
;fghie3e  tv^6T$  USE OF ANOECTOCHILUS FORMOSANUS PLANT EXTRACTS AND THEIR
DERIVED FRACTIONS AS HERBAL MEDICIENS OR NUTRACEUTICAL SUPPLEMENTS FOR
CHEMOPREVENTION OR TREATMENT OF HUMAN  MALIGNANCIES   BACKGROUND OF THE
INVENTION FIELD OF THE INVENTION  Anoectochilus formosanus Hayata
(Orchidaceae) is an indigenous and important Taiwanese medicinal plant and
has been used popularly as a nutraceutical herbal tea in Taiwan and other
Asian countries. This herbal plant is also called "King Medicine" due to
its diverse pharmacological effects such as liver-protection,
cancer-prevention, diabetes, and for treatment  of cardiovascular diseases
(Kan, 1986). However, limited scientifically proven information is
available on the bioactivity, physiological funtion, and specific clinical
efficacy of this herbal orchid plant.  Apoptosis is a mechanistically
driven form of cell death that is either developmentally regulated or
activated in response to specific sets of stimuli or varios forms of  cell
injury. It is now evident that many cancer cells can circumvent the normal
apoptotic mechanisms to avoid their self-destruction. Many previous reports
have suggested that the  induction of apoptosis via the mediation with
immune defense mechanism (Williams, 1991; Bursch et al., 1992) or other
tissue-specific homeostatic controls (Raff, 1992) may contribute as an
important process for elimination of nascent tumor cells. Recent advances
in understanding the mode mode of action of anti-cancer agents indicate
that regardless of the diverse nature of anti- cancer drugs, most of them
can elicit apoptosis in targeted test tumor cells (Whllie et al., 1980;
15      



07/11/2005 16:20 FAX ~010/OB5 By F_xpra`s Mail /! r'L798797di~US 5 Jiang et
al., 1996). Moreover, over-expression of certain "anti-apoptotic" proteins
(e.g., Bcl-2 or Bclxr) can inhibit apoptosis induced by anti-cancer agents
including taxol, ara-C, and etoposide (Fang et al., 1998). Conversely,
numbers of known or suspected tumor promoters, e.g., phorbol myristate
acetate (PMA), 1,1-bis(p-mezerein, diethylstilbestrol (DDT), sacchrin,
aflatoxin, etc., are known to induce resistance to apoptosis in a variety
of tested cell-types, indicating that the  effect on inhibition of
apoptosis is apparently medicated via a mechanism of tumor promotion
(Wright et al., 1994). Therefore, it would be advantageous to tip the
balance in favor of apoptosis over mitosis as cancer chemotherapy and
preventative approaches.  There are recent indications that apoptosis
involves the disruption of  mitochondrial membrance integrity and results
in the release of cytochrome c from mitochondria into cytosol, and that
this sequence is decisive for the cell death process (Liu et al., 1996,
Yang et al., 1997). Several  antitumor drugs, e.g., Taxol and etopside,
with a diverse spectreum of  target molecules, have been also shown to
cause the release of mitochondrial components, and result in cytosolic
accumulation of cytochrome c (Fang et al., 1998). The cellular mechanisms
known to involve the process of apoptosis is the regulation of biochemical
activities of a family of cysteine proteases designated as caspases.  In
vitro tumor-inhabition screening systems with a bioactivity-based
evaluation principal, using a panel of human tumor cell lines correlated to
different types of cancerous diseases, and coupled with tetrazolium (MTT)
assay and a protein-binding dye (sulforhodamine B) assay, have been
developed  by research groups at the National Cancer Institute (NCI), USA
(Monks et al., 1991). These assays in essence are to measure tumor cell
viability, growth, and  cellular biochemistry behaviours. Following various
pilot-screening studies, a screening rate of 3   07/11/200a 18;23 FAX 



4a0 compounds per week was achieved by 1V.G Among the at least 8000 single
compounds Dy E7tpress Mail # EL7987~7055US f~ 011/466 ~ and coworkors and
other g~oupa as NCx, USA. tt have been screened to date, only a lirr~ited
number of test samples (about 3 0) h eve shown ~ signiFcarzi, reproducible
and stringent in vitro autti-tumor cell activity. Of that limited nLUi 5
shown ati ;:n vxvo anti-tumor activity without e: human clinical trials.
This task and the results single eornp4ur~de for cancer drug delivery_ A
much faster, ay~tematic throughput systems for drug screoning is now 10
omployed by a number of pharmacological comp appreciated as `snot
necessarily go siraigl~tforwarc is being given to combined compounds or
"cack~ on Traditional Chi><iose Medicine Aug. 30 - Se~p using crude or
partially purified plant s 15 compounds for drug discovEry, food su
direction of the National Center of C 20 reoently set up in the United
States. Our resear strategy and direction in mind, A most recent medicinal
plants on turrxor prevention and inhil and its derived active compound,
epigallocatee: al.) 1997). 4 only approximately $-IO compounds have ~sive
toxicity, and have been fhrehex tostod in ~e ill>.lstrated the great
diFficulty of soreening of using cvmbinatarial chernis~,ry and high
nmmercially available, and is be,.ing aetivvly ues far never dxug
discoveries. Zt .is also being for cancer drug discoveries and r
onsideration Is." (Dr. Ci. Craggi) International Conference 2, 200o,
Maryland, USA). Thi~;~ strategy of metabolites/phytochemicals as ~i,
mixture of and nutraceuticals is tlxo ma.ir policy and Mary and Altornative
Medieinc (NCCAIv):) ul this invention were dosigne;d v~~ith this new effort
of this approach employed for activities has also been studied ~un green
tea gallate (EGCG )(Lin et al., 199'.e; Ahmad e~ Z160 3~Jtid
r~~'13~i-3N~3~I~J L' LbL8L9b 6Z :0Z E00ZIL0lZt   07I11/2003 1B:24 FAg l~
012/085 13y Express Mui 1 l~ L L798791055U5 SUMMARY OF ~'he present
invention is in the 5 of plants and in particular Arcoectochilus 



but defined plant extracts or as method for their preparation, compositions
T plant extracts of the Rn.oecl~to~chiZus fanuly ("A, formosanus"),
prepared c,ither as crude ~ fractionated plant metabolic c;ompo ands, a ~c
such extracts and in their use for chemo prevention, or
complementary/alternative conttal~ of various human malignant disesEnes.
Other species of Al~oeetochtlus, 10 China, America, or Vietnam, have else
boen i fox herbal medicines or nutraceuticals in Asian plants and their
derivatives may also possess and thus be potentially useful as specific
This invea~tion includes the is deriwativas as tarr~or-prevention or tumor
tumor cell-inhibition activities, that may be and hepatoma tumors, are
defined here to cc solid tumors, and this may potentially Administration of
herbal plant extracts to 1 patients, may be by oral delivery {liquid-dr
instance, A. ko,~htcr~errsis or cwltivars from used as substitutes o:~ A.
formosanus Plant extracts of These f(noectochtlus anti-tumor or
tumor-prevention activities, or nutraceuticals. of such extracts and their
plnytocl-remical remedies or nutraceuticals. Efficacious potent against
melanoma, breast cancer control or suppression of growth of normal
individuals ox caz~~~rer patients. either as non-symptomatic or as
cancerous infra-tumoral (intro-dermal) injection, infra peritoneal
injection, topical application, or even intravenous injection of partially
purified plant 20 extracts. Another aspect of the invention in lodes a
process far obtaining the e~ctracts of the invention either ae a crude
oxtract, a fraction d rived $om the crude extract or a subfractinn. 5 zE~~z
~~~d r,~~~~-~N~~~~ r ~~~at~tr s~:ez e~~a~~~~~i   07/11/2003 16:24 FAX 



'These extracts are obtained by one or more By Eaprms Mtril #
E:.79879745505 specified extraction periods. In other embodiments, the
processing to obtain a mare reined form. 5 In the invention, plant
materials conditions. The plant tissues are harvested extracted with an
aqueous medium, such as ~rt'htr partitioned fractions lead to id~mi~
characterized by TEt, mass, and NMR spectL^c ~ IO to-lot variations of the
plant extracts cari tltus b m~oriit4red, a,djustod, standardized or
controlled by normalizing the levels of index compo ds for
ingredie~ntlcoinpow'rd composition and profiling in specific plant extracts
or the derive bio-organic solvent fractionation . A,fter such 15 20
normaaizatioz~/ standardization and quality co: preparations of bioactive
paant exude extracts defined and systematized for use as nutraceuti~
graravlh and related malignancies. ~ o1a/oaa ion steps using certain
solvents andlor for or fractions are subjected tai subsequent grown under
specif c and eonstan~k green house specified conditions, finely
homogenized, and followed by a stepwise gradient ;Fractional,ion. ~n aF
usefiul index compounds v~rhich can be analyses. The consistency and
~.kuality of lot lanalysis (QC/QA) measures, the obtained the derived
organic fractions, can then be or remedies for preventivx~/oora~tral of
tumor The use of the plant extracts an the derived fractions in zn vztro
(cell culture) cytotoxiaity experiments, using MTT and 3 -thytnidine
incorporation assays., confers an effective inhibitory effect on
cell-proliferation activities against MCl~-7 cells (ktuman breast
adenocarcinoma), 131d cells (mouse melanoma) human hepatoma HepC32 of
hux~.an ox mouse tumor origin. The results obtained from i~ itYO
cytotoxicity studies dem,orxsi~rste that the kinetics of inhibition of
tumor cell pralifration i a dose-dependent effect. G ~~IZZ 3~JGd
J~~~3~i-3N33~IJ r LbL8L9b 6~ :W EOA~ILOIW   07/1.1/2009 18:24 FA7C l~
014/085 Dy Express Mail # n;L74839~O55uS The invention also exhibits a11
its 5 rnouso B16 melanoma cells/C~7 black mouse tumotal injections of A,
farmasanus extracts a very significant effect on reduction of tumor 1
administered intro peritoneally. A detecta$le effect on in vivo tunnor ~;
~owth, using 



the target tumorlFwimal model system. Ir~traively inhibit B16 tumor growth
in vivo, and a rh was detected when A. forrnosa~~zus extract is is also
observed in test mice t~y oral force feeding. FIuOresaent microscopy and
flow pytometiry c'Lnaly5e5 show that the o'bser~red cell 10 killing ef`ects
of A. forrnosa~rus extract on the process of programmed cell death (the so
called that apoptosis of MCF-7 cells was medicated v pathway.
~ilestern-blot analyses of various si pathways showed tlxat tb.e expression
levels of caspasea (e.~., caspase 7) cytochrome c, and mpleCUles are
significantly and speciFcaIly affec 15 are treated with A, fdrrr~osanus
plant extracts. A ossible mechanisr~a for the apopto~~is in MCF-7 tumor
cells as induced by the plant extract of A, rrno,ranus is also proposed in
this invention. A significant tluciuativn of activity, increase and th
acti~rity xs detected in goad association with function of time with the
treatment of A. farr 20 Specific types of cell biological mechanisms) are
responsible for the obsEived anti-tuzz~or sell tumor cells is apparently
mediatea',i through the popto5is"). WO demonstrated in t~~is invention the
expression of Fas ligarvd (Fa;rL) signaling aling proteins involved in
known apoptotic teal caspases (e.g., caspases 8 anal 9), effecter o1y-App
ribose polymerise (P.~~RP) protein ed, when MCF-7 human znammar;,r tumor
cells xt decrease, of the easpasa 3-like and caspase & killing of B16 moXW
oma cells, rn;sulting as a zur extract, These rosults strongly suggost that
pathways, not general "intoxieatinn of cells"', ect ofA. formo,~dnus. anon
inchxde: Othex beneficial aspects of the ~EIZZ 3~J~d 1~~~3~1-~N33J~J r
LbL8L9b 6~ :0Z EO~~lLOIZt   07/11/2003 18:25 F'Ag ~ 015/0B5 By Exnrrss Mm7
~ r 1.73$p7055115 an essentially non-chemxasl techni.q~ue or procedure,
(i.e., nv syntrietic compounds, no buffer, and no toxic organic solvent)
using boiling water for D.1 to 500 minutes far aqueous and bio-argariio
extraction; the use of a simple ethanol stepwise gradient (50 to 87.5 l, vl
v) extraction 5 procedure to obtain a more biologically potent
sub-fraction, i.e., the AH-sup fractior.~; the further bio-orgaliis
extraal:idn of AH-sup with ethyl acetate arud butanol to 



yield groups of more purified or enriched metabolic compounds, which can
canfey, a significant and higher 1ev1 of anti-tumor activity than that from
total crude extracts; the preparation o~.f a fraction (AH-sup), as derived
From the total, crude aqueous 10 extract (AF-Hot), which shows a high level
of cytotoxicity on mouse H 16 melon oma) MCF-7 human mammary carcinoma anal
HepQ2 human hepatoma cells in vitro, as corrapared to the activities
obtained from other fractions (Ap'-Ilot) AH-I, Air-II, and AH-III
fracxions;i; the further bio-organic fxaetionation of tho AI3-sup fraction
to yield three 5ubfi~actions (designated as E,A., BuOH, and. Watez-
fxactaotrs) which, based on th~~ MT3' assay 15 shows the EA fraction, as
compardd to that of those obtained from AH-sup, $u0'13, and Water fractions
to have the most significant anti-tumor cell effect; The plant extracts
ofthE invention show the ability to inhibit tumor growth: a) based on MTT
assay and flaw cytameiry a~~alysis, the AH-sup ~uQH, and $A ;fraotiot~s of
A,. formosanus show different levels of anti-tumor cell proliferation ~0
effect, varying arxrong the three tesked cell lines, suggesting the A.
