ANTICANCER BIANGELOYL SAPONINS 5 This application claims benefit of U.S. Serial No.
10/906,303, filed February 14, 2005, Continuation-In-Part application of International Application No.
PCT/US04/43465, filed December 23, 2004, which is a Continuation-In-Part application of Int'l App'l
No. PCT/US04/33359, filed October 8, 2004, which claims benefit of U.S. Serial Nos. 60/532,101,
filed December 23, 2003, and 60/509,851, filed October 9, 2003; and which 10 claims benefit of U.S.
Serial Nos. 60/617,379, filed October 8, 2004, 60/613,811, filed September 27, 2004, and 60/607,858,
filed September 7, 2004. The contents of these preceding applications are hereby incorporated in
their entireties by reference into this application. 15 Throughout this application, various publications
are referenced. Disclosures of these publications in their entireties are hereby incorporated by

reference into this application igl ﬁtgﬁg @:—'IIE I % :'ace % the art to which this invention
pertains. FIELD OF THE INVE %r%m e ﬂﬁ\gs from a plant called
Wenguanguo or Xanthoceras sorbifolia, their uses and functions, and methods of their preparation.
Thiszinventi ] I c taina r ifgli plants
o he Lhg AN Sa L e A RN R T RN W aap 2 P08
the sapir%rara_iéu@afbmﬂy:lﬂsrgdénﬁﬂ@tm lgtxamth@@@lrés)mmﬂmia\luﬁgérluwééﬂgﬁoﬁme
commoneRifipRN AL JBBIAEN o DRI IRUANN dofRARHANBL Anti 25T

Goldenhorn and Yellowhorn. 'Wenguanguo |}géown in Liaoning, Jilin, Hebei, Shandong, Jiangsu,

Henan, SHahd S8#/SR8aRxificdnSisiphegxda 2894Mmnehictbhridains AaAafiitoEdéds, Rares MR8 flowers

are 1 edipleg0d havadeeRisaasa folkoa UaliigmamedicnatolRpepRUasiS fah¢omides. Its
branches and woods are also used as a folk or traditional medicine. For more detailed information and

badiyroGRIBF RFERIN L oP tneei NAB i RYRE ' Biesd @RPREHEgEA04inEY 61338110 [i5He-13 of
InternatigiiBqlefRRliczomn MAd 60/607,858, filed September 7, 2004. The contents of these

preceding applications are hereby incorporated in their entireties by reference into this

application.

15 Throughout this application, various publications are referenced. Disclosures of these
publications in their entireties are hereby incorporated by reference into this application

in order to more fully describe the state of the art to which this invention pertains.

FIELD OF THE INVENTION

20 This invention relates to extracts from a plant called Wenguanguo or Xanthoceras
sorbifolia, their uses and functions, and methods of their preparation. This invention
further relates to novel compounds obtainable from Xanthoceras sorbifolia and plants

from the sapindaceae family.

25 BACKGROUND OF THE INVENTION
Wenguanguo is a species of the sapindaceae family. Its scientific name is Xanthoceras
sorbifolia Bunge. Wenguanguo is the common Chinese name. Others are
Wenguannguo, Wenguanmu, Wenguanhua, Xilacedeng, Goldenhorn and Yellowhorn.
Wenguanguo is grown in Liaoning, Jilin, Hebei, Shandong, Jiangsu, Henan, Shanxi,

30 Shaanxi, Gansu, Ningxia and Inner Mongolia, China. Its seeds, leaves and flowers are



5 PCT/US04/33359, filed October 8, 2004, and U.S. Serial No. 10/906,303, filed February 14, 2005.
The contents of these preceding applications are hereby incorporated in their entireties by reference
into this application. Yingjie Chen, Tadahiro Takeda and Yukio Ogihara reported in Chem. Pharm. Bull
10 33(4)1387-1394(1985) described a study on the constituent of Xanthoceras sorbifolia Bunge. See
Section V. Saponins from the Fruits of Xanthoceras sorbifolia. Four new saponins were isolated from
the fruits of Xanthoceras sorbifolia Bunge. The structures of these saponins are bunkankasaponins A,
B, Cand D, The cae ical pame of these coréﬁbunds are; 15

22-0O- acgﬁiflb O3 ES5Hq8Ry 9[,55?;9}%%@1)/@@@(?@[}0 treat enuresis for
g'ucopyrm'di 18)-fBaPeples ainh opods asy]aisotesediganin fGIR-6-acelyiok nédidide OFangeloyl)

3-D-f *2 - lu to 20
25.0-acbo oRies e L BRI TR AR R ey aRae L)
(3-D- gluulmaaeme’mndwln)metdaelm@en% -38; Oeapagé-mm (Btdroaiidaad gRIOYI ) A Etico pyianosy!
-3-04(3- I T, f th

o (3-BraH5eBY3995¥ -1 Qr@“ T%L ‘f‘ﬂ%r i@e%'géés%é%vﬂ JL#"é%ﬂ of these

compoun were not preV|ousyd| osed ngjl |ro i0 Ogl ar reported

in Chem 1ph200b Bihe %mm@fltmgels&gedmm@bwu@@saﬁa treselpnnaarateddntiogieras
sorbifolig, Boeges §§??e§é?8“@@ Moﬁpﬁgq% Sidhe Miner Prosapogenin. The prosapogenins from 30
tho

the partial hydrolyzate of fruit saponin of ceras sorbifolia were examined, and are
characterized as: 2 16-O-acetyl-21-0-(3,4-di-O-angeloyl-(3-D-fucopyranosyl) protoaecigenin

22-O-acetyfrdib-@ 3 f-didAnerIpkédP AHeoRIRBOBIHA0RPRIAERI I Chem. Pharm. Bull
©- &3 o gé%%g)ri)gg ylr??gé?(slg%) described a study on the constituent of Xanthoceras sorbifolia
Bunge. See Section V. Saponins from the Fruits of Xanthoceras sorbifolia. Four new
saponins were isolated from the fruits of Xanthoceras sorbifolia Bunge. The structures
of these saponins are bunkankasaponins A, B, C and D. The chemical name of these
compounds are:
15
22-0O-acetyl-21-0O-(4-O-acetyl-3-O-angeloyl)-B-D-fucopyranosyl-3-O-[3-D-
glucopyranosyl-(1—2)-B-D-glucuronopyranosyl] protoaecigenin
22-0O-acetyl-21-0-(3,4-di-O-angeloyl) -B-D-fucopyranosyl -3-O-[B-D-
glucopyranosyl- (1—2)- -D-glucuronopyranosyl] protoaecigenin
20 28-0-acetyl-21-0-(4-O-acetyl-3-O-angeloyl)-p-D-fucopyranosyl-3-O-[3-D-
glucopyranosyl-(1—2)- B-D-glucuronopyranosyl] protoaecigenin
28-0-acetyl-21-0-(3,4-di-O-angeloyl) -B-D-fucopyranosyl -3-O-[B-D-

glucopyranosyl- (1—2)- B-D-glucuronopyranosyl] protoaecigenin.
25 The functions of these compounds were not previously disclosed.

Yingjie Chen, Tadahiro Takeda and Yukio Ogihara reported in Chem. Pharm. Bull
33(3)1043-1048(1985) described studies on the constituent of Xanthoceras sorbifolia
Bunge. See Section IV. Structures of the Miner Prosapogenin. The prosapogenins from
30 the partial hydrolyzate of fruit saponin of Xanthoceras sorbifolia were examined, and are

characterized as:



The functions of these compounds were not previously disclosed. Yingjie Chen, Tadahiro Takeda and
Yukio Ogihara. Chem. Pharm. Bull 33(1)127- 134(1985) described studies on the constituent of
Xanthoceras sorbifolia Bunge. See 10 Section Ill. Minor Prosapogenins aponins from the Fruits of
Xanthoceras sorbifolia Bunge. The structure of 3 minor prosapogenins, obtained by acid hydrolysis of
the crude saponin faction, were characterized as:
21-0-(3,4-di-O-angeloyl)-(3-D-fucopyranosyltheasapogenol B 15
21-0-(4-O-acetyl-3-O-angeloyl)-(3-D-fucopyranosyltheasapogenol B
21-0-(4-0-acetyl-3-O-angeloyl)-(3-D-fucopyranosyl-22-O- acetylprotoaescigenin. The functions of
these compountis-@etectyt JIreViBighddBcingrioy 2 EM@G@MS?&dﬂbmﬁabedmand Yukio

Ogihara in Che harnE IBﬂl é Jél)‘é%%algg e’éf S?jglsb scrlbed a st otn theI constlguent of
Xanthoceras sctbitola EIX "SEction 17 XJ HOBQXOE} s '.E) ga%%%% in'Trom the Fruits of
Xanthoceras sdbbﬁd]]aglLIoLmdnmmmetnasﬁﬂme studies, saponins with angeloyl groups attached were
alsogeported 25 in the following reports. Laurence Voutquenne, Cecile Kokougan. Catherine Lavaud,
Isabelle Pouny, Marc Litaudon."Triterpenoid saponins and Acylated prosapogenins from Harpullia
austro- chhsdibimietonp leftbesernizmp B9 (200R)eBnst B2vis0ByAherigsking, Jean-francois Gallard,
Marie-Therese Adeline, Vincent Dumontet, Mai Van Tri, Thierry Sevenet, and Mary Pais "Six
Triterpennoid Saponins from Maesa laxiflora.” J. Nat. Prod. (1999), 62, 873-876. 5 Young Seo, John
M. Berge¥intigninBefochaf@himm Nakedanih, Y%l"BlPQJR@Vra Stelrem. Wh@%b@%n@ e,

KlngStO”lﬁ&(T@S‘b‘ espepedSanans BABItesRATUBHt \HKBRIHBLERD Q&HW@%W Redaforest .
J. Nat. Prod. 200 65 65-68. Xiu-Wei Yang, Jing Zhao, Xue-Hui Lui, Chao-Mei Ma, Masag Hattori,
and®i Hggq{%lli inor Prosapogenins aponins from the Fruits of Xanthoceras sorbifolia

Bunge. The structure of 3 minor prosapogenins, obtained by acid hydrolysis of the
crude saponin faction, were characterized as:

21-0-(3,4-di-O-angeloyl)-B-D-fucopyranosyltheasapogenol B

15 21-0O-(4-0O-acetyl-3-O-angeloyl)-B-D-fucopyranosyltheasapogenol B
21-0O-(4-0O-acetyl-3-O-angeloyl)-B-D-fucopyranosyl-22-O-
acetylprotoaescigenin.

The functions of these compounds were not previously disclosed.
20
Yingjie Chen, Tadahiro Takeda and Yukio Ogihara in Chem. Pharm. Bull 33(4)1387-
1394(1985) described a study on the constituent of Xanthoceras sorbifolia Bunge. See
Section Il. Major Sapogenol and prosapogenin from the Fruits of Xanthoceras sorbifolia.
In addition to above studies, saponins with angeloyl groups attached were also reported
25 in the following reports.

Laurence Voutquenne, Cecile Kokougan. Catherine Lavaud, Isabelle Pouny, Marc
Litaudon."Triterpenoid saponins and Acylated prosapogenins from Harpullia austro-
caledonica.” Phytochemistry 59 (2002) 825-832.
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10 "Anti-HIV-1 Protease Triterpenoid Saponins from the Seeds of Aesculus chinensis.” J. Nat. Prod.
(1999), 62, 1510-1513. Yi Lu, Tatsuya Umeda, Akihito Yagi, Kanzo Sakata, Tirthankar Chaudhuri, D.K.
Ganguly, Secion Sarma. "Triterpenoid Saponins from the roots of the tea plant 15 (Camellia sinensis
var. Assamica)." Phytochchemistry 53 (2000) 941-946. Sandra Apers, Tess E. De Bruyne, Magda
Claeys, Arnold J. Viletinck, Luc A.C. Pieters. "New acylated triterpenoid saponins from Maesa
laceceolata." Phytochemistry 52 (1999) 1121-1131. 20 llaria D'Acquarica, Maria Cristina, Di Giovanni,

Francescg Gasparrini, Domenico Misiti, Claudio D' Arrigo, Nicol'n? Fagnano, Decimo Guarnieri,
Giovamn 41000 e T HRCS S AR B OR HE RS e or A four
new tritexzenaid, eRteEagpSevskkoafrditvafthe &sttoSpo rmmmsabaanaid . Shptimined franb2E6R)

10127- 25 1%@, S_a](lg?rlgel‘ljs_ f{sglcb;];ilgg(g%%?(sheritable properties: (1) they reproduce in defiance

Xl . Brad. : S
of normal restaints o cell dnvision ey invade and colonize territories normally reserved for
other cells. 30 4 Cancers require mutations of one to many genes for its development, and they are

clasgified AeAprang e fssus A0 Sl e Hm WIS GRS CATROISE g e et
cells’are namé&d carcinomas; those arising from connective tissue or muscle cells are hame
sarcoma¥/ .Iriviafdhein aéravis cenckisgsited [dukewiatliBipeiod Sepdailvdiohv P itessidistic cells.

Cancers GaRRFQ AP E WA FLYSRUANR AREYELS SYSIRI:, PANGESDO5108BABRIgEOM different types

of cells are, in general, very different diseases. Each cancer has characteristics that reflect its origin.
Even when a cancer has 10 metastasized and proliferated out of control, its origins can be traced

back to agingei RARRIYiHEHad NRIRINRI LS ICRRStRN e NpISRSIHSSOH, CRINPWKITRaRgble of
10 “Anti-HIV-1 Protease Triterpenoid Saponins from the Seeds of Aesculus chinensis.” J.
Nat. Prod. (1999), 62, 1510-1513.

Yi Lu, Tatsuya Umeda, Akihito Yagi, Kanzo Sakata, Tirthankar Chaudhuri, D.K.
Ganguly, Secion Sarma. “Triterpenoid Saponins from the roots of the tea plant
15 (Camellia sinensis var. Assamica).” Phytochchemistry 53 (2000) 941-946.

Sandra Apers, Tess E. De Bruyne, Magda Claeys, Arnold J. Viletinck, Luc A.C. Pieters.
“New acylated triterpenoid saponins from Maesa laceceolata.” Phytochemistry 52
(1999) 1121-1131.
20
llaria D’Acquarica, Maria Cristina, Di Giovanni, Francesco Gasparrini, Domenico Misiti,
Claudio D’ Arrigo, Nicolina Fagnano, Decimo Guarnieri, Giovanni lacono, Giuseppe
Bifulco and Raffaele Riccio. “Isolation and structure elucidation of four new triterpenoid
estersaponins from fruits of the Pittosporumtobira AIT.” Tetrahedron 58 (2002) 10127-
25 10136.

Cancer cells are defined by two heritable properties: (1) they reproduce in defiance of
normal restraints on cell division; and (2) they invade and colonize territories normally
reserved for other cells.
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targeting various types of cancer cells. Ovarian cancer is the 5th leading cause of cancer death in
women and the leading 15 cause of death from gynecologic malignancies. In the United States,
females have a 1.4 to 2.5%, or 1 out of 40-60 women, lifelong chance of developing ovarian cancer.
Older women are at highest risk. More than half of the deaths from ovarian cancer occur in women
between 55 and 74 years of age, and approximately one quarter of ovarian cancer deaths occur in
women between 35 and 54 years of age. See MedlinePlus 20 Encyclopedia on ovarian cancer at
http://www.nIm.nih.gov/medlinePIus/enc /article/000889.htm_ Ovarian cancer is disproportionately
deadly for 2D REHE B o R OB SRR ISEABYe YRR ‘thd o EXE RS o A LI ki Sneir
physiciartaisifisdrilycattihyteothieamticsds aaiecetnypeorfropmaitidets iy theisin e emneeisiag
diagnosed, the tLtwqr rllas ﬁften eread eyond the o_v%ies. Alsohov{arian cancers shed mali%nant
cells tha rf?tranql? n f 'ﬁ‘npﬁgn? oaﬁefhealﬂ?grus? r%ﬁ%@r"’,‘ ow(e)ﬁear%'ﬁ'm%g e BEWE Wal 'fc?r%een rum).
These ceilscln @iy rafermargate wammmiagrawtlas ditifore eneeaiic eamoeansspatited)csdeomds,
because - ' ' for ovari ist 0 0 per women
3 m&%’%‘réfé%ﬁ%%%‘?ﬂg%ﬁfﬁ%&éc a@fé"?"b%%%%?é %ﬁe&i@ éS\}Q@BTiPo% HERRLRL

with ovarian cancer are diagnose advanced stages o ease. IS invention provides
compoungEuRusHp@sitions extracted from Xanthoceras sorbifolia or plants from the sapindaceae
family, or synthesized which have substantial potency against ovarian cancer. 5 SUMMARY OF THE

INVENTION In accordance with these and other objects of the invention, a brief summary of the
present iRAEREEH WIPRABIIERB SHHE M SiREatRINSCAR REmiSsasmanaly veryndifepnhdisrARRRing

Summa}rllsé[_téhiCE‘zaiﬁdQFeﬂﬁ§_d69&?@93?@9%&‘%’&F%@%ts@@%ﬁ@ﬂﬂdﬁﬁﬁhﬁiﬁ@np@58:5%@\’9HHQ“’ but
not to limit its scope. Detailed descriptions of a preferred exemplary embodiment adequate to allow

thot®@ of W%ﬁ ANA PNy HegoUlaf control, its origins can’be traced back to a single,

primary tumor. Therefore, it is important to develop drugs or compounds capable of
targeting various types of cancer cells.

Ovarian cancer is the 5th leading cause of cancer death in women and the leading
15 cause of death from gynecologic malignancies. In the United States, females have a 1.4
to 2.5%, or 1 out of 40-60 women, lifelong chance of developing ovarian cancer. Older
women are at highest risk. More than half of the deaths from ovarian cancer occur in
women between 55 and 74 years of age, and approximately one quarter of ovarian
cancer deaths occur in women between 35 and 54 years of age. See MedlinePlus
20  Encyclopedia on ovarian cancer at

http://www.nIm.nih.gov/medlineplus/ency/article/000889.htm.

Ovarian cancer is disproportionately deadly for a number of reasons. First, symptoms
are vague and non-specific, so women and their physicians frequently attribute them to
25 more common conditions. By the time the cancer is diagnosed, the tumor has often
spread beyond the ovaries. Also, ovarian cancers shed malignant cells that frequently
implant on the uterus, bladder, bowel, and lining of the bowel wall (omentum). These
cells can begin forming new tumor growths before cancer is even suspected. Second,
because no cost-effective screening test for ovarian cancer exists, more than 50
30 percent of women with ovarian cancer are diagnosed in the advanced stages of the

disease.



use the invention concepts will follow in later sections. The invention provides six novel compounds of
structure (Y1, Y2, Y or Y3, Y8, Y9, Y10) 15 as shown in Figure 1. As used herein, "Y" is also referred
toas "Y3".63029H3CH Y,O0O1CH31921 OH3CH ~131822H 17CHOiCHS3 lais H20 109 H
O COOH3s60OH~O0 04 OHOH3,Z, HOOHOH OHOO0 OHOH ,6Wyl0 OH wW'OH O COOH
OHOO C-O HO OH CH3

This invention provides compounds or compositions extracted from Xanthoceras
sorbifolia or plants from the sapindaceae family, or synthesized which have substantial

potency against ovarian cancer.

