI.IC does not h Ve the power tpdiscrimnate ?@Ct en diffefent. -
types of teasince the chronnatograns of| Figure 2 are Yir |1y identical

to those of |Bigure 3. 30 ZigApril 2004 -Pf Exanple-2: Usgnpf NWR _
Spect r oscopyy—ared—MH-t-+v-arat-e—anal—si-s-t di-scrimnatp between types of
tea The teag3used were Gun@wder, -Darjee]fing, Kenmun, Assmig Lapsang|5
Souchong ang—Gotong—untrgatet—andtreatetd—sanptes—of—these-teas—werp
prepared as|4described in |@nparative Exlibl e 1. Prot p3%Img or NVR.
spect roscopy _and Primcipal] Component AN STS—The— 10 g _tea samptes jere
di'ssol ved i n21 nL of deutdr@ted water (3‘2%/5- 10 800 L &%dmg;sed for

NVR. speet roscopi ¢ anal ysis and-sanples were referenced “internalTy to TSP

at. 0. 00ppm. The procedure described in Exanple 1 was carried out on each :
of the tea extrackhe capadecqnients Fomisackispmplevwere paned dr & dpulinen"Ifsoht s on two

score plots 'bl-e-gl &F a(,andatilg m@tgﬂﬁ gr%uné é) a fine powder for two mifutes to produce a

homogeneous sample. Water extracts were prepared for NMR speétroscopic analysis

by dissolving 500 mg of the powder in 50 mL cold water and stirring the extract for
15 four hours on a shaker at 150 rpm at rcom temperature (22°C). The extract waé

filtered through Whatman No.. 1 filter paper, the filtrate collected and freeze dried

overnight.-

Protocol for NMR spectroscopy and Principal Coniponent Analysis
20 . The prbcedure described in Example 1 was carried out on each extract.

Results
The data were converted into points on a score_‘plot (mean-centred). Thisis
Figure 5 attached, in which each point correspondé to one capsule. The plot shows
25 that samples 1, 4 and 5 gave good clustering that reflects consistency between

individual capsules in those batches of products. Samples 2 and 3 gave poorér
clustering, reflecting greater variability in those particular products from capsule to
capsule. The plot also highlights aisﬁnct differences between different batches of
6ne product from one manufacturer (samples 4 énd S)IWhjch afe_ claimed to be

30 identical.



and 4B attached: Figure 4B shows six distinct clusters of points
attributable to each of the tea extracts followi ng trreatnment2! A 209¢

Fi gure 4A shows that. before treatment clustering was poor. The

di scrimnating power of the NWVR spectroscopy /PCA technique is 20
denonstrated, contrasting strongly wthaphe inability of HPLC to

di stinguish tea types as shown in Conparative Exanple 1. 25 Exanple 3 Use
of 'NVR SpectgoshpRy: angdsd i NM¥esettr8sdpglakadiFid@pal CoigpdiEnP AhSIRRYeen
commer ci al sanpl'es of ‘a her a rene y. Preparation of extracts mer cial |y
avai I abl e capsul es of dieg ; ren samplep af (Taencatey: pyetheninebofii ned from

three different- manufagturers The products wer e ostensibly identical, -

bei ng hard gel atin capéhgﬂgg@#ﬂ%| ng a " standardised feverfew povvder 30

Five sanpleqmﬂﬁ%%% W oTala TRy MM To Mo, SRNNN syl es were taken. One sanple was
uFET_7r_Q%%TT%ﬂWﬁ%§§ﬁ‘e

taken from ach bearing the same batch numnber,

21 Aprib 2004 -21TH= rﬁ@dimalqylmkﬁmésrmmmpaﬂhmm (BevelfeR) Sasplond ineach
bearing a, different batch nunber, from manufacturer 3. Sanpl e

No: Manuf act Jh%%frew Wﬂ@é&s*s&q féolatélﬁ@féﬁpmlcé\i\ls@ewb Bl %lﬁﬂgd8BPﬂe:§0‘|8’4rrgd |
4C1'1 1380 | f -
) T DR b e B e R h S B el ieier ror 1o

Moul i r ex 119 materi al
m nutes to Pladedsutdn IOTMGLRENE 1@@6@&@1ag/iédsmseastp&@\ﬁaesayﬁa&nﬁe&fpar ed for
NI\/R spectroscopi c anal ysi s

sampling regime.

-

10 ' Five samples consisting of 4 plants each were harvested from the plots'for
analysis at different intervals after planting out. Two additional samples were taken
~ at final harvesting, stored frozen and analysed at one and two month intervals post-

ha.rvest.r The dates of harvesting of the samples were as follows: .

Sample No Date of harvesting
15 | 7o - . 30 June
Ti - 14% July
-T2 ' 4™ August
T3 | ’ 19 August
) . T4 | . 18" September
‘ 20 T5 18® Septeml;er and stored to 13" October
Té6 18™ September and stored to 10® November

Preparation of extracts

Dried plant material was collected and immediately placed in a freezer at
25 -20°C. After freezing, the material was placed in a freeze drier for 12 houfs after
_ which samples were checked to ensure they were dry.  The material was placed in a
Moulinex "Illico" blender, and the material ground io a fine powder for two minutes -
to produce a homogeneous sample. Water extracts were prepai'ed for NMR
spectroscopiq analysis by dissolving 500 mg of plant material in 50 mL cold water

30 and stirring the extract for four hours on a shaker at 150 rpm at room temperature



by di ssol ving 500 ng of the powder in 50 nL cold water and stirring the
extract for 15 four hours on a shaker at 150 rpm at room t enpefidptra®0¢220) .
The extract was filtered. through Whatman No. | filter paper, the filtrate
collected and freeze dried overnight. Protocol for NVMR spectroscopy and
Princi pal Conmponent Analysis 20 The pro@8dure described in Exanple | was
carried out on each extract. Results The data were converted into points on
a score. pl of22¢@e dFikecomtiactads. fillenddsthiomgh FVigamen Bloal filtehsager, the filkveeh each
poi nt corresponds .to_gne capsul e:’, The pl ot shows 25 that sanples 1, -4 and 5
gave good cl¢rdleated agd fogae drisfl pyemightonsi st ency bet ween i ndi vi dual capsul es
I n those batches of products. Sanples 2 and 3 gave . poorer clustering,
reflecting greater variability in those particular products fromcapsule to
capsul e. ThePptdeb! fir NMMRisgedtiogipy dil Princighl Chhpsreansedydet ween different
bat ches of one product from one manufacturer (sanples 4 and 5) which are
clai ned3to be 30 1QUesof bgsample apdescnbehahwye wag disselwed i unLiof dewerabiR -~