farrna~s~artus l:~lant extracts performed with differential anti-tumor ox
tumotLprevention activities; 8 zmsz ~~d~ ~~~~~-~N~~a~ r zti~e~9~ ~~:ez
~ee~~ze/~z   07111/2009 18:26 FAY ~ 01B/085 Dy express Muil ~1
rL74879~'OiSUS b) in the case of HepG2 human. hepatama cGlle, a very
signi~cmt cell-killing effect is observed when HepG2 cells ere treated with
the fractionated plant extraeits, especially the EA ;firactian hence, 'kh a
crude extract of A. farmosar~.us rn.ay be used with minimal toxicity to
liver cells, and can be more potent in treating other forms of tuumor; 5 c)
an anti-melanoma effect of the AH-sup or credo plant e;~rtracts when
CS'7.1~L/&f mice harboring B 16 melanoma tumors are treated in st~u
infra-tumnrally, intra peritoneally, or orally fed with plant extracts of
A. farmosanus (AH-sup), i.e, the grnwth of B 16 tumor can be eFfeelively
inhibited in mice; The animal model study tn uivo showed tl~,t
tetra-turrxpral, infra-peritoneal, and 10 the oral-force foding/dtinking
methods fax delivery of A. formosanur plant extracts into animals can
result inn appreciable levels in inhibition of tumor growth, an,d hence be
potentiaily usetv.l For 



t~eatanent or prevention of certain cancers. The various features of
novelty which characterize the invm~tioxv are F~ointed out in particularity
in the claims annexed to and forming a part of tho disclosure. For a better
1 S understanding of the invention, its operating advantages, and specific
obj sets attainEid by its use, reference should be made to the following
drawings and description of the preferred ~;;mbodiments of the invention.
BRIEF l)1~SCR~ION QF THE DRAWIZV'GS 20 Zn the drawings: Fig. 1, Extraction
protocol for preparation of total and fractionated plar~fi extrac#~s of A.
formosanus. 9 ZElbt ~~Jt~d A'l~~~i-~N~~~~J r LbL8t9b 6~ :9Z E00ZILBl~Z
0T/11/2003 16:25 FAX ~ 417/065 By txprese Mml 1! L L798797055US This
protocol in, principle followed a "bioactivity-guided fractionation
strategy" where the anti-tumor related bio-activity experimental systems
were performed in accordance with the flow chart of an effbctive
e~ciraction and fractionation procedure For A, ~ormosataus (AF). 5 Fig. 2.
,Ant9-tumor cell pral9feratian effect of AF-Hat es,tract of A, forrnosanus
on MCF-T human mammary adenac4~roinoma, HepGZ human hepatama, and mouse BiG
rnelanorna cell lines In growth media containing with or wit4out etpl
bovine serum. 10 Cell viability was measured Q48 hours post-treatment of
test cells with varying dosage of crude extract (AF-Hot) as indicated in
the presence or absence of fetal bovine serum, using MTT assays. Each data
point was obtained from the average of at least I:rlplicate test samples.
15 Flg.3. Anti-cell pralife:rs~tlon effect of the total plnrit ext~-a~~t
and bio oxgauically fractionated extr~aats of A. f4rrr~asanus on MCp'-7
mammary, ~iepGZ hepatoma, and H16 melanama cell lines, Cell viability was
measured at 48 hours post-treatment of test cells with various 



20 dosages of crude extract (Ar-Fiot) and the derived fractions (AH-sup,
EA, BuOF~I, and Water fractions, respectively), using MTT assays. Each data
point was obtained from the average of at least triplicate samples. 10
~EJ9'L 3Jdd 1~~~3?i-3N33~IJ r LbL8L9b 6Z :0Z EAOZI~~IZZ   07/1l/2009 1B:25
FAg f~018/0B5 Dy Express Mail iP ~ L79A'797055 U5 Fig. 4. Tight mic~rosoopy
$nalysfs of cell morphology of MCF-7 ~~elKs without (A) and with the
treatment of total vrude extrs~ct (AF-Hat) (~), Al3-sup fraci~ion (C), and
'~A frctlon (H) afA. forn~asari:us. 5 MCF-7 cells were incubated ix~ RPMI
1640 medium spiked either with phosphate buffered saline (A, contxol) or
treated with lmglml of indicated plant extracts of.~l, formosan7.s,~ for 48
hours. Each photomicrograph was taken with an Olympus pM-30 camera
iristailed on an Olympus CK40 microscope writh 200-fold magnification. 10
Fig. 5. Microscopic analysis of noriiriial ar apoptotic MCF-7 cells at the
cellular level, ais stained With Annexin-1r and propidium iodfde (PY).
MCF-7 cells were treated with EA fraction ( 1 mg/ml) for 4 hours an cu then
stained with PI and Annexin-V (A) or with Arme~cyn-V only (B). C & D ware
the control cells treated 15 ,uvith vehicle (0.4% DMSC)) and stained with
PI and Annexin-V. A, B, an,d D wens fluorescent photomicrography taken with
an Olympus PM-30 camera installed on a Nikon EC'.'~,n?SE E800 microscope
with 200-fold magr~ihcation using B-2A f lter (Ex 4S0-490), and C wa:~ a
brightfield view of D. Fig. 6. Flow cytometry analysis of the DNA content
in normal and apoptotic 20 MCF-7 cells as a fnnetion of treatment time. 11
Z~l9Z 3Jtld J,~l~~~i-3N~3~1~ r LbL8L9b 6~ :0Z ~00~1t0JZt   07/11/2005
J.6:26 FAX C~ 019/0B5 



8y Express Mail ~G ErL799797033TJS 5 10 15 20 MCF~7 cells ~urere
irtcubs,ted in R~'Mr 1640 medium spiked either with O.~a/o DMSO (vehicle)
or 1 rng/ml EA, fraction of A. J'ormosanus, and then harvested at imdicatcd
time points. Ml denotes the apoptotic peak and the image analyzer generated
percent of apoptotic cells. Fig. 7. Effect of the EA fr$atlon of A,
forrr><osanus on inducing cell surface expression of F$gL activities au
MCp'7 tells. MCN7 cells were exposed for 5, 8 nor 16 ho4~r~, respectively,
to ~ mg/ml EA extract or 0.4 % DMSO solution (vehicle cont>rol). Fast
a~cpressioa~ was determined by flow cytometry analysis using a mouse anti
human Fast IgC~, clone NOK-1, or isotype control mouse IgG, MQPC-21, a,nd a
FITC conjugated rat anti-mouse IgG For secondary staining, The results were
analyzed ii~y a Coulter EPICS XL flow cytometer (Beckman Coulter, USA)
using the Expo XL 4 Cytametel software. Fig. 8. Protein expression profile
of Ga~p~ses 7, S, and 9, cytoeixy~ome c, NF trB, actin (A), and
poky-AbP-ribose-polymex~tse (PAhP') (B) in MCF-7 cells tresited without
(control) or with the EA fraction of A. forrnosanus. Aliquots of comparable
cell lysates containing 40 ~,g of proteins of IVfCF-7 tu~~xor cells treated
with yr without test plant extract were subj acted to a 5-20/a SDS gradient
gel electrophoresis. Aver electro-transblattirig proteins in SDS gel onto a
PV1~F membrane, specific protein bands reacted with test primary antibodies
and then treated with horse radislu peroxidase lz ZEfLZ ~~Jbd
1~~~3~i-3N~3~I~J L' LtiL$L9~ 6~:$'L E0$~fLOfZZ   arfiif2ooa is:2a FAx ~
o~ofoes Syr E~cpres~ Msi1 Y~ ~ L79879~055iJS (HRF)-conjugated secondary
antibodies at room temperature for 1 h. The reacted larotein bands were
visualized by colorimetnic metltod. Fig, 9. In vtvo inhibition of B16
rnelaaoma tumor growth iin CS7BLl6J 5 mouse model by plant extract (AH-sup)
of A. formnsanus. Various administrating methods of plant extracts into
test mic:~e, including 



intraperitoneal (ip.), intratumoral (i. t.), and oral force-feeding, were
ernplo;~red for this experiment, Mice administered with phosphate buffer
arrly via i.p, injection (control 1), or via 10 force-feeding and ip.
injection cancomitnntly (Gonirol 2) were used as controls. Seven mivo per
group were used for each experiment. 'PSg.10. The chemicgl fingerprlGnla
a>od the ~ea.atlldate index comp ounds of the .AH-snp (A) aed BA fraction
(B) ofA. forn~osanus. 15 Panel A: Metabolite profiling of the three
different preparations of AiH.-sup extract from Anoectochzlus ~dr~mosar~us
plant. The three chromatograms were obtained 'Cram a C-18 revErse phase
HPLC ~ystcm, anal the structures and identities of eight indexing compounds
far cornpasitian profiling of the mixtures of pliyto-compoL~nds weave
identified using :L12, mass and 20 NMR spectrometric analyses. Compounds x:
Nicotinic amide; ~: adenosine; 3: cytosine; 4: isorhamnetin 3,4'-O-~
D-diglucopyranoside; 5: isorhamnetin 3-O-~i-D-glucopy~ranoside; 6: 13 Z8f8T
3~Jt~d ~'1~3~i-3N3~~1~ L' LbL8L9ti 6~:SZ SSSZfLef~Z   07/11/200 18:28 FAQ.
l~ 0Z1/085 Dy Lxprcss Matt # F L798797o55U5 caffeic acid; 7: (6R,
9S)-hydraxy-m.egastima-4,7-diene-3-one-9-D ~i-D-glucopyranr~side; auzd 8:
ldnsenonc. >?~ancl B represeni;s a chromatogram of the EA faction from
Anoectochilus forn~~osanus plant 5 extxact, as obtained from a Si-64 HPLC
System. The candidate compounds to serve for indexing or referencing in IrA
firaction are: 1: long chain aliphatic acid; 2: a-amyrin trd;~as p~hydmxy
cinaxnate; 3:a-amyrin cis p-hydmxy cinamate; 4: isorhamnetin; 5:
kinserione; 6: p hydmxybcnzyl alcohol. 10 Figure 11. A proposed signaling
pathway of apoptpsis in 1V~C~",~' xumtor and human ~n~m~nnry tumor ceps
ind~t~d by plant extract ofA, farmosar~us. DETAILED DESCRIPTION OF THE
PREFE~tRED EIvI~ODN'r We adapted the a.nti~tumor drug-screening strategy
developed at the NCB (Mon~l~s 15 et al., 1991) with same modifications,
primarily aimed at evaluating specific cyvotoxiczty on tumor cells by A.
