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* ACTI ON* PRESSURI ZED HOT WATER EXTRACTI ON Technl cal Field The present

i nvention o net hod i ng chem cal co a
sanpl e natgﬁ+a(s%§$the use 3mwl as a g%@gﬁﬁ@hgp
terrperat ures bel ow 100 degrees,Cgl 6$| us. The invention utilizes | ess energy

than "subcritical water™ eﬂﬁeﬂ—en—nceLhods_and may be used to extract
bi oacti ve conponents fronlnat ﬂ@ﬂw&m ﬂ as, but not limted to, botanica

sanpl es, and herbal preparati surized hot water may be used
under dynam c flom/condltlons Ienented with an organi c sol vent.
The present. invention is referr@dPérein as "pressurized hot water _
extraction"” or PHWE. Background Art Botani cal drugs,. classes of o
nutraceuti cal s and her PPRESSURIZED HOT WATEREXTRACTIONduct s cont ai ni ng+,
of a single plant or a mxture of 2 or nore different types of nedicinal -
pl ants. Monographs of nedicinal plants can be found in the United States !
Phar macopei a [1], Chinese Pharnacopeia [2], WHO nonographs for nedicinal .
plants [3], Japanese Pharmacopeia ..[4], Herbal Mdicine (expanded ‘ !
Comm ssi on E nonographs) [5] and others. For botanical drugs and herbal’
preparations, there is a need to approach scientific proof and clinical
validation with chem cal standardization, biological assays, aninmal nodels
and clinical trials. Quality assurance of botanical drugs and herbal
preparations is the prerequisite of credible clinical trials. According to
draft guidelines by the United States Food and Drug Admi nistration (U S
FDA) [6] and The European Agency for the Evaluation of Medicinal Products
[ 7], various aspects of -1 WD 03/095979 PCT/ SG02/ 00063 analysis nust be
performed for the purpose of certification of botanical drugs and herbal

pr epar at+QisicAFgaghem cal standardi zation is an inportant aspect.

. The presént invention relates to methods for extracting chemical compounds from a -

sample material by the use of pressurized hot water as a solvent at temperatures below 100 - -
degrees Celsius. The invention utilizes less energy than “subcritical water” extraction methods i
and may be used to extract bioactivé components from materials such as, but not limited to,
botanical samples, and herbal preparations. The pressurized hot water may be used under
dynamic flow conditions and/or supplemented with an organic solvent. The pfesent_invention is

referred herein ag “ﬁressurized hot water extraction” or PHWE.

B@kground Art

Botamcal drugs, classes of nutraceuticals and herbal preparations are medicinal products
containing of a single plant or a mixture of 2 or more different types of medwmal plants,
Monographs of medicinal plants can be found in the United States Pharmacopeia [1], Chinese
Pharmacbpeia [2]}, WHO monographs for medicinal plants [3], Japanese Pharmacopeia _.[4];
Herbal Medicine (expanded Commission E monographs) [5] and others. For botéﬁical drugs and
herbal preparations, there is a need to approach scientific proof and clinical validation with
chemical standardization, biological assays, animal models and clinical trials. Quality assurance
of botanical drugs and herbal preparations is the prerequisite of credible clinical trials.
According to draft guidelines by the United States Food and Drug Administration (U.S. FDA)

~ [6] and The European Agency for the Evaluation of Medicinal Products [7], various aspects of

-1-



For the chem cal standardization of botanicals and herbal preparations, the
extraction of bioactive conponents or marker conpounds is an inportant
step. The nethods found in the nonographs of Pharnmacopei as and ot her
reports [B“ﬁimﬂﬁéﬁﬁ used extraction nethods that requir$%T%i 9&%&§ant

vol ume of organic solvent and were rather tedious. Hence, methods that are
rapid, required |ow volune of organic solvent and with high extraction
efficiency are attractive options. One of the problens for the chem cal
standardi zati on of nedicinal plants was that nost of the target anal ytes
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significant aFerthe ehqnécaﬂist@ndﬁﬂiéﬂmqﬂhm}sénﬂ PrePRBHong e HFe?
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i nt eract prese recovery obtained in-the ts]}%hkl ng
exper i menbosogrits o Pharmatopeizs candapthery réparts d80) afisp usgieextraction) methigds that -
non-spi ked .sampl e. | n the i t r | 10 ' ent
o anal y e Hetfent volbf of iU spRbnt il eruiel RalhaDReR, BRARES Bat Bt
for the gpid asfuired lob velogaif organicl sotvent andf widhhigh exirantion effigiency grq afiractive
[11,12,13], At the sanme tine, an approach using static - dynamc
sub-crit PR¥IDSwat er extraction of essential oil conponents from plant
mat eri al s wasoggyetHeRReblénd for Hhe cidufiel sraadadizativnt cfmediviwal ppntssway Gabmoaken
125 to 175 C had been used to rapidly exjract nated :
favor cofbthgriaeges ?-'@l‘bft?so‘é’%fﬁé%m’f‘% PO%F' F%‘i)gﬁeﬁ?%&@é edeh'g% ?‘Eerrm&’ij%%%&k%
pressuri él%ged? Qhydi&t [§0], Wme GTUBS w@ anlites acle s babedimencidérider amb gkycyrrhizin
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extracti and aucubin in plant materials
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gas chronmat ograp se approaches utilized sub-critical water under
hi gh t emgeltsiwith e oty ec}:ﬁaéwlﬂdre, and/or static conditions for the %
extract| on of @il fcing WHAABN ForkileTsdNAin diRlydcdl dhethods) fuboritical
approaches al'so using high tefperature, high pressure and/or static

condi t i oveter@yEaction badbesn deuelepadfprthe prfraction of organic pollutants from environmental

solids [11,12,13]. At the same time, an approach using static — dynamic sub-critical water

extraction of essential oil components from plant materials was developed [14,15]. Superheated
water under pressure between 125 to 175 °C had been used to rapidly extract oxygenated
fragrance and favor compounds from rosemary [16]. A laboratory made system -using
pressurized hot water was developed for the extraction of iridoid glycosides in plant matrix with
final determination by micellar electrokinetic capillary chromatography. The authors concluded
that pressurized hot water extraction was not as efficient as hot water extraction for catalpol and -
aucubin in plant materials [17]. Sub-critical water between 100 to 175 °C with an applied
pressure of 50 bar were used for the extractién lactones from a kava root with final determination
by gas chromatography [18]. These approaches utilized sub-critical water under high
temperature, high pressure, and/or static conditions for the extraction of semi-volatile
components from plant materials. Other approaches also using high temperature, high pressure,

and/or static conditions have also been described [25].



-2 d FEZ WO 03/095979 PCT/ SGD2/ 00063 Citation of the above docunents is
not intended as an adm ssion that any of the foregoing is pertinent prior
art. Al statenents as to the date or representation as to the contents of
these docypelssd,s based on the information available tq,ctrtg%ﬁ%@ut cant and
does not constitute any adm ssion as to the correctness of 't ates or
contents of these docunents. Disclosure of the Invention The present

i nvention provides a sinple systemusing pressurized hot water for the
extraction of thermally labile and polar conponents froma sanple. The:

t hod f th t t dt te
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or gani ¢ deolments ds baspd wintthe informatien @VW G 2pRy GBS

and 3) . LAY st(?ﬁl@%ﬁﬁ%&?gﬂﬁéﬁﬁt%&c%ﬁf%ﬁﬂstofﬁﬂs%ﬁﬁéﬂﬂs to excessive,
terrperatzhre present 1 nvention provides methods for using pressurized
and heat ed water to extract one or nore than one analyte of interest from
a sanpl e under pressures bel ow about 30 'bar and at tenperatures bel ow 100

C. The Igods | ﬂg/%n is not limted to, use of PHVE to extract a
solid or %oﬂlﬁlé—a'n'a%(g}e containing sanple in an extraction cell under
dynam ¢ condif].0 sen m?%@'f Efov?d%g L€ RinpleS sydied] QAR | pressutiied ot tWatdr figattieng

step prior to C e anal yte contal ning sanple to nmajptain the
t enper at wuecﬁm:d)fphemmlly tabilé anchpolamspsnonems framea Sﬁmﬁﬂ elheasthpds olithe praseRyn

cell is r&‘;ﬁéﬁ% efe rrecPto E.?%}%%glmzw%t Rt { dtrBion! oft PEAWE b BRI BreférBly

extract con extracte and rehoved by the continui ng
flow of GpHeddh mﬂenat émumezlmmalxpmm Fhe ipregent Hinvangion trrevidesngn effigientiand,
coll ection neans. |n ope i t P,

dynami ca?‘{?@mé@e%ls feats ’&9? &sh& fn%\f%'ﬁ I?ﬁ?th_e a te&ng)g?a uregﬁﬂfegvf/)floo
C, an apgpbhfe servess u2)9wlitadilgl meisivemrmtgyvte Heat waBd dbave 180F°C, and e}t witheiton
time of aoout 40 m nut es. grae errﬁ)d enmbodi nen gaz‘%r %he tenperature is-at
or abouteXPQSnEtemﬂe}’a@“Pﬁ"éls’ﬁW@g FIVE SRS 0 to 25 bar. In other

enbodi nent s thdﬂi&ehmeﬂmbﬁ providel enctlexdp @nalsmg @rassurized hed hdgted viiente exgagt
while t hgneporr%nsosrcleJ 1r;h%n|0181e LnGa?}%e g} mgeresi/ﬁ'gm es%pl%tlﬁﬁer%rressures below about 30 bar and at

temperatures below 100 °C. The methods include, but is not limited to, use of PHWE to extract
a solid or semi-solid analyte containing sample in an extraction cell under dynamic conditions.
The water solvent is preferably subject to a heating step prior to contact with the analyte
containing sample to maintain the temperature and pressure of the invention. The sample and/or
extraction cell is preferably also-heated. When practiced in a dynamic mode, the extracted
analyte is constantly extracted and removed by the continuing flow of heated and pressurized
water moving through the sample and to a collection means. ¥

In one aspect of the invention, PHWE is conducted dynamically at a flow of, or about, 1
ml/minute, a temperature below 100 °C, an applied pressure ranging from above 1 to 30 bar, and
an extraction time of about 40 minutes. In preferred embodiments, the temperature is at or aboyt
95 °C while the pressure ranges from about 10 to 25 bar. In other embodiments of the invention,
the temperature is preferably above 25 °C while the pressure is regulated by a regulator or
constrictor on the flow of the heated water as a solvent. Because the water temperature remains
below 100 °C, the applied pressure is not necessary to maintain the water in a liquid state.

