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Abstract

Methanol extracts, water extracts and volatile oils of the fresh rhizomes of
Alpinia galanga (greater galanga), Boesenbergia pandurata (fingerroot), Curcuma
longa (turmeric), Kaempferia galanga (proh hom) and Zingiber officinale (ginger)
have been assessed for free radical scavenging activity against 1,1—diphenyl—2—'
picrylhydrgzyl (DPPH) radical and cytotoxic activity against MCE7 (breast
adenocarcinoma cell line) and LS174T (colon adenocarcinoma cell line). Methanol
extracts of the fresh rhizomes from C. longa, Z. officinale and A. galanga exhibited
pronounced radical scavenging activity with ECsp values of 9.7, 35.6 and 57.7 pg/ml,
respectively, whereas water extracts and volatile oils of the five plants showed weak
activity.  In cytotoxic activity assay against MCF7 and 1.S174T by SRB
(sulforhodamine B) assay, it was found that the volatile oils of five fresh rhizomes and
the methanol extract of C. longa were active against MCE7 and 1.S174T with 1Csp
values less than 50 pg/ml. The methanol extract of Z. officinale was active against the
two cell lines with ICsy values in the range of 75.0-80.0 pug/ml. The volatile oil from
B. pandurata was found to be the most active against LS174T with ICsq value of 12.0
pg/ml and the volatile oil from Z. officinale was the most active against MCF7 with
ICso value of 14.2 pug/ml. The results suggested that cytotoxic compounds resided in
the volatile oils. Upon GC/MS analysis, the oils of A. galanga (AGV), B. pandurata
(BPV), C. longa (CLV), K. galanga (KGV) and Z. officinale (ZOV) contained at least
13, 4,22, 12 and 13 compounds, respectively. Trans-3-acetoxy-1,8-cineole, camphor,
ar-turmerone, ethyl cinnamate and geranial (E-citral) were detected as main

compounds in AGV, BPV, CLV, KGV and ZOV, respectively.
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Phytochemical study of the methanol extract of A. galanga led to isolation of
p-coumaryl-9-methyl ether. This is the first report of naturally occurring of this

compound. Four compounds, ar-turmerone, curcumin, demethoxycurcumin and

bisdemethoxycurcumin were isolated from the methanol extract of C. longa. 6- |

shogaol6dehyd10g1ngexdione (also-known as 1-dehydrogingerdione) and 6-gingerol
were isolated from the methanol extract of Z officinale, These eight isolated
compounds were further tested for free radical séavenging activity and tested against
human cancer cell lines LS174T and MCF7. Curcumin was the most potent compound
for free radical scavenging activity with ECsy value of 2.0 pg/ml.
Demethoxycurcumin was the most active compound against 1.S174T with ICsq value
of 0.8 pg/ml and 6-shogaol was the most potent compound against MCF7 with ICsq
value of 1.7 ug/ml. The obtained results reveal medicinal efficacy of the rhizomes of
these five Zingiberaceous spices and warrant further study to determine whether they

could be of beneficial for the prevention and treatment of cancer.
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CHAPTER 1

INTRODUCTION ]

1.1 General Introduction

Cancer is perhaps the most progressive and devastating disease posing a threat
of mortality to the entire world despite significant advances in medical technology for
its diagnosis and treatment (Pal, et al., 2001). Environmental chemicals may be
involved in the etiology of a variety of human cancer. The cause for the majority of
human tumours has been attributed to exposure to environmental carcinogens,
pollutants, pesticides, drugs, UV-radiation, and tobacco products. A nutritional deficit
or surplus or the absence of preventive micronutrients in the diet can further increase
the susceptibility for developing cancers. In addition, tumours induced by
environmental pollutants may be prevented by dietary strategies. It is therefore
plausible that an imbalance between the exposure to Cancer-causing environmental
factors and the dietary intake of preventive nutrients facilitates the initiation and
growth of tumours (Verma, Goldin and Lin, 1998). All cells are exposed to oxidative
stress, and thus oxidation, and free radicals, may be important in carcinogenesis at
multiple tumour sites (Sies, 1997). Metastasis of cancer cells to distant sites is one of
the major deciding factors in cancer outcome. In fact, prognosis of cancer js mainly
determined by the invasiveness of the tumour and its ability to metastasize. Although
there are several drugs available to control cancer growth in humans, there are no
drugs presently available to specifically inhibit the metastasis of cancer cells (Menon,
Kuttan and Kuttan, 1999). Recently, considerable attention has been focused on
identifying naturally occurring chemopreventive substances capable of inhibiting,
retarding, or reversing the process of multistage carcinogenesis (Pal, ef al., 2001).
Dietary antioxidants are known to decrease the risk of many chronic diseases such as
cancer and cardiovascular disorders. The antioxidant activity may be a result of one of
the foliowings: specific scavenging of reactive free radicals or scavenging of oxygen

containing compounds such as hydrogen peroxide or chelation to metals (Priyadarsini,




1997). Wide arrays of phenolic substances, particularly those present in dietary and
medicinal plants, have been reported to possess substantial anticarcinogenic and

antimutagenic effects. The majority of these naturally occurring phenolics retain anti-

_oxidative and anti-inflammatory properties, which appear. to. contribute. to. their. ... .

chemopreventive activity (Pal, ef al., 2001).

The use of medicinal plants is based on the expericnce' of many generations of
physicians and traditional systems of medicine from different ethnic societies. The use
of medicinal plants in modern medicine suffers from the fact that though hundreds of
plants are used in the world to prevent or to cure diseases, scientific evidence in terms
of modern medicine is lacking in most cases. However, today it is necessary (o provide
scientific proof as to whether or not it is justified to use a plant or its active principles
(Ammon and Wahl, 1991). Natural products from some plants, fungi, bacteria and
other organisms continue to be used in pharmaceutical preparations either as pure
compounds or as extracts. There is a great variety of compounds that can be extracted

and characterized from plants (Aradjo and Leon, 2001).

The Zingiberaceae is a well-known plant family in Southeast Asia and
numerous of its species are being used in traditional medicine, which is found to be
quite effective in the treatment of several diseases. The five common Zingiberaeeous
spices used in Thailand, ie. Alpinia galanga (Greater galanga), Boesenbergia
pandurata (Fingerroot), Curciana longa (Turmeric), Kaempferia galanga (Proh hom)y
and Zingiber officinale (Ginger), are perennial herbs widely cultivated in Thailand and
tropical regions of Asia. Although there have been reports concerning chemical
constituents and some biological activities of these five species, only a few reports
focused on cytotoxic activity against human tumour cells and antioxidation against
free radical. It is obvious that further study to evaluate the activities of the extracts and
isolate compounds responsible for these two activities would provide additional useful

data on biological activities of these five plants.