spectroscopy. and. Princi pal  Conponent .. Analysis to djscrimnate between
Sl o of PRty NWHE sBRire CRC A sisr ARP 1T Rerb o dd 5F My Pk tibitng.
harvesting ofnaBls@tndSaMples Svefe rEPed®Bd itdhaly 18l BSH aAtDARCHRS TROFOELdN3
partheni um (Feverfew) was grown in the UKfromwarranted seed obtal ned
from C. N. Sedadsribel iy ExalipleSewasfollewed.sown on 18" April and rai sed under
glass. Plantlets energed on 251 April and were planted out on 24' May in
plots laid out on a grid basis to provide a random sed sanpling reginme. 10
Five sagpl esggoisi sting of 4 plants each were harvested fromthe plots for
15 20 anal ysts at different intervals after :planting out. Two additional
sanpl es wer e t akeThe data were converted into points on a PCA score plot (mean-centred) . '

This is Figure' 6 attached. There is a clear clustering of points relating to the different
_samples. The results demonstrate that metabolic changes in a plant, for instanqe as
manifested int the maturing process, can be represented on aPCA map. The process
15 of the invention thus provides a means of discriminating between samples of a given
plant material having different physiological states, in this case of differi;ig niaturity

levels.

20 Example 5: Use of NMR Spectroscopy and Multivariate Analysis to

.distinguish b_etween samples of a mixture of plant materials

The Traditional Chinese Medicine remedy known as Liu Wei Huang Wan,
which contains six plant ingredients, was obtained from three different suppliers

(denoted 1, 2 and 3).

25 |
| Preparation_ of extracts 7
100 tablets from each supplier were separated into groups of 10 and weighed.
They were then crushed with a pestle and mortar and 1g of the resulﬁng powder was
transferred to a glass flask. Cold water (100mL) was then poured over the powder
30 and the mixture was refluxed for 30 minutes. The solution was cooled, filtered and

- freeze dried.



at final harvesting, stored frozen and anal ysed at one and t wo rmnth
interval s post- harvest. The dates of harvesting of the sanpl ed ARSt¥04s
foll ows: Sanple NoDate of harvesting TC301 June TI14' July T24 h August
T319 1' August T418i Septenber T518th Septenber and stored to 13" Cctober
T618" Septenber and stored to 101 Novendidr Preparation of extracts Dri ed
pl ant material- was collected and i medi ately placed.in a freezer at 25
-20C. After Nnﬁezgdagosdobgaﬂmpﬂﬁmgdl CashoRb@aklvsk a freeze drier for 12
hours after .  whi ch sanpl es were checked to ensure they were dry. The
material was pI ac&mgﬁ each pemplepesparad) asidessribpd ebryerwas aemovedeandat er i al

ground to a f nut r od en us sanple.
Wat er extrac 58 Vﬂ %‘O‘%BE#%?‘WN e@bee%"f)?eglgﬁe ‘g‘iSE“‘%fHéP § Y#ssol vi ng
500 ng of plwﬁemterlal in 50 nL cold water 30 and stirring the extract -
for four hours on a shaker at 150 rpm at roomtenperature 21 April 2004 -23
(220). The extract was filtered through Whatman No. 1 filter paper, the_-
filtrate | ected and freeze dried overni ght . Protocol for NWR :
spectroscop Princi pal Conponent Analysis 5 10ngy of the sarrpl e as
descri bed above v,

spectroscopi ¢ ana ys?%é%gigo&gvérv[ebﬁénﬁ? gh? E%&agscggz Ao cg'pl)l C ﬁ ysis and

sanpl es wer eThieicFigmecthtiachel Eieteyis h@leiﬁauﬁbmﬁg Sfpadscorfdspopding edur e
described in Exanple 1 was followed. 10 Results The data were converted
into poi nt's BPAESHEom edheesnpnl le(%m@ﬁswﬁ@lrséiﬁnonstramth@tth@ Prpessy @f the

o 2CGH TG loh o Lt B St R LA 1 ent

materials which are ostensibly 1dent1ca1

Reference Example 1: Preparatlon of test extract of Buddleja spp and

15 o determmatlon of the effect of Buddlela globosa on

Human Dermal Fibroblast growth _
Buddleja globosa is a plant J;eported_ to pe_ssess woune healing properties, for
which it has been used clinically in the practice of .herba.l' nedicine. In order to
cdnﬁma that the plant possesses a biological activitj relevant to this use, thereby
.20 justifying the choice of it as a candidate for the protéomics axia.lysis used in Example
N 6, an assay 1o determinie whether it could stimulate cell growth in vitro was carried
out as described by Hughes and Cherry {(1997) in Wound Re;ﬁair and Regeneration 5:
159 -167. For comparative purposes a different species of th'e same 'plant genus
(Buddleja davidii), to which wound healing properties have to a lesser extent been

25 . attributed, was also tested. Grass was used as a control.

‘Preparation of extracts

Fresh leaves (50 g) of Buddleja globosa, Buddleja davidii and grass were
heated separately for one hour under reflux in one litre of distilled water. The
30 extract was cooled, filtered thfough a Whatman No.1 filter and the filtrate collected

and freeze dried for 12 hours. Dried extract, (10 mg), was dissolved in water (1 mL)



sanpl es. The results denonstrate that netabolic changes in a plant, for.

I nstance as. manifested int the maturing process, can be repre’ée“rwb@%n a
PCA map. The process 15 of the invention thus provi des a neans of 2
di scrimnating between sanples of a given plant naterial having di fferent
physi ol og| cal states, in this case of digkfering maturity Ievels. 20

Exampl e 5: Use of NI\/R Spectroscopy and Miltivariate Analysis to ,-

di stingui sh hetmres SAsIheD Bf fiRePhe ek@acivapiamEd THIBH ifb Dul@cfs adi-t i onal
Chi nese Medi ci ne renedy known as Liu Wi Huang Wan, which contalins. six

pl ant i ngr ededifsd Bagle Mbdlamr(&MEmmetithe@mﬁuteé es@ntloxswptblmfmah (denoted 1,
2 and 3). 25 Preaaratl x acts 100 tahl et fro h supplier were
separ at ed |rﬁ°8cﬁt@ﬁ‘ﬁgo Slngl EWQHW"‘S%HE?d Mtﬁsﬂﬁ ICGRth a
pestle and %1? nl g of the resufting powder was transferred to. a

gl ass flask. o? water (100m.) was then poured over t he powder 30 and the
m xtureswas refluxed for 30 mnutes. The solution was cooled, filtered and -
freeze dried. 21 Aprll 2004 -24 NWVR spectroscopy and Princi paI Component
Anal sis 1orduman Dgrpaldibreblastassayar ed as described above was renpved and

o 301 ved 1 | gl thal I8 o R SRS BA) av%%f\p'siorle

pl ot (mean- cembireadk 37°0 bi %lcx)zﬁnmlm&ccasMbaﬁ@@gdglemﬁnl(@mm ear
clustering of points correspondl ng to zpl es fromthe three suppl iers.