Instead, it results in the water being a compressed liquid during the extraction process.



constrictor on the flow of the heated water as a solvent. Because the water
tenperature renmains below 100 C, the applied pressure is not necessary.to
maintain the water in aliquid state. Instead, it results in the water
being a co liquid during the extraction process. ; /095979
PCT/ SQ02/ 0 @aﬁﬁg%nother aspect of the invention, the hégﬁg %é@%? used as
t he solvent may, be supplenented by the . addition of organic nodifiers such
as, but not limted to, ethanol to inprove the extraction process. The
anount of organic nodifiers my range fromO to about 50% (v/v), althqugh
preferred enbodi nents of the invention. utiljze g ' Wat er
with 0, 5, ImpangtBer ggpectr)gf t%‘b,m‘f?%t,m’brthﬁoh%a%?g‘g%lg%%g%ldlg?%? .sg%atﬂ(rar n§-t ibégl Y,
t he heatsﬁ&lé’iﬁéngéd B{Pie REGiG6EH RERIN ROdifiyrstsheh @gibittrioolimitéd ton ethanol @ iraprove
surfactant or detérgent to inprove the eﬁé

action prqcess. r f.actants, are

sol ubl e tipeatiastianprocess. e The ameusd of gFgagicdne ﬁ%‘? H’r‘i‘yé?‘%ei(iﬁqfi‘ §§° gﬁ%@?’/‘?g‘gﬁ%es
“interfacjal tensi & of {13\ flizeRhied afd pRReJurianwitep withodli 5is .
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i n sol utlopts, 20, 25, BO,BSi ok 40V ergpnie seadifiernyent i on may be practiced with
ani oni c, cat,j.oni zZwWptteri onl ¢ ( | | SHditson( ®ObAE b
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i n conmbination) ipclude, but. are n L . js ly;

(SDS): dedes thd.surfpge g",“’%d#h‘&“*é’&laf‘; °F ﬁo%e‘gt&‘@?‘%%%%i*ﬁff‘f“ hq%_w _I“% 8

1- decanggi fopHefwedhitio 15@idsunDettdentsdeve ythéability toc puiplsify sdlidsnandy liguids to
gl ycocholic acid, ;sodiuymsalt,; ygodeoxychol i I d, e anien;
t aur ochomsrend dhem in selyHERIR éll’t‘%"gdr au o RESB Y nfaggg}éé}d?é g%h%sxgig {AHons
cetyl pyr(.{aq&ﬁy M GAePibhide (ampsHotieiey | dndi mBAibYica (poler) Lsurfbotants dand detergents and
hexadecyltri rr’qt hyl amoni um brom de; tet adecyé’t ri mﬁ%wnkw&?ggﬁkge;
CHAPS; Rembiations theregfl Hxampley Pﬁ%‘&%ﬁaﬁhﬁé{eﬁfé@m T PP BA PR ESaecyT oF o

. R D- gl yeapY LARARIfatiBrdAdEs, foul ate Rothita@Biofdesdiuin Bedetyll sulfide (SDS); caprylic
gl ucopyranosi de; n-octgl ( -E>g|ucop£%an05|ﬂe; nzgctyl aiﬁkglucgﬁérano | de;
Noni det deid4Sodinm saltsropbli¢ aridh-sgfligaoplti bnderanesulionis acigr opm sall BePXyAGC At tnt
of surf i, "BiuhPRBe glyEsdeoxhblic &iid)sbdiff salt; taocholRCicad,
about 335§@B%%@EFS§%9%?@§%out %0 or,ggout ég:or gbout 70 _ar,. aboué &gdgr
about 9Gsodiumabosalt; 10¢ausedeonychelie ot Agid) y SO oS8kt SFY. P nt SRgpride;

deter gen&ﬂgE i ﬁﬁra LA abapdmib¥e (V/ VheRbdeshimethylahmioninhy | esbrotride)
about 0. ootrlm%glgjé t gnn%bout 0. 5% or , Ca
tetradecyltrimethylammonium bormide; CHAPS; CHAPSO; n-decyl B-D-glucopyranoside;

digitonin; n-dodecyl B-D-glucopyranoside; h—dodecyl B-D-maltoside; n-heptyl p-D-

glucopyranoside; n-octyl B-D-glucopyranoside; n-octyl a-D-glucopyranoside; Nonidet P-40; n-
nonyl B-D-glucopyranoside; and Triton X-100. The amiount of surfactant or detergent may range
from O to about 10 or about 20 or about 30 or about 40 or about 50 or about 60 or about 70 or
about 80 or about 90 or about 100 mM. Alternatively, the amount of surfactant or detergent may
be less than about 1% (v/v or w/v), preferably less than about 0.75% or less than about 0.5% or
Jess than about 0.25% or less than about 0.1% or less than about 0.05% or less than about 0.01%.

The amount of surfactant or detergent to use in the practice of the invention may be determined

by thé skilled person by routine experimentation.
‘While the present invention is exemplified by the extraction of marker compounds such

' as berberine from coptidis rhizoma, glycyrrhizin from radix gly_cyrrhizae/liquprice and baicalein
from scutellariae radix (Figure 1)



| ess than about 0.25%or |ess than about 0.1% or |ess than about 0.05% or

| ess than about 0.01% The anmount of surfactant or detergent to use in the
practice of the invention may be determined by the skilled person by
routi ne ex ' tion. Wiile the present invention is exenplified by the
extraction%&@%% compounds such as berberine from cdft PGP zong,
glycyrrhizin fromradi x glycyrrhizae/liquorice and baicalein from
scutellariae radix (Figure 1) -4 "J WO 03/095979 PCT/ S&2/ 00063 Y, I[n®
addition to the extraction of conpounds fromcoptidis rhizoma, radix, z

gl ycyrrhi zae/liquorice and scutel]ariae radix, tl‘{:feﬂ resent invention be
applied to tHe additipacte offeorexEaFHIBuRs compRydsy “gnfoﬁ}(ﬁ%ea’dz.fm%f 55%4
and CO”@ é/li&&kf‘rlcﬁ%d NRRellatihdirddiR O1HR X Frettne Smhtion andy Bt pliad tongeude
rosemary;, - oregano, |enons, oranges, nushroons,  _rice, fennel, C|ngannn;
sage, | cxtmdiom ofheonipounds fremvany plaatver heskal material @pd cembingtiops;thersgfy Non-

val eriana,..curcuns : | @ddao, PERDAY, [dRshgks) MiehrHé@S! i CO
of the Dfn@%ﬁtﬁ-’-‘ nsseﬁfﬁtl)aﬁyg{r%gm%r%@%g?erl I's céon(t)’ai ni ng cor%b)ounds W th
nedi ci nadcep fennel; rcirnamon) sage) lawendat, soarjarah deavies) kavatrpet, pavaelt leavesopalepdula,

invention are plant materigls.contaig] S: o

linited YAFHaRG QYA s, s RReBE rﬁa%’rggﬁl@g?&ﬁ%%- fm, e ﬂﬁgé"-eeggrrtrhpe?g}ses%?t

such  cORfBA Srel plait utiterials dontaining wwimpoundstveith medici@alpir netisions-vajnecene,

a- phel andrene, canmphor,. -terpinenz4-al__Linalyl propaneate. .anethol

copaene, car y@é%?le?%é,mé‘&g@%iﬂce of, 131’@}‘018?{‘%/%#8??5?“ VS ag cgﬁsg%qs

1, 8- ci NeQlLk as NGt Aot IRfitbdaPEdRERRI olib and/si faghnes. Add-lnitingt @amplest dfesuch

i nvention's methods conpare favorabl ?l with that usi ication and .
%

¢ or ; ] ng soni
soxhl et contpoundsi insludes buti pre el Jimitgdqas j framens, %WCCMPBF &t Bn
efficiengies co I X Leaetd i B adyeahyiaBethte Ol E,
scutel | g?ﬁpgngnrﬁgfgﬁ ﬁ?loﬁ g%%logtg’t %Hgﬁltd’fecg? ber t?g’;rblpnﬁeuﬁ‘nr on‘%% c.o)gtai %Ii S rhli%ogr?g? and
t 0 soni catvons, dugenadl ly8-ginedlezierolf andmi-piadiex gl ycyrrhi zae. Pressurized liquid

extraction (RPLE) usin t.hanol s al ) fior Of | ' in

from scutel | ari® é‘gfl‘ﬁﬁ’%fgﬁe’%%eﬁﬁg |es’3§11e"§§n gﬁoﬁﬁ%ﬁgéégéﬁ@%%tﬁ@ 5?\1’?{#%

al so be Rpphiicd ahd sokRleexkiratibn cr aiffgpest medicias], pletsbi PHWE, gives extraction
efficiencies comparable to soxhlet extraction for baicalein from scutellariae radix, to sonication

for berberine from coptidis rhizoma, and to sonication for glycyrrhizin from radix glycyrrhizae.

Pressurized liquid extraction (PLE) using methanol was also used for extraction of baicalein

from scutellariae radix in comparison to PHWE. ‘

The present-in\lrention may also be applied to the extraction of pesticides, herbicides,
pollutants and other toxic compounds that may be present in plant material. Such an application
is particularly advantageous for extraction and detection/identification of such compounds in
plant materials. * -

Samples for extraction by the present methods are preferably combined with a dispersant
to prevent, minimize or reduce sample compaction due to pressure and water .absorption.
Compaction may result in impediments and/or interruptions (e.g. clogging) in the flow of solve,ﬁt
water during extraction. The inclusion of a dispersant may also provide more contact between
solvent water and a sample during extraction by reducing the amount of sample-sample contacts.
Preferred dispersants for use in the practice of the present invention include, but are not limited
to, sand, glass beads, diatomaceous earth, and Celite. .

The methods of the present invention may be practiced with an apparatus as described in
U.S. Patent Application 09/991,151, filed November 16, 2001, which is hereby incorporated by

oo
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pol lutants and ot her toxic conpounds that nmay be present in plant material.
Such an application 1is particularly advantageous for extraction and
detection/identification of such conpounds in plant materials. s Sanpkes

for extr acw(?g:‘mg%/ggéhe present nethods are preferably Contbcgﬁs%g%togs a

di sper sant ent, mini-mze or reduce sanple conpacti

pressure and wat er absorpt lon. Conpaction may result in inpedi nents:.and/or
interruptions (e.g. clogging) in the flow of solvent water during
extraction. The inclusion of a dispersant nmay al so provi de nore contact

bet ween solvent water and a sanple during exgractlon?ﬂihreduc
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Appllcat 09/9 filed §sectiéye d oth
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I nvention is _practic use of an.extra

neans t osténgawirat °%ﬁ§1"1?§j¥‘6%ﬁr°‘f’r§tsﬁ’6’8§ '@ﬁ ztsblh Oflﬁ%gét %i%ﬁggﬁg%ﬁ ﬁ%l s

I( CE) , OIi nﬁdn!g a&tﬁt tn( i adathpRxEra@h RCbe QRitiatisdly ;ﬁﬁﬁ)xtanhelgtdetepaniedr i i

i qui d chr omat ogr aphy romat ogr a AssS sp S

ot hers panthnlﬁlslyi dlveantageous Pﬁ%b‘i‘éﬁg E’ e t?'fg‘ %fn‘i?P: Hﬂ‘% fo rﬁe‘ﬁ%ﬁ%‘ rst:ine‘%a’,tns
for the % st andardi zati on of analytes froma sanple. The :
avai | abi y of t hese anal ytical nethods pernits conpounds present in:

sanpl e extracts to be quantltatlvely and qualitatively determined. This is
part i cul BriefDesempi] dap drawmespenefi cial for the extractlon of conpounds

from nedi ci nal pl ant t er| Brie cri ure-
1, parts A @15&8 CP JEHW@SFL ?ﬁ %PI‘S Y%cyr ﬁ%ﬁe?iﬁg ahdt 94

ber beri ng,. @iﬂ&nr@ 'n, respectively. Figure 2 shows the effect of

terrperature on e tractlon efficiencies of baical eln. from_.nedicipal plants
by PLE (part Pipusicshpwe therefisetof iamnesriwrg 0B eKEacHPD ghcieneionyt baicelein ffom

ef fi ci englegRinal plaﬁ@bﬁ 2l Biparf ApandiBsléftdcnaf addbdethamobyn Ridktriqtion effigjencies of

baicalein from medicinal plants by PHWE (part B).

