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Abstract

Bioassay-directed fractionation of the active chloroform extract from the rhizomes of Curcuma aromatica Salisb.
(Zingiberaceae) led to the isolation of four main curcuminoid constituents: curcumin (CA-1), demethoxycurcumin
(CA-2), 5’-methoxycurcumin (CA-3) and bisdemethoxycurcumin (CA-4). This is the first report to describe the isola-
tion of CA-3 from C. aromatica. The chemical structures of these compounds were determined on the basis of spectral
analysis and their inhibitory effects on the proliferation, invasion and migration of murine colon 26-L5 adenocarcinoma
cells were evaluated in vitro. Curcumin and its analogues (CA-2, 3 and 4), at the non-cytotoxic concentration of 10
4#M, inhibited the invasive ability of colon 26-L5 cells to the ranges of 22.8, 28.9, 10.3 and 62.0%, respectively. A
similar effect of these constituents on the migration of colon 26-L5 cells was also observed. Among these
curcuminoids, CA-4 showed the strongest activities, inhibiting both tumor cell invasion and migration in a concentra-
tion-dependent manner.

Key words Curcuma aromatica Salisb., Zingiberaceae, curcuminoid analogues, metastasis, invasiveness, colon 26-L5
carcinoma cells.

Abbreviations UV, ultra-violet; IR, infra-red; 'H-NMR, 'H-nuclear magnetic resonance; '*C-NMR, *C-nuclear mag-
netic resonance; TLC, thin layer chromatrography; AcOEt, ethyl acetate; CHCl3, chloroform; MeOH, methanol; m.p., melt-
ing point; MS, mass spectrometry; WST-1, 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzenedisulfonate;
BSA, bovine serum albumine; DMSO, dimethylsulfoxide.

Introduction

Metastasis is the major cause of morbidity and
death for cancer patients. The majority of the patients in
the treatment failure group succumb to the direct effect
of metastasis or to complications associated with treat-
ment of metastasis.” Thus, the development of new
drugs for optimal treatment with less resistance and fur-
thermore less complication is required.

Wild turmeric or yellow zedoary (Curcuma aroma-
tica Salisb., family Zingiberaceae) is a perennial herb

indigenous to and cultivated in Tropical Asia. This plant
has no value as a spice but is used in cosmetic formula-
tion and medicines. For medical purposes, the crude
drug prepared from its rhizomes has been used as a
cholagogue, stomachic, carminative, chloretic, analgesic
and sedative product, and also for the treatment of hepa-
titis, menstrual disorders, epilepsy and skin disorders. It
has been recently used as a health food in Japan.?
Moreover, in Thai and Chinese traditional medicines, it is
used for the treatment of several types of cancers such as
cervical cancer and liver cancer.” This plant is well known

as the source of monoterpenoids,” sesquiterpenoids*®

*To whom correspondence should be addressed. e-mail : byosei@ms.toyama-mpu.ac.jp



210 Inhibition of tumor invasion by curcuminoids

and curcuminoids™'? that have been reported to possess
antimicrobial,'"'? antifungal, antioxidant and antitumor
activities.'*' A previous work reported that 5-elemene,
a sesquiterpene isolated from C. aromatica, markedly
prolonged the survival of mice with Ehrlich’s ascites
tumor and ascitic hepatoma cells ir vitro.'>'® However,
no information regarding the inhibitory activity of tumor
cell invasion and the structure-activity relationship of
chemical compounds isolated from this plant has been
reported yet.

Several mechanisms for the anti-metastatic effect of
curcumin have been reported,'”?? such as the suppres-
sion of invasion of B16F-10 melanoma cells by inhibi-
tion of metalloproteinase production'” or its anti-
invasive effect on SK-Hep-1 cells (human hepatocellular
carcinoma) that was associated with MMP-9 expression.'®
Curcuminoids also inhibited the angiogenic response
stimulated by fibroblast growth factor-2 and the expres-
sion of matrix metalloproteinase gelatinase B.*? In addi-
tion, our recent study showed that the combined
treatment with curcumin and the anti-cancer drug cis-
diamine-dichloroplatinum (CDDP) resulted in a marked
inhibition of mediastinal lymph node metastasis of
orthotopically implanted LLC (Lewis lung cancer) cells,
in addition to the inhibition of tumor growth at the im-
planted site.?® Therefore, to extend our investigations on
the anti-metastasis activity of curcumin and related com-
pounds, we focused our attention on the anti-invasive ef-
fect of curcuminoids isolated from the rhizomes of C.
aromatica and examined their activities on the in vitro
proliferation, invasion and migration of the murine colon
26-L5 adenocarcinoma cells.