These resul tsapplemsntsd veithe] (% Fetal Galf Semoe@ES070.026 fugizaneand il Yrpensaillin

e U R BR e B R b b ESREPERE B
removed from the culture flask using 0 ~025% trypsin/EDTA after washing with
Phosphate Buffered Saline (PBS). HDfs were decanted into a 50 mL sterile universal
and re-suspended in 50 mls of DMEM after which they were centrifuged at 2700 pm -

for 5 minutes. HDfs were re—suspended in 10 mLs of DMEM and counted using a
15 haemocytometer HDfs were seeded in DMEM containing 10% FBS into the plate
24 hours prlor o use in the assay. A seeding density of 4 x 10° cells/m1crot1tre well
used in the assay. o |
The medium was removed by aspiration 24 hours later. The Buddleja -
_ globosa extract was initially dissolved in watef ata conceﬁtration_ of 10 mg/m] then
- 20 dilutéd into DMEM containing 0.5% FCS (0.5% FCS is the méintena.nce level for
- HF growth,. 10% is stimulatory) at final concentrations of 5, 10 and 100 pg/ml, (n=8 |
for control and treatments). g ' |
Extracts were added to the plate in .200 pL of médium after filtration through
| a 0.2 p sterile filter. Cells rel;nained in coﬁtapt with the extracts for 24 and 72 hours
25 after addition of the Buddleja extract. They were collected at these two time points at -
each of the above three different concentrations. Thf:y were analysed using the

Neutral Red assay described below.

" Neutral Red aésav
30 ~ 1.2mL of Neutra! Red dye were added to 78.8mL of Hanks’ Balanced Salt
Solution (HBSS). This was incubated for 10 minutes at 37°C after which it was




Ref erence Exanple 1: Preparation of test extract of Buddl'eja spp and
determ nation of the effect of Buddl eja gl obosa on ‘Human Derﬁﬁh%fﬂ%méblast
growt h Buddl ej a gl obosa is a plant reported to possess wound heal i ng
properties, for which it has been used clinically in the practice of.
herbal nedicine. In order to confirmthas-the plant possesses a bi ol ogical
activity relevant.- to this use, thereby 20 justifying the choice of it as a

candi dat e f Ogentrifaged 1260 fordnyiis. USGEL wRrdadaeP Peach weAnd BEAatk®
determ ne whether it could stinulate cell growh in vitro was carried out

as descri bedVerg w@n@d f%%ﬁ@h@ﬁslﬁﬁfel(‘&mgfi)helmemmsmmmd zaddheReeffener at i on .

5: 159-167. Fr s a differe the sa pl ant '-
genus  ( BuddV&; ydw%wfﬁf °€%ﬁﬁ8‘dt¥j8§?ﬁv?fgbﬁbf@(§%ﬁ9f§ t\'f‘ea"‘t‘gea ‘

| esser ext e”I‘h@ﬁ%i‘ot%?e @Bﬁeﬁbz@ \HlRed o}i‘@ﬁ A?ihﬁ)@l-ﬂllaﬁlﬁﬁckacﬁ: %ﬁ% ngr Pﬁs%go

control. Preparation of extracts Fresh | eaves (50 g I e) a obosa
Buddl ej & davandithe abdrigames ef the residuhkbeele dvas egad at § §0 mnf (Fleroenlagdnguwthmd@r
reflux in one litre of distilled water. The 30 extract was cool ed, flltered

through a STEMRARY gomparing thegbgorbareervalues Gviick afeicoryested taRercentagsze dri ed
f 12 h t 1. nl) 21
ABL I zogzrsgfg%r?g’qr‘ﬁﬁx‘%"g?ﬁ“ e&&%&[&ﬁa&th%@§f&ﬁst§%¥ﬁ$he e\>,<\?r :(r:t (vvas dl)l ut ed

1:1000 into Dul becco's Modified Eagl e Medi um (DVEM - nedi a to produce a

solution. with a final concentration of 10 g/m . This solution was diluted
1:1 with DIVEB»&'éﬂbs_produCe a 5 nmg/mM solution. Human Der mal - Fi'brobl as_t assay

verc 201 tor SR SRR of B B I%*éﬁils aﬂ@"&%ﬁiﬁ%&ﬂ@féﬁﬁfé v

;S)gmolzier?in;ejowatng %%yostlzségt (,ai:;r n.belr*lllij)fms( Ner e g(r)%%f?l;ﬁaégg %ﬁoi}gﬁggaf é:m 1- 5: .
days and werle renoved fromthe culture flask-using 0.025% trypsin/ EPTA
after washirng-wi.th Phosphate Buffered Saline (PRS) HD¥fs were decanfed:
into a 50 m} sterile universal Day 1 Day 2 Day 3
Buddleja globosa #1 ; 0.118 0.14 0.18
| Buddleja globosa #2 A . - lons 0.168. 019
15 Buddleja davidii o o3 10.137 0.19 -
Grass - oass 014 |02
0.5%FCS - |oas 0.21 024
10% FCS - 0.21 0.3 0.32
20 10pg/mL | Absorbance @ 550 nm
Day 1 Day 2 Day 3
| Buddleja globosa #1 : : 0.235 0.25 . 0.26
Buddleja globosa #2 - o 10115 0.165 0.17
Buddleja davidii _ 0.14 0.182 0.2
25 Grass | 0.14 0.151 . [0.19
0.5% FCS | 0.18 021  [024
10% FCS 0.21 0.3 0.32




