A PHARMACEUTI CAL PLATFORM TECHNOLOGY FOR THE DEVELOPMENT OF NATURAL
PRODUCTS 5[ 0001] This application clains benefit of U S. Serial No.

60/ 909, 018, filed March 30, 2007. The entire content and discl osure

of the preceding application is incorporated by reference into this
application. 10[0002] Throughout this application, various references
are referred i @preadketi@IUPEATRIRM BeSENELUYY Paki BIRS DERELOSENT oF
entireties are hereby incorporat gdrtyart ekepeeee into this application
to nore fully describe the state of the art td which this invention
pertains. 15 BACKGROUND OF THE | NVENTI ON [ 0003] Nat ural products have
been used pyodihe humms Ce¥pliZatiban érinshopsadrds obr yeass. Jdgianl wo.
medi ci nal %/3}(#%5 hgve 20 heen recorged (gu:Toughout hi story. Since the
advancenen pAAY macddi 6y, "1 i ¢ar macol 0y, SHhaf racByi6sy amef
anal yti cal dodamisstey, of heehact precenmonepbsicdatimnnat ur ai ncalystranee by
wer e begi nniﬁne% to be un\égi.l ed. .%ogd exanple is the discovery of
acetyl sal i eY1TERERI 6" “WiF | W barfk Bayer has recently 25 cel ebrat ed
the 100th anniversary of Aspirin, a purified formof acetylsalicylic
aci d. ;000 re rggﬂlg o] { |, progduct res Sinc

t he dé\E/)m ofdo-r%ger na% ar 812%“ ca sct‘::l g%c%%?o{lher‘gﬁﬁ%lsbeg%f na‘%s Sre
i nsati abl erefirgsedf oo t kadi sdl aticonrand Pur itheeat imrpldfadigingli@ their
active conppneatitl d.nal Wlen$UbSHANGE, - sl agl, MDES.Jan GO Of ¢y g
t he pharnmaceutical s whi ch have been devel oped for treating cancer,
hypert ensi 3Plarat iPRyrieh Mergr vy hdesater ahei Atake ¢ifn tdre watukal which
product myHiGS i (NeW R, 8krBdins 2003). Al though 35 combi natori al

t echni ques have succeeded as methods of optim zing structures, no de
novo édnbinatorial conmpound approved as a drug has been identified on
or before 2002. This is notpackgHouNDNgr beaa uneEkessk candi dat es of
natural origin are becomng limted. 2 [0005]Natural renedies are

of ten conposed of one or nore herbs. Each herb has nultiple active
conponent $0d¢6y | denbtfitLat | pRodyaltrsi ficatd onbe@ct | by detyer niHwat | Biman
usi ng known jplp.ar rEacoI ggi C%L rmd%l S ffor e%rCOmBLEX m xfure, haslbeenha
5 monumental TSk OThé Eompl ety & ¢S >ar 88°0F Te&aren Rasvpeeli®™e
t he n&f or bebst aelcerded nathupathoedi diineodevel opiene (el | adwmworment  of
2001) .. | j Lew, .Lju and that__identifyi
nctive comanmerlh " eh P AR e SRR i g
i mport ant chewipgriva tiee devel opnearpefieEM iThe 10atietdlvesebiijForent sere
coul d be e&&a&gn@et&;bqlfé tes,oh e PLi gebe! 8xGRIRONEN! 81T 4t BEovery of
preparation. For “exanple, ginsenosides are major conmponents

responsi bPecF o alheY &fF | cHEy ofingi WeehgY HowRver, t¥RYedct ipgistyrefently
t hesezgi nsenosisdes irsel AQWoadNdaddiQick shi@ayai hapilidy af beri ol form of
adm nistration is mnuscule. The 15 netabolic product S,

pr ot opanaXaHioIse LARAL 1t GtCdPanaxatriol s are easily absorbed and

phar macol ogi cal ly active (Hasegawa, 2004). Although it is inportant

to unders [gd t he pharmacokinetic and rEhar macodynam ¢ nature of the
active coh@ Hents TRETFOMAEEREr® wiS R3S ufgesRon For PE8FEFng 6682 Hy

conpl i cat ethdentre elaati ofs hicpsr 20phetivseentpoiensdbdndaBar AREHKI Red | Been

and pharmacodynam ¢.interactions. [0006] The study of  active .

i ngr egc}?en?% llr}r%’a%é?g%%l I s%gﬁcglge h%ssoq‘ﬁgéﬁnr%?cﬁé%ﬁrﬁﬁfilﬁ?ffjfc{?e o9fpa single
phar maceutdtciale seimpnoest tiar ns. nathera25 sappra@ach | sirstfagnat edrat thdre 60%
di scovery_st f ceutical, .dev me The.. er al pr.oach.
s to ooy Thg, R AR Mt ChRR " Pl PRy PRIRE, (P RE R
in vitro aden,t hgperTdnss capprdavhaf siregxtarenmeliyhenseattallile ihopridien or
devel opne na od Fo | ongest..ti ne, ax gi

was thoug%tt%@lt 053383%){ exggﬁiﬁsve {1\]; un%']'n b%gaus?é'i't ﬁgggsr}b appgigﬁ%gh
act i v&d i ngpredinenpsial t teriisgesuhere FESeRRARE (Z00Wthodgorfedrthnt zing
the inactime @hpsenoghdes RbvEanRGHRSENN Wb Rk REpkbkes PLOAL UGS,y

has been identified on or before 2002. This 1is not surprising

because lead candidates of natural origin are becoming limited.



and pharmacoki netic studies on natural substances such as St. John's
Wrt (Schulz et al., 2005) and G nkgo (Kwak et al., 2002; Ahleneyer
,and Krieglstein, 2003) are increasing. There is no |ack 30 of
publications in the area of herb-drug2interactions (Brazier and
Levine, 2003; Hu et al., 2005; WIIlianmson, 2005), herbal effects on
drug net aplgis3i Ng @NZYERS AMRAKat araBNG L8t  B8bmpos2000,r MahBews: etore
al ., 2002; Konoroski et al., 2004; Yimet al., 2004; Chang et al.
2006) and'P¥ar macokiPfiBt i G8TRf BR% i VBIITGLEdi GRESVDF FREITSECE5E Mat hewie
et al., Zﬂﬁﬁnlzhéﬁtﬁﬁh alpur 1 20051 c¥an aetivlty ROQOni TR drdat 18 nS known
limted t a sin conponent. There are studies which 4 attenpted
to predi CFE FA2G? J‘r‘F@rlb GPEGLT nt Eactd o WSLRY | Hi¥it%e has been  a
nmet hodol ogireséeX¥41 iw@msgon, Qﬁ)@lcd\uﬂphukskyeifalm,lzoaﬁea cfVenpkatafamBRane &b
al ., 2006).These studies, et w tial.succe nd the r.al
concl usi ot)nh i s"t47at Ogj PRV VB é’ﬁgﬂg‘%l[ s "8 r ed’ ?SP‘E%WH ?‘ﬁ’fnlt%ﬁ@mson’
resul ts. 400008] | tnhasiheervirequentd y post Uhag ed(2d0ay t hemeehianat ageat
of alter a is.t ivel.y | r for. .tk
Cr eat montor RO magE (on 11T Rasan 2081) AR E  rantkts 18esbiy
act eithelfTCHddiiei Vied ynosgydapgisarntcalsisyeoin amﬁagtﬂvieéppiu@rhtl ywf IT8Mt heThe
absenge olordfeundabshand) ngol Lhe BuBher ol-oO0TREDENGS 1ol yadapde
their respective drug-like properties, it wou e cl ose

i npossi bl®"PenEREer nEbEhaReraREEi Cat e | Fifer BXAYGAS |?Fft5ﬁéobb<él%ﬁ a5e

[ 0009] PhatsmaceutbagbndReNNeLbaghesiier kg %@cog%yc;ﬁwe d1ot eglng.
enpl oyed extensively in the devel opnment of natural products. ere

are a nuriS&FVeF: i AhGi t3FIFEY oSSnatii® hepatesfyiecst ddi e epoft t £eir

for eval uatdangi hegih-dLugaidurer ae4l ongimi Hus€tatdlon, 200%iindQcule. The
W lianson, 2005; Venkataramanan et al 2006) and net abol i sm of

acti ve C&%B‘HSH% PRSBT boki PEPtFpana=sghsys VBTOrREAEAT LGS are
st udy on disiing Wswé@gla@al |p/na&a&edl@rjh&j’ami90kid1ﬂtviec angdlegtwa, 2004).

phar macodynani ¢ nmodel.s dict the tine cour

i ngr edi e?l%is%o Ch E l%‘allm Otrg BF R WESHRE Y n }Pe aPléa]frﬁacrOZ‘lﬁﬁl 9gand
st udi es mamgacmrtame apprcacit ttheqaantvé yedipenente touT@e ofheae was
response., O Jret t .
have been apL{ %%Ipprée%l %%dé]hgr r?glgo%flﬁgtgl gggﬁ%gt%ﬁ ng%rggg&% ships
i Nt erddct inshveen act |W@@ﬁpbnent9hmwhen¢tmt abtﬂnldt es afl@femacodynamic
adm ni st r;atLeR-Ofo@aN herbal extract. 30 [0010] There are a nunber of
patents filed in the last 20 years outlining nethods for

standardi zi ng natural products. The nost advanced ones are that of

Par acel si@p08§)] Bi ORink%dBymet haly ;aed iMglk-eliie01)n G d0QNNALAGESGSes
ChenBi oPrints' Pan%g?et al ., 2000) 35 and PharmaPrint Inc's.

Phar maPr %3t P&ERNBR ’?esp’i%r% ARdP B ERTHA I C2h O 190TRE] %8Ry The
Fri edsan,zp2@02¢n IHESka§ﬁ£U&MDaUtthezaas5overy stage of pharmaceutical
bi oassays nvgl Vi n onc trati ng fractionsthatare ghar macol ogi.cal :Q}é
active and 6ng " r K1 ér EPEF QRTar of 269 SIBHY with Vddgi sagded
activiti excYaeti oot ho caﬁdhtiQnStar@tssat tzsitt edavé heanbaticdrol Sactlvlties.
accept ed. har m':lPrrlogtEs1 rat esxépeesei 5 ext I, ? zfar maceutl cal gé ¢
They have useaaptph echnol 655 18 Ypr 84Ut e 28t &ndardi 80 HEVBE a8
St. John'msit\Wibe tpf{dinsasa afdr Friedmiyes2000)e, ChenrBi gPnsats appeacsgho
be ait 1org. i ayolded,ia,d hatybp. additlon LQ the | povidre,assays, |
Vi VO assays are al so I ncor por at in the standardi zafio procedures
Nei t her cfgtedidiese t Wd steandarcdiuzatl ofagraseedUEe84 di rextrtyd| ithks the
activity syth; e pUtabLyg Standar %ngnéé}% %r%n%%tlﬁ_?eiﬁfeor&vod%gé S
not known whet her” t he standardi zed redients are of

anount ofhfRer P IFEREL BY 1 aﬂ‘i%‘%tln*ﬂ%e eoF % /1§ SRo tRAf é@%ﬁéﬂqf@ﬁroﬁhlch
active i ngredhepd itdgatadr et chdenkitigd. o 1 f1dwnwek! gismdtehakmch

sonme 15 of these ingredients are inactive in vitro, buf they have
is present in ginkgo and a number of other herbs, has been shown

to be a potent antioxidant in vitro. However, it is difficult to




[ 0012] There was a news release in January 2008 by an Indian firm
Avest hagen announci ng a new technol ogy, MetaGid, for the

standardi zati on of nulti-constituent plant-based extracts. This
technol ogy is based on matching retentdion tinmes of active 5
conponent s anal yzed usi ng an anal ytical method. While the technol ogy
may be usehpbcdriastapgar gi@iang ;active EONPARENLS, rtﬂ@mveé’jgmp&?eﬁgcause
so-cal l ed active conponents have not been subjected to vigorous
testing f&PF nSUPYFAEstishg el FHtERERIWdPdd hehild oPEc KhEE Yy (dokdnanotet
provi de iaformegdon om thejordrdigpbhke’ JdO @epeibhes #f11f€se1ide, has
conponent .#0013 In short, there is no nethod available to

adequat el YR n& e Bhyd ot dHi 51 137 4CE T FRIRUITON&ift £16F “eRPhe PBY¥RVEE
subst abcetnhétbicmvgengbality bel teveddrpabebhel Ackiswi ty¥a0f3% (Yan et al.,
phyt omedi ¢j is 15 nedi ated by | ar ge _nunber of active_ingredients,
each of V\:%E)é(; ) ‘cons titthtSesq%th!:reel BEH/%W% Fge\}: qte}ﬁlﬁf?tf"]cl&npa?%d o tHOEE
used i n Westermiliddi ckenesinduthdesis epfeachiemgredieeatt btsghvenvity.
i ndi vi dua i [ r . 10 _achieve .the sane,
physi of ogi or® cPpeRtEs e B HEy ke 00 gl B FIF iy 538 Fioan
denonst r aPkeardicesti ¢yl byarexpaeh merit ) idkatifhiexe iendivédudln an  herbal
i ngr edp enf 5. Men of akenrd PISLNEL, MRy dryLyal gxréekﬂgef%% AR AbDELes,
synergistically. For exanple, in a given herbal extract (e g.

Echi nacea”ot* G}éﬁkg@S@ﬁFlob%E)q fReyescobliee beusevemal L huredr edr $4ashvi calln
entities, pHlozeRsuei i 6hiaf& acktiNe, CORREMAES and.d 234554bSelye0f1a0ks

these can strongly interact with each other synergistically or by
nut ual | nBTHIT5R. HBWEREF1e®xi §PF ng AFéEhnAIWE) 1 doedt ivdt al | oRrug-Llike
st ri ngent pewiddcti ¥ s cond eds ibacapsgndherex havel LeeBpher SICGESS klbstance
el ucif ti ng. t he acti vi té,o_f t hese ingredients as a groug. In this

i nvent? on” 1 &CF6F nPEBENHEIR6GY " 30 %hi T i hd58dTen F Rt EEchg a2
mat hemat | sabdtypntigor ousopivcedutienef destid bi mg-ddiesecd Nt eradti @8BS be
t hrough a,canmhination .of in vitro and in silico nodelling and data
anal ysi s Cr“és(sgcd‘”l1 Hhg nVlraevéEEe G nedr i HY of Ot N'd %r 6¢88s %ﬁd 2FheRt
desi gni ngsaif igpehmabuaonyres bk ore | beiorgderl imdnytiee] dribhe th®sbedy. It is
efficacio nt | at | 1S ri bed.. The .
advant agehl%f g]tdk%l%egg? gggh d|r§1§'rt %g%ggﬁ%%ég?glénso gg%%l rngﬁen]fe?no &t u“éfa‘yjor
t he cthporemesenndiodi dgalbkyl Asoduct? remyrchségpapase onti sel aewortcande
purification.@tegfidye cayponsni-3 are NQl.necessar v, ot herefane; savi ng
time and resources. Figure 1illustrates a nodel which T1s used to
descri be ¥ VaBAcéht CALI GRTATRP epf e PERRRIcRiftg@cHf ahs| gghelexity of
conponentadnGeact iy S AR 0008]eccaN Peotised fos, deseth bidghdnRerti Mes
course of nultiple conponents after incorporating the mathemati cal
procedure%pp(?&rcEPb%% HEPEPREISUMVARY OF THE | NVENTI ON 10

[ 0014]9vat hemat i cal nodels for solving nmultiple unknowns which are
linearly '{(Qﬁe’qendent and/or interacti ng W th each other have been .

i ncor por a into & FECGF YRNTt rdtERESHR BT IRESORBt b dUIAEEReel ¢ Hcal
predi cti nghd novdmecphansvcokisnesies and nhbupbar rRestynads csuef as st.
mul tiple nponent s. i s _methad is ied to devel hyt onedi cj nes
whi ch con Ogjinnsnﬁf)f?pl(%&a%zi Ve iaggr‘eélggm s2W t gOpr(%gf’LE Le°3E 242
i denti fi cetlieonyer soidatbirdaroandejpur i2008at don ofcrehesey conperent s. no lack
20[ O ] The | Ltro techniques_ jinclu but are. not limt to:

i ncucbéf];lotlsi oJr}je\ﬁutgﬁy!é%‘{ll%Sciggl kggs%rrélac °n gf:]ﬁt%rsutq nar o} uieens ﬁgégﬁenraland
flora, iredrenakohdcridsonesal cel?00tentiidnéamsant,estliodal hesbak,effects

hepat ocytgs, a .hLo ili i qu .
i ncl udeancgﬁéjﬁg%t @%@%@c’gﬁgﬁggi %:)a %Af%azgéhg%%rﬂag{g%goﬁfnﬁ" 2000; Mathews
c/ phar macddyram €0RBekonqsosdiicEtorleof POY P, Yito@tDalvel @A nfChang et
di stributdion anghehendly exed&kic0R: nd OQL6] 4, .Qe@i@bgl%f&imentgh%f herbs

present invention provides a nethod of predicting 1n vivo
35 {(Mathews et al., 2005; Zhou et al., 2005; Yan et al., 2007). The

in

latter is limited to a single component. There are studies which



that follows M chaelis-Menton kinetics. Figure 23 shows the sane

rel ati onship graphically transfornmed to depict |og dose vs. 10
response. Response is approximately linear related to | og dose in the
range between 20 - 80 % of maxi num [9D020] Figure 3 shows a general
flow chart of the optimzation procedure; illustration of procedure.

15 [0021]firghpeadt tsmﬂe@dacg@@ FEsPoRs8-Aehatirshbp: &f dsh in vitro
M chael i s-Menton ty where r is a linear transformti on o resgonse

in reIatﬂﬁﬁgﬂgfﬁqq}e&ose(W%lllapégﬁonsépeiﬂre§$@ﬁ§é¥y 26 5[ 0022]'Fi gaf®° 5
shows a hegkdosemi=esponse £ ateomshi p ghe2d BrxbikesmeONLAtni RYrdbal
hypot heti cal components. The error f each, response neasur enment S,
assumed (585 1098 [B02SFETGur B IHONE’ pi &dFEt od T opanTBAT SFEVA 18
actuals (hatohr@d dearcsyf pot emei ess(1/s£C50) . Fi gure 6A: Rel ative

pot enci es of the 15 hypot hetical conmpounds. Conpounds 2, 9, 10, 12 and
13 are predefined to be active (>10 % noi se). Figure 63: Conpound 16
(conpound9048and Ii}) handbden (Lonpeunds ﬁoamdjﬁpdshnwmuknﬁnadmahtege of
hi gher t di vi re.3

F1 ot1 11 o bl e s S B msEn T A o vs sl “vadsad: ronl e
[ 0024] Fi guretiferstho®s &he aiiémpohséwibllaa@@hu ¥@iowp duaIACftGmeul@mpenents
(for sighe daypat bet | CalnsAMRIELs vINE CH/nLes . 0 NGy PLot aﬁ@aﬁ_ '25eALy.
in order fromt ottom nost curve, ‘sanples 25, "15, 14 38,
20, 7, 24n Xhae @gbsgncg ofi3 anlllndzrs‘?lﬁﬂdlllg of3, tf?l_@Q mklﬂbe?_ o1, CO]IE’OHQ%P
8. 10 [Q025]Fiduse 8 ghavs: @ preheiBt beudll et r;ﬁtdpeetpés t her prbig Ped
conponent anal¥5|s applied to a two-di nensional data set.

[ 0026] Fi JuP&S9 §h6m80§%ﬁ?lﬁe§ﬁlF§t8¥m%¢ﬁaEﬁﬁﬂ% CEEFOTFET THEPEAISN o'
set of symthgéde, data. Note that 10 variables out of 5 (transforned
vari abl es) cover 80% of the variation in data. This suggests very
littl'8 correl ation/ dependence/ interaction and the information are
spread oveonoal | treavastahlieal 10chOO24liEsgbe &Bu@fmthdﬁ@rﬁnahyéiﬁﬁﬂ
el aboration of the Ioca ion. of the peak X (%pozg] égure 1é. ous _a
i1 1ustratiol of tHhe var|8u%”ﬁ%§élﬁe% RASRY ST TREPT oRE PR B amp-8ue S
C}|g|naITMata anedel npesponsesia 18iamd idrbepeat esr betpwmrythe studies
original K I tting,are

o ed weRdzi e MRt ‘EEQE?& ST glgit%g RS« ?{}S)E;Chg‘l 20057
ei ght0t eMml kbafedon, (@POﬁhevénﬁﬁﬁana@ﬂnﬂﬂlEteﬁénce20QQD grige msitebpeign of
model , (@ltihe SdmschehPl difd I BREE: o éfalth%fogﬁr tﬁ&l}%JE}de|the§leégﬂo
the four-termdifference. 20 [0029] Figure 12 shows a sc ematic
showi ng tREY r aPisi UM @6ﬁﬁb%k9ﬁlQ§ﬁgY|t%aﬂ%%odﬁ@%F?F?#ﬂﬂﬂﬁé&uc?@d/or

and/ or mphabeiddgSank ONGndResgasd r grabiest i nale trasd . PecesPosid i @bl e
chem cal .and netabolismcould originate fromenzynmes of pancreas in
the 25 ddBEERURYS 95t &t iNFaPat| 67T tHe W diP9¥xi POZi 2randhffe any
repr esentst]aubéet ggeglgxis; td@C@ﬁiﬁ%S&ﬂF]pLQﬂicW aduqhantaﬁi_,dhtmt aheki t68rse of a
respective Figure 13 shows a schemati¢c show n trans ort
O B 30 CERMEHEIL  antort 4 eidBBh TR Re on COHIR St SPBOSHE! WAPR np e
ent er ocytiescaetmgboliasm obedéhe anﬂm@ﬂentoanﬁkedxttne@abomaddknnauhd ahisD
ocour . The LALE AL MOl ch these speci o3 traverse Ls neagured by thelr,
perneablpl? can be-Used to eStindfe d%sorﬁ%?on rate’

M represenaqummgsrafe$rammunmszﬂﬂﬂuomesf B85 heedbpecestveley. 11

[ 0031}Fi gure 14 shows events occur to a representative hepatocyte.
The uptake of a conponent and/or its deconposition products and

met abol i 18819k poffearé adtey agoveberedbpapastss vielladd lact v el gto@@sgesr:s
Wihin the:nepal:0edGodal leaf JLhRasRECHGS caubd.p 991%&5665&' | Y18 most
bound or netaboli zed. The exit of these species s overned b
passi ve afdrRrehcRI%fe Procedesot XParagelsang’ %B#@Iﬁ*%se‘rﬁ ugghshdlat exd
net abol i t@14¢, e2@nd ,h @ erdm@hahohidLs cfr%@egpma@hqmﬂge@%l aal , | voed

t he enterocytes and 't he liver, respectively. These met abol i tes are
35 and’ PharmaPrint Inc’s. PharmaPrint technoicgies {(Khwaja and

Friedman, 2000; Khwaja and Friedman, 2002). The later two utilize



10 enterocytes. [0032]Figure 15 is a schematic showi ng the
di stribution of a conmponent in blood. In general, the free
concentration in plasma, Xi, is the target for neasurenent. 15
[ 0033] Figure 16 shows concentration vs. tine profiles of the 15
conmponents after 50 units of mxture 1 was admi nistered orally.

Conmponent $3idas$hys10, 12-ARAnd3 aﬂﬁn§£9@@aﬂﬂh ol ds-NatignsConcepntr at i on,
of conpound 2 was too |ow to be shown. 20 034] Fi gure 17 shows

conbi ned EPFERACKHEI PRI RUEVFe3Rft @7 50F d?ﬁrtes ﬂ@f—“ BT %t Yr%e SFapgdgrdized

gi ven or abwngm@ltﬁesm&eeus geindieieent ri buhed byowpMMaReAtSoRs are
10, 12 and 13 25 [ 0035] rP§gure 18 shows a_system of 50 cgnponents,
each wit h8 T T HER r E_porfeE Chnd T waSSAPFE i t hPREBTRT D4l tates these

i nterasti ersradlis bharihehasldas- Meadon stidye rﬂawm tisté@ tihies ttQaTcﬁhology to

interactions, and 5 oted that t ove,curves ar

typi cal of”® ?%uceov%?aéﬂ%x?égﬁ%ﬂgﬁr At 22 br 2 Fur 38% 1 hwﬁﬁ%‘péﬁ%‘i‘ﬁ%"l and
randonl y #@ist¢andout @d080. betweerioBrand® kppeibtsi to e€acha Mt ulo@e involved
the © 0 Q556 "Bar nt asstrr i A1 Hiarf eoHaRod P PSR eatn ar L RESBE e
conponent glsoc lmq@@v@ipﬁgum 2k shoswlaadpkat i @f prhweedoreel at Nehsher of

bet wveeg t@ﬁeééash%laé r&‘i‘%&ﬂi the JZuLEL P! %f@édt‘i% Fl%kst%hg‘;a'élk%%ry

correlations are 0038] Figure 21 shows a new and
esti mat e yiet detp Wt&aémgsw%’wrﬁawdtmqr@dagn‘p%eud"ﬁlw&@ﬁentts 51 1@

54. [ 0039 Kb @ingc2BeshOWS ARnaSthIBLL lqekégmsbﬁr@eeﬁaéwgfﬂgﬂ@ grount
same systens, but now using data fromthree dose points (1.0, 10

and 0. 1) @?v“e%e FPPFRE Bt aRdtiBfe adrate #1300 W tlﬁ§°¥fi‘%tsltone§fll ﬁ‘ﬁ%@’e

[ 0040] Fi gufigr 28 ciseSthlre SadmendrOUlicpseda: conponant & 1andngk€shar sonke
secong estimate with a better fit than in the single dose point

15cas®’ [ 0041165Gur e"PFEEFONE t FTe CUPRTESVE oriodes rBf 4b‘55nd t§euni 1ave

in the i nbe:s:tdgieaan&clamdytwpa:ﬁt maﬁ&s (ReSpecthl, velopaat timme Ordont hig
system described in Tabl e 042 ure 25 shows the Area Under _
Sive  (ADLS™Y or Pe Ghanthese | WBHG PiTE ArvedoThi SCHAI FandogPyest
i n Tabl e ShrelNdioeet h@Cbﬁ.O@.d”dﬁlm@-ell(ﬁe”efﬁr@@bk‘ﬂﬁeﬁbSOPEEhm.ﬁaﬂﬂ s BioFit®
elimnati y r f ni e ln variation [0043F ur

26 shows ?%el{%g%ébse%aggng%gﬂh% xp%?es?tbgga tedorb a?% ss&ﬁ)& Yof % % ba6
conpoethd ¢elld nertchecsAliCrvadl ues tbebectires empmmneetef t hewbody, t Gaco-2

each corrpgé@dghox?t%o[&%é] EﬁQHEQdQJtl%QOW%rngmB@é&Qf@' Sosd wrg&:gg Vgéyause
dramatically fromthe previous e ‘darkness i n eac
plots is %fé%ﬁeedwtléctlh%s MFst "O6r P@Fﬁ?@alqodihﬁpgghnt%ecem%ﬁ mepotdre. A

appearanc§iéﬁlﬂ1@gh¥|ﬁgﬁﬂenﬁgbgt§fCﬁgkd%@hylgékééﬂg%%%ega¥@tiHﬂ%ee§BmeEﬁlar
these figures and not between them The strongest correlatiions 35 are

actual | y W&=&4 i n t hi'depl o PIHRYIPA t HE pr &0FdRUs gwéecules  such  as

[ 00453 Fi gps16/s2BcahPWEes) SRGRDEIQSE) NBEE W4 hafUlzulseudo=se oRPanen g
added. It s nat nych different fromthe first estimate, and the
pseudo- co nC&'tave very small responses as the components
conposi ng them are not S|gn|f|cantly present. 5 [0046] Fi gure 29 shows

Lhe 112 GHFINGS 9t Ko 1o, BSOS BB TRSBKLIE U Gerc, om0
quant i ti espririsn ﬁdﬁeommm@ustmﬂ obrop VO8] Fhgur ea3d-shawshiawdyheraces
fi rSFN?StlgHﬂﬁ%nQQXﬂr c?aMfiot, 2004) . This technclogy has been employed
to measure absorbable components which are active in vitro. This
technology, however, has two problems: 1. it does not provide an

estimate of the pharmacokinetics o¢f ingredients and therefore,
concentration-time profiles at the site of action; and 2. the cell

35 membranes are susceptible to¢ rupture when they are incubated with

certain herbal extracts such as St. John’s Wort.



i nportant conponents, and two noderate ones. 15[ 0049] Figure 32 shows
how, agai n, adding four pseudo- conponents has little effect on the
systemas the synergistic terns are |largely suppressed. [0050]Figure
33 are representative ultra violet (W) and Mass 20 spectronetric
(M5) chronmat ograns obtained froman extract of Red clover (Trifolium
pretense)iooi)i s chRak thAat at heRr eclEsar si.0f J84aNrSt elopsand dai dzgh i,
are the nmpjor conponents in the extract. 14 DETAI LED DESCRI PTI ON OF
THE | NVENTITEN FEO5ERTRe BredEiftitdnventtont 8ot ohds Heprotkss for Abe
i dentify sagreup oftiast ise Gompowddstif@mm plaxttinRssChx@sachyl Dhis
not limted to, that of an herbal extract; b. identif , groups of .

i ngr edi et MBEOTheyt Sac 378 or OF ndtti VeI wht SH HE8r ag’r S t IPTeadftive
ot her & o qeduee:an :ohseryvableielf eat; (halesttant enphatracokinieki Cthe
and phar rrtae%%glxyam cmgharbact eri tli c$ of tthe acctl.i ve in rtedi ent N d.
estimate CONCANTTat '6h t1me proti | 68 of “AELFVE I AGr etfients FHRE" 1y
site of dotvegnari nthdseoscecaksdd ratéve heomgpeeratd raspopsebéemesubjected
profile; d l.c ptd o] i de desj 1 ed o]

P of 16 Phariiiotrna s ce 0 Shai Hol oo monBn 1 sfbolo o wbESPRas
under st andichgoo$ay helgsisar macokpr@tides dhfarmoriyoundni stheapofdant-live”
the ild u i ft NCER ind this invention.