Materials and Methods

General experimental procedures: All melting
points were determined on a Buchi 512 melting point ap-
paratus and are uncorrected. UV absorption spectra were
recorded on the double beam spectrophotometer, Hitachi
220 A. IR absorption spectra were obtained using KBr
disc on a Shimadzu 440 spectrometer. 'H and “C-NMR
spectra were recorded on a JEOL JNM-FX 500 MHz
spectrophotometer in CDC1y/CD3OD using tetramethylsi-
lane as an internal standard ( 0 value, ppm). Mass spec-
tra were measured on a JEOL DX-300/JMA 2000
operating at 70 eV. TLC was performed on pre-coated

silica gel 60 Fasq plate (Merck). Column chromatogra-
phy was carried out on silica gel (Kieselgel 60 (70-230
mesh), Merck).

Plant materials: Rhizomes of Curcuma aromatica
were collected in Chiang Mai Province, Thailand in
2000. A voucher specimen was deposited at the
Herbarium of the Natural Products Research Section,
Research Division, National Cancer Institute, Bangkok,
Thailand.

Extraction and isolation: Dried coarse powder of
rhizomes (1.5 kg) of C. aromatica was extracted succes-
sively in a Soxhlet apparatus with n-hexane, followed by
chloroform and methanol. Concentration of the extracts
under reduced pressure afforded crude extracts of -
hexane (35.85 g), chloroform (23.79 g) and methanol
(32.8 g). All crude extracts were determined for the
antiproliferative activity against KB and P388 tumor
cells in vitro, and the chloroform extract showed the
strongest activity.

Purification and identification of curcuminoid com-
pounds: The active chloroform extract (23 g) was sub-
jected to column chromatography on silica gel and eluted
with chloroform and methanol by gradient system.
Fractions of 75 ml were collected and then combined
(t.Lc.) to provide 6 fractions (A-F). Fractions B-E,
which showed a significant anti-proliferative activity
against tumor cell lines, were further purified by re-
peated column chromatography. Fraction B (5.1 g) was
chromatographed on a silica gel column and eluted with
chloroform and methanol by gradient system. After
recrystallization from n-hexane, compound 1 was ob-
tained (orange needles, 1.16 g). Fraction C (4.3 g) was
rechromatographed on silica gel column, eluted with
chloroform: methanol (19:1) and two compounds were
isolated. Re-crystallization of these compounds with n-
hexane afforded compound 1 (0.907g) and compound 2
(yellow needles, 0.56 g). Fraction D (6.9 g) was re-
chromatographed on silica gel column, eluted with n-
hexane: AcOEt (1:1) to give compound 1 (0.21 g),
compound 2 (0.92 g) and compound 3 (red powder, 0.14
g). Fraction E (5.8 g) was chromatographed on a silica
gel column, eluted with CHCl:: MeOH (9:1) and
recrystallized with chloroform to give compound 2 (0.08
g) and compound 4 (yellow needles, 0.82 g).

The identification of these active compounds was
confirmed by mixed m.p. and comparison of the spectral
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data ( UV, IR, 'H and >C-NMR and MS).

Compound 1: curcumin (CA-I1); orange needles
from n-hexane, m.p. 178-180°C (lit. 182-183%*); C2iHxOs;
MW 368; UV Amax (MeOH) nm (log € ): 261 and 420; IR
vmax (KBr) cm™ ; 3450, 2950, 1650, 1600, 1505, 1422,
1275, 1150, 1110, 950, 850 and 800. 'H-NMR (CDCl;)
0:7.57 (2H, d, J=15.87 Hz, H-1 and H-7), 7.11 (2H, dd,