fQrmosanus paant ex~txacts~ We employed a defined and reproducible
"bioactivity-guided fractionation saategy and protocol" to evaluate the
potential aratiJtumor cell 



effects of the A. farmosanux total plant extracts and the bia-organically
dex?ved factions. 'T'he mechanism-specie cytotoxic activity on tt,unor
cells obtained from specific plant naxtracts of A. 20 formosanus is
apparently involved in the induction of apoptosis, as evatuatec using l7ow
cytometry, western-blot analysis, and easpase(s) activity assays. ?here
findings are very similar 14 Z8l6T 3~Jt~d h~l~~i-~N33~I~J L' Lt~L8L9ti 6~
:8Z E08Z1L0/ZZ   OT/I1/2003 16:28 FAX A0221085 Hy Express Matl #
EL79t3797055U5 to various published studies demonstrating the apototic
effects induced by specifi c anti-cancer drugs. See ror instance the
published studies of'VVllllie et al., 1980 and Jia1-lg et al., L996). ~,
~hti-cell' Proliferation Assay 5 B 16, MCF-7, and I~epCr2 cells were grown
in ATCC-racomme~n~ded culture media, containing 10% fetal 'bovine serum,
l00 U/ml penicillin, and 100 ~,glm1 streptomycin as supplements. ftl'MI
1640 (Gibco HR.L, USA) was used to grow B 16 and MCF-7 cells, and Minimum
~ssentirxl Medium (MBM, Cribco Hxt~, USA) for HepG2 cells. The effect of A,
, farmoxanus~ plant Extracts and the derived fractions ~on growth of 14
target tuzn,or cells twos mainly evaluated by using MTT colorirnetrie assay
as deserib~ed elsewhere (Mosmann, 1983) with minor madi~oations. The
tetrazolium ring of MTT (whuch confers a yellow color) is cleaved by
rnitochondrial dehydt`ogerlase in living cells, and this produces the brown
colored formazan precipitates. The relative absorbance changes at S70 nm
are then measured. For MTT assays, target tumor cells (5 x 103 to 1 x 10")
were incu'lnated with or X 5 without p1a11t extracts in 96 well titer
plates for 1 to 3 days. After incubation, adherent cells were washed once
~uvith fresh medium, and MTT dye (0.5 mglml in PBS) was then aa,lded into
the cpIll~~',pDTlCl.lllg cell culture medium as described above, and
reactions allowed to be ~~arn.ed out at 378C for 4 hours. The insoluble
reaction product was then collected by ocntrifugatian, dissolved in 100 ~L
of I~MSC, and incubated at 37C for 2 hours. A11 assays were j~erformed in
20 quadruplicate cell sets. The cell proliferation-inhibition effect was
expressed a~ the relative absorption at S70 nm using a microplate reader
(Labsystems Multiskan MS, r`inland). The percentage of cell survival after
treatment with plant extracts was calculated using ..he following 15 ZE/~Z
3~Jbd 1,~~3~t-3N33bJ L' Lb18L9b 62:0T E~OZ/LOIZZ   07/11/20Da 18:27 FA.g I~
023/0(i5 By Lxprss Mail J~ LL798997055Cf3 formula: viable cell number (lo)
0~7s~o (treated cell culiure)IODj7o (control (un-treated) cell culture) x 1
b0 %. For certain test cells, a ~1~-thymidine incorporation assay was also
employed to determine the an'ti~cell proliferation activity in plant
extracts of A, formo.ranus, by .I-ollowing the strir~gez~t experimental
protocol, as described by Seufferlein and Rozengurt (1990. 5 2. FIuorQSCent
rnterosoopy analysis and Flow ~`ytometry Analysis of tumor ceps 



The Apoalert Annexin V-ECyFP method (CLONTECH, Palo Alto, C~A) was used to
assess for apoptosis in test cells (Zhang et al., 1997). IYICF-7 tumor
cells were treated for 4 hours with EA faction (lrng/ml) or the vehicle
(0.1 f DN1SD), washed with fixing solution, and 14 stained with Amzexin
V-EGFP and/or prapidium iodide :Cur 1 S min in darl~. Culls were viewed
using a Nikon ECLIPSE ES00 invertod luorescentscope. Test tumor cells (1 x
106 cells), with or without treatment using flte evaluating plant extracts
or the derived phytochemicals, wore harvested and axed with x ml a ~;
e-cold, 701 ethanol at ~ C for 2 hr. Cellular DNA was stained for 30
minutes in the dark wit h PI staining 15 solution containing 50 ~glanl
propidium iodide (Pl7 az~d 100 ~g/rnl 1L.'Wase A in PBS buffer. The
percentage of cells with a 9u'b-G 1 ~.7IVA content over total DT~A was
taken as a m assure of the apoptotic cell population using a Coulter lrPrCS
XL flow cytvrneter (Beclanan Cr,mlter, USA). Data were generated $rom
samples with at least 10,000 cells per assay and analyzed with the pNA
l~u)tiCycle pz~ograrn (Beckman Coulter, USA). 20 3_ Ind~actipn ofFasL
expression on MCF7 cells and flow cytometry analysis of Fasi~ expresszon 16
Z!~Z 3Jdd 1~~~3?i-3N~3~I~J r LbL8L9b 6Z 9Z E00Z/ta/7'C   07/11/2U05 18:27
FAX ~ 424/066 Ey $xprobs Matt # ~GiL7987970S.5US Aliquots of I x 10/m1
cells were cultured far overnight in six-well flat-bottom plates in RpMI
1640 medirun supplemented with 105/o heat inactivated fetal bovin.n~ serum.
EA plant extract (1mg/ml) Qr 0.4% DMSO was then added to growth media and
incubated for 5, 8 or 16 hours. After traatm,ent, cells were harvested
using 0.5 rnllvc~ell Trypsin/EI~T.~a snd washed 5 trwice in phosphate
l5uffered saline (PBS), pH 7_2. Aliquots of S x 105 sells in a final volume
of 100 ~1 each PBS were incubated for 30 min at 20 C with 1 ~g mouse
anti-human Fast IgGI, crane hIOK-1 (Pharmin,gerr, USA), washed once,, and
resuspended in 100 '~tl PBS. A mouse IgGI, clone MOPC-21 ~~Pharmingen, USA)
was used as the isotyp con'l~rol. Far secondary staining, cells were
incubated for 30 min at 10 20 C in the darl~ with 1 dug FITC-conjugated
zate anti-mouse IgQ, clone LO-MGl-15 (Siosource, California, USA), and
washed twice in PBS prior to analysis by a Cottlt~5r EPICS XL flow
cytometer (Beckman Coulter, USA) using the Expo ?~L 4 Cytvmeter soflware~
4. l~ester~ Blot Analysts 15 'lost cells (2 x 106) wexe washed with PBS
once and lysed in 100 ~L lysis bufFer (phL 7.0, 20 mM 



PIPES, 10 mM N'aCl, 1 mM EDTA, 0.1 % CHAP S, 10% sucrose, x 0 mM DTT, 5 mM
HEPES, 0-OS% (vlv) Triton ?~-100, 1 mM MgCl2) 2.5 mM EGTA, and 0.438% (w/vy
(i-glycerol phosphate) and 2 ~cT~ protease inhibitox cocktail set Ill
(Calbiochem Co., USA) for 20 minutes en ice, and vortex-mixed every ~
minutes. PIPES, CHAPS and HEPES chemicals were purchased 20 frarn Sigma
Chemical Co. (MO, USA). After cez~tra~tgation, protein eancenty~ation in
the supernatant was determined as described by Bradford (1975), using
bovine serum albumin as a standard. Aliquots of 40 ~tg of protein were
separated on a S-~0% gradiewc mini-SDS 17 zs/zz 3~bd ~,~~3-3r~~~~~ r
w~s~gti ~~ :ei ~eez~~.e~~i   o~riir2oos ia:zr Fay r~oz5ross Hy Eirprear
Ma~1 ~ ~L798799055U5 polyacrylaznide gel (Laemmli, X970), and then
transferred onto a PVDF membrane; (Millipore). PVDF filters were blacked
for non-specific binding with 3 % non-fat dry mills in T>E3S buffer (10 mM
Tris, pli 7.5 and 1 ~0 mM NaCI), and probed with specific primary
antibodie;a in blocking solution at 4 C overnight with agitation. Rabbit
anti-actin (pncogene Research Products), rnause 5 anti-PARP (Related
Products), mouse anti-oytocLvxoxoe c (Pharmingen), rabbit anti-NF-xB
(Oncogene Research T'roducts), mouse anti-porcaspases-2, -7, and -9 arid
anti porcs~spase-8 (BD Research Pxoduets) were used as primary antibodies.
AFter washing with THST (buffer (0.2% Tween 20 in TI~S buffer), blotting
membrane w,as treated with alkaline phosphata.~e-conjugated secondary
antibodies at room temperature for 3 h. The reacted protein bands were
~~isualized by 10 colorimetric method or by an enhanced
ehemi-lunninesce~nce system (ECL, Amezsharn Pharmacia Biotech Co., LTK) for
image analysis on Kodak Biomax MS films (>~astrnan Kodak Company, USA). S.
Inhibition ofB~d T'Gtmor~ Grolvth are C57BLl6JMouse 15 The animal tumor
system employed was the mouse sprain C57BLJ6J, ar dr~ten called C57 or B6
mouse system harbored vsiith marine B-16 melanoma cells. possible in vivo
affects of Anoectvchilu~ formasanus plant extract on tuxn.or growth mere
evaluated in viva using a moderate tumor sell load of B16 melanoma cells
inoculated and gxown in 2-3 rtaorrth old test mice. 20 Five groups of mice,
each wit~r 7 mice per test goup, were ex~nploye d. A total of 1x105 B-1~
tumor veils suspended in. SO p,1 of phosphate buffered saline ()515) v~~as
implanted into the dermal tissue (infra-dermgll~) of the right abdomiaaZ
area of each mouse on day 0) 1$ ~E/E~ 3Jbd 1~~~3?i-3N33JJ L' Lt~L8~9b 6Z 0I
E00ZfL0fW  
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or mice were tested for the AH~sup treatment, by infra,-peritoneal (r.p. )
ar inira tumaral (i. t. ) my actions of test plant extracts, or by the
force-feeding ( f f. ) mpde for, testing anti tumor efects. Specifically,
from day 2 on, test mice in group 1 received PBS only vfa i.p. injection
(control 1), and group 2 mice were treated with pBS only vzu farce-feeding
and i.p_ 5 injection concomitantly (control 2). Crroups 3, 4 and 5 mico
were treated with AID-sup 9blutial7 by i, t, inj ectiaa, i.p. inj action,
and fare-feeding by mouth, respectively. The injection dosage received by
each test xn4use was 1 mg of AH~~sup in 100A pl~S per day, while the
force-fad mice took 2 mg in 200 ~1 per day orally. Both test ,groups were
treated for 7 ca~xsecutive days after inoculation of tumor cells. Starting
an day 8, the Frequency of x0 the treatment was changed to a slower pace,
by treating mice every two days until d~zy 21. In the case of
force-feeding, the relative herb dosage tested in mice was equivalent to
the. ingestion oz uptake of a 50 1cg porson drinking two servings of
ir~stat~t hexb tea powdeTS (2 texa bags) made from about 30 g of dried A.
formosanus plant. 15 d. M'etaboltte profiling and the index or cornpositian
campQUnd analyst,r of AFI s,up and ~A. .Fractlona of Anoectochilus
formosdrcus Analytical high perrormance liquid chromatographic (HPLC)
atualyses were perfaxzned using a 1~!'aters HPT~C system equipped with a
Waters 600 contxallex, "iJVaters Delta 600 pump, and 24$ 7 Duel ~,
absorbance detector. ti 5 ~,m C-18 column (250 x 1 (h nnn, Merck, 20
Ger~nnaz~y) was employed far the analysis of AH~sup fraet~ion with two
solvent systems, rzxethanol-water (90:10, v/v) (A) and metllanal (B). Tha
el~xtian conditions were 5aerformed as follows: b to 5 minutes, 80% A to B
(isocratic); 5 to ~0 minutes, 80-0% A to B (linear gradient); 1~ ~mvz ~~d~
,~~-i~~-~~~~~~ r cv~sc~~ 6~:~i ~~e~~cemi   07/11/200 18:2B FAX ~ 027/086 By
Express Mail ~ ~1~79$7J7033US 30 to 60 minutes, x 40% B (isocratic). The
detector wavelength was set at 254 nm. A 5 ~,m Si 50 column (2S0 x 10 nm,
Merck, Germany) was employed for the EA active fraction with two solvent
systems, n-hexane (A) and ethyl acetate (B). The elution gradient profile
was performed as follows: 0-5 rni, 70% A to B (isocratic); 5-15 min, 70-30%
A to B (linear gradient); 15-20 



5 min) 34% A to B (isocratic); 24-30 min 30%-0/a A to B, the ilo~w rate was
5 malrx~hn, and the detector wavelength Wa5 Set at 280 nm. The structures
of compounds Z to $ in the AH-sup &a,c~ion and compounds x to b in the EA
fraction were then elucidated u~aing various spectroscopic analyss. ~"V
spectra of test compounds were recorded with a Jasco V-550 spectrometer,
and IR spectra obtained from a Bio-Red FT5-40 spectrophotomete r. Electron
10 impact mass spectrometry (,EXMS) and high resalutian electron-impact
mass i~peotrometry (.HREIM~) data were collected with a k'innigan MAT-9S8
mass spectrometer, said the NMR spectra recorded with Hruker Avance 500 and
300 MHz FT~NMR $pectxometers, at 500 MHz (1H) and 75 MHz (i3C).
Quantification of the content of index compound in EA ~.ction wns done by a
15 HPLC analysis u.~irig a known concentration of EA inaction. Individual
peak area corresponding to index compound in the H~'r,C prof 1e (metabolite
profile) of the $A fraction was determine at the obsazv~ed maximal
absorbance of ODZBo. The standard calibration curves (pelak areas vs)
concentrations) of the compounds, ranking from 0.05 to 1 rnglml, revealed
goad linearity and R~ values (~ 0.98). Quantification of the content of
index compound in EA ;Cxaction wns done by a 20 PLC analysis using a
kno~cwn concentration of EA fraction, and the peak are~l of specific
cozrxpound was then determined and referred to their contents in the
exiraat based o~n the standard calibration curve. 20 ZEl9~ 3~dJ
J,~~3~i-~N332~~ L' LbL819b 6Z :~Z EOA~I~~I~Z   07~.~1~2ooa 16:28 FAg ~
o2aio6s ~Y ~:xp~ss Mail # E~L798797055US 7. Preparation and Frr~ctionatloxt
oft, fbrmosanus Flant L'xtr-acts Fresh plants of A. formosanus were
purchased from a reputable .Arwectochilus G~ltural Station and the plants'
identity and authenticity were validated by the specific 3 morphological
and anatorr~ioal features of the flowers (Lin et al., 1978). Fresh (1000 g)
or dried (l00 g) whole plants of A, formasanus, itoclu.ding leaf, stem, and
root tissues, were homogeu~ized by grinding with a mortar and pestle, axed
extracted by a slow and steady 'boiling (about 100 C) process for one hour
with ihxee volumes o.f distilled water. The extraction procedure described
above was then repeattd once. The supernatants from 10 this two time
extractiar~s were collected by centri t~gation at 24,000 ~c g for 24 mine
tes at 25 C, and then lyophilized to dryness using a lyoplxiIizer
(LABCQNCC7, USA). This preparation gave rise to the total AF-Hot crude
extract (ca. 49 g in dry weight). This AF-Hot extract was dissolved in
phpspllate buffer saline (PBS) and employed fAr anti-cell prollferatia~'~
activity on target tumor cells. A defined "bioactivity-guided fractionation
strategy and pr~otocol' was 15 employed for further fractionation of the
AF-Hot of A, farmosanur, as described in 'Figure 1 and discussed above.