Phar rrlé)lcoiﬁ%rﬁ}gttg%g%fsﬁaggieg%i pl i %ggﬁﬁ ch deals with absorption,

di stribution, metabolismand excretion of a conpound in the body.

Basi cal | yjootb1i S ameshamst igaledescridt homal Lhei 20161 - coumg.ef
a conpound in the body. The nane, pharnmacokinetics, was first coi nedy
by Di et rieitS AR OB SIPAPEICR Y BEEAR HHPORBBETE ot My ARER2bfsubstance.
phar maceufd cad gevelaoppemerabier stedl | afie r esearialy par f oiyReheBYcine is
Prof essors Cer hgrd Levx, Mlo Glbaldi, Leslie Benet, al ong wth |
ot her “pr KCABRE 28Y pRar AEEOkT HEG it S VBur "EF Rt ASar £2FP ofif olipicn
under st andinggitwokay,a t heka iresearcherysaat 50y hathpa@e@0nYi RBBse used in
phar rrace%eisgall:nscimgnii}isnts at Ethg tinrlre t hat a  pot ent %he ical.LsS not
effective and canhot be devel'opediht's a dfiid' unt'BE§% tan he 9+ven
absor bed iawxdviéhaMer edotdd thmrud ikt ea ofugc tiigher nd@te geateh tarpurths. shiod
only 30 ; 1 ngr edi be.del.iyve . he. sj f i i
adequaterpgl%ﬁzr}l?f?m{g%e (%;':IJL(')]'rerép}'E)trientI EIallsso ggl%‘ge e ]r& glf’%‘?enrgd Eall%ﬂ%%; sﬂgf %ly
of acili orflefensiarei@dequitrecpey i ody of experdmeaf or etAAt adelpsst e Widiniidasl
response jcanobe-masufesh Thisn f yadapkdt al gonGeRhahas hednto-ddheeacn
understanding that in order for a chemcal to be devel oped into a 35
drug, it HHETt FYRATEIHSHdal e POFerRA™ AR i t1tal 30 RHSt Genhgk extract
adequat e (cdyUgEthkeicehr @REELhESe dMNWGa) | KendropRlihese a8 AN b ek

by pharmacoki netic properties. Potency is a neasure of 15 the

i nher ent AELLGRT y e BF G hefiBaNst G XA e2fheactive compounds and a
concent r atubeawhi eicowndisahi idnanenizymgiguchasechel | nestier aseyn by 0bRds
5 [0053] Tradi tjonall y phar ma%oki neti ¢, paran terssuch _as cl earange, .
hal f-1if SYARBOVOIATRE 8 8F st PYbuf PO ar & EdSPRA | HOVRNRS, | F°TREII
| ast two tdebadesyy RERy notVellar st ingest | ol it hodsrhavieedzee@n there
reported hiaQ*et g‘g lni t %Eat grgc s-léhe%% rreeilpcoid altg Les are al?: i:i.nfg]t ! efoifneghese
constantly an Thei r pr edi cti've "power i npr 5U8s 6 oies e yéars

(Bri ght nemgeedants 2006ayrodgowadayshis higrvenal en compEreitalm pragmaisgy,
avai l,gbl elon esthImld ng, ROSRIREKINE! 16 A0H. PRANTYCQUYBANEL proceaure
characteristics of a |ead

(http:// wiwdss el Etridohsphesirdembpt behucttdrgast ra_ginps nht hdr) .of18n vitro
[0054] Si ngg qne Qhjieet ohel iy | BYENLEOD bSal@ develOp AL ULal reverse
products, nost of which are given orally, the pharnmacokinetics of a
conmpound APER?SIGAE  &dmi kRSt r REPYRES s délscritised PASHEV D iad t lpp§imal
i nvent i oRombbs SN dnberiot ed that gt MhsS nRRCERE: £ RAShh Ve P& om 8nent

extended for conponents which are adm ni stered parenterally or
35 formulation, 1s described. The advantage of this apprdach is that

there is no requirement to study the components individually. As a



[ 0056] The rate and extent of perneation of a conponent into
enterocytes i s dependent on its physicochem cal properties, such as
solubility, pKa, lipophilicity, partition coefficient, etc. I|nside
the enterocytes, the conponent is expdsed to netabolic 15 enzynes

whi ch could potentially convert it to netabolites. Again, these

net abol i t essABY, besagdi@onZ- | 1:gWskildfe, agayCEElr_»bﬂéa&l%l d, o2t Coc @R
good exanpl es of intestinal metabolism [0057] After the conponent is
absor bed, “PFPTEY PansPB6r t E@tby "PGEBF ¥ol | ntltergfé*fﬁﬁgent ERYENTI rietiteat | B

whi ch draisscidded .t heighmern tihnoveieddie apaphal Wich. i JhiSo QIPABEHE: be
is then faced with an abundance of |iver netabolic enzynes which

coul d met aBOI FYETEPFMY 7oFepbPer TWEEabBPTieLt 25 5LBB5v]CATeCnsss JK
a conpeneshis hsatghmehen cal e metabebic ddegr asiald omdufiny ¢ se of
absorptlon rocess is called first-pass effect. The bi oavallablllt%/,
. of the Bbntent CPE M nBa By: [O6BBTF ALTORgR (a) Fthenac fdal
[0060] whepeodglure st Hesdridetli oardidmat survives the intestine, and F1 is
the fraction that passes through the liver intact. Fg is estimted
using the foll ow ng equation: [0061] F8 =1-- Fga -(2) [0062] where Fd
is fraction of dose deconpos&tPMARY |RF FHE( FNVENTIONNnd i nt esti nal
| umenigFl is the fraction that is netabolized by the enzynes in the
|ntest| na ‘#é ‘![i is the racér“elt ichis 17 not absorbed and .
"int is 8% r acl?BEREER 5 28dVBYY et e gyt egiknowns which

[0063] Di stré butirlyThedepambnentanakbicCinsetfadoies Witk st epasSetded Shave

carried b bl ooldnctog ghe deart through Ehe uper| or ena cava, Af t er.
bei ng purrpecpthrougﬁ FREDuISRar ¢ ci°FEul 8ti of? t fid "ComBofient i sSl ieo

transpor teetitgiotthgieest fof t heeddehyinphr ough the b|p§ﬂ£|fmalcbkilﬂlaiﬂcﬂn and
During: t hi.s por the [ ute va s, or

and 1 ssUbe R R T hgs T At by BB eye 10 S patelt] Sonme
red bl oodteel IdevaheP nusélyesmedive. negnp ortertth cogcbllct@nso muh@pu@ ced¢tive
menbr anes; \plRgaBR:and galdddhar pLoLei ns; ¢ %f%&@ﬂﬁnto oﬁQtf‘% d
conponent distributes in the body is depende on 1t's physi cocheni cal
properti eléu“ﬁlﬁﬁéih%d?ﬁmtﬁé??CC%WﬁEFer descrl bing the extent of the

di stribution of a conponent is called 15 volunme of distri butl on (\vd).

[006 i on: |Ie th nent is,bein rcul ated a

di StI’I(E gaad]'l'ash t he IB V(R 80%?031%3 889?’%%@61%%@%0%? J‘O&r Wnited to:
met abol i ze*dztmatennyrm&thn tahellﬁh_omj], | beetsidi daﬂys alﬂde*sthﬁ’lsllungﬁulc%o
The conpo t_.an egra product s my sgcret ed |nt

bil e and/%ﬁexgrg% %f?rhr’o g “the AR i dneys®fhe ézée?rﬁon At o1 Qesunai
degr adatliblmq@ueeddmtphatear epedaasm,natae@ hrodgh the lsnlleccﬁrayeblenlques
absorbed frgmithe integtine ag | at er

ent erohepati c cycling. 25 [OOG%iﬁT}heq%?lne courﬂg{e[%(i?%gg%%ar%pl nent inbased
pl as orPiArgeacEbie e /@bt sy nasiagredpharradokt imst jioé log P, log D,
model . Pharcf@eekb@e&isctre@{;eﬂeﬁ ecm that, argused,to describe a
conponent are: absorption, F, volune of distribution, Vvd, and total
body cl eal(r)qe?rlcs CIT. AT 30.is.,a termwhich includes all the
elimnati ocesSbs PR (HEBIUGIE Thit8St F9R5FEE el AR hyPr8HidtT ok
3: [0066]mﬁtmﬁa Of. pf&ﬁlctﬁab hﬁOﬁF&dWﬁﬂaemét&kjﬁ%thesabh@ ﬁﬂéﬁﬁé@ﬂ@?ﬂaﬂics
IS r%al cg earance, a tg hl IS el imnation b%‘ﬁo t her or.gans.

18 PHar necodynan cs of i"gl-&P %nﬁ%%?ﬂe+506§f Fet%he" ngﬁ—t?r?ént"f
i's being @htsb:mmuu@dtlte) wma s parae loémt be bodiyiditalcenhbd iakspacting
react wi thoyarious oellhlar, companent s,jncluding feceptors. to. 4 i gger
a series o bi ochénm ca res onses. 6 responses ndy b

transl at et?tlemm@nmmeasmlasmuelohl wifc &l her etsqm:mswentgorlnemlde or plasma;

gi nkgol i da%térﬂﬁéipfeﬁhéhQM tQeh& 3 péo%&p%'n%EFQ‘:t LYaL] ”%é r?‘% Qc1on and
receptor antagoni st and has a pot ent 1"al bei ng use F7é
ast hre wtstegséning dontaianicon ol e daddr eswd d @:sm:@x&ant hiand ( bmmm@m

or inhibition amcng the components, wherein the above

determinations comprise mathematical models that will predict the



[ 0070] Whien a mi xture of conponents, such as that of a natural 20
substance, is admnistered orally, they will undergo pharmacokinetic
processes such as absorption, distribution and elimnation that are
simlar to that of a single conponent8 The conplication with a

m xture is that the adm ni stered conponents may interact with each
other at MakhQiSidRVeLS. af@IpRXAARLEynAid2 GPARANERL RRY:hhange-Lthe,
absorption of other conponents. Rutin has been shown to increase the
bi oavai | @biI°ty of a natural substance. A conponent may be stabilized
by the presence of other conponents. For exanple, z-ligustilde is
stabl e in _an_al coholic Chuanxi ong extract; whereas the pure conpound
itself ist9%ddabl & 3GTPHERF actMofide Fhe BRZYAe tevetisos wgppided a

docunent edbrpbsihend | ¢@ipativi 8y oLt gxaNPtanpdiygpesf agi NdeAt Sticdd ORN' Bhe

wort has been shown to induce P450 i soz S articularly, CYP 3A4.
This i nddBEROR HesTh B8 BoHE Fun B r o bhT o aeb i Bd rEaertons”
(Venkat ar@venanpedrngdcok i 2606)s. A eodponsrdrmaaydphanicd r obecpart3bs as
changi ng tr 0 f cti , Leadi.ng tp_a change in perneability of
ot her coﬁ%%%gﬁ%%§%J$ CEHgf%ﬂg% s?§%2@§%90$e¥%%§e transporters. Hence,
the rate of absorption and elimnation of a 19 conponent may be
changed significantly. [0071] Conponents could conpete for plasna
protein binding sites. This conpetition could lead to a change in
.)7,1, leading to a 5 change in distribution and elimnation of the
af fected conponents. Conponents may al so conpete for renal excretion
where an active process is involved. [0072] Besi des pharmacoki netic
interactions, the conponents and 10 their breakdown products have the
potential to interact at the receptor |evel; thereby changing the

pot ency of another conponent. Chall enges of developing a multiple
conponent product [0073]It is very clear that the devel opnent of a
mul ti pl e 15 conponent product is extrenely conplicated, particularly
when the conventional approach is used. Inmagine trying to isolate al
active substances froma m xture and study themindividually before
the actives are studied again in conbination. It is no wonder this is
not a preferred route for devel opi ng new 20 pharnaceuticals or
nutraceutic als (WIIlianmson, 2001).The obvious question is: Is there
a Can the pharnmacokinetics and conponents and their nutual sinpler
way? To be nore precise: pharmacodynam cs of individual interactions
be evaluated and quantified without disturbing the m xture? 25
[0074]1n this invention, a detailed approach in obtaining

phar macoki neti ¢ and pharmacodynam ¢ paraneters of i ndividual
conponents in a mxture is described. Figure 3 is a flow chart of the
optim zation procedure; which illustrates the steps taken in 30 the
procedure. These exanples highlight the theoretical aspects of this
invention. Through sinulations, it is denonstrated that active
conponents in a mxture can be accurately identified wthout
purification of individual conponents, a process which has created a
barrier for natural product research. Furthernore, the 35 nethod
described herein is enployed to devel op an herb, Red cl over
(Trifolium pratense), which is rich in phytoestrogens, for the 20
treat ment of postnenopausal osteoporosis. [0075]1n one enbodi nent,

t he present invention provides a nethod of predicting in vivo

phar macoki neti cs and pharnmacodynamcs 5 of a mxture with nultiple
conponents, conprising the steps of: (a) determning the rate of

met abol i sm of individual and interacting conmponents in the mxture in
gastrointestinal tract and liver; (b) determ ning distribution of the
conponents in blood or plasma; (c) determning the rate of the
conponents' renal 10 elimnation; and (d) determ ning the potency of



t he concentration of substrate and EC50 is the concentration at which
50% of the maxi numrate occurs. [0077]1n one enbodi nent, rate of
degradation (dc/dt) is 25generally assuned to be first order. Wat
this means is that the rate of deconpdsition is concentration
dependent: dc -= une-Kt [0078]dt [0079]where c is concentration at
timet, Cois the conganttab i fMycRrpv 6 ofFerfE agnbukekS the first
order degradation 30rate constant. This rate equation can be
integrateg &ﬂ% transforned to: C Coe-Kl [0080] [ 0081] The hal f-life of
a subst and8 det EFfFRdLas Pl e % of SBUHFOF (RECHIP Yithabhe fate of a
concentrabbﬁ@bﬁdmﬂmaﬁa@peaﬁalFé@ﬁ&ﬁﬂﬁtr@b@&@ fﬂtdk~coﬁ@£¥£ﬁdﬂ@@82kransfer
[ 0083] Ln one enbo% e arr ws shown in Figure 1 are first
or der proc&s3ey e aFOBb?nﬁaﬁétd% Sl p?Fohnq%ﬁat?ﬁeb%dﬂﬁbﬁﬁﬁgVT1on
[0084] I n anot her enbodi ment, the nethod of the present invention
further c es th te of determ nin agmeters for acti

nmet abol it 8$H Fthe%cﬁué%ngntéﬂgﬁgordlﬁ@ Ggﬁtegge(ﬁﬁspofﬁethr&ﬁgﬁo?%ﬂlp
descri bedta@bvﬁpthmer@&nh&nmqsuMsno¢ntkwyatathenatlgnﬂe mmdemswanthe same
predi ct { be, AALIACEK! Al s 20l RhaTacedynan o > aBLoRe perties gbLhe,
m xture and their rtes 1h vivo. n general arnac ki netT cs
and ph%rnﬁ%@ﬂ?ﬁ@nlcBeEP@p@wﬂﬁengDmew$elthUEﬁﬂraBleW&dHmelpgoﬁowegn
and respopse-tijie PLofdd£30f orgd he k5gomapents and their

net abolites. [0085]1n one enbodi nent, the nethod of the present

i nvention conprises mathematical nodels that are capable of solving

mul tiple godawns whgwke & esHolBear bynéndepandenhapf éf\tﬁ{ea%tﬁtﬁgax\&éibn
each 20 other. For exanple, the nodels include a nodel of weighted

li near fuRERGIECantt-tiHe "é5H8" RS S ORF LR xdded hi gher - or der

pol ynosi al terns in single conponent doses and terns in the products
of pairs ﬁé ses | n._anot her enbodlqg t he nathenﬁ nmodel s of

t he prese vent FERSonPr i 38 Squat | S CRPPOTaR) 18 8?6?“?Tﬁ) 8§ Jge
descri bedvhereeilns-EO086] | nypae enbodi rents det eimédd ngriheramizeioh of
met abol i smin gastrointestin tragt conprlses in V|tro assays. For
exanpl e, SU On%ss%ys %&%%prlsglaf P&F al gasfFF%onse4 AT BSEYHES M ui ce,
30 intestinal flora, intestinal m crosones, or perneablllty studles
usi ng, g ul cel Bpfile 11t S { C

cellsgf [ %%%?In o%e eﬁ%&glﬁgﬁ%pa%eggﬁnyﬁg%]%m 8n§§tge% §b§| ism
in 35 I|v@#XﬁﬂiﬁprP@@@ﬁkﬂ%@&yé5u@ynﬂ}hﬁﬁeshlyC¢ﬁB0mested H@ﬁaﬁmeytegf each
cryopr esery&ddepal Douesn: Nepatd-G LTS YIRS, 1 hepatic cytosol or 22
S-9 fractions. [0088]1n one enbodi nent, the determ nation of
distribution in bl ood or plasma conprises determning binding to

pl asma pr ez, 5 Jbicmiimgs tﬂdﬂulsocpdeawft@i N{ogdsa,badr@y Rs.| agelkl anghtch

I f_di t . .
[ 008517 nOES I Ga RRTS FedBEaR T nREPEHD Pindio 811 RRTSRIPE BhsHE 0
t he conpdq&n&$et¢heh1@@mpemmnntureCm@ﬁw@a@gazIn9oneMEnbmdinﬁnt tthe are
detern‘”%&!%@fgge?OEgn%g %%g9€é5?§16ege8505 Plnd?ﬁ aSS m ound|%6

assay, bi‘ochem cal response assay, and assays S0l & ed I'ssues
or organs(compounds 4 and 10) and 17 (compounds 7 and 8} showed activities

higher than the individuals combined. Compounds 18 and 19 are
30 fictitious ©pairings .¢of  compounds 1 and 2; and 3 and 4,

respactively.

[0024] Figure 7 shows the response for each individual
formulation (for the hypothetical sample). The curves on the plot

35 represent, in order from the bottom-most curve, samples 25, 15,
14, 0, 9, 18, 20, 7, 24, 22, 6, 5, 3, 23, 11, 2, 17, 12, 13, 19,
4, 1, 21, 16, and 8.



15 [0091] I n anot her enbodi nent, the present invention also provides a
conposition conprising nultiple conponents as identified by the
nmet hod di scl osed herein, wherein the conponents have desirable in
vi vo phar macoki neti cs and pharnacodyridmni cs properties as determ ned
by the nethod di scl osed herein. For 20 exanple, the conposition may
conpri se fRadsgl overidulkel §okihdiny pr et8BsS)ic liN1aper&Nedbrents JhecResh
cl over conprises fornononetin, biochanin A and their glycosides in
amount s dETEPRPREF Y YELR FREIHGH B stItosst Pirdirnal 2FERANPEE 1
Approach To Model Devel opnment For Estimating The Contribution of Each
Conmponent he sponse of A M xture [0092] The objective of_ this
exanpl e irso-ngTest%q%ﬁ § P et henhE T EE° f’%aﬁ@%\oarﬁg%ﬁé‘ﬁl%iocfhtge PCA
mat hermt iweal a nedel dfs demekeoped dheadesertbenand 1quarddifayp1ast iovkct ywofs
i ndi vi dual__conponents_in mxture. T t hematical, prohl e hat _ .
ari ses ca¢§tr e” ((Dz)rrmrreuQ\t atP8d 285" 1ol TOWE. 8@%pngs ggngaﬁh%tlfnndﬁbgﬁ%f This
sanpl es ofugghetsame heriballeprepeas attion/ ( flepeeicanpl e inPanex ighnsefglhe
comng 35dOfLOld] SLenoS0M 668, £ACh.Ql, WU fas a potent|ally
di fferent conposition in terns of guantity of active conponents.
Suppose the sanples are | abeled by an index "i" that runs from1l to
M 23 S al t chgsanpl e contai ns N,acti i hgredi gats
| abel ed Hgg?ﬁgex ﬁgﬁh?ﬁatf?uﬁz fron%f tgkﬁfﬁgﬁiglcoﬁgéﬁ?ﬁigﬁqgn g? eg%
ingredieﬂpcéého%é”%épérR@ﬁ%dﬁand is denoted as c(i,j) such that
summing c(i,j) froml1l to Nover j gives 1 (or 100% as they 5 all add
up to the total amount in _each sanple) for all sanples (denoted by
i's). It O96BId bEiQEsBndd t PRAVS 127 s TRABWFATHAD t(He PRYsVEFbYiT dose
ef fect (awrbpeviéy) ofineachssanplaxd@ibe Atkyimsl deies,m At 1byr&@FBses,
avai l.abl e enpj.rical data. It should in general be assuned that ,
acti victy SRG SLEACEEHIS Sorte RRAoAE nSAL T B FUctTHIT 6 t pecations
concent r atskansnc €he j hodelhif titAng0aE: CaseSdCcanthecesiadl.i stradiyi ar (a)
experinmentatiaoqn, .whereby the function A yversus either .individu
corrponen{?:ttlgor?géﬁf?aajtei %ansa’or ﬁphet eot%ﬁghéc')g%r%aﬂo%el’rregcs)u?%qjde cight-tern
experi neptidEkpyenckhe @l yhet kéx-tarmgnafelnotie)i shehatixi-teymusdidference,
assumned e N i ti e r M in type
of nonliHgért%%?%?ﬁﬂﬁgﬁﬁﬁﬂﬁgg'tgg e&gsggﬁe%ﬂ%g?gg ?%%é%%%%kkgts to
enpi ilcal data. The problemat hand is to determine the formof the
function /0861, ) krigak8d1bhenbi, 3 edSiczg: 08 thsw a 9Pt s Vil ad e,
Note that the formof A is not unique but it depends on the choice of
t he basi $OEBPIHIT fAKCtitEn S0 RRYF PR PERTEentdndy OF hecBpeidencel ery
A on thethadi yheuali geBeeM T atd,QRS.. ThebgcsmybRei¥ari oys FHRGLEONSand
used for this ﬁ¥r ose; gol nom al, exponential or trigononetric, for
u

exanpl e. "FL38H b&CHS IERTRl yTiMat SRS t @ThePEOFTSfFar 10 the
conbizpat isoBdefiut Ndkviialsteoncemtibaki ans bud  tbisn woul gi | maedi air@l ymi
elimnate the 25 posgibility of either saturation effects or ,

i nt er act F6REC BBt e 8H P e iSTyr W EHEE 3¢ bdth iIPARFBFEve 88Ag metabolites,
syner gi streepecfidA3]. Consequently, a nuch nore reasonabl e approach is
to expect Ato be represented as a series of polynomals of c(i,j) 30
starting with |inear functions of c, followed by bilinear

conbi nat il8A80]1 t hediguuelr &3 i ehdwumat | oriwretic, shiweimd rillel ngansport of a
conbizpat i [ [ , e n [ he fi. t

ot o der o p R O L B bRt Shom ST he. S bakSi B
t hat w | Enbereeuisi- str@Reboftdm tdfe Hrpurimpehedat andsbiay an¢aiicd itoncohid
other handgoi bod 9enetally.expeqled thatet Hg ACkl Yilyoals NiOheasured
concentrations should show saturation effects 24 whi ch are nore
consi st et W'ERT sPHHBF AL 1d8peiéntec@indPhenedd ai® eRpoHRFIS aiPs9EP&Qn
These satueationieffegds may begeadhty handhediMith 84  metavolites,

M chael i s- Menton, or other type of limt, by including an appropriate
35 respectively.




15 relationship is that at | ow doses, responses are proportional to
dose. However, response reaches a |limt at higher doses. In this
exanpl e, the M chaelis-Menton equation: RmMC [0098] R=(4) EC50+C

[ 0099] Where R is response, Rmay. is maXki mumresponse, Cis dose 20 or
concentration, and EC50 is Cthat elicits 50% of RmK, is used to

nodel thigobype Of rdgses r esponsewbehavinys (Hcgure 23. Jo Ee%ﬁlelslehaéelve
nodeling, Ris linearized using the follow n equatlon (Figure 4):
[0100]r- | RERREICYIS] 0 IHE] | WP IS AstF Ut | AGFRHE rodIc/ OF t 4ts BRPEhHEion
to shift bremeEsnsideridigrbhereoses opoteddvshiuye gotror eanshEeph aigidheina
doses of the i ndi vi dual ents. The first step in constructin

the initi 8P HBue OrES s ch%%g 18 Rt PRREPEY Eefidd Bbi TS SRRELABaRCULd
dose of eaohemmpohené laﬁ;rrmss:ahétetmﬂlﬁwtur'ﬂﬁe iexi@bbai frethet @p80ies is
provi de a_set of e any_ p 0| nt could serv .

ref erence’ es?c‘?eersnﬁpt el &)Nfa ﬁ%ﬁv?fpli%céeslsg?ergh’cemf’s Hehte
the regi onepﬂfesermttelsesmra‘lﬁlw rrmd?edksalalte ¢onstanutthedrasnagaddigates formed
di f1er ence,betyeen, 4 e, dases alpLhe POLDt ofcdnterest .oh. and the,,
correspondi ng reference oses The ¢ r anstor response a

35 dose, Feshestdypert edhegebeanatihagohigs oﬁrehefr@@sesnteS‘aZ@nPDlGZz}nAs ama
initiah ngg@grocg,hgsresponses are assuned to be proportional to dose,
for doses near ref erence dose. This is equivalent to a nodel of

wei ghted | i near funct| ons: 5[0103]r=T-FETO0i,-(4)(6) [0104] A m ni mum

of N |ineagdany ndepegdant1syix W esrak@:k8quhéethd A rRNSULe-iPalidNer &
systemis linearly solvable.Wth data fromnore sanples the system

wi | be oG¥FRUEEr i nethC%nd P hEe R mal "8 of TS SIPCE bl diMed N uBt Iiga-
| east - squas esis 18e[ O40RcOr6e hdwsdrensht Model of physi ol ogi cal

respogie is generated, it can be conpared to the experinmental data.lIn
particul ar, the residuals, the differences between the nodel and the
data are e&(ba‘ﬁlned FAju:ieI"liE sstra:gae coneagtsrdtiath Rave tint peeniledd of the
account ed, the nmo nt|f| ed. The nodel can. be inproved
by addi ng’ %“‘é)ré“ce)%%ra pc?l % m aT %eorfngllxhulé? gl"& °c 8AHb S§658§pgraaﬁd"
terms in @@@q@@@@&ct% oP, paICr,s 0f dwosesi3Degreeeshofn conr eba@ltd.on Note:
bet ween t | on f [ terns are

cal cul at eg&lge%%aefg?g%ﬁ O%S%?%#@ﬁdo% %Qc%ée@%%. gﬁ?ﬂ’% sS%gglqcul at ed

bet we€h each of the possible additional terns and the residuals.
Trends | néduadat ariipl-aaGooUcRd kBRnbYed Ner el sshauhd glyesfd seed
strong correl atl ons, indicating that these ternms should be added t

t he nodel 3° I‘FPlﬁrsacﬁfl CEPreslexpeceemt hatadiny e efPPhshave malﬂiy
little orcd:-GOnEEH aly QRnpBYeD eXchudigg ihese f.0m the nodel,
problens of fitting many near-zero wei ghts to the noise in the data
are avoided. Utimtely the nodel nay take the form

[ 0106]7 =" ooaSvi ( dirigutie) 4B \snbds aas)thlzﬁW ${ 650 -dpotlents) (ddch with a
[ 0107] V\he%e thefirstsummatjon isjust thelinear 30 contributions as_in
the previoU¥%EqdatPore tHe d¥0oRA SUn HduSKEihgPRLoif§hentions.  With
non- | i neax MNoiehawiossMeredech tshelé hitwh suws ades tb‘ﬂ@iCQﬁ‘lﬂlﬁrm&ﬂiEons and %5 %
(pair-w se). interact ons_ta the VWiile this expression assune
that all p%sm BI~& gahar et%ér)\td tBlal ;T%Ovﬁ’ﬂ? are a%lra‘eeaty lca? sexpBtt gFratt
t hat onl yrefpfoewevmdlatabéoef meahremnt et elst comPdnand nzaam;dormy be st ghiormed
or o &t%tw% Hegui val eg[;]_lu;_/ ;4 hehesps tﬁhj ve wei ghts taken as zero. |If
appl i cabl e, her or ynom al non- pol ynom al conponents nmay
al so be used 5 [0108]As the nodel is inproved through the process of
adding terns to the nodel, the residuals should decrease in magnitude
and becone | ess ordered. Utimately, a nodel should be obtained that
adequat el P93&dcr i HETURe 1§aﬁéow?3\s1¥%emﬁﬁ@elesi gndlevergpdd repponess birom
desi rabl e:He0 1U8€able t S 5HIFRShnt S5 | ONR L0 -S85PI L dalLA EQ@& 30 Y s0

hel p to reduce the uncertainties of the weights in the nodel or to
35 components.



[0111] Usi ng t he nodel buil di ng approach descri bed above, individual
pot ency of each conponent was estimated (Figure 6). These val ues were
conpared to that of the predeterm ned val ues. The established nodel
was capabl e of correctly identifying®he 30 five active conponents
(Figure 6A), and the nodel could also identify pairs of conponents
that are jovsenact imiguskt Roeasbuot hep1dFi QUrendBor k0312 nthitetween the
sinmul ati on shows that active _conponents and their 35 interactin

speci es CA&P B8 déRth fPEd wPEhdUt® t el inddd CE b TR e PRUF | ftieéﬂlsconpgﬁgﬁ?%
t o obt ai cdrireldesdtsedrenforwat.i on. This 28 approach will tremendously
shorten the time to study a conplicated m xture. [0113] This

nmet hodol ogy can be used to identify active 5 conponents and their
interacti [\D@BSﬂ)eci esglghmennneshom)l & caévedarn:i ximprreSemhbeﬂnird{me vdieffies eing
char act erl dt| CcSe Jhl S;metl ho o og¥ _% sompeen use g 5estl mat e

per meabi |91y "dnd” Faté of “abdl smc(ff PRBTRHivirduaf Tomponents in a
m xture. The saturabl e processes can be described using either the

M chael i S8} On tpipg 10 56f l.atign odi fi
t her eof . | r?lglgﬁl S i nvenf%orzl thsrng g gogcgkgrg\na% %k?%olm%g bl e% Ep%gpr o%uthe
phar macoldamet sEsparantter 8o drsliﬂﬁdfiw%iu@wcéhp@@emﬁ pozgtSI'ABLE 10The

Amounly ofyLS £onp ORE Ln tﬁgﬁbepf aIBe rr%@eMa@éﬁ&sﬁe Mexsturs, 1ege Sedra:
6 Corrponent 789 M11 12 M14 M1 N"0.76 617175 1250. 67

1.00 0. 0Es&Amate.