and re-suspended in 50 ms of DVEM after which they were centrifuged at
2700 rpm for 5 minutes. HDfs were re-suspended in 10 nlLs of DCNEMrib(g4
counted using a 15 haenocytoneter. HDfs were seeded in DVEM contai ni ng 10%
FB S into the plate 24 hours prior to use in the assay. A seeding density
of 4 x 103 cells/mcrotitre well used #29-the assay. The medi um was renoved
by aspiration 24. hours | ater. The Buddl eja gl obosa extract was initially
di ssol-ved i water 0 ntration of [10 ng/ then - ITuted 1ato
DVEM cont ai rfi ng 0. 5% glgf) @f % FCS i s the maintaf [Eaélc?@%g?dj’?@r BF growt h,
10%is stimjlatory) at fi naI concentratipns of 5, 10 and 100 g/m ., (nA=8 :
for control (ahrd—t+eatmept-s)—Extractswete-added-to-the plate in 20011 of
medi um after). filtration through a 0.2 Bhym l e flljaty@r _ebh§3rema| ned in.
contact w t jthe—extracts—for—24—sant—"2fRottrs—25—after—add-+on—o+—the
Buddl ej a ext riﬁ@ﬁlejd'gl@osmﬂe'col | ect ed at| 0Hdse . twoOtMﬁe pob hi42 at edch of
the above three grfferent ToncentTrations| _Tey e anmatysgdustmg—tipe
Neut ral Red |fu6dleiaglobesai®d bel ow. Neut r aP-188d" asw@ylséo . PHi2f Neufral -

Red dye_wer € 3. 8nl of Hanks™ Bpl apnced Salt,  SoTu (HB™SY) .
This wa i_ncr@ggéba‘?%" 10 minutes at 3 7 bﬁgfter \\Aerch it i§,21 Apti |
2004 - 26 certcgi guged at 2600 rpmfor 5 nl p g ﬁ %ngwere 2?d to each
well and th ates were incubated for P, ourslafter whj chi the nedium
was - decant eq e cells washed first th 10 L of ormc acid
fol | owed by ’P?)ﬁg/@rlﬁdsﬁf 1% acetic acid T’\g g croti Tgi'zg plat 1&\/\iﬁ plaged on
an. Ant hosHi | llog);ip(c;g reader, shaken for 1lpgsg¢conds oa_z,nd t he @@§orbance= of
t:he resi dual—eetHs—nas reat—at—550 af—Pereentage grewth—was—edeter ned by
conparing the absorbance val ues.(which are .converted to percentage grow h)
of thejgel |l s pl usrigxé Flgks &Enﬁ&hs&ﬂ@%l?at%dﬁlgﬁr Rﬁ@ﬁs&@ho&@a fulaRBepeids 10

Tabl e: The effects of plant extracts on human dernal fi brobl ast (HDf)
growt h. 15 on the growth of human dermal fibroblast cells at a medium concenU'anon of Spg/ml

-

and 10pig/ml and a lesser effect at 100 pug/ml. The effect was seen to be maintained
_over 72 houré. The effect at the lower concentrations was reprbdﬁCible since two
. different extracts of the As‘ame.plant species gave bomparable reSﬁits. In contrast,

15 Buddleja davidii was shown to have an inferior effect. The activity is thus species-
dependent, conﬁrmihg the value bf éthno-botﬁnicai anecdot;ﬂ informatién in
selecting likely candldates for pla.nt extract development The control, grass had a
con31derably reduced effect. _

. Since Buddleja globosa is effective in promoting the growth of human

20 fibroblasts itis a suitablé candidate plant extract to model the protein analysis
technique described in Example 6 which follows. The results of this i vifro assay
also validate the select1on of IBR3 HDf as an appropnate target cell lme for the

protem analysis.

25 -

. Examg]é 6: Proteomic analysis of the effect of Buddleja globosa on protein
expression in Human Dermal Fibroblast cells '

Materials al_ld method




20 25 5g/ nLAbsorrbance @550 nm Day 1Day 2Day 3 Buddleja glob osa-

#10. 1180. 140. 18 Buddl ej agl obosa #20. 1150. 168. 0. 19 Buddl ej a davdldipri0z003
.0.1370. 19 G ass0. 1350. 140. 2 0. 5%CS0. 180. 210. 24 10% FCS0. 210. 30. 32

10pg/ nmLAbsor bance @ 550 nm Day 1Day 2Day 3 Buddl ej a gl obosa #10. 2350. 25
.0.26 Buddl ej a gl obosa #2 0.1150. 1650. 1.28Buddl ej a davi di i 0. 140. 1820. 2

G ass0. 140. 151 0. 19 0. 5% FCSO. 180. 210. 24 10% FCSO0. 210. 30.32 21 April 2004
-27 1009/ mLAbgpehigmee ' @550 urn Day 1Day 2Day 3 Buddl ej a gI obosa

#10. 140. 1420. 142 Buddl ej a gl obosa #20. 1480. 1510. 125 Buddl ej a

davi di i 0. 120. 10. IBR g dez®al filgolags derecultsoediCMER] + 1072XCS ghPo

O 10 e e o BB Tt et o b agfipporca shove @
medi um Conc%‘l&&ﬂ%b SRp8fa w994i¥olved in 5 mL double distilled H,0 to create 2 10 mg/mL
5 stock solution. The stock solution was filtered through 2 0.2 pm filter a.nd 5 pL was
d1luted in 5 mL DMEM + 10% FCS (i.e. 1:1000dilution) to give a 10 pg/mL
solution. This was diluted 1:1 in DMEM + 10% FCS to give a 5 ug/mL solution.

One T75 flask was used for each of the following extract test concentrations:

0 pg/mL, 5 pg/mL 10 pg/mL and cells were incubated for 24 hburs_or 3 days (totall
10 —number of flasks = 6). | -

A six-well plate (Costa:) was employed for radiolabelled cultures and 2 wells
per extract concentration (0 pg/mL, 5 pg/mL, 10 pg/mL) were used. [ S]—labelled |
methionine, 250 pCi per well, was added to methionine-free media and the cells were
incubatéd f-'or‘24 hours. All incubations were carried out in a CO, incubator at 37 °C.

15 | |
| 2-D Electrophoresis
' Following incubation, cells in the T75 flasks were washed with 2 x 5 mL PBS
and 1 x 5 mL 0.35 sucrose and collected mfb QOO.pL lysis buffer (9.5 M urea, 1‘%
DTT, 2% CHAPS, 0.8%-Pharma]yie pH 3-10 [Pharmacia]). Cells in each wéll of the
20 6-well plate were waShed with 2x 2 mL PBS, 1 x2 mL 0.35 M sucrose and collected
into 35 pL lysis buffer.  All samples were stored at -20°C until used.
| " Protein concentrations were determined ﬁsing a modified Bradford assay and
.radioac.:tiv‘ity was determined by scintillation counting, It was necessary to perform
| an acetone precipitation with the unlabelled cells due to low amountls;'of protein.
.25 Following this step, protein concentrations were within assay Aparameters and

permitted an accurate loading of sample.