= 8.24, 1.83 Hz, H-6’and H-6"), 7.03 (2H, d, J=1.83
Hz, H2’and H-2"), 6.92(2H, d, J=8.24 Hz, H-5’and H-5"),
6.46 (2H, d, J=15.87 Hz, H-2 and H-6), 5.78 (1H, s, H-
4), 3.93 (6H, s, OMe-3’ and 0Me-3"); PC-NMR (CDCls)
J: 140.5 (C-1), 121.7 (C-2), 183.2 (C-3), 101.2 (C-4),
183.2 (C-5), 121.7 (C-6), 140.5 (C-7), 127.7 (C-1’ and
C-17), 109.6 (C-2’ and C-27), 146.8 (C-3* and C-37),
147.8 (C-4’ and C-47), 114.8 (C-5° and C-57), 1229
(C-6’ and C-67), 559 (OMe-3° and OMe-3"); MS
m/z (rel. int. %): 368 (M+, 44), 350 (M+-H:0, 40),
177(100).%27

Compound 2: demethoxycurcumin (CA-2); yellow
needles from chloroform, m.p. 181-182°C (lit. 175-177%%;
CxHs0s; MW 338; UV Amax (MeOH) nm(log €): 250
and 418'; IR vmax (KBr) cm™! : 3450, 2820, 1622, 1580,
1560, 1440, 1260, 1150, 1020, 960 and 890; 'H-NMR
(CDCls) 6:7.52 (1H, d, J=15.87 Hz , H-1), 7.50 (1H, d,
J=15.87 Hz , H-7), 7.39 (2H, dd, J=8.54, 1.83 Hz, H-2”
and H-67), 7.04 (1H, d, J=8.54 Hz, H-2"), 7.03 (1H, dd,
J=8.54, 1.83 Hz, H-6"), 6.82 (1H, d, J=8.85 Hz, H-5"),
6.79 (2H, dd, J=8.54, 1.83 Hz, H-3"and H-5"), 6.44 (1H,
d, J=15.87 Hz, H-2), 6.43 (1H, d, J=15.87 Hz, H-6), 5.80
(1H, s, H-4), 3.87 (3H, s, OMe); "*C NMR (CDCls) 6 :
141.1 (C-1), 121.1 (C-2), 183.1 (C-3), 101.6 (C-4), 183.6
(C-5), 121.4 (C-6), 141.1 (C-7), 127.5 (C-1"), 126.9 (C-
1), 110.5 (C-27), 130.3 (C-2"), 147.9 (C-3%), 116.1 (C-
37), 148.9 (C-4"), 159.6 (C-47), 115.6 (C-57), 116.1 (C-
57, 123.2 (C-6"), 130.3 (C-67), 559 (OMe-3’); MS
m/e (% rel. int): 338 (M*, 29), 320 (M+-H.O, 30),
147(100).2+27

Compound 3: 5’-methoxycurcumin (CA-3); red pow-
der from chloroform, m.p. 145-146°C; C»H»O7; MW
398; 'H-NMR (CDCls3) 6: 7.58 (1H, d, J=15.87 Hz., H-
1), 7.55 (1H, d, J=15.87 Hz, H-7), 7.11 (1H, dd, J=8.00
and 1.83 Hz, H-6”), 7.03 (1H, d, J=1.83 Hz, H-2"), 6.91
(1H, d, J=8.00 Hz, H-5"), 6.78 (1H, s, H-2"), 6.46 (1H,
d, J1=15.87 Hz, H-2), 6.47 (1H, d, J=15.87 Hz, H-6), 5.79
(1H, s, H-4), 5.86 (1H, brs, OH-4"), 5.76 (1H, brs, OH-
4”), 393 (3H, s, OMe-3"), 3.92 (6H, s, OMe-3’and

OMe-5’); *C NMR (CDCls) 6 : 140.7 (C-1), 122.0 (C-
2), 183.5 (C-3), 101.2 (C-4), 182.8 (C-5), 121.8 (C-6),
140.7 (C-7), 126.6 (C-17), 127.6(C-17), 105.1 (C-2’),
109.6 (C-27), 147.2 (C-37), 146.8 (C-37), 137.0 (C-4),
147.9 (C-47), 147.2 (C-5), 114.8 (C-57), 105.1 (C-6°),
122.8 (C-6"), 55.9 (OMe-3”); 56.3 (20Me-3’ and 5’);
MS mv/e (% rel. int); 398%%