Various sub-fractions were obtained from the AF-hTot crude extract using a
stepwise eihanol fravtionation procedure. AH-I, II, and Ixx fractions were
the ethanol~~precipitated materials derived from the AF-Hot samples that
were sequentiaxly e~ciracted organically witl, 50 



24 %, 75%, arid 87.5to (v/v) ethanol, respectively, and the AH-sup owes the
remairung soluble formlfraction of the AF-Hot sample treated with 87.5%
ethanol. In summary, equal volume of anhydrous ethanol was slowly added
into the AF-Hat crude extract with stirring ancll allowed to 2x ZEl9~ 3Jdd
A~~3~1-3N33~I~J f LbL8L9b 6~ :0~ E00ZIL01ZT   07/l.1/2003 18:Z8 FAX
0I029/086 Dy Hxprose M~tl # ~~L~9W97b55US stand at room temperature for 30
minutes. The AH-I fraction 017.6! in dry weight) was collected from the
pellet by centrifugation at 24,Q00 x g far 20 min at 4C, and this
supernatant was then further added with anhydrous ethanol to reach a final
efihanol concentr;utian of 75! (v/v) by using the same procedure as
described in preparation of AH-I fraction. Tn this stop, AH 5 II fraction
(~-~4.4! in dry weight of the original plant materials) was o'6tained. The
AH-Il~ (~1.7% is dry weight) and AH~sup (---23% in dr~r rwoiglit) fractions
wErc obtained from the 87.5!0 (vlv) ethanol precipitates and the soluble
fi~action, respact~iwoly. A farther ~aotionafiion procedure ari the AH-sup
(19.3 g) was then subjected to differential solvent partitioning using
ethyl acetate (EA) and followed by butanol (BuOH) to yield the EA (about
1.2 g), :l3uOH (about 10 3.4 g), and water ( 1 ~l-4 g) subfracticms,
respectively (Figure 1 ). In these ar~~,anic solvent fractionation stops,
ethyl acetate was mixed vigarausly with AF-sup at an equal volturne (1:1)
and allowed to stand at room terr~peratuxe tuWl, a separated and clear
organic EA and aa,lueous layers were obtained) The EA fraction was then
collected and the aqueous layer was extracted again with ethyl acetate.
'The two EA fractions were pooled and evaporated to dryness usilig a 15
mtavaper. The aqueous layer was then ti~rther extracted with butanol using
the sazri ~ procedures as was performed for the ethyl acetate extraction,
yielding the BuQH and water subtractions. ThE AF-Hot, AH-I, AH-II, AH-III
and AbT-sup fractions thus obtained were dissolved in phosphate buffered
saline (PBS), and the EA, BuOH and ~lfater fractions were dissolved in
dimethyl sulfuric oxide (DMSO) solvent for subsequent use in the
i''ollowing experirnents. 20 Cytatoxictty Analysis 22 ZElLZ 3~Jbd
h~-I~~1-3N33~~ r LbL8Z9b 6~ :0Z ~90~1~01ZZ   07/11/2003 1B:29 F'Ag ~oao/oas
i3y Fxp~ess Mail # E1:74B797055U5 5 10 1~ 20 MTT (tetira~olium.) assay
(Mosmamn, l9$3), a calorimetric assay fear measuring various dehydrogena,so
activity in mitochondria of living calls, and jH-thymidine incorporation.
assay, for measuring DNA synthesis in viable sells, were employed for
evaluation <af anti-tumor cell activlity. Three typical tumor cell Iines)
a.e., human mammary tumor (MC,F-7), mouse melanoma (B1G)? and human
hcpatoma (IiepG2), were used in the same or parallel t,l;sts. 



Figure 2 shows the cytotoxic effect of AF-Hot ors the MCF-7, Hep(~r2, and ~
16 tumor cells in the presence ar absence of fetal bovine scrum in growth
medium of'tent tumor call cultures. A, very similar level of anti-tumor
cell effect was observed fax total plant extract AFI~ot regardless of
whether the culture medium was supplemented with dr without fetal bovine
serum. This is a usefi:~l arid important baseline informatior>~
demar~strating that tlhe potential interference between Total bovine serum
components and test plant extracts apparently does not play a role in the
anti-tumor cell proliferation activity as confer: ed by gla~nt extracts of
A. farmasanus, The total crud extract (AhI-Hot) prepared from two difrerent
sets of s~l:arting plant materials were observed to confer similar or
comparable trer,~ds of cytatoxic effects an test tumor cells (data not
shown), used do MTT assays, the AH~sup sample showed the mos I; significant
cytotoxic ar anti-proliferation effect an MCF-7, 816, and HepG2 cells, a5
Campaa'ed to those conferred individually by the AH-I, ,per-II, and AH-III
fractions derived $orn tl~e i~~F-Hot total plant extract. less than ~~ to
55% oftested cells were detected as viable for MCF-7, l~i~pG2, and 81 G
tumor cells whew, they were treated with AH-snp a dosage of 1.5 mglrnl foa~
48 hours. Whereas, rnore thxr~ SO% viable tumor Ge115 were observed when
all three tumor cell lines were treated with the saxnG dose c~f AH-I,
A~-II, or A'E~-III fra,ctidn5. A similar trend c~f cytotoxic effects of
AF-Hot and AH-sup was also observed when the test tumor cells wrxo
e~~a.li~ated by 23 ~EIBZ ~~J~d J~~~371-~N~3~I~J L' LbL8L9~ 6~:ei se~~~z0mi
0'7/11/2003 16;29 FAX 1031/065 ~y HxPrcss M~i1 ~ F!L7A8797055L1$
3Ir-thyrnidine incoxporal;ion assays. The relative effects oaa
cytoto~,icities (or an ti-tumor cell activity) of the fatal crude extract
(AH-Hot), AH-sup, EA, BuOH, axed Water c~actions were furtlzer
cha~racteri.zed and campaxed using MTT assays. As shown in Figure 3, the EA
fracti on conf~ezr~d the highest levels of cytotoxic 5 10 effect on all
tested cell lines, ss compared to the A'f-H.ot or other organic
subfr,3etians of fl,. formosr~nus extracts. Tsble 1 summarizes the
effoeti~e dosage far 50% inhib ition on cell proliferation (EDso) of four
dif.Cerent bio-organic subfiactions (AH-sup, EA, BuOFI, and Water) on
MCF'-7, B 16, and .1-TpQ2 cells. The Epso of the EA fraction for MCF-7
human mammalian adenocarcinoma cells was detected at 0.08 mglml, and this
is 10-fold less than thal obtained for AH-sup subfraotion. le I
Cytotoxicities of ~rariou~s trr$anie solvent extracted subfractions affl.
ormesanus plant on three tar eted human or mouse tumoz~
ellsCellsEDSO(mglmlSupEABuOHW
ateMCF~70,S60.081.52.70~iepC3~2ND(1.5)A.09O.Z32.50H161,600.07>4ND(2,0)Nl):
Noldmeotcd atiridicnted dosage, FsD": The eiFaoffve dose a HDl for
inhibitin 50'4e of ecll oliferaltion.  Light and fluorescent microscopic
analyses of moipholagy aaxd Gultuxe beha,'lOT Of 15 test tumor cells 24
Z~16~ 3~J'~d 1,~~3?i-3N33~I~J L' LbL8L9b 6:0T E00ZIL~l7T   ~ 0~2/OBb
07/11/200 18:29 FAX By Expxeax lvlail ~ EI:.79B797055US Light microscopy
analysis showed that the morphology of MCF-7 cells in culture had 



significantly altered alter the treatment with plant extracts of ,A.
for~rnasanus. At a dose of 1 mg/ml, EA fraction exf~ibited the most
significant effects on the morphological chan,~;e of MCF-7 cells, as
oampa~red to that of .A~i-sup end AF-FIot treatment (Fig. 4). Similax resu
Its were also 5 observed for the hTepG~ azzd E16 tumor cells (data x~ot
shown). ~"hese obsarvation~~ are in good consistence with the absenred ED~o
values of these extract fractions as was xepreser;ted in Table I. ~'o
further verify if the treated MCF-7 cells were progressing toward
apoptosis" fluorescent microscopy analyses were performed using Annexin
V-GFP and propidium iod;;de staining. Figure S shows that an early
redistribution of plasma membrane phosphatidylserine was readily I O
detected in MCF-7 cells ai~er treatment with EA fraction for rat~r hours.
Thi s result shows that EA fraction has effectively induced apaptosis an
MCF~7 cells. ,Flow Cytometry Ar~alysi.r Fig. G shows th flow cytom,etric
profiling of the change of DNA oon~,ent and cell 15 cycle behaviors of
MCF-7 cells, as a function of timE by treatment with the 1=;~A fraction.
Approximately a level of 48% of apoptatic DNA. level (as determined fxom
the sub-G1 peak) was obtained far MCF-7 cells post treatment with EA
fraction (0.25 to 1 mglml) fc~~x 48 lours, and this apoptotic DNA. level
was increased to 71 ~ at the 72 hours post treatment, Under the same
experimental conditions, similar DNA, profiles were detected in HepG2 cells
compared to 20 that of MCF-7 cells, whereas approximately 72% apoptotie DNA
level was already detected in 1~ 16 cells at the ~G8 hours treatment.
AH-sup Exaction (6 rr~glrnl) of A. for~rtosanur also exhibited a similar
effect on the DNA content and cell cycle behaviors of MCF-7 and B 16 cell a
(data not 25 ZEf~E 3~Jt~d h~l~~~i-~N33~IJ L' LbL8L9b 6~ :~Z E~~~ftOf~Z
07/11/200a 18:29 FA7C ~ 035/085 ~3y l.xpress Muil ~f T~L99B79?055US shown).
These results show that the cytotoxic effect of A. formosai`aus on test
tumor cells is likely mediated vta the process ofprogrammed cell death or
apoptosis (Williams, 1991). EA extract induces Fast expression on lvlCF-7
cells 5 It is lcnovcm that expression of Fas ligand (Fast) can mediate
agoptosis by binding to its voga~ate receptor Fas (Naujolcat et al,, 1999).
In this study, flow cytornetry analyses using a specific anti-human Fast
IgGI conjugated with Fluoraphore (FITC) was employed to evaluate whether
the observed apoptosis of MCF-7 induced by EA extract of A. formasar~u,~
~i~ras triggered by the expression of Fast, As shown in Figure 7, the
expression of Fast pmtein ~4ras increased 1 ~ drastically from 1 b,/a to
76!, rolative to the non-treated control MCF-7 cells, wh~sn the tumor cells
were treated with the EA fraction from 5 hours to 16 hours in culture
(~'ig. 7 A~!3cB). Western-Blot Analysis Several single compound drugs
exhibiting anti-tumor activities, including Taxol 15 and e~toposide, have
been demonstrated to causo rnitochondrial damage and coantent release,
resulting in cytosolic accumulation of cytochrome c (Fang et al.) 198). ~Ve
have ~.valuated the possible e:Cfects of .4. Forrnosanus plant extracts on
release of mitochondria cytoc hrome c into cytosol of test tumor cells.
Figure 8 shows that a significant increase of ~~he cytosolic cytochrorne c
levels in MCF-7 cells was observed when treated with EA (vr A>:I-su!~)
fraction of 20 A. formasanus plant extracts. Caspase proteases have been
shown to drive apoptc,,tic signaling and execution by cleaving critical
collular proteins specifically and solely after the aspartate residues
(Wolf arid Clrcen~, 1999). Caspases exlSt as latent zyrnQgens, however,
once. activated by 26 ae~te ~~~d r,~~~~-~N~~~~ r ~~zet~r ~~:ez ~~e~me~~z
~ 034/085 0T/11/2003 18;a0 FAX. ~y Express Mail # f.L798797055US apoptatic
signals, the pro-caspascs are prateolyl,ically clEavaged and begin to take.
action. The aCti~$ted apOptOtiC lnltiatOrs (CaSpa&e5-$ and -9) in tl~.il1
can aGtiY&tE the eXeouti0ner CaSpaSCs 



(caspases-3, -b, and -7). In our study, pro-caspase-8 (~55 lcDa) was found
proteolyr,iG cleavaged in MCF~7 cells after treatment with. EA extract
within approximately 16 hours (Fig. gA). For the 5 case of caspase-7
precursor protein, EA extract was detected to induce the protealyti c
processing of caspase-7, starting at 24 is 32 hours post-treatment.
Caspase-9, lmown to involver ire the early activation cascade was also
activated in 1;A-treated MCF-7 cells. Treatment of MCf -7 cells with EA
extract frave also resulted in a time-depc~rdent proteolytic cleavage of
poly (;SDP-rihc~se) p4lymerase (PAS.'), another hallinark of apoptasis,
with an accumulation of the 28 lLcba and the 10 concomitant disappearance
of the full-size 116 kDa rrxolecule (Fig. 8B). It has beeau previously
reported that NF-xB activation can result in protection against
TNF-a-induced apoptc~sis in HeLa cells, a cervical-aamcer cell line, in
vitro (Borsch et at, 1992). The Rel A) 5ul~unit (p65) of NFxB is la~.own to
be directly involved in the inhibition of apoptosis (Liu et al., 19~~~6).