1.2 Review of Literatures

1.2.1 Plants of the family Zingiberaceae

According to a taxonomic survey of the family Zingiberaceae in the world, 52

genera and 1,100 species have been reported (Mabberley, 1997), among which 11

genera and 44 species have been found in southern Thailand (Sirirugsa, 1989). They

are classified into four tribes as follows:

1.2.1.1 Tribe Alpincae

A,

Genus Alpinia

(1) Alpinia conchigera Griff,

(2) A. galanga (L.) Willd.

(3) A. javanica Bl

(4) A. mutica Roxb,

(5) A. nigra (Gaert.) B.L. Burtt
(6) A. oxymitra Schum,

() A. purpurata (Vieill.) Schum.

Genus Amomum

(8) Amomum aculeatum Roxb.
(9) A. biflorum Jack.

(10) A. hastilabium Ridl.

(11) A. rivale Ridl,

(12) A. testaceum Ridl.

(13) A. uliginosum Koenig

Genus Elettariopsis

(14) Elettariopsis curtisii Bak.

(15) E. smithiae Kam

(16) E. sp. (aff. triloba Gagnep.) Loes.




D. Genus Etlingera
(I7) Etlingera littoralis (Koenig) Giseke
(18) E. maingayi (Bak.} Smith

1.2.1.2 Tribe Globbeae

E. Genus Globba
(20) Globba albiflora Ridl.
(21) G. fasciata Rid).

1.2.1.3 Tribe Hedychieae

F. Genus Boesenbergia
(22) Boesenbergia basispicata Larsen ex Sirirugsa
(23) B. curtisii (Bak.) Schitr,
(24) B. longipes (King & Prain) Schitr,
(25) B. plicata (Ridl.) Holtt.
(26) B. rotunda (L.) Mansf.
(syn: B. pandurata (Roxb.) Schltr,)

G. Genus Curcuma
(27) Curcuma aff. colorata Val.
(28) C. longal.
(29) C. viridiflora Roxb.

H. Genus Hedychium

(30) Hedychium coronarium Koen.,

L. Genus Kaempferia
(31) Kaempferia angustifolia Rosc,
(32) K galanga L.




(33) K. parviflora Wall.
(34) K. pulchra Ridl.

_J. Genus Scaphochlamys

(35) Scaphochlamys biloba (Ridl.) Holtt.

(36) S. sp.
1.2.1.4 Tribe Zingibereae

K. Genus Zingiber
(37) Zingiber chrysostachys Ridl.
(38) Z. gracile Jack
(39) Z. officinale Rosc,
40y Z. ottensii Val.
(41) Z. purpureum Rosc.
(42) Z. spectabile Griff.
(43) Z. zerumbet Smith
(44) Z. sp.

Additionally, some other Zingiberaceous species such as Amomum krervanh
Pierre, Curcuma xanthorrhiza Roxb., C. parviflora Wall. and C. zedoaria Rosc. have

been found in Thailand (Smitinand, 1980).
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Alanine

0

HO
OH

0 NH,

Aspartic acid

0
HZN\/lL
OH

Glycine

o

NH;
HO

Tyrosine

NH,

=2

COOH

Arginine

Glutamic acid

O

HN\/:Y \(N\OH

NH,

Histidine

0

L,

NH,

Valine

Figure 1 Structures of some chemical constituents found in 4. galanga
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OAc

AcO
1'-Acetoxychavicol acetate Borneol
"Camphene Limonene
Ii\%OH l:
Linalool Sabinene

Q2

Terpinen-4-ol

Figure | Structures of some chemical constituents found in A. galanga (continued)
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Alpinetin

ReOnY,
OH O

Pinocembrin

N0

Geranial (E-Citral)

on O

Chalecone cardamonin

Cardamonin

RSOAY,
OH O

Pinostrobin

Neral (Z-Citral)

OH O
2'-6'-Dihydroxy-4'-methoxy chalcone

Figure 2 Structures of some chemical constituents found in B. pandurata




Figure 3

% H
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Borneol
Car-3-ene
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Limonene

2

o-Phellandrene

A

B-Pinene

40

p

Camphor

y

Cineol

¢

Myrcene

e

Terpinene

2

o~Pinene

Structures of some chemical constituents found in C. longa
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]
]
i

ar-Turmerone Zingiberene

=
Bisabolene Bisacumol
MeO ‘ x Z l OMe
Curcumin
- Q b a
o
Demethoxycurcumin

Bisdemethoxycurcumin

Figure 3 Structures of some chemical constituents found in C. longa (continued)
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OH
Caffeic acid Coumarin
OH OH
%OMe
Linalool

Stigmasterol Campesterol

Figure 3  Structures of some chemical constituents found in C. Jonga (continued)




COOH

" MeQ

~ Vanillic acid

COOH

=

Cinnamic acid

0O

Ethyl cinnamate

COOH
HO
Os. O\
OH OH
Z
oH
OH

_ Chlorogenic. acid

Figure 4 Structures of some chemical constituents found in K. galanga
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COOH

NH,

Cysteine

Geranial (E-Citral)

Camphor

H,N coou

O NH,

Asparagine

Borneol

/I\/\/l\/\OH

Geraniol

Neral (Z-Citral)
COOH

Shikimic acid

Bisabolene

~Camphene

. Figure 5 Structures of some chemical constituents found in Z. officinale
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Caffeic acid Citronellal
0
MeO
= 7 (CHR)4CIL;
HO

6-Dehydroeshogaol

O
MeO '
A 7~ ™(CH,)sCH;
HO
8-Dehydroshogaol
0
MeO
> 7" MCH,)3CH;
HO

10-Dehydroshogaol

Figure 5 Structures of some chemical constituents found in Z, officinale (continued)
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6-Gingerdione

O 0O
MeO
(CH)3CH;
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The above data revealed that the five plants possessed diverse biological
activities, for instance, antimicrobial activity, antiinflammatory activity, antioxidant
‘activity, cytotoxic activity and antispasmodic activity. However, plant materials used

in the previous studies were mainly crude extracts with exceptions of curcuminoids

~from C. longa and some gingerols from Z. officinale. A few data for cytotoxic activity |

were reported but the activity against human colon adenocarcinoma cell line LS174T
of the five plants have not previously been reported. In addition, pure compounds
responsible for antioxidant activity have not yet been identified from A. galanga, B.
pandurata and K. galanga. Apparently, further work on biological evaluation and

chemical investigation of these five plants is needed.

1.3 Objectives

1. To study free radical scavenging activity and cytotoxic activity against tumour
cells of the extracts and volatile oils from the fresh rhizomes of Alpinia galanga,
Boesenbergia pandurata, Curcuma longa, Kaemferia galanga and Zingiber officinale.