Compound 4: bisdemethoxycurcumin (CA-4); yel-
tow needles from chloroform, m.p. 222-223°C (lit. 232-
234°C®); CisHi60s; MW 308; UV A max (MeOH) nm:
250 and 480; IR v max (KBr) cm;3200-3300, 1622,
1600, 1560, 1510, 1430, 1275, 1231, 1165, 1140, 975
and 830; 'H-NMR (Me:CO-ds) 6 : 7.61 (d, 2H, J=15.9
Hz, H-1 and H-7), 7.57(d, 4H, J=8.6 Hz, H-2’, H-6’, H-
2” and H-6"), 6.91 (d, 4H, J=8.6 Hz, H-3’, H-5°, H-3”
and H-57), 5.98 (s, 1H, H-4); BC-NMR (CDCl) ¢ :
141.1 (C-1), 122.3 (C-2), 184.5 (C-3), 101.6 (C-4), 184.5
(C-9), 122.3 (C-6), 141.1 (C-7), 128.2 (C-1’ and C-17),
130.9 (C-2° and C-27), 116.2 (C-3° and C-37), 160.9
(C-4’ and C-47), 116.2 (C-5’ and C-57), 130.9 (C-6’ and
C-67); MS m/e (rel.int. %): 308 (M*, 35), 290 (M+-H:0,
50), 147 (100).2+27

Assay for the anti-metastatic activity against Colon
26-L5 cells

Cell Culture: The murine colon 26-L5 adenocarci-
noma cells (colon 26-L5) were maintained as monolayer
cultures in RPMI-1640 medium (Nissui Pharm Co. Ltd.,
Tokyo, Japan) supplemented with 10% fetal calf serum
(FCS, Gibco BRL, Life Technologies, NY.), 0.1% so-
dium bicarbonate and 2 mM glutamine (Wako Pure
Chemical Ind., Ltd., Kyoto, Japan) and were incubated at
37°C in a humidified atmosphere containing 5% CO; in
air.

Cell Proliferation Assay: Cellular viability in the
presence or absence of experimental agents was deter-
mined using a WST-1 Cell Counting Kit (Wako Pure
Chemicals Ind., Ltd., Japan). Briefly, Colon 26-L5 cells
(1x10% suspended in 100 1 of RPMI-1640 medium con-
taining 0.03% BSA were seeded onto a 96-well culture
plate (Costar, Cambridge, MA, U.S.A.). After 24 h of
pre-incubation, various concentrations of the isolated
compounds were added and then incubated for a further
24 h. At the end of incubation, 10 #1 of WST-1 solution
were added to each well and then incubated for 4 h. The
amount of formazan formed was measured spectrophoto-
metrically at 450 nm using an Immuno Mini NJ-2300
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plate reader. Each assay was performed in triplicate. Test
compounds were dissolved in DMSO and then diluted
with medium. Solutions containing less than 0.1% of
DMSO had no cytotoxic effect on the cells. The ICso val-
ues were calculated from the mean values = S.D. of
absorbances.

In Vitro Invasion and Migration Assays: Invasion of
tumor cell through the reconstituted basement membrane
Matrigel was assayed as described previously.*® Firstly,
Transwell cell culture chambers (Costar 3422, Cambridge,
MA, U.S.A.) were set up with polyvinylpyrrolidone-free
carbonate filters of 8.0 um pore size (Nucleopore,
Pleasanton, U.S.A). The lower surface of the filters was
coated with 2 ¢g of fibronectin (Iwaki Glass Co., Ltd.,
Japan) and the upper surface was coated with 10 ¢g of
Matrigel (Collaborative Research Inc, Bedford, MA,
USA). Colon 26-L5 cells (2x10° cells/chamber) were
suspended in RPMI-1640 (100 «1/chamber) containing
0.1% of bovine serum albumin (BSA) and distinct con-
centrations of curcuminoid compounds (0, 1, 3 and 10
uM). The cell suspension was then applied to the upper
compartment of the chambers and incubated in a 24-well
culture plate containing 600 ¢l of 0.1% BSA-containing
medium at 37°C for 24 h. The filters were finally fixed
with 30% methanol and then stained with 0.5% crystal
violet for 5 min. After gentle rinsing, the cells on the
upper surface of the filter were removed by wiping with
a cotton swab. The cells that had invaded through the
Matrigel and filter were extracted with 30% acetic acid
and colorimetrically assessed by measuring its absorbance
at 590 nm using an Immuno Mini NJ-2300 plate reader.
Each experiment was done in quaduplicate.