Isoelectrlc focusing

Flfty micrograms of unlabelled protein of 1x10° CPM labelled protein was
30 added to reselling solution (8 M urea, 0.5% CHAPS, 0.2% Pharmalyte pH 3-10

‘[Pharmacia}} to a final volume of 450 pL and used to reswell immobilised pH



and 10Eig/m and a | esser effect at 100.g/m . The effect was seen to be

mai ntai ned over 72 hours. The effect at the |ower concentr atidrerilgdd4
reproducible since two different extracts of the sane plant species gave
conparable results. ' In contrast, 15 Buddleja davidii was shown to have an
inferior effect. The activity is thus eci es- dependent, confirmng the
val-ue of ethno-botani cal anecdotal infdrmation in selecting likely

candi dates for plant extract, devel opnent he 5ral 1aSS

consi der abl gradisgudR@) stripeite. mﬁe\r@@h ‘Eﬂﬂl%] Orgefag%g%%&% & %ﬁt@&ﬁ(\?gﬂpﬁ -
pronoting the grow h of 1 RAN i4.71, girka) Werenned. candi dat e

pl ant ext ra%qvengmecnggets ?%?83%@22%‘?5{2?? echni gue descri bed in Exanpl e
6 which fol t&\t&ﬁwin&%’eﬁwk&mnﬁgr thie SPGorweietfocusasrstioy 60 5VEE 3 81%3dat e t he

sel ection of IBR3"HDf as an appropriate target cell. line for the protein
anal ysis.. 2A/sthipa?@ie 6: Proteonmic analysis of the effect of Buddleja ,
gl obosa on protein expression in Hunman Dernal Fibroblast cells Materials
and metdhod 21 April 2004 -28- . Cell culture IBR3 human dernmal fibroblasts:
were cultur cb L, Wrtsid 0% FCS (Sigma) using T& flasks (TPP plastics).
Appr oxi mat efy— : a dried extract of Buddleja globosa was_dissolved -
in 5 L doubie dimemrbmajfoﬁmmmiﬁr\we@ralnmewpﬁfd@%f@ SR PO The

t ock | utic filtered.through a0, - PaY di l'uted
TS DEomepsiosor 2 1 PR (b fhl 80 oMb om, o1 futed

sol ution. This was,di : 1 b RMEVb ne | 896t FEB gt 104 dithietheei®l PHL) #0961 ut i on.
Gne T75 fl aﬂy%@’ %fg'esjyg’gﬁb%ﬁa%ﬁ ofp the %ho?l oW nggexjt ract ;tesl% .
concenig at i QRSpinufbsAliEHed by hegheri1S migutsgimbutiidorieining 48¢ORI Yy for
24 hours _or 3 days (total 10 nunmber of flasks 6). A six-well plate .
(Costar) wagifApl oyed for radiol abelled cultures and 2 wells per extract

concent tati on (0 Lcghitr 5 0l by 10 o by LORASEeSIRAC) ksifip1 B TV26%0 ed

separating gels in a Hoefer DALT systém.

15 Visualisation |
Once the second dimension bad been run gels were placed into 2 protein

fixing solution (50%, methanol, 10% acetic acid) overnighf and strginéﬂ using a
silver straining kit (D.aiichi) the following day. 'R_adioactive gels were similarly ﬁxed‘
5u‘t not silver stained and placed ina " gél—drying“ solution (3% glycerol, 30%
20  methanol) overnight. The gels were then dried-down onto 3 MM paper (Whahn;m_) :
' 'using a Savant gel dryer and éﬁ(posed to BioMax film (Kodak) for a total of 10 day;. '
. The films were developed in an AGFA processing machine. | | '
After silver-staining or film development the gels and ﬂ]m_s were scanned at
100 pm resolution using a Molecular Dynamics Persdnal Densitometer SI and the -
25 ~ images were viewed using ImageQuant (Molecular Dynamics). Cgmputer ané.lysis_
 was performed using PDQuest (Bio-Rad) which facilitates the alignment,

Jandmarking, matching and subéequent quantitative analysis of the images.

24 hrtime point: (1) Cells radiolabelled with 250 uCi [358]—meﬁo@e
30 (2) Unlabelled cells for silver staining (2 x 75 cm?flasks for

each sample).

‘ﬁ-‘-'.‘“"""""-'r.a. -



met hi onine, 250 jC per well, was added to nethi-onine-free nedia and the
cells were incubated for 24 hours. Al incubations were carri e Amuit200h a
CQ2 incubator at 37 C. 15 2-D El ectrophoresis Follow ng incubation, cells
in the T75 flasks were washed with 2 x 5 nL PBS and | x 5 nL 0.35 sucrose
and .col l ected into 200. pL lysis buffer-309.5 Murea, | % DIT, 2% CHAPS,

0.-8% Pharmal yte pH 3-10 [Pharmacia]). Cells in each well of the 20 6-well

pl ate were ViZshved time goig: x (2) hﬂhIaBE&d Elixf& sitverGtRaink 2106 asd flasit fopl | ect ed
into 35 pL lysis buffer. les were stored at -20C until used. .
Protein concentrations wer eeaﬂléﬁaé’? hed using a nodified Bradford assay and
radi oactivity was determ ned by scintillation counting. It was necessary to
perform an acetone precipitation with the unlabelled cells due to |ow
anount s of [P-DESFist dmelfibd:oWi Nng this step, protein concentrations were
within assay paraneters and permtted an accurate |oading of sanple.

| soel ec?ri ¢’ f ocudPRSUPT eoyering PuydifiesenbpHusnesp wiereesepr ot ei n of 1x106 CPM
Iabel | ed pr fﬁ \Iﬁﬁg Qnadded to reselling solution (8 Murea, 0.5% CHAPS,
. 2% Phar- rrao(?z BH G Ni‘og B%Pharmacia]) to a final volume of 450 pL and used

to reswel | ég)?yuby SpH 21 April 2004 -29- gradient (IPG strips.(i.e
i n-gel dehydration) each extract condition, |PG strips covering the

ranges pH 3-10 NL: (non Ilnear) and pH 4-7L (i near) wer e used. -Fol.l ow ng
over ni ght rezwel! g the I PGs were focussed for 60 kVhrs at 0.05

myV strip, 26 ophoresis Before the focussed | PGs were run in t he
second;gli mensgk g st & tr| ps were prepared for 2-D by equilibrating in
buffer (1.5 m res 8 8], 6 Murea, 30% glycerol, 2% SDS, 0.01%

br onophenol bl ue) cont aining 1%dithiothreitol (DTT) for 10 15 m nutes,

foll owed by another 15 mnutes in buffer containing 4.8% i odoacetam de
(LA-A) - Sample loading: ~  50ug protein for silver staining )