2. To study chemical constituents of the extracts and volatile oils which show
free radical scavenging activity and/or cytotoxic activity against tumour cells.

3. To assess free radical scavenging activity and/or cytotoxic activity against

tumour cells of the isolated compounds.




CHAPTER 2

EXPERIMENTAL

2.1 Chemicals and Instruments

IR spectra were recorded on a Jasco IR-810 Spectrophotometer (KBr) of Japan
Spectroscopic Co., Ltd. and Perkin Elmer 1600 series FT-IR of Perkin Elmer Co., Ltd.
'H and BC-Nuclear magnetic resonance (1H and léC NMR) spectra were recorded on a
FTNMR, Varian UNITY INOVA SOd MHz using either opei‘ating solvent or
tetramethylsilane (TMS) as an internal standard. Spectra were recorded as chemical
shift parameter (8) value in ppm unit. A 90°-4;-45° pulse sequence (COSY 45) was used
for '"H-'H COSY experiments. Standard program for the library "Jey = 8§ Hz was used
for the HMBC (heterohuclear multiple bond coherence) experiment. EI-MS data were
recorded on a Hewlett-Packard HP 5890 Series IT Plus GC-HP 5972 Mass Selective
Detector (EI mode with mass range of 35-700 amu). Analysis of volatile oil was carried
out by Gas chromatography/Mass spectrometry with a Hewlett-Packard HP 5890 Series
H Plus GC-HP 5972 Mass Selective Detector. The operating conditions were as follows:
inlet temperature 250 °C, initial temperature 70 °C, detector temperature 280 °C and
final temperature 280 °C (hold for 5 min). It was used with column HP-5 length 30 m,
film thickness 0.25 pm and ID 0.25 mm. Carrier gas was ultra high purity helium (UHP
He). FAB—MS data were recorded by MAT 95 XI. Mass Spectrometer which run high
and low resolution techniques with solid probe (FAB probe). Ultraviolet spectra (UV)
were measured (scanning mode) in the wave length 200-400 nm with Hewlett Packard
8452A Diode Array Spectrometer. The absorbance for free radical scavenging activity
was measured at 520 nm with UV spectrometer of Milton Roy Company
(Spectronic®Genesys). The absorbance (OD) of each well in cytotoxic activity assay
was read on a Power Wave X plate reader (Bio-TEK Instruments Inc.) at 492 nm.
Optical rotations were measured by POLAX-L Polarimeter. Silica gel 60 (Merck,
0.040-0.063 mm) was used for vacuum liquid chromatography (VLC) and column
chromatography (CC). Sephadex® LI1-20 of Amersham Biosciences AB was used for
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size-exclusion chromatography. Preparative TL.C was performed on silica gel 60 GFasq
(Merck), 0.5 mm thick, activated at 105 °C for 60 min before use. The zones were

detected using UV at 254 nm, scraped off, eluted with chloroform:methanol (3:1) and

evaporated to dryness under reduced pressure. Analytical TLC was performed on

 precoated plates of silica gel 60F;ss (Merck, 0.20 mm thick).
2.2 Plant Maferials

Fresh rhizomes of Alpinia galanga (L.) Willd,, Boesenbergia pandurata
(Roxb.) Schltr., Curcuma longa 1.., Kaempferia galanga L. and Zingiber officinale
Rosc. were purchased from a local market in Songkhla in April, 2001. They were
identified by Assistant Professor Dr. Niwat Keawpradub. Authentication of plant
materials were carried out at the Department of Pharmacognosy and Pharmaceutical
Botany, Faculty of Pharmaceutical Sciences, Prince of Songkla University, where the

herbarium specimens have been kept.
2.3 Extraction and Isolation

Fresh rhizomes of A. galanga, B. pandurata, C. longa, K. galanga and Z.
officinale were washed with water to remove the remaining sand and to reduce the
microbial load. The cleaned rhizomes were cut into small pieces and then were divided

into two portions.
2.3.1 Volatile oils

The first portion (1 kg of fresh rhizomes of each plant) was subjected to water
distillation for 3 hr. After allowed the system cooling down overnight, the volatile oil

of each plant was collected.
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2.3.2 Water extracts

Marc and water from water distillation in 2.3.1 was filtered by filter paper and

2.3.3 Methanol! extracts

The second portion of fresh rhizomes of each plant was blended with methanot
by electrical blender, soaked for 72 hr, filtered and the marc was then extracted with
methanol repeatedly 2 times. The filtrates were combined and evaporated to dryness to

yield methano! extract of each plant.

Volatile oils, water extracts and methanol extracts from the five fresh rhizomes
were subjected to preliminary assays for free radical scavenging activity (section 2.5}

and cytotoxic activity (section 2.6).

Results from the preliminary assays for free radical scavenging activity (section
3.1.1) and cytotoxic activity (section 3.1.2) of the methanol extracts, water extracts and
volatile oils from the fresh thizomes of 4. galanga, B. pandurata, C. longa, K. galanga
and Z. officinale gave evidences of the presence of active constituents in the volatile
oils of the five fresh rhizomes, the methanol extracts of A. galanga, C. longa, and Z.
officinale. Thus, separation of the active extracts were undertaken and the volatile oils

were subjected to chemical analysis (GC/MS).
2.3.4 Isolation of chemical constituents from Alpinia galanga

An aliquot (50 g) of the methanol extract of fresh 4. galanga rhizomes (AGM)
was suspended in chloroform:methanol (9:1) overnight. Then it was sonicated 10 min
and filtered by filter paper. It was repeatedly dissolved 3 times with 800 ml of
chloroform:methanol (9:1). The combined filtrates were evaporated to dryness under
reduced pressure to obtain 4 g of dark brown oily gum. Further separation was carried

out on a silica gel column chromatograghy using gradient of solvents
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chloroform:methanol (19:1, 9:1, 4:1) and finally being washed with methanol to afford
thirty-nine fractions (50 ml each). Fractions with the similar TLC chromatogram

characteristics were combined and evaporated to dryness under reduced pressure.

~ Fractions 9-12 were combined and obtained as green-yellow oil (0.666 g). |

Further separation by preparative TLC on silica gel plates using chloroform:methanol
(19:1) as a mobile phase afforded three bands. Further separation of the middle band
by preparative TLC on silica gel plates with chloroform:methanol (19:1) as a mobile

phase gave AGM1 (a pure component) as yellow oil (0.039 g).
2.3.5 Isolation of chemical constituents from Curcuma longa

An aliquot (30 g) of the methanol extract of fresh C. longa rhizomes (CLM)
was chromatographed over a silica gel column chromatography using gradient of
solvents chloroform:methanol (19:1, 9:1, 4:1) and finally being washed with methanol
to obtain seventy-five fractions (50 ml each). Fractions with the similar TLC
chromatogram characteristics were combined and evaporated to dryness under reduced

pressure to obtain fractions 1-20, 21-23, 24-27, 28-53, 54-74 and 75.