The migration assay was performed in a similar pro-
cedure to that of the invasion assay, but differed on the
non-coating of the filters with Matrigel.

Statistical analysis: All data are expressed as mean
values =S.D. Student’s ¢- test for unpaired samples (2-
tailed) was used to determine statistic differences that
were accepted to be significant when p values were
lower than 0.05.

Results
Chemical structures of Curcuminoids isolated from the

rhizomes of Curcuma aromatica Salisb.
The chloroform extract, which exhibited a potent

anti-proliferative activity against KB and P388 tumor
cells in vitro, was purified by silica gel column and four
curcuminoid compounds were isolated. By the compari-
son of the spectral data (UV, IR, 'H and *C-NMR and
MS), these compounds were found to belong to the
diarylheptanoids group and were identified as curcumin
(CA-1), demethoxycurcumin (CA-2), 5’-methoxycurcumin
(CA-3) and bisdemethoxycurcumin (CA-4) (Fig. 1).
Effect of Curcuminoids on Tumor Cell Proliferation
The antiproliferative activity of CA-1, CA-2, CA-3
and CA-4 against colon 26-L5 cells was determined in
vitro by the WST-1 cytotoxicity assay. As shown in Fig.
2, all compounds at concentrations of less than 10 uM

CA-1: R1=RZ=OCI‘I3; R;=H

CA-2: R1=OCH3, R2=R3=H
CA-3 : R=Ry=R3=OCH3
CA-4; R=R=R=H

Fig. 1. Chemical structures of four curcuminoid compounds isolated
from Curcuma aromatica.
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Fig. 2. Effect of curcuminoid compounds on the proliferation of Colon
26-L5 cells.
Colon 26-LS5 cells (1x10* cells/well) were seeded into a 96-well plate
in 0.1% BSA-RPMI 1640 medium. After 24 h of incubation, various
concentrations of four curcuminoid compounds (4 CA-1, BBCA-2,
ACA-3, @CA-4) were added to the cultures and then incubated for
an additional 24 h. WST-1 solution (10 u l/well) was added to each
well and the plate was incubated at 37°C for 4 h. before termination
of the assay. Proliferation was assessed by measuring absorbance of
the culture at 450 nm. The data are expressed as mean = S.D. of
triplicate wells. *p<0.01.
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Fig. 3. Effect of curcuminoid compounds on the invasive and migrating properties of Colon 26-L5 cells.
For the invasion assay, Colon 26-L5 cells (2x10° cells/chamber) were seeded onto filters pre-coated with 10 g of Matrigel on the upper surface and
2 g of fibronectin on the lower surface in Transwell chambers in the presence and absence of curcuminoid compounds (10 £M). After 24 h. of in-
cubation, the number of cells that invaded the lower surface was determined by crystal violet staining and colorimetrically assessed by measuring
the absorbance at 590 nm. For the migration assay, the filters were not coated with Matrigel. A, Four curcuminoid compounds were tested by the
invasion assay; B, Dose-response of CA-4 was determined by the invasion assay; C, Dose-response of CA-4 was determined by the migration assay.
The data were expressed as mean * S.D. of four repeat chambers. *p<0.01, **p<0.05.

did not show any direct cytotoxicity against tumor cells
in vitro.
Effect of Curcuminoids on Tumor Cell Invasion and
Migration

The effect of curcumin (CA-1) and its analogues
(CA-2, 3, 4) on the inhibition of invasion of colon 26-L5
cells through Matrigel/fibronectin- and fibronectin-
coated filters were evaluated. Among the compounds,
CA-4 at the non-cytotoxic concentration of 10 uM, sig-
nificantly inhibited the invasion of colon 26-L5 cells as
compared with the control (Fig. 3A, P<0.01). As shown
in Fig 3B and 3C, CA-4 inhibited tumor cell invasion
and migration in a concentration-dependent manner.