SUMMARY OF THE INVENTION

In accordance with these and other objects of the invention, a brief summary of the

present invention is presented. Some simplifications and omission may be made in the

following summary, which is intended to highlight and introduce some aspects of the
10 present invention, but not to limit its scope. Detailed descriptions of a preferred

exemplary embodiment adequate to allow those of ordinary skill in the art to make and

use the invention concepts will follow in later sections.

The invention provides six novel compounds of structure (Y1, Y2, Y or Y3, Y8, Y9, Y10)

15 asshown in Figure 1. As used herein, “Y” is also referred to as “Y3".
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OH The formula, chemical name and common name of these compounds are presented in 5 Table 1
below. 9 Table 1. Formula, Chemical Name and Common Name Six Novel Compounds of structure
(Y, Y1, Y2, Y8, Y9, Y10) Names Formula Chemical Name Y (Y3) C57HB8023
3-0-[(3-D-galactopyranosyl(1-*2)]-a-L-arabinofuranosyl(1-3)-(3-D-
glucuronopyranosyl-21,22-O-diangeloyl-30, 15a, 16a, 210, 22a, 28- hexahydroxyolean-1 2-ene, Yi
C65H100027 3-0-[(3-D-galactopyranosyl(1-*2)]-a-L-arabinofuranosyl(1-3)-(3-D-
glucuronopyranosyl-21-0-(3,4-diangeloyl)-a-L-rhamnophyranosyl-22-O- acetyl -30,16a, 210, 22a,
28-pentahydroxyolean-12-ene Y2 C57HB8024 ~
3-0-[(3-D-glucopyranosyl-(1-*2)]-a-L-arabinofuranosyl(1-3)-(-D-
glucuronopyranosyl-21,22-O-diangeloyl-3(3, 15a, 16a, 21(3, 22a
2-ene Y8 C57HBY\¢293 O-[(3- galactopyranosyl (1 -*2)]-a<a Of

above six com
the growth of n ov.
sub-strudilfeis identifi

Y-10

The formula, chemical name and common name of these compounds are presented in
5 Table 1 below.



10 and Y10). The concensus sub-structure of these compounds is the biangeloyl groups located on
adjacent carbons. For Y, Y2, Y8 and Y10, the biangeloyl are located at 21(3 and 22a of the triterpene
backbone. See Figure 5. 10 For Y1 and Y9, the biangeloyl are located at C3 and C4 of the sugar ring.
See Figure 6. Accordingly, the biangeloyl groups of these active compounds (Y, Y1, Y2, Y8, Y9 and
Y10) are situated in trans-position in respect to each other on a planar structure. See 5 Figure 7.
Studies of the structure and function relationship of these six structures indicate that changes of the

functi | t C15 and.C24 of the trit d t affect antic tivity. 10 Th
c%ﬁégﬂﬁ&%;gﬂifﬁw%]? &n °¢;t§$§re§r§l§?f&éﬂ%ﬂaan A O YPRMERM R 212, 3 and
0 L(')rlfnij s derificd

4. These& f) ods of chromatograpy involving FPLC and HPLC as

d b din Finire Q 10-11- 12 and 12 15 The comborndV e nurified _ac chown in- oy 11 A
escCrl \NII T |§ IIEO‘I-" 1z aer T, 19 e CoOmpouUrto— S putrmcu;, as Sriovwi - 1igure y
' IC

Q
with pro sedure descr ”e’8 in tlﬁrs‘eré]bca ation. The purified compound Y shows potence (IC50 =11.5
ug/ml) 10¥it8s highttsan| tBOefigfgdlegtoaptatCHI(=-2Biigtmbrblyinammpaeayt Figg)re-R-with Figure
14. Compound Y has a high éﬁlﬁ%\ﬁ%}ﬂ%‘f‘{%ﬂ@@i?@-ﬁ qoﬁ_%%’FMe %’Zgl‘ghezg&,rif't%d
compound Y1, YR, Y8, Y9, and Y10 also show inhibitory acfivity toward human cancer cells with a
higher pptency toward ovariaHCHNAGHLI8:IRi§0%e 3 and 4. The plant extract containing compound
Ys showsvinhibitorysaetivdy; tosvargstbegtod etopyeandzynuman-cancessiedrirhfos glaves) puman cancer cell
lines wefe tested in this study, with a higher pptency foyward ovarian carcinoma. See ¢ ison of
activities among these cells iﬁllﬁldrlﬁjpeo 3?2” ?L§E%1'§)g£an@ ré%%o%l?-lq-;-srh&gér&o% &ih° %r%%’)'cémpound
Ysis usged to denote compquaetyl-8p,¥8q., Y28Y 220 28M@nbdootbleacd@ipoeinds obtainable |from
Xanthocggas sor J"57iig'188 th{d

E-O-[ﬁ-D-gIucopyranosyl-(l—>2)]-a-L-arabinofuranosyl(1—>3)-(-D-
glucuronopyranosyl-21,22-O-diangeloyl-38, 15a, 16a, 218, 22a, 248,
28-heptahydroxyolean-12-ene

Y8 Cs7Hg7023 | 3-O-[p-galactopyranosyl (1>2)]-a-arabinofuranosyl (1-3)-p-
glucuronopyranosyl-21, 22-O-diangeloyl-338, 16a, 218, 22a, 28-

pentahydroxyolean-12-ene

Y9 CesHosO26 | 3-O-[B-galactopyranosyl (1—2)]-a-arabinofuranosyl (1-3)-4-
glucuronopyranosyl-21-O-(3,4-diangeloyl)-a-rhamnopyranosyl-34, 16aq,
21, 22, 28-pentahydroxyolean-12-ene

Y10 Cs7HgsO2, | 3-O-[B-galactopyranosyl (1—>2)]-o-arabinofuranosyl (1-3)-4-
glucuronopyranosyl-21, 22-O-diangeloyl-338, 16«, 218, 22a, 28-

pentahydroxyolean-12-ene

5 The above six compounds (Y, Y1, Y2, Y8, Y9 and Y10) have anti-cancer effect. These
compounds inhibit the growth of human ovarian and other cancer cells. See Figure 2, 3
and 4.

A concensus sub-structure is identified from these active compounds (Y, Y1, Y2, Y8, Y9
10 and Y10). The concensus sub-structure of these compounds is the biangeloyl groups
located on adjacent carbons.

For Y, Y2, Y8 and Y10, the biangeloyl are located at 21 and 22q of the triterpene

backbone. See Figure 5.
10



30 11 This invention provides an extract of Xanthoceras sorbifolia capable of inhibiting cancer growth.
The cancer includes, but is not limited to ovary cancer, bladder cancer, prostate cancer, leukocytes
cancer, and bone cancer. 5 The compounds can be isolated from the plant called Xanthoceras
sorbifolia or can be synthesized chemically, or extracted from other biological sources. This invention
provides a process of producing active compounds from husks, leaves, branches or stems, and
fruit-stems, roots and barks of the Wenguanguo and can be 10 employed separately or be combined.
This invention further discloses methods of their preparations. In addtion to saponin, the extracts
contain saccharides, proteins, glycosides, flavonoids, curmarin extracts, alkaloid extracts, organic acid
extracts,Rannib and vthels biaizldyd apploesdted s& @3 asivetefrtiestiggde disgndSesvEigeensshown to

possess jnhibitpry , activity .against cancer grqwth. The compounds or ¢ itigns %tqﬁgpre ent
ventior ey SRy R s A B T e Thpiiments SPERLal such
as G-provdif)racesituat20 Fatanstpvsitieceintaedyeositteddicasebe MitogeplanioginckreptdecThe
comgourf\_(il Lﬁgni_be isolated from the plant called Xanthoceras sorbifolia or can be synthesized
chemically; or extracted from other biological sources. This invention provides compounds, including

compound of structures Y, Y1, Y2, Y8, Y9 25 and Y10, obtainable from Xanthoceras sorbifolia and

capable gf QI GANGRICAANAR ! A FRSH DRGNS F IRESE I8RIUGRTe ML IS NG URIRTA{O

bladder cancer, cervix cancer, prostate cancer, lung cancer, breast cancer, leukocytes cancer, colon
cancer, ISR Hondeasiarabgipubmaetr Gl 80Enf e &ir the IarRrRNAVERtBAtpAYAeks a

compoungh@fHeangagitiierpenoidal saponin comprising a side chain at Carbon 21 and Carbon 22 of

said compound, wherein the side chain _ o
1 hese compounds (Y, Y1, Y2, Y8, Y9 and Y10) are active for inhibition of turmor

growth. See Figure 2, 3 and 4. These compounds are purified by methods of
chromatograpy involving FPLC and HPLC as described in Figure 8, 9, 10, 11, 12 and
13.

15 The compound Y is purified, as shown in Figure 11A, with procedure described in this
application. The purified compound Y shows potence (IC50 =1.5 ug/ml) 10 times higher
than the original extract (IC50 = 25ug/ml) by comparing Figure 2 with Figure 14.
Compound Y has a high selectivity toward ovarian cancer. See Figure 15.

20 The purified compound Y1, Y2, Y8, Y9, and Y10 also show inhibitory activity toward
human cancer cells with a higher potency toward ovarian carcinoma. See Figure 3 and
4.

The plant extract containing compound Ys shows inhibitory activity toward the following
25 human cancer cells, i.e., eleven human cancer cell lines were tested in this study, with a
higher potency toward ovarian carcinoma. See comparison of activities among these
cells in Figures 14, 15 and 16 and Table 3.1. As used herein, Ys or compound Ys is
used to denote compound Y or Y3, Y1, Y2, Y8, Y9, Y10 or other compounds obtainable
from Xanthoceras sorbifolia extract.
30
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comprises angeloyl groups. In an embodiment, the compound comprises one or more sugars,
wherein C3 and C4 of the sugar are acylated with angeloyl groups. 5 This invention provides a
triterpinoidal saponin compound comprising a triterpene backbone and biangeloyl groups, wherein the
biangeloyl groups are attached to 21(3 and 22a of the triterpene backbone, wherein the presence of
the biangeloyl group produces anticancer activity. 10 This invention provides a triterpenoidal saponin
compound comprising a triterpene backbone and a sugar moiety or sugar chain, wherein the sugar

moiety or sugar chain is attached to the triterpene backbone erein the sugar moiety or sugar chain
further cHRRYEII GURST oS3 UaRH RO 1 RIS 6 SRETR QLB HRERces
anticancgraetivityhd sdrtverinveotios, avislesalitritesgh en oialysemuren dhadpev odrasem pisistgte
triterpene bacqugn idstgg%rgeern%rl]o(? kbone is acylated at either 21(3 or 22a position or at both

S
21(3 anacﬁagepr)bsﬂg(rblc\)a& asugar moie 9noer %%rg]]%errf:hain, wherein at least one sugar in the sugar

moiety or sugar chain comprises angeloyl groups attached to the C3 and C4 20 position of said sugar.

As ysed Fr‘r‘é%%rﬁ@%l‘ﬁ‘?ﬁé“@fﬁ‘%@'i‘?o t{?‘ﬁ%%m%fee dﬁﬁh?éﬁfﬁé&"%ﬁ&ﬁ?&%?é‘%"}%méﬁiQeordé\Qﬂebde such
as the various parts of a molecule. n an embodiment, the biangeloyl groups are In the
trans-posiianesizeg khemnisialytpeexaies ek ifpasethrr bfalegicrirmpelsaroup produces anticancer
activity. This invention provides a salt of the above-described compounds. 30 This invention provides a

pharmaceutical composition comprising an effective amount of the above-described compounds and
a pharmaée iR B ISIeTArREPESS STTRIOdHGEILBATYD FiRp aUmdshbafo P isatiR ¥@Pnpounds

from Xamghqeaies spraiépis, aRMMIRRIERR SiBBEChneXHaKYBPRBIVERERAGUY Al RAMdsE with an

appropriate amount of an organic solvent for an appropriate amount of time to obtain an extract, 5

ideHfyirR TRIO¥IShERPa"EHNHBhERS RSB PURIHRS HE BRIaEIRFRCSEMBYHBAES Of their

preparations.

In addtion to saponin, the extracts contain saccharides, proteins, glycosides, flavonoids,
curmarin extracts, alkaloid extracts, organic acid extracts, tannin and others. In this
15 application saponins were investigated and have been shown to possess inhibitory

activity against cancer growth.

The compounds or compositions of the present invention may regulate many cellular
pathways including the receptors or components of a cell such as G-protein receptor,
20 Fas protein, receptor Tyrosine Kinases, Mitogen, mitogen receptor. The compounds
can be isolated from the plant called Xanthoceras sorbifolia or can be synthesized

chemically, or extracted from other biological sources.

This invention provides compounds, including compound of structures Y, Y1, Y2, Y8, Y9
25 and Y10, obtainable from Xanthoceras sorbifolia and capable of inhibiting cancer
growth. In an embodiment, the cancer includes, but is not limited to bladder cancer,
cervix cancer, prostate cancer, lung cancer, breast cancer, leukocytes cancer, colon

cancer, liver cancer, bone cancer, brain cancer, and ovary cancer.

30
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in the extract with FPLC to obtain a fraction of the bioactive component; and isolating the pure
bioactive component with preparative HPLC. This invention provides a compound having a structure
verified by NMR spectral data 10 derived from proton NMR, carbon NMR, 2D NMR of the
Heteronuclear Multiple Quantum Correlation (HMQC), Heteronuclear Multiple Bond Correlation
(HMBC), NOESY and COSY, and Mass spectral data derived from MALDI-TOF and ESI-MS. This
invention provides the chemical features of a compound and its derivatives which 15 are effective
against cgncer. Due to co%xit of nature, the compounds .or compositions of the present invention
repuiate LA lYEBIRPRRRS FRTERGBA ARIRTHRG SR ALSATR P ARG &
componeiide stiEiraaGaantiem 2ecantbIC admprpziest, sei piomfssulosinerinasges sidéogess, or
mitogen rece rtlors. TGFE Belta- smad, FGF, TGE-H%a afnthGF-r%l har1 as-GTrPase-hrqAPrkinaPe,
jun-fos, §ch§n?§§él?5%ej%-gﬁoﬂ SBM]DaW%m rﬁyc-ceer? ’pro(illfgr)ati %L,' S TR R&R RO ShFbifolia
derived sogapsunbeaain @ TanthCditiirihasy gag alEadymashvptnentgeboyt gengrgors and re- activates
(he gell dpath Mgt Brolides Bhrae Ak N bnl o Bt S b TLhAedGS
structures of sIX active anticancer saponins isolated from Xanthoceras Sorbifolia extract. Elgure 2
shows theagklicaacanadigingelbpldfiedrSompenain MeTbiarggloshgnoupasarpesidactet oo Aiffian

cancer cells (QCAR- d.the inhibition activit determin %eﬁ MTT. assay. For details. refer to
S R AN R R R e e L
approxinpeitelyceslabtiggincerfaddvitt scale. B: Linear scale. 14 Figure 3 shows the inhibition of the
purified Compound Y1 and Compound Y2 on ovarian cancer cells' growth. Figure 4 shows the
anticancer activity of Y, Y8, Y9 and Y10 with ovarian cancer cells determined by MIT assay. 5 Figure

5 shows Thiscitvsatians Biayite:: detiiietpiomdausapaniapttimarsaeonnising a triterpene
backbone and a sugar moiety or sugar chain, wherein the sugar moiety or sugar chain

is attached to the triterpene backbone, wherein the sugar moiety or sugar chain further
comprises a biangeloyl group, and wherein the presence of the biangeloyl group
produces anticancer activity.
15

This invention provides a triterpenoidal saponin compound comprising a triterpene
backbone, said triterpene backbone is acylated at either 21 or 22a position or at both
21B and 22a position with a sugar moiety or sugar chain, wherein at least one sugar in
the sugar moiety or sugar chain comprises angeloyl groups attached to the C3 and C4

20 position of said sugar.

As used herein, moiety means one of two or more parts into which something may be

divided, such as the various parts of a molecule.

25 In an embodiment, the biangeloyl groups are in the trans-position on a planar structure,

and the presence of the biangeloyl group produces anticancer activity.
This invention provides a salt of the above-described compounds.
30 This invention provides a pharmaceutical composition comprising an effective amount of

the above-described compounds and a pharmaceutically acceptable carrier(s).
13



(Y, Y2, Y8 and Y10). Figure 6 shows the consensus structure derived from two active anticancer
saponins (Y1 and Y9). Figure 7 shows a general structural formular derived from the consensus
structures of 10 the six active compounds (Y, Y1, Y2, Y8, Y9 and Y10). (A) A consensus active
functional group is the biangeloyl group attached to 21(3 and 22a of the triterpene backbone. (B) A
consensus active functional group is the biangeloyl group attached at C3 and C4 of a sugar ring (or
rhamnose). In both cases, the functional active structure is a biangeloyl group situated in
trans-position on a planar structure. 15 Figure 8 shows the separation of the components of
Xanthoceras sorbifolia extract by HPLC with a pbondapak C18 column. Details of experiment were
presentethis inxpationeptdaidegLaensesihonviothis slhtiian qoefje wfdnfxiracaofhesths caydsfshabifolia in
FPLC with mlor'i89q% %radi nt. O;din)%tre: 9 tig{ﬂ c{ﬁnsity at ngprﬁ% Abﬁ&isrs%:.tﬁra%tionsr 20ri ¢
(5m1/fra89|or8. ?—]lg%re 96'SRoWS 15 YESURE S13he gg?e%niﬁa f'2d BPOW achvitye} bARBCIRNE Bbtained
from FPlathobrambtagraganid lselassayoras cappingieat doiaalder celismd he fratetioran axtagoed from
FPLC a in Ei e in this fi i e oceras
sorb%olizczé}(?[r}lﬁtdsac@ggé?glgtﬁﬁsrég F&ﬁﬁ%‘ﬁ%ﬁ%&#@@g %?%ﬁ&%ﬁj%nﬁy ra%ﬁ%ngé%%{ﬁgﬁ;%ﬁon Y)
causes delliththipitiaet MritletfonsG 10,0btaik éntracion ehiike hdestivsensaraponattcangdrisftatingscissa:

Conce”trﬁ’féo&ﬁ‘é%%&@écﬂﬁﬁ{ﬁbn%h?ﬂ'tl?ﬁ?éﬁgré‘?ﬁ@ﬁ.ﬂjD@‘.j by MIT assay). Figure 11 shows HPLC

profile of Fraction Y with 45% acetonitrile isocratic elution in a preparative C18 column (Delta Pak
C18). Under these conditions, fractions Y (Y3), Y1 30 and Y2 are well separated from each other and

they are sHRSRRUANHY PHOVIRES 2 oEtMSINRPEribyr Qe GRAIREEDY NANE ¥y i Riata under

same conditions. 15 Figure 12 shows the separation profile of Y8-Y10 with 45% acetonitrile isocratic

eluli®n iHed'lﬂ?Qpé?%'ﬂi\/eo@l@ncde (B%ﬂ'?é"l’-"dﬁwﬁ). D NMR of the Heteronuclear Multiple
Quantum Correlation (HMQC), Heteronuclear Multiple Bond Correlation (HMBC),

NOESY and COSY, and Mass spectral data derived from MALDI-TOF and ESI-MS.