Tn this study, after EA treatment there was deteota>ale effect on the
suppression of Rel A protein level in 15 1VIC1~-7 cells (Fig, 8A).
Expression of the Rel A subunit in mouse $15 mel ~inoma rwas significantly
suppressed as a function of the treatment tune period with Aft-sup (6 mi;
;/mI) or EA fraction (0.25-1.0 mg~ml) oA. formosanus~ (data not shown). A
flux of caspase 3 activity, an increase from 4 tv 24 hours and then a
decrease from 24 to 48 hovers, as a function cNf fireatment time by
.A,Tri-sup in B 1 d melanoma cells was observed (data not shown). These
resu Its indicate 20 that specifte apoptosis meehaiusxns are involved xn
the observed killing of targeted tumor cell lines, ir~.stead of general,
non-specific chemical toxif ration or billing. On the basis tb a results of
flow cytornttry, western-blot analysis, and caspase(s) activity assays, we
proposed a possible 27 ZE/ZE 3Jt~d h~~1~71-3N33~J L' LbL8L9b 6Z EZ
E00Z/LOIZT   07/11/2003 16:30 FAX f~035/0B5 $y Bxprus Mail I1 I:f
798797055U5 mechanism for the apoptosis in MCF-7 tumor cells induced by the
plant extract o f A. ~ormosc~nus (Fig. 11 ). Zn vtvo Inhibition ofBl t~
Tumor Growth its C57BLlfJ~t~toux~ hlpdel 5 Suppression or ratardal9or~ of
in vivo tumor growth by A. fo~mosanus plant extract in the CS7BIl63 mouse
tumor rnoclel was also demonstrated as another aspect of t9uis irrve~ntxan.
Three commonly used drug-adxnilustering methods) including infra-tumoral
injecti~yn (group 3), intraperitoneal ixljection (group 4) and
force-feeding via oral administration (bra,>up 5), were performed in
parallel in this study. Fig. 9 summarizes the experimental results. rn a11
three 10 cases) test mice treated with the AH-sup Exaction showed a
sign~.~cant delay of tumr~r growth, as observed at the eaxly stage for in
wivo tumor growth (between 6 to 1A days post treatment) (Fig. 9). The
highest inhibitory effect an tumor growth. was observed between 8 and 7 6
days poattumaz cell implantation. On day 17, all of the experimental test
groups, inchuding the l.t. injection, i.p, injection, and the force-feeding
groups, have maintainEd with a set b~,;tween 4 to 7 15 mice per group, with
tumor size measured below 12 mm in diameter. In contrast, onl~r 3 and 2
mice were with tumor size below lZ mrn in the non-AH-sup treated, control 1
~md coatral 2 groups, respectively; and 3 nxice in control 2 groups were
scarified du.e to overbur~3en of tumor load (Fig. 9). Un day 21, all
surviving nnice in boil caritxal groups lead effectively grown tumors to
more than the critical sine limit of 1,5 mrn~ tunxor x. diameter, legally
allageable f,i~r sacrificing 20 as test mice according to Animal Tioozn
regulation rules. In contrast, at the s~.me experimental stage of day 21
poet-treatment, there were still 4 mice in group 3, two mine in grot,vp 4,
and one mouse in group 5 that still have turners exhibiting a size of
smaller than. 15 mm in d iam~ter (data 2$ 
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FA7~ 0 038/086 By Fxpreas Mail N fi1.798797055U5 not shown). These results
suggest that a11 of the three tested administration method.!. for delivery
of herbal extracts can provide a significant level of anti-tumor eLCocts,
with the moat remarkable results obtained from the group 3 mice that were
i.p, injeetdd with AH-sup faction of A. forrreosaraus. Specifically, ail
inhibition of more than 70% tumor growth in test mice was 5 obtained. when
the animals were intro-iurnorally administered with a plmi e~ctract of ~i,
farmosanu~. Results from these expexxments indicate that zn vdvo grorhrth
of 131 G melanoma tumor in C57BLl6J mice can be effectively and readily
inhibited by administration of the pa>-tially purified plant extracts of A.
fonasanuS under the experimental eoridition9 of this in-~rentian. 10
Chemical fingerprinting analysis gad Index Compound Identification and
Quanrification Analytical high perfonnance liquid chromatographic (HPLC)
altxlyses ware performed using a Waters HPLC system equitpped with a Waters
600 controller, 'VITaters Delta 600 pump, and 24$7 Duel ~, absorbance
cletECtor. The three chromatograms of ~~i-sup plant extract from
Anoectochtluys formosanus were obtained tom a C-18 reverse phase ~~PLC
system. 15 The index campourids are herein to represezlt the defined
chemical cornpda~ition and/or characteristics of a mixture of relatively
crude plant extract substances ar phytocluemicals. For the ease of AEI-sup,
tl~e eight candidate index compounds identified by using ~, m;~~ss and NMR
spectrometric analyses are: Compounds 1: Nicotinic amide; 2: Adenosine; 3:
Cytosine; 4: Isorhamnetin 3,4'-O-~i-D-diglu.copyranoside; 5: Zsorhamnetin
3-D-~-D-glucop~~ranosida; 6: 20 Cafi`eie acid; 7: (6R,
9S)-~ydrvxy-megastima-4,?-diene-3-oner~-~-J3- Dgluoopyrarioside; and 8:
Kinsenone (Figure Z 4 A). 29 6Z/ZA 3~Jt~d h~l'l~~i-3N33J~J L' LbLBL9b bti
:9Z E~9~ILBI~Z   09/11/2003 16:31 FAX f~] 037/0B8 ey l;.xprrus Mail #
EL748797055U5 According to the results of MS and NMR analyses and by
comparing with the 5 spectral data with literatures (Wang et al, 2002; Ali
et al., 1997)) eix compounds ~,solated fi~om EA of ~l. fOr>np.5dnus werE
identified as long chain aliphatic acid (~; retention time (RT) = 6.D min),
a-a~nyzan tran.r ~-hydroxy cinamate (2; RT = 8.9 min), a-amyrin cis
p-hydrauxy cilnarnate (3; RT = 9.7 rr>,in), isorhamnetin (4; RT ~ 13.5
min), kinsenone (5; RT ~ 14.6 min), phydroxybrazyl alcolavl (6; RT ~ 18.0
min) (Fig, l OB). Quantitative determination of the content or candidate
index compounds 2 10 



1~ 20 (Adenosine) amd 5 (Isorharnnotin 3-D-j3-D-glucopyranoside) in AH-sup
fraction a;nd candidate index compounds 2 (a-amy~.n traps n-hydroxy
cinamate) and 4 (isorhamnetin) in EA f~aetion were characterized by
analytical IipLC. Individual peaty areas of the maximal tJ~~r absorbance
corresponding to the candidate index compounds in the TdPLC pro~le of
A,H-sup anal EA firaction were monitored and determined. Calibration curves
(peak araa vs. concentratioris) of the a amyrin traps p-hydroxy cinamate
and isorhamneti~x standards, ranging from 0.05 to 1 mg/ml, revealed a good
linearity and Rz values (> 0.98) (data not shown). ~uaniification of the
candidate index compounds in AH-sup and EA fraction was performed based on
the lrnown ~:,oncentration of the speciFc factions used for HPLC analysis,
and the calculated amounts of peals areas of the candidate compounds
corresponded well with the compounds revealed by our HF'LC prof ling
analysis. Each gram of AH-sup fraction of A. forniosanus contains p.72 rng
(D.072/4) and 3.4 mg (4.34fo) of adenosine and Isarhamnetin
3-D-p-D-glucopyranoside, respectively. EA extract of A. formasanu,s was
found to contain 4.9 mg (0.49%) and 52.3 mg (5.23l0) of oc-amyrin traps p~
hydroxy cinamate and isarharnnetin, respectively in one grain of the
extract. 30 6Z10 3J~7d l~'1~3~1-3N33~iJ L' LbL8L9b bb ~0Z E00~IL~l~t
07/11/20D3 18:31 FA,K C~ 08/085 By ~.xpr~ss Mail # ~L7~8797~55Us 5 10 15 20
The spectral data c,f adenosine and Isorhanznetin 3-C7-J3~D-glucdp~n~asidc,
a amyri~n traps p-hydroxy cinamate, and isorharnnetin are summarized as
follows: Adenosine Colorless needle crystal; mp 234-235 C; E11VIS for
CtQH13N50~, Found 274.2; t~ (in D20): Q (ppm) 8.1$ (1H, s)) 8.08 (1H, s),
5.9x (1H, d, .I= b.0 Hz), 4.28 (1H, dd, J=
5.2,3.OHz),4.15(lH,dd,J'=5.2,3.OHz),3.78(lH,d,J=l.SHz),3.69(lH, d,
J'=l.SHz). Isar'hamnetin 3-D~~i-T7-glucopyranoside Yellow sm orphous; mp X
62 C; E1M9 for C~ tH2a0 t2 found 464.3 8; t H1~MR (in
D20):c~(ppm)7.96(iH,d,X=2.0Hz),7.56(lH,dd,J'=8.0,2.1Hz),7.04(lH, d,J=7,8),
6.39(lH,d,J=2.0Hz),b.20(lH,d,f=2.0I~z),5.39(lH,d,J=7.0),3.72(lH,clld,J=11.5
, 2.0 Hz), 3.54 (IH, m.), 3.44 (2H, m), 3.23 (1H, m). a-arnyrin tr~ras
p-hydroxy cinamate: White solid; crap 105-106 ~C; ELMS for C39~SG~3 found
S72.43; 'HNNpR (CDC13): a (pp~n) 7.fi2 (cl) J-- 8.0), 7.45 (d; J=- $.0),
6.8S (rl, J-- I$.2), 6.32 (d. ,~' 18,2)) 5.2,2 (m), 4.7Q (m), 1.17 (s),
1.01 (s), I.00 (s), 0.96 (s), 0.90 (s), 0.$9 (s), 0.8b (s). Isorhamneti~n: 



31 6ZIbA 3~Jtid J,~~~~i-3N33~I~J L' LbL8L9b bb ~W EO~ZILO/ZZ   07/11/2003
1B:31 FdX , f~039/0B5 I3y Express Mau ~ P,'L74879705~ U5 Yellow ~arphous;
EIMS far Ci6~Tra0~ found 312.G; ~HNMR (CD~;;~l~): ~ (fpm) I 7.9G (d, J =
2.0), 7.56 (dd, J ~ 8,0, 2.1), 7.04 ('d, J-- T.8), 6.39 (d, J= 2.0), 6.20
(d, J = 2.0). Q32 6~1~0 3JtJd h~~3~1-~N33~IJ L' tiat8t9b tib:0'f ~0~~lt0lZZ
07/11/2003 16:31 FAX l~ 040/085 lay Fxproes Ma~l ~ rL7987~J7~ssus
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I~ o4aroa5 i By express Moil ~! E',L79B797055U5 Wright, S. S., Zhar~g, J.,
and Larrick, J. W. (i994) Tnhibition of apoptosis as a mechs~u~ism of
t~raxtor promotion. FASEB J. $: G54-66o. Yang, J., Liu, X., ~halla, T,~.,
l~aekyung, i~., Tl~rado, A. M., Cai, J., peng, T. L, Jones,. D. P., and 5
'Wang, K. ('I 997) Pxwentivn of apoptvsis by BaI-2; release of cytoehrome c
from mitochondria blocked. Science. 275: 1.129-11.32. io 15 Zhang, G.,
Gurtu, V.) Kain, S. 1~., and Yan, I~G. (1997) BarIy Detection of ApoptoGis
Using a Fluorescent Conjugate of Annexin Y. BioTeal~niques 23: S25-Q31. The
terms axed expressions which have been employed are used .as teams of
daseription and not of limitation, arid thereli is zoo intention in tho use
of sucl:~ terms and exprssions of excluding any equivalents of the
feateircs shown and described or porti ons thereof, ii being recognized
that various modifications are possible within the scope of the present I
iuwention. The references referred to herein arc incorporated by reference
in their enturety. 36 6Zf60 3~JGd J,'1~3~1-3N33J~J L' LbL8L9b bb:OZ
~O~~IL~IW   07/11/2003 1B:32 FAX f~044/OB8 ~y ~xg~s Ma1 ~ E,L799797055US
CLAIMS We claim: , A method ofprodcxng an e~ctract comprising: i
homogenizing plant tissue oi"AnoectQChilus for ~~zasanus; extracting ih
homogenized tissue with an 5 agueous medium at 90 to 100  C to forna a
crude extract; and further subj ecting tl~e cru~~j a oxtrac~t to a stepwise
gradient fractionation with an organic solvent to fornn one or more
fractions. i 2, The method of claim 1 wherein the organic solvent is
ethanol_ 3. The rnethocl of claixr~ 2 whereia one oftho ~fraciions
comprises adenosine and isorhatnnel3n 3-Q-(i-17-gh~copyranoside. 10 4. 'The
method oTclaim 1 furthex comprising parlition.ing the one or mo~ro factions
~ritlx one oz more organic solvents to obtain one~or more partitiQa~ed
sub$actians. 5. The method of claim 2 vrherem at least one of the ona or
more fractic,ms is i evaporated to dryness, resuspended in an aqueous
solvent and exiraeted with at least an~e of ethyl acetate and n-butanol to
yiEld one or more subfri3ctior~s. 15 6, The method of claim 3 wherein the
traction comprising adenosine a~~d isorhamnetin 3-a-Vii.-D-glucopyranoside
is eyaporai~d to dryness, resuspended in an aclveous solvent and extracted
with ethyl acetate to yield a subfi-action. 7. The method of claim 6
wherein the sub$action comprises a-amyrin a~rans pi hydroxy cinarnaia and
isorhan2netin. 