Figure 3 shows the effect of added ethanol on the extraction efficiencies of . glycyrrhizin -
from medicinal plants by PHWE.

Figure 4 shows the effect of temperature (part A) and ethanol (part B) addition on the
extraction efficiencies of berberine from medicinal plants by PHWE. '

Figure 5 shows chromatograms obtained for extraction of baicalein from scutellariae *
radix by PLE (part A), baicalein from scutellariae radix by PHWE (part B), glycyrrhizin from
radix glycyrrhizae/liquorice by PHWE (part C), and berberine from coptidis rhizoma by PHWE .

(part D).

Modes of Carrying Out the Invention

The present invention provides pressurized hot water extraction methods for extracting
one or more than one organic compounds from a sample of interest by use of a system applying
heated water under pressure. The invention may be used to extract a diverse array of organic
compounds to be used as analytes for further analysis by means such as capillary electrophoresi_;

(CE) or high performance liquid chromatography (HPLC). The invention may thus be utilized ::



Figure 3 shows the effect of added ethanol on the extraction efficiencies
of glycyrrhizin - fromnedicinal plants by PHWE. Figure 4 shows the effect
of terrperature (part A) and ethanol (part B) addition on the extraction
ef fici enC| berine from nedicinal plants by PHVE. hows

chr omat ogr %%ned for extraction of baicalein from gg&%?‘éﬁ?ie radi x
by PLE (part A), baicalein fromscutellariae radix by PHWE (part B),
glycyrrhizin from radix glycyrrhizae/liquorice by PHWE (part C), and
berberine fromcoptidis rhizona by PH\/\E,_ (part D). Mddes of Carrying CQut-
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P aS g soxhlet and ulfrasonic for the extraction of target analyte in botanical samples. PHWE uses

only water, or water and a small proportion of an organic modifier at elevated temperatures with
applied pressure to extract compounds from a sample. The applied pressure helps to force the
solvent into the pores of the sample matrix but is not necessary to keep the solvent water in a
liquid state because the temperature is below 100 °C. Extraction with the present invention also |
appears to disrupt analyte-matrix interactions and provides advantages in time and energy
savings as well as lower solvent consumption.

One aspect of the present invention addresses the fact that the determination of active
ingredients in medicinal plants is complicated by the lack of certified reference materials. The °
accuracy of any method is difficult to determine as _spiking of the target analyte into the
medicinal plant will not mimic the analyte-matrix interaction present naturally. Furthermore, the
high recoveries observed in spiking experiments would not imply that the method was accurate.
Additionally, determination of active ingredients in herbal preparations/CPM are more difficult
as they are known to contain between 2 to 10 different types of medicinal plants. Inone
embodiment of the invention, a single step extraction using PHWE with no further cleanup is

provided.



di scl osed herein is an advantageous net hod conpared to traditional nethods
of extraction such as soxhlet and ultrasonic for the extraction of target
anal yte in botanical sanples. PHWAE uses only water, or water and a snall
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extract D errne 1n | ci'nal plants and rglp t ed .her bal. gre argf(i) 8 W th
anal ysi saddjtiveiRs besamplep(lbe renpingd arayjoppnplly e the maipt or up KUPPTETT ¢
medi ¢in as!!an]%llezfl Fot eQe{mﬁE,I\Aon-limiﬁng compounds from medicinal plants; herbal preparations; food

products; aquatic samples including fish or shellfish; waste materials, sediments or sludges;

soils; or animal and plant tissues such as leaves, cellulosic products, roots, and bark may all be

extracted by use of the present invention. Contaminants or impur.ities in samples of medicinal -
products, foods, and industrial reagents may also be extracted. Concentrations, in absolute or .-
relative terms, of the main or major components of various samples may also be extracted.

An extracted compound/analyte of the invention is preferably organic, or generally more
solﬁble in organic or non-aqueous solvents than in water or other aqueous solvents. They are '
also preferably bioactive. The compounds/analytes include, but are not limited to, berberipe,
aristolochic acids, strychnine, ginsenosides, glycyrthizin, baicalein, other compounds of the
Chinese Phamabopoeia or other Pharmacopoeia monographs, food additives, vitamins, other
pharmaceutical compounds, drugs, hormones, lipids, (organophosphorus) pesticides, herbicides,
polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), gasoline

components, triglycerides, phenols, aldehydes, alcohols, lipids, waxes, nitrosamines, phthalates},



products are determ ned using ultrasonic extraction with CZE and CE-ESI - M5.
A "sanple" as used herein is a solid or sem-solid material containing the
conmpounds of interest and to be extracted. As noted above, one or nore
t han one o ounds of interest my be an anal yte i rest, such
as, but no&“%?ﬁ?%@%pto, by being a pharnaceuticalIy.acti&g&mgﬁﬁggﬁhd; a
t oxi ¢ substance, a contam nant or inpurity in the source material sanpl ed;
or an additive to the sanple. The conpound may optionally be the major or
mai n conponent of the sanple. For exanple, non-limting conpounds from

medi ci nal plants; herbal preparatjons; foo r.oduct s:. l.G. sanpl es
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may be included in the water to improve extraction. A diverse range of organic modifiers and

combinations thereof may be utilized in the present invention. The choice of organic modifier

depends on the analyte to be extracted and the nature of the sample as well as the skill and

experience of the practitioner, although modifiers that are soluble in water are of course

preferred. _ )
Suitable modifiers include, but are not limited to, C; -Cg alcohols, ketones, ethers, alcohol

ethers, amides, sulfoxides, carbonates; aldehydes, carboxylic acids, nitrites, and acetamides.
The amount of organic modifiers may range from 0 to about 50% (v/v), although preferred :
embodiments of the invention utilize heated and pressurized water with 0, about 5, about 10,
.about 15, about 20, about 25, about 30, about 35, or about 40% organic modifier.

For a sample containing one or more unknown analytes, the choice of a suitable modifier
may be made in a variety of ways. The sample may be divided up and extracted using different
types and concentrations of modifiers. A determination of the best modifier for a particular

analyte may be made by comparison to known extraction profiles. Alternatively, a sample may
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acetone or ethanol, is included the destruction or loss of volatile

anal ytes should be mnimzed. Sanples that are conposed of fine

particul ates are nore likely to inprove penetration and channeling of the
solvent th sanple to result in better extractio tively, a
di spersant y%%%%gonbined with the sanple to inprove th%cg&P%ééﬁghn
process. During preparation of the sanple, excess heating should be

m nimzed to prevent |oss of volatile analytes or otherw se changing the
amounts or chem cal nature of the analytes. The sanples may al so
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for € unl%g% SRatiNg 6311, of BBeh&d Hette@fo Brifpthé adlvent et tesived temmperdrarenmide to N a
variety of ways. e sanpl e may. be di vi eg% a ﬂgfxtr ct ed]ﬁus%%g di.fferent
types argnteiivighthe semplgs The heris solvepigprogee Q?’E‘Pﬂgﬂ FEACEP EhabeBYSbdi i er
for a pad&okgﬁ%%ut?ﬁ’t% dcfor WhIcHIS atiReled faYa SoBRRlined ddigtaviayditim thetekaadtionn
profiles. ternatively, a sanple may -9 WO 03/093979 PCT/ S&02/ 00063 be

r epeat eddeil. Fhe heatedsowlvent prgcagils ndera dynapye mode, hr kRIS WA LeY it di f i er s,

and t hte. ipAR ey ARAbY iPBe CRRRAGEEE Vidlbeid bilveas Liad drid duesul conmector, and
sequenti a

y using'a series of solvents with a uni- directianal change in a
part i cul then iotenoliectionimeaps,, The-bagkpigisise regulatorgs ihya ﬁ%ﬂ??ﬁaqff@“&ﬂ the RIS ar |
of the solvent in the extraction cell to keep the solvent in a liquid state as it dynamically contacts

o I

the sample in the extraction cell. Asused herein, “operably linked” refers to a physical
arrangément between components that permit them to function in their intended ways in an
PHWE apparatus of the invention.

In one ﬁreferred embodiment of the invention, the extraction cell and solvent line'leaciiné
from the pump are maintainéd in a heating assembly capable of heating said extraction cell and
said solvent line (and optionally a preheating element in contact with said solvegt line). One - "l

non-limiting example of such a heating assembly is an oven.
" As used herein, “regulate” or “regulated” refers to the directing and/or controlling of the

solvent pressure in the PHWE method of the invention. Preferably, this pressure is “regulated”
to be at a constant pressure or within a particular range of pressures. The pressure is thus not
permitted to vary beyond or below a set point (or limit) or beyond or below a set range. While
this may be accomplished by a variety of means, one non-limiting means is by directing, '

controlling and/or adjusting the amount, rate, and/or flow of solvent in the PHWE method of the

invention.
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a slightly polar, and a highly polar nodifier. Briefly, extraction with the
present invention may be summari zed as follows. A punp is operably |inked
to an extraction cell, conprising a sanple conpartnent which nay be

cont act ed nt (water) noving through the cell, s he punp
A gieff FERstipla:

may be use 't ver the solvent to said extraction cel arning the

sanple to be extracted. Said extraction cell conprises an input connector
which is attached to the solvent line leading fromthe punp to the
extraction cell. The solvent line leading fromthe punp is contacted,with a

preheating el enent, such as a heating coi i se heated tgn.bring
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and/ or chilled@ithead- of the solvent pressure in the PHWE nethod of the
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pressure or wthin a particular range’ of pressures. The pressure is thus
not  perfitlet tsanled. dnwamy cixes,dnett Bilerpwiap e mixsdtintg dheremplsyif itiyhighlyor beyond or
bel ow a élﬁﬁ%résﬁﬂﬂ,ewhi\m b!n?lea% n cTodBi ST SRAD ISurhndine) flleiandldesolil Means,
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one non ting means 1s by ditecting, controlling and/or ad{ usting the

amount , (patieylatehaibgiandes wichidogof ganiain priracisbleppatiriali fyrh@s stndy fiatomasgeli i on.
-10 earth or glass wool. Other inert fillers are known by the skilled artisan. Glass wool or other

similar means may be used in combination with a dispersant and placed between the sample and
the outlet for solvent water leading away from the sample as well as the inlet for solvent water to
reach the sample. .