This invention provides the chemical features of a compound and its derivatives which
15 are effective against cancer. Due to complexity of nature, the compounds or
compositions of the present invention regulate various cellular pathways including but
not limiting the followings: the receptors or components such as G-protein receptor, Fas
protein, receptor for Tyrosine Kinases, mitogens, or mitogen receptors. TGF Beta-
smad, FGF, TGF-beta and TGF-alpha, ras-GTPase-MAP kinase, jun-fos, Src-fyn, Jak-
20 Jnk-STAT, BMP, Wnt, myc-cell proliferation, etc. The Xanthoceras Sorbifolia derived
compound and/or composition may regulate the components and receptors and re-

activates the cell death program.

DETAILED DESCRIPTION OF THE FIGURES
25 Figure 1 shows the structures of six active anticancer saponins isolated from
Xanthoceras Sorbifolia extract.
Figure 2 shows the anticancer activity of purified Compound Y. The experiment was
performed on ovarian cancer cells (OCAR-3) and the inhibition activity was determined
by MTT assay. For details, refer to Experiment 3. Abscissa: Concentration (ug/ml).
30 Ordinate: % Cell Growth. The IC50 is approximately 1- 1.5 ug/ml. A: Point scale. B:

Linear scale.

14



Figure 13 shows the HPLC profiles of purified Y8, Y9 and Y10. Figures 14 shows the growth curves of
ovarian cancer cells after treatment with the 5 crude extract of Xanthoceras sorbifolia as determined
by the MTT assay. This study determined the sensitivity of the extract of Xanthoceras sorbifolia on
cancer cells. In these experiments, cancer cell lines from 11 different human organs were employed.
This figure shows that ovary cancer cells are the most sensitive cancer cells in responding to
Xanthoceras Sorbifolia. Results of other cancer cells were represented in 10 Figures 16A-D. Abscissa:

concentration (ug/m)). Ordipate: % Cell Growth (determined by MTT assay). Figure 15 shows the
pesmiilce il o e el s AR R e TR e
Ovarian oaaden callzaregigchrovare sensitive than the cervical cancer cells. The IC50 for Compound
Y in ovary.cells i out 1.5ug/ml while 15 the IC5Q,in ceryical ¢ cells is over 20 ug/ml. See also
Fioure 1EI90H S R S DA o Y g o G b S el
Figures tetarmiskdbyhdigrastdagurves of cancer cells derived from different human organs as

determin T f ' t t ifalig, urves of
citesont Pt o \ne LenTERTT ShhicREaT e PLRaITE Sea sugerne T
of cells toWard.exandc¥h®e divided into 4 groups. (1) Most sensitive: ovary cells (presented in

Figure 1¢30lel)-strdws Qe s RTECL AN RENGRIETFIERA i hidR)SEMISRBEIING pls KO CYte

and liver (presented in B); prostate, breast and brain (presented in C). (4) Least sensitive: colon,
cervix arfd’ ]4@\4?@ (ﬁ?ésented in D). Abscissa: concentration (ug/ml). Ordinate: % Cell Growth 25

(determi ¥ M'E'Iﬁcﬁf%@’béﬁgkﬁﬁs%@u%ﬂ%ﬂﬁ@HHG@W@&%@WM JoM4BhEIR formitlared of
C57H88023 and the chemical name of 3-0-[(3-D- alactopyrano\%(l) 1---
21y

>2)1%-L RanioriMesFRIPEIED (GiuddroNSpyahody- 209 iaHyelOyL8(SENSHS 185H1VR (3, 22a,

28-hexalnygeauspalegrouk? ienhe38ibitEyiSrbap st e e um Pf aHeton NMRAE GamRmd Y.
Figure 19 shows 2D NMR (HMQC) results of Compound Y. _
backbone. (B) A consensus active functional group is the biangeloyl group attached at

C3 and C4 of a sugar ring (or rhamnose). In both cases, the functional active structure
is a biangeloyl group situated in trans-position on a planar structure.

15 Figure 8 shows the separation of the components of Xanthoceras sorbifolia extract by
HPLC with a pbondapak C18 column. Details of experiment were presented in
Experiment 2.

Figure 9 shows the elution profile of an extract of Xanthoceras sorbifolia in FPLC with
10-80% gradient. Ordinate: Optical density (at 245nm). Abscissa: Fractions
20  (5ml/fraction).
Figure 10 shows the results of the screening of cell growth activity of fractions obtained
from FPLC chromatography. The assay was conducted in bladder cells. The fractions
obtained from FPLC as shown in Figure 9 were used. As shown in this figure, different
components of Xanthoceras sorbifolia extracts cause either growth or inhibition effects

25 on cells. Only fraction 5962 (Fraction Y) causes cell inhibition. Fractions 610, 1116 and
1724 cause minor stimulation of cell growth. Abscissa: concentration (ug/ml). Ordinate:
% Cell Growth (determined by MTT assay).

Figure 11 shows HPLC profile of Fraction Y with 45% acetonitrile isocratic elution in a
preparative C18 column (Delta Pak C18). Under these conditions, fractions Y (Y3), Y1

30 and Y2 are well separated from each other and they are subsequently purified. A and B
shows the purity of the collected Y3 and Y2 by HPLC under same conditions.

15



16 Figure 20 shows 2D NMR (HMBC) results of Compound Y. Figure 21 shows the Mass spectrum of
compound Y with MALDI-TOF (high mass): Y + Matrix (CHCA) + Angiotensin 1 "two point calibration”.
Figure 22 shows the Mass spectrum of compound Y with ESI-MS. 5 Figure 23 shows the structure of
Compound Y1 with the formula of C65H100027 and the chemical name of
3-0-[(3-D-galactopyranosyl(1--- >2)]-a-L-arabinofuranosyl(1-*3)-(3-D- glucuronopyranosyl-21-O-(3,
4-diangeloyl)-a-L-rhamnophyranosyl-22-O-acetyl-3(3,16a, 21(3, 22a, 28-pentahydroxyolean-12-ene.
Figure 24 shows the Proton NMR spectrum of Compound Y1. 10 Figure 25 shqws the 2D NMR
(HMQC) it 1 ERMpulIcSPRA Bl @28 end ﬁ&%w%%ﬁ%ﬁ@%@w&r VORI V1.

Figure 2hshpvep SQRE-OMR plnfile @dharmaaudtgy.l. Figure 28 shows the chemical structure and the
chemicalname of Compound Y2. Figure 29 shows t roton N pectrum of Y2. 15 Figure 30
IR A ERES G g S R Al

spectrum o igure 31'Shows the C13 NMR spectra of
compourtdgv2 eFiddrsiBanshtives ghevad Nk HMBEY v alabhepe cabsohitentpeainte R Wity uhe 33

h t H Y)- ; Y Ei M
cperun A A o i g .
Figure 36efeonisef NIVRsspebiviish of Y&, Bidiaet 37 ARMOZEr ASVIRIATORT ¢leenCesealtsurinof Y8.
Figure 3g,30aws ALHMMRHMEQEHeVR RASPFEH™M PliffrdrOUimRh RdNGrRemiERblycture of

i
Y9. 25 Figure 40 shows H-NMR spectrum of Y9. Figure 41 shows 2D m HMQC (level jspectrum
of YO9. Fﬁuﬁe UguER RO NMIR PHAYCCABGET 29@%eétfﬁrﬂhﬁ YRSEigansigesHsnsaheeRentical

structurey@§pcHaling to Xanthoceras Sorbifolia. Results of other cancer cells were represented in
10 Figures 16A-D. Abscissa: concentration (ug/ml). Ordinate: % Cell Growth (determined
by MTT assay).
Figure 15 shows the comparison of potency of Compound Y between ovarian cancer
cells and cervical cancer cells. Ovarian cancer cells are much more sensitive than the
cervical cancer cells. The IC50 for Compound Y in ovary cells is about 1.5ug/ml while
15 the IC50 in cervical cancer cells is over 20 ug/ml. See also Figure 16D. This result
confirms that the activity of Compound Y is selective toward ovary cancer.
Figures 16 A-D show the growth curves of cancer cells derived from different human
organs as determined by MTT assay. After treatment with the extract of Xanthoceras
Sorbifolia, growth curves of different cell lines were presented and their sensitivities
20 (IC50 values) were determined. Sensitivity of cells toward extract can be divided into 4
groups. (1) Most sensitive: ovary cells (presented in Figure 14 and 15). (2): Sensitive:
bladder and bone (presented in A). (3) Semi-sensitive: leukocyte and liver (presented in
B); prostate, breast and brain (presented in C). (4) Least sensitive: colon, cervix and
lung (presented in D). Abscissa: concentration (ug/ml). Ordinate: % Cell Growth
25 (determined by MTT assay).
Figure 17 shows the structure Compound Y with the formula of Cs;HgsO23 and the
chemical name of 3-O-[B-D-galactopyranosyl(1—2)]-a-L-arabinofuranosyl(1—3)-3-D-
glucuronopyranosyl-21,22-0O-diangeloyl-33, 15a, 16a, 21B, 22a, 28-hexahydroxyolean-
12-ene.
30 Figure 18 shows the sprectrum of proton NMR of Compound Y.
Figure 19 shows 2D NMR (HMQC) results of Compound Y.

16



Figure 44 shows H-NMR spectrum of Y10. 30 Figure 45 shows 2D NMR HMQC (level 1) spectrum of
Y10. Figure 46 shows 2D NMR HMQC (level 2) spectrum of Y10. 17 Figure 47 shows the chemical
structure and the chemical name of Compound R1. Figure 48 shows the Proton-NMR spectrum of
compound R1. Figure 49 shows the 2D NMR (HMQC) spectrum of compound R1. Figure 50 shows
the 2D NMR (HMBC) spectrum of compound R1. 5 Figure 51 shows the 2D NMR (COSY) spectrum
of compound R1. Figure 52 shows the C13 NMR spectrum of compound R1. Figure 53 shows the

chemical structure of Compound 054. Figure 54 shows the Proton-NMR spectra of compound 054.
I(:igure ?g '%ﬁ@ﬂq%hfw‘i\w&%@ﬂ%gééﬁauitﬁﬁ?fhﬁgﬂﬁwﬂéﬂm Figure 56hshows the 2D NMbF\’f |
HMBC) sipratea2af sooaeotiied\dass Bigioteudt shovvspibenabgoxtion ApBCTORF ghigantiessgras sorbifolia
extract. 'M)a (rzgggzl_&z:\l@\;elm th.in nm. Q{dinate: O%%tli| arlg : ensity. The extract has three absorption

nn, 8AM bl

maximum a '%tc?%ﬂanlm.vﬁﬁ?g] owe the proton NMR spectrum of Y4. 15 Figure
59 showsiier 22 NshRvE M Olaspextestruoh wHcEiguoar8DshotldEgSirM&ation of component-R with

HPLLC. Aﬁiiﬁ?@%ﬁ’ﬂ%@&@?ﬂ@‘s%@tﬁﬁeFd? lC%erJ%'LﬁQJ Wi’%\fi%ﬁt.ﬂ% ?&Rﬂfﬂ.\t%qbeyg,ﬂlp"@'ﬁénd e
Rechromatogram of the major. component under same condition as described in'&. Bigure 61
Fractionatiemifetraetiva-@ivith GHA-O-gétla 0y mewtsyliitite A3lber bty @hitioiur200§3t{126)3)Higlre 62.

DETAIL b CE LN G 2 VR RO 2t e T e s istid Shiected
from a c@rpaiy aBipemtdhydioxiRdlean-12-ene.

Figure 24 shows the Proton NMR spectrum of Compound Y1.

10 Figure 25 shows the 2D NMR (HMQC) results of Compound Y1.
Figure 26 shows the 2D NMR (HMBC) results of Compound Y1.
Figure 27 shows COSY-NMR profile of Compound Y1.
Figure 28 shows the chemical structure and the chemical name of Compound Y2.
Figure 29 shows the proton NMR spectrum of Y2.

15 Figure 30 shows the 2D NMR spectrum of Y2 (HMQC)-level-1.
Figure 31 shows the C13 NMR spectra of compound Y2.
Figure 32 shows the 2D NMR (HMBC)-level-1 spectra of compound Y2.
Figure 33 shows the 2D NMR HOHAHA (TOCSY)-level-1 spectrum of compound Y2.
Figure 34 shows the Mass spectrum of compound Y2 +Matrix + Standards.

20 Figure 35 shows the chemical structure of Y8.
Figure 36 shows H-NMR spectrum of Y8.
Figure 37 shows 2D NMR HMQC (level 1) spectrum of Y8.
Figure 38 shows 2D NMR HMQC (level 2) spectrum of Y8.
Figure 39 shows the chemical structure of Y9.

25  Figure 40 shows H-NMR spectrum of Y9.
Figure 41 shows 2D NMR HMQC (level 1) spectrum of Y9.
Figure 42 shows 2D NMR HMQC (level 2) spectrum of Y9.
Figure 43 shows the chemical structure of Y10.
Figure 44 shows H-NMR spectrum of Y10.

30 Figure 45 shows 2D NMR HMQC (level 1) spectrum of Y10.
Figure 46 shows 2D NMR HMQC (level 2) spectrum of Y10.
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"--OR2 H "OH OOH R3 HR4 HOH OH R5 (1) 18 or a salt, ester or derivative thereof,wherein: R1
represents angeloyl group; R2 represents angeloyl group; R3 represents OH or H; R4 represents CH3
or CH20H; and R5 represents D-glucose or D-Galactose. 5 This invention provides a compound
selected from a compound of formula (2): 0 ™OR3 OH "/OH0 0 COONOOR1 OHOO HOOOHO
OH OHs HOOR2 OH 0 OH OH (2) or a salt, ester or derivative thereof, wherein: R1 represents
angeloyl group; R2 representsangeloyl group; and R3 represents Ac or H. 10 This invention provides

a compound selected from a compound of formula (3):
P Elrg]gure 47 shows the cﬂerﬁ?cal structure and(ttzne chemical name of Compound R1.

Figure 48 shows the Proton-NMR spectrum of compound R1.
Figure 49 shows the 2D NMR (HMQC) spectrum of compound R1.
Figure 50 shows the 2D NMR (HMBC) spectrum of compound R1.
5 Figure 51 shows the 2D NMR (COSY) spectrum of compound R1.
Figure 52 shows the C13 NMR spectrum of compound R1.
Figure 53 shows the chemical structure of Compound O54.
Figure 54 shows the Proton-NMR spectra of compound O54.
Figure 55 shows the 2D NMR (HMQC) spectra of compound O54.
10 Figure 56 shows the 2D NMR (HMBC) spectra of compound O54.
Figure 57 shows the absorption spectrum of Xanthoceras sorbifolia extract. Abscissa:
Wavelength in nm. Ordinate: Optical Density. The extract has three absorption
maximum at 207nm, 278nm and 500nm.
Figure 58 shows the proton NMR spectrum of Y4.
15 Figure 59 shows the 2D NMR (HMQC) spectrum of Y4.
Figure 60 shows purification of component-R with HPLC. A: Extract from fraction #10 of
FPLC (iso-30) was further separated by HPLC. B: Rechromatogram of the major
component under same condition as described in A.
Figure 61. Fractionation of Fraction-O with HPLC with 20% acetonitrile isocratic elution
20  (is0-20).
Figure 62. Rechromatography of 028 and O34 (from iso-20).
Figure 63. Rechromatography of O54 (from iso-20).

DETAILED DESCRIPTION OF THE INVENTION

25 This invention provides a compound selected from a compound of formula (1):

(1)




R1 -~-MWR2 H --"90H R3 R4 (3) or a salt, ester or derivative thereof, wherein: R1 represents
angeloyl group; R2 represents angeloyl group; R3 represents OH or H; R4 represents CH3 or
CH20H; and 19 R5 represents sugar moiety or sugar chain selected from the group consisting of: D-
glucose, D-galactose, L-rhamnose, L-arabinose, D-xylose, alduronic acid, D-glucuronic acid and
D-galacturonic acid. 5 This invention provides a compound selected from a compound of formula (4):
O R3 OH S1-S4"/OH R4 45,111 (4) or a salt, ester or derivative thereof, off R10 0 HR2 R2 R1 O
R1 O wherein: S1=R2 ;S2=R1 ;S3= OH ;S4= R2 OH R1 represent angeloyl group: R2 represent
angeloyl YrB G RETER A LIRS Fhgr ‘??A{’WB%%FE&%@W%%@ ; qg)él %B?&é%s sugar moiety or
sugar chaiprestattedrig@oyhgranpuR I ensistiogteOB-gludpRe, I2ryakertsC H3 a0 HRoe]; laadabinose,
D-xonseRBaIrdurronicn?cH_, ﬁ)-glucur?rﬂg a(ﬁia'il ?nd D-galacturonic acid. In an embodiment, the angeloyl
groups are ineﬁ1gs(‘r;)ansé-poqs,ﬂloonS o pl RatStticture. 15 This invention provides a compound
comprising the following structure:

5 This invention provides a compound selected from a compound of formula (2):

)
or a salt, ester or derivative thereof, wherein: R1 represents angeloyl group; R2

representsangeloyl group; and R3 represents Ac or H.

10 This invention provides a compound selected from a compound of formula (3):

R5

R4

3
or a salt, ester or derivative thereof, wherein: R1 represents angeloyl group; R2

represents angeloyl group; R3 represents OH or H; R4 represents CH3 or CH20H; and
19



-c~0p 1!~"OH bH or 20 CHI OH This invention provides a composition for inhibiting tumor cell
growth, comprising the above-described compounds. In an embodiment, the composition comprises a
suitable 5 carrier. In another embodiment, the composition comprises a pharmaceutically suitable
carrier. This invention provides a method for treating ovarian cancer in a subject, comprising
administering to said subject an effective amount of the above-described compositions. 10 A method
for isolating compounds from Xanthoceras sorbifolia herb or plants from the sapindaceae family
comprisir%%the stegs of: éa) extractin& Xanthoceras Sfé%{%i? or iﬁlant owder with oré%?nic solvents to
obtain a rbeamﬁs NI 9(?)") LI b%aro‘f anice ; (S’J’? ﬁﬂﬁ%’ﬁg%’a%@ trHét to obtain a
second ejtresse(d)pieiog 15 thanongaeid satunidsentheissepaiti avdractace), dyghgarwhiterilizing
the secogd §xtﬁgc]5_to Ebttairn a crude extract powder; (f) fractionating the crude extract powder into
componer(ff 3S|ng R A chromatography with silica gel, C18 and other equivalent solid
phase materials; (g) monitoring absorption wavelength at 207nm or 254nm; (h) identifying the

bioagtiv - u (D) rifyi joactive components
of t?}bz ci@gﬁﬁggﬁ%%\%%grﬁd ﬁ%hg%%? hgt()%t\g%%g%% ﬁgrggﬂg?m%o%ﬁrﬁ%%%(iiﬂfé component; and
0) isolating the desired fraction oNhebioactive component with preparative HPLC. Compound Y

(4)

OH OH R1 o
R1O R2 © RT°

R2
wherein: S1= R2 ;82 = R1:83= OH -54= R2 OH .

R1 represent angeloyl group; R2 represent angeloyl group; R3 represents Ac or H; R4
10 represents H or OH; and R5 represents sugar moiety or sugar chain selected from the
group consisting of: D-glucose, D-galactose, L-rhamnose, L-arabinose, D-xylose,

alduronic acid, D-glucuronic acid and D-galacturonic acid.