Discussion
The rhizomes of Curcuma aromatica Salisb. were

extracted in a Soxhlet apparatus with n-hexane, chloro-
form and methanol as described in the experiment

section. The chloroform extract from rhizomes of C.
aromatica was found to show anti-proliferative activity
against KB and P388 cells at ICso values corresponding
to 6.8 and 9.0 ug/ml, respectively. The fractionation of
this extract by repeated silica gel column chromatogra-
phy and recrystallization afforded four main curcuminoid
constituents: curcumin (CA-1), demethoxycurcumin (CA-
2), 5’-methoxycurcumin (CA-3) and bisdemethoxy-
curcumin (CA-4) (Fig. 1). CA-3 has been found in
Curcuma xanthorrhiza® and C. zedoaria,” but this is
the first report to describe its isolation from C. aromatica.

We next investigated the inhibitory effects of CA
compounds on the in vitro proliferation, invasion and mi-
gration of murine colon 26-LS adenocarcinoma cells, and
found that curcumin and its analogues (CA-2 and CA-4)
significantly showed antiproliferative activity against
colon 26-L5 cells at the concentration of 30 uM (Fig. 2).
Moreover, CA-4 at the non-cytotoxic concentration of 10
#M was markedly effective at inhibiting the tumor cell
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invasion among the compounds (Fig. 3A). CA-4 also in-
hibited the migration of tumor cells to fibronectin-coated
substrates as well as tumor invasion in a concentration-
dependent manner (Fig. 3B and 3C).

Taking into account the inhibitory effect of CA-4 on
the invasion assay of colon 26-L5 cells, we suggest that
the anti-invasive effect of the curcuminoids investigated
in this study might be related with the number of substi-
tuted methoxyl or hydroxyl groups in their benzene
rings. The greater number of hydroxyl substituents (as
seen in CA-4) may contribute to increase this effect,
while the greater number of methoxyl substituents (as
seen in CA-3) may be associated with a decreased effect.
It seems to be in agreement with the known antitumor
and antioxidant effects of curcumin that are mainly due
to the presence of phenolic groups essential for the free
radical scavenging activity, but that are decreased with
the presence of methoxyl groups.®® Some studies on the
structure-activity relationships (SAR) of curcuminoid
compounds reported that the presence of diketone moiety
relates with the inhibitory effect of curcuminoids on the
proliferation of human breast cancer cells,?” or still that
hydroxyl groups present at ortho-position on the aro-
matic rings of curcumin analogs are associated with their
inducing activity on Phase 2 detoxification enzymes.”
To further establish the SAR of compounds CA-1, CA-2,
CA-3 and CA-4, the synthesis of derivatives compounds
is currently under consideration.

The present study showed that CA-4 had inhibitory
effects on the invasion and migration of colon 26-L5
cells without affecting cell growth. Bisdemethoxycurcumin
(CA-4) isolated from C. aromatica rhizomes may be
considered as an inhibitor for tumor invasion and useful
for the prevention of liver metastasis of colon cancer
without causing toxic effects.

Acknowledgments

This study was supported in part by a Grant-in Aid
for Leading Regional Utilizing Potential of Regional
Science and Technology from the Ministry of Education,
Culture, Sports, Science and Technology, Japan, by the
Thai Government Grant of the National Cancer Institute,
Ministry of Public Health, Thailand, and by the
Japanese-Thai Collaborative Scientific Research Fellow-
ship (JSPS-NRCT), Japan in 2001. The authors are

sincerely grateful to Professor Dr. Hiroshi Watanabe,
Institute of Natural Medicine, Toyama Medical and
Pharmaceutical University, Toyama, Japan, the represen-
tative of the JSPS fellowship of Japan for his kindness on
providing this grant for continuing some part of the re-
search work in Japan.

XX &

v a v HRHZB S % Curcuma aromatica Salisb. DR
Eo/7 ook afliihs ¥ 205, (LEFBEOWS I
ABDI VY 3 v BLUFOBEEY | curcumin (CA-
1), demethoxycurcumin (CA-2), 5 -methoxycurcumin
(CA-3), bisdemethoxycurcumin (CA-4) % 538f L 72,
hosoawrlv T~y REEBREH (colon 26-
L5) ixtd A 145, HEE~0ZE, MiaEshickidd
MBI VTR L, 707 ¥ v (CA-D & Z0BEE
fb&® (CA-2, 3 BLU 4 13, Mk L TEE%:
RELVIOeMOBEIREVWT, = v 2iEEE#EAD
EEE~0RELMH L (2hZTh228 289, 103 &
LU 62.0% oMHIER), ComMlaoEFfEICEL TS
EROME BRI RE SN, ThED s vy 3 /B
ft&modic, CA-4 3HMVWIIHEES2ES, Blilao
BiEB & CEFRE IO L TERERFNMGISIRE R L
too TOXDIIE, 77 3 YEAEALEMOFERRD
hydroxyl # ¥ & U methoxyl B EMIEDRBEED
RE LR LT A AIEEENSTRE I N,