Once the extraction cell is loaded with sample, it is attached via its inlet and ouﬂet,to be
in the solvent line between the pump and the collection means. Preferably, the extraction cell is:
contacted with the solvent and placed within a preheated oven or heating block and allowed to )
equilibrate to the oven or block temperature. Alternatively, the extraction cell may be exposed to
preheated solvent immediately after placement in the oven or heating block. Preheating of the
solvent is necessary to generate-the appropriate pressure in the system as outlined below.
Extraction preferably proceeds in a dynamic, flow through mode.

Pressures used will depend on the particular solvents and samples of the run; for
example, samples with high levels of extractable materials generally require less pressure.
Suitably, the pressure ranges from about 10 bar to about 30 bar. Preferably, the range is from
about 10 to about 20 or about 20 to about 30 bar. Particularly preferred pressures are at or about
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WO 03/ 095979 PCT/ S&2/ 00063 The nethod of the invention proceeds generally
as follows. First, the extraction cell is |loaded with sanple to be
extracted. The sarrpl e contains the analyte or analytes of interest. In a

preferred the sanple fills the cell, that is vol une
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the extraction cell is thus preferably selected to allow the sanple to fill
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skilled gbbd s@aﬁbouﬁzﬁﬁﬁabmo @iid SHobeg0 toabmtl%rdegmem@elsm:y Ib@ausehﬂyn

conmbinatton wth a dispersant and pl aced between t ?gl fb%ﬂ% a'{?8¥ outl et
'n

for sol \mcﬂermh@leboquew pifthe fprpntiqny fie A EPRPSIAS 1L 2t 0% av\%qt

sol vent %‘B@FB LiQr aﬁﬁﬁ@b 408 abc D1 it o Aeat 90) &t @)abbﬁ(&SL aror ahdllt 80,mat bﬂdﬂmﬂ with
sanpl e, I's"attac

Via its inlet and utleé 85 thré}nthe solv i ne
bet ween 15het qrahpnut 70 daton abqus b5 <6 @t ?fr?bﬁ\é%ﬁ‘? legrsps %‘F'&M Wt SR TG on cel |
i s Ont agt nhgraa{u?(gl\:,l\e g'voiﬁ 'aEpe%H%nm@s%mnm)tahﬂ thethaPir€blthé achlyisEyaat

heatlng equilibrate to the oven or bl ock tenperature.
Al ternatsamley the extraction cell nmay be exposed to preheated sol vent

| medi at el y aif'tfe%m PerARRERM pleSsutd3QscMi@ifhehethedbf th@phlsm faveRtionlweabélog of t he

solvent "is necessary to generate t he appropria he system as

out | i ned“sobdritisal cobditiprs’tas eamponky éﬁ%ﬂbﬂ“}lg b e éﬁ'}f %aythﬁﬁ‘?lgentt FYS(S?K%? hr ough

{Tﬁde Pr ‘?%Se 3 WSS 1158 Fortd {VenGR BRMYseAbe Si18e Bplied Bréssiie. STHeyafy thuscuibpresspd es  of
e run;

11qu1ds
" The extraction is conducted for a period of time with a constant flow rate of solvent(s)

from the pump. Prefefably, the time is sufficient for extraction of the analyte(s) of interest

and/or about 40 minutes and the flow rate is at or about 1 ml/min. Alternatively, higher flow
rates, ranging from about 0.1 to about 5 ml/min, such as but not limited to about 0'.2, about 0.5,
about 1.5, about i, about 3, or about 4 ml/min may be used for times ranging from about 5, ebout
6, about 7, about 8, about 9, about 10, about 15, about 20, about 25, about 30, about 35, about 40,
about 45, about 50, about 60, about 90, about 100, about 120, about 150, about 180 or about 2OQ

minutes.
As well appreciated in the art, and generally observed, the faster the flow rate, the less

efficient the extraction. Higher flow rates may be appropriate, however, for larger extraction
cells or samples with large quantities of compound/analyte. Slower flow rates may be used to

increase the degree of extraction or with samples containing small amounts of '

compound/analyte.
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exanpl e, sanples with high I evels of extractable materials generally
require |l ess pressure. Suitably, the pressure ranges from about 10 bar to
about 30 bar. Preferably, the range is from about 10 to about 20 or about
20 to about, 3 Particularly preferred pressures are ut -11 WO
03/ 095979 g@#@%%? 00063 10, at or about 15, at or about P%/,S%ézr/@og or about
25 bar. The backpressure regulator may be set to prevent the pressure from
exceeding a set upper limt. Wen used in conbination with the tenperature
setting, the backpressure regulator nmay constrain the pressure in the
systemto be w¢thin certai.n range and/ Qr _no re than. r.limt of

i nterest. TheTBRMMEPsedifer sragipnay eecﬁpgadﬁxgquﬁté'g%s,gﬁl@vgﬂg%ﬁp %‘g%qa# (;r]%aduce
the pr esﬁfégﬁ:ﬂ&%'i)ﬁﬁ@eﬁtfhcﬁ&ﬁ Forf ekanplafdessictficiant egedtsion, sherfter piniergeriodjwaay
tenperaturée used in the present invention is below 100 .degr ees..Cel si.ug; -
more pr b wsedif guaitative idsutification is¢h 14 B9re comRlpte SHTAHOL AT BHC PHBHt 60
to about L-0on BPAHH oBhe 28R0ML is3Ritical, about 90, and about 90%to
about 95m§88F§%§q&¥agF{&s?nI@ﬁﬁparoticuI arwléy preferred errobodi ments of the

i nvention, t hBreforahbthe extraction isrunsuchthetnot gore than ghouh Be1(e; ang prefgrably; notapoyt

93, at or_ abput ,at t or
about 80MCH} t?.l'i’ﬁ l@é’orﬂ?r,e 09%%31?{600? J"'%%%? &%@%{B&e&ﬁ Q%Bout %%(?Bg‘lr&g%ig ?ﬁabout
60 degr eggrdoabrsuditg thésamé mbthbé or phersxtraction esthods sheh aseesieratedgndvent ur e used
wi || depend qn the sol vent(s) and_the.-nat.ure ..sanpl e.
The t enpEFEACHILSO ﬁ%f’&%’g‘ﬁ?@s"xﬁfé‘é‘b‘?ﬂr rﬁlf trtlﬁeiler(r’\g;3 %%%Iag? ?st Ee s%‘r%étg% F\?%a\?gnt i on
are bel oypout 86U90%4 dfitleadxtractable riatenial fram tieosample. \Geansmatly, as ontlimediabhove Shist ed

differently, the_solyent_ syste used e in liquid farm.ev |

absence Bmetf%°%B’BPi°¥’8“tp§r@§EQHtg.BOﬁ% S r P IRTRE gﬁ%& 13‘%88’(& afcﬁgﬂsggétu‘%he
extract i gard Mak BHLS Bithef 00% af PR IcbMgodtidshalPteirt extractedrtytmaittafningthe sdme of
solvent (s) . fromthe punp. Preferabl tine,is suffi.ci

) Yy, th f
extract i e¥irastion pendifions jarapgsdigenal ﬁ‘ﬁ‘é?’laé%”% t‘%’id’&?B‘?’ %ﬁf?ﬁ?gnﬁ?d%%lﬁ"t @@e%md t he

flow rat gudssn Q-%Inﬂé eﬁt?é&ibn-ﬂnag‘bé HisBontifbéR] stAthé Hle Yactdtiigthe tothl thié of extrastion.
rangi ng rromabout 0.1 to about 5 m/mn, such as but not ”%“"d to a(gout

0.2, about 0. Breferablydhe sample isapedissobved dprng exractign, Sygatevhp pIal RS THERPVES
used for i BERIKGHEGE 1 rédcAbA A0 Bils dosigiRidab hvoi theabpiplete/or sabuatitiaBdissahnioh 9,

about 10, about 15, about 20, abo 25, apo , _about 35, aboui 40, .:
- ofa solilzll sampie. Hovsl/Jever, solid samlf;{es contmm%g%}gm?)ﬁ% tamolljmtso extrac%%fe material

niay show a decrease in mass as a result of the extraction of the analytes. .

Once the extracted compounds/analytes are collected, they may be subjected to further »
analysis. This may be done by any means known in the art and depending on whether
identification or quantification of the analytes or both is of interest. The selection of analytical
means also depends on the composition of the analytes. The compounds/analytes may be left in
the solvent(s), or the solvent(s) removed, as part of thé analysis. The analytes may be analyzed
using techniques well known in the art, including, but not limited to, gas chromatography, mass
spectrometry, ion chromatography, liquid chromatography or capillary electrophoresis. In
addition, the solvent(s) containing the compounds/analytes may be concentrated prior to | J
analysis, for example by inert gas blow-down or evaporation. If the concentration of

' compounds/analytes is high, they may also be diluted prior to analysis.
The following examples are put forth so as to provide those of ordinary skill in the art

with a complete disclosure and description of how to make and use the present invention, and are

not intended to limit the scope of what the inventors regard as their invention nor are they
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about 45, about 50, about 60, about 90, about 100, about 120, about 150,
about 180 or about 200 mnutes. As well appreciated in the art, and
generally observed, the faster the flowrate, the less efficient the -
extraction flow rates may be appropriate, however s ger
extracti oanﬂéﬁ’P§gor sanples with large quantities of cor%ﬂgéﬁé?/&oﬁal yte.
Slower flow rates may be used to increase the degree of extraction or with
sanpl es containing small anmounts of conpound/anal yte. -12 WO 03/ 095979