In an embodiment, the angeloyl groups are in the trans-position on a planar structure.
15

This invention provides a compound comprising the following structure:

P
DN

, or
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25 This invention provides a compound comprising the following structure, i.e., see Figure 17, with the
formula of C57H88023 and the name of 3-0-[(3-D-galactopyranosyl(1 --- >2)]-a- L-arabinofuranosyl(1
--- >3)-(3-D-glucuronopyranosyl-21,22-O-diangeloyl-3(3, 15a, 16a, 21 21(3, 22a,
28-hexahydroxyolean-12-ene, also known as Xanifolia-Y. This compound was isolated from
Xanthoceras sorbifolia. Y30 Il OHO HO COOHOH ~IpOH HOOHOHHO O OHO OHOH This
compound belongs to an oleanene triterpenoidal saponin with a trisaccharide chain 5 attached at C-3
of the aglycong and two angeloyl groups acylated at C-21 and C-22. This compound has anti-cancer
activity. The t of this structure is supported by spectral data, i.e., H-NMR, 2D NMR (HMBC,
HMQC), and I-TOF, EMS). Accordingly, this compound has the 10 characteristic property
as shown i Fi -22 or Table 5.1. Compound Y1 This invention provides another compound
comprising theYollowing structure, i.e., see Figure 23, with the formula of C65H100027 and the name
of 3-0-[(3-D- 15 galactopyranosyl(1 --- >2)]-a-L-arabinofuranosyl(1 ---
>3)-(3-D-glucuronopyranosyl-21-0O-(3,4 diangeloyl)-a-L-rhamnophyranosyl-22-O-acetyl-3(3,16a, 21(3,

22a, 28'This invention provides a composition for inhibiting tumor cell growth, comprising the
above-described compounds. In an embodiment, the composition comprises a suitable
5 carrier. In another embodiment, the composition comprises a pharmaceutically suitable

carrier.

This invention provides a method for treating ovarian cancer in a subject, comprising
administering to said subject an effective amount of the above-described compositions.
10
A method for isolating compounds from Xanthoceras sorbifolia herb or plants from the
sapindaceae family comprising the steps of: (a) extracting Xanthoceras sorbifolia or
plant powder with organic solvents to obtain an organic extract; (b) collecting the
organic extract; (c) refluxing the organic extract to obtain a second extract; (d) removing
15 the organic solvent from the second extract; (e) drying and sterilizing the second extract
to obtain a crude extract powder; (f) fractionating the crude extract powder into
components using HPLC and FPLC chromatography with silica gel, C18 and other
equivalent solid phase materials; (g) monitoring absorption wavelength at 207nm or
254nm; (h) identifying the bioactive components of the crude extract powder; (i)
20 purifying one or more bioactive components of the crude extract powder with FPLC to
obtain one or more fraction of the bioactive component; and (j) isolating the desired

fraction of the bioactive component with preparative HPLC.

Compound Y

25 This invention provides a compound comprising the following structure, i.e., see Figure
17, with the formula of Cs7HggO23 and the name of 3-O-[3-D-galactopyranosyl(1—2)]-a-
L-arabinofuranosyl(1—3)-p-D-glucuronopyranosyl-21,22-O-diangeloyl-33, 15a, 16a,

21



pentahydroxyolean-1 2-ene, also known as Xanifolia-Y1.22 Y1 O ™OAcOH "OHOCOHOII
C-Op HOOHOHOCH3 HOO-C-OOH OHp~(\OH HOH This compound is a bisdesmosidic
polyhydroxyoleanene triterpenoidal saponin with a trisaccharide chain at C-3 of the backbone and a
monosaccharide 5 moiety at C-21 where two angeloyl groups were acylated at C-3 and C-4 position.
This compound has anti-cancer activity. The assignment of this structure is supported by spectral data,
i.e.,, H-NMR, 2D NMR (HMBC, HMQC, COSY), and MS (MALDI-TOF). Accordingly, this compound
has the 10 characteristic property as shown in Figures 24-27. Compound Y2 This invention provides a

third confpurf€orRBrEHG IHE AR L iRAGreiSe. KW THiBR& P URR the TOInGRAIMRAEBHE8024

and cheiga|smnatedf Sn kchtroderasemifanesyl-(1 --- >2)]-a-L-arabinofuranosyl(1 ---

>3)-(3-D-glucuronopyranosyl-21,22-0 diangeloyl-3(3, 15a, 16a, 21(3, 22a, 24(3,

28-heptahydroxyolean-12-ene, also known as Y2. g=\
o—C

I H
O —
ullllllo_%
OH (0]
0]
OH
HO
OH OH
HO o)
OH 0]
OH

OH

This compound belongs to an oleanene triterpenoidal saponin with a trisaccharide chain
5 attached at C-3 of the aglycone and two angeloyl groups acylated at C-21
and C-22. This compound has anti-cancer activity.

The assignment of this structure is supported by spectral data, i.e., H-NMR, 2D NMR
(HMBC, HMQC), and MS (MALDI-TOF, EMS). Accordingly, this compound has the

10 characteristic property as shown in Figures 18-22 or Table 5.1.

Compound Y1

This invention provides another compound comprising the following structure, i.e., see

Figure 23, with the formula of CgHi00027 and the name of 3-O-[B-D-
15 galactopyranosyl(1—2)]-a-L-arabinofuranosyl(1—3)-3-D-glucuronopyranosyl-21-0-(3,4-

diangeloyl)-a-L-rhamnophyranosyl-22-O-acetyl-33,16a., 218, 22, 28-

pentahydroxyolean-12-ene, also known as Xanifolia-Y1.
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230-c YZo0ll OHO ""0H O CJOOHOH O~O OHOHOH HOOHHO O O OH OH OH This
compound (Y2) belongs to saponins comprising a triterpene, a sugar moiety and angeloyl groups
linked to the backbone. The angeloyl groups are linked to the backbone 5 at C21 and C22 positions.
This compound has anti-cancer activity. The assignment of this structure is supported by spectral data,
i.e., H-NMR, C-NMR, 2D NMR (HMBC, HMQC, TOCSY), and MS (MALDI-TOF). Accordingly, this
compound has the characteristic property as shown in Figures 29-34. 10 Compound Y8 This invention
provides a fourth active compound Y8 and the structure was determmed by 1D NMR, 2D NMR, and
MS analysis. The compound comprises the following structurg; l.e. see Figure 35, with the formula of
C57H87023 and chemical ame of 3-0 15 [/3-glucopyranos Ylarabinofuranosyl (1---
>3)-/3-glucuronopyranosyl-21, 22-0- diangeloyl-3/3, 168 , 28-hexahydroxyolean-1
2-ene. 24

o
OH c—o o
oy OH ON\CHs
HO e} Il
OH 'e) \:<C_O OH
OH
OH

This compound is a bisdesmosidic polyhydroxyoleanene triterpenoidal saponin
with a trisaccharide chain at C-3 of the backbone and a monosaccharide
5 moiety at C-21 where two angeloyl groups were acylated at C-3 and C-4

position. This compound has anti-cancer activity.

The assignment of this structure is supported by spectral data, i.e., H-NMR, 2D NMR
(HMBC, HMQC, COSY), and MS (MALDI-TOF). Accordingly, this compound has the

10 characteristic property as shown in Figures 24-27.

Compound Y2

This invention provides a third compound comprising the following structure, i.e., see

Figure 28, with the formula of Cs7HggO24 and chemical name of 3-O-[3-D-
15 glucopyranosyl-(1—2)]-a-L-arabinofuranosyl(1—3)-p-D-glucuronopyranosyl-21,22-0O-

diangeloyl-33, 15a, 16a, 213, 22a, 243, 28-heptahydroxyolean-12-ene, also known as

Y2.
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O-C 0Y-800-C~ OHp"OH O COOH IO //IOHOH O 0HO J~/ OH HOO O OHOHOH The
assignment of this structure is supported by spectral data, i.e., H-NMR, C13-NMR and 2D NMR
(HMQC). Accordingly, this compound has the characteristic property as 5 shown in figures 36-38.
Compound Y9 This invention provides a fifth active compound Y9 and the structure was determined by
1 D NMR, 2D NMR, and MS analysis. The compound comprises the following structure, 10 i.e., see
Figure 39, with the formula of C63H98026 and chemical name of 3-O-[/3 galactopyranosyl
(1-*2)]-a-arabinofuranosyl (1-*3)-/3-glucuronopyranosyl-21-0-(3,4- diangeloyl)-a-rhamnopyranosyl-3/3,
16a, 21/3, 22a, 28-pentahydroxyolean-12-ene. 25 O Y-9 'O'QH OH "/Og}\-)ﬁ

S o—C

OH

This compound (Y2) belongs to saponins comprising a triterpene, a sugar moiety and
angeloyl groups linked to the backbone. The angeloyl groups are linked to the backbone

5 at C21 and C22 positions. This compound has anti-cancer activity.

The assignment of this structure is supported by spectral data, i.e., H-NMR, C-NMR, 2D
NMR (HMBC, HMQC, TOCSY), and MS (MALDI-TOF). Accordingly, this compound has
the characteristic property as shown in Figures 29-34.
10
Compound Y8
This invention provides a fourth active compound Y8 and the structure was determined
by 1D NMR, 2D NMR, and MS analysis. The compound comprises the following
structure, i.e. see Figure 35, with the formula of Cs;Hg;0,3 and chemical name of 3-O-
15  [B-glucopyranosyl (1—2)]-a-arabinofuranosyl (1—3)-p-glucuronopyranosyl-21, 22-O-
diangeloyl-38, 16a, 213, 22a, 243, 28-hexahydroxyolean-12-ene.
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O OCOOHO11CC-00 ffOHOHO/yOCH3 OHC-OOH OO~\H OHO OHHOH The
assignment of this structure is supported by spectral data, i.e., H-NMR, 2D NMR (HMQC and HMBC).
Accordingly, this compound has the characteristic property as shown in Figures 40-42. 5 Compound
Y10 This invention provides a sixth active compound Y10 and the structure was determined by 1D
NMR, 2D NMR and MS analysis. The compound comprises the following structure, i.e., see Figure
43, with the formula of C57H87022 and chemical name of 3-0 10 [/3-galactopyranosyl
(1-*2)]-a-arabinofuranosyl (1-*3)-/3-glucuronopyranosyl-21, 22-0- diangeloyl-3/3, 16a, 21/3, 22a,
28-pentahydroxyolean-12-ene. O-C Y-10 0O_C/> "OH OO 98@@ IO OH HO-~p OH

v-8
OH O
COOH
o) Q 0
ﬁOH 7 X o S OH
HO

OH
H

OH
o o)
<
OH
OH
OH
The assignment of this structure is supported by spectral data, i.e., H-NMR, C13-NMR

and 2D NMR (HMQC). Accordingly, this compound has the characteristic property as
5 shown in figures 36-38.

Compound Y9

This invention provides a fifth active compound Y9 and the structure was determined by

1D NMR, 2D NMR, and MS analysis. The compound comprises the following structure,
10 i.e., see Figure 39, with the formula of Cg3HgsO26 and chemical name of 3-O-[g-

galactopyranosyl (1—2)]-a-arabinofuranosyl (1—3)-p-glucuronopyranosyl-21-O-(3,4-

diangeloyl)-a-rhamnopyranosyl-33, 16«a, 218, 22, 28-pentahydroxyolean-12-ene.
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HO O OH O OH H OH 26 The assignment of this structure is supported by spectral data, i.e.,
H-NMR, C13-NMR and 2D NMR (HMQC). Accordingly, this compound has the characteristic property
as shown in figures 44-46. 5 This invention provides a compound comprising a sugar and a triterpene
or Sapogenin, wherein the triterpene or sapogenin is acylated at Carbon 21 and 22 with Angeloyl
groups. In an embodiment, the compound comprises one or more sugars. This invention shows that
extracts of Xanthoceras sorbifolia have anticancer activity. 10 The experiments for determining the
anti-cancer activity employ human cells lines derived from eleven human organs (HTB-9 (bladder),
HelLa-S3 (cervix), DU145 (prostate), H460 (lung), M N (breast) K562 (Ieukocytes) HCT1 16
(colon), HepG2 (liver), U20S (bone), T98G (brain)
studies, their sens@gvity toward Xanthoceras ifol
most sensitive: Ovary, see Figure 14; (B) Se
leukocyte, liver, breast, and brain; a ‘
Their IC50 values are listed in Table
Determined in Different 20tean og

assay (ug/mlﬁd&var?ﬁl sefisi
(semi-seHsit -09 te 45- 50 I
HO o) —
i B
OH

The assignment of this structure is supported by spectral data, i.e., H-NMR, 2D NMR

(HMQC and HMBC). Accordingly, this compound has the characteristic property as
shown in Figures 40-42.

Compound Y10

This invention provides a sixth active compound Y10 and the structure was determined

by 1D NMR, 2D NMR and MS analysis. The compound comprises the following

structure, i.e., see Figure 43, with the formula of Cs7Hg;O,, and chemical name of 3-O-
10 [p-galactopyranosyl (1—2)]-a-arabinofuranosyl (1—3)-g-glucuronopyranosyl-21, 22-O-

diangeloyl-38, 16«, 21, 22a, 28-pentahydroxyolean-12-ene.

Y-10
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Liver 45-65 Breast 65 Brain 70-85 Colon (least sensitive) 90 Cervix 115 27 Lung 110 In order to
identify the active compounds of Xanthoceras sorbifolia, the extracts from Xanthoceras sorbifolia were
separated by chromatography comprising FPLC (Fast Protein Liquid Chromatography) and HPLC
(High Preferment Liquid Chromatography). 5 Multiple fractions were obtained by FPLC procedures,
i.e., see Figure 9 and HPLC, i.e., see Figure 8. Analysis of the fractions by HPLC shows that the
extract comprises 26 identifiable fractions, designated as a to z, which are shown in Figure 8.
Anti-cancer activities of these fractions were determined by the MTT assay. FPLC 10 fraction 5962,
. see FRSASTENRTEh Aoris S GBI SPECTR) Cla: e MR W Rancer
activity. EratRD BMR (radQChexsepdiadsd thie 4ongpopnddmds Yietehétaceerisie prigpeenyl hsFraction
6365 was further\:;@cdeﬁmtﬁg_i 0 5-6 components, designated as Y5-Y10. See Figure 12. The

compour?cﬁ‘gwno'rn and Y2 show strong anti-tumor activity, i.e., see Figure 2-3, and were

therefore isolated. 15 Similarly, compounds Y8, Y9 and Y10 also show strong anti-tumor activity, i.e.,

e, i B B A e e o e e on
effects oMy @ionipeiidierpefite Prasundanenipraeylaedriah Canen cllaner? ewiluhedeaimn the
MTT assipto ompeaRd KsSE Al IRRYAHAIETRS BIHERYIBAEK R shHg/mi). .e., see Figure
2, than the original crude extract as shown in Figure 14 (IC50 = 20 ug/ml).

This invention shows that extracts of Xanthoceras sorbifolia have anticancer activity.

10 The experiments for determining the anti-cancer activity employ human cells lines
derived from eleven human organs (HTB-9 (bladder), HeLa-S3 (cervix), DU145
(prostate), H460 (lung), MCF-7 (breast), K562 (leukocytes), HCT116 (colon), HepG2
(liver), U20S (bone), T98G (brain) and OVCAR-3 (ovary)). Among the 11 cell lines
studies, their sensitivity toward Xanthoceras sorbifolia extract can be divided into four

15 groups: (A) most sensitive: Ovary, see Figure 14; (B) Sensitive: bladder, bone, (C) Srmi-
sensitive: prostate, leukocyte, liver, breast, and brain; and (D) lease sensitive: colon,

cervix, and lung. See Figure 16A-D. Their IC50 values are listed in Table 3.1.

Table 3.1. IC50 values of Xanthoceras Sorbifolia Extract Determined in Different
20 Cancer Cells

Cancer cells from different organs IC50 determined by MTT assay (ug/ml)
Ovary (most sensitive) 15-15
Bladder (sensitive) 45-50
Bone 40-55
Prostate (semi-sensitive) 40-50
Leukocyte 45-50
Liver 45-65
Breast 65
Brain 70-85
Colon (least sensitive) 90
Cervix 115
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The selectivity of compound Y toward different cell lines was tested, and it was found that compound
Y has a much higher potency toward ovarian cancer cells as compared to the cervical cancer cells.
See Figure 15. 28 This invention provides a method for identifying and isolating the active compounds
from plants, herbs or plant extracts. In an embodiement, the extracts include extracts of Xanthoceras
sorbifolia or of plants from the sapindaceae family. 5 This invention provides the chemical structures of
six active compounds obtainable from Xanthoceras sorbifolia or of plants from the sapindaceae

fam||y [he compounds-are shown-in Figure 1. This-invention provides spectral data-includinga H-NMR
. He-compodngsare—shownin+=igure 2—-hisinvenuon-proviges-spectrai-gatainciuaing )

C-13-NMB'™Db NMR (HMBC, 10 HMQC, COSsY, TO@@Y), and MS (MALDI-TOF, ESI-MS) in
supporting the assigned structures. This invention provides a consensus sub-structure or functional
group from the active, co unds purified from fraction Y, The compounds, such as Y or Y3, Y1, Y2,
V8, 15 AHPY 10, TANABE AONSETSTE vake CoRADRRFFeR AP ISR e SRRATS AL Msus
sub-structerehaictrasticnatbifstia pvad i esEpecsngd Ung scisr tihealbigngehyy | roppisilag afed. ©n(Bdgacent
carbons. For example, jn compound Y, Y2 Y10, the biangeloy] are located at 21(3,and 22a of
the ter DA Lot R RGBT (G e S R S0 W e
C3 &nd GaubinleciangiansivgeBebRiee &y FCLCqaiadlyethd.biangelbid e Gpsnof tHIsE, detive
compou ituatedyi NS- iti i { eiar%]@t Figure
7. The rgglﬁtf@ﬁﬁs%fn\%ﬁ%@%ﬁa?cﬁgt egg%éﬁﬁgllb%na groupt)E @%t?&gegg%%rﬁévges ggngeloyl
group attélentticblerbiastionsdjdesionated @issadeatedhich prardosusturguBs8see Figure 7. This

invention provides a salt of the above-described compounds. This invention provides a composition

comprising the above-described compounds and 30 a suitable carrier. 29
Anti-cancer activities of these fractions were determined by the MTT assay. FPLC

10 fraction 5962, i.e., see Figure 10, which coresponding to fraction Y in HPLC, i.e., see
Figure 8, has the anti-cancer activity. Fraction 5962 was further separated into 4
components Y1 to Y4, i.e., see Figure 11. Fraction 6365 was further seperated into 5-6
components, designated as Y5-Y10. See Figure 12. The compounds Y or Y3, Y1 and
Y2 show strong anti-tumor activity, i.e., see Figure 2-3, and were therefore isolated.

15 Similarly, compounds Y8, Y9 and Y10 also show strong anti-tumor activity, i.e., see

Figure 4, and were therefore purified. See Figure 13.

The structures of these active compounds, i.e., Y, Y1, Y2, Y8, Y9 and Y10 and their

uses are the subject of this application.

20
The inhibition effects of the compounds of the present invention on ovarian cancer cells
were evaluated with the MTT assay. Compound Y shows at least 10 times higher
potency (IC50 = 1.5 ug/ml), i.e., see Figure 2, than the original crude extract as shown
in Figure 14 (IC50 = 20 ug/ml).