20 8. A method of controlling ttunvr growth in an organis~x~ haviz~ a
tumor.- or is at risk of having a tumor comprising adrW istcring to said
organi8m an etTective amount of a composition comprising an extract
afAnaectochil'us formasanus. 37 6210Z 3~Jdd l~'1~3~i-3N33dJ f LbL8L9p bb 0T
~00~1L01~Z   07/11/2oU'B 1B:92 FAX A 045/065 Dy Facpress Maf1 # E
L798747o55US 9. the method afclaim 8 wherein the extract comprises a
faction obtained by a bot water extraction of Anaectochihcs farmasanur to
farm a erode extract, and a step~wi.se fractionation of the crude extract
with an orgmic solvent to form a fraction of the crude extract. i lb. The
method of claim 9 wherein the organic sohrent is ethanol. 5 11. The method
of claim 10 wherein the $^action is 87.5!o ethanol soluble 2nd the fraction
comprises adenosine and isorhamnetin!3-O-~i-l~-glucopyxanoside. 12. The
method of claim 11 wherein the fi'aCtlOa~ 75 further extracted v~rith ethyl
acetate to produce a subtraction and said administered composition
comprises said sub~Fraction_ i 13. The mthod p claim 12 wherein the
sub&action comprises a-amyr~in traces p10 hydroxy cinamate and
ieorharnnetin. , i 14. A composition comprising the fraction of olairn 11.
15. A composition comprising the subtraction of claim '13 16. A composition
produced by the process comprising: homogenizing plant tissue of
Anaeatochilus fai iraasanur; ext~rxcting the homogenized 15 slue with an 15
aqueous raodium at 90 to 100 C to form a crude extract; subjecting the
crude extract to aistepwise gradient fractionation with etlranol to form
one or more factions; evaporating the tine or more fi~a~tions to dryness;
resusponding the dris~i ono or mono fractions in an aqueous solvent; and
extracting bhe resuspendsd one or more f~actiox,~ ~,rith at last 20 one of
ethyl acetate, and n-butanol to yield at least one subtraction. 17. A
method of controlling tumor growth in an organism ha.Ving a tun'~or
comprising administering to said organism an effective amount ofthe
coznpvsidon of ~':laim x6_ .38 6ZIZZ 3~tJd 1~~~3~i-3N33~iJ ~' LbL8L9b bb 0Z
E~0ZIt0I~T   07/11/2003 16:33 FA.Y 18, A compositYOn praduced by;iha
process camprising: r~oas/oss ByExpr0.~s Mail # LI 798797035U5
hoznogeniziug plant tissue of.Anveclochilur,~'ortosc~nu.~; extracting the
homogenized ii ,sue with an aqueous medium at 9D to 1 DO C to form a crude
extract; and subjecting the trade extract tv a stepwise gradient
fractionation with e~tbanol to form S one or more fractions. 19. A me't'hod
of controlling t4~n'ar growth in an orgatrism h suing a tumcsr comprising
administering tv said organism an effecti~re amount of the composition of o
laim 18. 20. A meilxvd of obtaining a cruale extract of a plant of the
tln.oectochlitrs family 



comprising: 10 homogenizing tissue of a plant old tlxa A~oectochalus
family; and e~ctracting the homogenized tissue with boiling water fAr .1 to
500 minutes to obtain an extract. 21. A method of itzcreasirtg the pbtency
of an extract of a plant of the Ar~oevtoehtlus family co'rnprising: 15
ha~mogenizin& tissuo of a plant of the Anoectaehllu,r family; extracting
tlz. homoge~~,ized tissue with boiling water for .1 to 500 minutras to
obtain an extract; subjecting the extract to a stepwi~ gradient
fractionation with othanoI to form one or more fxactian having an
ixxcreased potency. I 20 22. TkAe me~thotl of claim S whero~n the
eorr~position is administered to tl7 a organism by Ane ofintra-turnvral,
intra-peritoneal or oral a~t~nioistration. 39 i A'1371-3N33b~ T LbL8L9b bb
:0Z E00~IL01Zt   07/11/2043 I6:33 FAX ~04T/08S Sy Express Mail # L
L~98797053U5 23. Thv method of claim x 7 whorein the composition is
admmir~.ister~ed tn the i organism by oixe o infra tumoral,
intra~-petitoneel or ora.I administration. 24. Tha ~n~ihod of ciaim i 9
wvher~in, the composition is administered to tl~e organism by one
ofinfira-tumoral, intrarperitoneal or oral administration. 5 i44 6ZIEZ 3Jdd
l~~'l~~i-~N3~~I~J r LbL8L9b bb 8Z E08~IL81ZZ
.Ay9.A9.Al@L.AlfL.AY@L.AYr.A,_.Al_.A,_.Al_.A..AY,L.AFSL.AY@%.AL.AF_.AYr.AF_
.AYL.AY_.Ar.A_.Alr.Alr.A_.Ar.AY.AYf9.AF@L.A
S_.ASL.AF@L.AYS9.A59.An9.AFfL.AFf9.A5L.AFyL;
qr9X()q.Cztnhb\VPU]caU]caU]caU]caU]caU]caU]ca]caU]caU]caU]caU]caU]caU]caU]c
a]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]caU]ca]ca]caU]ca]caijkmqrsuvwxy|" #
CDhizupkfa\WaU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]c:a]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca!
Q R
rs23ablm+,(}xsnic^YaU]]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!($-}/2FTy(3Wb~xrmhc]Xnic^Ya
U]]caV]ca]ca]ca]caU]caU]ca]caU]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]caV]ca]caV]ca]ca]ca &-@ .1^ 



*<WbzBf{vqlgb]Xnic^YaU]]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]ca]caV]ca]ca]ca]c
a]ca]ca]ca]ca]ca]caV]ca]ca]ca]caV]ca]caV]ca]caU]ca]ca MZ M b
!4!`!!!#######$$%b%%%%'#''''|wqlfa\WaU]ca]ca]caV]ca]caV]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca!''''(@(B(
l((((!))))))**9*<*P*`*o***,+++++#,.,|wrlga\Vlfa\WaV]ca]caV]ca]caU]ca]ca]ca]
ca]ca]caV]ca]ca]ca]caU]ca]ca]ca]ca]caV]ca]ca]ca]caV]ca]ca]ca]ca]caU]ca]ca]c
aU]ca
.,T,,,,,K--..U/g/u////0\0001'121q1w111?22222<3t3~ytojd_ZUa]ca]ca]ca]c^a]ca]
ca]ca]ca]caV]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]caV
]ca]ca]ca]ca!t3~333:444955555'6j666667%7'7/7Q77808@8g888T999~xsnid_Yjd_ZUa]
caV]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caV]ca]ca]caV]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caV]ca 9999:6:q:::;/;
;;I<<<<<C=P=_=a=====0>>>>>>7?:?zupje`ZUa]caU]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca
]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]caV]ca]ca]ca]ca!:?F??
??:@@@ARAuAAAABzBBBB2CGCQCuCCD,D0D5DDDDDDSEytnid^Yje`ZUa]ca]caV]ca]ca]caV]c
a]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caV]ca SEEEEEFrFF.GGGG>HAHMHPHnHqHHHHHHHHHJIuIIIJ
J2J|wrlgb]Xje`ZUa]c]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]c
aU]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca 2JCJ\JJKYKK
LbLLM3MCMMMXNNNNOO?OOOOOP7PFPPPPP}xsmhc]Xje`ZUa]c]caV]ca]ca]caV]ca]ca]caV]c
a]ca]ca]caU]ca]ca]ca]ca]c
a]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caV]ca
PPP0Q5QSQQQ-RRR_RbRRRRSpSS*T-TTTTTTTTTTUdUgU|vqkf`[Umhc]Xje`ZUaU]ca]caU]ca]
caU]ca]caU]ca]caV]ca]caU]caU]caU]ca]ca]ca]ca]caV]ca]ca]ca]ca
UV]caU]caU]ca]ca]ca]caV]ca]ca]caV]cagUrUUUU.V}VVVVVVVVVVVGW{WWWXXXqXXXX)Y8Y
FYYY{upkf`[Vje`ZUaU]ca]caV]ca]ca]ca]caV]ca]ca]caV]ca]ca]ca]caV]ca]ca]ca]ca]
caU]ca]caU]ca]caU]ca]ca]caV]ca]ca]ca]caV]ca]ca]ca
YYIZZZZZZ[,[[[[[[[\[\]S]a]r]]^{__@`U`_a~bbbb|wqlgb]Wje`ZUaU]V]ca]ca]ca]ca]c
aU]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]caV]ca]caV]ca]caV]ca]ca]ca]ca]ca]caV]ca]c
a]ca]ca]caV]ca
bbbbbbbb_ccdd+ddddddeEeMe{ee<frff&ggg9i<i}iizupkfa[Vje`ZUaU]caV]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]caV]ca]ca]caV]ca]caV]ca]ca]ca]caV]ca]ca]ca]caU]ca]caU]ca
]caU]caU]ca]ca
iiiiiijkjj&kkklgll#mymm(nBnnnJoop_ppqqLqkqnqwqq~ytoje`ZUa]caU]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]c
a]ca]caV]ca!qqKrr
sdst2uuuuuuvyvvvvvv9w?wwwQxTxqxzxxxxxx~ysnhc]Xje`ZUa]c]caU]ca]caU]ca]caV]ca
]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]ca]ca]caV]ca]caV]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca xx.y6y?yzyyyyy;
z?zQzVzz{V{{|||G}`}n}u}x}}}}}G~~{upjd_ZUje`ZUa]ca]ca]caV]caV]ca]caV]ca]ca]c
aV]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]caV]ca]ca]caV]ca]caV]ca]ca]caU]
ca
a#&\pRv:uzupkfa\Wje`ZUa]]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]ca]ca
U]ca]ca]ca]ca]caU]ca]ca]c^a]caU]caU]ca]ca]ca]ca]ca]ca
u*@JkVV~+:Xi|wrlgb]Xje`ZUa]]]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca
V]ca]ca]caV]ca]caV]ca]caV]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca
z4i+nM36S[p~~xsnid_ZUa]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caV]ca]ca]caV]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca!8@ch| #,<>NF
[}xsnid^YTid_Z]ca]caV]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caV]ca]ca]c
a]caU]ca]caU]ca]caU]ca]caV]ca]ca]c^a]caV]ca]ca
w[il}QxR|wrmhc^Xid_Z]caV]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]c
aU]ca]ca]caU]ca]caU]ca]ca]c^a]caV]ca]ca]ca]ca]ca]ca
d|^a*QU'4jiq{upje`[Vid_Z]]ca]ca]ca]caV]ca]caV]ca]caV]ca]ca]caV]ca]caV]ca]ca
]ca]caV]ca]caV]ca]ca]ca]ca]caV]ca]ca]ca]caV]ca]ca]ca]ca ,Mu;`%3; m.