*7930-0194 ELTTFA 2630
BIERERKEMEEFRIREELESF] BREX

References

1) Liotta, L.A.: Tumor invasion and metastases. Role of the
extracellular matrix: Rhodes Memorial Award Lecture. Cancer
Research 46, 1-7, 1986.

2) Kojima, H., Yanai, T. and Toyota, A.: Essential oil constituents
from Japanese and Indian Curcuma aromatica rhizomes. Planta
Med. 64, 380-381, 1998.

3) Pongboonrod, S. Mai Ted Moeng Thai, Fouenguksorn Publishing,
Bangkok, 53, 1965.

4) Phan, M.G. and Phan, T.S.: Isolation of sesquiterpenoids from the
rhizomes of Vietnamese Curcuma aromatica Salisb. Tap Chi Has
Hoc 38(4), 96-99, 2000.

5) Bordoloi, A.K., Sperkova, J. and Leclercq, P.A.: Essential oils of
Curcuma aromatica Salisb. from Northeast India. J. Essent. Qil.
Res. 11(5), 537-540, 1999.

6) Kuroyanagi, N., Ueno, A., Koyama, K. and Natori, S.: Structures
of sesquiterpenes of Curcuma aromatica Salisb. II.. Studies on
minor sesquiterpenes. Chem. Pharm. Bull. 38(1), 55-58, 1990.



7

8

9)

10)

11)

12

N

13)

14)

15)

16)

17)

18)

19)

20)

J. Trad. Med. (Vol.19 No.¢ 2002) 215

Kuroyanagi, M., Ujiie, K., Ueno, A. and Sato, S.: Sesquiterpenios
of Curcuma aromatica and transannular reaction of Germacrone
4, 5-epoxide. Tennen Yuki Kugo Butsu Toronkai Koen Yoshishu
29, 528-535, 1987.

Tamao, K., Hayashi, T., Matsumoto, H., Yamamoto, H. and
Kumada, M.: A symmetric total synthesis of optically active «a -
Curcumene. Tetrahedron Lett. 23, 2155-2156, 1979.

Li, Y.P.: Chemical composition of Yujin Curcuma aromatica used
as traditional Chinese medicine. Xibei Daxue Xuebao Zirum
Kexuebau. 30(5), 411-414, 2000.

Tonnesen, H.H., Karlsen, J., Grislingaas, A.L., Balakrishnan,
K.V.N,, Ayyappan, P. and Verghese, J.: Studies on curcumin and
curcuminoids Part 21. Variation in the curcuminoid content in
Curcuma longa and C. aromatica from India during one season.
Z. Lebensm. Unters. Forsch. 194(6), 570-572, 1992.

Phan, M.G., Van, N.H. and Phan, T.S.: Antibacterial activity of
sesquiterpene constituents from some Curcuma species in Vietnam.
Tap Chi Hoa Hoc, 38(1), 91-94, 2000.

Banerjee, A., Nigram, S.S. and Kaul, V.K.: Antibacterial activity
of the essential oil of Curcuma aromatica Salisb. Indian Perfum,
22(2), 69-72, 1978.

Fu, N, Quo, Y. and Shi, J.: Antitumor effect and pharmaceutical
study of S-elemene. Zhongyao Tongbao, 9(2), 83-87, 1984.
Sun, H,, Zou, Y., Nie, X. and Yu, R.: Study on antitumor effect
of Curcuma aromatica Salisb. Yiyao Gongye, 8, 12-13, 1983.
Zhao, R.and Wu, Y.: Total synthesis of (-) Curdione. Actax. Chim.
Sin., 1, 86-87, 1989.