[00407] Figure 23 uses the same four pseudo-components and gives
a second estimate with a better fit than in the single dose point

15 case.

[0041] Figure 24 shows time curves for doses of 4 and 0 units
in the intestine and body compartments respectively at time 0 for

the system described in Table 9.

20
[0042] Figure 25 shows the Area Under Curve {(AUC) for the
guantity in body-time curves. This data was given in Table 9.
Note the broad range of eifective absorption and elimination
(nearly 2 orders of magnitude in wvariation).

25
[0043] Figure 26 shows the same set of 150 mixtures scaled by
the AUC of each compound (taking the AUC values to be the exposure
of the body to each compound).

30 [0044] Figure 27 shows the residuals, which wvary dramatically

from the previous plots. The darkness in each ©f these plots is
scaled to the most correlated points in the plot, sc the
appearance of individual points can only be ccmpared within each
of these figures and not between them. The strongest correlations

35 are actually weaker in this plot than in the previcus one.
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[0045] Figure 28 shows a second estimate with four pseudo-
components added. It 1is not much different from the first

estimate, and the pseudo-components have very small rasponses as

the components composing them are not significantly present.

[0046] Figure 29 shows the time curves given by the second set

of pharmacokinetic parameters,

[0047] Figure 30 shows the AUCs corresponding to the quantities

10 in the previous plot.

[0048] Figure 31 shows how the first estimate now reveals two

important components, and twc moderate ones.

i5 [0049] Figure 32 shows  how, again, adding four pseudo-
components has little effect on the system as the synergistic

terms are largely suppressed.

[0050] Figure 33 are representative ultra wviolet ({(UV) and Mass
20 spectrometric (MS) chromatograms obtained from an extract of Red
clover (Trifolium pratense). It is clear that the precursors of

genistein and daidzein are the major components in the extract.
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DETAILED DESCRIPTION OF THE INVENTION

[0051] The @present invention describes a process to: a.
identify a group of active compounds from z mixture such as, but
not limited to, that of an herbal extract; b. identify groups of
ingredients, be they active or inactive, which interact with each
other to produce an observable effect; c¢. estimate pharmacokinetic
and pharmacodynamic characteristics of the active ingredients; 4.
estimate concentration time profiles of active ingredients at the
site of action in vivo; e. estimate the overall response time
profile; and £. calculate optimum dosage to provide desired

respense profile,

Pharmacokinetics of a single component
[0052] An understanding of the pharmacokinetics of a compound

is dmportant £for the illustration of the concept behind this
invention. Pharmacokinetics is a discipline which deals with

absorption, distribution, metabolism and excretion of a compound

in the body. Basically, it is a mathematical description of the
time-course of a compound in the body. The name,
pharmacckinetics, was first coined by Dietrich in 1952. This area

became an Important branch of pharmaceutical development after
stellar research performed by Professcrs Gerhard Levy, Milo
Gilbaldi, Leslie Benet, along with other prominent
Pharmacokineticists of our time. Apart from our understanding
today, these researchers aisc had to convince pharmaceutical
scientists at the time that a potent chemical is not effective and
cannot be developed into a drug unless it can be absorbed and
delivered to the site of action in adequate amcounts. Not only
must the ingredient be delivered to the site of action in adequate
amounts, the compecnent alsc has to be retained at the site of
action for an adequate period of time before an adeguate clinical
response can be measured. This fundamental concept has led to the
understanding that in order for a chemical to be developed into a
drug, it has to have adegquate potency and it also has to have
adequate “drug-like” properties. Drug-like properties are

quantified by pharmacckinetic properties. Potency is a measure of
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the inherent activity of a chemical, for example, the
concentration which could inhibit an enzyme (such as

cholinesterase) by 50%.

[0053] Traditionally, pharmacokinetic parameters such as
clearance, half-life and wvolume of distribution, are measured in
vivo. In the last two decades, many in vitro and in silico
methods have been reported in the literature. These methodologies
are being refined constantly and their predictive power improves
over the years (Brightman et al., 2006a). Nowadays, there are
commercial programs available for estimating pharmacokinetic and
pharmacodynamic characteristicds of a lead (http://www.simulations-

pius.com/products/gastro_plus.html).

[0054] Since one object of this invention is to develop natural
products, most of which are given oraily, the pharmacokinetics of
a compound after oral administration is described in detail in
this invention. It should be noted that this concept can easily
be extended for components which are administered parenterally or

non-parenterally.,

[0055] Absorption: After a compound 1is ingested orally, a
number of events could occur before it is absorbed into the
systemic circulation (Figure 1). If the compound was not ingested
as a solution, it would have to be dissolved before it can enter
the enterocytes. Before the compound is abscorbed, it has to
survive the harsh environment in gastrointestinal lumen, The high
acidity in the stomach and enzymes produced in the pancreas and
intestinal cells and intestinal bacteria have the ability to break
down or metabolize the compound. Examples are z-ligustilide of
Chuanziong, ginsenosides of Panax ginseng and polysaccharides of
Ganoderma lucidum. At times, the breakdeown or metabolic products
are active; therefore, the overall response in the body could
include that of the breakdown or metabolic products. There are
instances where the compenent, which has in vitro activity, 1is not

the actual active species in the body because it is not absorbed
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and 1is incapable of reaching the site of action. Instead, the
breakdown products or metabolites are active and if is these
species that are responsible for the in vive activity of the
“active” component. A good example is the ginsenosides of Panax
ginseng. The oligosaccharides connected to the aglycone are
cleaved by c¢olonic bacteria in a stepwise £fashion to form the
major metabolites, 203-protopanaxadiol 20-0O-beta-D-glucopyrancside
and Z0S-preotopanaxatriocl (Hasegawa, 2004). The aglycones are the

active moieties of ginseng and the ginsenosides act like prodrugs.

[0056] The rate and extent of permeation of a component into
enterocytes is dependent on 3its physicochemical properties, such
as solubility, pKa, lipophilicity, partition coefficient, etc.
Inside the enterocytes, the component 1s expossd to metabolic
enzymes which could potentially convert it to metabolites. Again,
these metabolites may be active, Z-ligustilide, glycerrhetic

acid, etc. are good examples of intestinal metabolism.

[0057] After the component 1is absorbed, it is transported by
blood in the mesenteric circulation which drains into the liver
through the portal wvein. This component is then faced with an
abundance of liver metabolic enzymes which could metabolize it

into more polar metabolites.

[0058] The loss of a component through chemical or metabolic

degradation during the absorption process is called first-pass

effect. The bicavailability, F, of the component is determined
by

f0059] F=1-FF (1)

[0060] where F, is the fraction that survives the intestine, and

F1 is the fraction that passes through the liver intact. Fg is
estimated using the following eguation:

[0061] F,=1-F,~F,~F,~F

ml m,int ( 2 )
[0062] where Fgq is fraction of dose decomposed in the gastric
and intestinal lumen; Fy, 1s the fraction that is metabolized by

the enzymes in the intestinal lumen; F,. is the fraction which is
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not absorbed and Fg i is the fraction which is metabolized by

enterocytes.

[0063] Distribution: The component, which survives first-pass,
is carried by blocd to the heart through the superior wvena cava.
After Dbeing pumped through the pulmonary circulation, the
component is transported to the rest of the body through the blood
circulation. During this process, the component is distributed to
various organs and tissues such as lungs, heart, brain, kidneys,
adipose tissues, red blood ¢ells and muscles. The component could
also bind tc cell membranes, plasma and cellular proteins. The
extent to which a component distributes in the body is dependent
on its physicochemical properties. A pharmacokinetic parameter
describing the extent ©f the distribution of a component is called

volume of distribution (Vg).

[0064] Elimination: Wnile the component is being circulated
and distributed in the body, it could be degraded chemically or
metabolized by enzymes in the blood, liver, kidneys and the lungs.
The component and its degradation products may be secreted into
the bile and/or excreted through the kidneys. The component or
its degradation products that are eliminated through the bile may
be absorbed from the intestine again. The later process is termed

enterochepatic cycling.

[0065] The time course of a component in plasma or blood can be
described using a pharmacokinetic model. Pharmacokinetic
parameters that are used to describe a component are: absorption,
F, wvolume of distribution, Vi, and total body clearance, Cir. Clz
is a term which includes all the elimination processes in the
body. This term is described by equation 3:

[0066] Cl,=ClL,+CI.+Cl,,. (3)

[0067] where Cly is hepatic clearance, Cl, is renal clearance,

and Cleaner is elimination by other organs.
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Pharmacodynamics of a single component
[0068] While the component is being distributed to wvarious

parts of the body, it could aliso react with wvarious cellular
components, including receptors, to trigger a  series of
5 Dbiochemical responses. These responses may be translated into a
measurable clinical response. For example, ginkgolide B has been
shown to be a platelet-activating factor receptor antagenist and
it has a potential o¢f being used to treat asthma when used in
combinaticon with carotenoid astaxanthin (Mahmoud et al., 2004).
10
[00869] For a typical response, there is a dose- or
concentration-response relationship. This type of relationship is
often described using Michaelis-Menton kinetics (Figure 2).
Although there are octher types of concentration-response
15 relationships, the important issue in this invention is o be able

to mathematically describe this type of relationship.

Pharmacokinetics of multiple components
[0070] When a mixture of components, such as that of a natural

20 substance, is administered orally, they will undergo
pharmacokinetic processes such as absorption, distribution and
elimination that are similar to that of a single component. The
complication with a mixture is that the administered compcnents
may interact with each other at varigus levels. For example, a

25 component may enhance the abscrption of other compconents. Rutin
has been shown t¢ increase the bicavailability of a natural
substance. A component may be stabililized by the presence of other
components., For example, z-ligustilde is stable in an alcocholic
Chuanxiong extract; whereas the pure compound itself is unstable,

30 Interaction at the enzyme level 1s well documented in the
literature,. For example, hyperforin in St. John’s wort has been
shown to induce P450 1isozymes, particularly, CYP 3A4, This
inductieon has led to a number of serious herb-drug interactions
{(Venkataramanan et al., 2006). A component may pilay a role in

35 changing Cransporter functions, leading to a change in
permeability of other components which are substrates for these

transporters. Hence, the rate of absorption and elimination of a
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component may be changed significantly.

[0071] Components could compete for plasma protein binding
sites, This competition could lead t¢ a change in Vg, leading to a

change in distribution and elimination of the affected components.

‘Components may also compete for renal excretion where an active

process is inveolved.

[0072] Besides pharmacokinetic interactiong, the components and
their breakdown products have the potential to interact at the

receptor level; thereby changing the potency of another component.

Challenges of developing a multiple component product

[0073] It is wvery clear that the develecpment of a multiple
component product is extremely complicated, particularly when the
conventional approach is used, Imagine trying to isclate all
active substances from a mixture and study them individually
before the actives are studied again in combination. It 1is no
wonder this is not a preferred route for developing new
pharmaceuticals or nutraceuticals (Williamson, 2001). The
obvicus question is: Is there a simpler way? To be more precise:
Can the pharmacokinetics and pharmacodynamics of individual
components and their mutual interactions be evaluated and

quantified without disturbing the mixture?

[0074] In this invention, a detailed approach in obtaining
pharmaccokinetic and pharmacodynamic parameters of individual
components in a mixture is described. Figure 3 is a flow chart of
the cptimization procedure; which illustrates the steps taken in
the procedure. These examples highlight the theoretical aspects
of this invention. Through simulations, it is demonstrated that
active components in a mixture can be accurately identified
without purification of individual components, a process which has
created a barrier for natural product research. Furthermore, the
method described herein 1is employed to develop an herb, Red clover

{Trifolium pratense), which is rich in phytcestrogens, for the
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treatment of postmenopausal osteoporosis.

[0075] In one embodiment, the present inventicon provides a
methed of predicting in vivo pharmacokinetics and pharmacodynamics
5 of a mixture with multiple components, comprising the steps of:
(a) determining the rate of metabolism of individual and
interacting components in the mixture in gastrointestinal tract
and liver; (b) determining distributiorn of the components in blood
or plasma; (¢) determining the rate of the components’ renal
10 elimination; and {d}) determining the potency of an individual
component and synergism o¢or inhibition among the components,
wherein the above determinations comprise mathematical models that
will predict the pharmacckinetics and pharmacodynamics properties

cf the mixture in vivo.

15
[0076] In one embodiment, the rate of metabolism comprises rate
of degradation and rate of absorption. For rate of metabolism v,
Michaelis-Menten kinetics or other forms of saturable kinetics can
be used. For example, Michaelis-Menten kinetics is stated as
V..*C , . . .
20 follows: v=—%—, where Vp.. 15 the maximum metabolic rate, C is
EC,+C

the concentration of substrate and ECsg is the concentration at

which 50% of the maximum rate occcurs.

[00771] In one embodiment, rate of degradation (dc/dt) is
25 generally assumed to be first order. What this means is that the

rate of decomposition is concentration dependent:

dC -K1
—_— Ge
[0078] dt
[0079] where ¢ 1is concentration at time t, Co 1is the

concentration at time zero and K is the first order degradation
30 rate constant. This rate eguation can be integrated and

transformed to:

— —Kr
roogo] ¢ =Cee
[0081] The half-life o¢f a substance 1is determined as time for
50% of the original concentration to disappear. From the above

35 equation, half-life, Q”, is defined as:
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_0.693
Ty =
[0082] K
[0083] In c¢ne embodiment, the arrows shown in Figure 1 are

first order processes that provide description for the

decomposition,

[0084] In another embediment, the method of the present
invention further comprises the step of determining parameters for
active metabolites of the components according to steps {(a)
through (d) described above, wherein outputs of the mathematical
models will predict the pharmacokinetics and pharmacodynamics
properties of the mixture and their metabolites in vivo. In
general, pharmacokinetics and pharmacodynamics properties comprise
concentration-time profiles and response-time profiles for the

components and their metabolites.

[0085] In one embodiment, the method of the present invention
comprizes mathematical models that are capable of solving multiple
unknowns which are linearly independent or interacting with each
other. For example, the mecdels include a model of weighted linear
functions and the same model with added higher-order polynomial
terms in single component deses and terms in the products of pairs
of doses. In another embodiment, the mathematical models of the
present invention comprise equations (7)), (13) and/cr (14) as

described herein.

[0086] In one embodiment, determining the rate of metabolism in
gastrointestinal tract comprises in vitre assays. For example,
such assays comprise artificial gastric or intestinal juice,
intestinal flora, intestinal microsomes, or permeability studies
using cultured cells or intestinal tissues (e.g. Caco-2 cells or

MDCK cells).

[0087] In one embodiment, determining the rate of metabolism in
liver comprises assays using freshly harvested hepatocytes,

cryopreserved hepatocytes, hepatic microsomes, hepatic cytosol or
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[00881 In one embodiment, the determination of distributicn in
blood or plasma comprises determining binding to plasma protein,
binding to blood protein, pKs, log P, lcg D, and volume of

distribution of a component.

[0089] In one embodiment, the determination of renal

elimination is based on the components’ chemical structure.

[008C] In one  embodiment, the determination of potency
comprises receptor binding assay, enzymatic assay, biocchemical

response assay, and assays with isolated tissues or organs.

[0091] In another embodiment, the ©present invention alsco
provides a compositicn comprising multiple components as
identified by the method disclosed herein, wherein the compcnents

have desirable 1in wvivo pharmacokinetics and pharmacodynamics

properties as determined by the method disclosed herein. For
example, the compositicn may comprise Red clover (Trifolium
pratense}. In one embodiment, the Red clover comprises

formononetin, biochanin A and their glycosides in amounts

determined by the method disclosed herein.

EXAMPLE 1

Approach To Model Development For Egtimating The Contribution of
Each Component To The Response of A Mixture

{00921 The objective of this example is to establish a
mathematical framework upon which a mathematical model) is
developed Lo describe and quantify activity of individual
components in a mixture. The mathematical problem that arises can
be formulated as follows. Suppose one had a number of samples of
the same herbal preparaticon (for example, Panax ginseng) coming
from different sources, each of which has a potentially different
composition in terms of gquantity of active components. Suppose

the samples are labeled by an index #“i” that runs from 1 to M,
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Suppose alsc that each sample contains N active ingredients
labeled by index “3j” that runs from 1 to N. The concentration of
each ingredient can be determined and is denoted as c(i,j) such
that summing c(i,3) from 1 to N over J gives 1 (or 100% as they
all add up tc the total amount in each sample) for all samples
{denoted by i’s). It should be assumed that it is known that the
physiologic effect (activity) of each sample to be A(i) as
determined by some available empirical data. It should in general
be assumed that activity A is an a priori unknown ncnlinear
function cf the conecentrations c¢(i,j}). This in some cases can be
established wvia experimentation, whereby the function A wversus
either individual component concentrations or the total dose can
be measured experimentally. The only other thing of note is that
it must be assumed here that when simulations are performed, a
certain type o©of nonlinear relationship has tc be assumed for
obtaining fits to empirical data. The problem at hand is to
determine the form of the function A(c(i,d)) using the limited
size of the data sets available. Note that the form of A is not
unigque but it depends on the choice of the basis set of functions
used in representing the dependence of A on the individual
concentrations. There may be wvarious functions used for this
purpcse; polynomial, exponential or trigonometric, for example. It
could be assumed naively that A was to be a linear combination of
individual concentrations but this would immediately eliminate the
possibility of either saturation effects or interactions between

the ingredients (beth inhibitive and synergistic).

[0083] Consequent:ly, a much more reasonable approach is to
expect A to be represented as a series of polyncmials of c¢(i,j)
starting with linear functions of ¢, £followed by bilinear
combinations, then quadratic functicns of ¢, then trilinear
combinations, cubic funciions of ¢, etc. In this case, the first
task is to determine the highest order of the polynomial in the
expansion that will be consistent with the amount of data
avajlable. Cn the other hand, it is generally expected that the

activity at high concentrations should show saturation effects
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which are more consistent with sigmeoidal dependence and hence an
exponential series. These saturation effects may be readily
handled with a Michaelis-Menton, or cther type of limit, by
including an appropriate compensating correction prior to other
calculations. Once the function A(c(i,j)) 1s found, it will be
necessary to find its maxima in the multi-~dimensional space of all
the 1individual concentrations {(N-dimensional in general} to
propose an coptimal formulation cof the medicinal extract. Moreover,
1f the individual pharmaccokinetics of each ingredient are known
for its transit through the gastrc-intestinal system and the
eliminating organs such as the liver and kidneys, the metabolites
resulting from this process should bhe added to the space of
compenents (for example, there could be K new metabolites)
effectively enlarging the multidimensiconal simulations space from
N to N’=N+K (Figure 1). In principle, this aspect does not add any
conceptual complexity to the problem if it is quantitatively known
the metabolic reactions for each of the drug’s components.
Therefore, this aspect will not ke discussed further in this
document. An additicnal layer o¢f complexity can be added by
putting error bars on the activity values since they come from
multiple experimental assays of possibly different purity. The
final complication involves the pharmacokinetic properties of each
individual ingredient. In other words each constituent compound
shows a different time course c{i,j; t) following administration.
The c¢uestion then arises: how <tTo compose the combination of
ingredients to arrive at the optimal dose delivered to the organ

at which the ingredients are supposed to be active.

. [0084] What is of key importance, however, is the determination

of the subset of active ingredients (which will be accomplished
using a principal component analysis, for example) and, secondly,
the nature of interactions between active ingredients which will

be accomplished by nonlinear data-fitting methods.

[0095] If dose-response curves for a sufficiently large set of

linearly-independent mixtures are available, models can  be
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produced to describe the response tc a large distribution of

components.

EXAMPIE 2

Construction of A Model To Describe The Activity of Individual
Components In A Mixture

[0096] The objective of this example is to employ the approach
described in Example 1 to construct a model to describe individual
component activity in a mixture. This meodel will be used to
estimate activity of individual components of a hypothetical

mixture with pre-determined activities.

[0027] The physiological reality of a dose-response
relationship is that at low deses, responses are proportional to
dose. However, response reaches a limit at higher doses. In this

example, the Michaelis-Menton equation:

[0098]  R=—Tmu'C (a)
EC,+C
[0089] Where R is response, Rpax 15 maximum response, C is dose

or concentration, and ECspy; is C that elicits 50% of Rpex, 15 used to
model <this type of dose-response behavior (Figure 2). To

facilitate modeling, R is linearized using the following equation

(Figure 4):
R
[6100 F=— (5)
! 1-R
[0101] In constructing the model, it is convenient to shift

from considering the dese of a mixture, t¢ considering the doses
of the individual components. The first step in constructing the
initial model is to choose a c¢entral reference point. The mean
dose of each component across all the mixtures is obtained to
provide a set of means. While any pecint could serve as this
reference, best results are likely obtained if the reference is
near the region of interest. The models are constructed using the

difference between the doses at the point of interest, d;, and the

corresponding reference doses, d.. The transformed response at this

dose, 7, is expected to be the mean of the doses.
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i i iJ
[0107] Where the first summation is just the linear

30 contributions as in the previous equation, the second sum adds
single~component non-linear behaviors, and the third sum adds two-
component (pair-wise) interactions to the model. While this
expression assumes that all possible square and pair terms are

added, it is expected that only a few will be of real interest,
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and many may be ignored or omitted, or equivalently, the
respective weights taken as zero. If applicable, higher-order

polynomial and non-polynomial components may also be used.

[0108] As the model is improved through the process of adding
terms to the model, the residuals should decrease in magnitude and
become less ordered, Ultimately, a model should be obtained that
adequately describes the data. As the model is developed, it may
be desirakle to use it to suggest locations to sample data that
may help to reduce the uncertainties of the weights in the model

or to better study any interesting patterns in the data.

[0109] Im this example, a hypothetical mixture containing 15
components with predefined activities and interactions is examined
{(Figure 6). Compounds 2, 9, 10, 12 and 13 are active and
compounds 4 and 10 (virtual compcound 16) and compounds 7 and 8
(virtual compound 17) are synergistic. For simplicity, relative
potency has been ascribed a set of wvalues ranging from 0 to 1,

zero indicating no activity and 1 indicating maximum potency.

[0110] Twenty five mixtures were randomly generated and their
relative quantities are 1listed on Table 1. A complete dose
response curve 1s generated for each mixture (Figure 5}. The

responses are listed on Table 2.

[0111] Using the model building approach described above,
individual potency of each component was estimated (Figure 6).
These values were compared to that of the predetermined wvalues.
The established model was capable of correctly identifyving the
five active components ({(Figure 6A), and the model could also
identify pairs of components that are interacting with each other

(Figure 6B).

[0112] This simulation shows that active compenents and their
interacting species can be identified without the need to use

purified components to obtain the desired information. This



0.002 0.551 0.000 0.063 0.000 0.000 0.005 0.017 0.000 0.607 0.000
0.004 7.000 2.500 2.758 0.002 0.016 0.047 0.002 0.023 0.000 0. 144
0.001 0.000 0.004 0.024 0.253 0.000 0.002 0.290 0.034 0.071 0.099
0.000 4.407 0.015 0.000 0.200 O 5.04280.546 0.023 0.000 1.473

approach will tremendously shorten the time to study a complicated

mixture,

[0113] This metheodology can be used to iIdentify active

5 components and their interactive species in more complicated
mixtures which have different characteristics. This methodology

can also be used to estimate permeability and rate of metabolism

of the individual components 1in a mixture. The saturable
processes can be described using either the Michaelis-Menton type

10 of relationships or the modified forms thereof, In this
invention, this approach  will also he used to produce

pharmacokinetic parameters for individual components.




0.013 0.401 0.049 0.070 0.083 0.000 0.002 0.000 0.001 O0.000 0.002
0. 000 0.000 0.006 0.221 0.009 0.700 0.168 0.030 0.000 0.000 0.010
2.388 2.014 1.279 7 0.000 0.015 0.001 0.000 7.508 3.342 0.300 0.004
0.129 0.000 0.055 0.362 0.000 0.006 02263 0 2.130 0.003 0.079

TABLE 1
The Amount of 15 Components In Each of The 25 Mixturesg

Component
Mixture 1 2 3 4 & 5 7 8 2 10 11 12 13 14 15

1 073 006 076 035 061 075 025 067 100 002 039 024 0.8% 094 098
2 .31 020 024 003 020 048 010 032 049 097 064 049 036 084 0.36
3 067 007 082 043 043 070 045 072 067 012 022 009 044 045 086
4 0.73 053 0463 080 G¢32 0.01 028 053 084 061 052 032 09 083 013
5 0.10 0.81 0.84  0.51 0.51 034 0BO 037 057 G55 036 028 0.6% 072 029
5] 678 0589 100 079 048 067 021 656 052 055 082 014 0.5 036 079
7 052 030 026 082 081 100 054 051 033 020 050 003 048 089 025
8 080 042 0895 088 022 0.51 049 012 0924 032 057 9036 OM 066 051
9 0.i2 088 Oy 055 078 025 085 083 088 0.20 038 065 044 040 091
10 085 087 087 088 0.3 049 087 044 062 081 083 08 oM 046  0.78
i1 088 072 088 045 0.01 007 048 052 096 025 046 026 068 041 0.21
12 023 083 022 055 060 0e 0.05 003 047 0.4 0.21 038 026 012 038
13 090 088 026 046 090 055 007 043 056 078 053 091 0.1 095 042
14 062 088 020 053 0.59 057 023 064 001 035 0684 087 082 094 095
15 039 087 034 087 038 027 059 045 083 0.Y9 008 022 045 005 093
16 c46 066 033 038 036 047 034 092 053 0.43 082 007 051 0.85 027
17 0.93 014 028 0.4 033 020 084 080 064 007 028 071 022 009 058
18 0.74 044 009 085 087 020 020 061 c8s 040 066 037 089 0584 015
19 085 100 091 0.83 023 018 080 068 0e3 085 023 022 007 027 056
20 018 032 077 027 042 003 034 030 o088 021 004 088 032 082 084
21 D25 o952 082 025 Q12 092 008 0.68 030 019 096 013 052 097 099
22 018 042 087 039 o1 0.01 023 082 034 012 083 CAR3 0.90 015 037
23 0.57 Q.01 0.58  0.51 G.61 0.83 020 084 007 027 013 052 098 071 0.48
24 058 004 028 0Y5 083 068 040 033 0.9 073 035 037 086 020 044
25 206 095 0.1 0.57 0280 037 038 D40 044 0.23 049 0,09 038 034 D142

TABLE 2
Dose—Response Relationship of The 25 Mixtures

Relative Dose
Mixiure 0,01 Q.03 0.1 0.3 i 3 10 30
1 0.0t 0.03 0.08 0.23 0.48 0.76 0.91 0.96
2 0.01 0.03 0.10 0.24 0.50 0.73 0.79 1.02
3 0.01 0.02 0.06 0.18 0.38 0.66 0.89 0.99
4 0.02 0.05 0.13 0.33 0.60 0.82 0.93 0.e8
5 0.02 0.05 0.14 0.33 0.62 0.85 0.92 0.86
5] 0.01 0.04 0.11 0.28 0.54 0.78 0.94 0.8
7 0.01 0.02 0.07 0.1¢ 0.42 0.67 0.75 1.05
8 0.014 0.03 0.10 0.26 0.52 0.79 0.92 0.84
9 0.02 0.05 0.13 0.33 0.62 0.82 0.97 0.99
10 0.02 0.06 0.17 0.39 0.65 0.88 0.95 08¢
11 0.02 0.05 0.14 0.33 0.61 0.83 0.94 0.99
12 0.01 0.04 0.12 0.31 Q.59 0.84 0.96 0.97
13 Q.02 0.06 0.16 0.38 0.65 0.87 0.63 0.96
14 .02 0.05 0.15 0.37 0.64 0.86 0.85 0.98
15 .02 0.05 0.14 0.34 0.61 0.84 0.94 0.9¢
16 0.01 0.04 0.10 0.27 0.52 0.78 0.91 0.63
17 0.01 0.03 0.10 0.25 0.54 0.82 0.24 0.97
18 0.01 0.05 0.13 0.31 0.57 0.80 0.94 0.90
19 0.02 0.05 0.14 0.35 0.65 0.88 0.97 0.99
20 002 0.05 0.13 0.33 0.63 0.83 0.85 1.00
21 0. 0.03 0.09 0.24 0.50 0.74 0.88 0.95
22 0.01 0.04 012 0.30 0.57 0.79 0.94 0.98
23 0.01 0.03 0.09 0.23 0.47 0.7% 0.78 1.03
24 0.01 0.04 0.11 0.27 0.55 0.79 0,83 0.99
25 0.01 0.04 0.12 0.30 0,57 0.82 0.92 0.97
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EXAMPLE 3
Detailed Approach In Identifying Active Components And The
Interacting Species

[0114] The objective of this example is to outline an approach
to mine all the active and interacting components in a mixture. In
an herbal extract, there may exist hidden unknowns that have not
been previously identified. This may occur when the components
are trangparent to quantitative or gqualitative analysis; for
example, components may have very little UV abscrbance when a UV
detector is used £for identifying individual components. This
aspect makes the probklem open-ended from the point of wview of

model development and refinement in the course of experimentatiocn.

[0115] This problem was looked at from a couple of different
angles stated below. 1) It could be determined that by accounting
for all the known variables, it is still not possible to describe
the activity properly which will warrant additional empirical
studies of the composition. 2) It is possible to assume that
unknowns always exist and they can be lumped tTogether as one group

without our explicit knowledge of theilr identities.

[0116] A criterion for the existence of active hidden
components can be introduced whereby a variability of more than
the noise of an assay (for example, 15%) withirn a given set of
experimental data indicates the presence o¢f additional active

components.