0° cpm for autoradiography

15 Resuits _ :
The effect of the Buddleja globosa extract on protein expression by the -

.human dermal fibroblasts is shown in the following Table :

Buddieja | 24hoursspots | - 24 hours 3 days 3-days
20 ' | globosa increased - spots decreased spots spots
extract > 2-f01d - >2-fold increased decreased
(ng/ml) - | > 2-fold > 2-fold
5 19 24 31 39
| 10 - 33 st | 39 32
25 '
Total number of protein spots matéhed: 850
The accompanying Figures 8 and 9 show examples of protein spots showing
a.itered patterns of expression in response to the Buddleja globosa extract, Figure 8
30 iltustrates a region where proteins are decreased following treatment with the 10

pg/mlL. extract after 72 hours whilst Figure 9 illustrates a region where proteins are



SD S-PAGE was perforned overnight (20 mA/ gel, 10C) using 12% T/ 2. 6%C
separating gels in a Hoefer DALT system 15 Visualisation OnceltAvst 28¢ond
di nensi on had been run gels were placed into a protein fixing solution
(50% nethanol, 10% acetic acid) overnight and strained using a silver
straining kit (Daiichi) the follow ng dagy. Radioactive gels were simlarly
fixed but not'si-lver stained and placed i'n a "gel-drying" solution (3%

gl ycerol , 30%erdtkedTbilamiak ire@nRifivaR the 10N6y/B bt hRertRaBuel i18dagown onto 3
MM paper (Whatman) -using a Savant gel dryer and exposed to Bi.oMax film -
(Kodak) " f or fagurefaieprssentOamunfesated ThigrdliahdnB rapresentethe tepied samplan AGFA

processing.maching. After, silver-staining or filmdevel opnent the, gels and
films were scannrelﬁleartesut“fdiﬁmﬁf‘?t.’éaé% ¢ 8??08%'1%50%9%{%@1?:'%??8 %Fﬁ?&rﬁg%‘%%Personal :
Densi t onet erconkirdith fldencdor 4 TRSRM BB lcfichd 6 U b RGn deARGRIIAMYendddp! eCul ar
Dynami cs).. . Conputer anal ysis was perfornmed uSing PDQuest (Bro-Raa) which
facilitates mhinmenl Boddfigaig/obosmdamstiommgn tiie todtextdo ba difsaive du) alesring
quantitative analysis of .the inages. :30 24 hr tinme oint: (1) Cells -

radi ol abel | S¥OT Fxppespiop icrumas SerpahFibrohlagkecellsy Unl abel | ed cel I's for
silver staining (2 x 75 cn? flasks for each sanple). 21 April 2004 -30 72
hour time point: (1) Unlabelled cells for silver staining (2 x 75 cn®

fl asks. for each sanple). 2-DE: First dinension: |PG strips covering two
different pH ranges were used (1) pH 3 -10 NL strips (2) pH 4-7 strips,
Second di nension:: 10 "12% SDS- :‘PAGE Sanpl e | oading: 50g protein for
silver lét ai ni ng : :

‘15

20

25

30



106 cpm for autoradi ography 15 Results The effect of the Buddl eja gl obosa
extract on protein expression by the hunman dernmal fibrobl ast s2iApiEH®4n i n
the followi ng Table : 20 25 Buddl ej a24 hours spots24 hours3 daysS days

gl obosai ncreased . spots decreasedspot sspots extract>
2-fo|d>2-fo|dincreaseddecreased (g/M)> 2-fold> 2-fold 519243139
1033513932. Total nunber of protein spots matched: 850 The acconpanyi ng
Figures 8 and 9 show exanples of protein spots showing altered patterns of
expression in response to the Buddl ej a .ghobosa extract. Figure 8 30

il lustrates a region where proteins are decreased followi ng treatnment, with
the 10 pg/nL extract after 72 hours whilst Figure 9 illustrates a region
where proteins are 21 April 2004 -31 increased following treatnment with the
10 29/ M extyrgts dbiddid2 hours. In each figure A represents an untreated
control and B represents the treated sanple. The results denonstrate that
the techni que of proteln anaIyS|s can be used to confirn1the presence of a

rel evant bi gl ogic %E?ICH?Q& . Buddl ej a
gl obosa vvasqshowng #h |s cont exégggﬁﬁe effective 1n a ter| ng‘ protein

expression |mawiw,nth9@wﬁekg&nﬁp@hi@st cells. 10 .15 20 25 30
5 (i) preparing « test solution or test extract of & sample of the mcdwmal

plaxt material vihich fs known to possess the of each pr0perty required
for the standard:
()  suboitting the said solution or extract to two or mors analytical
’ mctl;ods including (8) a combination of INMR spectroscopy and a
10 computer-based pattern recoguition techmigue, and (b) one or more
' biclogical profiling techniques which provide a quantifiable measure
 ofthe biological cffect of the plant and which include 2 p:otcomicsl.

analysis;
@) obteining results fom the ana.lytlwl methods used in step (5); and
15 @Gv)  defining a standard specification for the said plant matexial on the

~ basis of the results obtained ju step (i),
the process being conducted such that the NMR data reflect the totality of the
cornpounds in the plant material which respond to the NMR technique bemng used,

20 2. 4 process of providing & sample of 2 médicinal plant matetial, which sample
complies with a standard specification for that material which has b@ defined by
the process of claim 1, the process comprising:

(")  prepasing a test solution or test extract of a candidate sample of the
_ medicinal plant material;
25 @)  submitting the said solition or extract to anelysis by 2 combination of
NMR $p:cttosco§y and a computcr-bésed pattern recognition
_ techmque;
(i) obtaiming results from the analysis of step (i"); and
(Iv)  selecting the candidate sample if the results in step (11i’) comply with