PCT/ S&02/ 00063 The tinme used for extraction nay be chosen in several ways,

and wil |l end in part qQn the r et b | X , a
| ess ef mtemgﬁfo eREesent thad ee§Pﬁ§F’E%‘? ﬁ arﬁglllaggonlxgxp gﬁ . gﬁé%e(gu%@#gt ive
| dent i fiGal Begffﬁ nlade &ﬂ?‘nsﬁt‘é%keurﬁy%ﬂﬁ‘e?éﬁﬂb ligbens walo(b lgomnodm@mpetam peri od
may be used if quantitation or yiel

h tes { ] c

Pr ef er alstcy), but snenesuperimentalerfoss grddeyigtionss %‘ﬁﬂg ‘Eh’én é‘k&%{n ¥3%d and
preferab d Sebsidl, aipredstiRsis i bdr. be
subsequé’h{r‘?/ﬂéé)?tafr{gct ghﬂgﬁyéggﬁtbgggpﬁgﬁ%ekggt%mn usi ng the sanme nethoed or
ot her extraction nmethods such as accel erated solvent extraction, soxhlet
or mcrowave extraction. The tinme ofExembledction is thus selected to extract
about 80-90% of the extractable materl a frgﬂthe sanple. Cenerally, as
outlined above, this time rang 0% t o about 200 minutes. One
nmeasure of adequate extraction is that no nore than about a further 10% of
the conpoundyjaRaletttserd barivtica Grale. B)érﬂéﬁh@étﬂbﬂiﬂeomédlén aadiElycyndiiziact i on

conditions for an additional equival ent tine pe As. reco ze t he

killed were plgelmsedzﬁﬁlpl g (St leqUis YOS He Mgthang dgﬁ}‘bad’é’ %@s?cfﬁﬁ act or

is the g.f’ t f gk r}ﬁ:% ah@f' Saﬁ&ﬁﬁx@[‘ie@myﬁm&@ﬁmﬁam £00 1feshPivasli ssol ved
Fac Ion,

during ut r’at he anal ytes renoved The conditions of the
react i orpuschesetifiosn BOH @hmdcd&t@mvp&, England)nSpdinm diydsogss phosphale ard ssol ut i on

of a Sokﬁp@iﬁﬁgg?d gﬁerélwa{ ased o ﬂdﬁ@i@aﬁﬁst&&r@é}hﬁh%ﬁ'}%hghi (Ofka APt S Of

extract owa e In mss as a result of th
ext r act ipufe Witet Was abtaihed ﬁem Mitlipore Alphe-Q water ystemdiviBipates Bedfard, MA, U34)-

collected, t %%}/k Q)%ssol‘fbée%%ﬁg daford gyrgggglem%glé{%y%mz]}hlag 1080 nRen dae by

any means knoWn e art an dependi ng on whether = identjfjcati fiﬁ

quant i f |prqiarednnmﬂethdnel wapdctivady. Bor allanalysis, the Working sodytiony Qo berberine; ‘?1’69{‘

anal yti cb calein and glycyrrhizin were prepared in the range of 0 to 60 mg/l in methanol. Linearity of
berberine chloride, baicalein and glycyrrhizin were established between respectively with

correlation coefficient R > 0.99. For the quantitation- of marker compounds, a three point
calibration based on the linearity established were used. ‘

To prepare a homogenous sample, the different types of medicinal plants were ground
using an JKA MF10 microfine grinder (Staufen, Germany) with sieve insert of hole size 0.5 mm
to produce sample powder. For all ekpe’riments, the sample powder was combined with purified
sand as a dispersant. The extraction cells were finally filled with the sand to avoid any voids.

For pressurized liquid extraction as discussed below, 0.3 g of samples were weighed
directly into the extraction cell'as mentioned in PLE instrumentation. Methanol was used as the
extraction solvent. -

For pressurized hot water extraction (PHWE), 0.1 to 0.2 g of medicinal plant samples
were weighed directly into a glass tube and mixed thoroughly with a high proportion of purified
sand. The sand and plant material mixture was transferred into the extraction cell for extraction

as described below. The extraction cells were finally filled with the sand to avoid any voids.
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means al so depends on the conposition of the analytes. The

conpounds/ anal ytes may be left in the solvent(s), or the solvent(s).
renoved, as part of the analysis. The anal ytes may be analyzed using
techni ques _well known in the art, including, but not Iim 85(;59 S
chrorratogr%% / s spectrometry, ion chronatography, |PitC§-I Fooods’
chromat ography or capillary electrophoresis. In addition, the solvent(s)
cont ai ni ng the conpounds/ anal ytes nay be concentrated prior to analysis,
for exanple by inert gas bl owdown or evaporation. |If the-concentration of

conpounds/ anal ytes i s high, they may als di | ' O Py Y Bi The
fol | owi ng exﬁmlm:ﬁ&prPMs#%@i@gedﬁo&l g&? %‘Oﬁé&“gil"g} di na%gﬁ%l I
(N the Bf brouli! dnfbld GER Ghifacttds GAiB20 enlat ndtanclivpdtéromixhren(A: 30 atakeonand
use the priesent invention, and are not inten eTI ta Ilmtr‘th{e% g‘g g_ygefrewhat
the i nvemiperasure dgn i@ misntesandr ceptiifegn #AP0R PPE 19 puutes 3 )% JE
PCT/ SQ02/ 000 | ot e i B 6olPenp b BRpbRtddabitvteretaay |
and onl {Fpgﬁtﬁ‘gﬁﬁl%tﬁfl%spf@rgfe %t?a%sﬁx?ér%? ?%P?g&%%gése been mag?pt 0 ﬁgslu&g accuracy
)

Wi th regpgptatéro(Heidulst, Schwauck,cGegmanydoand: fltered thseueh; Whatman RFt PASFre
experinmental_errors %[ild devi ati ons shoul d be accounted for. Unless

i ndi cat & agP RIS iasks oo parts by weight, tenperature i s in degrees
Cel si us, andpef GsbeHne, the procedires wibe adyted fromaatearlien repogadIvliestys 04 & of

reagents were of analytical grade.,Berberin ' EHKH% b3y ANfbom.
gl ycyr r isround  sampile WFC??%’?@G&%S%@F%% é?&h%gld%{,ep , SAC?. I\/Et hano! ¥and
gt hanplj ; &Fgez%a?@qﬁ%%@g%dﬁ@mgd Wzmﬁrrpmgﬁ:%s 49 miBntgs.aThy ﬂ:g;&dfﬁegf OYSLE | Fd
y aci ou to mesh) was urchased from BOH ol e,
Engl and yepesied thres '@!mhifd%g’éﬁa‘ﬁﬁ?ﬁ’ﬁr‘fa{ngmﬁ xc?)sﬁ(ﬁ%lﬁ?ﬁ?r“l' ceaagaga%\qer ih pur S%ged
from Merg &R@{ﬂatfﬁﬁ}ed R nFRWhtnRRANG 8 fiftel papGamkes0 mbydwpetric asle wat er was
obt ai ned" From |1 pore Al pha-Q water system (M IIlipore, Bedford, MA, USA).
St ock solutions of berberine chloride, baicalein and glycyrrhizin at. 1000

mg/ | were prepared in nethanol rBSexidettektradtion For al |l anal ysis, the working
solutions of berberine chloride, baicalein and glycyrrhizin were prepared

in the range of 0 to 6 bbb d) d Ik 8Rhinb1Of ThO&IHRSE Was seletweai de,
bai cal ei n anJObP@‘g?‘fﬁ?ﬁ{?“&%}?@legg’%;ﬁ%%eg‘ bet ween respecti vel%/ Wi %]IS

cor r el atyagd G0hE methodnherforedlingle ChipesetRharmaceneip { 3 1o carexiagt gaye & $fidWnds,
a three c% (;rnt'th the extraction solvent. The yellowish color turned lighter and lighter through the

course of the extraction. After extraction with 100 to 120 mi of methanol/water (70:30) for thre%

to four hours, the extraction solvent was essentially colorless. The excess solvent was

- I3 i \
evaporated with the rotary evaporator and filtered through Whatman No 1 filter paper into a 50

ml volumetric flask.

Pressurized lig\iid extraction (PLE)/Pressurized hot water extraction (PHWE) system

The instrumentation used for pressurized hot water extraction is described in U.S. Patent
Applicatioﬁ 09/991,151, filed November 16, 2001 and was also used for pressurized liquid
extraction (see also references [19,20] below). Briefly, the stainless steel tubings used were 1/16
inch OD and 0.18 mm ID. The back pressure was generated using a back pressure regulator by
VICI Jour Research (Onsala, Sweden). The extraction cells were of stainless steel with 10 mm
ID x 150 mm (approximately 10 ml). The extraction cell was heated in a HP5890, gas
chromatograph oven (Hewlett Packard, USA). The pump used was a ternary gradient HP105§)
HPLC pump (Hewlett Packard, Waldbronn, Germany). The pump flow was set at 1.0 ml/min
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calibration based on the linearity established were used. To prepare a
honogenous sanple, the different types of nedicinal plants were ground
using an I KA MF10 microfine grinder (Staufen, Gernmany) with sieve insert of
hol e si ze o produce sanple powder. For all exper,| he sanpl e
powder masg% %%P%%% with purified sand as a dispersant. Fﬁégég?Pactlon
cells were finally filled with the sand to avoid any voids. For pressurlzed
liquid extraction as discussed below, 0.3 g of sanples were weighed .

directly into the extraction cell' as nentioned in PLE instrumentation’
Met hanol was used as the extractign Ivent For res r t
ext ract m&m}crﬂmm@fﬁd"?’@ set g 199 919& Eli"WalTbﬁlpéﬁsts %‘j éQég\%eir}]gﬁcvﬁl/e\{ﬁllgag

di rect |y 0 Budh 438 pliien AP I8 BRITRIGHRAUE o1k |ibre’ﬁliéd gd‘ilthpmipnmtqheck o
e san

purifie and plant materi al mxturngastran erred i.nto
t he ext Ifc&qiolssibleMkigefworexcmthedmpﬁ@f“@égébq Qen to eggauiredy FHion
cells vver flnaII fi.l 1490 3% MPbE alyfbélcdﬂﬁmm

03/ 09597‘9 6%;9( 5@!’@‘%?‘? | ZI n, aaf\ﬁlg 4@r ocedures@\t/\]/ere ptz‘é from
an ear|l lsﬁg,eﬂtemrcbuéd&} .InBetvedeh yyns, ﬂleazygemcwasg%@ ates fopet gm@%? ed

wth 20 m of nethanol,/water m x 7 0
m nut es exerss Hand colleged WaS SYRRF mtﬁgg © r%ﬁ?;ﬂ%va@%rgg& ghgllrggeﬂelgﬁ%?ﬁv?e&?aeﬂ

repeat eq dﬁﬁﬁ& é}‘il&oaﬁheyreatrﬁlaﬂﬂmmcﬁamml ned excess sol vent was

evaporated with the rotary . orat Hei dol,ph. Qﬁ‘r‘ii@
fil Itoered thrBQgWW@ﬁ‘ﬁB‘% AIpe, (Y E)gf‘s uﬁeﬁt the mPﬁﬁ et r i (r:ly ask

For ber %ﬁ%&%‘a ‘1?9 cRFRE6H B PRy \Brefll@Dw ﬁﬁmafmslamcheckdar posenblerledcagv bforg
Briefly, 0

ground sanple were extracted w t
met hanolséting ehe pvent tor the (dmreéotfmaﬁm%%nixﬁa‘tﬁé?ﬂp%ﬂ? 01 \a E[rflne%t?%l 1:egora"ilqd
centri f_uP% § %u{eg Thd 96 1o 1 Sth&Ranol WS wueaewlumeszmﬂ eolum]m:aﬂlakl filir ee
tines. Qo rac S were conbi ned, excess. solvent was evaporated with the
rotary beswdenmatsothe systeni was weshed tithanefhrnphior 78HOWES 1 filter paper into.a 50
m volunetric flask. Soxhlet extraction For baicalein, 0.3 g of sanple was
wei ghed into the thinble. The sol yent Jas, s sel ected based on the nethod
mentioned in the Chinese' Phar nacggi%—?%——The co-extract gave a yeI | ow
color with the extraction solvent. The yellow sh color tur neg | i ght and
| i ghter througp allh&periments, a Shimadzu LC 10 series (Kyoto, Japan) equippe

gradient pump, autosampler, column oven and diode array detector was used. The gradlent
elution consists of mobile phase of A)25 mM NaH,PO; at pH 2.5 and B) acetonitrile. The initial
condition was set at 30 % of B, gradient up to 100 % B in 15 minutes before returning to initial

condition for 10 minutes. Detection was at 254 nm. Oven temperature was set at 40 °C and ﬂow
rate was set at 1.0 ml/min. For all experiments, 20 pl of standards and sample extract were
injected. The column used for separation was Hypersﬂ Elite (Runcorn, Cheshire, England) Clé

(250 x 4.6 mm ID, 5 p).