[0117] Moreover, a simple extension of the present modeling
methodology can be accomplished such that several different types
of activities may be assessed simultaneously and the activity
function: Ay (ci, c4) becomes a vector in a multidimensional space
instead of a scalar. It can be optimized for a specific activity
using the same procedures as those outlined above.

[0118] Below are illustrations of some pertinent mathematical
apprcaches that allow one t¢ solve the mathematical problem at

hand, wusing a typical synthetic data set (shown in Tables 3 and
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10

15

20

4). First address the issue of the data fit using a nonlinear
medel was addressed. In this case, the number of components may be
either the actual one identified empirically or reduced to only
the active component set using the principal component analysis

approach or any other dimensionality reduction method.

APPROACH #1: Curve Fitting Using Nonlinear Regression Analysis

[0119] Here, for example, 15 components that represent the
composition of the hypothetical sample of herbal medication. were
arbitrarily chosen. In summary there were I1+N+(N¥*(N+1))/2 = 121;
N=15, representing the number of parameters to be determined by
the fitting procedure, and 200 data points provided from
experiment. Teble 3 shows a dose-response value for 25
hypothetical samples whose activity is measured at 8 different

dose wvalues.

[0120] The main task is to find the sensitivity coefficients
that minimize the expressicn

Ming {i(F(a, B;c)-R)* } ; i=1,2,..,200, (8)
using a nonlinear regressicon analysis. Tables 3 and 4 have shown
the synthetic data for 15 components in a mixture with 25

different samples studied.



14 0.009 0.000 1.680 0.574 0.000 3.393 0.252 0.028 0.201 0.003 0.001
0.000 0.105 0.000 0.000 25 1.914 0.022 0.006 0.001 0.000 O.465 2.587
0.197 0.000 0.033 0.000 0.001 0.000 0.025 0.239 16 0.000 0.002 0.000
0.035 0.000 0.303 0.004 0.062 0.000 62190 0.018 6.994 0.000

TABLE 3

The Amount of The 15 Components In Each of The 25 Mixtures

(Hypothetical Sample)

Components
Samples k3 2 3 & 5 3 T g 2 10 11 12 i3 14 1%
1 440 415 0.014 2.000 0.003 2.133 0. 000 0.000 0.676 0.002 .00% C.000 .030 .000 .183
2 .Cou S371 0.11% 3.847 2.003 0,000 2.208 0.002 9.551 0. 000 .063 C.000 .00 LGOS €17
3 L0 JECT 0.000 Q.00 0.00¢0 2.500 2.758 0.001 0.018 0.047 002 £.023 - 600 .144 L0031
& -0l 064 0.024 0.2532 2,000 0.002 1.280 0.024 D.00% G.B9% . 000 4.307 LG5 .000 LEQO
5 -4l 546 0.013 9.000 1.473 0.013 0.401 0.048 0.000 4.083 Q0 £.002 000 -003 .Luo
g 002 .000 9.000 0.006 9.221 0.00% 0.000 0.188 5. 030 $.009 L 900 0,010 L3B8 014 279
7 -000 01% $.001 0.000 7.508 3.342 0.900 0.004 0.129 0.002 . 055 0.362 -000 .006 Pk
2 S130 -0C3 0.079 0.400 2.000 0.014 0,900 0.025 0.002 0.002 L 000 §5.245 .283 .000 .83
9 029 -037 0.002 0.000 0.054 2.614 0.001 6,000 0.0490 i.653 156 {.900 L0908 288 L0032
10 ALY L 000 0,000 2.000 9.034 0.12¢0 0.4000 0.010 0.635 0.022 7.5837 Q.000 .002 .210 .018
11 159 L0772 0.014 4,084 2.65% 0.002 0.380 0.221 ¢.030 0.080 . Q0d 0.046 .000 .013 (il
12 -noo .00 5.867 0.137 D.004 0.005 0.001 0.001 0.258 1.011 Lood 3,242 .900 023 17
13 .002 554 0.026 0.006 2.000 0.000 0.085 0.011 0.091 0.000 L Bl8 0.000 -246 547 552
14 008 L8900 1.680 0.574 2.00¢0 3.383 0.252 0.028 0,201 0.003 . 001 0.000 -305 .000 il
i5 _§14 .012 0.006 0.001 2.000 0.465 2.587 0,147 Q.00 06.033 L 000 6,001 900 02% L339
18 000 S061 0.000 0,038 7,009 0.303 0.004 0.058 0.¢00 0.130 .18 6.994d .00 .013 .EB9
17 .002 .oco 1.4017 0,000 9.147 9.908 0.304 2.811 0.000 0.930 938 Z.370 900 187 001
ig L027 .0c2 0.017 0.000 0.021 2.568 2.243 0.000 0.339 0.073 .00l 0.000 J381 002 .cao
15 . 402 752 0.144 9.000 2.000 ¢.002 0.900 0.000 0.001 0.103 - 240 0.008 .003 .019 075
20 . 569 .000 0.000 0.088 G.002 4.001 0.480% 0.000 0.028 1.959 L4900 0,008 L 710 .857 025
21 001 L6394 0.00% 0.000 3.000 4.000 0,986 0.089 0.558 0.053 . 000 4.968 .001 .005 .008
22 .002 L0006 0.000 0.014 0,202 0,001 0.084 2.004 0.342 0.076 L0038 C,000 .123 .000 L5581
23 Z66 .G6E5 0.081 0.0811 0.002 3.356 1.331 ¢, 002 0.000 0.00} L9000 0.008 000 .000 2113
24 .00 .018 0.000 0,021 2.023 0.298 0.315 G.682 0.000 4.185 . 002 0.002 L2168 .00l .cue
25 .000 .0C0 0.001 0.171 2.109 0.01% 0,308 7.$00 9,007 0.009 L2230 C.010 .000 .133 144




0.013 0.689 17 0.002 0.000 1.407 0.000 0.147 0.008 0.704 3.921 0.000
0.030 0.038 2.370 0.000 0.197 0.001 18 0.027 0.002 0.017 0.000 0.021
2.568 2.243 0.000 0.399 0.073 0.001 0.000 0.381 0.002 0.000 19 0.402
2.792 0.144 0.000 0.000 0.002 0.000 03®00 0.001 0.109 0.040

TABLE 4

Dose—-Response Relationship of The 25 Mixtures
{Hypothetical Sample)

Doses

Samples | 0.01| 0.03 0.1 0.3 1 3 10 30
1]0.031|06.091(0.242 | 0.501{0.761|0.209|0.969|0.990
210.013(0.041[0.319]0.289]|0.575|¢.81G|0.931|0.977
3/0.006{0.018[0.055|0.155]|0.367|0.647|0.853|0.948
4|10,02910.086[0.230|C.486|0.749(0.904|0.968|0.990
5]0.005)|0.01610.048 | 0.138|0.3350.615|0.834|0.941

6| 0.0605(0.016)0.048 (0.137]0.335{0.614(0.834{0.941
710.003)|0.008}0.026|0.078]0.212]|0.460]0.729|0.895
8|0.058 {0.164 [ 0.383 | 0.662{0.861|0.951|0.984|0.995
910.001 |0.004[0.012)0.038|0.110/0.282|0.553|0.797
10/0.001 | 0.002|0.007,0.022|0.066|0.182:0.413|0.690

11 10.010 | 0.031 | 0.091/0.243|0.502|0.761]0.910|0.970

12 {0.022 | 0.066 | 0.182[0.414 | ¢.691]0.876]0.957|0.986
13[0.024]0.072[0.195]|0.433|0.707}0.884|0.950|0.987

14 | 0.901 }0.002 [0.005|0.016|0.049 | 0.140|0.340|0.520
15]0.000]|0.001 [ 0.002 | 0.0070.022|0.064|0.178}0.407

16 | 0.044 | 0.128 [ 0.318 | 0.596 [ 0.823|0.936|0.979 | 0.993
17{0.016 | 0.048 {0.136 | 0.333 | 0.612 | 0.833|0.940 { 0.980

13 | 0.001 | 0.004 | 0.013 | 0.039| 0.115|0.291|0.564 | 0.804

19 | 0.025 | 0.075}0.203 | 0.446 | 0.718 | ©.890 | 0.962 | 0.9588

20| 0.002 [0.008 | 0.024|0.072|0.198|0.439]0.712|0.886

21 /0.038[0.112|0.285|0.558 | 0.800 10,927 |0.976|0.992
22{0.005|0.015|0.045 | 0.129 | 0.319}0.598|0.824|0.937
23|0.006 | 0.01910.058 }/0.383]0.381|0.661|0C.860]0.951
2410.003{0.009 }10.02710.081[0.219]0.470|0.737|0.899
25]|0.000}0.000]¢C.001 | 0.004[0.011]0.034|0.200]0.260

5
[0121] Table 4 is a summary of congentration information for

each of the 25 hypothetical samples, each of which c¢ontains 15
independent ingredients. Figure 7 is a schematic illustration
of the dose-activity dependence for a set of different

10 combinations of compounds involving the same basic ingredients.
Each curve represents a different set of activity coefficients.
It is shown how the choice of these ccefficients affects the
overall activity of the compound and how the top curve would be
chosen to represent the most efficacious combination.

15
[0122] The available data for study i1s & set of administered

doses of the {(mixed) compounds and a corresponding response. In
a real case, these doses are likely impreciseily known and the
response 1s prone to  some {hopefully negiigibly smalil)

20 measurement uncertainty.



0.006 0.003 0.019 4.075 20 0.569 0.000 0.000 0.085 0.002 0.001 0.005
0.000 0.028 2.659 0.000 0.000 0.710 2.857 0.025 21 0.002 0.694 0.005
0.000 7.000 0.000 0.066 0.069 0.556 0.053 0.000 4.968 0.001 0.005
0.008 22 0.002 0.000 0.000 0.014 0.2032 0.001 0.084 0.004 0.342
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[0123] The methed proposed is a generalization of an earlier
approach in which the same mixture at several strengths was
administered. The data was treated at differing strengths
separately and then were combined in follow-up processing. By
treating each strength case as a separate dose, the process was
simplified. There is a positive effect on the accuracy of some

cases.

[0124] Besides a direct linear contributicn from the dose of
each component, the model considered includes additional pseudo-
compound components. One function of these is to allow
consideration of synergistic interac¢tions between components,
another could be antagonistic. Doses of additional pseudo-
compounds are constructed as the products of the doses of two
other compounds. To prevent such pseudo-compounds from
interfering with the parent compounds, they are constructed
using an orthogonal polynomial. Note that if desired, higher
order pseudo-compounds may be constructed from another pseudo-

compound.

[0125] A second type of pseudo-compounds is necessary to work
with large numbers of compounds without requiring encrmous
ameunts of dose-response data. In this case, cluster analysis
techniques identify several compounds with similar patterns of
dosing., Note that in Figure 7, several areas were seen where the
dose-response curves for different components are very similar.
The similar patterns of dosing are nearly co-linear, are more
common in such large sets and require large numbers of dose-
response pairs to accurately so0lve for the individual
components. Replacing the members of these clusters with either
a synthetic or representative member, a pseudo~compound
representing the cluster is considered. If the cluster should
prove to be important, it may be necessary to obtain additional
dose-response pairs to properly resolve the contributions of

individual members.



0.076 0.008 0.000 2.223 0.000 2.591 23 0.266 0.665 0.092 0.011 0.002
3.356 1.331 0.002 0.000 0.001 0.000 O.008 0.000 0.000 0.213 24 0.000
0.018 0.000 0.021 0.025 0.296 0.325 0.683 0.000 4.165 0.002 0.001
0.226 0.002 0.000 25 0.000 0.000 0.00350.171 2.108 0.019 0. 306

[0126] The creation of the opseudo-compounds results in a
purely linear system were discussed. The vectcocr of responses, R,
and dose matrix, D, lead to the simple matrix eguation R = D 8,
where the wunknown vector 8 is a sensitivity to each compound.
5 The dose-sensitivity products, or activities, resulting from
each compound (and pseudo-compound) add to produce the observed
response. Note that the sensitivity, especially of pseudo-

compounds, may be either positive or negative.

10 [0127] The essential problem is one of solving an under-—
determined system. In general, this is not possibkle, however
here it 1is achieved by assuming that many of the terms are
negligible. Treating these values as zeros, the problem is
simplified to an over—-determined system. This reduced system is

15 then solved. By bootstrapping, estimates of the uncertainties in
the solution may be obtained. The level of noise expected in the
responses of any realistic data set is such that the system must
be reduced to a point at which it is significantly over-
determined before an accurate solution may be obtained. If the

20 reduction results in a system of equations that is only slightly
over-determined, then nolse present in the data leads to large
uncertainties in the result. Thus the number of data points
availabie must be significantly larger than the number of
unknowns to be solved. Unfeortunately, this number is not known

25 at the outset.

[0128] As the number of dose-response pairs increases, the
effect of noise in the respcnse 1is decreased. Mathematically,
this is equivalent to averaging a number o©of repeated
30 measurements, obtaining a more accurate value. In the simulated
data sets, the strongest activities are consistently and
accurately obtained. However, any error associated with a large
component "contaminates" the rest of the data as the difference
will be assigned to other, lower activity components where the

35 error represents a much larger proportional contribution.



0. 000 0.007 0.000 3.230 0.010 0.000 0.133 1.144 33 TABLE 4

Dose- Response Rel ationship of The 25 M xtures (Hypothetical Sanple)
Sanpl es Doses 0.01 0.03 0.1 0.3 1 3 10 30 0.031 0.091 0.241 0.501
0.761 0.909 0.969 0.990 0.013 0.04136.119 0.299 0.575 0.810 0.931
0.977 0.006 0.018 0.055 0. 155

[0129] The first step i1s to calculate ({linear) correlations
between the observed responses and doses. Components with weak
{or no) correlations are taken to be inactive. In practice, on
simulated data, this assumpticon is verified. Strong correlations

5 tend to be from both strongly active components and a few
weakly- or non-active components. Once a small number of the
system components have been identified as relevant, by their
strong correlation with the response, the simplified system with
only those components may then be solved. The over-determined

190 systems do net have true solutions, however the solution that
optimally solves the system, while minimizing the |D § - R|?

difference (least-squares solution)}, may be obtained.

[0130] To estimate result uncertainty, a bootstrapping
15 process 1is used. One hundred thousand dose-response sets are
constructed by selecting pairs (with replacement) from the
observed pair set. Each constructed set is then solved, and the
statistics from the distribution o©f these solutions are then
taken as estimates for the solution of the observed pair set.
20 The resulting solution may then be subtracted from the observed
data to obtain a residual. Calculating ccrrelaticns against the
residual may reveal additional components with significant
activities not solved for 1in the reduced system. Other
components, solved in the reduced system may have been found o
25 have only weak activity. The set ¢f components included in the
reduced system may be adjusted and a new sclution obtained. By
repeating, a final set of sensitivities that describkes the data

may be obtained.

30 APPROACH #2: Principal Component Analysis
[0131] Subset Selection-Principal Component Analysis (PCA) is

used for dimensionality reductien in a datae set by retaining the
characteristics of the data set that contribute most to i1ts

variance. Sample results are shown in Figure 3.

35

[0132] Note that in the synthetic data set studied (Figure

9), 10 transfcrmed variables out of the original 15 cover 80% of




0.367 0.647 0.853 0.948 4 0.029 0.086 0.230 0.486 0.749 0.904 0.968
0.990 5 0.005 0.016 0.048 0.138 0.335 0.615 0.834 0.941 6 0.005 0.016
0.048 0.137 0.335 0.614 0.834 0.941 7 0.003 0.008 0.026 0.078 0.212
0.460 0.729 0.895 8 0.058 0.164 0.38330.662 0.861

the variation in data. This suggests very little
correlation/dependence/interaction and the information is spread
over all the wvariables. Table 5 gives the results of the PCA

method's application to the synthetic data set in Tables 3 and

5 4., It shows the linear ceefficients [ in the top row
(i=1,...,15) followed by 15 rows of pair coefficients [, 6; where
i=1,...,1> and J=1,...,15, vyielding a 15x16 matrix. The

highlighted cecefficients are those retained by the PCA for the
response function that covers the whole data set.
10
[0133] The data set discussed in this example <can be
adequately represented by the following response function using
the PCA method, where there has been a substantial reduction of
the parameter space to include only four coefficients: two for
15 linear effects (components %s and X3} as well as two for
interactions (synergistic for components x;: and Xis, antagonistic
for components x:  and  ®i5). The remaining wvariables are
insignificant and can be ignored. Taking only the highlighted
cecefficients from Table 5, a corresponding response function was
20 constructed:
Response = 0.5248x,—0.4893x,, +0.4745x,,x,5 —0.5703x,x,5



0.951 0.984 0.995 9 0.001 0.004 0.012 0.038 0.110 0.282 0.553 0.797

10 0.001 0.002 0.007 0.022 0.066 0.182 0.413 0.690 11 0.010 0.031

0.091 0.241 0.502 0.761 0.910 0.970 12 0.022 0.066 0.182 0.414 0.691

0.876 0.957 0.986 13 0.024 0.071 0.19% 0.433 0.707 0.884
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0.960 0.987 14 0.001 0.002 0.005 0.016 0.049 0.140 0.340 0.620 15
0.000 0.001 0.002 0.007 0.021 0.064 0.178 0.407 16 0.044 0.128 0. 318
0.596 0.823 0.936 0.979 0.993 17 0.016 0.048 0.136 0.333 0.612 0.833
0.940 0.980 18 0.001 0.004 0.013 0.03% 0.115 0.291 0.564
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{0134] Now some general comments about subset selection in the
regression analysis are made. The choice of a model for a given
set of data with many variables may pose a challenge. When there
are many predictors (with many possible interactions), it can be
difficult to find a good model. The question arises which main
effects should be included; and an associated question is which
interactions to include. Model selection tries to simplify this
task. This is an “unsolved” problem in statistics: there are no
magic procedures to obtain the “best model”. Data mining can be
used for model selection, To implement this, there was a need
for a c¢riterion cor benchmark to compare two models, and a search
strategy. With a limited number of predictors, it is possible to

search all possible models.

[0135] Possible criteria are now examined. R® is not a good
criterion, as it always increases with model size, and hence
erroneously suggests that an optimum result would be obtained by
taking the biggest model (Using adjusted R®* is better, since it
penalizes bigger models.) Mallows’ Cp (named for Colin Malloﬁs)
is mostly used as a stopping rule in stepwise regression. It is
similar to Akaike’s information criterion, and depends less on
the number of effects on a model than R?. It is defined, for a
subset of F regressors out of the total set of regressors K, as

Y-,

e N+2P (9)
where Zaﬁﬁ—lg) is the error sum of squares for the model, Yi, is
=N
the ith predicted value of Y out of the P regresscrs, 5§ is the
residual mean sguare after regression on the complete set of
regressors, and N 1is the sample size. Akaike’s Information
Criterion (AIC) and Schwarz’s BIC are also considered. One search
strategy is the “bkest subset” search, which involves searching
all possible models and taking the one with highest adjusted R? or
lowest C,. A stepwise search (forward, backward or both) involves
the choosing of an initial model and taking the biggest jump (up

or down) within the selected criterion. The implementation in R



0.804 19 0.025 0.075 0.203 0.446 0.718 0.890 0.962 0.988 20 0.002

0.008 0.024 0.072 0.198 0.439 0.712 0.886 21 0.038 0.112 0.285 0.558
0.800 0.927 0.976 0.992 22 0.005 0.015 0.045 0.129 0.319 0.598 0. 824

0.937 23 0.006 0.019 0.058 0.163 0.38% 0.661 0.860 0.951

Software Package includes a *“Best subset” searxch which uses

adjusted R?, C, or BIC and does exhaustive searches

with the

branch-and-bound algorithm, and a stepwise search, which works by

minimizing the Akaike Information Criterion (AIC).

° Model Fitting: Other Possibilities
f0136] Multiple Linear Regression may not be enough. Using
optimization to get a better fitting function, may result in
getting a non-ceoncave function after interpolation. A concave
10 function may be needed to find the maximal réesponse easily.
mini(/{— a— rTJc—l;chQJc)2
a.rQ 2 (10)
st. =020
[0137] Where x 1is a vector representation of the ingredient
compounds, x° is its transpose, A the activity, @ an

optimization parameter, and @ 1is a vector of linear coefficients

15 in the activity function. Now it must be decided whether to use

generalized linear regression or logistic regression.

Subset Selection: Results

[0138] Selected variables (components) are chosen
20 Xy, X, X3, XX, XX, . The resulting model is:
A=y +0,%, + X, + Qx5 + ﬂl,lsxlxis + ﬁm,lzxmxzz (11)
[0139] The fitted model is:

A=0.16+0.25x, +0.10x,, +0.05x,; —0.13x,x,, +0.04x,,x,, (12)

as

Where the £final term represents synergism and the second-tc—-last

2b term represents inhibition. The linear regression results give

an adjusted R* of 0.9,

Finding Maximal Response

[0140] A possibly non-concave interpolated function was
30 considered:
A=+ o+ > B oxx, (13)
i=1 i=l f=i
[0141] Global optimization was used to find the maximal
response over the range of ali possible (or interesting}

concentrations:




24 0.003 0.009 0.027 0.081 0.219 0.470 0.737 0.899 25 0.000 0.000
0.001 0.004 0.011 0.034 0.100 0.260 5 [0121] Table 4 is a summary of
concentration information for each of the 25 hypothetical sanples,
each of which contains 15 i ndependent ¥ingredients. Figure 7 is a

schematic illustration of the dose-activity dependence for a set of
different 10 conbi nati ons @f compqunds invol ving the same basic
i ngredients. Each clif¥velsepr@s & dirfferent set of acti(¥ély

coefficients. It is shown Kbw t h® ‘€hoice of these coefficients
affects the overall activity of tjhe conpound and how the top curve
woul d be chosen to repreSEh; Ldg t efficacious conbination. 15
[0122] The avail abl e data for étn%y I's a set of adm ni stered doses of
the (m xed) conmpounds and a correspondi hg response. In a real case,
t hese dosef%fre l'ikely inprecisely known and the response is prone to
sone (hopet@t13/ negf”r%i 6’%9%nﬁqrfaﬁbe%eéﬁﬁ?en%lﬁ%edun%@etp&i nfyr t3g and
[ 0123] The aeihoddpeapofetnisSoa geneeabbzadd.on of an earlier approach
in which the same mi xture at several strengths was adm ni stered. The
data was treated at differing strengths separately and then were
conbi ned i no¥4d]l ow up psogessing. rdrntineat kngerachosidsrength caseras:
a separate_dose, the process was si Iif%ed. ggerz IS a positive
effect on the accuraég "sOhe cases./ FOIYNTBEsiVEelca WO PRhgArTOT
cont ri but i oreifr gattinét dosewgfh lthecadizecvaponesd., tthechmodelseconsi deledh
includ agghﬁgongj psgpgo- camaynd %%EBO”%%E§Ca§Q§ fg@gti n,of fhese
is to al |l ow consi deration of synérfgi stic interactions between
conponent sintE¥dChepn ot df bestamrapnicsrierbdoises of tdddifvildmahonlinear
pseudo- compoindsnal 8i £PNShEHE & 23 of e Pr-QdUst 5,06t he, doses saf two
15 ot her conpounds. To prevent such pseudo-conpounds frominterfering
with the parent conpounds, they are constructed using an orthogonal
pol ynom al fpidatie thede i frd@shEed, chh&hemn onder RsguUdes CoppEUNAS, MY, he
be constructed from anot her pseudo-conpound. 20 &0125]A second type
of pselto-TIMPIARTET sOnelBesEPYLEHRa%0r KIRGHRT algd ntnbérgret to the
::orrpﬁynds am'nteh@:atar equi kb Pgem.mus.gaﬁ@gnyﬁzpfgfm- r@%ﬁf@&@ dﬁﬁra-dtne
n this case ster_analysis techniques identify several conpounds
W th s 1S AP SR B ESE TR 140 b ot SOt ha A i SRR D beZaqBr afiere

areas wer elsseen mahécestdiei sddgeir esponseccurves hoetesiddyerentry as many
conponent s__ar. e simlar. The simlar patterns of dosing_are .
nearly co-Ti Zoas\ré,lgg? eéﬁr?i)rseelgg%rgﬁei %nesﬁtc rgesskbe At rog“&ﬁ??l% (1.e.
!argefﬁhnﬁéﬁ@eet dosesradpongétipairs dayaacen) at Bbye satbwechetyt hehe PCA
| ndt vi duala 30 SUTRORENL 2. P ACI AL IR IELDEY 5, O I NES G GLUSIET Pinoay
with either a synthetic or representative nmenber, a p eudo npouncf3

r epr esent iGfgreRdieN usPberndts eovrsi dererb.fect tdmrechaster holoued pheve do

to be iWDQKE%EEfyiEhQBXQPeaﬂ§C§§§§rXeiﬁspbkékns@QQ%}&QHQLXH while the
dose-response pairs to properly resolve the contributions of 35
i ndi vi dual®tSrbRfEhod suggests XigXip; 15 an interactive term. If different

25 statistical methods produce divergent results, then 1in the
absence of empirical evidence against either result, both results

should be kept.

[0G145] In conclusion, it c¢an be seen from the above example
30 that it 1is possible to identify the active components using
statistical tools and PCA. One can also create an activity model
using multi-linear regression. Optimized drug response can be
found with a given activity of the compounds. The minimum number

of measurements required for a unique solution with N components



35 [0126] The creation of the pseudo-conpounds results in a purely

| i near system were di scussed. The vector of responses, R and dose
matrix, D, lead to the sinple matrix equation R = D S, where the
unknown vector S is a sensitivity to4each conpound. 5 The
dose-sensitivity products, or activities, resulting from each
conpound (and pseudo- conpound) add to produce the observed response.
Note that the sensitivity, especially of pseudo-conpounds, may be
either positive ol fefdti ve. 10[0127] The essential ‘problemis one of
sol vi ng anouasier - dehes M nacht8ySbemmed JtrgRBEE Al gant BeSréSud@l by subset
possi bl e, however here it is achieved by assum ng that many of the

t er s aresﬁg‘aﬁjﬁnbl e. Treating these values as zeros, the problemis
sinplibied to an over-determ ned system This reduced systemis 15

t hen solv boqgt st Lappi n esti.mates _of the.uncerfainties in th
sol ution ﬁg§/4ﬁg ob?ﬁi ng I&PTh% | e ™6 n%?“épeoséxﬁgrét et i n-tthe compounds
r esponses eghat@aimnsr edllBst | endat aldlet Wegesuohetihaint hehsysiemralst chee.
reduced t int .at ich j.t.is.slgnifi | ver rm

bef ore an%g%%ﬁga%élgbl \tlj\?(lglgn érﬁaey ;Sel%g%?éé% ng%:.ﬂ;tsll l?heéﬁ%ﬁ%%d%?g% ewo
resul ts i aAnaredisingm dBRveqbaenoagotaiad iitoriiheis| irghetyve concentration
over - dgt epgLNRsh HAeN POLFS ﬁr%@[“tl&é‘ EJiQoQ%? 48309104 AT OR 1 dered.
uncertainties in the result. Thus the nunber of data points avail able
must be sPYRPFITIA Atargey ERRGTORe A7EABT oF HMGFOVIN® teTpenents x
sol ved. Uaf@r¢ unabelyngtdy:s nunber is not known 25 at the outset.
[0128] As t he nlgnber_gf d8se-res onse pairs increases, the effect of
noi se in the redEdnse¥§V48¢Pdated. Mat hematical ly, “tMis is

equi val entjot g aver ageng thdupber t&fm repeat bds hdTRISUE GBS action of
obt ai nj ng more accurate value. In the sinul ated data sets, the
Str ongest LAR it | LA CBbRs| STBREI yF Mnd ACET Pty Mot A7 had contains
However, aoypetanals assocl at.edthd tdomlikapge cemponestisteonttan patesity
t he rest %ntthieond%ta as nt@g: gi%g er@encetg\/j || be assigned to other,

| ower activitly con‘ﬁ%nenefs WAGr TS 3B°%iror represents a nmuch | arger
proportional caatiybotiross-036°[ 0129] The first stepii7’s to calcul ate
(l'i near) | ati ons_bet ween t he, observed responses and doses.
Conponent $00Th wekot of o) “RET r 4t ab T HS PLYt AKeH Co B Thactyeome
I n practieerionesi mahated: datagtivhtg assumptimined Swirar i fdsedct Sto oagto
correl ati 88§a§n_tend to be fromboth strongly active conponents and a
f ew weakl y= "0r 'non-active conponents. Once a small nunber of the
syst em conponeaidsrifigye_been identifjed as relevant, by their strong
correl ati on witTh zhe 78spdnsdd ¢id S nplified systemi®h only those
conponent s t hen be sol ved. The over-determ ned 10 systens do not
have true!@b1Uh i on&CPHEWETELY t hRe B4Rt Hat™ 0Bt inal 137 So1vés e ¥
system whol®7.mmie 2tagikhes| N 1S strRE2q dif fregeneer(.l east - squar es

sol ut% n), may be obtained. [0130] To estimate result uncertainty, a
boot strappi ng 15 process is used. One hundred thousand dose-response
sets are ¢obStlr uct €de byase! egbiaghpaians Hew drdp liepl acerentombiinemdrheot
observed Pr. . .Each constructed set is then solved nd the.
statisti cggﬁf' olm%%ﬁgl%?ts r%luﬁu f%llﬁ rc?fqutlﬁ%sae msuc%ltﬁfm?%rﬁesnsalfjga haennaltygﬁgh as
estimates for the solution of the observed pair set. 20 The resulting
sol ution hen t.ed f t ohs d. ohtain

resi dual . WC%II?%]UI at ?ﬁg%@?l{eglclét idaongsh(}%a?%gt 1 %égr@eéigg%%rtaﬁégpr g'\g/eg?ven
addi t PonaFigbnpgerer’s akemesisgnefi dane acrevieies Aot Sobveddredipnts
the reducggrayShem nOt Bal- [AMPRESH (%%V%'fﬂi_hatn'aesE@Q%l?Y%E%OW
may have been found to 25 have only weak aCtI\_/It%/. The set o
conponent 8¢ HAsddBaL§ rPFEer &8 RAEE §78¢ ethiPay 1Bkt dtinds 6é8e afdea ) new
solution obtained. By repeating, a final set of sensitivities that
descri bes the data nay be obtai ned. 30 APPROACH #2: Pri nci pal