25

The selectivity of compound Y toward different cell lines was tested, and it was found
that compound Y has a much higher potency toward ovarian cancer cells as compared

to the cervical cancer cells. See Figure 15.
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This invention provides a pharmaceutical composition comprising an effective amount of the
above-described compounds and a pharmaceutically acceptable carrier. This invention provides an
anti-ovarian cancer agent or composition comprising the 5 above-described compositions. This
invention provides a composition effective against cancer growth. The cancer includes but is not
limited to bladder cancer, bone cancer and ovary cancer. 10 This invention provides a composition
comprising the above-described compounds and their salts, esters, derivatives or metabolites capable
of inhibiting tumour growth. This invention provides a composjtion comprising the above-described
compourldiSaY SRS BIRVIEBER R, EMRRHIVES IHSHARY ifld cspiatiR i{%%)‘fﬁﬁﬁ GRIPQR and/or
15 activifiesn Iplaoiditioerbs iveptannpatiadty sinodnes ehiogie s, Weseeatsacp ifebadisartfeattiof R and

fraction (;<o1;] %E%%éga%% qgi%%gtg%?r snstgrgifpnli% whailcrilnggec ggesi %aﬁed herein as R1 and 054,
respective?y. el Srndtires wWere dEfmined. Feﬁnﬁnary experlme}ﬁts 20 indicate both R1 and 054

do not have anticancer activity. Compound R1 The structure of Compound R1 shown below and in

Fi 47 | . o] " P
5o b bR R e o bE R R SRl R et
>2)-(3-DXpntvpsetato Sprpifolia>@) -8 pagisctipyaifes pRB(3I 2063 Xaa) g Tibe ainyapoxsiesare 2-ene,
also know,as ¥apifpliarR1. 30 R1OH "aOHHO O CH2 O OH-0 0 OHOOHO O

This invention provides spectral data including H-NMR, C-13-NMR, 2D NMR (HMBC,
10 HMQC, COSY, TOCSY), and MS (MALDI-TOF, ESI-MS) in supporting the assigned

structures.

This invention provides a consensus sub-structure or functional group from the active
compounds purified from fraction Y. The compounds, such as Y or Y3, Y1, Y2, Y8, Y9

15 and Y10, obtainable from fraction Y are collectively referred to as “Ys”. The consensus
sub-structure or functional group of these compounds is the biangeloyl groups located
on adjacent carbons. For example, in compound Y, Y2, Y8 and Y10, the biangeloyl are
located at 218 and 22« of the triterpene backbone. See Figure 5. In compound Y1 and
Y9, the biangeloyl groups are located at C3 and C4 of the sugar ring. See Figure 6.

20  Accordingly, the biangeloyl groups of these active compounds are situated in trans-
position with respect to each other on a planar structure. See Figure 7.

The results of this invention indicate the active functional group of these compounds is a
biangeloyl group attached in-trans to adjacent carbons located in a planar structure.
25 See Figure 7.

This invention provides a salt of the above-described compounds.

This invention provides a composition comprising the above-described compounds and

30 a suitable carrier.
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H OH O OH OH OH OH OH OH OH O CH3 OH OH The assignment of this structure is supported by
spectral data, i.e., H-NMR, C-13-NMR, 2D NMR (HMBC, HMQC, COSY), and MS (MALDI-TOF,
EMS). Accordingly, this compound has the characteristic property as shown in Figures 48-52. 5
Compound-054 This invention provides a compound 054 purified from the extract of Xanthoceras
sorbifolia. The structure of 054 was determined and has a formula of C60H100028. The Structure of
Compound 054 is shown below, i.e., see Figure 53: 10 054 6,0, wt ,~ 9,9 OH 56 77, H 7 94; Q 3529

"0-H H C'ﬁ'Z .OHOH 10HOH OHOHHOOHH OH HO CH3 OH OH .
This invention provides a pharmaceutical composition comprising an effective amount of

the above-described compounds and a pharmaceutically acceptable carrier.

This invention provides an anti-ovarian cancer agent or composition comprising the

5 above-described compositions.

This invention provides a composition effective against cancer growth. The cancer

includes but is not limited to bladder cancer, bone cancer and ovary cancer.

10 This invention provides a composition comprising the above-described compounds and

their salts, esters, derivatives or metabolites capable of inhibiting tumour growth.

This invention provides a composition comprising the above-described compounds and
their salts, esters, derivatives or metabolites capable of inhibiting virus growth and/or

15 activities.

In addition to the compound Ys, other compounds were also purified from fraction R and
fraction O of the extract of Xanthoceras sorbifolia, which are designated herein as R1
and O54, respectively. Their structures were determined. Preliminary experiments

20 indicate both R1 and O54 do not have anticancer activity.

Compound R1
The structure of Compound R1 shown below and in Figure 47, has a chemical formula
of CesH106029 and chemical name of

25  3-O-[angeloyl-(1—3)-B-D-glucopyranosyl-(1—6)]-B-D-glucopyranosyl-28-O-[a-L-
rhamnopyranosyl-(1—2)--D-glucopyranosyl-(1—6)-3-D-glucopyranosyl-3p, 213, 22a,

28-tetrahydroxyolean-12-ene, also known as Xanifolia-R1.
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31 The chemical name of compound-054 is: 3-O-(3-D-glucopyranosyl-(1--- >6)]-(3-D-
glucopyranosyl-28-O-[a-L-rhamnopyranosyl-(1 --- >2)-(3-D-glucopyranosyl-(1 --- >6)-(3-D-
glucopyranosyl-3(3, 21(3, 22a, 28-tetrahydroxyolean-1 2-ene. 5 The assignment of this structure is
supported by spectral data, i.e., 1 H-NMR, 2D NMR (HMBC, HMQC). Accordingly, this compound has
the characteristic property as shown in Figures 54-56. Summary 10 This invention provides methods
for identifying and purifying compounds from the plant extract of Xanthoceras sorbifolia. Six
compounds have been identified and purified, and have been shown to have anticancer activity.
These compounds areﬁgllectlvely referred {gQqsatriterpenoidal saponins. A consensus sub-structure is
identified from these acttve compound $@psus sub-structure or active functional groups of
these 15 compounds is the blangel -\ sdQn adjacent carbons. The biangeloyl groups are
located dt°Z1(3 gndp22a-6f the tr|t -- ackbone i.e.[See Figure 5, or located at C3 and C4 of the
sugar ringQ&t, s F| ure 6. A oMingly, the blangeloJl groups of these active compounds are
situated idran Ipo orn respect to ch other on a planar structure. See Figure 7. The structures
or derivatives of the corop s of 20 Sl invention are also obtainable by chemical systhesis
or from biological sources. TAI$ inve begBgtterjunderstood from examples which follow.
However, one skilled in the art will readily aﬁ'pr hat the specific methods and results discussed
25 are merely illustrative of the invention as gﬁscribeT more fully in the claims which follow thereafter.

30 32 EXPERIMENTAL DETAILS Experime b Extraction (a) extracting Xanthoceras sorbifolia

powder of husks or branches or stems or leav
OH OH

The assignment of this structure is supported by spectral data, i.e., H-NMR, C-13-NMR,
2D NMR (HMBC, HMQC, COSY), and MS (MALDI-TOF, EMS). Accordingly, this

compound has the characteristic property as shown in Figures 48-52.

5
Compound-0O54
This invention provides a compound O54 purified from the extract of Xanthoceras
sorbifolia. The structure of O54 was determined and has a formula of CeoH10002s.
The Structure of Compound O54 is shown below, i.e., see Figure 53:
10

Mol. Wt.: 1269.4192
C,56.77, H,7.94, 0, 3529

‘054 e Moot 5B a0 ]

HO Glc’

OH

OH OH o

H O Rha

OH OH
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5 kernels or roots or barks with organic solvent at ratio of 1:2 for 4-5 times for 20-35 hours each time
to form an organic extract; (b) collecting the organic extract; (c) refluxing the organic extract for 2-3
times at 802C to form second extracts; (d) removing the organic solvent from the second extract; and
(e) drying and sterilizing the extract to form a Xanthoceras sorbifolia extract powder. 10 Experiment 2:
Analysis of Xanthoceras Sorbifolia Extract Components by HPLC Chromatography Methods 15
HPLC. A C-18 reverse phase pbondapak column (Water P/N 27324) was equilibrated with 10%
acetonitrile, 0.005% Trifluoroacetic acid (equilibration solution). An extract of Xanthoceras sorbifolia

prepared 8ing AsEVREIh SRR s Qb P THREMSEk AL 1Swas™ f&aiﬂiHQHp@&%ﬂﬂﬁﬂfﬂﬂ_ﬁ@Hﬁﬁ'a
mg/ml) beRsss3PRAIEA- PEOGR. SokARNRRYEAbSATRISS) was aRRigs) iakbspiymnelutisn conditions:

Fractions were eluted ﬁwith flow 20 rate 0.5 ml/min.) with acetonitrile gradient from 10% to 80% in 70
min, andANEARKIARRKY-2B88dP 20 AfretrARYAFRXYRIBAB-d8neBRtration then decreased to 10% and
remained at 10% for 25 min. The fractions were monitored at 207 nm and recorded in chart with a

chart speed of 0.25 cm/min and with OD full scale of 0.128. Instruments. Waters Model 510 Solvent
Delivery BIR 1251 ANARRE AR SHHRUES A SshpRE DeaRasr-ahdats s HadiMbard MU .

AbsorbagmaaalyaisQThechsatmigh, iile sihgamaosgsas S erkifatteaxstiegrapyalios snavalengths
was determined. An extract of Xanthoceras sorbifolia of the present invention was dissolved in 10%

acetonitdfET A S h se8nned at 200-700 nm with a spectrophotometer [Spectronic Ins. Model Gene
Sys2]. 30 33 Results HPLC. About 60-70 peaks can be accounted for in the profile. Among them four
are maj(g Lpne‘%kgrylo are of medium size and the rest are small fractions. The peaks are
10 This invention provides methods for identifying and purifying compounds from the plant
extract of Xanthoceras sorbifolia. Six compounds have been identified and purified, and
have been shown to have anticancer activity. These compounds are collectively
referred to as triterpenoidal saponins. A consensus sub-structure is identified from
these active compounds. A consensus sub-structure or active functional groups of these
15 compounds is the biangeloyl groups located on adjacent carbons. The biangeloyl
groups are located at 21p and 22a of the triterpene backbone, i.e., see Figure 5, or
located at C3 and C4 of the sugar ring, i.e., see Figure 6. Accordingly, the biangeloyl
groups of these active compounds are situated in trans-position in respect to each other
on a planar structure. See Figure 7. The structures or derivatives of the compounds of
20 the present invention are also obtainable by chemical systhesis or from biological

sources.
This invention will be better understood from examples which follow. However, one
skilled in the art will readily appreciate that the specific methods and results discussed

25 are merely illustrative of the invention as described more fully in the claims which follow
thereafter.
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labelled with a to z following increased concentration of acetonitrile elution. See Figure 5 8.
Absorption maximum. Three absorption maximum were identified for Xanthoceras sorbifolia plant
extract; 207nm, 278nm and 500nm. See Figure 57. Experiment 3: Determination of the cell-growth
activity effected by Xanthoceras 10 Sorbifolia Extract with Cancer Cells Derived from Different Human
Organs using MTT Assay Methods and Materials Cells. Human cancer cell lines were obtained from
American Type Culture Collection: 15 HTB-9 (bladder), HeLa-S3 (cervix), DU145 (prostate), H460
(lung), MCF-7 (breast), K562 (leukocytes), HCT116 (colon), HepG2 (liver), U20S (bone), T98G (brain)
and OVEARE Bﬁﬁwg%éﬂgw%uesgrown in culture medium (HeLa-S3, DU145, MCF-7, Hep-G2 and
T98G in MEN (Earle's salts); HTB-9, H460, K562, OVCAR-3 in RPMI- 1640; HCT-116, U20S in
McCoy-5€\c}2 sup Ierq’tlelnt vt\gin’\%f 0%, fetal calf serum, 20 glutamine and antibiotics in a 5% CO2

humidified ReUbATOr at %?s%%@. The procedure for MTT assay followed the method described

in (Carnfhexdiattalg Xo81) asithasrapnimioba poddeatbhesCetis veneises dedtentsaodBaveoplate at

VCE 7 Rl R o G s P o Bt S ol o e e
exposedaactrtigeite 4d moainsaipRMeextrstHep G |aglos tha @YanoestfacCFejluxing the
drug-treqjrgenfe Mifa(Q-RMoAN B3 A86R4 {9 G NPEHALEs; T FRHBRY Mdyrgasan

(product of the reduction of tetrazolium by viable cells) was dissolved with DMSO™and the O.D. at

490nm WReRbARIPedNsy 3¢ ENdSRasHeR Oy REEMING R MIRTBON HeenertrasidPofeaNs?30

before drughtrRRIENEDLHIBHSleCRRRTHEHIEO). The % cell-growth (%G) is calculated as: 34 %G =
(TD-TO/ TC-TO) x 100 (1) where TC or TD represent O.D. readings of control or drug-treated cells.

whéh TO >
Experiment 2: Analysis of Xanthoceras Sorbifolia Extract Components by HPLC

Chromatography

Methods
15 HPLC. A C-18 reverse phase pbondapak column (Water P/N 27324) was equilibrated
with 10% acetonitrile, 0.005% Trifluoroacetic acid (equilibration solution). An extract of
Xanthoceras sorbifolia prepared using the methods described in Experiment 1 was
dissolved in equilibration solution (1 mg/ml) before applying into the column. 20ug of
samples was applied into column. Elution conditions: Fractions were eluted (with flow
20 rate 0.5 ml/min.) with acetonitrile gradient from 10% to 80% in 70 min, and then remains
at 80% for 10 min. The acetonitrile concentration then decreased to 10% and remained
at 10% for 25 min. The fractions were monitored at 207 nm and recorded in chart with a
chart speed of 0.25 cm/min and with OD full scale of 0.128.
Instruments. Waters Model 510 Solvent Delivery System; Waters 484 tunable
25 Absorbance Detector; Waters 745/745B Data Module.
Absorbance analysis. The absorption profile of Xanthoceras Sorbifolia extract at various
wavelengths was determined. An extract of Xanthoceras sorbifolia of the present
invention was dissolved in 10% acetonitrile/TFA and scanned at 200-700 nm with a
spectrophotometer [Spectronic Ins. Model Gene Sys2].
30
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TD, then the cytotoxicity (LC) expressed as % of the control is calculated as: 5 %LC = (TD-TO / TO) x
100. (2) Results Among the 11 cell lines studies, inhibition of cell-grwoth after exposure of plant
extract 10 was observed. However, their sensitivity toward Xanthoceras sorbifolia extract is different.
It can be divided into four groups: Most sensitive, i.e., Ovary; Sensitive, i.e., bladder, bone;
Semi-sensitive, i.e., prostate, leukocyte, liver, breast, and brain; and Least sensitive, i.e., colon,
cervix, and lung. See Figure 14, 15 and 16 A-D. Their IC50 values are listed in Table 3.1. 15 Table
3.1. IC50.values of Xanthoceras Sorbifolia Extract Determined in Different Cancer Cells Cancer cells
from diffYERY Bfgans IC50 determined by MTT assay (ug/ml) Ovary (most sensitive) 15-15 Bladder

(sensitive)RES A BonSd o pdakestain (Beavcsemsdt/ ¢prddr30e LpokieeytabrigD thdviefddr-Gre Breast
65 Brain 70-85 C Ion easts nsm 90. Cervi 15 LL{ %1103 Ipacgdltlon cell?ngovvth

inhibition, R TR dce a8 SOIQD f8 Fa'H 6% Ao R A mindr ca Isgrowt%% i are
concentratietsdnvthacil ¢, 2 ol aid | iy ez concentratlon of acetonitrile elution. See Figure

5 8.
Absorption maximum. Three absorption maximum were identified for Xanthoceras

sorbifolia plant extract; 207nm, 278nm and 500nm. See Figure 57.

Experiment 3: Determination of the cell-growth activity effected by Xanthoceras
10 Sorbifolia Extract with Cancer Cells Derived from Different Human Organs using
MTT Assay

Methods and Materials
Cells. Human cancer cell lines were obtained from American Type Culture Collection:
15 HTB-9 (bladder), HeLa-S3 (cervix), DU145 (prostate), H460 (lung), MCF-7 (breast),
K562 (leukocytes), HCT116 (colon), HepG2 (liver), U20S (bone), T98G (brain) and
OVCAR-3 (ovary). Cells were grown in culture medium (HeLa-S3, DU145, MCF-7,
Hep-G2 and T98G in MEN (Earle’s salts); HTB-9, H460, K562, OVCAR-3 in RPMI-
1640; HCT-116, U20S in McCoy-5A) supplemented with 10% fetal calf serum,
20 glutamine and antibiotics in a 5% CO2 humidified incubator at 37°C.
MTT assay. The procedure for MTT assay followed the method described in
(Carmichael et al., 1987) with only minor modifications. Cells were seeded into a 96-
wells plate at concentrations of 10,000/well (HTB-9, HelLa, H460, HCT116, T98G,
OVCAR-3), 15,000/well (DU145, MCF-7, HepG2, U20S), or 40,000/well (K562), for 24
25 hours before drug-treatment. Cells were then exposed to drugs for 48 hours (72 hours
for HepG2, U20S, and 96 hours for MCF-7). After the drug-treatment, MTT (0.5 mg/ml)
was added to cultures for an hour. The formation of formazan (product of the reduction
of tetrazolium by viable cells) was dissolved with DMSO and the O.D. at 490nm was
measured by an ELISA reader [Dynatech. Model MR700]. The MTT level of cells
30 before drug-treatment was also measured (T0). The % cell-growth (%G) is calculated

as:
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Results indicate that there is a cell or tissue stimulation component(s) in the extract. See Figures 16A
and 16D. 5 To investigate the inhibition components of the Xanthoceras sorbifolia plant extract, the
plant extract was fractionated. Figure 10 shows the results of the screening of fractions obtained after
FPLC chromatography for cell growth-inhibition activity. The assay was conducted with bladder cells.
The fractions obtained from FPLC, as shown in Figure 9, 10 were used. As shown in Figure 9, different
components of Xanthoceras sorbifolia extracts cause either growth or inhibition effects on cells. Only
fractions 5962, desi%nated as Fraction Y, cause cell growth inhibition. Abscissa; concentration
(ug/ml). BRINAE IO h%?etermined by MTT assay). 15 Experiment Apurification of the
Inhibition Components in the Xanthoceras Sorbifolia Extract. (A) Fractionation of plant extracts with
FPLC 20 Meth C n. Octadecyl functiopalized silica gel. Column dimension:. 2cm x_28cm:;
ccqibrallF ] X% SEot A eEb BORoh R Herola CaL o AR T G dShaton:
100mg/nln thetstheatptatoied Ty A.Chexgiessetlis¥/conthgornritBR%acdtiadrds:in a total volume of
500 l. 25 Monitor absorption wavelength: at 254nm. Fraction Collector: 5 ml/fractions (collect from
10% to 72% acetonitrile) Instrument: AKTA-FPLC, P920 pump; Monitor UPC-900; Frac-900. Results
30 The etakiorprbRtd 0f the) ehtdfhatography shows 4-5 broad fractions. See Figuf@)9. These fractions
were analyzed with HPLC. Specific components, corresponding to a-z 36 as specified in Figure 8, are
then assigned in these FPLC fractions. FPLC fractions are then grouped into 7 pools and analyzed for
cell grom)%?%\éiﬁty in bladder cells with MIT assay. See Experiment 3. It was found that only pool