'.:}xsmhb]Wid_Z]]U]ca]caU]ca]caU]ca]ca]ca]ca]ca]caV]ca]ca]ca]caU]ca]ca]caV]
ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]ca
:$2@%EM9>U%'7Xg{vqlga\Wid_Z]]]ca]caV]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caV]ca]caV]ca]ca]ca]ca]caV]ca]caV]ca]caV]caU]ca]ca
HPq0/@03rn|'}xsngb\Wid_Z]]]caV]ca]ca
UV]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]caV]ca]
ca]ca]caV]ca]caV]ca
'+tvo{JUXnx{ytojd_YTid_Z]caU]ca]caU]ca]ca]ca]caV]ca]ca]ca]caV]ca]caV]ca]caV
]ca]ca]caU]ca]caV]ca]caU]ca]ca]ca]c a]ca]ca]caU]ca]caU]ca
BLCkR$/8DLc~ysnhc]Xid_Z]ca]caV]ca]caV]ca]caV]ca]caV]ca]ca]caU]ca]ca]caV]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]c$a c.0A4ITv,R
m|wrmgb]Xid_Z]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca
U]ca]ca]caU]ca]caU]caU]ca]caU]ca]ca]ca]ca]ca
#8Ad,=03Xjr{{b~ytoje`[V]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c a]ca]caV]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca!beFo8\_b
",JMv!r[}xsnid_ZU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caU]ca]caU]ca]caV]ca]c
aV]ca]ca]ca]ca]ca]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca!=FHm@]`/C\-gk9Z|wrmhc]Xid_
ZU]]c]caV]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]caV]ca]ca]ca]caV]ca]ca]ca]ca]ca
]caU]ca]ca]caV]ca]ca]ca]caV]ca]ca 307n|3BV$)Vkt
Z|wrmhc]Xid_ZU]]c]caV]ca]ca]ca]ca]ca]ca]caV]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]caV]ca]caV]ca]caV]ca]ca]caV]ca]ca]ca]caiK)!0(10%&'()-S10%m&'()-ll10%m
&'()-yss10%m&'()-  10%m&'()-S &10%m&'()-yF+10%m&'()-9XdE)!0(10%&'S,
Y10%m&'()-S, Y10%m&'()-S, Y10%m&'()-S, Y10%m&'()-S,
Y10%m&'()-@10%m&'()-()q.dE)!0(10%&'S, Y10%m&'()-S, Y10%m&'()-S,
Y10%m&'()-S, Y10%m&'()-S, Y10%m&'()-S, Y10%m&'()-.CjdE)!0(10%&'S,
Y10%m&'()-S, Y10%m&'()-S, Y10%m&'()-S, Y10%m&'()-S, Y10%m&'()-S,
Y10%m&'()-jkmqrsuaB)!0(10%S4s10%m&'()-S210%m&'()-!LY((10%&'()-MS&(10%m&'()-
10%m&'()-S9$10%m&'()-uvwxyz{|rdV70(10%Z&'()- 10 10
10!03@*10%&'()-YF"l:10%m&'()-210%m&'()-910%m9&'()--#
dEdV70(,y10%Z&'()-`10%Z&'()-S Y%10%Z&'()- s10%Z&'()-y 10%Z&'()-)10%Z&'()-
DdEdV70(S#Y%10%Z&'()- S#Y%10%Z&'()- S#Y%10%Z&'()-
Sm%10%Z&'()-&SfY%10%Z&'()- ,'10%Z&'()-R
3abdEdV70(.10%Z&'()-.10%Z&'()-S.10%Z&'()-'S.10%Z&'()-',2
10%Z&'()-+10%Z&'()-b,dYNC0( 10Z 10Z
10Z3@*10%Z&'()-Y@F:10%Z&'()-F&0z10%Z&'()- 



F&0z10%Z&'()- .10%Z&'()-(dEYNC0( G%10%&'()-9 :10%&'()-(@10%&'()-, '10%&'()-
10%&'()-lS10%&'()-L}!}[9YNC0(!4310%&'()-`!9310%&'()-`
10%&'()-10%&'()-!S10%__&'()-!S10%&'()-/2}^<YNC0(!!10%&'()--:
10%z&'()-+&10%&'()-:1
10%&'()-!9%310%&'()-!4%310%&'()-FTyaBYNC0(!!l/10%&'()--z10%&'()-!`!10%&'()-
S`!10%&'()-S&z10%&'()-F10%&'()-(3WbbC0(!! 10%&'()-S
&10%&'()-(f10%&'()-ly10%&'()- 10 10 103@*10%&'()-FbdBbC0(!!!1
z10%&'()-@10%&'()- @10%&'()-@10%&'()-y3s10%&'()- 10%&'()-
.1^dEbC0(!!!S`M10%&'()-SF10%&'()-y10%&'()-@10%&'()-@&`!10%&'()-10%&'()-
<dEbC0(!!!@10%&'()-@#10%&'()-S'10%&'()- !10%&'()-@10%&'()-@y10%&'()-
<bdEbC0(!!!#10%&'()-!z10%&'()-s10%&'()-S310%&'()-3`S10%&'()-
Ff10%&'()-BfMdEbC0(!!!,0m%10%&'()- .10%&'()-,10%&'()-,*Z10%&'()-'
10%&'()-&%s10%&'()-MZ J K L M b  ~_@0(!! 10%&'()-YS10%&'()- 10 10
10F@*10%&'()-3!L ,2(10%&'()- ,2(10%!&'()-
!4!`!aB~_@0(!!,10%&'()-f10%&'()-10%&'()-!,10%cc&'()-,10%&'()-,
'10%&'()-`!!!####aB~_@0(!!,Y"t10%&'()-S210%&'()-'10%&'()-!X,)10%]]&'()--,
10%&'()-,10%&'()-####$$%b%dE~_@0(!!Yy#-10%&'()-3&@10%&'()-10%&'()-310%&'()-
10%&'()-(@10%&'()-b%%'''''''uj_@0(!!YS10%&'()- 10 10 10 @*10%&'()-Y@
:10%&'()-!@+Y%10%&'()-SY'@10%&'()-''(@(B(l((dEj_@0(!!10%&'()-s10%&'()-Ss10%
&'()- Y 



10%&'()-, '10%&'()-(10%&'()-(!))))9*<*dEj_@0(!!,10%&'()-
10%&'()-,10%&'()-10%&'()-10%&'()-sl
10%&'()-<*o***,++T,dBj_@0(!!!9f&(10%&'()-Sf#10%&'()-L!M10%&'()-310%&'()-s10
%&'()-10%&'()-T,,,,K--.dEj_@0(!!!,10%&'()-:10%&'()-1:10%&'()-110%&'()--z10%
&'()-+Z10%&'()-..g/u//////dYNC0(!!! 10 10 10@*10%&'()-G
610%&'()-/10%&'()-/10%&'()-`+10%&'()-///0\000aBYNC0(!!S10%&'()-S3%10%&'()-
10%&'()-f &10%&'()-!n',F+10%%%&'()-,F+10%!&'()-02111?222dEYNC0(!!&10%&'()-
S10%&'()-SF%10%&'()-
10%&'()-g#10%&'()-10%&'()-2<333:444dEYNC0(!!,'(10%&'()-
S%F%10%&'()-y#10%&'()- S`! 10%&'()-SFF%10%&'()- ,,m(10%&'()-
49555'666dEYNC0(!!@410%&'()-2(10%&'()-S/Y%10%&'()- -10%&'()-
+10%&'()-S)10%&'()-66 7777%7/7Q7bC0(!!, :10%&'()-(10%&'()-l10%&'()- 10 10
10@*10%&'()-ZS :s10%&'()-Q778g888T9dEbC0(!!,G%10%&'()-f
(10%&'()-,l10%&'()-,f4%10%&'()-,LG%10%&'()- 3 10%&'()- T9996::;/;
dEbC0(!!,&!410%&'()-,G%10%&'()- (10%&'()- 10%&'()-,G10%&'()-Z%10%&'()-/;
;;I<<<<dEbC0(!!S/10%&'()-,+10%&'()-f)Z%10%&'()- `'(10%&'()-F%Z%10%&'()-
@#10%&'()-<<C=_=a=====dYNC0(!! 10 10 10@*10%&'()-Z9s10%&'()-,6 10%&'()- 



310%&'()-1&10%&'()-====0>>>dEYNC0(!! @Y%10%m&'()-@sY%10%m&'()-Y 10%m&'()-S
910%m&'()-(,10%m&'()-,10%m&'()->>:????:@dEYNC0(!! ,m(10%m&'()-
S310%m&'()-SF%10%m&'()-,m%10%m&'()- '10%m&'()-S10%m&'()-:@@@ARAAAdEYNC0(!!
S+10%m&'()-S)F%10%m&'()-'(10%m&'()-Sf#M10%m&'()-@L!Y%10%m&'()-S
F%10%m&'()-ABzBBBB/C0C1CdE:/0 10m
10m?*10%m&'()-mS910%m&'()-S610%m&'()-S3Y%10%m&'()-1(10%m&'()-
/10%m&'()-1C2CGCQCuCCDDDuV7/0 10mS 10%&'()-fs3%10%&'()-Y 10%&'()- f
&10%&'()-!s'F+10%&&&'()-F+10%'!&'()- 10mDDDDSEEEFdE7/0 10mS
fF10%&'()-,,(10%&'()-f 10%&'()-f3%10%&'()-SF%10%&'()-
(10%&'()-FrFF.GGGGdE7/0 10mS f- 10%&'()-f+Z%10%&'()- S)Y%10%&'()-
,'(10%&'()-S%Y%10%&'()-f#10%&'()-G>HnHqHHHHHHxmbC0 10mS@10%<&'()- 10 10
10l?*10%&'()-m910%&'()-,1M10%&'()-,/10%&'()- HHHHHHHdEmbC0 10mSY2
10%<&'()-'10%<&'()-,10%<&'()-s10%<&'()-'10%<&'()-l(10%<&'()-HJIIJ
J\JJdEmbC0 10mS4%10%<&'()- 10%<&'()-10%<&'()-G%10%<&'()-G%10%<&'()- 



l 10%<&'()- JKYKK LbLLdEmbC0 10mSl %10%<&'()- L!M$10%<&'()-
Z%10%<&'()-,G%10%<&'()-l &10%<&'()-G10%<&'()-LMCMMMXNNdEmbC0 10mS
4m%10%<&'()-2G%10%<&'()- 0Z%10%<&'()-l
-10%<&'()-)10%<&'()-'Z%10%<&'()-NNNNNN?OOO~\=0
10ms10%&'()-!Y,G+10%u8u8&'()-M!1Y,G+10%zz&'()-M 10< 10<
10<?*10%<&'()-Z910%<&'()-OPFPPPSQQdE~\=0
10mf(10%&'()-,L4%10%&'()-3G%10%&'()- ,10%&'()-f10%&'()-
10%&'()-QQ-R_RbRRSdE~\=0 10m,+G%10%&'()-  )10%&'()- '10%&'()-,%T10%&'()-
#10%&'()-,g10%&'()-SpSS-TTTTTTdE:/0 10 10l
@*10%&'()-Y@3:10%&'()-,F4G%10%&'()-,2(10%&'()-,&0Z%10%&'()-,.G%10%&'()-TTTU
gUrUU.VrS4/0 10S  (10%&'()-G%10%&'()-
10%&'()-!YSZ+10%hh&'()-`!YSZ+10%&'()-`YSZ+10%[!&'()-` 10.VVVVGWWWdE4/0 10S
(10$m10%&'()-10%&'()-(10%&'()-F10%&'()-@G%10%&'()-&G%10%&'()-
WXqXX)YYYdE4/0 10S  



(1003%10%&'()-.G%10%&'()-S,G%10%&'()-L*G%10%&'()-3((10%&'()-
,&10%&'()-YIZZZZZZZ,[xmb@0 10S !1Y@G+10%zz&'()-L 10 10
10F@*10%&'()-m,3:10%&'()-4Z%10%&'()- 2(10%&'()- ,[[[\[\]S]aBmb@0 10S
!,F10%&'()-Z%10%&'()-f
(10%&'()-&10%&'()-"10%&'()-!Y@G+10%p3p3&'()-LS]]^{___a~bdBmb@0 10S
!!>2(10%&'()-@@)Y%10%&'()-G'(10%&'()-,lZ%10%&'()-Gym(10%&'()-
`10%&'()-~bbbbbbbb_c_=0 10!Y+10%XX&'()-M!Y+10%aa&'()-MY+10%!&'()-M 10 10
103@*10%&'()-mS :10%&'()-_cc+ddddedE_=0
10!10%&'()-10%&'()-t10%&'()-S10%&'()-SfF%10%&'()-S9F%10%&'()-
e{ee<frff&gdE_=0 10!S@#F%10%&'()-!10%&'()-3S10%&'()- ,m(10%&'()-
SF%10%&'()-SF%10%&'()-&ggg9i<iiidE_=0 10!910%&'()-3$10%&'()- ,2
10%&'()-Sy)m%10%&'()-G,`'m(10%&'()-SF%Y%10%&'()-iiiiiiijkjbC0 10! 3
10%&'()-  :10%&'()-(10%&'()-F,10%&'()- 10 10 10?*10%&'()-kjj&kkklgldEbC0
10!G%10%&'()-  10%&'()- S10%&'()-,4%10%&'()-yZ%10%&'()-
sZ%10%&'()-gll#mymm(nBndEbC0 



10! l%`10%&'()-,9! 10%&'()- , G%10%&'()-m(10%&'()- Z%10%&'()- 3%10%&'()-
BnnnJoop_pdEbC0 10!2(10%&'()- @0Y%10%&'()-,-Z%10%&'()- @+3%10%&'()-
,)G%10%&'()-`'m(10%&'()- _ppqqIqJqKqLqqxmb@0 10!!@YG+10%kk&'()- 10 10
10@*10%&'()-Z@910%&'()-@6Y%10%&'()- @ 4Y%10%&'()-qqKrr sdstaBmb@0
10!!Z%10%&'()-ZS (10%&'()-G%10%&'()-Z%10%&'()- sF%10%&'()-
!YG+10%]U]U&'()-t2uuuuvyvdEmb@0 10!!@)F%10%&'()-'(10%&'()-  l%10%&'()-