39 [0134] Now sone general comrents about subset selection in the
regression analysis are made. The choice of a nodel for a given set
of data with many variables nmay pose a chall enge. Wen there are nmany
predictors (with many possible interagiions), it can be 5 difficult
to find a good nodel. The question arises which main effects should
be included; and an associ ated questg:@mpiks dhich interactions to

incI ude. Mddel selection trles to SI Ilfy thls task Thi s |s an
"unsol ved" pro - 2 Cgpe
obtain the "Mﬂ%%&ﬁgﬂ%*@ﬁ*mw@nmﬁmdwmw
sel ection. To inplenent this2CGfelutazRed, IMELIYRE 1y criterion or
benchmark to conpare two nodels, and a search strategy. Wth a

i (T Ited nundmgaaéof pAeﬁIdelcé oS asitkdi sepossithlon ta a:e%r cﬁdggahl l@o@ibbéleteéi
nodel s. 15 5Pos e criteria are w, exam n IS not .a goo
criterion, %1511 L s i het ed4B8 T nO I‘Qrocﬂﬁcog‘P%ltjéWd h8pceoLsm” and
erroneouslgbssu@gesns wihat @n opddunsm rmuigt woul drbef ofitaa n@ﬂsth’y[c and

t aki ng the, e ted IS bett

penal i zes b&g‘%’ggﬁglg&g (1'63 ﬁ %t%gb(ﬁ nfalr%& f6r CO eét]I\Veish mlc)micémelss
nost | ylUseandisi.aCstoppiomgMpuK ecellrl slterelpwrsae oregnesgiigal tissw.simlar
to Akaike's information criterion, and depends | ess on the nunber of
effects on@gugdel than B2, Lf éﬁt% . ned A 254b

regressors out of the tot a1y set“of reér es%%;rglK aag %?Eeﬁjl\?al Jui\Fe A
+2P(9) S2 wixtwier @5/ 1qorpongyts sis hénewasieds uthtf aFdquaiesa¥ ogagtrgic and

nmodel , Yipid&skhRat t hhpredi ctefd valuga0f Yool Rf ot hEOLP I’&%@§§_Q§S rthe
S2 is the residual mean square after regressmn on the co ete set

of regresstrsighdt NIEStERe SRl BMGsFdNahkalkées thf éiﬁﬁﬁﬂw in the

Criterion (AlkGx m@@@hmglz@cc@o@lare ahso xgeasi der ed. abpesrabah 130 4
strategy is the " gst subset" search, which involves searching all
possi bl e MFSPESaRl tiki TGP AEE D inEh At te SOTRAP TR 2 ot RE NG f Bt
C. A stepwisieigsearchpff @amarsdnibackvarichar deeth)ibédviol wembhe 1, (with
choosing of, an initi nodel _and, tak| t he bi S u (up or
within th(ca)t eS8t %dc%rliotne(rglg%% i qggﬁ%nli’%t(%g;ﬁadﬁ!:f?@ﬁ%oﬁ’%’faen s
Package® i nigl bﬂst@staoﬂﬁefstanslubsetﬂhesea:ra@hlmhycéf used vadpasstethpBRentGp o
BIC and d st S th_the branch- un rlth
and a ste%ﬁﬁsg)ég%gr CPLHXLBVI\%%% gg\gr ké\%b t%nrﬁsi m%n Ttath(;ir %ﬁ %t%QP
| nf or mat i cecChpeetiiom Al Ciners qwaeherﬁls taongd l@ HaenPoSsedi | ities
[0136] Mul ti pl e Linear Regression may not be enough.Using _
opt i ni Zat'ﬂﬁs‘s? getM&a@J@EE% é}tfdﬂé&tﬁygftfma MBY A f &S (prioReg8Ldd NG,y
u

a non-concave nction after interpol ation. A concave 10 function may

be needed Y FWiRd FREAPRMSHRICT dsidiide WEEIEGS Riin LAteftinafix- LlorpQére

(10) - Q. Qi101ZELMBET enot | S1aRcHBRL OB T BRI £SEM AL | A REwhhankNgredi AL,
corrpounds Xr is its transpose, A the activity, iS an_optim zation

par amet er ,1%2fd dPEIH'Y et 0:1‘l of 44%0éar2E887 13 ci ¥t - 15 Gipsepesides are

activity fumaehi osra:tlhd@Wdomparu@rttsbeoﬂeeade@uymew@ b0 uUses@eneratizaithy
| i near reqressi on or istic re ressi on. Subset Selection: Results

[ 0138] Sel @ﬂjgﬁvarl%brfseeg Corrpo’ﬁ%‘h 3PREhosertdET36°%, x,9TB8R"I«| xn,StC
xnx0. 3The Msuésthggmdelthese components Anhzval *iegds -Ip}&n:mélcdrlogical

al3x13+/ 3 x1 ' Xj.0x" 0139 itted nodel is A =
0.16 + 0. %% 0 ogh?lfglé’cié ixEE‘Er uxPOx 1ER 19 re\ﬁi’ fe e the
final ter mlwepﬁe@@fnt 8y syneegtsmlanhhddm'lséccmdymesl ast active. These

aglycones have a much better bicavailability than the

corresponding ginsenosides. The rate of metabolism of individual
35 components and pectential interactions among them by intestinal

flora will be quantified using the approach described in Example

1.

[0156] Permeability: Caco-2, MDCK cells, rat intestine and



25 termrepresentsinhibition. Thelinearregression an adjusted R2 of
0.9. results give Finding Maxi mal Response

[ 0140] Apossi bl ynon-concavei nt er pol ated functi on was 30 consi dered:

A =ao -FE Dv,(13) 1.11.1 j=1 [0141] Gtobal optim zation was used to
find the maxi mal response over the range of all possible (or

i nterestipgyrgoneentcoahbONs: emdloyed ik | Fle XneasiodneEd bF1 dXte@riVNal
[0142] All other variables were fixed except for two and 5 anal yzed
the graph§oFe¥he Féspoiey * [(61431F¥F56r G6F £ o UBIRY APARL vifiRdpyed for
conponent shentet atdtisingritl itt@antoeymé2An00iCk togr ipRRknt sl | Tederd wakuesgh
were conpared for their activities with the observed opes. If the
observed Vil 02s"40 %i%PPer Y lmf(?ﬁ ps %/%t,mﬁtheprrﬁﬁéaFB%tﬁfee pPEsERTE
of inteéraectronsradkifinnst orderpopert MDAt ¢l st euttherédldichnainl iiReabuse
function i.ng. l.inear fficients a oxi nation_was .used.

[ 0144] The f 88pSiea 1 BRCETOR PRCIISC 1S Basd Shrtheci5 Bprrnr zAPr8Rebr
the nonli reat ¢$wiictreonafd 2)ot migenesaltabdet her saimeivdaapseteadd 1ity of
befor?'.'thé%@Sﬂk&%) @ét& q.%Q%Eaéﬂg 0 %g &Qfaﬁﬁﬁkelagkﬁgkience.tells
coefficient of 0.9. Note that as sfated béfore, théere I's no magic
statisticaP nBtidtodtss iintegrakdesEar fhese t myreasrawin,sasiposyithl elams
sel ect ot hguong,{hat 9i ¥akph e hesioOoubeo® hae r20 tHINShinarion of
correlation with the data set). Here, obviously, the PCA and the

opti m zat PBRYGH tHESFHPRR IWOFRRICsi AG Aal PPl @ 9drn@aptieyriddsi Badlbo
not give aiperkecipAdbesi®ntsr howeyel bhevdo dedentidy the xk2eapdna:
Xi xis terns. PCA sug ests x13x15 while the other nethod suggests

x10x12 i s aRti5ft eM8¢ti va*ter oot SFTFEraRtY 2553t attPe¥i caPSThethols of
produce dbvetigariic r esal trstukbBen dubsthacebsemuenofeenpilr | catomvi.dencen
again either result, both results, should be kept. [0145]]n,
concl Eél ofS F1%an b se h"?‘f%%#ﬁil%ovssa%é&% 3°tiat  Fig s model
possi bl e toriegnthidtywshe vacthi veacomporent andshugarat athson calootseotsion
and PCA. al reate an_activit del wusin | ti-1inear
regr essi o%g(%%brﬁ’z:%%’ugﬁrlggpgﬁs%héhng%gmf'oungsw htrg;esﬁi \5“5%1?085 and
activity ohet herrpompgbundsscifiiedm annuaxaiiser lof measupemerodlity of
8 3?3'( ' g;ﬂ § 04: & 3k AURn3Bhatd LN tih N COMANRAL $, 436 Tetrbaditity of
20

other components in a mixture could be measured.

[0157] Intestinal microsomes: Components that are permeable
are selected for incubation with intestinal microsomes., These
components could be decomposition products in the

25 gastrointestinal lumen, metabolites formed from intestinal flora,
or intestinal enzymes. The reason for this is the fact that
components that are not absorkable have no access to these

enzymes (Figure 13).

30 [0158] The rate of metabolism of individual components in a
mixture can be estimated using the approach outlined in Example
1. Interacting components can also be identified. The rate of
metabolism, enzyme inducticn or inhibition could be measured and
scaled using a pharmacokinetic model similar to that of Figure 1.

35 [0159] Data generated from this series of studies will provide
all the parameters for describing the stability, metabeclism and

rate of absorptiorn in the aqut after oral administration of a



[ 0146] Hence a nunber of neasurenents can be reduced by subset
selection. 5 [0147] To find an opti num conposition of the conpound,
equations(13) and (14) were used in the general case. Specifically,
for the sinplest possible exanple whese two ingredients have been

i solated but their relative concentration 10 has not been optim zed
yet, the f@l$Qung gxame vas:songdered. 1Supposefhe1a¢ti Vi brential
function depends on these two conponénts x and y according to:

AaNi t y=03x¥ORFFO3AJTA6)CT0148FNhere tHHenF 451 erfh dEBRr | Hesprphéon and
syner gi st ige@agddi@Bmofedh .t he two ingredients. Since the entire

m xture only contains conponents x and y, the condition: x+y=1

exists. The activity function was then transforned into:
Activity=0.4+0. 6x-0. 7x2(17) [0149] suxdambhratsthis is effectively a

function of, only one 20.vari abl n ly_x. Activity was m ni m zed
with resp eQ@ne;—:Q/g(e ?-lgpgg%cd %taggii?? fp:r;%\aygor LT %«Lix)éé_%mtma?t In The

elen A gtic Mogdl AN
[ 0150] Consequently the optim z Hoh—+s—x=0.43 and y =0.57.
Thi s exanp i illyustrated in Figure 10Q. 25 [0151] The sane, approach
can be apphﬁ%%ﬁto aPtcoh ?ﬁ%ﬁﬁ%ﬂf%ﬁ%nw&ﬁyrﬁﬁﬁP d?é%?%?ﬁﬁﬁ?\ﬁhﬁF B%%ﬁ??%?c
a nul tic disdaresi gradraiedl ysesng [ @r52ptesdrvgulr ehddara thepeesditeenspomalde
illustrati IS gL¥gn.3Q W th I s, of e end e, for
two ingre |eﬁf§ g%ggc%eﬁﬁlfhehggéfg figéggghgelft%ggﬁbﬁggﬁaﬁagggcﬁgver
panel ) andvhowsthes r éseuard EBfeege P¥0bachrldddex( e ad.ght2Mand site
panel). .43 L& 4 W88g1 Mgk bOyJachnisques, 7o GraeLat e Jgkarti ¢
Data In The  Gas rointegtin%l f%%kt For The ot é BRBRE: © or
Phar macoki $RFFCEEPRarHECodyhafi'd RBletc@tefedior niFRigygeel4) - 5 [ 0153] A
nore defail ed description of the nodel is presented in Figure 12. The
ki netics of deconposition, netabolismand absorption will be neasured
using: a. Bt ci PP GastTTECRRAYET nt @4 i nEtedtui dBtapolikgest YiHgh  are
flora, c. dutcestinalofi eiOSOMMSih0 and JrudBin- 2 e MGGeehhces will
menbrane or intestinal tjssue. ,0154,Stabilht¥ in artificial gastric
and i nt estihal“PGREE K% xt(Fe oFt8H ent's F &S PHtubat’™d§ wiPPRorPable
artificialcgastencs andel ntestdaall | ot@e. Ahst anatarld peasethitentf 06f  the
pr eparjng rtificia stric_and intestinal juice is described
in thékﬁnf%%%ré?% ég%ﬁﬁa? %%%%%ﬁ%%t%ﬁ%l§phetics of degradation is a
measure of the stability of individual conmponents in the m xture.
Usi ng the gppkeach gidn t hat. de i hed 4 | e i h
nodificati%ﬁ tﬁat rﬁ%s H%%f%%gdng?c ggggdggigkgg t%ngbﬁg%%nggn%%eﬁn%o
equat i ons ¥24Hdt®) theheasealsi] inafabpliadi ¢if dval coumpenentiss andmizture.
potenti al ifkeRACLEONSidd RS MBorRbnBt4€1d Qs 8LADI LN i0hship, the rate
deconposition by other conponents could b fied

e identified.
[ 0155]4vet &Fol1SPRy - Pt &%t P2t fhofhe BLardlaPl Fféeebur e®afar coblected

st udyi ng nebabotissn ofstherbal «Aixt uses b)@ehﬂi@stddﬂ@bnéb@&@%ﬁe%l lang
establishedmgHase awa et al ., 1996; Hasegawa and Uchi yama, 1998;
Hasegawa &t"BPRENSTEGAPRESEdNES 268497 -G nsenosi des are known active
conponents of various types of ginseng including Panax gi nseng,

r ot ogi nse rican ginseng, etc. 30 Interestingly, these )
conponentg%ﬁgégeli%%?&gbﬁaﬁﬂ%@6?8§?céFﬂhc Fvi??**%@eﬁgl?%Hﬁ%SPUbllSh@j
produced bytstep- w.se ¢emVval fod;halghycasi desaby, | pb@st.i nalhese data
bacterial enzynes are active. These | ycones _have a .nmuch better .
bi oavai [ abil i1y % et CRE 86T eSRBRING g HEBRESH Hieofne Patigcgpynanic
met abol i smedeli fwh dirddale 3xrcionpodoment s and potential interactions
anong them by intestinal flora will be quantified using the approach
described in Exanple 1. [0156] Perneability: Caco-2, MDCK cells, rat

i ntestine and EXAMPLE 6

35 Estimation of Plasma Protein BRinding And Volume of bDistribution

[0164] All of the absorbable components and metabolites are

expected to be present in the circulatory system. In theory, the



44 PAMPA are comonly enpl oyed for the neasurenent of intestina
perneability. Caco-2 cell layers are a common nodel enployed for the
estimation of the perneability of potential |eads, although it is not
a good nodel for predicting chem cal g6that are absorbed 5 via

paracel lular transport. MDXCK cells cultured with an in-house

propri et ahymhdOC eSS Q'b%bﬁ@m% MCRPELILr RSkl Mt Rfy HAWeVeEerCebl 4y
cultures are not often suitable for studying perneability of dosage

forns, naftfalSxefriaet svidrl P@rﬁﬁl%ﬁq%ﬁ1§n BX %ﬁ|Q§1€@9PeFT Js- 9P RAt thHe

integritycpht tdres@ephepaEAtdoRSsbshdle abvayss 10 wuatant eedy BAMPA:se
has not been used for the evaluation of natural substance absorption.
It is not “CFRAEWietHE PREEM0dE! FFFFETE YapPtitabl 946 that udd 1t
pr oducs resem Che Ratridtesttoamebbssileshéavacbeestdised eXh@i@IM&hU‘te
to study abso t|on of syn% etic and nat raI substaneﬁ) %FMan et n
2006) . I n E%m% é‘FSl tHE bi oAVHY abt P %??%t ed°UST Y PRP s Hh‘i’olelt ¢
correspondsaxmddmmmmtu¢§uﬁndﬁphaﬁmacamﬂuhuman$f(Gmeomuxiﬁeé Chbedavand
Bar ve, 000 Usj| t hese netho .
approach escrl%edaﬁ%ﬂ%&a % : éaq <xﬂ%5ﬁ§a ty "6 ﬁe ]jﬁg Fpatysis
conponent 8idhdbda hrdile &bf detsctonbehe pénh@&ﬂnﬁhemy eertbaﬂdmerto foliow
conpongnt X 0 a 0157] I ntestina
nlcroggneghé%bﬁ%%keﬁ#%ﬁgﬁagkg?gﬁ%EEHEH%ﬁgﬁg%e sel ected for incubation
with intestinal mcrosones. These

conponent $gpgidbedegonpasi t Leapyeduct s nthe 22 gﬁﬁattreq,h“tﬁi*ﬁdﬁ%' of a
| unen, netabolites forned fromintestinal flora, or intestinal
enzynes. THEPYERSoRTf Gt T%ﬁ??rﬁslﬁhémﬁééfe@haleﬁnﬁRﬂﬂ%nﬂéaﬁﬁat HPenofbt

absor babl gubaves Reuaceessad @:kheses enzy wBsndFigWie1433a 30 83884 The
rate of netabollsn1of i ndi_vi dual _ conponents in a m xture can

be
est i mht ed"HFHY Pﬁecﬁﬁb‘r%&éhlauﬂ?sﬁ‘@d i A BB 10T nterddetage of 2
conponent so@sheakSanbelbdents f sedm The raheeofisnetabeht SN @RzyHEtion
|nduct|on or inhibition cou meas red and ;scal ed us
bhar nacoKPREHTE FOTRPSETTR 5yt Bt FLELUA Lo G Bo1 -85 TS FEhinee
gener at edifir Brardlies 1ser ide ohlgt dif &sceanickl ipr ouadetias | bire ngakanet sirs
for describing ¢ it e of absorption in
t he gut a ?éggbrg? §%§95%3t¥% &%ﬁ%@?kéf@%ﬁ%@aE?Ere (paraneters for
Figure$ 1, 12 and 13).Potential interactions can also be identified
at “the abggrgyj on and. metabol ismyevel., SEXAMPLE 5. Genenate, Hepati o,
thabollsn1Data For The Liver Conpartment I n The Pharnacokinetic
Model [ 03807 iMech&soBebhe hoPsisn ofed@ntit¢ evtatdiee -t hatenéebbdofdt B0

data genepaied; MStRg QBYQPV eserved hupen Hepatocytes ipsovide batd efne
predi ction of hepatic clearance in human than human |iver m crosones

(Lam and BRFRE1ECO5H00 1 Mahprrasodnagic mogph) inTHé Cad/AvCade BrL HEF My
hepatogytesai 2. thaizumerrbj_tanelymla:lges.o@f cemrrpmﬂe@t:ediéﬁéa thelrcgel blase
accounted for (F %ﬁ e 14). g 016%¥Cq%¥ onents and the

met abol i t BEOWHNc FRFE"aneR? baad f F offP it ?ﬁe ??n%@§F@e§Fﬁdléab#He§3ﬁ
subst ancesiwddajah, ﬂaxmoncaghnaxeﬂuhr@arahéﬁéﬂ|daalbﬁlﬁﬁ@ﬁﬁﬁﬁslnﬁhethe
absorbablehconpergtg a e co e%}ed fron1 ge basal conpartnment of the
20 appar af s SFCSF A BEr RBAbTT Y 8PuG 4% 162] The approach descri bed
in Exanple 1 may be used to eval uate the rate of nmetabolismof a
conmpo in a mxture. Instead of hMpdsthe concentration-effect
reIatlonshlp, the rate 25 of netabo Ismis used in the place of

ef fect. Diradtef EJTH lJdEwsrefiidn gif sGompaments And Their
conponent - conponent and conponent EEH%EE&IE% i nteractions.

[0163] Hepatic cl earance can be predicted using published 30 nethods
(Lau et al9167002; THal FRtaxcét zamal 2H05%tThHesel dapapw¢ltspeand their
i NCOT POT A&k Nt e’ hearphaé Eﬁ%‘dﬁb@@&' géiRpar meadypam gedmAe! (5-96h tman

profile predlctlon 35Esti mati on of Pl asnma Proteln Bi ndi ng
et al, 20063) Agaln, potential interactions among components

can be predicted using the approach described in Example 1. The



20 [0166] Free fraction of conponents in the plasma will be obtained
fromthese types of in vitro studies. The data can be used in two
ways: 1. the free fraction is inserted into the

phar macoki net i ¢/ phar mracodynam ¢ nodel 4t n the bl ood conpartnent; 25
and 2. Volune of distribution can be predicted using plasma protein

bi ndi ng angnhipg R realues of; h%h@°”@%ﬁt§a££&p—%flfe@9d SAVALhalip  is
2003). Again, this paranmeter can be inserted into the

phar macoki ARt aedpHaF hredBdsHaRT cl Modere SUEXAMPEE 7 Prediction of The
Rate of Renal Excretion of Conmponents And Their Metabolites [0167] The
rate of renal excretion of conponents and their 35 netabolites can be
predicted using a published method (G™BHErAN et al ., 2006a). Again,
potentiml interactkonst ATPAYs CEAHIABENL$ MrabehPiRdickiagt: USiakg t he
approach desmari@dodyndmian@odell Tol DescAibeOThy Coddedit@BECon SaridN@ffect
concentr at i imecCbeese rel Tompirsdritz I8 A anl-ated REidr ORaleXatiaiis@Pat Bdre
constants. EXAMPLE 8 5Use of A Physiol ogically Based Pharnmacokinetic
And Phar nat:@)w,&‘]am cTiModel physbescgidea 1The (Baeeentrpmimo@mdn&icect and

Ti me ents_1n AMxtur O al Ad |str i on
[0168]6%1 %’hym c%ggg]i?%a asedplhar fecoKi ne?}’caﬁariﬁe par Mt odyhafce *
nodel is graphiZedbly 'fleq:)r;@stemtee@rs rEcEi gbiesndde lamdnlBe 1<5ene'ﬁateed by the
par anet er s, hig epat.ed by t e i
e o 2o pePe IR B Ry PATeTbha. ol coREfed il
predi ct ed iisygctherdatan | beappeoprict enphur nbivol dgical AHdelpPsyri sate

chosen foroumRasehbi Hg SUChosa 1 s 1§SCQ:IEBQQ§ntfo§'Ctﬁ1%A§drq% g@SsdhOSBu1i—
outlined in exanple 1, the conposite response ese conponents can

be destti bRRIPOPANE hi BCERENBEE, Ehe EISGr etoluééFn%fépe“de eFpmphe L, the

phar macoki fetdcgh phar dBeRE¥NBR ehdRdRlnpEh@W e chh 8beqdescrdned. 120 nis
[ 0169] The Segr{lrjent al Dissolution, Transit and Absorption (SDTA) nodel

accounts fBFPHE” di ssol Ut on andPEPERISIELf | ow | ASRERE st omachE the
duodenum yrejrtadekisetd d/brfmadidiyhBe: abseiept (PNl tlheaﬂél(ﬂ@&lﬂﬂbed.
jejunum and ileum The gastrointestinal tract is divided into three
conpartnents: Stomach, small intestine, and 25 colon. The human smal |
i nt estdne pHSMe deBoy | bﬁ@nﬂaytsevems;amﬂmnpartmﬁat where abdotgtion

transfers b-c nt th xt onel aflr or der

fashi on (YISng?) a{ggd%fé)cgmﬁ %ﬂ& g?gc m&eéngh ﬁﬁto?vlaﬁg N the
assunpt i ongzcmEchst duedrtumabsiernphion Jlrlrobmlehm snonadle isdspnstgm fJII’C&:ﬂIe
compar ec itdichhal - 3LhO [ MBS TR bud N GBI NG, ARG LDE: BeoONd LS: s
that a drug noving t roug “the smalT intesting can be considered as a
process ofiHEAHNng EAr Glighea corpregNait ssedifonash . eavhl dedoktbadiehy and

si ngl e@ssub:peppartBeptmi t dhdiiineak oLt anst &ln kﬁ@e&és%%lké@%gnge%& sub-
next, and all conpartnments may have different volunes and Tl ow rates,

35 but t hEERABLPRR TeiO8TE| AeSTuT 4B FELETE] SEPT bORS OPHL\WOMRP AE BT to

particle sireengk@UPne ald Pafitriselesadr erddneoganey sizes3nd dblael r rsd zehTa
w | not chanﬁe as dissol ution or $I’€CI pitation occurs. |nstead,

di ssol uti 6¥%&rd pPetiHT atin SELLPEY CHRngRAG THe FsibeF 165,  that
particl es.avEbepef@rt efrdorcia %leﬁcﬁeglfsad@bh@nﬂﬂl&@nﬁo%ﬁdphﬂecﬁrkuth that
i mredi %tenfrel ease dos e forrgﬁthe di ssgll ution, abSOI’BtI on,

transit gstanS tég??% nedy ZOF &R BECQRDI F eBhAS ?oPFB%movmg
[ 0171] St ormaichudiAdechdO sdail(igyesuir@l cM BT c2)defc@E 7 2)sSral brocess of

hna?sgtnef?fﬁi ?Bﬁ%&ﬂ%ﬁ% on Fiéfh?g(gggme%%g, eag%¥gé%égi a—L§'éA%£ngze

sub-compartment with linear transfer kinetics from one to next,

and all compartments may have different velumes and flow rates,

35 but the same residence times.

[0170] In the equations that follow, the subscript i refers to

the particle size groups that make up the overall particle size-



d AIl  dr K 1141-1(cML+1C4AM -Ka' 1141(24) 20 [0174]where t is tine,
Ai: MM are the anounts of solid drug in stomach, nth segnent of
smal | intestine, and colon respectively. K' Kt, K' and Ka are the
rate constants of gastric enptying, s#all intestine transit, colon
transit, and intrinsic absorption, respectively. In Eq. (3,4), when
n=1, the tREm 6&%&%&%&6%@&% %yK§t{§tl&pel7§]z£h%retr§r ahly r@g&etes
drug absorption can be cal cul at ed by: 2P di

Rooko (25Pre4§hF0i?@ﬁvW%ﬁ%3QH9|P§eaﬁoﬁh%eoWlEHuUma5§éﬁﬁ%daatdt$ﬁﬁﬂFlon

Peff is the effkeehive per makicki ty:n@teaont esidRahc MBbEARe ptOcifi®ation
drug, Ris radius of small intestine, =EWhL, n=1, 2,Peif(color) is

ef f ecti ve 9FErhRabY | 9 6t h’éheco’i“&iﬂ)eﬁerfbfr R L5 BRe driiGraRer Reofdn &
lsI t hle SCoIcriu@g -teghdiso1ther-hgagbsen of dasamabgmmda@m%stepsmsa@e form,
cal cul ate y Fa R mL+21m Li e

[ 0177] Equt’’ oﬁ%sﬁ%MhtrtﬁnzesaEaﬁré:tem&se%“Fo%%‘HJrﬁatjé’ tHheé F@S#%\E%ﬁ%ﬁmal
dose absorhedt ackh ttkedemt« cof adr figh i@lsor pti on which in turn can be
related to conventional conpartnental pharnmacokinetic nodels.

[0178] The absorption can be |imted by dissolution rate and 15
perneati ol0idte, wiepwaperneation rate refers to the flux of drug
across the |gte§t|nal menbrane. The supply rate of dissolution and

t he uptake rafé. of e determ ne the concen tion of drug in
€ trggt Howewer , Eﬁﬂg cg%égatratron in G tract |g§glso limted by
the solubility of drug. Wen the supply rate is far 20 nore than the
upt ake rate, Eﬁé éﬁﬂ&r; a&?tratron in the gastroiggestinal fluid
approaches itgr sol “i Mat hemat i cal |y, the di ssolution rate
i s expressed by: Ratedissoludon 3DW dhrsV(27) [0179] Where D is
diffusion coefficient, h is diffusion layer 25 thickness, dis
density ofl0332] d dfi¥gl: Gtestine sol ubility, and V is the vol ume.
Thus, poor dISS tlon can be caused either by particle size (r) or
solubrlrty LEs jgﬁﬂggesn%me tramsport, dissol utipn,
and 30 absorptrdﬁ of conpoun tfirough the human intestine and
conputes flux ipwgthe portal vein, the total fraction absorbed and
(i f bedy phar macgki me i t@aﬁédduédgddde daiMabl &yl Re - (22)
concentration-tinme curve in the plasma. Intestinal transport is
nodel | ed as serial conpartnents, which has been shown to reproduce

t he snallgo5®3jnte@5haal transit time distribution with sufficient

accuracy given the in vivo var|ab|I|ty (Lartigue et al., 1991).
Di ssol uti on dynamﬂcs _%ﬂﬁg |ated froman in vitr%B)
di ssol ution curvei: or S| ' i'ng the Noyes- Wit ney

equati on, accou I ng for the particle size, the solubility as
adj usted for ﬂgyMHegﬁgqgeksqq'Hg§qgibach equati on, and2oca
saturation. LocaFfabsorptron ratéis prbportronal to di ssol ved drug
concepbrafdon4] i . ewnthe apicalim@myyang i-syassupedche brodhe bat goiid
limting barrier to absorption, w th absorbed drug 10 sufficiently
rapi dly niiged wint hstw%dyn@onﬁagmﬁ@fnt ods tplrmi Ankestigienk and colon
condi {1 0NSeoANck {LEAPSPRLL 4.0 BE hi Nl PESEhY S Mo ddndrbhEA: 1aGLFE:
The absorption rate coéTfrcrent is determined by in vitro experi ment
usi ng CacBTRtHmMIVDEREde| FEEEPL 11 eStanFal -t ices0R, TafdTdm c|ld intrinsic
properti egb%rﬁﬂl@nswaéépé&tleétynetn ad a3 19 CameBChLON fRACtQEm KM° is
deternlned singl e _paraneter fit to a di'verse set of drugs. The
pri mafy pﬁ??i%ﬁ?qopytﬁﬁdcorrectron factor is to account for the
i ncreased surface area available for absorptron in vrvo as conpared
with the fé in vitro nonolayers, hut there is also
phenomenol! g'f%]al cOhPoRBRE o 1 Cdr rBEEi ﬁﬁsoﬁﬁtja@ e‘?ﬁrﬁet??ce?Fltﬁ‘flated
substantial: di fference between the correction required for MDCK and
Caco- 2 nonol ayers. Absorbed flux_enters the central body conpartnent
dM, 2Py 2Pey,

= M t—— M, (25)
dt R ! Rcor'an !