21 April 2004 -32 What .is clainmed is: 1. A process of establishing a
standard. specification for a medicinal plant material, the powes004
conprising: (z) preparing a test solution or test extract of a sanple of

t he-medi cinal plant material which is knowmn to possess the or each
property required for the staff: (ii) submtting the said solution or
attract to two or nons anal ytical nethods includiug (a) a conbination of
NVR spectroscopy and a 10 conputer based pattera recognition technique, and
(b) one or nore biological profiling techni ques which provide a
quantifiable nmeasure 3.5 basis of the rggults obtained izx step (iii); of
the biol ogical effect of the plant and which include a proteonics

anal ysis; obtaining r 3 L a3 nﬂgﬁﬁg SabiSGEd § (ri);
and defining a standgﬁgg%%%%? |cati02@gg$£%ﬁg@sai p?ant ng?ggﬁg?gg% t he
t he process bei ng condefthegrocsssciefitdtbin (fdimt1;NVR data reflect the totality
of the wused, conpounds in the plant naterial\Mﬁé;%responﬂ %ﬁhthe NCvf R

t echni que bdhhprosgssbeing condueted puch tbesits MR datap thedoality ofthal pl ant-

mat eri al , ' i ¥e L il i t hat
mat eri al mv\/iryg %%ga%lggtr!}e g&ﬁ?ﬁg@ﬁ%&ﬁﬂ%%@?@g%ﬁgﬂﬁéﬁe b?ﬁgf u%;r&‘élfc ess
conprising: (i') prepag a test solution or test extract of a candi date

sanple of the nedicinal plant material; subnitting the said solution or a
extract td dhal yshorosesaegsordingimdlam Dvherivrrtapbedrveplsgd bnd a

conput er - based_ pagt &6 fecAanl 1 0l SEON U pre SRl YAGH U5 Uhd 5 LA L e
o biclogical profifing techniques which provide 8 quantifiable measure
of the biological effect of the plant and which include a proteomics
10 {iv’t) obtaining results from the or each techuique used in step (iv'a); and
(iv'c) selecting the candidate sample if the results obtained in step (iii")
 defined in claim 2 and step (v'b) above comply with the standard
specification for the said material as.established in step (iv) of the

process defined in claim 1.
5 _
4. A process according to any one of the preceding ¢laims whersin the
sombination of NMR spectroscopy and a coméutcr-bawd pattern recognition
Atcchniquc compriscs: ‘.
| @) submitting the test sokution or test extract to NMR spectroscopy and
20 recording one or more NMR spectea; and

()  submitting the data obtained from the ot each NMR spectrum to
multivariate apalysis to generate one or more points on a score plot.

s. A process according o any one of the preceding claims wherein the
23 multivariate analysisis principal componesnt sgaltysis (PCA).

6. A process according 10 any one of the preceding claims wherein the
Proteomics analysis comprises:

()  providing atarget cell selected accordipg to the clinical indication in




(iv) selecting the candidate sanple if the results in step (iii') conply
with 21 April 2004 -33 the standard specification for the sai ®irPprie2004l
established in step (iv) of the process defined is claiml; the process
bei ng-tonducted such tit the NNNR data reflect the totality of the
conpounds in the plant material which respond to the NVR techni que being
used A prods according to claim2 wherein step (iv') is replaced by! (iv'a)
submitting the solution or extract prepared imstep (') to one or nore

bi ol ogi tal profiling techniques which provide a quantifiable neasure of

t he bi ol ogical effect of the plant and a#i.ch include a proteomcs

anal ysis; 10 (rv'b) obtaining results fromthe or each technique used in

step (iv'a); and (it viviichdgd @edichal pliae isanicdad m@xaﬂ@,fmicfmga%n&‘%t s
obtained in step (vi') defined in claim2 and step (rw b) above conply
with the standard speb¥eftsstseliden srdestenieactsind material as establ’ished in

step (rv) of the .process. defi.ned i,n glaim1l1. .15 4 A proces ccording to
any ore of the pr@ediﬁ%’%ﬁﬁﬁﬁ%ﬂ@fbﬁeﬁcﬁ%m %6#6?‘@5%%%%?%%@5%‘@8% oscopy
and a conput er-based pgkdeRfifly $h8ALHYe i i SR 51E] -g R SES n
submtting the test solution or test egxﬁ%&t to M4 Gtgpectls?%scrg%)e%%nd 20
recordi ng one qr nacr eedgvBurspetiersaid sehéidn Eb¥xisachmi tti ng the data obtai ned

fromthe 8f each' NVR spectrumto a nultivariate.analysis to gerierate one
or nore pdints on a score.p[ot. 5. A process according to any one of the

di na clai s ' ; RERVETY | Yt +  pal
precedi ng clqi ns %%X?a%%ges oh&\é?{ﬂg%&eaﬁ@dm*ﬁ" H{"ﬂ%pa

conponent anal ysi according to-any one 0 pr ecedi ng

cl ai ms wher e¢compdises parifytbeptii: ¢t solationsirsest extpact oL8e sbinplepofithe diedipimal t ar get

cell select o el L LIS bt P pactosopy s

) computer-based pattern recoguition.

10. ‘ '
§. A process agcording to any one of the preceding claims wherein the
medicinal plant matevial vonsists of, or is dexived from, a whole plant, & part of 2

plant, 2 plant extract or & plant fraction.

is 9. 4 process of providing a standerd spec_:iﬁcétion for a medicinal plant material,
the process Wg: | E
i i:)rcpaxing a test solution of test extract of a sample of the said plant
material which is known 10 possess the ox each property desired for
, the standard; | -
. 20 (i)  submitting the test solution or test extract to NMR spectroscopy and
" recording one or more spectrs; |
(i) submitting the data obtsined from the or each said NMR spectrum 10 2
muhi-vaﬁm analysis to geperate one ox more poixnts on a score plot;,

and
K= {(iv""} defining 2 sphere of acceptability around the points generated in step
(") as the, or as part of the, standard specification for the said plant
rteil; |
- the process being conducted such that the NMR data reflect the totality of the
cowpounds 1 the plant material; which respond to the NMR technique béing used.




21 April 2004 (u) 5 -34- which the nedic ual plant is active and
klcubatiDg the target cells with the test solution or test edApghef04
subjeotiug the jxic ated cells to gel electrophoresis viz a 2--]) gel ctd
obseryig the change in proteh evression i the cells as a result of
exposure to the said soludou or =tact 7. A process according to any one of
the preceding clainms winner fwhd4zr conprises puff '"ing the test solution
or test extract of the sanple o | be nedicinal plant rnatedal prior to cox
ring out the conbination of N spectrosc y and conputerd pattern
recogoatiou 10. $. A process accordi ng g any one of the preceding clains
whi mt he T dZC|naI pl ant wat er aal conS|sts of, or is derived from a.
whol e pl ant Ya pdk Prosessgceeimgite cmﬁarhmﬂha@ﬂmtmmﬁﬁam on.. 15