Fractions 1-20 were obtained as pale yellow oil (2.137 g). Chromatogram
characteristics on normal phase TLC with toluene:chloroform (2:1) indicated the
presence of CLMO1 as a pure component. Fractions 21-23 obtained only few

milligrams of residue, thus no further work have been carried out,

Fractions 24-27 were obtained as dark orange liquid (1.546 g) with orange
crystals (0.267 g, mixture CLMO02+CLM03). The total dark orange liquid was further
separated by silica gel column chromatography using gradient of solvents
chloroform:methanol (19:1, 9:1, 4:1) to obtain thirty-nine fractions (50 ml each).
Fractions with the similar TLC chromatogram characteristics were combined and
evaporated to dryness under reduced pressure to obtain fractions 13a-15a. Further
separation of fractions 13a-15a by preparative TLC on silica gel plates with

chloroform:methanol (19:1) as a mobile phase afforded four bands. The top band and
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the lowest band yielded CLMO02 as orange crystals (0.161 g) and CLMO03 as
reddish orange powder (0.167 g), respectively.

__Fractions 28-53 was obtained as dark brown liquid with dark orange crystals. |

Further separation by preparative TLC on silica gel plates with chloroform:methanol
(19:1) as a mobile phase afforded three bands. In the top band and the middle band
yielded CLMO02 (0.025 g) and CLMO03 (0.025 g), respectively.

The lowest band was obtained as dark orange liquid. It was further separated by
preparative TLC on silica gel plates with chloroform:methanol (19:1) as a mobile
phase to afford two bands. The lower band was separated by preparative TLC on
silica gel plates with ethyl acetate:chloroform:methanol (10:9.5:0.5) as a mobile phase
to afford CLMO06 as reddish orange powder (0.002 g).

2.3.6 Isolation of chemical constituents from Zingiber officinale

An aliquot (50 g) of the methanol extract of fresh Z. officinale rhizomes
(ZOM) was dissolved with methanol (10 ml) and mixed with silica gel to obtain dried
sandy sample for vacuum liquid chromatography. Mobile phases used in vacuum
liquid chromatography were chloroform:methanol (9:1, 4:1) and methanol,
respectively. Three fractions were obtained and evaporatéd to dryness under reduced

pressure.

Fraction 1 (chloroform:methanol; 9:1), upon chromatographic separation of
fraction 1 using preparative TLC on silica gel plates and hexane:ethyl acetate (3:1) as a
mobile phase, five bands were obtained (band1-5). Further separation of band 3 by
sephadex column chromatography eluting with methanol, sixteen fractions were
obtained.  Fractions with the similar TLC chromatogram characteristics were
combined and evaporated to dryness under reduced pressure to obtain fractions 8a-

10a and fraction 13a,
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Fractions 8a-10a were obtained as orange-yellow oil (0.131 g). Further
separation by preparative TLC on silica gel plates with hexane:ethyl acetate (5:Dasa

mobile phase gave ZOMO as yellow oil (0.042 ¢).

Flactlon13a, "“u-pon standing at room temperature, afforded yellow crystals
(0.032 g) which was designated to be ZOML. It gave violet colour by spraying with

anisaldehyde reagent,

Band 4 of Fraction 1 was obtained as brown liquid. Upon separation by
sephadex column chromatography eluting with methanol, fourteen fractions were
afforded. Fractions with the similar TLC chromatogram characteristics were combined
and evaporated to dryness under reduced pressure to afford fractions 7b-8b as pale
yellow oil (0.154 g). Further separation was carried out by preparative TLC on silica
gel plates with hexane:ethyl acetate (3:1) as a mobile phase to afford three bands. The

lowest band was obtained as yellow oil (0.078 g) which was designated to be ZOM3.

Attempts had been made on purification of Fraction 2 (chloroform:methanol;

4. l) and Fraction 3 (methanol) of ZOM but none of pure compounds were obtained.
2.4 Physical and Spectral Properties of the Isolated Compounds

AGMI1 (p-Coumaryl-9-methyl ether): Cioll;,0, (0.039 g); yellow oil; UV
(MeOH) Anax (log €) 264 (4.01) nm; IR (KBr disc) vmay 3350, 2920, 1610, 1520 cm™;
HR-FABMS m/z 164.0840 (calc. for CyoH;50, 164.0837); GC/MS (Electron
lonization) m/z (% relative intensity) 165 (M+H, 11), 164 (68), 163 (19), 137 (18), 131
(100), 121 (42), 115 (23), 103 (43), 91 (40), 77 (81). 'H (500 MHz: CDCl3) and 1°C
NMR (125 MHz; CDCl;) see Table 22; page 83

CLMO1 (ar-Turmerone): CysH0 (2.137 g} pale yellow oil; UV (MeOH) Apa
(log €) 238 (3.94) nm; IR (KBr disc) vua 3000, 1700, 1600 cm’l; GC/MS  (Electron
lonization) m/z (% relative intensity) 217 (M+H, 4), 216 (23), 201 (14), 132 (17), 119
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(59), 83 (100), 55 (25); (a]o +64.3° (c 0.7, CHCls); 'H (500 MHz; CDCls) and *C
NMR (125 MHz; CDCl;) see Table 23; page 86

CLMO02 (Curcumin): CyHyOg (0.186 g); orange crystals; UV (MeOH) Apax— L

(log 8) 236 (4.93), 424 (4.75) nm; IR (KBr disc) v 3500, 1630, 1510, 1430 cm™
FAB-MS (low resolution) m/z (% relative intensity) 369 (M+H, 96), 350 (6), 285 (6),
219 (17), 177 (57), 137 (25), 133 (100); "H (500 MHz; CDCl3) and *C NMR (125
MHz; CDCl3) see Table 24; page 89

CLMO03 (Demethoxycurcumin); CzH;s05 (0.192 g); reddish orange powder;
UV (MeOH) Anax (log &) 240 (4.31), 420 (4.77) nm; IR (KBr disc) vmax 3450, 1650,
1600, 1500 cm™'; FAB-MS (low resolution) m/z (% relative intensity) 339 (M-+H, 25),
316 (5), 277 (13), 224 (21), 185 (100), 147 (10), 132 (21), 93 (85), 75 (18); 'H (500
MHz; CDCl3) and '*C NMR (125 MHz; CDCls) see Table 25; page 92