Example 2
Comparison of Resulis

Pressurized liquid extraction of baicalein in Scutellariae radix:

From previous studies, the parameters that hada 51gmﬁcant effect on the extraction
efficiencies of marker compounds in botanicals and herbal preparations are the applied
temperature and the solvent used. The time for extraction was set at 20 minutes as it was found

that a significant portion of the target analytes would be extracted in the first 20 minutes. The

s
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course of the extraction. After extraction with 100 to 120 m of

nmet hanol /water (70:30) for three to four hours, the extraction solvent was
essentially colorless. The excess solvent was evaporated with the rot ary
evapor at or _and flltered through Wiatman No | filter paper

vol unetri c‘% VR ™Dr essuri zed 1 quid extraction (PLE)/Pr é’§}§§f;8¥®3(’53hot wat er
extraction (PHWE) system The instrunentation used for pressurized hot water
extraction is described in U S. Patent. Application 09/991, 151, filed
Novenber 16, 2001 and was al so used for pressurized |iqui d extracti on (see

al so references [19, 20 bel O’ﬁiﬁ Bri ef Y. the st.ai.nl ess. SiE é{fg s,used
{onvied bt il

were 1/ lffessiueores GEORAd ‘Uhai’B 1 s R ge ing a
back Pr Gae Uit AL AGQH pise. Mafdd cﬂﬂé&éntﬁe&fé&ﬁﬁﬂ EOs%aIf the applietbpressuFéieras
extract i B CorT & wera of

tainle t eel th 10
(appr oxn[m:bqi the ddlvet jn thﬂvzwé;stateaﬁsitzlténp%mvg aRave WQaPe[EA ?%ﬁgtif‘lg%g% gas a

h t d praétey:
o e O SRl YR S YT lorsd b okt me ety

flow Wasm&ﬂﬁblain\ﬂvat&[%]m n -15 WD 03/ 095979 PCT/ SG02/ 00063 and the oven
t enperature was t 100..C or be f‘éﬁbi g@icat ed
ﬁgte 0l SpP SR o 88 18160 Pt Brthdifion Yftcficld

by the HPLC e extraction cel
prefill e@l&’éﬂéﬁ‘ﬁwﬁt%ﬁtellﬁ'l&h@ﬁk is shommsgumzepamAka@e datefsm\eﬂ:@étherewg nphe

tenperature of the oven to the reguired.yv yater was

carri ed dgnifigant ingreass indhp Gra ‘tﬂ?““' Le'lé’éesélhg’eiﬁngf 0 {fg]%nﬁtahﬂgs?ana%t e

cont ai ni gl8)a1eir ay fRitler YW@ble GPlenPeiatitles dprto hh60 meHeﬁc}aJ‘le °Clveassylsttedrasithe washed

wi th water a%or 5 mnutes. The exce 0 cted ghas evaporated with
B Sevreioe

the rot aogummmra@rreiqrdhwma@ﬂw dK.ti 't er paper into

a 25 or S0 Mrutlbdiiidy fdiey by P'I_:Erwé%%&?h&ﬂ Avith it bPeckbidt ertriction. Retviausol
was used as the sol vent or pressuri zed yid .extracti.on e extractl on

cel | vva5wpﬂcaf1oﬂ1bitaﬂthai campaesblecorighenexdrastion stsienries Iy e gbt?@a%% 5‘“6’8?‘8‘? e,

setting th ShEHYERrhifx i MEdiéiaal phintsoriiettaknol  was
carrled OI?g?cac“%’gtg%h&gécé& %(;S?rgzﬁut(gésya% 20 to 2151 pMn ﬁgtganol was

col | ect eprepathtiona vith rforonob teroticatior draaRblctanradsen L Y, ?%1322]t 8% m was
washed Wbl ef Rkt the Lxteacibd eHiGency PPEEGA N0 intin@ékSwas comparable to that ;

obtained by soxhlet extraction for 3 to 4 hours. The method precision was found to vary from
2.4 to 4.6 % (n=4/6) for different batches of medicinal plants on different days.
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For all experinents, a Shinmadzu LC 10 series (Kyoto, Japan) equipped with a
bi nary gradient punp, autosanpler, columm oven and di ode array detector
was used. The gradient elution consists of nobile phase of A)25 mM NaH2PO4
at pH 2.5 etonitrile. The initial condition wa t 0 % of B,
gradi ent up %3%11)6988%8 in 15 m nutes before returning tosﬁcﬁfsﬁoﬁwé‘condi tion
for 10 mnutes. Detection was at 254 nm Oven tenperature was set at 40 C
and flow rate was set at 1.0 m/mn. For all experinments, 20 | of
standards and sanple extract were injected. The colum used for separation
was Hypersil Elite (Runcorn, Cheshire, England) CI (250 x 4.6 mmID, 5 ).
Exanple 2 Conparison of Results Pressurized liquid extraction of

bai cal eisfyiey Belloh Bt baeudia ot mESERIMLAN (ousliiaydidte) bytdshlpeexireten,s . t hat
had a significant effect on the extraction efficiencies of marker
conpounddLB andiPHWHi cal s and herbal preparations are the applied .
tenperature and the solvent used. The tinme for extraction was set at 20
mnutes as it was found that a signifijcant pOrTiOI"I (.Tf f.hF\ fargnt anal yt es
woul d be ENfodast Efraction he first 20 m nutG@encenpration ofbajplanmed 979

PCT/SGOZIO-OOW_ { s—eportet—to Ve bi TR &S = TRC L= [ Ne

ext r act i onMeflic E‘ﬁ’é‘yl X \as appl i ed?doﬁkﬁ%’ghut{ Ig g’) (@’en?ﬂiqn the liquid
phase. St apfgqicg{ajf,ﬁﬁtelnﬁ}l%xmeh@mlwﬁdh pur @ss2 ©0.62 e=2ppl i ed pressure was to
keep the so

vent 1Tn the liquid state at e e ve_100 C
[ 10, 19, 20, Medizinal phapte2 bePhEent sel ect ed @a@ Tﬁgﬁﬁ%@ _afg%a'?c ei n was
reported t - SO } xRt Saneliordnd pZegIt+ 03D l=2)i nsol ubl e in water
[23]. The &epg’é’?&?@ﬁ?" T

the applied temperature f to, 160 C.on the

ext ract i onMeklicirgl plant by hp bai cal ei n frbﬁms&ég@\g i_a‘bgng’a‘aT is shown in

Figure 2, rd&cuéilpm %a;mp%ak@a{ t hetg70 £0108 (n=)gni fi cant increase in
(o]

the extraction erficiercies In the range of e erature °Stligied and
bai cal ei n Meslicined plant 5bpBHWE:t t enper at 17628 L8P SRIBTI /4Rt e, 140 C was

sel ected ag, the t] fora4, ¥b ion of baicalein from
Sditinal §i_%£%§§%&f&’%%&6@ 2446+ 02 @)

Scutel l ari extraction efficiency gy vas conmpared with"that
by soxhl et Mudicied plaot2 bPPEWBUs  wor k. | 248hi 64 RBRE786mwaPabl e or hi gher

extract i ongffichonGi 26y Wl BRtkRLGST T 075 heEDoAi(BR)

*

Without being bound by theory, the comparable performance of PLE in comparison to
soxhlet extraction is believed to be due to the higher solubility of analytes in solvent and higher
diffusion rate as a result of higher temperature. At higher temperature, the strong solute — matrix

. interaction in the plant materials caused by van der Waals forces, hydrogen bonding and dipole

attractions between solute molecules and active sites on the matrix are believed to be disrupted.

Pressurized hot water extraction (PHWE) of baicalein from scutellariae radix
The parameters that would have a significant effect on the extraction efficiencies .o:f
marker compounds in botanical materials using PHWE are the applied temperature, pressure and
percentage of organic modifiers [11,12,13]. Plant materials were observed to have a strong
tendency to adsorbed water during PHWE. The ground plant materials was thus dispersed -

evenly with sand to prevent any blockage of the extraction system. This step was not required

for PLE.
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ari stol ochic acids, strychnine, ginsenosides and glycyrrhizin in nedicinal
pl ants or herbal preparations with reference to sonication or soxhl et
extraction [10, 19, 20, 21,22]. The data in , Table 4 shows that the
extraction l.ciency of PLE in 20 m nutes was conpar abl obt ai ned
by soxhl et @{3fog%§?on for 3 to 4 hours. The nethod preci ?ictgﬁc\{}\g@o?%und to
vary from 2.4 to 4.6 % (n=4/6) for different batches of nedicinal plants
on different days. -17 WD 03/095979 PCT/ SG02/ 00063 Table 1. Extraction of
bai cal ein from nmedi ci nal plant (scutellariae radix) by soxhlet extraction,
PLE and PHWE. Mbde of Extract] Concent r.at i Qn | ' Medici nal
plant 1 by Pﬁmgﬂh%lreferﬁp‘é’ﬁc[“'{%%’ éﬁaﬁle.’r%%s S%égf% p‘%é%f?%:’ (r‘;]% pl aﬁ?t‘lﬁab soxhl et
extract bf%%)“?é aﬁ% tebnfrdtire$ Bet@benMYit6 20 fC. pBatrfbr PHBE o1 ieicalpigfrom guteblaripsp =
2.4% n = Medi cinal plant 2 by soxhlet extraction 20.91 + 0.39 (nom