#5962, CAMRRPHENG tedliaftien Sfudies, inhibition of cell-grwoth after exposure of plant extract
10 was observed. However, their sensitivity toward Xanthoceras sorbifolia extract is
different. It can be divided into four groups: Most sensitive, i.e., Ovary; Sensitive, i.e.,
bladder, bone; Semi-sensitive, i.e., prostate, leukocyte, liver, breast, and brain; and
Least sensitive, i.e., colon, cervix, and lung. See Figure 14, 15 and 16 A-D. Their IC50
values are listed in Table 3.1.
15
Table 3.1. IC50 values of Xanthoceras Sorbifolia Extract Determined in Different

Cancer Cells

Cancer cells from different organs IC50 determined by MTT assay
(ug/ml)
Ovary (most sensitive) 15-15
Bladder (sensitive) 45-50
Bone 40-55
Prostate (Semi-sensitive) 40-50
Leukocyte 45-50
Liver 45-65
Breast 65
Brain 70-85
Colon (least sensitive) 90
Cervix 115
Lung 110
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in HPLC, contains inhibition activity. See Figure 10. It was also found in later 5 experiments that
fractions beyond 62 also show inhibition activity. The components isolated from fractions 63-65
showed inhibition activities. See Figure 4, 12 and 13. (B) Isolation of Component Ys with Preparative
HPLC 10 Methods Column: A preparative HPLC column (Waters Delta Pak C18-300A); Elution
conditions: 45% acetonitrile isocratic elution with flow rate of 1 ml/min. Fractions are monitored at
207nm and were collected and lyophilized. 15 Results Final separation of Y fractions was achieved by

HPLC with a preparative column. See Fiqure 11 and 12. These fractjons, which include compound
V1,2, oG 10, o ADRE Dt AT ARHS 5P SHBBAR P v e B P peak i
HPLC wigtinaul@fs sevdrge philsgronithmit. Bee dogoeatidtibranth1dlaidee-tumenatapiaphydedithe 20
compoungd Y8, Y9 and Y howed a single peak in HPLC with a C18 rever hase column, See
Frgure 1T R BRI s e BB I8 e Sl er
soluble iSeegkegurealtehcindel 625 methanol or ethanol, 50% acetonitrile and 100% pyridine. (D)
Inhikition analysis of Compound Ys with MTT assay Inhibition analysis of compound Y was determined
with MIT assay. Figure 2 shows 30 that compound Y has activity against ovarian cancer cells
(OCAR-JowhHastERieatne shditiorsamnpengiith 6§ the- Xainesaiasr s pbitaiiamantrextraptirified

extract sHoWnIFgG L aEignEREP SHEWR NG SRIREIRY ALSAERAYRE SCIBYRY R faBeRsells

compared with 5 cervical cancer cells (HeLa). Figure 3 shows the inhibition activities of compound Y1
and Y2 WiABefoditardrBlarighr ealstes @y (DT AR 8y RN S REWACIRANn h G0 RS SRYVIRSS of
compounr@ngutted’ RignBIXddeprdng. arpwhaetioMaribifaeearsalIsSROEAR-sHown in Figure 9,
10 were used. As shown in Figure 9, different components of Xanthoceras sorbifolia
extracts cause either growth or inhibition effects on cells. Only fractions 5962,
designated as Fraction Y, cause cell growth inhibition. Abscissa: concentration (ug/ml).

Ordinate: % Cell Growth (determined by MTT assay).

15 Experiment 4: Purification of the Inhibition Components in the Xanthoceras

Sorbifolia Extract.
(A) Fractionation of plant extracts with FPLC

20 Methods
Column. Octadecyl functionalized silica gel. Column dimension: 2cm x 28cm;
equilibrated with 10% acetonitrile — 0.005% TFA before use.
Sample loading: 1-2 ml, concentration: 100mg/ml in 10% acetonitrile/TFA.
Gradient elution condition: 10-80% acetonitrile in a total volume of 500 ml.
25  Monitor absorption wavelength: at 254nm.
Fraction Collector: 5 ml/fractions (collect from 10% to 72% acetonitrile)
Instrument: AKTA-FPLC, P920 pump; Monitor UPC-900; Frac-900.

Results
30 The elution profile of the chromatography shows 4-5 broad fractions. See Figure 9.

These fractions were analyzed with HPLC. Specific components, corresponding to a-z
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10 Experiment 5: Determination of the Chemical Structure Methods NMR analysis. The pure
compound Y of Xanthoceras sorbifolia was dissolved in pyridine-D5 with 0.05% v/v TMS. All NMR
spectra were acquired using a Bruker Avance 15 600 MHz NMR spectrometer with a QXI probe (1
H/13C/15N/31 P) at 298 K. The numbers of scans for 1D 1H spectra were 16 to 128, depending on the
sample concentration. 2D HMQC spectra were recorded with spectral widths of 6000 x 24,000 Hz
and data points of 2024 x 256 for t2 and t1 dimensions respectively. The number of scans were 4 to

128. 2D HMBC uwed with spectral Wldt 000 x 30,000 Hz 20 and data points of 2024 x
515 for DA IR ENEIGHE Atis T AR eSS aeta e T oL G T e

zero-fillethemtgrdupedsiun TDmhnlblartﬂan@&&e@ﬁﬁsce‘mlqitmlr&detmqusmdamumeebﬂﬁ witidpw functions

in both t1 and t dir'rheénsmns a,[ng IIt:ourle tra rme%usn %% are XWIN-NMR.. T efnal Qaal
1

matrix siZe30f tRES %r[])qééc raare 20 d 8% sQE%j('II—J tf‘)or Eﬁ\AEﬂ: and

HMBC, 26 fﬁ%b@ctivelﬁalﬂasmﬂdmbnal anawfﬁys Sére R@ssof Famltlesasasisoalfmetibyn(Anter

A TGS PSR D £ e MR S0 TO"

weré first |sso |n acetonitri nd-‘then mixe

cyano- 4459&&@@&@!@4%@@@ 63cphos @A/ imnbiitieo: Botivitirs/sxradrigle éndbﬂr% IBFA in final
concentration. The molecular weight was determined by the high resolution 38 mass spectroscope
analysis with standards. é&p) For ESI, the sample was analyzed with LCQ DECA XP Plus machine
made by(PhésriatERn TP RODARMASH ER &RV aktPlE solvent for the compound is
acetonitrile. 5 Results The profile of the proton NMR is presented in Figure 18. The 2D NMR profiles of
HMQC and HMBC are shown in Figures 19 and 20, respectively. Table 5.1 summarizes the 2D NMR
chéfhicaM#iRQfRa and the assignment of functional 10 groups derived from these data. Based on

these datoandranapisipatagveinMeueE@iumn (Waters Delta Pak C18-300A);
Elution conditions: 45% acetonitrile isocratic elution with flow rate of 1 ml/min.

Fractions are monitored at 207nm and were collected and lyophilized.

15 Results
Final separation of Y fractions was achieved by HPLC with a preparative column. See
Figure 11 and 12. These fractions, which include compound Y1, Y2, Y or Y3 and Y4,
were collected. Re-chromatography of compound Y showed a single peak in HPLC with
a C18 reverse phase column. See Figure 11A and 11B. Re-chromatography of the
20 compound Y8, Y9 and Y10 showed a single peak in HPLC with a C18 reverse phase

column. See Figure 13.

(C) Appearance and solubility

The pure compound Ys is an amorphous white powder, soluble in aqueous alcohal, i.e.,
25 methanol or ethanol, 50% acetonitrile and 100% pyridine.

(D) Inhibition analysis of Compound Ys with MTT assay

Inhibition analysis of compound Y was determined with MTT assay. Figure 2 shows
30 that compound Y has activity against ovarian cancer cells (OCAR-3) with IC50 value of
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compound Y (Y3) is assigned as shown below. Figure 17: Structure of Compound Y Y301l OHO HO
COOHOH ~IpOH HOOHOHHO O OHO OH OH 15 The chemical name of compound Y is:
3-0-[(3-D-galactopyranosyl(1--- >2)]-a-L- arabinofuranosyl(1 ---
>3)-(3-D-glucuronopyranosyl-21,22-O-diangeloyl-3(3, 15a, 16a, 21(3, 22a,
28-hexahydroxyolean-12-ene. 20 39 Table 5.1. 13C and 1H NMR Data for Compound Y (in
Pyridine-d5)a Position C H Key HMBC correlations 1 38.7 0.83, 1.40 C-3, C-5,C-92 26.4 1.81, 2.14
389.63.25, 1H,dd, C-23, C-24, GIcA C-1' 12.0/4.0Hz439.4--5 33.3 0.78 - 6 18.5 1.55, 1.59 C-8,

C-10 7 31655@/(5'@)' vzhi@hd%l%gé times more potent than the unpurified extract shown in Figure
14.

Figure 15 shows the selectivity of compound Y to ovarian cancer cells compared with

5 cervical cancer cells (HelLa). Figure 3 shows the inhibition activities of compound Y1
and Y2 on the growth of ovarian cancer cells (OCAR-3). Figure 4 shows the inhibition
activities of compound Y, Y8, Y9 and Y10 on the growth of ovarian cancer cells (OCAR-
3).

10 Experiment 5: Determination of the Chemical Structure

Methods
NMR analysis. The pure compound Y of Xanthoceras sorbifolia was dissolved in
pyridine-D5 with 0.05% v/v TMS. All NMR spectra were acquired using a Bruker Avance
15 600 MHz NMR spectrometer with a QXI probe (1H/13C/15N/31P) at 298 K. The
numbers of scans for 1D 1H spectra were 16 to 128, depending on the sample
concentration. 2D HMQC spectra were recorded with spectral widths of 6000 x 24,000
Hz and data points of 2024 x 256 for t2 and t1 dimensions, respectively. The number of
scans were 4 to 128. 2D HMBC were acquired with spectral widths of 6000 x 30,000 Hz
20 and data points of 2024 x 512 for t2 and t1 dimensions, respectively. The numbers of
scans were 64. The 2D data were zero-filled in t1 dimension to double the data points,
multiplied by cosine-square-bell window functions in both t1 and t2 dimensions, and
Fourier-transformed using software XWIN-NMR. The final real matrix sizes of these 2D
spectra are 2048x256 and 2048x512 data points (F2xF1) for HMQC and HMBC,

25 respectively.

Mass spectral analysis. The mass of samples was analyzed by (A) MALDI-TOF Mass
Spectrometry and by (B) ESI-MS Mass spectrometry. (A) Samples for MALDI-TOF
were first dissolved in acetonitrile, and then mixed with the matrix CHCA, i.e., Alpha-
30 cyano-4-hydroxycinnamic acid, 10mg CHCA/mL in 50:50 water/acetonitrile and 0.1%
TFA in final concentration. The molecular weight was determined by the high resolution
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841.2- 947.03.06 C-7,C-8,C-12,C-14, C-26 1037.2- 1123.71.74,1.89 12 125.25.49,1H, brs
C-9, C-11, C-14,C-18 13143.4- 14475--1567.34.21 C-8, C-27 16 73.6 4.45 C-14, C-15, C-18
17 48.3 - 18 40.8 3.07 C-12, C-13, C-14, C-16, C-19, C-20, C-28, 1946.8 1.41,1.69 2036.2- 21
79.36.71,1H, d, 10 Hz C-20, C-22, C-29, C-30, 21-O-Ang C-1 ™ 22 73.56.32, 1 H, d, 10 Hz C-16,
C-17, C-21, C-28, 22-0-Ang C-1 " 23 27.7 1.26, 3H, s C-3, C-4, C-5, C-24 4024 16.51.16, 3H, s
C-3,C-4, C-5,C-23 2516.00.81, 3H, s C-1, C-5, C-9, C-10 26 17.3 0.99, 3H, s C-7, C-8, C-9, C-14
27 21.01.85, 3H, s C-8, C-13, C14 C-15 2862.9 3,50, 1 H. d 2II.@OHZ 16 C-17, C-18, C-22 3.76,

1H, d, 1TBNSPESHRESOPBSNSIY SIS WHR SERRIES, {BEES) Bl 9 PPIg Was ANAlYZEDHIE 21,
C-29 GIcsQ DECA XP Plus machine made by Thermo Finnigan. It is ionized with ESI source

and the solvent for the compound is acetonitrile.

5 Results
The profile of the proton NMR is presented in Figure 18. The 2D NMR profiles of HMQC
and HMBC are shown in Figures 19 and 20, respectively.

Table 5.1 summarizes the 2D NMR chemical shift data and the assignment of functional
10 groups derived from these data. Based on these data and analysis, the structure of

compound Y (Y3) is assigned as shown below.

Figure 17: Structure of Compound Y

15 The chemical name of compound Y is: 3-O-[3-D-galactopyranosyl(1—2)]-a-L-

arabinofuranosyl(1—3)-p-D-glucuronopyranosyl-21,22-O-diangeloyl-3p, 15a, 16a, 21,

220, 28-hexahydroxyolean-12-ene.

20
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1'104.94.89,1H,d,7.8Hz C-32'79.1 4.38 GIcA C-1', C-3', Gal C-1" 3'86.1 4.20 GIcA C-2', C-4,
AraC-1™ 4'71.54.42 GIcA C-3', C-5, C-6'5'78.0 4.52 GIcA C-4', C-6' 6'171.9 - - Gal ill 104.6 5.32,
1H,d, 7.7 Hz GIcA C-2' 2" 73.6 4.42 Gal C-1", C-3" 3" 74.9 4.10 Gal C-2" 4" 69.5 4.56 Gal C-2", C-3"
5" 76.4 3.94 Gal C-4", C-6" 6" 61.6 4.43, 4.52 Gal C-4", C-5" Ara-f1™ 110.6 6.03. 1 H, br s GIcA
C-3, AraC-2",C-4 2™ 83.4 4.94 Ara C-3" 3" 78.3 4.78 Ara C-2" 4" 85.2 4.82 Ara C-5" 5" 62.2
412, 4.28 Ara C-3" 21-O-Ang 1111, 167.7 - - 412" 129.6 - 3™ 137.25.96, 1 H, dq, 7.0/1.5 Ang C-1

G A BRI (L BB G e 2 00 . s Ang 1
Position C H Key HMBC correlations
1 38.7 0.83, 1.40 C-3,C-5,C-9
2 26.4 1.81,2.14 _

3 89.6 3.25, 1H, dd, | C-23, C-24, GIcA C-1'

12.0/4.0 Hz

4 39.4 - -

5 55.3 0.78 -

6 18.5 1.55, 1.59 C-8, C-10

7 36.5 2.00, 2.10 C-5, C-9

8 41.2 - _

9 47.0 3.06 C-7,C-8, C-12, C-14, C-26

10 37.2 - —

11 23.7 1.74,1.89 -

12 125.2 5.49, 1H, br s C-9, C-11, C-14, C-18

13 143.4 - _

14 47.5 - —

15 67.3 421 C-8, C-27

16 73.6 4.45 C-14, C-15, C-18

17 48.3 - _

18 40.8 3.07 C-12, C-13, C-14,
C-16, C-19, C-20, C-28,

19 46.8 1.41,1.69 -

20 36.2 - —

21 79.3 6.71, 1H, d, 10 Hz C-20, C-22, C-29, C-30,
21-O-Ang C-1""

22 73.5 6.32, 1H, d, 10 Hz C-16, C-17, C-21, C-28,
22-O-Ang C-1"

23 27.7 1.26, 3H, s C-3,C-4,C-5,C-24
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1111, 167.

9--

c-2", C-3™

2™ 129.8 - 3" 136.35.78, 1 H,dqg, 7.0/1.5 Ang C-1 "™, C-4™, C-5" Hz 4™ 15.5 1.93,

3H, dqg, 7.0/1.5 Ang C-2"™, C-3"™ Hz 5™ 20.5 1.74, 3H, s Ang C-1 ", a The data were

assigned based on HMQC and HMBC correlations. The mass spectrum of compound Y as determined

by MALDI-TOF and ESI-MS, i.e.,

1140.57 which agree with 5 the theoretical mass of the compound Y. Conclusion The active
compound Y isolated from extract of Xanthoceras sorbifolia is an oleanene triterpenoidal saponin with

see Figure 21, 22, indicates that the mass of compound Y is

a trisaccharide_chain-attached at C-3 of the nnl\mnnn and-10two :mnnln\/l C-21 and
C-22. The f%‘}mula of Y |§Q3%7H88023, ani'j ?1% J:'Ille?nlcal name c§f éo% 0
3-0-[(3-D-pakactopyranpsg(@-*2)]-a-L- arebigof@ranesyl(l --- | c-1, C-5, C-9, c 1o
>3)-(3-D-glucuronopyranosyl-21,22-O-diangeloyl-3(3, 15a, 16a, 21(3, 22a
28-hexahy &r%xyolean 1 zléréfe 15 42 Exp zﬁ?er?t"é Ebetermlnatloﬁ'gf ﬁ@dﬁ@nﬁﬁl%tructure of
Compounpd?yl of Xanthpgayas Sorbifolia Emagl-Mgthods 5 The{;raemqiaf(n R -amd MS awalysis for
compound Y1 is similar g the method described in Experiment 5. Results The spectrum of the
H-NMR is [?r%sented in Iﬁat?re 24. The 2 )é’r\ﬁ\Qngbe(grjaloq ﬁﬂ(}& 1?0@"17?88&7% éééY are[shown in
Figures 25, 26 and 27, [respectively. Table3té, stkmihatz@sHbhe chemical shift data and the assignment
of functiongjgrotps-deriyge, 1.09, 3H, s C-19, C-20, C-21, C-30

30 20.0 1.32,3H, s C-19, C-20, C-21, C-29

GlcA

1 104.9 4.89, 1H,d, 7.8 Hz C-3

2' 79.1 4.38 GlcA C-1', C-3', Gal C-1"

3' 86.1 4.20 GlcA C-2', C-4', Ara C-1"

4 71.5 4.42 GlcA C-3', C-5', C-6'

5' 78.0 4.52 GIcA C-4', C-6'

6' 171.9 - _

Gal

1" 104.6 5.32,1H,d, 7.7 Hz GlcA C-2'

2" 73.6 4.42 Gal C-1", C-3"

3" 74.9 4.10 Gal C-2"

4" 69.5 4.56 Gal C-2", C-3"

5" 76.4 3.94 Gal C-4", C-6"

6" 61.6 4.43, 4.52 Gal C-4", C-5"

Ara-f

1" 110.6 6.03. 1H, br s GlcA C-3', Ara C-2", C-4™

2" 83.4 4.94 Ara C-3"

3" 78.3 4.78 Ara C-2"

4™ 85.2 4.82 Ara C-5"

5" 62.2 4,12, 4.28 Ara C-3"

21-O-Ang

i 167.7 - -
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from these data. Table 6.1.13C and 1 H NMR Data for Compound Y1 (in Pyridine-d5) Position CH 1
38.6 0.85, 1.33 226.31.86,2.10389.7 3.25,1 H,dd 439.5 555.50.75 6 18.31.40,1.43 733.1
1.20,1.50 840.0 946.71.69 1036.5-112252.30 12 123.65.36, 1 H, brs 13 143.5 1441.8-15
34.71.53,1.73 4316 68.54.45 17 48.2-1839.93.04 1947.6 1.30,3.05 2036.7 2185.35.05,1
H,d 2273.86.17,1H,d 2327.71.29,3H,s 24 16.51.16, 3H,s 2515.50.81, 3H, s

2" 129.6 - -

3" 137.2 5.96, 1H, dg, 7.0/1.5 | Ang C-1"", C-4"", C-5""
Hz

4" 15.5 2.10, 3H, dg, 7.0/1.5 | Ang C-2"", C-3""
Hz

5 20.8 2.00, 3H, s Ang C-1", C-2"", C-3""

22-0O-Ang

(R 167.9 — -

2" 129.8 - -

3" 136.3 5.78, 1H, dg, 7.0/1.5 | Ang C-1"", C-4"", C-5""
Hz

4" 15.5 1.93, 3H, dq, 7.0/1.5 | Ang C-2"", C-3""
Hz

5 20.5 1.74,3H, s Ang C-1", C-2"", C-3""

 The data were assigned based on HMQC and HMBC correlations.