CLMO06 (Bisdemethoxycurcumin); Cot;604 (0.002 g); reddish orange powder;
UV (MeOH) Anmax (log &) 246 (4.06), 414 (4.57) nm; IR (KBr disc) vy 3500-3200
(broad) and 1600 cm™'; FAB-MS (low resolution) m/z (% relative intensity) 309 (M+H,
63), 271 (8), 225 (16), 223 (61), 167 (86), 147 (100), 107(55); "H (500 MHz; DMSO-
dgy and °C NMR (125 MHz; DMSO-dy) see Table 26; page 94

ZOMO (6-Shogaol): Ci7H30; (0.042 g); yellow oil; UV (MeOH) Amax (log €)
226 (4.28) nm; IR (KBr disc) vuax 3400, 2960, 1700, 1500 cm’'; FAB-MS (low
resolution) m/z (% relative intensity) 277 (M+H, 29), 276 (35), 271 (3), 205 (5), 151
(7), 138 (10), 137(100); 'H (500 MHz; CDCls) and '*C NMR (125 MHz; CDCl3) see
Table 27; page 97

ZOMI1 (6-Dehydrogingerdione also known as 1-Dehydrogingerdione):
Ci7H2204 (0.032 g); yellow crystals; UV (MeOH) Apax (log €) 370 (4.29) nm; IR (KBr
disc) vmax 3350, 2960, 1600, 1500 cm"; FAB-MS (low resolution) m/z (% relative
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intensity) 291 (M+H, 80), 289 (6), 276 (4), 219 (14), 191 (18), 177 (83), 137(100); 'H
(500 MHz; CDCI5) and 3C NMR (125 MHz; CDCl3) see Table 28: page 100

__ ZOM3 (6 Gmgerol) Cy7H3604 (0.078 g); yel[ow oil; UV (MeOH) Amax(log €)oo ]

282 (3 49) nm; IR (KBr disc) v 3450, 2960, 1700, 1550 cm™; FAB-MS (low
resolution) m/z (% relative intensity) 295 (M+H, 5), 294 (25), 277 (4), 179 (7), 151
(11), 137 (100); [a]p +29.3° (¢ 0.478, CHCLy); 'H (500 MHz; CDCl5) and '*C NMR
(125 MHz; CDCl3) see Table 29; page 103

2.5 Assay for Free Radical Scavenging Activity

The antioxidative activity of these rhizomes was evaluated by DPPH radical

scavenging assay which was originally described by Blois (1958).

DPPH (1,1-diphenyl-2-picrylhydrazyl) is considered as a stable radical because
of the paramagnetism confered by its odd electron (delocalization of the spare electron
over the molecule as a whole). The solution (in absolute ethanol) appears as a deep
violet colour and shows. a strong absorption band at 520 nm. DPPH radical can
accept an electron or hydrogen radical to become a stable diamagnetic molecule and
has pale violet. If substance for testing antioxidative activity is mixed with DPPH
solution and gives rise to pale violet, it suggests that this substance has antioxidative
effect by mechanism of free radical scavenging activity. The following assay
procedure was modified from those described by Blois (1958) and Yamasaki, et al.
(1994),

1. Dissolved samples for testing in absolute ethanol (for volatile oils), distilled
water (for water extracts) and methanol (for methanol extracts).

2. Diluted each sample for at least 5 concentrations (two-fold dilutions), Each
concentration was tested in triplicate.

3. Prepared 6x10”° M of DPPH in absolute ethanol.

4. Pipeted 500 pl of sample solution into an eppendorf tube. Each concentration

was tested in triplicate,
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o

5. Pipeted 500 ul of DPPH solution to mix with sample solution.
6. Shaked and left at room temperature for 20 min.
7. Measured absorbance at 520 nm by comparing with blank solution of each
concentration (sample solution 500 1 + absolute ethanol 560 pui).
8. Prepared standard solution and control in each experiment as follows:
-Control ethanol: 500 pl of absolute ethanol + 500 pl of 6x10° M of
DPPH in absolute ethanol; blank: 1,000 pl of absolute ethanol.
-Control methanol: 500 1 of methanol + 500 pl of 6x10° M of DPPH in
absolute ethanol; blank: 500 pl of methanol + 500 pl of absolute ethanol.
-Control water: 500 pl of distilled water + 500 pl of 6x10° M of DPPH
in absolute ethanol; blank: 500 pl of distilled water + 500 pt of absolute ethanol.

9. Calculation of % inhibition.

% inhibition = OD control-OD sample x 100
OD control

10. Plotted dose-response curve between % inhibition and concentrations.

11. Linear regression analysis was carried out for calculating the effective
concentration of sample required to scavenge DPPH radical by 50 % (ECsg value).

12. In each experiment BHT (butylated hydroxytoluene, a well known

synthetic antioxidant) and caffeic acid were tested as positive standards.
2.6 Assay for Cytotoxic Activity

Volatile oils, methanol extracts, water extracts from the five fresh rhizomes and
the isolated compounds were assessed for cytotoxic activity by the Sulphorhodamine B
(SRB) assay (Skehan, er af., 1990). SRB is a pink aminoxanthene dye. It is an anionic
protein stain containing two sulphonic grdups that bind electrostatically to basic amino
acid residues of cellular protein under mildly acidic conditions. The bound dye can be
quantitatively extracted from cells and solubilized for spectrophotometry by weak

bases (Skehan, er al., 1990). This colorimetric assay therefore can be used to estimate
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cell number indirectly (for cell monolayer) by providing a sensitive index of total

cellular protein content which is linear to cell density.
2.6.1 Human tumour cell lines

The human colon adenocarcinoma cell line LS174T was obtained from King’s
College London, University of London and the human breast adenocarcinoma cell line
MCF7 was obtained from The National Cancer Institute, Bangkok, Thailand. The cells
were cultured in Minimum Essestial Media (MEM) with Earle’s salt, supplemented
with 10 % heat-inactivated newborn calf serum, 2 mM L-glutamine, 50 [U/ml
penicillin G sodium, 50 pg/ml streptomycin sulphate and 0.125 pg/ml amphotericin B.