Medi ci nmkii:q;hampemtwovBQE Gavasysed- 0. 84 (RSD = 4.6% n=6) Medi cwgagéam 3
by soxhl et extragti R Aifil W ddaeihtdMBe lighidavaté! wed inlPEIWER as
2.85 (Rsmllﬁwﬁéé?&agﬁgéﬁmglfp%[ant 1 by sgx | et ext .acti%n 24. 44 . 9. 22
(n=2) Moflethamal(0 pb 30t%) atgyshpwnrn Figwge 2. Part & gata Bdigurs 2B fhoyy fhit e

pl ant 2 by soxhlet extraction. Yilas 6D lightlg i wigh liacreaki
t heory, eXtFReueR SHIFASIE Pe af%%nné%rggﬁg@%f%# ﬁﬂ%g)in’gari son %Hgg soxhl et oy

ext r act b@eritsgebed etbes dddedéntadle exiraction iiagser HarseyB) | %ot Sfhagp a?néﬁa}‘t‘feg’a? n
sol vent "and higher di ffuffli 0 ét%t £ ddnd result of higher tenperature. At
hi gher seleried i9F goraparspR vaR,SEXUCLEAfe™ . (o rix interaction in the plant

material s caysgexthitivaefftnciéhar baitaein dom sopthlletenwairint FgWihwers foypd to
attractions between sol yte mql ecul es _an f] ' n I
el | ovelto bompable SHRRDY soPmEaPiTade i dnble BLEfRe BN ThD felRll précifb

bai cal eiRshy G T6utlith VAL Bawearl73 311d. 70 cltigher methhd pregisindwamolscgyed for
significant”effect on the extractjon effici encidets (ng‘m ! g{aﬁggrmqjm.i n
bot ani c MHWEtconipated to ALFgasPmPendxae R W rTEE % ChpErAr dre, pressure and

percent q’gﬁloﬁéh 25027 5or28 idk bieRetn Waslifsolible inRbater [23]yshecresutls hiewdn shob dwatved
strong

to have _ - .
water ‘with a small percentage of ethanol at a temperature below its boiling point and a s;nalll

applied pressure was able to extract an equivalent amount of baicalein in medicinal plants
compared to soxhlet extraction with aqueous organic solvent. The results obtained by PHWE

were in agreement with that using PLE with methanol as the extraction solvegt.

5N e

Pressurized hot water extraction of glycyrrhizin from radix glycyrrhizae

Because glycyrrhizin will degrade at temperatures above 120 °C using PLE with
methanol as thé solvent, a ter'hperature of 100 °C was previously used for its extraction [10].
Glycyrrhizin was reported to be freely soluble in hot water and alcohol [23]. Hence, an applied
temperature of 95 °C was selected for the initial experiments with PHWE. The effects of ethanol
(0 to 30 %) on the extraction efficiencies of PHWE was determined, and the results are shown in
Figure 3. The data show that the ethanol added did not increase the extraction efﬁg:iencigs ng
glycyrrhizin in radix glycyrrhizae. Hence, PHWE using 100 % water was selec‘ted: fqr

L
o

- comparison with sonication. |
The extraction efficiencies of PHWE were compared with sonication using

methanol/water (70:30) and comparable or higher extraction efficiencies were observed for

glycyrrhizin from radix glycyrrhizae as shown in Table 2.
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tendency to adsorbed water during PHAE. The ground plant materials was thus
di spersed evenly with sand to prevent any bl ockage of the extraction
system This step was not required for PLE. -18 WO 03/095979
PCT/ SQ02/ 0 ot her references [11,13], water has sjmy roperties
as net hanolg‘p(g@/ogggggenrtai n pressures and tenperatures bet \?%’?(‘?JG%B@?:’O 200 T.
But for PHWE of baicalein fromscutellariae radix, a tenperature of 95 C
was used. Ethanol as organic nodifier was added into the Iiquid water used
in PHWAE. The effects of ethanol .(0 to 30 %9 are- shown in Figure 2, ‘Part
B. The data in Figure 2B show that the extraction efficiencies of .
bai calein fromscutellariae radix increased slightly with increasing
per cent §ggy.04 %{iﬁeﬁ)&n REUSKcyritidnt 418 Babérawt from wetlieinal it dy 2HWEehdnol
in water was selected for conparison with soxhlet extraction. The .
ext r act isomcatibhi ci enci es of baicalein fromscutellariae radix by PH\E were
found tefhe—sommarapbtewth that by S ot @ihlyass, flpgyn above in
Tabl e 1.Mﬁlr§18° B g%&oreci sion__(RSD) \Ag%%?rﬁﬁﬁ)(ﬁ&%w h’n&f ween- 73 to 11.7
% H ghEGlygyimizih inradix glyoyrhizee Oiser velB 4t 0.6ARBDTHABYHBY to PLE as a
prem xi ng_step was required for sanple preparation in PHAE. Although it
was repo that baicalein was insoluble in water [23], the results herein
show thamyc\gﬁhg[nwirmxglﬁyﬁlhikaqmrcent at®5bf 0d8i{ard)l at a tenperature bel ow
its boiling point and a small applied pressure was able to extract an
equi val epenied#8Bnt of baicalein in nedicinal plants conpared to soxhl et
extracti v PRUEaN SlyRvamBAL2 Bp| ven17.2IThd. 27¢REDES Abx=)ned by PHVE were
in agreenment with that using PLE with methanol as the extraction sol vent.
Pressuri PHWEot water extraction of glycyrrhizin fromradix glycyrrhizae
Because gy( 'Exirﬁdi%’igh‘cyﬂﬁ%@@'@y at t enpesat3gr@s2)above 120 C using PLE
with nethanol as the sol vent, a tenperature of 100 C was previously used
for its eoticaioni on [10]. dycyrrhizin was reported to be freely soluble in
hot wat e nd C : 12 PAYE &N 82 o4 (RESMREFH EFH of 95 C was:
selectedthF"?ﬁgugﬁ?%fgﬁiéﬁ%gflnent? m??EiPHME‘RThe effeégf of ethanol ; (0O
to 30 % 956MCt he extraction efficienci e§0-69 X2 AHRIDE34&4BT N ned, and the
results %reﬁ,eﬁgﬁ;mo';ﬁdisEj,i_gbmgb,’sson]'@aoﬁlaganngﬂ(hai) t he ethanol added did
e e

not increase t traction efficiencies of
Berberine in coptidis rhizoma by PHWE at  71.90 + 1.68 (RSD=2.3%,n=5)

140°C
Berberine in coptidis rhizoma by PHWE at  74.13 + 1.78 (RSD=2.4%,n=6)
140 °C with 20 % ethanol :

Similarly, higher extraction efficiencies compared to sonication were lobservgd m
previous expeﬁmenfs using PLE with methanol as the solvent [10]. The method precision (RSD)
was found to vary between 3.5 to 7.4 % for different batches of medicinal plants. PHWE thus

provide an excellent means of extracting compounds such as glycyrrhizin that are soluble in hot

water from medicinal plants.

f’ressurized hot water extraction (PHWE) of berberine from coptidis rhizoma

Berberine was repoﬁed to dissolve slowly in water {23]. The effects of the applied
temperature from 80 to 160 °C on the extraction efficiencies of berberine in coptidis rhizoma are
shown in Figure 4, part A. The results show that extraction efficiencies increased with the
applied temperature from 80 to 140 °C. Signs of minor degradation was observed at 160 °C as

;
.
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glycyrrhizin in radi x glycyrrhizae. Hence, PHWE using 100 % water was

sel ected for conparison with sonication. The extraction efficiencies of
PHWE were conpared with sonication using nethanol/water (70:30) and
conpar abl ewd r extraction efficiencies were observ

gl ycyrrhizin ?:ch)m ?adl x glycyrrhizae as shown in Table z%r@%go% -
03/ 095979 PCT/ SG&2/ 00063 Table 2 Extraction of dycyrrhizin and berber| ne
from medi ci nal plant by PHAE and sonication. Mde of extraction
Concentration of target analytes, ng/g Qycyrrhizin in radix gl ycyrrh| zae

1 by 18.40 + 0.64 (RSD=3.5% n=5 2
18. §4 (ovirg ameunts Ogbﬁfh%%&‘i"%?nrfﬂé%‘i waﬁ%%*ﬁb ?gé:sgnﬂ%{}yrr egg% 2&% 1 3621
1.27 (R§%:eﬁ A0 Sdactic MEicihoiést DHPE iwas irvestiydied agd theyresults a@ash@whym F&tﬁé)

2. 37 soni cation Berberine in coptidis rhizona at _62. 72 +
2. 84 (R8Dpdrt By rFhE)results sboghgdhe zmasﬁemﬁ%e%%s N2y °l?’§‘é?€¥\ﬁ HeTease S8R i di s

rhi zoma.by soni_ca Soivant.Ber berine in copt idis rhi zoma by
ce3ye bl B iy he Mgk S5

PHVE at £ aos 140 'C Berberine co tidis r orra by
PHWE at 74. 1The ahonBt @Rmm/(pmyed ﬁrm medicingl plant /J’lét using;

hi gher extraction effici d
b Svt oueoulipS iR e b S GRR B fhe rBeuh AR AK T %S‘i‘%eT%*e%

nmet hod pC%tlsdeﬁﬂpérEﬁD)eﬂ)analSaddedJrRHWE mmayteé@ppve@maﬁlﬁ 76 & pf sheberberine in
differ erégmggr&s%ggcg sc())nflcartggqu S\ ?ughgr f%rrxl;[pgraturé_wﬁioh&s the amount of berberine extracted

was approxmately 90 % compared to sonication. From Table 2, the addition of 20 % ethanol in

the llquld used did not increase the extraction efficiencies significantly. The method precision
(RSD) was found to vary from 2.3 to 4.5 %. These results show that the properties of water may

be modified using a higher applied temperature with pressure to extract comparable amounts of

berberine from medicinal plants.

Conclusions
The above demonstrates that reasonably polar and thermal labile components in

medicinal plants could be extracted using pressurized hot water at a temperature below 100 °C
with pressure at levels comparable other reported methods [14,15,16,17, 18]. Chromatograms of
the various plant extracts from PHWE are shown in Figure 5 and are seen to have a smular
profile as extracts using organic solvents. The PHWE method used in the present work is a
simpler system compared to previous reports, some of which required a second pump to pump
organic solvent to flush through any organic compounds that precipitated when the plant extracts
Jeave the oven and a cooling device was used to condense the plant extracts [12, 16,17,18]. The
additional step of dispersing the plant samples with sand in PHWE contributed to good method
precision and accuracy for the plant materials studied. PHWE may thus be applied as a method
in the validation of botanicals, herbal preparations and dietary supplement, especially given the

requirement for little or no organic solvent in the extraction process.

=21 -



provi de an excell ent neans of extracting conpounds such as glycyrrhizin
that are soluble in hot water from nedicinal plants. Pressurized hot water
extraction (PHME) of berberine fromcoptidis rhizom Berberlne was repor
ted to dis %mdy in water [23]. The effects of the g)
tenperature ron1§ to 160 C on the extraction eff|C|enC|es OP ef%erlne in
coptidis rhizoma are shown in Figure 4, part A The results show that "
extraction efficiencies increased with the applied tenperature from80 to
140 C. Signs of mnor degradation was observed at 160 C as -20 WO .