51 hours for the entire @ tract. Thus, fluid notion in the gut |unen
may be assuned to be highly Iamnar and poorly mxed in the radial
direction. The properties of a cylindrical |amnar flow nodel with
wal | absorption have been studied in #he context of 5 heat exchangers
and have al so been applied to intestinal absorption (Am don et al

1980 and Etpind), 194@re The:iprbRGiRalsprebbemyhided hics capproach.45 s
that the precise details of fluid flow and dru transport are

unl i kel y tBh“'beefrf@FFéE?lP/%“‘Eﬁabtlﬁétbh%lm“@ﬁﬂiéaﬁ sTetERrenfogrverdtite R
variations;in shap stgltygrnature,of flLuid .
transport, %hgwrr%% o%g glPatlhe mdﬁR% ?1 %%d‘ s Oh" |\/[Jéll‘71 g?ﬁjicéll’“’ s
nodel s, su%flfealé’rl@@nmlélt@@bﬂéélt}alOﬁn%@ngob@upﬁ%@rwe htd origi todd neld Reoton
di sper sj on; 5 arg, | dsioraS Jehkeckhyer o g, torfara%s %@E)ﬁﬁé@réé;'%n be
and are easier to work with. The nost popul ar |, the
conpar t ment&tctaBs6f pt on and 15 transit nodel, |n fact includes

di spersion only inplicitly througﬂ)t he us of a small nunber of

| ongi tudi nal conpaetyrent/as (26)

[ 0183] Aone- di mensi’onal*a vectﬂfbcn dIIf‘fUSI onRudeIMor transport in the
gut would be as follows: aac 20c - = D2c - v a- + F (C)(28) atax2ax
[0184] Where x is the |ocation along the gut, C(x,t) is the substance
concent r at [Q)"ﬂ"]assﬁ@ﬁlt&ﬁﬁﬁ or4n a@ness4 h@agutb%r osdsecti mistiapty the

partici arsR66naRdsd | BBso¥ckiS ahhecyel pgid yondeg?-naﬁﬁgEE)ti&f Oyt he,
gut, Dis the dispersion constant, and F is 25 a function capturing

non- t r ansi tUTth&PACPRr Fatates §GcRoREeHESHRbt PO LTECABR} | Rlifrmepgkinetic
[ 0185] Di scigidizi.ng the advection termfor use in a finite difference
nodel , showed 30 ac c(x+8)-c(x) =ac +1 sa2co(s2) +(29) axSax 2 ax2

[ 0186] Whi ch shows that there is a diffusive conponent of the

di screti zerhigggat i ome (baﬂsloeﬂtﬂ@rﬁmd’:&rcabe di fhitsidomy Wiiseb1iSidsuaddey and
seen an_annoyance. artnen al absorpti.on and transit del
Cakes iR AGeL BT FiAE by OEE e SRRl PRESEB o PrISTE Tahe
of the undae:rrloysng;hsysmemstazm ardepmrs:tamag tthe divpeiet irzati on $1i12€og1tion
appropri at e SReY on ob rved in_vivo. 187 The
function E?"S’ tthg %?9%% aclboveocjjc'l |p§ g‘% fstgrgén uFE aos‘?gfe gf%t}] of
met abol i srﬁr%ndnot?lﬁeﬁr@criar é.‘h‘?tW@WﬁSIIUSe m@estn@ttm Jaxn@Imbsact is also
i mpor t ant ;I@fatt@a pPASHL Vo ARSONRY QF: drSig9l %RBn bYnE( G 0); 1
usi ng 7AP I% - %88 V\he(r)e Peflf ty| S thé: g? ect?ve gern% ]? a’]qtt% Ofar
the gl r &8s, t Gl ﬁéhies HP5EFT aceteo- vBRYIMEldSr r éeN¢OH-Hagépor in 'the

sel ect ed tg@s@h:bmé&rmhme sgrface %Fgaogéﬁéser enggs betmesnithe limit.
foliations 15 of the actual gut wall and the relatively flat” surface

of a cell YShEPayER L Y0189T Thesartgi e wetentd HyesseeatY vein J and
the fractl on absorbed Fa argpgg ut%g s 20A0= EKaCa(t) (32). A-44.-4d
= fJ(Qdt(33) O [WQ,}IMTWTD nspo t can be nodeled b r)epl aci ng
Peft with a
[0179] Where D 1s diffusion coefficient, h is diffusicn layer

25 thickness, d is density of solid drug, Cs is the solubility, and
V is the wvolume. Thus, poor dissolution can be caused either by

particle size (r) or solubility,.

[0180] This model simulates the transport, dissolution, and
30 absorption of compounds through the human intestine and computes
filux into the portal wein, the total fraction absorbed, and (if
body pharmacokinetic parameters are available) the concentration-
time curve in the plasma. Intestinal transport is modellied as

serial compartments, which has been shown to reproduce the small



25 concentration dependent perneability P (C " eff- KmC(34)
[0191] Where the maxinumrate of perneation Pm," and the effective
bi ndi ng constant Km may be estimated fromin vitro experinents and
are potentially region dependent. 305053 | ocal nodel that converts
parent to netabolite. Although this is possible to extend to any

nunber  of iH@éé%%Hélte§raﬁ§M% qgﬁ&ﬁ”@i§@¥kﬂut&§ni|dﬂﬁﬁtr%%?%ic@éﬁfﬁ)é%curacy
e

single netabolite. The transformation terns are of form

[0193] WheféV§® | B KiRmayite réfiidhidépendéemrE@iideeall céaponent®l’ -
(parent andspehiahehi tnahobl OWr-ag Skt Ak nt EARSRAEYE a@maksor phi oftro
dynam cs. 10 [0194]Di ssolution is nodeled simlarly by consideri ng
the transPoPHetYon™f r O the®5ol5q phd¥E8 the u&ilgéolt\y;‘éd BersgWhitney
Di ssol gt i @fuasidr, M ic@thudy: dhf Fusi eheofpariectdé Ssobyedspecoespamayy as
fromthe sgl,i d D r%i cle.. For.the_case of uniform spherical %arti cles

f
di ssol vi ng PRt anPhf iFAi t 85 M T (REGF FUSPORS B SusHEr o Fan B
sol ved i nlthel f cramuebcidie. Hixsan- Gueswedpl: iGaber Kaot ilsawpromsd ioAks o

=(36) [0195 er i e cube root .diss tion constant. Sin
Che T1ux CoBtrie Bebd b OfREE AR i o e 1A MRl yad Sagrec
mat eri al , ta bermhd artenpinitfimembdrssal viongbsotpidoref wihe floranbadsddug

cid _36 éffiéi%%):r@/;fépm[lgl%@i reiG the CBB&&”U&FEQ& t_.as . to
undi ssol ved particles, i's aftered only through transport and Td, the
di ssol uti Bairigis |sindefcionddt exnadp an@38Fapepeith {0 197 sidves @apsitherr

particle dhagefffoarP rbgihde GeNSLEYrOfi e aPAT Lo LARS i efS 1S ddW@rmined
solubility, Dis the diffusion constant, and h is the effective depth

of the un§¥i fPediF&yeP<PeFRMENT nBEAng L8602t 6T zZ¥PBX wheh s oF Ttesbjynal
lum nal sui§aee-t anyobmimR1r abd et Reand st hengashbl ¢ ek Nge f at@gare
all relati velg/ i ndependent of dr ug but de{Eend on the srgem es _under
consi der afPOFFIERBI " 3O 5 THBIE A" SPe dVes? SFERPHT ¢ PPAM At er §1°  [HGneh
Rat Dog Numbersef seonpar tampfss Tmiaal psimddy | ptigsideneot r ansi tedrirg®rion
Bffective gut radius Gasthlc ATPLYL NG MReq Wa8a d 510205, 2110002, !
absorption in vive as compared with the flat in vitro monclayers,
but there is also a phenomenclogical ccmponent to the correction,
20 as evidenced by substantial difference between the correction
recquired for MDCK and Caco-Z monolayers. Absorbed flux enters the
central body compartment for distribution and clearance using a
physiclogical model as described in Figure 1 (Brightman et al.,
2006a; Brightman et al., 2006Db).

25

10181] The primary purpcose of the virtual gut medel is to
transform local information about permeability garnered from in
vitro experiments into a prediction of the overall level and time
30 cocurse of drug absorpticen. The gut is essentially a somewhat
flexible tube with semipermeable walls. Food and water pass
through the gut while nutrients and fluids are absorbed into the

portal system.

35 [0182] The transit rate in the gut is slow, with an average

small intestine transit time around three hcurs, and arcund 24



1.75cm 15 mn al,1998 180 0.2 15 7 min cmmn 7 83 mn2 0.75 cm 15
mn [0199] The nunber of conpartnents is an indication of the 10

di spersion, and takes into account the degree of |ongitudinal m xing
during the transport of material alongst the small intestine. The
transit tine is the average anount of tine material spends in the
smal | integdine. ftheuggaswlcreermt YEAGL T MBdsS TN AMURLGRT bl MBe qut
required for half of the gastric contents 15 to enter the duodenum

t hrough t 'R B8R cP% ad SRMeRhFP PyddiohlE eHPIATNG I sPeRE Ve " apE abl &he

the dynam esiiefi gastebtcoenptyd ngrémotshave A darigaretiect afhar riow
fraction absorbed, due to the principle of superposition. Gastric

enpt yi ng vﬁquelhd%é@eﬁ“’aéﬂfé@FOWFelOﬂ’et%"leed”e&f)néﬁP%e%fl‘i* heheyr gRpstext of

<[31I teri Vnag\;] pfr@rl m@&lﬁhﬂ@@éﬁé 2Qnpar ages er g1 sUCheas lcapgﬁlﬂug -Eroula)igtestlnal
0200 I utatl systens c n |n eneral on e validated

t hr ough ca%esfoﬁp 4R Gy Jﬁ”&’ %Iae]nejn tHerré a §y7§éveFa? Epett it
tests applpcabke woth hem:sjratgqmoasysﬁenthélat tactp2iritse easuirs bed hfluig
that the n nerica i nt egrations, have a su ci ent degre of accurac
and t hat c%ejlrtal n QLl B of “ Y1585 “er¥or s““Zir fé(eg%sg fe‘L Sirawhers:

nmust be exsretedogdislt ranbutaedom,o siore paet vaflatlmemtsody:, tobe shape, the
t ranstoy med. i;nt 9, SOUre r{E%?-QO'éEe dx'@és P@iu?%%%t',s ofd e%o%%ﬁﬁs' Nog
experimental pharmcokinetics, has vadl ue here as well. 5

[ 0202] For infevigeeial a@@séOofOﬂdr ugschnhg e lexchi iybde lgur edurchpassi vemplete
di ff usi on, . pi;gh %Qkyl%l eéaép 1N4;:RQ rlggb%@alr%qr @%?bkéi&n, the Sg:%&erys
of equations mag be sol ved exactly for F, giving +K('2/ G N(
10Wher e Ktr§i3efheve rdngpsr £ranhst wraé¥W@aeha%m OREAHET akrl wrk

is the nunpem ofrheonpRakt %@hiar[&gg(@iw%ﬁé ncérﬁ%ﬁfﬂ@wagogw@gﬁ&on and
nodel , t he body is represented with severa artnments. Each

has a ol Lﬁfénaha t S5 pafangter s Jé’tcéuii?%té?jlsé’ﬁr?é%q‘e only] o208} Egicly
par ti cul arcHridtighesSie iSet Be & HrSSuenGasRantmestyi sMaiieh] r epirsent st body
ti ssues not otherw se accounted for in the nodel. The conpound
concentrations in this conpartnment determne 20 the intensity of

physi ol ogi[cnletaﬁ ect AThi ornesdshowiobylt heastgdgied-aonnedionon hedéhe for
adj acent R%%Q 1nb%)ﬁe %‘ngf%]u'{ge noyve oﬂé of materials between
conpartnments | own ikt A arrons. Phits aPta8%es enter the st onach,
whi l e the col on, 25 | ivwer, aAd kixdneys are sites of potential
elinirfion fromthe sV‘TEFﬁ‘Th‘éf éfﬁa)nt of the compdetfds bet ween
conpartments is proportlonal to the volume of fluid fl ow between the
conpar t neni®d84hd t HESEEn&eritsr atficonl SGRtERR EOAPDHUREE | Bt heC Gl itgi Hat ithg
conpar t nenfupnsaftcd NBHSEIk REOACT LisQNAba t Qnt BE-YOLUPE: Of chBe B0 cross
original conmpartnment. [0206] The nodel assunmes a "nmass-bal ance

appr oach, SRCCARQUAFi £y PREFWEEPT M agfolits GSmatver il ththaredqsdvy of
one conpardrgmepoadtHridegAMPOtStt, hat ientes diperanét hednst3dt, and F is

25 a function capturing non-transit characteristics such as

absorption, metabolism, etc.

[0185] Discretizing the advection term for use in a finite

difference mecdel, showed

B_C'z C(x+8)-C(x) _oC 1 .9°C

30 =l +0(6* (29
dx 1) ox 2 ax? @) )
[0186] Which shows that there is a diffusive component of the
discretized equaticon, called numerical diffusion, which is

usually seen as an annoyance. The compartmental absorption and

transit model takes advantage 9f this by using it to medel the



56 various conpartnents, the nodel is integrated forwards in tinmne,
using a 4th order Runge-Kutta algorithm wth variable tinme-steps. 5
[ 0208] The tissue conpartnent is sized so that the sum of the
conpartnments, excluding the A-tract s¢tnteriors, is equal to the
vol une of distribution for a 70 kg man. [0209] Usi ng t he 15-conponent
m xture degserided i f@xANPLE 2ne 1QrRelipindf s ﬁ JBCOKA NeLkGsting the
paraneters is generated and is detailed on Table ':‘; The paraneters
that are PhReFErtzaLsCR hélbﬁarﬁméﬁm’%@éehﬁdép &P LIF St édeoriiPABF 85016
and 7. Thesg-dat@ :are;extracted from published data (Bernareggi and
Rowl and, 1991; Davies and Morris, 1993; Brown et al., 1997). 15
[0210] The above exanples outline the integrated in silico and in
vitro pet hods7whi C|j’_lhé.r efdd}%@doiﬁ orz jcdent i dyihd@dackbme ,andsi NdQagkingeo
species froma mxtu simlar to those of a natural substance. Using
t he physi 6FBgical f‘?/soﬁgéan'phé{‘?ﬁﬁ%%%t i RNt PR RS SaYRafise  he
nodel , theigeneentanat moat t ineoeutseaoforractnselive hebdh-wamponent given
esti mat ed_(Fi gure 16). Simlarly, the tinme course for the conposite
response I's also calculated (Figure 17). Once data such as that of
Figure 17 is generBt®d-m@Ar opti nal dosage to produce a dgsibped
response can be reconstructed. This 25 dosage consists of an
i ngred?entSHtdfile, which is essential for the devel opnent a new
product and/or dosage of,@rm 57 TABLE 5 Pharmacoki netic Paramneters of
The 15 Conpounds C8pp Nunber Intestinal Perneability {3k n<
Intrinsic Hepatic C earance, mn< Hepatic C earance, L/ mn Vol une of
Di stributifomsd) kg th&d7P.632i0.55> RfF3clid: 8fe6@IBi1i8d, IR 16s 3tk Ot
1104 0.79 Odfg%f1and A is a surface-to-volume correcticn factor selected
to allow for the surface area differences between the foliations
15 of the actual gut wall and the relatively f£lat surface of a cell

monolayer.

[0189] The drug flux into the portal wvein J and the fractiocon

absorbed F., are computed as

20 Joy= Y KC.@ (32)
x=d, jiaii
F, =jJ(r)dr (33)
O
[0190] Active transport can be modeled by replacing Perr with a

25 concentration dependent permeability

L.
Pp(C)= (34)
K, +C
[0191] Where the maximum rate of permeation P and the

effective binding constant K, may be estimated from in vitro
experiméents and are potentially region dependent.

30
[0192] Metabolism is modeled by tracking concentrations of

parent and metabclite separately, and including a term 1in the
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local medel that converts parent to metabolite. Although this is
possible to extend to any number of metabolites, the current
model is illustrated using a single metabolite. The

transformation terms are of the form:

d|C. | | K,+C, C,
£ = (35)
dt Cm Vm:“_ O Cm
K,+C,
[0193] Where V... and XK; may be regicn dependent and each

component ({parent and metabolite) following similar transport and

absorption dynamics,

{0194} Dissolution 1s modeled similarly by considering the
transformation £from the so0lid phase to the dissclved phase.
Dissolution is limited by diffusion of the dissolved species away
from the solid particle. For the case of uniform spherical
particles dissclving into an infinite medium, the diffusion
equation can be solved in the form of the Hixson-Crowell Cube

Root law,
M -mh=x (36)
[0195] Where & 1is the cube rooct dissclution constant. Since

the flux input is based on the quantity of original undissolved

material, a term for input from dissolving solids of the form was

d 3C, 2
Do, = 1y j 37
d T, ( Ad 37

[0196] Where C;, the concentration of undissolved particles, is
altered only through transport and T4, the dissclution time is

defined as

d,
T, =—£ _ (38)
20 D h
[0197] Where d is the particle diameter, p is the density of

the particles, C: is the sclubility, D is the diffusion constant,
and h is the effective depth of the unstirred layer. This input

is set to zero when t » Tg.

[0198] The number of compartments, the total transit time, the
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TABLE 4
Species—~Specific Parameters
Human Rat Dog

Number of 71 - 7
compartments

Total'sma}l intestine 199 min® 180 min 83 min?
transit time

Effective gut radius 1.75 cmt 0.2 cm 0.75 em
Gastric emptying time 15 min 15 min 15 min

Yu et al, 1996, 2Iwanaga et al, 1998

[0199] The number of compartments is an indication of the
dispersion, and takes into account the degree of longitudinal
mizing during the transport of material along the small
intestine. The transit time is the average amount of time
material spends in the small intestine. The gastric emptying time
is the amcunt of time required for half of the gastric contents
to enter the duodenum through the pyloric valve. While gastric
emptying 1s quite variable, the dynamics of gastric emptying do
not have a large effect on fraction absorbed, due to the
principle of superposition. Gastric emptyving will however affect
the detailed dynamics of the drugs, altering pharmacokinetic

parameters such as Cpax and Tnae.

[6200] While computational systems can in general only be
validated through careful design and implementation, there are
several specific tests applicable to the current system that act
to ensure both that the numerical integrations have a sufficient
degree of accuracy and that certain kinds of gross errors are

absent.

[0201] Every molecule of drug put intc a system must go




[0211] The objective of this exanple is to provide a neans of 10
estimating the active ingredients in a sinulated m xture of 50
conponents. In Table 8, the in vitro response for each of the fifty
conponents in the systemis shown. Adsitionally two pairs of
conponents (3, 23) and (20, 50) have synergistic interactions with

activitiessQfe®eB0 apdyls 00,4 eé&@:%ttleé{?l Misﬂ%}ci%u%%érﬁ:’aiﬁo 1@0&@%@ Yof the

added to the data and the overall response of each m xture show a
M chael i s-WEht orrstyRasicnfied tLotehecrotedtatnt éFactanss Pafpgoe et goften

shows typigalq o C@&%@@kheﬁ@%pgﬁﬁ@mga@@ii&&pm XbHE €S Whid GOMRONEAS as
random y distributed between and 1 unit in each mxture. 20

[ 0212] Usi n‘belrlandom y gener at ed pharmacoki neti c paraneters for these
ingredients, this exanple also illustrates the inportance of the
drug-like pr rties in the determ nation of therapeutically relevant
ngr edi ent {93088 | 6. 1955 Y PREEESS FASYi B ReSHonte Btor SEHIIoHERt LY
| n The SysiemilNe. didetisdichy Nogh Aedliabit ¥t NO. arRAC oV irby i Neal Actrinehbyl Ng-,

Acti vi .34x10-1 1.36x10-2 21 9.68x10-3 31 .1.05 -2 41,
i an10) 3 T 1045 F AR AU 68 55 O s Y 30E T oTa i

7.37x10-3 3 6. 71x10-A J3 (2 B8x20~2 23 (39)

10 Where K¢ is the transport constant between each compartment and N

is the number of compartments.

[0203] Within the pharmacokinetic model, the body is
represented with several compartments. Each has a volume and the

15 parameters are listed on Table 7.

[0204] Cf particular interest is the “Tissue Compartment”
which represents body tissues not otherwise accounted for in the
medel. The compcund concentrations in this compartment determine
20 the intensity of physiologic effect. This 1s shown by the

striped connection to the adjacent “Response” box.

[0205] The movement of materials between compartments is shown
with arrows. Initial doses enter the stomach, while the colon,
25 liver, and kidneys are sites of potential elimination from the
system, The movement of the compounds between compartments is
proportional to the volume of fluid flow between the compartments
and the concentration of the compound in the originating
compartment, and inversely proportional to the wvolume of the

30 original compartment.

[0206] The model assumes a “mass-balance” approach, with
equalilty between the amounts o©of material that leave one
compartment and the amounts that enter into another.

35

[0207] Given an initial distribution of the compounds in the
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various compartments, the model is integrated forwards in time,
using a 4th order Runge-Kutta algerithm, with variable time-

steps.

[0208] The tissue compartment is sized so that the sum of the
compartments, excluding the GI-tract interiors, is equal to the

volume of distribution for a 70 kg man.

[0209] Using the l>-component mixture described in example 2,
a list of pharmacokinetic parameters is generated and is detailed
on Table 5, The parameters that are inherent to the
pharmacokinetic model are listed on Tables 6 and 7. These data
are extracted from published data (Bernareggi and Rowland, 1991;

Davies and Morris, 1993; Brown et al., 1997).

[0210] The above examples outline the integrated in siliceo and
in vitro methods which are wused for identifying active and
interacting species from a mixture, similar to those of a natural
substance., Using the physiologically based pharmacokinetic and
pharmacodynamic model, the concentration time course of each of
the 15 components is estimated (Figure 16). Similarly, the time
course for the composite response is also calculated (Figure 17).
Once data such as that of Figure 17 is generated, an optimal
desage to produce a desired response can be reconstructed. This
dosage consists of an ingredient profile, which is essential for

the development a new product and/or dosage form.



2.08x10-2 18 2.09x10-2 28 7.18x10-3 38 6.80x10-3 48 1.18x10-2 9
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[0213] Wth 150 m xtures and overall responses fromthe 1.0 dose point
(Figure 18) and assuming a linear response fromeach of the 50
conponents estimated responses (X W tfagirstandard deviation error

bars). These gener al pia GRRBRES R ba¥bhhdt ddfie o k0mRetiabohsspRses (0),
but sonme |arge différences are present (Firgure 19). T02I470sing the

approach desgsdded in fxasple13, theccosielRbions betymeencthe volume of
resi dual @nguRaech of debgedpihidpl i catidtgadS, PRLA-S t ef B hkeP! O8{8Yibution
H gher cofrel ations are dat-ker, particularly strlklnqﬁhﬁntﬁe (20490
pair, one of the interacting pairs in the input activities (Figure

20) . [ O2151Adgi-ng—fotr—paiy-ters—as pscg“" ccnpcncn§°_§1 to—54 %05
yields a jnew gnd inproved estimte. Partjcularly noticeable are tlh?g
51 and 54| are,acti ve, mhgf&252 and 53 aggegot. GEneraEr conponegf

may be classiiied as actEVEgor i nactive (kigure 21). 0216] Repea f3%
the sane |systens, but no "lUsing data fro 5 three do§é, points (%Iég
0.3, and [0.1) .gives a tighier and nore aggurate fit ig’i e first1'64
estimate |((Figyre 22). [O 17] The resi dual &erelation [ | ooks %égy
simlar tjo the single doge, point case anf s onmtted EOS o 58
brevity. Using,the 30 sang'ipur pseudo-cggﬂ%nents give§'glsecond 0'90
estimte ththda better 0'19 1428 0'89 1'57
11 0.12 792 1.33 2.28
12 0.20 294 0.35 0.35
13 0.80 915 0.72 0.79
14 2.99 223 0.28 0.80
15 0.38 443 0.46 0.95
5
TABLE 6

Blood Flow Rate To And From Various Organs

Flow Clearance, mL/min
along GI tract 2
blood - 235
intestine/colon
intestine/coclon - 235
liver
bicod - liver 239
liver - blcod 1180
bloocd « tissue 3110




60 fit than in the single dose point case. Simlar observations are
observed with the four pseudo-conponents. Conponents 51 and 54 are
shown to interact and 52 and 53 are found to be inactive (Figure 23).
This exanple clearly shows that actiwsty of 5 individual conponents
and their interactions can be accurately predicted using the approach
described in this invention. [0218] |gndilgessecond part of this study,

a two conpartnent pharpigsokidfidat wﬁh@y Vet $adil fuSt o448 Kinetics
was used for the 10 simuration. irTstconpartment 15 intestinal
with a velune of 0. & Toto@drtrmlemy corrponents Fr omtm%lbmges]_r,l nal

Corrpart ert—t natt uuthc St """w“"'rLuan
and absofpti oﬂnjC |rﬁf)5§t?1e S?é’g%ﬁ%}mt%h? With differi g?ear ances

for each|conponent. JTHESEE%Hﬂ&GEB%%%ﬁtnent represents tﬁe bédy, 15
for which each conponent haslca different volune and cl e&rdite from
the system All of these ai@dyssted in Table 9, along mkmbsahe

hal f-1ives and area under the time-quantity curves in thg o
conpartmgnt. The vol unes qap rate constants were generatic%Eg
uniformy distributed pseu %Pandaom val ues over_appropr |

intervals and all other nunbers were cal cul ated from these. TABLE 9
I ntestinal C earancesBody Conpartnent Elim nation Absorption Vol une
Cl earance Half-life AUC 8.3x1024.8x10"1378.1011. 70. 39

27.6x10- 21. 3x10- 3975. 7111. 71. 15 38. BMELE623x10" 1304. 7918. 90. 82

47. 7x10- 25. Ax Iht g4t 3dl £x60p DS shbwbind Oridd %t 0iB04bn682 7 agBLike”
67. 6x10-23. 6x10" 1105. Pedge Sficd/ Td /TiX HE£ddt O A nf¢8ddetd/. 40. 15

88. 6x10- 23. 8x10- 31328. 6910. 52. 54 98. 4x10- 21. 9x10- 314110. 639. 21. 19
108. 4x10- 2028BK10- 3848. 524k i2e 10 06hild 8o:3xbQe 27 s 8K 05 #hkd.d39232m24nd of
127. 4x10- 23, 3x10Q- 109.92.45 137..3x10-24. 0x10" 1 428. 80. 90

Ta7. okl0- Bt IO oG, B76E A1° 00" TRk FT0. 31 Ok 10" BT10% 1916 5 72f 50
168. 7x10- 28T EQc41208. 261008, 24h27 ZndxAQ+24 réxpOB83 7L @182 2& the

208, 0x10- 51 R 10755 7210 B 07 519, 541098 x 107 P01 BUFY . 11 2B
227. 9x10- 21. 8XTBRB5%. 8831284 . VB! 238, 4%90D- P2Vl xS0k ¥B 7L P 1N BFaLBi 0Bl
24 8. 4X10w1@hgéégraﬂn%s8Znsooo8&3GQng5l8OéX¥%s%ectlvely A +5 % was

15 randomly added to the data and the overall response of each

mixture show a Michaelis-Menton style limit to the total
interactions. Figure 18 shows typical of overall response data
for mixtures with components randomly distributed between 0 and 1
unit in each mixture.

20
[6212] Using randomly generated pharmacokinetic parameters for
these ingredients, this example also illustrates the importance
of the drug-like properties in the determination of
therapeutically relevant ingredient profile.

25
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TABLE 8
In vitro Response For Components In The System

o Activity |[No. | Activity | No. | Activity |No. | Activity | No. | Aetivity
1 3.34x107% |13 [ 1.36%1072 | 21 [9.68x1i0"° [ 31 | 1.05x107% [ 41 | 7.58%10°°
2 §.11x10"% 112 |6.19x107% [ 22 [9.43x1677 |32 |2.51x10°t |4z | 7.37x10°%
3 6.71%x1071 113 | 2.88x1072 [ 23 |6.84x10™* |33 | 4.55x10°% [ 43 [ 9.08x10°°
4 6.40x107° [ 14 | 2.57x107% |24 | 4.63x1077 } 34 15.88x:0°% |44 | 1.03x10"°
g 6.15%x107% [ 15 | 5.81%10"% | 25 |6.14%x107° [ 35 |2.05x107° |45 | 5.56x10"°
3 5.48x107° | 16 §.75x1071 | 26 ] 3.48x107° | 35 1.34x107% [ 46 | 5.03x10°7
7 6.62x107° | 17 1.90%10"% {27 | 3.85x107° | 37 2.58%107% | 47 | 1.63%10°°
8 2.08x107% [ 18 [ 2.09%107% | 28 | 7.18x%10°% [ 38 [ 6.80x107° | 48 | 1.18x10°2
9 1.41x107° | 18 7.43%107° | 29 | 5.03x10°% | 39 1.43%x107° | 49 | 1.83x107
10 | 4.53%10"% |26 | 5.81x107" |30 [2.71%107% |40 | z.25x107* |50 | 10.0x1¢°°
[0213] With 150 mixtures and overall responses from the 1.0

dese point (Figure 18) and assuming a linear response from each
of the 50 components estimated responses (x with 21 standard
deviaticon error bars). These generally compare well with the
actual responses (o}, but some large differences are present

{(Figure 19},

[0214] Using the apprcach descriked in Example 3, the
correlations between the residual and each of the multiplicative
pairs terms 1is plotted. Higher <cocrrelations are darker,
particularly striking is the (20,50) pair, one of the interacting

pairs in the input activities (Figure 20).

[0215] Adding four pair terms as pseudo-components 51 to 54
vields a new and improved estimate. Particularly noticeable are
that 51 and 54 are active, while 52 and 53 are not, Generally

component may be classified as active or inactive (Figure 21},

[0216] Repeating the same systems, but now using data from
three dose points (1.0, 0.3, and 0.1) gives a tighter and more

accurate f£it in the first estimate (Figure 22).