The cell were maintained at 37 °C in a 5 % CQ; atmosphere with 95 % humidity.
2.6.2 Testing procedure

Accoring to growth profile, the optimal plating density of the cell line MCF7
and L.S174T were determined to be 2,000 ana 1,000 éells/well, respectively to ensure
the exponential growth throughout the experimental period and to ensure a linear
relationship between absorbance at 492 nm and cell number when analysed by SRB
assay {Skehan, er al, 1990). Cells growing as monolayer in a 25 cm® flask were
washed with phosphate buffered saline (PBS) pH 7.4 and trypsinized with 0.1 %
trypsin-EDTA to make a single-cell suspension. The viable cells were counted by
trypan blue exclusion in a haemocytometer (Freshney, 1994) and diluted with the
medium to give a final concentration of 2x10* celis/ml for cell line MCF7 (2,000
cells/well) and 1x10* cells/mi for cell line LS174T (1,000 cells/well), respectively. 100
pi/well of these cell suspensions were seeded in 96-well microtiter plates and
incubated at 37 °C to allow for cell attachment. After 24 hr the cells were treated with
the extracts or pure compounds. Each sample was initially dissolved in DMSO for the
methanol extracts, or sterile distilled water for the water extracts and vinblastine
sulphate, or absolute ethanol for the volatile oil and isolated compounds. They were
further diluted in the culture medium to produce the required concentrations.

Vinblastine sulphate (anticancer drug, Sigma, MW 909.1) and berberine were used as
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positive controls. 100 pl per well of each concentration was added to the plates in 6
replicates. The final mixture used for treating the cells contained not more than 0.5 %

of the solvent, the same as in solvent control wells. The 96-well microtiter plates were

incubated for the exposure time of 72 hr. At the end of exposure time, the medium was

removed. Tﬁen .200 pl of fresh mediﬁm was added to each well. The plates were
further incubated for 72 hr. On the seventh day of culture period, cells were fixed by
100 pl of ice-cold 40 % trichloroacetic acid (TCA) per well, left in the refrigerator at 4
°C for 1 hr and washed 5 times with tap water. Non viable cells were washed and
viable cells were fixed as monolayer in each well. 50 ul of SRB solution (0.4 % w/v in
1 % acetic acid) was added to each well and left in contact with the cells for 30 min.
The plates were washed 5 times with 1 % acetic acid and dried overnight. On the day
of reading plates, bound dye was dissloved with 100 pl of 10 mM Tris base (Tris
[hydroxymethyl] aminomethane), shaked on a gyratory shaker 20 min. The absorbance
(OD) of each well was read on a plate reader at 492 nm. The intensity of the colour
formed in the wells is an indication of the viable cell number, Cell survival was
measured as the percentage absorbance compared to the control (non-treated cells).
The 1Csq values (concentrations réquired to inhibit cell growth by 50 %) were
calculated from the dose-response curves obtained by plotting the percentage of
survival versus the concentrations. Based on probit analysis (Finney, 1971), computer

program was used to determine the ICsq values.




CHAPTER 3

3.1 Screening of Biological Activity of Crude Extracts and Volatile Oils

The methanol extracts, water extracts and volatile oils of the fresh rhizomes of 4.
galanga, B. pandurata, C. longa, K. galanga and Z. officinale were prepared as described
in section 2.3. Yields and characteristics of the extracts and volatile oils were shown in
Table 11. Each volatile oil has characteristic aroma with the yield of about 0.1w/w (fresh
weight). The water extracts were obtained as gummy residues with mild odour while the

methanol extracts were obtained as oily gums with strong odour.

03
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Table I1 Yields and characteristics of the extracts and volatile oils from the fresh rhizomes

of A. galanga, B. pandurata, C. longa, K. galanga and Z, officinale

Fresh Weight | Extracts/volatile oils Physical Weight | % Yield
rhizomes (kg) appearance (g) (wiw)
water extract (AGW) yellowish brown | 44,2 4.4
A. galanga 1 gum
volatile oil (AGYV) yellow oil 0.7 0.1
2.2 methanol extract (AGM) | black oily gum | 113.0 | 5.1
water extract (BPW) black gum 24.9 2.5
B. pandurata ! volatile oil (BPV) pale yellow oil | 0.9 0.1
3.6 methanol extract (BPM) | dark brown oily | 59.8 1.7
gum
water extract (CLW) black gum 18.0 1.8
C. longa ! volatile oil (CLV) pale yellow oil | 0.6 0.1
1.6 methanol extract (CLM) blaciish orange 67.2 4.2
oily gum
water extract (KGW) black gum 12,7 1.3
K. galanga ! volatile oil (KGV) pale yellow oil | 0.7 0.1
31 methanol extract (KGM) | black oily gum | 61.1 2.0
water extract (ZOW) blackish brown | 19.2 1.9
. 1 gum
£ officinale volatile ol (ZOV) dark yellow oil 0.7 | 0.1
4.4 methanol extract (ZOM) | black oily gum | 115.1 126
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3.1.1  Free radical scavenging activity

. The antioxidative activity of the methanol extracts, water exiracts.and. volatile oils of
the ﬁve plants was evaluated by DPPH radical scavenging assay as described in section

2.5, The results were shown in Table 12.
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Table 12 Percent inhibition of the extracts and volatile oils of the fresh rhizomes of 4.

galanga, B. pandurata, C. longa, K. galanga and 7, officinale tested by DPPH

. radical scavenging assay (screening) at the final .concentration- of 100 TN F—

Fresh rhizomes Extracts/volatile oils % Inhibition+SD
water extract (AGW) 18.741.7 (n=3)
A. galanga volatile oil (AGV) 2.7+1.3 (n=3)
methanol extract (AGM) 92.5+1.3 (n=3)
water extract (BPW) 11.3+1.6 (n=3)
B. pandurata volatile oil (BPV) §.4+1.2 (n=3)
methanol extract (BPM) 47.443.5 (n=3)
water extract (CLW) 49.24+0.0 (n=3)
C. longa volatile oil (CLV) 6.5+1.1 (n=3)
methano] extract (CLM) 91.6£0.2 (n=3)
water extract (KGW) 33.54+0.6 (n=3)
K. galanga volatile oil (KGV) 2.2+1.8 (n=3)
methanol extract (KGM) 34.0+3.8 (n=3)
water extract (ZOW) 61.5+0.4 (n=3)
Z. officinale volatile oil (ZOV) 4.140.8 (n=3)
methanol extract (ZOM) 86.640.0 (n=3)

n = number of samples tested (triplicate)

The results depicted in Table 12 revealed that the methanol extracts of the fresh
rhizomes of A. galanga, C. longa and Z, officinale possessed strong antioxidative activity
against DPPH radical with % inhibition in the range of 86.6-92.5 %. On the contrary, the

five volatile oils of the fresh rhizomes showed very weak activity (% inhibition less than 7
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%). It is notable that in each rhizome the methanol extract was more active than the

corresponding water extract and volatile oil. Subsequently, the methanol extracts of

A galanga (AGM), C. longa (CLM) and Z. officinale (ZOM) were further evaluated for |

ECsq values by DPPH radical scavenging assay as shown in Table 13.