03/ 095979 PCT/ SG02/ 00063 | ower ampunts of berberine was extracted conpared
to 140 Refetprgesar|y, the effects of ethanol added on the extraction
efficiencies at 95 C was investigated and the results are shown in Figure

4, part B. The results show tha e e actjon igje o] ved
to Pncr d} dInijed hStates Fheampgegeia &1‘{2’9 ’B;If %"f"{’i’ﬁh@f Ei’ 43 &vgtz t\%nga?
anount cijhagﬁe{c%g&klr@on%ﬁéﬁ fnRAREckOMe®stioc nal pl ant by PHWE u5| ng di fferent

condi ti ons were conpare th sonication_and the r,g EI s a bul ated. i n

Tabl e 2 [a])@hmmabbpcaiit Of:ﬂaanecméfr ® Reppllisnof Loingn e gtiop Yoyug fi e
appr oxi nat el rine in conparison to sonication. At a

hi gher [@ 5 gijﬁ{: %%gn%qb?ﬁe anount of berberine extracted vv%

Oa/pg{ ﬁ)é(lln r]ia 1 WHO tﬂ%bg&(%mpltsmdnsemggdmdmnahpm Ve bﬁmgé?dh% 1@“3%@%% P8t of e20
0 iguid us i es
signifi dﬁ]ﬁrp? Jappgse %foB?@‘cgmd%&%? R]g[;;(ﬂﬁslgmfsoﬁﬁ m@aregéq ?r omagblgélg’
4.5 % Tﬂegﬁ,aﬁeggb]ts th?w that the pr?ﬁertl es of water may be m)dn;lied
using a higher_ applie r r X5

amount o @1 Vosiseria A G itk 38 el hoAd1 OlHALS
de(rjmnst rlﬁ&ﬁl{ﬁl‘ﬁ gtm@?eaﬁbmmnycapgbmcgaﬂdsﬁnhmwm Iab| | e corrponents [ n .

medi ci nal plants cou e_ext ed _us rize Fy ‘
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hown in Figure 5 and are seen {q-have a siml l e as
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organi c solvent to flush through any organi c conpounds that precipitated
when the plant extracts |eave the oven and a cooling device was used to
condense the plant extracts [12,16,17,18]. The additional step of

di spersing t samples with sand in PHWE contri but met hod
preci si on gﬁgﬁﬁg%ﬁgacy for the plant materials studied. %%“E%wgﬁﬁghus be
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Al'l references cited herein are hereby incorporated by reference in their
entireties, whether previ ousl y speci fi cally incorporated or not. As used

herein, the terns "a", "an", and "any" are each intended to include both

t he srngul ur al forns Havi ng now fully describe ention,

it will beaé%%ﬂg%ﬁgted by those skilled in the art thatq“ﬁgkéaﬁﬁgcan be
performed within a wi de range of equival ent paraneters, concentrations,

and conditions without departing fromthe spirit and scope of the invention
and wi thout undue experinentation. Waile this invention has been descri bed
in connection with specific enbodinents thereof, it wll be understood
that it is capable of further nodifi ns. This application is intended
to cover any variations, uses, or adaptations of the invention foll ow ng,
in general, fthe DAihéthéd £ wafer mictliatet exteartion nf amatytésfuiny disample.seld methadt ur es
fromthe present di scl osure as come wthin known or -23 .:c 5 WO

03/ 0959 POmMPEIMEGH02/ 00063 cust omary practice within the art to which the
invention peg gﬂﬂl?a]?& hia@find Aniphewitle sarnbilaw 10@ degrees

her ei nbef ore Set -2 MO 0 / 095979 PCT/ESEZ/OOOGB Clains 1. A nethod
for wat dlelsimsdind etairegilated prassie GrmaavartA0de abo¥ P 88 anpl e, sai d met hod
conprising, dynam cally contacting an anal yte contai ni ng sanpl e V\,i th vvat er
bel ow 100 degrees Celsius and at a regul ated pressure from a

about 30 bar 2. 2. Themethotioficlaim t whiwinisaiduates hes dderapeppipteabpesa “E% ’étr ature

above al%gté ﬁ% gelflow 100 degrees Celsius. 3. The method of claim1
wher ei n %o Bt ot A 'ns an anount of at |east one organi ¢ solvent. 4.
The nethod of claim1 wherein said regulated pressure is fromabout 10 to
about 3. * The method of claim 1 wherein said water contains an amount of at least one

organic solvent.

4. The method of claim 1 wherein said regulated pressure is from about 10 to about

25 bar.

S. The method of claim 1 wherein said temperature is about 95 degrees Celsius.

6. The method of claim 1 wherein the pressure is selected from 10, 15, 20, or 25 bar.

7. The method of claim 1 wherein said sample comprises a dispersant.

8. The method of claim 8 wherein said dispersant is selected from sand and glass
beads.

9. The method of claim 1 wherein said contacting occurs for between about 5 and

about 200 minutes.

10.  The method of claim 1 wherein said contacting occurs for about 20 to about 40

minutes.
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25 bar. 5. The nmethod of claim 1l wherein said tenperature is about 95 .
degrees Celsius. 6. The nethod of claim1l wherein the pressure is selected
from 10, 15, 20, or 25 bar. 7. The nmethod of claim 1l wherein said sanple
conpri ses i rsant. 8. The nethod of claim8 wherein i pspersant is
sel ected frevodrjﬁbz()g%ﬁand gl ass beads. 9. The nethod of cl Ji%ms%o%@%ei n said
contacting occurs for between about 5 and about 200 m nutes. 10. The

met hod of claim 1l wherein said contacting occurs for about 20 to about 40
m nut-es. -25 WD 03/ 095979 PCT/ SG02/ 00063 11. The nethod of claim 3 wherein

said organic solvent i t hanol  at a. concentration. . 12.
The met hod oflcl am@fmeg?j?lﬁl%w&‘e@&?@@ﬁ?’ Hs 30V %ls%e "Jé‘@ts‘%é;’?‘?%ﬁqﬁg%n 10%
15% 20% ?&‘ggthgﬁlg 030% 13. The nmethod of claim1l wherein the sample is ‘
sel ected Ttom a %ot ani cal or herbal preparation. 14. The nethod of claim1
wherein said anal ytes include at | east one analyte selected from .

ber beri ne, bajcal g : AWl b RQeletitd Sl 3%, 110% t her
conprising d 'ect%ﬁmgﬁggg#ﬁ%gwgg?%@ﬁﬁgaﬁt hod of claim 1l wherein

t he dynasvy addey25%6nmdS0%ng is at a flowrate of about 1 m/mn solvent.

17. A method of anal yzing anal ytes extracted froma sanple conprising the
method of claim1 further conprising analysis of said anal ytes by a
t echni que sehgct eGhé method beclginoliprheronthe sample issklegiad fromrabaianiept apﬁv,bahas s
spectronetry,. ion chromat ography, |iquid chromatography and capillary

el ect r oPFRREEIPR. 18, The method of claim 1 wherein said water contains one
or nore surfactant or detergent.

14.  The method of claim 1 wherein said analytes include at least one analyte selected

from berberine, baicalein and glycyrrhizin.
15. The method of claim 1 further comprising detection of said analytes.

16. The method of claim 1 wherein the dynamically contacting is at a flow rate of

about 1 ml/min solvent.

17. A method of analyzing analytes extracted from a sample comprising the method
of claim 1 further comprising analysis of said analytes by a technique selected from the group
consisting of gas chromatography, mass spectrometry, ion chromatography, liquid
chromatography and capillary electrophoresis. '

18. The method of claim 1 wherein said water contains one or more surfactant or

detergent.

19.  The method of claim 1 wherein said water contains a detergent selected from

sodium dodecyl sulfate and Triton X-100.
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19. The method of claim 1l wherein said water contains a detergent sel ected
from sodi um dodecyl sulfate and Triton X-100. -26 WD 03/095979
PCT/ SG02/ 00063 AMENDED CLAI M5 [ Recei ved by the International Bureau on 02

August 200 02); amended claim 20 added, remaini i nchanged
(1 page)] %vﬁ%a?gsgw met hod of cl a@@%@%ﬁ@'@{% sai d organi g&s@(@g{@#s
et hanol at a concentration of | o 12. The nmethod of claiml1l

wherein the concentration is selected from 5% 10% % 20% 25% and 30%
13. The nethod ﬁge?ﬁ' drﬂyllt,h ﬁgﬁ’;‘?h@f’%‘hﬁf& 2‘%9 é%%ogt]lgﬁ%%‘& m a bot ani cal
or herbal prepar®®§ngRd claim 2Gpddedpremaining claims ynchangsd(tPgedhi d anal yf es

i nclude at | east one analyte selected from berberine, baicalein and
glycyrrhizin. 15. The method of claim 1 further conprising detection of

sai d anal yt es11.16. THhgetiod bbélaiaf 3 whercimsdidwheanizi salventss ethakatal | y cont acti ng
is at a flowrate ?”]fl ?hbo%bol m/mn solvent. 17. A nmethod of anal yzing
anal yt es OREPERULPLLTSHHIAY éh‘pl e conprising the nethod of claim1 further
~conprising analysis of said analytes by a technique selected from the
group consisting of gas _chromat ography, nmass spectronetr i 0

chr omat ogr aphy2- 1 i §h¢ @eﬂ’@HPgﬁ%g]r‘é{ ﬁ?ﬁng??&oeca%trﬁ“&’r’?%ﬁé%w%ﬁ%% &8y 18,
The net holcg%)go%l s hqWpes ei n said water contains one or nore surfactant or
detergent. 'T9. The nethod of claim1 wherein said water contains a
detergent selected from sodium dodecyl sulfate and Triton X-100. 20. The

method of cl ail?"Angggﬁfe%)ﬁ of Blhfth IGHELIRR! sddlSR IR ARAB D otaileh @t & 27

AVENDED SHEET
herbal preparation.

14.  The method of claim 1 wherein said analytes include at least one anélyte

selected from berberine, baicalein and glycyrrhizin.
15. The method of claim 1 further comprising detection of said analytes.

16.  The method of claim 1 wherein the dynamically contacting is at a flow rate of

about 1 ml/min solvent.

17. A method of analyzing analytes extracted from a sample comprising the
method of claim 1 further comprising analysis of said analytes by a technique selected from
the group consisting of gas chromatography, mass spectrometry, ion chromatography, liquid
chromatography and capillary electrophoresis.

18. The method of claim 1 wherein said water contains one or more surfactant or

detergent.

19.  The method of claim 1 wherein said water contains a detergent selected from

sodium dodecy! sulfate and Triton X-100.

20.  The method of claim 19 wherein said detergent is sodium dodecyl sulfate.
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