9. A proces V] ndard at n for a nmedicinal pl ant

mat eri al , ts(ﬁgﬁg g’gggs co%’?é%‘ ‘%‘if’é#p &-a test solution or test
extract of a sanple of the said pI ant materl al which is bowii to possess
the or each Eroperty desired for the standard; 21) (ii't") subwittin.g-the
test soluti &h or A peresdf partiding a MiRplepd atmaticinplyplamdnateAaiptiiidhganipe o

nore spectra subm,tting the data obtained fromthe or each said NWR
spectrumto‘:?\‘"°=7¢3'§0Bf\7f"’2’:{1 Qﬁaﬁ‘%’l‘@f‘t’ erterial whch des Begreesiailisbebn. a

score plm &y a‘f’%f f acceptability around the
poi nts gener al(:i%e2 |n st‘-"&)o;l |9?{H¢;i’g%%$ﬁwr§?n§s part of the, standard
speci fication fori"yhe Iﬁ@ﬁﬂﬁhwmﬁﬁéﬁéﬂ&ﬂmﬂ of a candidate sample of the

said plent matenial; ' ’

(ii")  submitting the test solution or test extract to.NMR spectroscopy and
recording one or more NMR. specira; |
10 (iii")  submitting the data obtained from the or each said NMR spectrum to =
- multivariate apalysis to generate one or mere points on a score plot;
. apd ) )
v selecting the candadatc sample s & sample which complies with the
said standard specification only if the points generated on the score
15 Plot in step (1ii7) fall within a sphese of acceprability as defived in the
standazd specification established in step (iv!"”) of the process defined
in claim 9:
the process being conducted such that the NMR. dats reflect the
totality of the compouvnds in the plant material which resfond to the NMR techmique
20 being used.

32, A process aceording to any of the preceding claisas wherein the plant material
' i3 derived from, or consists of, 2 mixture of two or more different plants.

23 13, A process according to claim 12 whevein te $aid mixture is 2 remedy from a
System of traditional medicine where mixtures of plants or plant extracts aré used.

4. A process according to claim 13 wherein the system-of traditional medicine is
‘ Traditional Chinese Medicine or Ayurvedic Medicine.




t he process being conducted such that the NVR data reflect the totality of
the conpounds is the plant material; which respond to the NVR!tedlii4ue
bei ng used. 21 April 2004 -35 10- A process according to claim9 wherein
the nultivariate ate analysis of step (u32) is perforned using an
unsupervi sed nmet hodol ogy 11. A process of providing a sanple of a medicinal
pl ant material, which sanple conplies with a standard specification for
that material which has been established 5 by the process of claim9, the
process conprising: (i")preparing a test solution or test extract of a
candi date sanple of the said plant materi (u")submtting the test
solution or test extract to. spectroscop nd recordi ng one or nore NUR

spectra; 10 i1") submttin data 0 i ne t he .or .egch sa d NwW
spectrumto 215 rrulﬁ P‘éwg 3@}?’ "éif’%‘g]a’&ls g%‘}l "‘on a
score plot:, pfEigdmedicaat §£gqq§% ﬁ@gﬁ#

conplies mntﬁ’the sai d staﬁ%aﬁgagggggﬁ?catlon on %?iﬁﬁe prints generated

on the st or ethetndapt isiarsasphpofaithicnticda] dr auttitedip hnsmhenel off whickdpt ability
as defined in the standard spcification establlshed in-step (iv') of the

process. def | FOY305¢4 B5W: t he process being conducted such that the NW
data reflect the totality of the conpounds in the plant trial which
respond to the NMR techniqué 20 being used.. 1.2. A process according to -
any of the preceding claims wherein to plant material is derived from or
.consists of a mxture of two or nore different-‘plants. 25 13, A-process
“according to claim12 wherein the sai.d-nmixture:is a renmedy froma system
of traditional mnedicine where . mxtures of plants or plant extracts are
used. o ' : :



14. A process accor di ng to claim 13 wherein the system of trad| tional

medicine is Traditional Chinese Medicine or Ayuzvedi c Medi ci r%Apﬁllm%rl I. _
2004.36 15. A process aiding to any one of the preceding clans wherein the
sanpl e -of t he nedicina pl ant materialL which possesses said the or each
property desired-for the standard 13 a siarrpl e of authenticated or audited -
pl ant material of which the provenance Ts=k.awn. - "ABSTRACT -PROCESS FOR . -
QUALI TY CONTROL AND STANDARDI SATI ON ESTME@IO NAL PLANT PRODUCTS . A -
process.for establishing a standard specification for a medicinal pl ant
material conprising: (i) preparing a test. solution or test extract of a

sanple of the mpdcidsidl rol! GOALFRY Echolmt/ G| STABMANISARSRTE, e O

each property r Statraar o CH T —Stoft gt ne—Sa
solution or extract to. two MEUI@'HQAE’EMQT?ROD@’T@OC’S i ncl udi ng (a) a
combi nat'i on of NWVR spectroscopy and a _conputer-based pattern recogmition
techni gbie, and () pomessdor estabdishibg alstagdardtspmlﬁanbnﬂgatxnedmneiqﬂaﬂ (iid)
obtaining results fromthe anal ytical nethods used in step (i1); and (|v) :
establ i shi ngn%te%tlat%wmssﬁ@cu ficati-on-for the said plant material on the
basi s :of the resy I the - '
gq t&g g@éﬁtgnnéﬂ thst)extrgﬁ fag&%@e IR n? tgmal

medi ci nal. plant - ter| a corrp ance wth

t he st'andar d. They C@]ﬂ%m%ﬁﬁl@hdﬂmﬁsﬂw@hﬂ@@ﬁbrtﬂ%@h@r they:

give anaIytlcaI results which fall -wi'thin. or outside.either part-or all of -
the specification estdbribstsadad: step (iv) . This approach to.

st andaﬁgl sati onazraﬁl quab#itr%g&%ts&%lsoiuioggg %)'ct(r:aul%rtv% Arla%i %;t? o i xt ures

of ‘medri Ci nal. pl matsg
methods including (2} a combmatlon of NMR spectroscopy and a ..

| computer-based pattern recogmtlon technique, and (b) one or more
- .brologrcal profiling techniques;
(111) _ ebtaining results from the analytical méthods use&_ in step (ii); and
15 (i) _establishjng a.standard' speciﬁeation for the said plant material on the - -
' basis of the results obtained i in step (jii)-
. Candrdate samples of the rnedrcmal plant material may subsequently be tested for
comphance with the standard They can be accepted or rejected dependlng on
" whether they grve analytical results which fall mthln or outs1de either part or all of
20 ~ the sPecrﬁcatron established in step (iv). T]ns approach to standardlsatlon and
- | 'qualrty control is part.lcularly apphcable to mixtures of rnedrcznal plant matenals