Wu, W.Y., Xu, Q., Shi, L.C. and Zhang, N.B.: Inhibitory effects
of Curcuma aromatica oil on proliferation of hepatoma in mice.
World. J. Gastroenterol 6(2), 216-219, 2000.

Lin, J.K. and Lin-Shiau, S.Y.: Mechanisms of cancer chemopre-
vention by curcumin. Proc. Natl. Sci. Counc. ROC (B), 25(2), 59-
66, 2001.

Lin, L.I., Ke, Y.F., Ko, Y.C. and Lin, J.K.: Curcumin inhibits SK-
Hep-1 hepatocellular carcinoma cell invasion in vitro and sup-
presses matrix metalloproteinase-9 secretion. Oncology 55, 349-
353, 1998.

Menon, L.G., Kuttan, R. and Kuttan, G.: Antimetastatic activity
of curcumin and catechin. Cancer Lett. 141, 159-165, 1999.
Ruby, A.J, Kuttan, G., Dinesh, Babu K., Rajasekharan, K.N. and
Kuttan, R.: Anti-tumor and antioxidant activity of natural
curcuminoids. Cancer Lett. 94, 79-83, 1995.

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31

32)

Sharma, O.P.: Antioxidant activity of curcumin and related com-
pounds. Biochem. Pharmacol. 25, 1811-1812, 1976.

Mohan, R., Sivak, J., Ashton, P., Russo, L.A.,, Pham, B.Q,
Kasahara, N., Raizman, M.B. and Fini, M.E.: Curcuminoids in-
hibit the angiogenic response stimulated by fibroblast growth
factor-2, including expression of matrix metalloproteinase gelatinase
B. J. Bio. Chem. 275(4), 10405-10412, 2000.

Ichiki, K., Mitani, N., Doki, Y., Hara, H., Misaki, T. and Saiki, I.:
Regulation of activator protein-1 activity in the mediastinal lymph
node metastasis of lung cancer. Clinical & Experimental Metastasis
18, 539-545, 2001.

Kiuchi, F., Goto, Y., Sugimoto, N., Akao, N., Kondo, K. and
Tsuda, Y.: Nematocidal activity of turmeric: synergistic action of
curcuminoids. Chem. Pharm. Bull. 41(9), 1640-1643, 1993.
Sreejayan, R M.N.A.: Nitric oxide scavenging by curcuminoids.
J. Pharm. Pharmacol. 49, 105-107, 1994,

Kuttan, R., Bhanumathy, P., Nirmala, K. and George, M.C.:
Potential anti-cancer activity of turmeric (Curcuma longa).
Cancer Lett. 29, 197-202, 1985.

Kosuge, T., Ishida, H. and Yamazaki, H.: Studies on active sub-
stances in the herbs used for Oketsu (”Stagnant Blood”) in
Chinese Medicine III. On the anticoagulative principles in
Curcumae Rhizoma. Chem. Pharm. Bull. 33(4), 1499-1502, 1985.
Masuda, T., Isobe, J.,, Jitoe, A. and Nakatani, N.: Antioxidative
curcuminoids from rhizomes of Curcuma xanthorrhiza. Phytoch-
emistry 31(10), 3645-3647, 1992.

Masuda, T., Jitoe, A., Isobe, J., Nakatani, N. and Yonemori, S.:
Anti-oxidative and anti-inflammatory curcumin-related phenolics
from rhizomes of Curcuma domestica. Phytochemistry, 32(6),
1557-1560, 1993.

Saito, K.I,, Oku, T., Ata, N., Miyashiro, H., Hattori, M., Saiki, I.:
A modified and convenient method for assessing tumor cell inva-
sion and migration and its application to screening for inhibitors.
Biol. Pharm. Bull. 20(4), 345-348, 1997.

Simon, A., Allais, D.P., Duroux, J.L., Basly, J.P., Durand-
Fontanier, S., Delage, C.: Inhibitory effect of Curcuminoids on
MCF-7 Cell Proliferation and Structure-Activity Relationships.
Cancer Lett., 129 (1), 111-116 ,1998.

Dinkova-Kostova, A.T. and Talalay, P.: Relation of structure of
curcumin analogs to their potencies as inducers of Phase 2 detoxi-
fication enzymes. Carcinogenesis 20(5), 911-914, 1999.