Table 13 ECsp values of the methanol extracts of 4. galanga (AGM), C. longa (CLM)
and Z. officinale (ZOM) against DPPH radical.

Methanol extracts® ECs (pg/ml) (mean+SD)
AGM 57.0+3.7 (n=6)

CLM 9.74+0.3 (n=6)

ZOM 35.6+1.0 (n=6)

BHT (positive standard) 8.2+0.2 (n=6)

Caffeic acid (positive standard) 0.9+0.95 (n=6)

BHT = Butylated hydroxytoluene
*See the isolation procedure

n = number of samples tested (6 replicates)

The results of antioxidative activity using the DPPH assay of the methanol extracts
of the three fresh rhizomes exhibited that the methanol extract of C. longa (CLM) was the

most active extract with an ECsqg value of 9.7 png/ml.
3.1.2 Cytotoxic activity
The cytotoxic activity of the five rhizomes was evaluated by the Sulphorhodamine B

(SRB) assay. The results of cytotoxic activity of the extracts and volatile oils (screening)

were shown in Tables 14 and 15.
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Table 14 Percent survival of LS174T tested with the extracts and volatile oils of the fresh
thizomes of A. galanga, B, pandurata, C. longa, K. galanga and 7. officinale by

....SRB assay (screening) at final concentration--of -100- ]

Fresh rhizomes Extracts/volatile oils Y Survival+SD
walter extract (AGW) 51.5+19.0 (n=6)
A. galanga volatile oil (AGV) 7.5+1.6 (n=6)
methanol extract (AGM) 45.6+10.9 (n=6)
water extract (BPW) 92.6+14.3 (n=0)
B. pandurata volatile oil (BPV) 0.6+0.7 (n=6)
methanol extract (BPM) 20.6+7.7 (n=6)
water extract (CLW) 97.2+18.9 (n=6)
C. longa volatile oil {CLV) 0.9+0.7 (n=6)
methanol extract (CLM) 0.0+0.0 (n=6)
water extract (KGW) 52.41+13.2 (n=6)
K. galanga volatile oil (KGV) 0.94+0.6 (n=6)
methanol extract (KGM) 88.4+3.8 (n=6)
water extract (ZOW) 97.2+29.2 (n=6)
Z. officinale volatile oil (ZOV) 0.4+0.3 (n=6)
methanol extract (ZOM) 12.0+6.3 (n=6)

n = number of samples tested (6 replicates)
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Table 15 Percent survival of MCF7 tested with the extracts and volatile oils of the fresh
rhizomes of 4. galanga, B. pandurata, C. longa, K. galanga and Z. officinale

_...by SRB assay (screening) at final concentration of- 100-pg/ml-— e e

Fresh rhizomes Extracts/volatile oils % Survival+SD

water extract (AGW) 59.8+7.3 (n=6) -
A. galanga volatile oil (AGV) 4.8+0.6 (n=6)
methanol extract (AGM) 95.2411.6 (n=6)
water extract (BPW) 79.416.0 (n=6)
B. pandurata volatile oil (BPV) 5.24+0.5 (n=6)
methanol extract (BPM) ‘ 89.9+2.4 (n=6)
water extract (CLLW) 66.4+7.1 (n=6)
C. longa volatile oil (CLV) 5.2+0.9 (n=6)
methanol extract (CLM) 1.3+0.4 (n=6)
water extract (KG'W) 76.6+14.7 (n=6)
K. galanga volatile oil (KGV) 4.3+0.9 (n=6)
methanol extract (KGM) 73.042.3 (n=6)
water extract (ZOW) 94.3+11.7 (n=6)
Z. officinale volatile oil (ZOV) 2.3+0.6 (n=6)
methanol extract (ZOM) 41.0+7.3 (n=6)

n = number of samples tested (6 replicates)

In Tables 14 and 15, the five volatile oils were found to be active against the cell
lines LS174T and MCF7, which showed percent survival in the range of 0.4-7.5 %. The
methanol extract of C. longa showed pronounced cytotoxic activity against the two cell

lines with percent survival in the range of 0-1.3 % at the final concentration of 100 ug/ml.
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On the other hand, the methanol extract of Z officinale exhibited moderate cytotoxic

activity with percent survival in the range of 12.0-41.0 %. In contrast, the water exfracts

_of the five plants exhibited slight cytotoxic activity (% survival more than 50 %)onboth. |

cell lines at 100 pg/ml. It is interesting to note that the volatile oils and methanol extracts

of the five plants showed tendency to be more cytotoxic against LS174T rather than

MCEF7.

So, the methanol extracts of C. longa (CLM), Z. officinale (ZOM) and the five

volatile oils of fresh rhizomes were evaluated for ICsp values by Sulphorhodamine B

(SRB) assay as shown in Table 16.

Table 16 ICso values of the active methanol extracts and volatile oils tested against
LS174T and MCF7 (imeantSEM) by Sulphorhodamine B (SRB) assay

Extractsfvolatile oils®

ICsy against LS174T

(ug/mD)® (mean+SEM)

ICsg against MCEF7

(pg/ml)® (mean+SEM)

AGV
BPV

CLV
KGY
ov
CLM
oM

Berberine

Vinblastine sulphate (nh)

47.8+6.0 (N =2)
12.0£1.6 (N=2)
20.3+1.4 (N =2)
15.9+1.1 (N =2)
15.940.7 (N =2)
6.4+1.6 (N =2)
80.0+13.3 (N =3)
0.8+0.0 (N =2)

0.011:£0.004 (N =2)

30.5:46.8 (N =2)
31.745.4 (N =2)
20,9+0.0 (N =2)
15.4+4.4 (N =2)
14.2+1.9 (N =2)
14.242.1 (N =2)
75.0+10.5 (N =3)
0.6+0.0 (N =2)

0.008+0,004 (N=2)

® See the isolation procedure

® Assays for cytotoxic activities were performed in 6 replicates

N = number of independent experiments
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The results of cytotoxic activity in Table 16 revealed that the methanol extract of

C. longa was the most active extract against LS174T and MCF7 with 1Csq values of 6.4

_and 14.2 pg/ml, respectively.

| The above results indicated that the five volatile oils were active against LS174T and
MCF7 with ICso values in the range of 12,0-47.8 pg/ml but lacked of antioxidative activity.
The methanol extracts of the five rhizomes were more active against DPPH radical than
their corresponding water extracts. In the antioxidative assay against DPPH radical at final
concentration of 100 pg/ml, the methanol extracts of 4. galanga, C. longa and Z. officinale
exhibited strong antioxidative activity. Their ECsq values \;Jere less than 100 pg/ml of
which the methanol extract of C. longa was the most active extract with an ECsg value of
9.7 ug/ml. In the cytotoxic activity assay against .S 174T and MCF7, the methanol extract
of C. longa possessed ICso value less than 20 pg/m! (ICso against LS174T was 6.4 pg/ml
and that against MCF7 was 14.2 pg/ml). The criteria of cytotoxic activity for the crude
exfracts, as established by the American National Cancer Institute (NCI), is an ICsy

value of less than 20 pg/ml in the preliminary assay (Suffness and Pezzuto, 1991),