The mass spectrum of compound Y as determined by MALDI-TOF and ESI-MS, i.e.,
see Figure 21, 22, indicates that the mass of compound Y is 1140.57 which agree with

5 the theoretical mass of the compound Y.

Conclusion

The active compound Y isolated from extract of Xanthoceras sorbifolia is an oleanene

triterpenoidal saponin with a trisaccharide chain attached at C-3 of the aglycone and
10 two angeloyl groups acylated at C-21 and C-22. The formula of Y is Cs7HgsO23, and the

chemical name of Compound Y is: 3-O-[3-D-galactopyranosyl(1—2)]-a-L-

arabinofuranosyl(1—3)-p-D-glucuronopyranosyl-21,22-O-diangeloyl-3p, 15a, 16a, 21,

220, 28-hexahydroxyolean-12-ene.

15
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2617.10.82,3H,s 27 20.6 1.83, 3H,s2863.73.42,1H,d, 3.60,1H,d 2929.91.42, 3H, s 30 19.9
1.37,3H,s GIcA1105.04.88,1H,d 279.04.37 386.04.20 471.64.43 578.04.50 6171.8 Gal
1104.55.31,1H,d 273.54.43 37494.10 469.54.57 576.33.95 661.14.44,453 Ara-f441
110.96.04. 1 H,brs 283.34.95378.34.78 485.24.82 562.04.13,4.31 21-0-Rha1105.14.92,1
H,d 270.54.25

Experiment 6: Determination of the Chemical Structure of Compound Y1 of

Xanthoceras Sorbifolia Extract

Methods
5 The method for NMR and MS analysis for compound Y1 is similar to the method

described in Experiment 5.

Results

The spectrum of the H-NMR is presented in Figure 24. The 2D NMR spectra of HMQC,
10 HMBC and COSY are shown in Figures 25, 26 and 27, respectively. Table 6.1

summarizes the chemical shift data and the assignment of functional groups derived

from these data.

Table 6.1. 13C and 1H NMR Data for Compound Y1 (in Pyridine-d5)

Position C H

1 38.6 0.85, 1.33

2 26.3 1.86, 2.10

3 89.7 3.25, 1H, dd
4 39.5 -

5 55.5 0.75

6 18.3 1.40, 1.43

7 33.1 1.20, 1.50

8 40.0 -

9 46.7 1.69

10 36.5 —

11 22.5 2.30

12 123.6 5.36, 1H, br s
13 143.5 -

14 41.8 _

15 34.7 1.53,1.73
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374.05.59 47155.70 568.53.89 617.6 1.18, 3H,d Rh-3-Ang 1 167.2 -2 127.9 3 138.75.92, 1
H,q 415.72.02,3H,d 520.6 1.92, 3H,s Rh-4-Ang 1167.2-2128.0 3137.95.87,1H,g 4155
1.96,31-1,d 519.81.85,3H,s 22-0-Ac1171.4 2 21.8 2.31,3H,s Based on these data and analysis,
the structure of compound Y1 is assigned and shown below. 45 Figure 23. Structure of Yi YI O
""OAc OH"*OH O CjOOH O

16 68.5 4.45

17 48.2 _

18 39.9 3.04

19 47.6 1.30, 3.05
20 36.7 -

21 85.3 5.05, 1H,d
22 73.8 6.17, 1H, d
23 27.7 1.29, 3H, s
24 16.5 1.16,3H, s
25 15.5 0.81, 3H, s
26 17.1 0.82, 3H, s
27 20.6 1.83,3H, s
28 63.7 3.42, 1H, d, 3.60, 1H, d
29 29.9 1.42,3H,s
30 19.9 1.37,3H, s
GlcA

1 105.0 4.88, 1H, d
2 79.0 4.37

3 86.0 4.20

4 71.6 4.43

5 78.0 4.50

6 171.8 -

Gal

1 104.5 5.31, 1H,d
2 73.5 4.43

3 74.9 4.10

4 69.5 4.57

5 76.3 3.95

6 61.1 4.44, 4,53
Ara-f
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OHOOO HOOHOHpPCH3HOOC-OOH OHp~(\OH HOH 5 The chemical name of Y1 is:
3-0-[(3-D-galactopyranosyl(1-*2)]-a-L- arabinofuranosyl(1 ---
>3)-(3-D-glucuronopyranosyl-21-0O-(3,4-diangeloyl)-a-L- rhamnophyranosyl-22-O-acetyl-3(3,16a, 21(3,
22a, 28-pentahydroxyolean-12-ene. 10 Conclusion Compound Y1 isolated from extract of Xanthoceras
sorbifolia is a bisdesmosidic polyhydroxyoleanene triterpenoidal saponin with a trisaccharide chain at

C-3 of the backbone and a monosaccharide moiety at C-21 where two angeloyl groups were acylated
at C-3 and C-4 positipp—The formula

of Y1 is C65H100027 15 Experiment 7-Determination of the

Chemical Structure

f%ompound Y2

o%lﬂa%thoc

A4

&4 SJdeb;%I?a Extract. Methods

20 The method for

NMR and MS analys
Results The 1 D an

spfor compound
2 Db NMR cnnr“r

Y&Rig simild

a of H-NM

r4@the method described in Exg
C 1Q I\II\/ID I—Il\llﬁf‘ I—II\/IIQ(‘ ang

eriment 5. 46
| (TOCSY) and MS

(MALDI-TOF) of Y2 &

li% showed |n Fig

e 20-34

L4T?;1%Ie 7.1 summarlzes the 1D 4

and 5 2D NMR

chemical shift data a
and 1 H NMR data f

nd the assignme
r V2 (in Puridine

ngeffunctiq
H5\9

npggroups derived from these d;

ata. Table 7.1: 13C

5V TETE20 4.13, 4.31
21-O-Rha

1 105.1 4.92, 1H, d
2 70.5 4.25

3 74.0 5.59

4 71.5 5.70

5 68.5 3.89

6 17.6 1.18, 3H, d
Rh-3-Ang

1 167.2 n

2 127.9 -

3 138.7 5.92, 1H, q
4 15.7 2.02, 3H, d
5 20.6 1.92, 3H, s
Rh-4-Ang

1 167.2 -

2 128.0 -

3 137.9 5.87, 1H, q
4 15.5 1.96, 3H, d
5 19.8 1.85,3H, s
22-0O-Ac

1 171.4 -

2 21.8 2.31,3H, s

Based on these data and analysis, the structure of compound Y1 is assigned and

shown below.
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Position CH 1 38.40.83,1.36 226.41.89,2.25 391.33.39,1H, m 443.4 556.70.87,1H,d, 12.0
Hz 618.61.31,1.57 7 36.31.97,2.12 840.7-946.7 1.63 1036.6-1123.91.69,1.8912 125.1
548,1H,brs 13143.4 14475 1567.14.18,1H,d,4.1Hz 16 73.24.43 17 48.1-1841.43.06 19
46.6 1.40, 3.08 20 36.1 2178.36.69,1H,d,10.2Hz 472273.16.30,1H,d, 10.2Hz 23 22.0 1.29,
3H,s2462.93.28,1H,d,11.2Hz; 4.32 25 15.6 0.64, 3H,s 26 17.10.94, 3H, s 27 20.8 1.84, 3H, s

Figure 23. Structure of Y1

HO

OH

The  chemical name of Y1 is: 3-O-[B-D-galactopyranosyl(1—2)]-a-L-
arabinofuranosyl(1—3)-p-D-glucuronopyranosyl-21-O-(3,4-diangeloyl)-a-L-
rhamnophyranosyl-22-O-acetyl-33,16a, 21, 22a, 28-pentahydroxyolean-12-ene.

10 Conclusion
Compound Y1 isolated from extract of Xanthoceras sorbifolia is a bisdesmosidic
polyhydroxyoleanene triterpenoidal saponin with a trisaccharide chain at C-3 of the
backbone and a monosaccharide moiety at C-21 where two angeloyl groups were
acylated at C-3 and C-4 position. The formula of Y1 is CesH100027,

15
Experiment 7: Determination of the Chemical Structure of Compound Y2 of

Xanthoceras Sorbifolia Extract.

Methods
20 The method for NMR and MS analysis for compound Y2 is similar to the method

described in Experiment 5.
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28 63.1 3.48, 3.72 (each, 1 H, d, 10.6 Hz) 29 29.31.09, 3H, s 30 20.0 1.32, 3H, s 3-0-GIcA 1 104.5
487,1H,d,7.2Hz 278.64.31386.54.23 471.64.45 577.44.53 6171.9GIc 1103.75.48, 1 H,
d,7.8Hz 275.34.02378.04.31 469.34.52 578.23.62 661.54.33,4.50 Ara1110.16.05, 1 H,
brs 2835497 377.84.74 485.04.84 562.24.18,4.3348 21-O-ang 1167.5-2128.7 3 137.2
5.95,1H,dd, 14.4/7.2 Hz

Results

The 1D and 2 D NMR spectra of H-NMR, C-13 NMR, HMQC, HMBC and (TOCSY) and

MS (MALDI-TOF) of Y2 are showed in Figures 29-34. Table 7.1 summarizes the 1D and
5 2D NMR chemical shift data and the assignment of functional groups derived from these

data.

Table 7.1: 13C and 1H NMR data for Y2 (in Pyridine-d5)?

Position C H

1 38.4 0.83, 1.36

2 26.4 1.89, 2.25

3 91.3 3.39, 1H, m

4 43.4 -

5 56.7 0.87, 1H, d, 12.0 Hz
6 18.6 1.31, 1.57

7 36.3 1.97,2.12

8 40.7 —

9 46.7 1.63

10 36.6 —

11 23.9 1.69, 1.89

12 125.1 5.48, 1H, br s

13 143.4 _

14 47.5 _

15 67.1 4.18, 1H, d, 4.1 Hz
16 73.2 4.43

17 48.1 _

18 41.4 3.06

19 46.6 1.40, 3.08

20 36.1 —

21 78.3 6.69, 1H, d, 10.2 Hz
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416.7 2.08, 3H, d, 7.2 Hz 5 20.6 2.00, 3H, s 22-0-ang 1 167.9 -2 128.9 3 136.35.76, 1 H, dd,
14.4/7.2 Hz 4 15.6 1.95, 3H, dd, 7.2 Hz 5 20.4 1.74, 3H, s a The data were assigned based on COSY,
HMQC and HMBC correlations. Conclusion Based on these data and analysis, the compound Y2
isolated from extract of 5 Xanthoceras sorbifolia is an oleanene triterpenoidal saponin with a
trisaccharide chain attached at C-3 of the aglycone and two angeloyl groups acylated at C-21 and
C-22. The chemical structure of Y2 is shown below. See also Figure 28. VO-CYZ0~-~ u OHO0O

CjJOOH OH ~O OH HOQOHOHOHHO O O OH OH OH 49 The formulaof Y2 is C57H88024, and
the chemical name of Ccﬁ%pound Y2 @'é—O-[(?a-D- 6.30, 1H, d, 10.2 Hz

23 22.0 1.29,3H, s

24 62.9 3.28,1H, d, 11.2 Hz; 4.32

25 15.6 0.64, 3H, s

26 17.1 0.94, 3H, s

27 20.8 1.84, 3H, s

28 63.1 3.48, 3.72 (each, 1H, d, 10.6

Hz)

29 29.3 1.09, 3H, s

30 20.0 1.32,3H, s

3-O-GIcA

1 104.5 4.87,1H,d, 7.2 Hz

2 78.6 4.31

3 86.5 4.23

4 71.6 4.45

5 77.4 4.53

6 171.9

Glc

1 103.7 5.48, 1H, d, 7.8 Hz

2 75.3 4.02

3 78.0 4.31

4 69.3 4,52

5 78.2 3.62

6 61.5 4.33, 4.50

Ara

1 110.1 6.05, 1H, br s

2 83.5 4.97

3 77.8 4.74

4 85.0 4.84

5 62.2 4.18, 4.33
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glucopyranosyl-(1 --- >2)]-a-L-arabinofuranosyl(1 --- >3)-(3-D-glucuronopyranosyl-21,22-0-
diangeloyl-3(3, 15a, 16a, 21(3, 22a, 24(3, 28-heptahydroxyolean-12-ene. 5 Experiment 7B. Chemical
structure analysis of Y4 Results of Y4 analysis The profile of the proton NMR of Y4 is presented in
Figure 58. The profiles of 2D NMR 10 (HMQC) of Y4 is presented in Figure 59. Experiment 8.
Purification of the Inhibition Components Y8-Y10 in the Xanthoceras Sorbifolia Extract 15 (A)
Fractionation of Xanthoceras Sorbifolia extracts components with FPLC Methods The methods for this
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1 167.9 -
2 128.9 -
3 136.3 5.76, 1H, dd, 14.4/7.2 Hz
4 15.6 1.95, 3H, dd, 7.2 Hz
5 20.4 1.74, 3H, s

 The data were assigned based on COSY, HMQC and HMBC correlations.

Conclusion

Based on these data and analysis, the compound Y2 isolated from extract of
Xanthoceras sorbifolia is an oleanene triterpenoidal saponin with a trisaccharide chain
attached at C-3 of the aglycone and two angeloyl groups acylated at C-21 and C-22.
The chemical structure of Y2 is shown below. See also Figure 28.
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described in Experiment 5. Results 10 The spectral profiles of the H-NMR, C13-NMR 2D NMR
(HMQC) of compound Y8 are presented in Figures 36-38. Based on these data and analysis, the
compound Y8 isolated from extract of Xanthoceras sorbifolia is an oleanene triterpenoidal saponin
with a trisaccharide chain attached at C-3 of the aglycone and two angeloyl groups acylated at C-21
and C-22. 15 The formula of compound Y8 is C57H87023, and the chemical name of Y8 is: 3-O-[/3-
glucopyranosyl (1-*2)]-a-arabinofuranosyl (1-*3)-/3-glucuronopyranosyl-21, 22-0- diangeloyl-3/3, 16a,
21/3, 22a, 24/3, 28-hexahydroxyolean-1 2-ene. 20 The chemical structure of compound Y8 is
presented in the following figure. See also Figure 35. O-C 0 Y-8 10 -c~ OHp ™"OH O COOH' IO

INOHO orH@feHrhula/oPYRHSs Q1RO &d B EHemical name of Compound Y2 is: 3-O-[B-D-
glucopyranosyl-(1—2)]-a-L-arabinofuranosyl(1—3)--D-glucuronopyranosyl-21,22-O-
diangeloyl-383, 15a, 16a, 215, 22a, 243, 28-heptahydroxyolean-12-ene.

Experiment 7B. Chemical structure analysis of Y4

Results of Y4 analysis
The profile of the proton NMR of Y4 is presented in Figure 58. The profiles of 2D NMR
10 (HMQC) of Y4 is presented in Figure 59.

Experiment 8. Purification of the Inhibition Components Y8-Y10 in the

Xanthoceras Sorbifolia Extract

15 (A) Fractionation of Xanthoceras Sorbifolia extracts components with FPLC
Methods
The methods for this experiment are similar to the methods decribed in Experiment 4
Section (A) and (B).

20 Results
The elution profile shows 4-5 broad fractions. See Figure 9. These fractions were
analyzed with HPLC. FPLC fractions 63, 64 and 65 are further separated on 45%
isocratic analysis, 4-5 major components were separated (Figure 12). These fractions
were assigned designations Y8, Y9 and Y10. These fractions were collected. Re-
25 chromatography of the compound Y8, Y9 and Y10 showed a single peak in HPLC with

a C18 reverse phase column. See Figure 13.

(B) Inhibition analysis with MTT assay.

Inhibition analysis of purified compounds was determined with the MTT assay. Results
30 indicate that compound Y8, Y9 and Y10 has activity against ovarian cancer cells

(OCAR-3) with IC50 values of 3, 4 and 1.5 ug/ml, respectively. See Figure 4.
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Experiment 10. Determination of the Chemical Structure of Compound Y9 of Xanthoceras Sorbifolia
Extract 5 Methods The method for NMR and MS analysis for compound Y9 is similar to the method
described in Experiment 5. Results 10 The spectral profiles of the H-NMR, 2D NMR, i.e., HMQC and
HMBC, of Y9 are shown in Figures 40-42. Based on these data and analysis, compound Y9 isolated
from extract of Xanthoceras sorbifolia is a bisdesmosidic polyhydroxyoleanene triterpenoidal saponin
with a 15 trisaccharide chain at C-3 of the backbone and a monosaccharide moiety at C-21 where
two angeloyl groups were acylated at C-3 and C-4 position. The formula of compound Y9 is
C63H98026, and the chemical name of Y9 is: 3-O-[/3- galactopyranosyl (1 --- >2)]-a-arabinofuranosyl

(1 --- >3)E3pegiumennapyrabesin2ih &3, 4o 2 Qrchaayed ayil - lﬁmmmmaratrfowao d6d, ¥B3pR2a,
28 pentasiegdﬁﬁx%olean 2 ere T%{ chemical structure of Compound Y9 is presented in the following
figure. See also |gure 63 {5%' (6 OH OH "/OHO O COOH011CC-00 OCH3 f//fOH o

HOJ~/ OH C-OOH O O ~I\
5 Methods
The method for NMR and MS analysis for compound Y8 is similar to the method

described in Experiment 5.

Results
10 The spectral profiles of the H-NMR, C13-NMR 2D NMR (HMQC) of compound Y8 are
presented in Figures 36-38.
Based on these data and analysis, the compound Y8 isolated from extract of
Xanthoceras sorbifolia is an oleanene triterpenoidal saponin with a trisaccharide chain
attached at C-3 of the aglycone and two angeloyl groups acylated at C-21 and C-22.
15
The formula of compound Y8 is Cs;Hg;023, and the chemical name of Y8 is: 3-O-[3-
glucopyranosyl (1—2)]-a-arabinofuranosyl (1—3)-p-glucuronopyranosyl-21, 22-O-
diangeloyl-38, 16a, 21, 22a, 243, 28-hexahydroxyolean-12-ene.