,`!10%&'()-,FZ%10%&'()-,(10%&'()-yvv9w?wwwQxdEmb@0
10!!S6F%10%&'()-f33%10%&'()- 1(10%&'()-@&010%&'()-@-Y%10%&'()-@+F%10%&'()-
QxTxxxxxx.yy~\=0 109G%10%&'()-!FZ+10%UU&'()-L!#FZ+10%&'()-L 10 10
10l?*10%&'()-ZS:10%&'()-yyVzz{V{{dE~\=0 10G%10%&'()- 10%&'()-f10%&'()-
fL'10%&'()- ,F %10%&'()-@3%10%&'()-{|||G}u}}dE~\=0
109'`'10%&'()-,#z10%&'()-!Z%10%&'()-Z%10%&'()- 



m(10%&'()-,Z%10%&'()- }}G~~adE~\=0 103Z%10%&'()- 1(10%&'()-
/G%10%&'()-s-Z%10%&'()-  Y+10%&'()-3S)10%&'()-#&YZ[\pb@0
10!YG+10%uu&'()-`YG+10%:!&'()-` 10 10
10?*10%&'()-m,910%&'()-,5G%10%&'()-R^?b@0 103%10%&'()-
!>@(10%rr&'()-'F%10%&'()- F%10%&'()- `F%10%&'()-!YG+10%gGgG&'()-`v:aBb@0
10)Y%10%&'()-F'm(10%&'()-  %10%&'()-!4(10%&'()-33%10%&'()- 3%10%&'()-
u'()*dYNC0 10 10 10
10Y@*10%&'()-m910%&'()-610%&'()-3F%10%&'()-1(10%&'()-*@JkVdEYNC0 10
3G%10%&'()-  ,10%&'()- &10%&'()-, F'10%&'()-(10%&'()-Y10%&'()-VV~dEYNC0 10
(10%&'()- Z%10%&'()- G%10%&'()-G%10%&'()- f10%&'()- SL&10%&'()- ~XizdEYNC0
10 /Z%10%&'()--Z%10%&'()- 



+10%&'()-)`10%&'()-s'(10%&'()-  Z%10%&'()-Fz4dYNC0 10 10 10
10?*10%&'()-910%&'()-5G%10%&'()-3m%10%&'()-1(10%&'()-i+}^?YNC0 10y
(10%&'()- @F%10%&'()-,yZ%10%&'()-@LF%10%&'()-!F+10%D D
&'()-M!<F+10%DD&'()-MnMdEYNC0
10110%&'()-Sy)Y%10%&'()-Z,`'m(10%&'()-@Y%10%&'()-4(10%&'()-
@F%10%&'()-F36mnopbC0 103(10%@&'()-,10%@&'()- 10 10
10?*10%&'()-S910%&'()-310%&'()-dEbC0 10F 10%@&'()-
110%@&'()-`'10%@&'()-l10%@&'()-st10%@&'()- &10%@&'()-~  dYNC0 10 10@ 10@
10@?*10%@&'()-910%@&'()-ll%10%@&'()-@ F f10%@&'()-Y%10%@&'()- NF}^?YNC0
10y`10%&'()-
10%&'()-,y10%&'()-,`G%10%&'()-!lG+10%T*T*&'()-`!6lG+10%bb&'()-`[wdEYNC0
10@F%10%&'()-,Z%10%&'()-,G%10%&'()-%10%&'()-0@& %10%&'()-m,10%&'()-wz]@YNC0
106#10%&'()-]6#10%&'()-]!6#10%&'()-]'!6#10%&'()-])!L!10%&'()-@10%&'()-"#.y\
:YNC0
10!6#10%&'()-]]6#10%&'()-]!6#10%&'()-])?nu6#10%&'()-]6#10%&'()-]./01269~\:Y
NC0
10!6#10%&'()-]]!6#10%&'()-]6#10%&'()-])?nu6#10%&'()-]6#10%&'()-]9>DEKPUuS1Y
NC0
!6#10%&'()-]!6#10%&'()-]6#10%&'()-])?nu!6#10%&'()-]!6#10%&'()-]UY^_hqvuS1YN
C0 



!6#10%&'()-]!6#10%&'()-]6#10%&'()-])?nu!6#10%&'()-]!6#10%&'()-]v{uS1YNC0
!6#10%&'()-]!6#10%&'()-]6#10%&'()-])?nu!6#10%&'()-]!6#10%&'()-] uS6YNC0
!6#10%&'()-]!6#10%&'()-]6#10%&'()-])?nu!6#10%&'()-]!6#10%&'()-] ~bAYNC0
!6#10 6#10%&'()-]6#10%&'()-])?nu6#10%&'()-]6#10%&'()-]6#10%&'()-]il}|[NA40
!10*010*110* l?*10%*&'()-m lS:10%*&'()- l510%*&'()- l,610%*&'()-)
l310%*&'()-Qx|[:NA40 !10 l(10%+&'()-  lF%10%+&'()-  l F%10%+&'()-  l
%10%+&'()-  ?lF+10%lB(l&'()-t) li'lF+10%+&'()-tRd||[:NA40 !10 &(10%+&'()--
ll $10%+&'()-  l"10%+&'()- l10%+&'()-  lm(10%+&'()-)
l,Z%10%+&'()-G|9^a|obU40 ! 5 7F+10%*&'()-f10+10+10+ l?*10%+&'()-
l910%+&'()- -(10%+&'()-`) -(10%+&'()-`j|[:bU40 ! 5 ll%10%*&'()-Z
lf#g10%*&'()- l(10%*&'()-  ?(10% * &'()-  l 10%*&'()-) "F+10%(&'()-f
,|obU40 ! li'G+10%+&'()-10*10*10* l?*10%*&'()- lS910%*&'()- '(10%***&'()-)
'(10%*&'()-,Mu;|[:bU40 ! l l9 (10%+&'()-  l F%10%+&'()- l,F%10%+&'()-
l&F%10%+&'()-  ?G+10%)&'()-) H G+10%i(&'()-;`%|[:bU40 ! l ll%10%+&'()-Y
lY(10%+&'()-  lY%10%+&'()-  lY%10%+&'()- lF%10%+&'()-) lfY%10%+&'()-
m.|[:bU40 ! l  ly/(10%+&'()-G lCly/(10%+&'()-G l`-Z%10%+&'()-
lF+Z%10%+&'()-3 l@)Z%10%+&'()- ) ll9'(10%+&'()- :vU40 ! lL10%+&'()-
,YZ+10%(&'()-9 D 6YZ+10%+&'()-910+10+10+ l?*10%+&'()-) l910%+&'()-@%|[:vU40
! l lL'm(10%+&'()-, l,G%10%+&'()-3D l(10%+&'()- 



lZ%10%+&'()-4 lfs (10%+&'()-) l Y10%+&'()- U|[:-410+l l,?*10%+&'()-,
l910%+&'()-D l,5Z%10%+&'()- l@3F%10%+&'()- l1(10%+&'()-) l,f)Z%10%+&'()-
7XbA410+l l lm%10%+&'()-  l3%10%+&'()- lG%10%+&'()- 'YfZ+10%(&'()-: 5
@YfZ+10%+&'()-:10+10+q0|[:A410+l l Y10%+&'()-  l@&10%+&'()- l @#10%+&'()-
lZ%10%+&'()- l%10%+&'()- lS'10%+&'()-/@|[:A410+l lS2(10%+&'()-
l,)Z%10%+&'()-G l'(10%+&'()- l,%G%10%+&'()- l,#G%10%+&'()- l,s!Z%10%+&'()-
03opqrvU410 l(@10%&%+&&'()- lFS10%&%+&&'()-10+10+10+ l@*10%+&'()- l,
:10%+&'()- l,410%+&'()-|[:vU410 l l10%&%+&&'()-l l 10%&%+&&'()-
lZ%10%&%+&&'()-M lS`10%&%+&&'()- l  10%&%+&&'()- l '10%&%+&&'()-o|[:vU410 l
ll4-10%&%+&&'()-l lf2%10%&%+&&'()- l#m%10%&%+&&'()-m  lFm%10%&%+&&'()-M ly2
10%&%+&&'()- l'10%&%+&&'()-UVWXnxvU410 l&10%LK+L&'()- l(S10%LK+L&'()- l
y10%LK+L&'()-10&%+&10&%+&10&%+& l?*10%&%+&&'()- lF:10%&%+&&'()-B|[:vU410 l
l10%LK+L&'()-l l  10%LK+L&'()- l lF3 10%LK+L&'()- ll)10%LK+L&'()-
l&10%LK+L&'()- l10%LK+L&'()-BLCk|[:vU410 l ll 910%LK+L&'()- l
l`10%LK+L&'()- l l#10%LK+L&'()-3 l9G%10%LK+L&'()-Z l 10%LK+L&'()-3 l
10%LK+L&'()-Rc|[:vU410 l ls-F%10%LK+L&'()- l lY  +10%LK+L&'()-Fl l)
10%LK+L&'()- l$Z10%LK+L&'()-  l"F%10%LK+L&'()-  l F%10%LK+L&'()-cA|obU410 0
ESZ+10%*&'()-10LK+L10LK+L10LK+Ll l?*10%LK+L&'()- l:10%LK+L&'()-
l3@10%LK+L&'()- l/m10%LK+L&'()-A1234I|obU410 lF@10%&%+&&'()-10*10*10*l l
@*10%*&'()-Y lYs9Z10%*&'()- SZ+10%|%|&'()- SZ+10%%Z(%&'()-ITv,|[:bU410 l
l0$10%&%+&&'()- -M0 '10%%+&'()- l E '10%&&'()-  l l G10%&%+&&'()- l
'10%&%+&&'()- l(@10%&%+&&'()-,R m|[:bU410 l l .#10%&%+&&'()-
lFS210%&%+&&'()-l '9'10%GAG&'()- '9'10%_%+_&'()- lP 3%10%&%+&&'()- l@
10%&%+&&'()- !"#8AvU410 (S10%+&'()- lYS10%+&'()-10&%+&10&%+&10&%+&
l?*10%&%+&&'()- llS810%&%+&&'()-Y l>0 .#10%&&&'()- Ad|[:vU410  l4
,'10%+&'()-`l lS`$10%+&'()-  l@10%+&'()- l10%+&'()- l $10%+&'()-3 l,
'10%+&'()-O03X|[:vU410  lS/3%10%&'()-@l lS/3%10%+&'()-@ l2 10%+&'()- lS,Y
10%+&'()- "m(10%Lz)L&'()- "m(10%C&C&'()-vU410 l&10%+&'()- l(10%+&'()-
l10%+&'()-10+10+10+ l?*10%+&'()- lF:310%+&'()-fjr{|[:vU410 l l10%+&'()-l
ll#10%+&'()-Gl l``10%+&'()- lS&10%+&'()- (S&10%|N$|&'()- ll#10%+&'()-
{be|[:vU410 l l910%+&'()-l ll1 



(10%+&'()-l l.3%10%+&'()-F `l'''10%+&'()- l$10%+&'()-' lY10%+&'()-eFvT310
lL$10%*&'()-!L$10%//&'()- l (10%+&'()- l10%+&'()-10+10+10+
l`?*10%+&'()-Fo8\_b|[:vT310 l l`%10%+&'()- llF(10%+&'()-l lY10%+&'()-l
l10%&&'()- l0FM'10%+&'()- l10%+&'()-q  "|obU410  lF10%&%+&&'()-10+10+10+l
l0f?*10%+&'()-l l810%+&'()-L l0%10%(&'()- l0%10%+&'()-",J]|[:bU410  l U0
&10% $&'()- _  &10%%+&'()-l Z  &10%o&'()-l   &10%&'()- l '10%&%+&&'()-
l(f10%&%+&&'()-Mv!r|[:bU410  l l`$10%&%+&&'()- X $10%)&'()-l
l0$10%&B%&&'()-l lP&10%&%+&&'()-M &10%yy&'()-M l 10%&%+&&'()-[Hm]|[:bU410
l f2'10%%+&'()- l0 10%&%+&&'()-l   Y.10%Q%+Q&'()-l l0)"10%&%+&&'()- l
y@&g#10%&%+&&'()- y@&g#10%&'()-]`vU410  l '10%&%+&&'()- (FfZ+10%'%+'&'()-
lFfZ+10%&&&'()-10&%+&10&%+&10&%+& l?*10%&%+&&'()- pf2'10%tt&'()-/-|[:vU410
l l(&10%&%+&&'()- &10%t*t&'()-l &10%y%+y&'()- T0$10%:&'()- l$10%&%+&&'()- l
Z10%&%+&&'()-Hg|[:vU410  l /&10%(&'()- lf/&10%&%+&&'()-l %'10%?%+?&'()-
%'10%~%+~&'()- lI%'10%&%+&&'()- &10%I/"I&'()-gkvU410  lF(10%+&'()- ll
s10%+&'()- l10%+&'()-10&%+&10&%+&10&%+& l@*10%&%+&&'()-
lF:310%&%+&&'()-37|[:vU410  l l`l L10%+&'()-l l#10%)&'()-Gl l  10%+&'()-
@&Y%10%Z+Z&'()- l&Y%10%+&'()- l:10%+&'()-7WV|[:vU410  l S&'10%+&'()-l
S&'10%+&'()-l lS&'10%!&'()- S&'10%+&'()- S&'10%*&'()- laS&'10%r
&'()-V$)STUVk|obU410  lFy10%&%+&&'()-10+10+10+l ?*10%+&'()- 910%+&'()-
lS/'10%+&'()- S/'10%_&'()-kt4|[:bU410  l l s10%&%+&&'()- lZ%10%&%+&&'()-Ml
lZ%10%& &&'()-M Z%10%'&'()-M  `F10%%+&'()-Z l(y10%&%+&&'()- |[:bU410  l l
s10%&%+&&'()- lZ%10%&%+&&'()-Ml lZ%10%& &&'()-M Z%10%'&'()-M
l?*10%&%+&&'()- l8F10%&%+&&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph
Font{L$,4:1@EKQW_fKnu[})oqW3"U
"$&(*,.02468:<>@BDFHJLNPR('.,t39:?SE2JPgUYbiqxu:'cb .ju bb<M
`!#b%'(<*T,./0246Q7T9/;
<=>:@A1CDDFGHHJLNOQST.VWY,[S]~b_ce&gikjglBn_pqtyvQxy{}*V~z w.9Uv|,;
BcAI,AeF"]g7Vk    !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`6Times New RomanArialCourier New"h
Root EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcde 