[0217] The residual correlaticn plot looks wvery similar to the
single dose point case and is ocomitted for brevity. Using the

same four pseudo-components gives a second estimate with a better
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fit than in the single dose point case. Similar cbservations are
observed with the four pseudo-components. Components 51 and 54
are shown to interact and 52 and 53 are found to be inactive
(Figure 23). This example clearly shows that activity of
individual components and their interactions can be accurately

predicted using the approach described in this invention.

[0218] In the second part of this study, a twe compartment
pharmacckinetic system with first order kinetics was used for the
simulation, The first compartment is intestinal with a wvolume of
0.4 for all fifty components. From the intestinal compariment
there 1is direct eliminaticon from the £first compartment and
absorption into the second compartment with differing clearances
for each component. The second compartment represents the body,
for which each component has a dififerent volume and clearance
from the system. All of these are listed in Table 9, along with
the half-lives and area under the time-guantity curves in the
body compartment. The wvolumes and rate constants were generated
with uniformly distributed pseudo-random values over appropriate

intervals and all other numbers were calculated from these.

TABLE 9

Intestinal Clearances Body Ceompartment

Elimination Absorption | Volume Clearance Half-life AUC
1 8.3x107% 4.8%x107% 137 8.10 11.7 0.39
2 7.6x1072 1.3x1072 97 5.71 11.7 1.15
3 8.2x1072 6.3x107% 130 4,79 18.9 0.82
4 7.7x1072 5.1x10"% 134 6.33 14.6 0.55
5 7.6x1072 4,9x107* 104 2.60 27.7  1.01
6 7.6%x107¢ 3.6%107% 110 5.56 13.8 0.37
7 7.5x10"? 2.6x10™ 149 13.84 7.4 0.15
8 g8.6x10"? 3.8x1073 132 8.69 10.5 2.54
9 8.4x107? 1.9x107? 141 10.63 9.2 1.1¢g
10 §.4x107? 1.3x1073 84 0.52 112.2 10.06
11 8.3x10"? 7.8x10™* 77 2.39 22.2  1.19
12 7.4x107? 3.3x1073 g7 6.10 9.9 2.45
13 7.3x1072 4.0%x10°* 118 2.84 28.8 0.90
14 7.9x1072 2.2x10™% 59 0.67 61.3 1.00
15 §.3x1072 1.0x10"? 110 7.13 10.7  0.75
16 8.7x1072 3.7x107% 120 8.25 10.0 0.24
17 7.4x107% 4.4%107* 83 7.01 8.2 0.28
18 7.8x107% 3.0%x10* 45 3.44 9.1 0.20
19 8.1ix107% 3.5%x107? 88 5.09 11.9 2.84
20 8.6x10"2 1.4x1073 131 7.72 11.8 1.07
21 7.5%x107? 5.8x107% 70 1.80 27.1  1.20
22 7.9%x1072 1.8x10°% 85 1.86 31.8 4.08
23 8.4x1072 2.1x10™* 115 7.28 11.0 0.1%
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8.3x10-2 9.0x10-4 73 2.40 21.0 1.30 43 7.9x10-2 1.4x10-3 38 0.32 82.1
8.51 44 7.7x10-2 2.2x10" 114 3.16 24.8 0. 42
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24 §.4x1072 2.9%107*% 124 2.87 30.0 0.80
25 §.1x10"2 2.6x107* 91 7.06 8.9 0.16
26 7.8%x1072 2.0x10"2 125 9.49 9.1 1.32
27 8.8x1072 1.2x107° 67 3.15 14.8 1.20
28 8.3x1072 2.1x107? 130 1.95 45.8 0.87
29 B.0x1072 3.4x1074 61 2.43 17.4  0.42
30 8.0x107? §.3x107% 133 6.54 14.1 0.84
31 B.7x102 1.9x1073 62 1.35 32.0 3.89
32 7.5x10°2 1.3%x1073 37 0.77 33.0 3.33
33 7.5%1072 3.5%x1073 122 2.41 35.2 8.99
34 7.9x%10"2 1.2%107% 134 9.91 9.4 0.80
35 §.4x1072 1.0x107% 56 1.75 22.3  1.51
36 8.4x1072 3.2x%107% 78 5.67 5.5  0.21
37 B.8x1072 2.9x107* 129 5.69 15.7 0.30
38 7.5%x1077 7.5x%107% 133 6.75 13.6 0.77
39 7.9%1072 1.1x10"3 43 1.15 25.9  2.13
40 7.5x1072 3.7x1073 129 10.22 8.8 2.35
41 7.6x107? 1.5x107? 118 g.79 2.3  1.04
4z 8.3x1072 9.0x10™* 73 2.40 21.0 1.30
43 7.9x107% 1.4x1073 38 0.32 82.1 8.51
44 7.7x1072 2.2x107% 114 3.16 24.9  0.42
45 7.5x1072 3.5x107* 82 4.79 11.9 0.32
46 §.1x1072 9.4x10™? 41 0.23 124.3  8.23
47 7.6x107? 3.2x107° 93 2.83 22.8 0.55
48 8.4x1072 2.7%x107% 59 3.95 16.3  0.1¢9
49 8.7x1072 3.8x107¢ 55 3.94 9.7 2.33
50 7.5x1072 8.4x%107% 109 7.87 9.6 0.61
[0219] Using the pharmacokinetic data generated and an oral

dose o0f 4 units for each of the 50 compcnents (Table 2), a family

of concentration-time curves is produced (Figure 24).

[0220] Area Under Curve (AUC) for the concentration in body-
time curves 1is an indicator of exposure, a net result of
absorption and elimination. This data was given in Table 9.
What is striking is that the range of AUC walues can span as much

2 orders of magnitude (Figure 25).

[0221] Taking the AUC wvalues toc be the exposure of the body to
each compound, the same set of 150 mixtures can be scaled by the
AUC of each compcund. This corresponds to the difference between
in vwvitro and 1In wvivo experiments when compound activity is
moduiated by wvaried pharmacokinetic properties. The previous
case 1s iddentical tec one in which every component has the same
preperties. Note that what was a mederately active component in
the previcus system is now overwhelmingly the most active due to
favorable pharmacokinretic properties. With fewer activities

remaining in the system the estimates using the same three doses
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124.3 8.23 47 7.6x10-2 3.2x10" 93 2.83 22.8 0.55 48 8.4x10-2 2. 7x10-4
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8.4x10-4 109 7.87 9.6 0.61 [0219] Usishg t he phar macoki neti c data
generated and an oral dose of 4 units for each of the 50

conmponent sr&Tabl® 9boa apf:amicby2&) of concentration-tinme curves is
produced (Figure 24). [0220] Area Under Curve (AUC) for the
concentration in body-
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[0222] The residuals, after incorporation the pharmacckinetic
parameters, vary dramatically from the previous plots (Figure 27
vs. Figure 20). The darkness in each of these plots is scaled to
the most correlated points in the plot, so0 the appearance of
individual points can only be compared within each c¢f these
figures and not between them. The strongest correlations are

actually weaker in this plot than in the previcus one.

[02231] A second estimate with four pseudo-components added to
it is not much different from the first estimate, and the pseudo-
components have very small responses as the components composing

them are not significantly present (Figure 28).

[0224] A second pharmacokinetic system with a different set of

pharmacckinetic parameters was considered, but chosen from the

same ranges of values. The results from this system are shown in
Table 10.
TABLE 10

Intestinal Clearances Body Compartment

Elimination Absorption ;i Volume Clearance Half-life AUC
1 8.3x10"" 2.0x10"? 41 3.47 8.2 1.14
2 8.2x1072 2.2x10"* 110 7.44 10.2  0.16
3 8.3x1072 6.1x107* 38 0.52 51.3 2.16
4 7.9%x1072 8.8x10"4 148 .12 12.6 0.81
5 8.2x10"2 2.9x10"3 42 2.39 12.2  2.40
3 8.0x107% 1.9x10"? 116 5.91 13.7  1.83
7 8.5x10"2 8.2x10"* 147 13.33 7.6 0.42
8 8.3x1072 3.0%x107% 86 2.81 21.2  0.45
9 8.3x1072 2.5x107* 145 4.59 21.9 0.37
10 B.3x10"2 2.8x107* 55 4.61 8.3 0.16
11 8.6x1072 1.8x107? 129 i.76 18.8 2.22
12 8.3x1072 2.2x1073 133 5.46 16.8 2.51
13 g.6x1072 2.6x10™3 91 3.27 19.3 3.27
14 7.6%x1072 2. 6x1072 69 4.42 10.9 0.21
15 5.0x%x1072 3.4x107% 49 0.46 74.2 1.82
16 7.6x1072 7.3x107% 83 7.36 7.9  0.43
17 8.6x1072 2.4x1073 119 9.07 9.1 1.45
18 8.7x1072 3.5x1073 139 1.03 3.4 20.97
19 8.3x1072 1.3x1073 137 4.75 20.0 1.77
20 §.2x1072 3,.2x1073 118 2.37 34.5  7.41
21 7.2x10°2 3.9x10°? 131 10.39 8.7 2.60
22 8.3x%x10"2 2.9%10™* 146 2.09 48.5 0.98
23 7.7x1072 2.3%x1073 93 1.68 38.3  6.50
24 8.1x10"2 3.0x107% 109 3.68 20.5 0.44
25 8.5x%x107? 5.6x107* 128 6.77 13.1 0.50
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[0226] In these three examples, the response due to each

component and pseudo-component 1s recovered from knowledge of the
mixture compositions, the dose-overall response curve and a set
While these wvalues are

of

of mixture-dose-overall response data.

15 known beforehand in these simulations, the generation

estimates from the other data, suggests that reascnable estimates
of these wvalues

which

could be obtained from experimental data for

activity estimates are not available. The strong

differences between the three cases serve to emphasize the

20 differences between in vivo and Iin vitro activities.

[0227] These examples also illustrate an important aspect of

potential interaction. In wvitro interacticn does nct always
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145 4.59 21.9 0.37 10 8. 3x1062 2. 8x10" 55 4.61

imply that there will e in wvivo interaction. In this example,
components 51 and 54 are interactive pairs in vitro, Dbut
interactions do not occur in vivo. It is therefore important to
take pharmacokinetic differences into account when potential
interactions are discovered in wvitro. If the concentration
profile overlap between the interacting species is insignificant,
meaning if the pharmacckinetic characteristics of these potential
interacting components are very different, the probability of

interaction is likely to be minimal.

EXAMPLE 10

Applications of This Invention

[0228] The objective of this example is to illustrate some of
the uses of this invention. It is common that ingredients may
have multiple activities involving a number o¢f biochemical
processes. Depending on the conditions, a number of activity
testing methods can be employed before the optimal composite
response is decided. Cn the other hand, this invention can be
used for estimating efficacy and toxicity when in vitro models
are available. Both active and toxic components can be
identified. With this informaticn, an optimal ingredient profile

can be designed.

[0229] After the optimal ingredient profile is obtained, the
desired guantities o©of these ingredients can be obtained using one
or a combination of the following ways: a. blend appropriate
batches o©f raw materials; b. develop a customized method to
extract the ingredients ©of interest; c¢. design growing conditions
to yield the desired ingredients; d. develop a set of growing
conditions under controlled envirconments such as that of a green
house; e. genetically modify a species to produce the desired
ingredients; and £. purify substances of interest and mix them

according to the ingredient list.

[0230] For product design, a formulation can be prepared to

deliver these substances in an optimal fashion such that optimal
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response 1s achieved.

[0231] Products design using this approach will have all the
active ingredients identified; their interacting components
raevealed and the gquality of the product will have quality
equivalent to a single component pharmaceutical, except that it

contains multiple components.

[0232] The advantage of developing products in this fashion is
that the therapeutic walues of natural substances are known ahead
of time and potential toxicities may alsc be identified ahead of

time.

[0233] This type of product can easily be adapted to a drug
development program so that it can be treated as one of the leads
to be moved forward for preclinical and clinical testing. The
same approach as that outlined in examples 1 to 8 can be used to
examine the source of toxicity and alsc components that are

responsible for lowering toxicity.

EXAMPLE 11

Development of Red Clover For The Treatment of Osteoporosis

[0234] The objective of this example is to employ this
invention to develop a popular herb for the treatment of
postmencpausal osteoporosis. Like most of the well studied herbs
in the market, Red clover’s {(Trifolium pratense) clinical
efficacy is at best equivocal (Beck et al., 2005; Wuttke et al.,
2007). Table 11 shows that the dosage of total phytocestrogens is

approximately the same among c¢cmmercial products (Beck et al.,

2003y . However, the gquantity of individual components can vary
anywhere between 2 tc 12 times. There is no surprise that the
performance of these products 1is not consistent. There are

minute quantities of other phytoestrogens such as coumestans and
their contribution to the overall efficacy of the herb is not
known. Interestingly, the major active components, genistein and

daidzein are present in minute quantities in Red clover; however,
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their precursors, biochanin A and formononetin and their
glycosides are present in much higher guantities. The questions
are: 1. How do these ingredients work together; 2. Where do the
metabolic conversicns occur? 3. Are there any interactions
between the components both pharmacokinetically and
pharmacodynamically; 4. Are there other metabolites that would
likely contribute to the overall efficacy of Red clover? 5. What
is the best profile of ingredients that can be estimated using
the present invention? 6. Are there any ways to improve the

perfcrmance ©f Red clover?
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141 9.72 10.1 0.26 36 7.9x10-62 9.9x10" 106 5. 86

[0235] There are a lot of studies performed on Red clover and
soy which contain high contents o©of phytoestrogens. The single
component that received the most attention is genistein. It has
been shown that genistein, 54 mg/day, given crally for a year, is
as effective as hormone repliacement therapy (Morabito et al.,
2002) . However, i1t dis not known why there are not more

confirmatory studies published.

[0236] In vitro permeakility studies on five phytoestrogens,
genistein, daidzein, glycitein, £formononetin, Dbiochanin A and
prumetin have been performed using Caco-2 cell monolayer or Caco-
2 cell lyvsates (Chen et al., 2005a). It has been found that
these compounds are rapidly transported and metabolized.
However, there 1s no information relating to their potential
interactions among these species. Michaelis-Menten parameters for
the glucuronide and sulfate conjugations for these five species

were measured.

[06237] In Red clover, the most abundant phytoestrogens are
formononetin, biochanin A and the glyvcosides of these
phytoestrogens (Figure 33). The most active components are
genistein and daidzein, the metabolites of formononetin and
biochanin A, respectively (Beck et al., 2003). The conversion
from formononetin and biochanin A to daidzein and genistein,
respectively, occurs in the ccolon via intestinal flora {(Bowey et
al., 2003). It is also found that a metabolite of daidzein,
equol, formed in the microflera of the colon, is the most potent
(Bowey et al., 2003; Setchell et al., 2005). Genistein and
daidzein are present in minute guantities in Red clover extracts;

usually i1t is less than 10% {Table 11).

[0238] The metabolism of glycosides of genistein and daidzein
was measured using human intestinal and liver tissues (Day et
al., 1998). The rate o¢f metabolism of these two precurscors of

genistein and daidzein was individually measured.
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[0239] The first-pass metabolism and enterohepatic cycling of
genistein, daidzein, formoncnetin, kiochanin 2 and prunetin were
evaluated using a perfused rat intestinal model and microsomes
prepared from rat liver, duodenum, jejunum, ileum and colon {Chen
et al., 2005b). The rate of metabolism and absorption along the
intestine was elucidated. FPurthermore, the significance of liver
metabolism and enterohepatic cycling was also reported. Again,

there was no attempt to study a mixture.

[0240] Pharmacokinetic studies of Dbiochanin A have been
performed in rats {(Moon et al., 2006) and Red clover in humans
(Howes et al., 2062y . Plasma phyteestrogens and their
metabolites have Dbeen reported. Although these data are
important, there 1is no estimation o©f the free concentration of
the active meoieties in the plasma; therefore, the concentration
of active mcieties at the site of action. It is difficult to

deduce whether there are any significant interactions among these

species.
[0241] The major soy isoflavones are genistein, daidzein and
glycitein (Ewies, 2002}, Since Red clover has a higher content

of phytoestrogens, it has a better potential to treat disorders
related to menopause (Beck et al., 2005). Unlike estradiocl,
phytoestrogens show higher binding affinity towards estrogen
receptor Dpeta (ERB) than estrogen receptor alpha (ERa) and
recruit coregulators necessary for transcription of target genes
selectively to ERB (Kuiper et al., 1998). The differential
affinity for these «receptors which are tissue specific may
explain the specificity of these phytoestrogens (Enmark et al.,
1997; Kuiper et al., 1997; Onoe et al., 1997; Wiik et al., 2003).
The affinity for ERB may explairn the beneficial effect of
phytoestrogens for osteoporosis in  menopause and lack of
carcinogenic toxicity in the breast and other organs. Genistein
has been found to have the highest affinity for ERB. This is the
reason why this compound is the most studied and it is also the

compcocund which 1is employed in a clinical trial (Morabito et al.,
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2002). Recent studies showed that daidzein is more potent in
ostechblast formation in wvitro (Li et al., 2005; Ge et al., 2006)
than genistein. These recent results clearly show that more than
one component in Red clover is responsible for its estrogenic
effects. An innovative approach 1is required to identify the

active ingredients instead of studyving them individually.

[0242] Despite the higher content of phytoestrogens in Red
clover, the proportion of genistein and daidzein is higher in
30y. The reason why Red clover is preferred is because there is
a much hicher content of the precursors of genistein and
daidzein, biochanin A and formcnonetin, respectively. The
biocavailability of the aglycones of genistein and daidzein is
less than 5%; this is mainly due to high first-pass gut and/or
liver metabolism. Presumably, aglycone released in the colon by
the enzymes of the irntestinal flora would enhance the
bicavailability of the aglycones because absorption from colon
may partially bypass Zfirst-pass metabolism (Setchell et al.,
2001 .

[0243] The conversion of these precurscrs to their respective
aglycones 1s dependent on metabolism by intestinal £flora. The
variability in intestinal flora content is high among
individuals; it is hypothesized that the conversion of biochanin
A and formononetin to thelr respective aglycones is highly
inconsistent. This variability could have significant

contribution to the erratic results observed clinically,

[0244] The importance of intestinal flora on phytoestrogen
metabolism and bilcavailability has been demonstrated recently
{Ohta et al., 2002; Nielsen and Williamson, 2007}. Immature
intestinal flora have been shown to affect the bicavailability of
iscflavones in 50y {Nielsen and Williamscn, 2007).
Fructcoligosaccharides (FOS) stimulate the growth of
bifidobacteria, which cieave isoflavone conjugates to yield the
corraesponding aglycones and metabolites (Ohta et al., 2002).

This study showed that the biocavailability of isoflavones was
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standardization. It is also predicted that the quantity of total

formononetin (aglyccne + glycosides) to be higher than that of
35 total biochanin A (aglycone + glycosides). The incorporation of

a prebiotic or prebiotic to promote beneficial intestinal floral



[ 0233] This type of product can easily be adapted to a drug 15

devel opment program so that it can be treated as one of the leads to
be noved forward for preclinical and clinical testing. The sane
approach as that outlined in exanpleg2l to 8 can be used to exam ne
the source of toxicity and al so conponents that are responsible for

| owering texhehtys r2QuEXAVRLE ohiabeyelippnratvofy Red 6k ovesy Rl Thever

Treat nent of Osteoporosis [0234] The objective of this exanple is_to

enpl oy t hP&P05°G nv i ALt WeFEF opl S artr RHerd-VE6F PR UGre ¥t hbnte
of post nempepatsils008heoPP S Estal kg testr@ferishpemeldy . st udi ed herbs

in the market, Red clover's (Trifolium pratense) clinical efficacy is
at best equl, Beck et al., 2005; Wittke et al., 2007). Table 11
shows %hatg‘—gf—lé%&gggége of total phytoestrogens is 30 approzd mately the
sanme anong.conmteregiegkr pB ogur iz ieBeskeiet Jal (2002008)arrHovkyetrcalt Bkeudies
quantity of i ndipgioduahg COoNRRbSetBI: Vil anywhese betaeenx2 -ter 12or
tinmes. There i 3QisuFPs iSQkbat ﬁﬂbemg%ﬁwém@@%y@st E_é@ prafluats is
not consi stenty, Ther exghe ﬁ“éh‘ét %ug%%ﬁ 'Aes(29f)5pt%ﬁ[tog J ‘&%@%ed

such ag counes al’ll(f an 3§ el r_co ﬁ est O%%%? r?pgl cacy,
of thé herb is_no 8St i 0 tlve co ent s
geni stei n_and Ta]e?rd‘%r %teer[ﬁ’rlgs Jrﬁc’ﬁeﬁ] #ﬁlﬁlé)ln’gg (E é§ in Red
cl over; hdéweveieck 66 t%lelrrb?‘%%rur%'or%refﬁi &chaﬁfﬂkﬁlhaaﬁ’d gr MoRehRESH A
and their gl yco¥ildes Campapiewentt i hornmsle Lhiagteviguanesticaeen, Teadrogen
guestions are:arntl povwaktinheset | ngpethimiizedwarlarttogetthercts2. fdthelergo
t he netabol i ¢ Laneenseons dcchbn2 JepAbeshdial ehaRypy Nt &r acétans Bochen
bet ween t he campoment ssdatsh-phar macoki netically and

phar macodynam gallye él ﬁ“%n&hgbﬁlgﬁbeﬁ §§Pp|b§§§&&ﬂa Ec“@thliﬂ eby
contribute to%)‘b% %&F ]gfneltgg y of c?%\éer foa atPJ:?rxﬁ Sk PESL

profile of in h? e estimated using the present

inven%' on? 6 here any vvays to |r'rgrove t he 10 erf ormance of Red

clovef? 87 LEMW"ERERrY ¢ 0380 Lot .13 et@oHtesting

it-)Dl 1- 10Hr - ROHYiYL @?Apl%}a‘f@@éablbl?}o T TRl POeRCEsp Juredd

.1-1A 4) 540 o4 tEentze0 @DOBSt 41318l copraode3bg C\1 0 N 77 NO01 O

CPN 0O 34.0 rth'weggr-)E,O MN1B84cOedk H and Rowland I (2003) Metabolism of
iscflavones and lignans by the gut microfleora: a study in

25 germ-free and human flcra associated rats. Food Chem Toxicol
41:631-636.
7. Brazier NC and Levine MA (2003) Drug-herb interaction among
commonly used conventional medicines: a compendium for
health care professionals. Am J Ther 10:163-169,
30 8. Brightman FA, Leahy DE, BSearle GE and Thomas S (2006a)
Application of a generic physicleogically based

pharmacokinetic model to the estimation of xencbictic levels
in human plasma. Drug Metab Dispos 34:24-101.
9. Brightman FA, Leahy DE, Searle GE and Thomas S (2006Db)
35 Application of a generic physiologically based
pharmacokinetic model tc the estimation of xenobiotic levels
in rat plasma. Drug Metab Dispos 34:84-93,
10. Brown RP, Delp MD, Lindstedt SL, Rhomberg LR and Beliles RP
(1997) Physiclogical parameter values for physiclogically
40 based pharmacokinetic models. Toxicol Ind Health 13:407-484,
11. <Chang TK, Chen J and Teng XW (2006) Distinct role of
bilobalide and ginkgolide A in the modulation ©f rat CYPZ2BI1
and CYP3A23 gene expression by Ginkge biloba extract in
cultured hepatocytes. Drug Metab Dispos 34:234-242,
45 12, Chen J, Lin H and Hu M (2005a) Absorption and metabolism of
genistein and its five isoflaveone analogs in the human




44 H HHcl @ 1-1 3 .-lin- al 0o 43 a ONoortoOco O O ,i.in7717o0i
4-1 >z7 1ti7 4-1 0 (a .ri .H 68 [0235] There are a | ot of studies
performed on Red cl over and soy which contain high contents of

phyt oest rogens. The singl e conponent tfat received the nost attention
is genistein. It has been shown that genistein, 54 ng/day, given

orally for a yeatestsidi @%c@tfzeﬁb&é@ aSa e MRNenb eRd ACRIERL b hesapys o
(Morabito et ahgy. 2002) However, |s not known why there are not

nore confifyatary s udgﬂ S ybl&shgp %ﬁg% nSV|£ro Iper{reatw Y gu M
st udi es on v & % % ens g dai 't yeitein, "

f or mononeti n, u?ﬁ:at W?é’\?édBegha ’é?‘f’%‘i*lr}g’@ u§PRgar Lson
Caco- 2 tel moﬁ6| a E‘?S‘blr“aéaé’(??s‘éél Penardat éﬂgseeﬁﬁewoa dirug Hepsa)Dijros

has been found3Bhal’tHeé$é- conpounds are rapidly transported and

nmet abol i zek. HOWever , Wiher €9%9)no Thef or vatidwiipel atding tioe t héntestinal
potential 15 ipéemeamﬂlams ampakcheses speetest Mrechaekisetkmt edr  dose
paraneters for abbergddicur enhge and sad.atss opoRimgatiopsshay 16hesers .
five specigs \A@ﬁ@o@emw% BA234] 10 Reds €] OYeheat NR ARSI @RINABAT (he

RS ki b e
geni stein and 8§|g SCS 8%1‘1% et & or| es o form)nonetl n and bi ochanin

A, respectitel %‘Eécl@ et M. Cro00%n9 TR cdWverSi G r 6RPF%Br Adnofret it
and bi ochani n AlFbladitdzditn TRkd %@ﬁﬁ%t 8RA, 95 FigegEc el pPrsveriuicd iof
the cdl®on vi a fintest bAatedd ohangBowed etatal | In003)C14n Phamlaself olired
t hat a net abol B8eS¥i-53&i-dzein, equol, forned in the mcroflora of the
colon, is 1he pmsicpobenhd(Baweysetr at19933008;ysSetehetdl epaddnaters in
2005) . Geni st el Apandt 31 @2 Bid)L ALBPREEEAL. PRafh MU 1guand3-tices.i n Red
clover extyg@act 5, 307 USHAY Mk, I 8id €SS o h%ﬂo&Qs@nﬁT%lo%eélm,[QgﬁngnT%
met ab Olsmof L C%ﬁﬁ?f§m§zlg§nuﬁggép %Qg gH:%F thn o %%ES and

usi ng human I nt %'a@%m i ver %uesh c 99

of metabol i smo HaSE° ?[ cursors Yof &APd elﬁ ai doe

was i ndi vi dual ?/t‘?mg&é‘lﬁf’éﬂda o736 THES Fg 7?713?%1b0| i sm and

ent er ohepdtii-c By®#5'g Fof é’@ﬁF@t Wkodall‘“dzeﬁﬁanﬁﬁ%ﬁ%netl@ﬁef‘blf%ﬁ?amsn
A and pruneti nlaggrcrapakuat edFigidngca Perdarsédotadt M nrest fmslafsedel JA
and m2¢r osones (p¥Epar eduhziom reatrbgser , réaodenum beepumamm | bevmand,
col on (Chen 5 etr@loson2005h)calTbeti@t,e ahd neixabekssdh apd:-adsOr ptyi A in
al ong the int eg}lw&ﬂ@a ebush dat.ads g Rietsher nore, the significance of
liver netaholi m&gwdﬁnt@b@a?p%ﬁ cycldpg was, ak 50 fii 3 &t Ag@' he
there was no a%% %? éqg% tg1x&$tet ﬁgnéggﬂ u@ha

st udi %§ of__bi o§ c ha een é‘ Z’ ff, c
2006) “and Red ¢f over “1H' Aunmans % s 288G B ﬁﬁlng “ettect o
phyt oest r ogens %%ﬁfetlﬁelof‘ refabd F?%eé’tﬁéxiiéoﬁe@i‘fjr%tﬂrtaé&zﬂ%%u’g? mouse

t hese data are*$rporeahrlithéCeTPsEhaddei nkdhorrkyf Zehehd r3@6:651-656.
concentr atdi2on ®fllifax D, Rawden HC, Hakooz N and Houston JB (2005)

Prediction of metabeclic clearance using cryopreserved human
35 hepatocytes: kinetic characteristics for five
benzodiazepines. Drug Metab Dispos 33:1852-1858,

23. Hasegawa H (2004) Proof of the mysterious efficacy of
ginseng: basic and clinical trials: metabolic activation of
ginsencside: deglycosylation by intestinal bacteria and

40 esterification with fatty acid. J Pharmaccl Sci 95:153-157,

24, Hasegawa H, Lee KS, Nagacka T, Tezuka Y, Uchivama M, Kadota
S and Saiki I (2000) Pharmacokinetics of ginsenoside
deglycosylated by intestinal kacteria and its transformation
to biologically active fatty acid esters. Biol Pharm Bull

45 23:298-304.

25. Hasegawa H, Sung JH, Matsumiya S and Uchiyama M (1996) Main

ginseng saponin metabolites formed by intestinal bacteria.