20 The chemical structure of compound Y8 is presented in the following figure. See also
Figure 35.
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H OH O OHH OH Experiment 11. Determination of the Chemical Structure of Compound Y10 of
Xanthoceras Sorbifolia Extract 5 Methods The method for NMR and MS analysis for compound Y10 is
similar to the method described in Experiment 5. 10 Results The profile of the H-NMR, CI3-NMR and
2D NMR (HMQC) are shown in Figures 44-46. Based on these data and analysis, compound Y10
isolated from extract of Xanthoceras sorbifolia is an oleanene triterpenoidal saponin with a
trisaccharide chain attached at C 15 3 of the aglycone and two angeloyl groups acylated at C-21 and
C-22. The formula of compound Y10 is C57H87022, and the chemical name of Y10 is: 3-O-[/3-
galactopyranosyl (1-*2)]-a-arabinofuranosyl (1-*3)-/3-glucuronopyranosyl-21, 22-0- diangeloyl-3/3,
16a, 21/Ex32A; rﬁ&memmhyw)eymemib&ecﬂem@ Theestiealicairsicugctere bfCompmund Y0 ¢$

&rgsentega{ﬂt hgcfgr”z% ﬁo[ E)((eteraag%o Figure 43. 53 O-C Y-10 p-C/--\ OH "™OH O COOH- IO
5 Methods

The method for NMR and MS analysis for compound Y9 is similar to the method

described in Experiment 5.

Results
10 The spectral profiles of the H-NMR, 2D NMR, i.e., HMQC and HMBC, of Y9 are shown
in Figures 40-42.

Based on these data and analysis, compound Y9 isolated from extract of Xanthoceras
sorbifolia is a bisdesmosidic polyhydroxyoleanene triterpenoidal saponin with a
15 trisaccharide chain at C-3 of the backbone and a monosaccharide moiety at C-21 where

two angeloyl groups were acylated at C-3 and C-4 position.

The formula of compound Y9 is Cg3zHggO26, and the chemical name of Y9 is: 3-O-[3-
galactopyranosyl (1—2)]-a-arabinofuranosyl (1—3)-p-glucuronopyranosyl-21-O-(3,4-
20 diangeloyl)-a-rhamnopyranosyl-33, 16a, 218, 22, 28-pentahydroxyolean-12-ene.

The chemical structure of Compound Y9 is presented in the following figure. See also

Figure 39.
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OH H pQ O HHOH Experiment 12. Purification of Component R from Xanthoceras Sorbifolia
Extract 5 (A) Purification of Xanthoceras Sorbifolia extracts components with FPLC and HPLC
Methods The methods used are similar to the methods described in Experiment 4, section (A) 10 and
(B) except a 30% acetonitrile isocratic elution was used in HPLC for isolation of the Compound R.
Results Fraction No. 39-41 from gradient elution of FPLC were pooled and further purified with 15 an
open ODS-C18 column with isocratic 30% acetonitrile elution. Six identifiable fractions in two groups
were collected. Fractions 6-13 were further characterized with HPLC. These fractions were further
separated into 4-5 components with the 30% acetonitiie™ 20 isocratic elution in a DeltaPak column.
Figure 60A. The pure R1 was
) 1 (B) Appearance and solubility
The pure R1 appears as an amorphous W it blg,|n aqueous alcohol, i.e., methanol or

2 ewgmatlon of the chemical structure of R1

Experiment 11. Determination of the Chemical Structure of Compound Y10 of

Xanthoceras Sorbifolia Extract

5
Methods
The method for NMR and MS analysis for compound Y10 is similar to the method
described in Experiment 5.

10 Results

The profile of the H-NMR, C13-NMR and 2D NMR (HMQC) are shown in Figures 44-46.

Based on these data and analysis, compound Y10 isolated from extract of Xanthoceras
sorbifolia is an oleanene triterpenoidal saponin with a trisaccharide chain attached at C-

15 3 of the aglycone and two angeloyl groups acylated at C-21 and C-22.

The formula of compound Y10 is Cs7Hg7O,,, and the chemical name of Y10 is: 3-O-[3-
galactopyranosyl (1—2)]-a-arabinofuranosyl (1—3)-g-glucuronopyranosyl-21, 22-O-
diangeloyl-38, 16a, 21, 22a, 28-pentahydroxyolean-12-ene.

20
The chemical structure of Compound Y10 is presented in the following figure. See also
Figure 43.
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Methods The NMR and MS Analysis of R1 is similar to the method described in Experiment 5. 10
Results The NMR spectra of pure R1 is presented in Figures 48-52. Based on chemical shift
analysis, compound R1 isolated from extract of Xanthoceras sorbifolia is a triterpenoid saponins with
five sugars and one angeloyl group attached to the sugar moiety. The 15 chemical structure of R1 is
shown in following figure. See also Figure 47. 121 OH OH O O 4TIIHO O 1H2 O OH OH\~OHO O
OH ~(\O OH OH OH OH OH OH O CH3 OH OH The formula of Compound R1 is C65H106029,
and the chemical name of R1 is: 3-0- [angeloyl-(1 --- >3)-(3-D-glucopyranosyl-(1 ---
>6)]-(3-D-glucopyranosyl-28-O-[a-L 20 rhamnopyranagylq1--- > D-glucopyranosyl-(1---
>6)-(3-D-glucopyranosyl-3(3, 21(3, 22a, 28-tetrahyd okedns| 2-ene. 55 Experiment 13: Purification
of Component- f:iE Xanthoceras Sorbifolia extract racthﬁ;QoQ of Xanthoceras Sorbifolia

|

extracts compon with FPLC and HPLC "o—¢

Experiment 12. Purification of Component R from Xanthoceras Sorbifolia Extract

5 (A) Purification of Xanthoceras Sorbifolia extracts components with FPLC and
HPLC

Methods
The methods used are similar to the methods described in Experiment 4, section (A)
10 and (B) except a 30% acetonitrile isocratic elution was used in HPLC for isolation of the

Compound R.

Results

Fraction No. 39-41 from gradient elution of FPLC were pooled and further purified with
15 an open ODS-C18 column with isocratic 30% acetonitrile elution. Six identifiable

fractions in two groups were collected. Fractions 6-13 were further characterized with

HPLC.

These fractions were further separated into 4-5 components with the 30% acetonitrile
20 isocratic elution in a DeltaPak column. The fraction designated herein as “R1”, is the
major component. See Figure 60A. The pure R1 was subsequently collected from the

column elution. See Figure 60B.
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5 Methods The methods used are are similar to the methods described in Experiment 4, section (A)
and (B) except a 20% acetonitrile isocratic elution was used in HPLC for isolation of the Compound 0.
10 Results Fractions obtained from FPLC were analyzed with HPLC. By comparison with the profiles
of the original sample, a specific component, in this case fraction 0, was identified (#28-30). Fraction O
was collected for further purification. Sixteen identifiable 15 HPLC fractions were observed in the
elution profiles. See Figure 61. Fractions 28, 34 and 54 were further purified. See Figures 62-63.
These purified components are named as compound 028, 034 and 054, respectively. (B) Appearance
and solubility 20 The purified compound 023 and 034 are light yellow amorphous powder, soluble in
aqueous(Bicaippleacantetianalo kibditgl, 50% acetonitrile and 100% pyridine. The purified compound
054 is a xiy#ite arm%ghousepcr)wder solublcre in agueous al%)hol, i.embrlne.thanol ethar|ol 50%
acetonitrilé aRd 10 Aaﬁ)ﬁlaaln‘céaﬁf (b%r%cﬂ?re ana?yglg oqeéb?ﬁ)pouﬁdrbgﬂuﬁﬁ)e%c? sd‘FRé KWR and
MS analysésiefrabaristianial; 9% osttnddldeswlibea%n Expienenent 5. 30 56 Results The NMR
spegtra of compound 054 is presented in Figures 54-56. Based on the chemical shift analysis,
compound 054 isolated from extract of Xanthoceras sorbifolia is a bisdesmosidic

polyhydrExy Bletaiene atienpehtiet et tiietargisdddharide chain

Methods
The NMR and MS Analysis of R1 is similar to the method described in Experiment 5.

10
Results
The NMR spectra of pure R1 is presented in Figures 48-52. Based on chemical shift
analysis, compound R1 isolated from extract of Xanthoceras sorbifolia is a triterpenoid
saponins with five sugars and one angeloyl group attached to the sugar moiety. The

15 chemical structure of R1 is shown in following figure. See also Figure 47.

R1
HO
o ©
OH o
O )
OH O
OH OH
OH O
OH On OH
OH
o}
OH o
OH OH

The formula of Compound R1 is CgsH106029, and the chemical name of R1 is: 3-O-
[angeloyl-(1—3)-B-D-glucopyranosyl-(1—6)]-p-D-glucopyranosyl-28-O-[a-L-
20 rhamnopyranosyl-(1—2)-B-D-glucopyranosyl-(1—6)-B-D-glucopyranosyl-33, 21B, 22aq,

28-tetrahydroxyolean-12-ene.
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5 [,8-D-glucopyranosyl-(1--- >6)-,0-D-glucopyranoside] affixed to C-3 and a trisaccharide chain
[a-L-rhamnopyranosyl-(1 --- >2)-/3-D-glucopyranosyl-(1 --- >6)-/3-D-glucopyranosyl ester]| attached to
C-28. The chemical structure of compound 054 is presented in the following figure. See also Figure
53.054 A.0.01 MN.Wt2690OH C,56 77,H794; Q3529 OH HCH2 OHOHH OHO~OHH IH.H
OH HO OH OH OHHO O CH3 10 OH OH The formula of compound 054 is C60H100028, and the
chemical name of 054 is: 3-0- (3-D- glucopyranosyl a--

o) DG toLy St RO i AR oal R R B e 45 A AR B
invention has been described in detail Wlth partlcular reference to preferred embodiments thereof, it
should b@,‘jﬂ g{gu"'%%da {3 (Oe Jnvaniion.is capania Q‘i%"é‘} 5 §r§”t emboﬁ mﬁg‘ %’HHES qogalls are
capable odifications’in various obvious aspects s’is readily apparen ot Ose skifedinthe art,
variationslah&
5
Methods
The methods used are are similar to the methods described in Experiment 4, section (A)
and (B) except a 20% acetonitrile isocratic elution was used in HPLC for isolation of the
Compound O.
10
Results
Fractions obtained from FPLC were analyzed with HPLC. By comparison with the
profiles of the original sample, a specific component, in this case fraction O, was
identified (#28-30). Fraction O was collected for further purification. Sixteen identifiable
15 HPLC fractions were observed in the elution profiles. See Figure 61. Fractions 28, 34
and 54 were further purified. See Figures 62-63. These purified components are named

as compound 028, O34 and 054, respectively.

(B) Appearance and solubility

20
The purified compound 023 and O34 are light yellow amorphous powder, soluble in
agueous alcohol, i.e., methanol, ethanol, 50% acetonitrile and 100% pyridine. The
purified compound O54 is a white amorphous powder, soluble in agueous alcohol, i.e.,
methanol, ethanol, 50% acetonitrile and 100% pyridine.
25
(C) Structure analysis of Compound 054
Methods
The NMR and MS analysis of O54 is similar to the method described in Experiment 5.
30
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20 modifications can be affected while remaining within the spirit and scope of the invention.
Accordingly, the foregoing disclosure, description, and figures are for 57 illustrative purpose only, and
do not in any way limit the invention which is defined only by the claims. REFERENCES 5 1.
Carmichael, J., DeGraff, W.G., Gazdar, A.F., Minna, J.D. and Mitchell, J.B.: Evaluation of a
tetrazolium-based semiautomated colorimetric assay: assessment of chemosensitivity testing. Cancer
Res. 47:936-942 (1987). 2. Chen, Q. 1995. Methods of study on pharmacology of Chinese medicines.
Press of People's Public Health, Beijing. p892. 10 3. Huang, Zh. Sh., Liu, M. P., Chen, Ch. Zh. 1997.
Study or&ef?é@§ of Yangshou Dan on improving learning and retention. Chlnese Journal of
combinatibe oﬂMIBpeeteathJWeemDedMne)E)(M) ppeSertedhanGiglrednaags ¢l. Baskd \bin Rh@995.
Study o ffects jlfu n_improvin |n h| ese B IIe |n {P rmacolo 3):.233. 15
v R e e b R e i S e
Iearnlng arimisc&tetmt;im’rdm put;élyllsiem@reaeeee\/tatbquwuddlCglmoald@hatmacbkagyha(m :ch@iré. Yang,

J Ch neffects of rude.sappnins pgo n oVi
Iearnln g[glg F]af?]OS ﬁ?r%l oucr%paY ??nrsé(c%[l)(;}gy (g& 4?6 %J ‘&%?f'la%n M.
W., Zharaalin g@mehsmdyp;ma]myhem»@bqenuglmpgmrms;&@e%Wamgluemmy@mﬁylmdmp tang,
Pharmacglagy s Clisjeal gt Chinese, Wediines, 16,416 BiARH: Madtth 2, 08y g, 2000

Study on FefisctEof ngmai §i apsu € on |mprovmg earnlng reten iOh I mice,
Pharmadaoy: See GlandabofeGR¥inese Medicines, 16 (5): 40. 9. Wei, X L., Zhang, Y. X. 2000. Study

of animal model for studying senile dementia,

054 CeoH100028
Exact Mass: 1268.6401
Mol. Wt.: 1269.4192
C,56.77, H, 7.94; 0, 35.29

HO alc

OH

Glc'

OH OH o

OH

10 OH OH

The formula of compound 054 is CgoH100028, and the chemical name of O54 is:  3-O-
B-D-glucopyranosyl-(1—6)]-B-D-glucopyranosyl-28-O-[a-L-rhamnopyranosyl-(1—2)-3-D-
glucopyranosyl-(1—6)-p-D-glucopyranosyl-3B, 213, 22a, 28-tetrahydroxyolean-12-ene.
15
Although the present invention has been described in detail with particular reference to
preferred embodiments thereof, it should be understood that the invention is capable of
other different embodiments, and its details are capable of modifications in various
obvious aspects. As is readily apparent to those skilled in the art, variations and
20 modifications can be affected while remaining within the spirit and scope of the

invention. Accordingly, the foregoing disclosure, description, and figures are for
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Chinese journal of Pharmacology, 8(16): 372. 10. Bureau of Medicinal Police, Department of Public
Health. Guide line for study of 30 effect of medicines for treatment of nervous system diseases, in
Guidebook of study of new medicine. p45. 11. Zhang, D. Sh., Zhang, J. T. 2000. Effects of crude
Ginseng saponins on improving impairment induced by B- peptide, Chinese journal of Pharmacology,
8(16): 22. 35 58 What is claimed is: 1. An isolated compound of formula (1): ORS OR, OH GOON O
O ORs OH O Ry HO HO HO OR5 (1) or a salt, or ester thereof, wherein: R1, R2 represents

angeloyl group or sugar moiety with diangeloyl groups; R3 represents OH or. H; R4 represents CH3 or
CH2OR iR FoBHERER G 1 TS A AR Wt i R G SS- HelReh g of
claim 1, whereiol&dss H. 3. The compound of claim 1, wherein R3 is OH. 4. The compound of claim
1, wherein R4 is CH3. 5. The compound of claim 1, wherein R4 is CH20OH.

REFERENCES

5 1. Carmichael, J., DeGraff, W.G., Gazdar, A.F., Minna, J.D. and Mitchell, J.B.:
Evaluation of a tetrazolium-based semiautomated colorimetric assay: assessment
of chemosensitivity testing. Cancer Res. 47:936-942 (1987).

2. Chen, Q. 1995. Methods of study on pharmacology of Chinese medicines. Press
of People's Public Health, Beijing. p892.

10 3. Huang, Zh. Sh., Liu, M. P., Chen, Ch. Zh. 1997. Study on effects of Yangshou
Dan on improving learning and retention. Chinese Journal of combination of
Chinese and west medicine, 9(17): 553.

4. Zhang, Y., Zhang, H. Y., Li, W. P. 1995. Study on effects of Anjifu on improving
intelligence, Chinese Bulletin of Pharmacology,11(3): 233.

15 5. Yang, J., Wang, J., Feng, P. A. 2000. Study on effects of Naokkangtai capsule on
improving learning and retention in mice, New Chinese Medicine and Clinical
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35

58



6. The compound of claim 1, wherein R5 is D-glucose. 7. The compound of claim 1, wherein R5 is
D-Galactose. 59 8. An isolated compound selected from a compound of formula (4): OR6 -OR3 OH
OH R50 Ra (4) a salt, or ester thereof, wherein: R6 represents sugar moiety with diangeloyl groups in
trans-position R3 represents Ac or H; R4 represents H or OH; and R5 represents sugar moiety or
sugar chain, wherein at least one sugar is selected from the group consisting of: D-glucose,
D-galactose, L-rhamnose, L- arabinose, D-xylose, alduronic acid, D-glucuronic acid and
D-galacturonic acid. 9. A composition consisting essentially of an amount of the compound of claims 1
effective for inhibiting ovarian cancer cell growth. 10. The composition for inhibiting ovarian cancer cell
growth, dhsisisrgladesshisally of an amount of the compound of claims 1 further comprising a
pharmaceutically suitable carrier. 60 11. A composition consisting essentially of an amount of the
compourd of\flasPlaedtrarnpeype inhferimigd(Hkian cancer cell growth. 12. The composition for
inhibiting ovarian cancer cell growth, consisting essentially of an amount of the compound of claim 9
further comprising a pharmaceutically suitable carrier.

5 (1)
or a salt, or ester thereof,

wherein:

Ri1, Rz represents angeloyl group or sugar moiety with diangeloyl groups;
R3 represents OH or H;

R4 represents CH3 or CH,OH; and

Rs represents D-glucose or D-Galactose.

R6 represents H or Ac

2. The compound of claim 1, wherein R3 is H.

3. The compound of claim 1, wherein R3 is OH.

4. The compound of claim 1, wherein R4 is CHS3.

5. The compound of claim 1, wherein R4 is CH20H.

6. The compound of claim 1, wherein R5 is D-glucose.

7. The compound of claim 1, wherein R5 is D-Galactose.

59



13. A composition consisting essentially of an amount of the compound of claim 1 effective
for inhibiting bladder, bone, leukocyte, liver, prostate, breast or brain cancer cells growth. 14.
A composition consisting essentially of an amount of the compound of claim 9 effective for
inhibiting bladder, bone, leukocyte, liver, prostate, breast or brain cancer cells growth. 61

8. An isolated compound selected from a compound of formula (4):

a salt, or ester thereof,

wherein:

R6 represents sugar moiety with diangeloyllgroups in trans-position

R3 represents Ac or H;

R4 represents H or OH; and

R5 represents sugar moiety or sugar chain, wherein at least one sugar is
selected from the group consisting of: D-glucose, D-galactose, L-rhamnose, L-

arabinose, D-xylose, alduronic acid, D-glucuronic acid and D-galacturonic acid.

9. A composition consisting essentially of an amount of the compound of claims 1

effective for inhibiting ovarian cancer cell growth.

10. The composition for inhibiting ovarian cancer cell growth, consisting essentially of
an amount of the compound of claims 1 further comprising a pharmaceutically

suitable carrier.
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11.

12.

13.

14.

A composition consisting essentially of an amount of the compound of claim 9

effective for inhibiting ovarian cancer cell growth.

The composition for inhibiting ovarian cancer cell growth, consisting essentially of
an amount of the compound of claim 9 further comprising a pharmaceutically

suitable carrier.

A composition consisting essentially of an amount of the compound of claim 1
effective for inhibiting bladder, bone, leukocyte, liver, prostate, breast or brain
cancer cells growth.

A composition consisting essentially of an amount of the compound of claim 9

effective for inhibiting bladder, bone, leukocyte, liver, prostate, breast or brain
cancer cells growth.
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