15 the active noieties in the plasma; therefore, the concentration of
active noieties at the site of action. It is difficult to deduce
whet her there are any significant interactions anong these species.
20 [0241] The maj or soy isoflavones ar’é geni stein, daidzein and
glycitein (Ew es, 2002).Since Red clover has a higher content of

phyt oest r ogensp:diir sh@sqd ashettetspotential to treat disorders rel ated

to menopagge (Beck.eh al and2@&%)yam9nw k@085t r@fqal%tagmélqeeetfrf%s
show hi gher bi d),| ’1§ af ks b sYte gg)hg ﬁéé)Qf‘e“ %éd ecl%]p F)S &Qné
8 &Y

t han estrogen receptor, recr U|t at essar
f or transcrlptlon %4y e(f ivé &1&1 lgné’[ THRNC
e e P e e e e L e L o ot
speci fic may e8&1°4Pn’¢he specificity of these phytoestrogens (Ennmark
et al., 3@7.19971vKni ggr etaral TriOOM, OBowsean gk, ¥e97;deW | kaaat MS,
al ., 2003). Therakfienst yJf ordeERErivay eXplaicn Kdearbenef i(@kal) effeeat iof
phyt oest r ogensofceia0s4@NEGKOSILS the BHRBOPALES tard ak askidf peaicek DRYENbe
toxichby in theheeastoand gt her. oEganserCanisst ek mdr@s been found to
have the bighegf,.affj, n'?&é{:zfn r NER%ua-RG' 1 'éth %w%% rL%aS O‘my Ltor?l'gsterm
compound i's th%] n?lgtbo 1 e%l% ng éxé‘l rom red
errployedlnacjtlnlc ﬁé ( raablé o fgi P tg&%ﬂ o
studi es showed tW&E JAFaY%IH™ STRGFS %’otent 5 r‘?rSS e i bh
invitro ., 2005; CGe et al., 2006) than genistein. These
recentdre %Fts‘i%l%arﬂagﬂgsﬁomﬁ@ hBE. morae tHanEene BdnporentE.i ured?, Xoh
clover is resptnsdiyl ezlfior $t $2@&%)r ofperii-clrbyefiheetactApnisnnevatitegature
approach is reguiieed tougsdéntif3p-tllzé2acti ve i ngredients instead of
studyi ng shemzAmdiivi dualdny H:024RkPespi tieobhe bhghelcetentent goide st.
phyt oest r ogensydpa - Bec;hogl:ov% doreoPapest i ep;1 pfrgenisiel h-a8d patrabase
dai dzghn is hi ghehol na30 EQ& e{f}%o%o‘{}{@%( Bﬁdcgh%&rnl'as a?fm%Ef

i s because th e isy nuch er content o e precursors o

eni stein a| ‘dzein, bi ochanl n A and for netin, respectivel
Ihe bl av ATl SHIFFES oTh t HEE R OB o P o PREa) o AT AEr g | grace

| ess than 5% RHEELFEL ned5HIP - duélt o VAP §h flfartﬁntpagglbu:fe%nd/aéﬁ 15mage
| i ver met abol iZAhabPFesuBdiyy Rl lycorfdarapdasdd i nfiithe CBILGATHYEX heot
enzyneé$s of theduthestiCelifbkoia Wowl-8.enhance the bioavailability of
t he agl ycanes trecadsiei absoy pt Peni ¢ onrEo| oORgamyh pant,i al $yrdaypass and
first-pass netahebtsradsethchel | (2053l . g 20041) 0£20:{H243] Theohn's  wort
conversion of dpese-MUACULIBESrd O NBLI JRIREGLLVEnATLYEORES HyS numan
dependent on a@ekgfégncwthp&estdm' cLJ]@élaREBelyeémb%bbéy in

intes a co [ amn ndj vid
hypot eS| zed %mtor?@lné“jrf sahangn of ]lgo%’hgju\éz 55 iM dry ronoASY i
to their respedtife \éﬁ‘@gnlg hgHl v ¥ néoisi'st it \ﬁefﬂké‘taramanan R
variability coﬁﬂoﬁ‘lha\;éd‘é‘?@ﬂf‘f i4ntt 6H%F+%t‘?%nciftd>cﬂlﬁ€m%$r8§?% by the
resul ts observéd clobpi'galbyt FORA4]tHeat| mypetadice ofn | miresy ihepltProra
on phyt oestrogendt88esetiahal Mshaand sproa¥aidlgbbléty has been
denon3tr ated redent| wBe( Otaalesoml B, 2082did eksemnamck W) | Hagsiorsa J,
2007) . | mmat ung 1isBbesti Aad dd @ sbayesbeery $Howenhe- BfdLer the 1igand
bi oavai | abi I i tﬂinginbs‘% Layenes ”ar?cPYtﬁa!l\‘l £hser and Wl l4;a808,: 200735
Fruct ool | gosa%%QgFg BBy hlanul 3ol Negt OWLEOT FaabL I 00! Abdsss-
[ vone co

whi ch cl eave j ugat e yi el e correspon
agl ycones and | tabolltes (Ohta_et al., 2002). This study shovved t hat
the bfdavd?t 1 aliiPey 6F i L8FFHoffes wRidssPR anché?é‘é%l dnd PAFS Was Wik
to an increasé€tn @Hué’@s dede deEi AEg wWhi éidi sCREsiIERST bl & f 028 he
nmet abol i sm of Inftergtticosidesdiropsnid avionesatle théi phyexpacipges with
agl ycones whi cstapeem eadiebyonbsorsdbednddtrim lhgpol3tesizzedazémt heal t hy
intestinabsd fdwakaww | hamafx, 0oy RHPNMOAEnG 3Of, | auegess N Red ekoves Kim
absorpiion butypal$@0p poEER LR %~ YRLESL: f |4ehuat hed, 0f: i3Qf hauese on
cyclooxygenases and in wvivo skin inflammation. Planta Med
68:316-321.




5 REFERENCES 1. Ahleneyer B and Krieglstein J (2003) Pharnacol ogi cal
studi es supporting the therapeutic use of G nkgo bil oba extract for

Al zhei mer' s di sease. Pharmacopsychiatry 36 Suppl 1:58-14. 2. Beck V,
Rohr U and Jungbauer A (2005) Phytoesfy ogens derived 10from red
clover: an alternative to estrogen replacenent therapy? J Steroid

Bi ochem M7 Bi 0lam94:149%hb1bned. Beckedba)Untgraiiedes: cEosdffeNtldies are
Kubel ka W and &H@gpﬁf&r e (2003 ﬁ%g ; arison f}I @%E!Dnﬂé%&%' Vink¥ang1ic

extract.s OI’

(est rogen, andr (iggpa gr{&)g[ﬁ:st | St 8n ar I Z 3.01’1
se

ete R ?

| arge 15scal e or mone acerren t ier f § oPdid Br6eRs

Mol Biol 84:25 lﬁ%él“ m%?rbr?&rl gi ‘A aﬁ&lma %%ﬁ@f}”bﬁ%u oY%"gfiUé
nodel i my of cyB‘PSE?)%‘f‘“ieﬁ kPREE i’ alan%%’?OSdﬁa el 1P 1Phar macoki net

Bi ophar m 1% 21180t 28 55.BIRirgEAchdl Rrakel MetVaBanpee4y. Bl beasay P fand
testing activi typimhchai oFvai | Sl t yiMekshotrammitcalofpr anusct-$c Joupnaing,
of the AnericannBetainisCakrEosncidind8abd. cobioBawey 1 EinfAdherseraut Zcdt in
and Row and | (2008)y Matgbet & smaafstir-soidavones: ang dii ggans-byst he gut

m crofjprajg a shidyyl, N Zgehit i eeandg huppi: £ | ﬁﬁ:aa%és%{e% eckcr at$002)

FOOd Chem TOXI %Q{ref&dom%%% %%6 a7no %Pzir?r Ncrg‘ngo g KF %\ 29110 %epatlc

Drug-herb interacti used conven |on

conpendi um for © eaﬁrhcecaursé% %frsgsi ofial XA Y5 e?n 0°% lf 9‘7“11\“?()ure
8. Bri ght man FAPCPR%4HY 'BE; l‘éigr I"EtER Ahorndhasi®(14806a) Application
of a generi® physi®i-ogFkaNd yIBasSthipha masski e cMfrodéPoeb Eagect of
esti netd on of xehdbiotigenievets dmdl lwdant Pl asnestBragnivetals Bisposenic
34:94-101. 9. BiightevanaFLon LeahyolE,nSeaw! et Gimand:elhemasdSaa2066k): c
35 Applicationtefnasigereeheiphiysi obegi catdanikased phefiracolki-ngtéC Sin
nodel to the egkinmdi-ansef xenobiotic levels in rat plasma. Drug
Metab Di spas 34;84y93nq 1040 Br own i, Bel Mo LLD 'aatBE‘;?”f{?ﬁ&%g

LR oBel il Ph
phyglno ogl Ica?lstg%(tJi%%é)l G % gl ca 8% 3&%9'[ o L%es ° nd aIffeal t hSafe

ha co | net
13:407- 484, 11. ey m%%&% su nct role of
bi | obal i dé %ndLa?%%go‘i’lu d’é’dA Fflﬁ’atrﬁéa%éful GO5n of" r atlispromaedsgion of
CYP3A23 gene eRPred%si divlyid fikgdi¥idroka2ens r aeetdim Aigipredand volume
hepat ocyt es. Dpégditralyubispost 34mp84n@eh 2f rab ch2 culhigar pKal end Haboab 98
Hu M (22005a) Absbegx.i dkvlabdveret dbéb+sm of genistein and its five
i sof | avone:zanakegsoud Frhenbum@an oo 3abit est,i maa1Cacp-Gnamael roCancerise
Chenot her Phar m@cqlzo@@) 13% 3690 13ecdhan Js \ééegxa%thl'na JomBRLMBYa 1
S, Lin H Tam yHand i M on 1 1ym hcﬁf}?ﬁl%@ct%@ fcbgf hLAYONol 45
via recycling g %3 |@g t nA(ETSUS egﬁtl g S
Dr ug I\é%tab Dsgg%i?? il

I & (féJé)é rmalzc;[ollonSc
val i dati onof t hél es |

er meabi I|ty approach to predict oral
fracti on df -do¥e-Hb¥orBed q%ﬁeﬁhﬂ%sp*%nﬁ] a@JSaCkBl%ph&Oﬁ’?br GghBridpes of
16: 71-75. 10 1BumdEhi oty bRERaeie B4 A3Ct998Yiqs ndar dewveel axborrtof and
the fraction okaorigctdose- absur WedabfDigpodr Bgsl Idet-weein. humans and
rats. Pharam.ReBadifewk/ 9, 1785eriGge ChBpU VAllendnC, JIChUBD SM sAU J8 @t
Jeong 3blY (2000pp Siwddar i,y doh & hed imear and n@nsi | Pedma@bRinetics and
absorption of &%dg%lggt w%&mlaeﬁioﬂ@tkavﬁa% Ji AN RRBEMReal vava

Ther 38: 532_'53 - Day %v%l?@go&%”iz? J&ow%?& fﬂggi%og' Ba dearab

paranmeters in orswégrﬁ%n humans arm
18. Day AJ, Du Rhodes M _ Rhodes NJ, Mdrgan MR 20
and Wil i éﬁsonM@lt §8) *pegh Pat§n 81495 v%%o?ﬂdar?&mﬁéoquavb%ﬁﬂ%
gl ycodPdes by it sl?rgajrqbal nt @&tiugeiand afi verPAsét adgidicdsierese ions in
activity. FEES'iteta 2486i71viz®.. 49, JEMNrer R3EZ24H4Elt o- Hui kko M Grandi en
K, Lager crant z4&n lagesagaud Z<,J FrEdeeitclGK, Nahdegsk | atd Mdrand ME (2006)
CGust af sson JA prREM2E9R7)etiummN L5t r ageavaeraptiorybeba- gene StEyeidlffe
chronosomal | ogaddizat hoR, i andtexXpLressi PR -patterdp. J Cin Endocrinol
Met ab4§2: %%58'1@&%:11:%0'&'5%9?5%1(1 0912,) \I?gycgta(%%St(f,ogegédi& L,he Lasco A,
Frisina N, D'Anna R, Corrado F, Pizzoleo MA, Cincotta M,
Altavillia D, Ientile R and Squadrito F (2002) Effects of

g




40esterification with fatty acid. J Pharmacol Sci 95:153-157. 24.
Hasegawa H, Lee KS, Nagaoka T, Tezuka Y, Uchiyama M Kadota S and
Sai ki 1 (2000) Pharnmacoki netics of ginsenosi de degl ycosyl ated by
intestinal bacteria and its transformation to biologically active
fatty acid esters. Biol Pharm Bull 4523:298-304. 25. Hasegawa H, Sung

JH, Matsum ya @ @aRdelehbyamiobhddd96)1 Mabde @ NSigdp$aRANidbre loss in
met abol i tes forym bxfoos%@ééﬁa%'azba%%ha a4 Ehadh é\@d @&b&é%ﬂﬁ?@
26. Hasegawa H.an r}’ta:%%lléég ) é”ééﬁ?t pLatyls § ;LQ {Nw

?4 an

orally ad ere [ NSenos ep on |n

bact er i al q]F%ydr 517 f]n ot %%aﬁ%oeo of SEVPEHL rﬁ?r?guﬁﬁ S
an actPve bact%?ﬁr&resnﬁ aB%‘Fl‘fl)é‘igﬁ:’loé’r‘?tr K?EdPSHl%@lezoﬁ? Hof'f frafiFod
PC, van Trijp 9WCBaystdh M\, van der Gaag MS, Mengelers MJ, de Vries
JH and Katéan NBe(l3997){LRelngt iWig lbroavai Fabi2PPty 8&vide ant itbai dantors
fl avonoi d queraigeicnifig amdkOwat dlousi tfyoeds sbpn 1edelakEBSs Let thumans. Nutr

418: 152- 156. 2&nddewes:1),10Varing M Huang L and Howes LG (2002)

Lf)ng i@E_fl[BPPalrdﬁ%OkAgf%%er MaNn ﬁﬁala% OLTA;Q%%IEJ@VQBSSE&;{%}@%@Z é?i

cl over riToly4ILREAL ens iher g Cgasra mgn d.8¢ i
%)ﬁ]garlg%‘ g:h %o E nYd

29. Hu Z, Yan X golfcdsac és 1 lav con arn

Zhou S (2005) 5= ar nteractions? [SI et atur ¥ |g5 Druﬁreas‘,e
65: 1239- 1282. %%Orﬁﬁm %nel'A“H‘r‘?@r?h eﬂ%%tép E2800FIBhar RECSUCFES  in
grade St. JohrPY@rpgfrtonizedumpio pht@at A 12918xE0%nd | nage Dat abase

20( USPTO éd), Quwieve¥si MyyafraSott h@hha Cal i fidradvwe FhaendprSudg 1Te(1997)
USA. 31. KhwajExpFAsaiwh Fr pednment ERE2002yctarmdedt caln grage bone.
bot ani cal dr ugdochni ISREY Pageqmodubhz2Text and | mage Dat abase (USPTO
ed), Phar gaPrifiagl nexTUni yessi tyo ofandSSeut her pw Cakpd@nni anediSad 32
Koror oski  BJ, '%ﬁlrar%c&%g@l%ﬁ' QthasﬁtdrlQHtﬁg}xacﬂ;dh\é%%@t aramrnan R,(299/)

Ef f f th h t h t I
et bl | S by %’?&ﬁe"hg‘ﬁ%%%%% gahré%% AL At o

11: 6972-6979. Kortor 6SKi 4 Zhang_ S, Cai H, Hutzler Jl\/g e

R Tracy 1S, St@8nSc Cihmanf T AfgucyY: Coproptlafift RhKEtardm ﬁé@@R
(2004) | nduct iESRIARBEThHRhi 216 G’TbS@VPBhCPﬂ ofe SPTABF L OReUSES T hilss
wort constitudeR-Ryperdoriat intaimaalhepat sedale éukt dribed ey 4hetdb
Di spog532: 512-808. 35 34. Kuiper G5 Carlsson B, Gandien K Enmark

E, Haggbl asl. J,schul.ssomu,S arduist af,ss@asdfef 1997 anGonmpard<zon nof (Lhes)
l'i gand bi ndi ngnspeeiddGichy aped traasestdtidecssue gHstri bpti oRpaticin,
estrogen receg}sgl{lg ;FHEc@Hd &foﬁggogﬁén@é)%alrgﬁo% qffler d9 Sr

Kui per GG Lenng £ SH, der_.Saag ..
PT, IOv der Bur an sta u;: nt efaac |J()tn%qfe ér&jotq%m c
cheni cal s and 5 %%stro ens wﬁ%’lﬁ et C(S’P petd

Endocr i nol ogy "F é DY i EZgglu%erﬁwaﬁr SRS g © Bwy

Kang SS, Park SBRcApH! KK Bsowp I(“200?3*5545‘1‘ f%ct §1WGXGN|§’F€@%@4%? fﬁﬂ»oanOlfe

G nkgo bi | oba BEeaBesslrrc W&l oBkygemesesSanckdgidyi Yoasdifeubi JE (2001)

i nfl anmat i on. BRbanbdaldEdi68: 31682k istFl3vondamih LhaattiBenetndid and

(200435 Hepat | arnaiigs DS08R Sbiflées Ar esdynsuddieivent tsQpphatatiser i zevity

Vi VO hepati c metaboti<c.ighbgar ance and netabolic dr ug- drug

'hgfo eract Lons: sskudLes /b, d'ca%éaeln%tabgégr%@u nazg,;' ggié{sﬁt  dpenag C.
%‘E‘:{%Hglg{H :W%%es%ér annegelscp %J_mmer LD Br wzba M C und

Lartigue S, Bi_zai

JIP(1991) [ Measdrenditdd 6a§‘¥?. &8t v¥ nd?0 SSTHAL 1 PaROFET | oI
colont® filli rﬁj’rbya%éPﬁ? sEaRCRTPThettthy Subfeet 8Fclusister gurésameric
Cin Biol 15:3pgm3848 4le 3g0Y L diFCr¥aveapi tebtaelitsi vodprete 1RE hAneRn
Cheng KC (2002ntpevEiadpirenteniala faovel A NiCEEo ModelBlt b0 pr-ddi7ét
hepati c ct®ar anee wsi ngrkir esindeebsyopr eser Vedoo ands smmndwiech- eulbt bgech1
hepat ocytes. BrdgoMet:alh Bhapess3Qthdh6sdbdn, 40 doprdHraZhangr il @-r&ui

SF angs Yang MB,20R5)e Ekestsof (uskbodaidzipng. geni stin, and glycitin
59. Venkataramanan R, Komcroski B and Strom S (2006) In vitro
and in vivo assessment of herb drug interactions. Life Sci



40G nkgo bil oba: eval uation of CYP2C9 drug interactions in vitro and
in vivo. AmJ Ther 13:24-31. 47. Mon YJ, Sagawa K, Frederick K,
Zhang S and Morris ME (2006) Pharnmacokinetics and bioavailability of
the isoflavone biochanin A in rats. A#ps J 8: E433-442. 45 48.
Morabito N, Crisafulli A Vergara C, Gaudio A, Lasco A, Frisina N,

D Anna R, CorradozfgsPiizzoleo MA, G ncotta M Altavilla D, lentile R
and Squadré 0 Eegg% m@ELSCtRS Oi{amaZ: aggpgﬁ %I nI"\%ngrOSkl BJ, safa g S,

hor mone- r epl acenen apy_ or bone | 0ss, ar |y posimenopau

Wonen: a randor%nnge%lf do‘ibl gx%l %tﬁ Iac(gbo O@Rfr o”%ﬁlk i% epJ Bonge*Pal
M ner Res 17: 16042192 " aFleWERABN BIS gy BM &hd Sfaddr ad (sbikyre
Nat ur al® pr oduc PR HEYEHFERSCIS Yhew H?i‘]&sfeé\?é? t B pe?ilfﬁft‘f] 198¢r2pzte
J Nat Prod 66: £02puaer37 Dr89. MaNjad Sepred 28nid2W1l4d78nson G (2007)

Revi ew of dilhe Fackors, afdlecndng B,0aEambabili t Esoficsoysdrsafillawones M
humans. Nutr Cabeefssh 1010. 3ddi b1 K, ChEandk UghaeadM oSakain KE  (2003)
Takasaki M Adb@é@:f&}étnz r@ceMrom@ if @f@rés%@ﬂ%nYa&@ﬂp%nﬁn skeletal

combi naf i on_of mqg@wrxo{ﬁ ugEOQIhkeg%mc ard dgs,and, IﬁgﬁélaVOQ&a Physiol
conj ugat es i ncL,easss f£7R; algpone m ner al denS| ty and equol

orouie o GER T ERFLR Y B 192 0t st Bs s, s,
estrogen recepPBYt‘H‘é@tda’rcllﬁe?atPhé’GH@edE‘ﬁ’dj(’?cﬁl ﬁ%lro "138: 4509-4512. 53.
Pang PKT, %Shan"3jliamecchi F*KWI(EP00D) Enesiaiioadd pRAVeRTtol brjikedl and
st anddsdi zat | oRcBFertabal padircdors; FrpddSPTRY 20PRate el Ful 3155F8X8 .- and

| mage Dat alfasew(tUSRI@,edprrrC\WH Tﬁ&hr&mlidgbe&twt&ke D. 8280754 soRuarodd? -
Chen S, Yu BY, sZ&het DNoaCoidiehkliveA ad @agdbuc2086)gr edbeiiPNROE Rev
human absor pti en ef- 1@@tural conpounds by the non-everted rat

i ntestinalgssacyypdek. Euyp Nybd giem 1: 6Q5; 2%610. .55. hul

Schur ef, M Bas 5[%0% ﬁey‘éé (rge g;oll nvestﬁ&g t % of% & Rtoos)
phar macoki net i ant] a ofwL erl CI h r| CI n, ﬁype ori'n andnatjhe
Fl'avonol ds queﬁa% e PO P Sy PeL e Snd TG
nul tiple oral HB5%° 3sPaAi & %Ot‘ﬁo%\ hyperi cum extract contai ning

tabl et in %%eal ¥&y ndd e VBl urfireert®  Aflzneing t e o¥EchyRgOB5: 5B 568al
56. Setchel | KBio@BragumbhMtiDesad PhaZinagerinMethemods denkyohdei®BE, A, a
Brashear W, KiusasehrianaAS; veassiptyeAt and fietbinaJEh¢200bhg, in the Rat.
Bi oavai | abi | i t ynef mukembsof Iz28venessj n heal thy humans and 35anal ysi s

of commergi;al $0y iSofiAVene wRPLRMeRLS ki) MNdkr é%ﬂ@%%s- 230K 2ha

Set chel | KD, h I
Setehell Necﬁgf‘*;a%; (obSPNabEC D, 0 %cﬁglég%%nﬁgf C ofpatellan &,

JE (2%@5) S- equ pot% Cylrrglz“bn Z_i%/!jf oqenlgf)%d%n 1:roecep or Be?aalvf
the exdl usi ve EPHHY gﬁeﬁ & of " HRELRIY MSoFPEVBRe rEtdpdidE Bull
produced by hu?’rﬁnlfiBer éé??’nal bacterial flora. AmJ din Nutr

81:1072- 1629. Bgu TamBdengndl, Aldef s olaKE(R00D)SI fulsadedabioh of c3005)
di ssol uti on anBreabsdriphi ofi sysi-emugi netUSRIAQcPareat aduldnsTexrt sdbalet ion
| mage Dat abasesfWwdSPTOredd:hdd GeA. 15N 6Mankat ar amanan R, Konoroski B
and Stsom S (2006) In vitro and in vivo assessnment of herb drug
interactions. Life Sci 77 78:2105-2115. 60Venkat aramanan R,
Ramachandran V, Konoroski BJ, Zhang S, Schiff PL and Strom SC (2000)
MIk thistle, a herbal supplenent, decreases the activity of CYP3A4
and uridi ne 5di phosphogl ucuronosyl t ransferasei n human hepat ocyt e
cultures. Drug Metab Di spos 28:1270-1273. 61Wik A dennmark B, Ekman
M Esbjornsson-Liljedahl M Johansson 0, Bodin K, Enmark E and
Jansson E (2003) Qestrogen receptor beta is expressed in adult human
skel etal 10muscle both at the nRNA and protein | evel. Acta Physiol
Scand 179:381-387. 62. WIIlianmson EM (2001) Synergy and ot her
interactions in phytonedi ci nes. Phytonedicine 8:401-409. 63.

Wl lianmson EM (2005) I nteracti ons between herbal and 15conventi onal



64. Wittke W Jarry H and Seidl ova-Wittke D (2007) |soflavones-- safe
food additives or dangerous drugs? Ageing Res Rev 6:150-188. 65. Yan
R Ko NL, Li SL, Tam YK and Lin G 2008) 20 Pharnacoki netics and

nmet abol i smof ligustilide, a major bi"®active conponent in Rhizoma
Chuanxiong, in the rat. Drug Metab Di spos 36:400-408. 66. Yan R, Lin
G Ko NL aadt Teencilkifnd@0id: Low Oral Bioavailability and

Phar macoki_netics of Senkyunolide A,  a 25Maj or Bioactive Conponent in
Rhi zoma Chuanxt on@SEA t I RAFSIFRE"Dr Ui MR O 29hagmaekigeties m 3%
KimYS, Mon SKarGhectfharBae HS: K mMnddiuRar kiiEK ameh Kiphe DH @40t s,
Met abolic activities.of ginsenoside Rbl, baicalin, glycyrrhizin and
geni posi de t o THETF BB F&°BDCHpounds by human int esti nal

m crof bora. Bi ol PhateeBulhiRy: dE80-aE383.f 6&:tadboisnS, oHusky ivHuXu And
Yang H, Duan W and P.a}l)%teon 1\:JWquZOOS Pr edi ction of helzr')eb-dru net abol | ¢
interactions: a similation study. “PRAGEHer ReE 19: 46%- 471795 < 7g 10
What is clained is: destAometdmadnet pradi ehtngiver;vi vo

phar macoki neti cs ,an ] f a_m r i ltipl
conponent s, comr@s?jr?gg?{qgﬁlsq?gg?ggg}?:%%ta Ondglgqegltr#n?eoﬁn\gééo%ﬁrelg%lajtde%&&d ot
met abol i sm of i ndi vird@&laand i nt eracti ngconponent si nt hem xturein
gastrepntestinal &ragh apdhidyersnd) dater mai ng,di S&&hgwe;jfeer of .LhS
conponents in blood or plasna; 10c) determ ning the rate of the
conponents' renal el9AMARRFEH @RE d) determining the potency of an

i ndi vi dual conpongnticaRemSyNEY FneMpeferddiNich hhoMn&NARYat homponent and
conponents, wherei n the above determ nations conprise

mat hemati cal 15nmodelSTRAFWFT 1P rEBT YT IPE BREPFredEk FRERT A S d

plha_r rracod%/namhvﬂ&rpﬁepe_r;h@g ESch’_Bhvd h&idﬁe&h%lﬁﬁtidhsﬁ \t@mpgisghemé@{e‘ﬂﬁgi@il
claim]l, further, conprising the steps of determ ning paraneters for
act i vé%met abolri‘ctdﬁgsof e 20" tonpdhént St acdofdi %8%§Péb‘§et(léﬁs and
t hrough (d), wereanodyigputes pfopdre imat benmaie eaktmodelnss viw-bl predi ct
t he pharmacoki neti cs and pharnmacodynam cs properties of the m xture
and their netabolites in vivo. 25 3. The nethod of any one of clains
1- 2, wheréin tHe pharhacoki netlets dnd Pharheac ochyrariisésg predperdisgs of
conpri se conc rabion-ti Ll.es r se-f] rofiles.fo
he component & At ie}  nepahereres P5 LRIt B e ok ofe
cl ai n801- 3, wheEmePnerhe machefsnd cdl notkds dee cepabloé ofdkol whagein
mul tipl e unknowng whi chrar esli ngarddndtAdgpendemd) Or dnher acklnge W Lk
each other. 79 whereinris /4 _ linearized response, r is the average
| i neari zed resp@Agacokgnetics j ange|RjREParoteiconpbrRtit ietel af esti®d
potency), di imidheedose tabicomponentcis anf dyand di are average dose
of the irh 5and jth conponent, Ic is the weight of the interacting

pair. 6. The nmethod of any one of clains 1-5, wherein the

mat hepmt i gal mogel setabpri 8€s Ziy A=o6€0 dECt tlximstZEfH2l eXiwkerein the
wherein ao and.a, are baseline , , ,
10act i vi t yanddCHUREYEOEF eI eMDf BERAPBMAMINAPEEHe VTOPEF Y Bhd SPa} 3¢
conponents i anthcpntespect-tvetyprofiled satderaspinsdety ineehkoei bt obr
the interacti qglepggr Org(eintasngné(jthe\g@e;ng%o alitgsequati onis able to
predi ct an optim zZe ’
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other.

35 5. The method of any one o©f c¢laims 1-4, wherein the

mathematical models comprises




conposition of the m xture to achi eve maxi mum possi bl e 15potency. 7.
The nethod of any one of clains 1-6, wherein the rate of netabolism
conprises rate of degradation and rate of absorption. 20 8. The

met hod of any one of clainms 1-7, wheredin the determ nation of the
rate of nmetabolismin gastrointestinal tractconprises assays using
artificial gastric or intestinal juice, intestinal flora, intestinal
m crosones, "250r=pebimabi+Y wiaidngs Msi (g-auld UAg Ceblseoh s
intestinal tissues. ;9. The nethod of apy one of clainms 1-8, wherein
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of clainms 1-12. 30

and x;, wherein said equation is able to predict an optimized

composition of the mixture to achieve maximum possible

15 potency.

7. The method of any one of claims 1-6, wherein the rate of

metabolism comprises rate of degradation and rate of

abscorption.
20
8. The method of any o¢ne of claims 1-7, wherein the
determination of the rate of metabolism in gastrointestinal
tract comprises assays using artificial gastric or
intestinal Jjuice, intestinal flora, intestinal microsomes,
25 or permeability studies wusing cultured cells or intestinal
tissues.
9. The method of any one o¢f claims 1-8, wherein the
determination of the rate of metabolism in liver comprises
30 assays using freshly harvested hepatocytes, cryopreserved

hepatocytes, hepatic microsomes, hepatic c¢ytosel or 5-9

fractions.
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The method of any one of c¢laims 1-9, wherein the
determination of distribution in blood or plasma comprises
determining binding to plasma protein, binding to blood
protein, pKa, log P, log D, and wvolume of distribution of a

component .

The method of any one of «c¢laims 1-10, wherein the
determination of renal elimination is based on the

compeonents’ chemical structure.
o

The method o¢f any one of claims 1-11, wherein the
determination of potency comprises receptor binding assay,
enzymatic assay, biochemical response assay, and assays with

isolated tissues or organs.

A composition comprising multiple components as iddentified
by any one of the method of c¢laims 1-12, wherein the
components have desirable in vivo pharmacokinetics and
pharmacodynamics properties as determined by any one of the

method of claims 1-12.

The composition of c¢laim 13, comprising Red clover

(Trifolium pratense).

The composition of <¢laim 14, wherein the Red clover
comprises formononetin, biochanin A and their glycosides in

amounts determined by any one of the method of claims 1-12,