It is evident that the methanol extracts of 4. galanga, C. longa and Z. officinale were
of interest for further isolation for pure components (sections 2.3.4, 2.3.5 and 2.3.6) and
volatile oils of the five rhizomes, which showed cytotoxic activity, were further analysed
to determine chemical constituents by Gas chromatography/Mass spectrometry (section
3.2.1). |
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3.2 Analysis of Chemical Composition of the Volatile Oils and Structure

Determination of the Isolated Compounds

3.2.1 Characterization of component of the volatile oils

The cleaned fresh rhizomes of 4. galanga, B. pandurata, C. longa, K. galanga and Z.
officinale were prepared for volatile oils (section 2.3.1). Chemical constituents of these
volatile oils were analysed by Gas chromatography/Mass spectrometry with a Hewlett-
Packard HP 5890 series I plus GC-HP 5972 Mass Selective Detector. Chemical
constituents of the volatile oils from 4. galanga, B, pandurata, C. longa, K. galanga and

Z. officinale were shown in Tables 17, 18, 19, 20 and 21, respectively.
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Table 17 Chemical constituents of the volatile oil from dlpinia galanga (GC/MS analysis)

Molecalar ~ |

~Retention — - %-Area — — - -Compound ~ "~ Molecilir —

time (min) weight formula

3.53 Minor compound  Unable to be identified - -

3.73 11.59 Terpinene-4-ol 154.14 CioH130

3.88 5.54 1-0~Terpineol 154.14 CioHi30

4.74 6.91 4-Allylphenol 134.07 CoH,00

6.06 11.44 4-Allylphenyl acetate 176.08 Ci1H;204

6.16 5847 trans-3-Acetoxy-1,8- 212.00 Ci2H2003
cineole

7.01 Minor compound frans-Methyl 178.10 CiiH 140,
isoeugenol

7.57 6.05 Unable to be identified - -

8.09 Minor compound a-Humulene 204.19 CysHag

8.58 Minor compound ~ Unable to be identified - -

9.05 Minor compound  Unable to be identified - -

9.66 Minor compound Unable to be identified - -

11.00 Minor compound  Unable to be identified - -
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Table 18 Chemical constituents of the volatile oil from Boesenbergia pandurata

(GC/MS analysis)
Retention % Area Compound Molecular Molecular
time (min) weight formula
3.19 81.43 Camphor 152.12 CioH;60
4,85 5.99 Geraniol 154.14 CioH;50
4,95 5.37 Geranial (E-Citral) 152.12 CiogH ;6O
6.57 7.21 Methyl cinnamate 162.07 CioH 160,
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Table 19 Chemical constituents of the volatile oil from Curcuma longa (GC/MS analysis)

- Retention - — % Area— - Compound - — - Molecular — Molecular- |
time {min) weight formula
3.70 2.07 4-Terpineol 154.14 CioH150
3.85 2.11 1-Methyl-4-(2-propanol-2-  154.14 CioHy50

yl)-cyclohexene

4.48 5.20 Unable to be identified - -

5.15 1.00 Unable to be identified - -

5.57 0.92 Unable to be identified - -

5.65 1.24 Unable to be identified - -

8.52 1.98 ar-Curcumene 202.17 CisHa
9.21 1.48 B-Sesquiphellandrene 204.19 CisHaq
9.88 2.66 Unable to be identified - -

10.17 1.06 Unable to be identified - -

10.77 1.95 Unable to be identified - -

11,13 38.00 ar-Turmerone 216.17 CysHa00
11,23 7.41 o-Turmerone 218.17 CisHpO
11.69 11.43 B-Turmerone 218.17 CisHnO
12,54 1.43 Unable to be identified - -

12,96 1.43 Unable to be identified - -

13.65 4.79 Unable to be identified - -

13.79 4.36 Unable to be identified - -

13.85 2.12 Unable to be identified - -

14.03 [.53 Unable to be identified - -

14,73 5.24 Unable to be identified - -

[5.38 0.62 Unable to be identified - -
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Table 20 Chemical constituents of the volatile oil from Kaempferia galanga (GC/MS analysis)

Molesular 1

.. Retention-time % Area - Compound—  ~— Moleeular
(min) weight formula
3.29 0.66 Unable to be identified - -

343 2,31 Unable to be identified - -

3.55 7.58 {-Borneol 154.14 CioH;50
3.67 1.11 p-Cymen-8-ol 150,10 CioH 140
3.72 1.95 Terpinene-4-ol 154,14 CigH;50
3.87 1.23 B-Fenchyl alcohol 154.14 CioHy30
3.97 0.69 Unable to be identified - -

4,20 0.87 Unable to be identified - -

4.55 0.86 Unable to be identified - -

8.09 61.81 Ethy! cinnamate 176.08 CinH 20,
a,16 2.60 Pentadecane 212,25 CisHsz
12.33 18.33 3-(4-Methoxyphenyl)-2-  206.09 Ci12H 1405

propenoic acid ethyl ester
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Table 21 Chemical constituents of the volatile oil from Zingiber officinale (GC/MS analysis)

- Retentiontime % AreaCompound— -~ Moleculdr Moleeular — |
(min) weight formula
3.35 1.87 Citronellal 154.14 CioH 30
3.53 4.26 {-Botneol 154.14 CioH ;30
J.62 3.18 Cryptone ‘ 138.10 CoH 140
3.87 2.82 1-o-Terpineol 154.14 CioH 50
4,54 26.59 Neral (Z-Citral) 152.12 CioHi160
4,97 33.02 Geranial (E-Citral) 152.12 CioH;60
5.44 1.99 2-Undecanone 170.17 Ci;HnO
5.83 5.17 Unable to be identified - -

6.39 6.87 Unable to be identified - -
6.73 8.32 Unable to be identified - -
8.08 1.52 Unable to be identified - -
8.54 3.07 ar-Curcumene 202.17 Ci5Ha,

10.56 1.34 Unable to be identified - -
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Chemical compositions of the volatile oils, analyzed by GC/MS technique, were

shown in Tables 17-21. Volatile oil of A. galanga (AGV) was composed of at least 13

_compounds having fraris-3-acctoxy-1,8-cineole (% area 58.47) and terpinene-d-ol (%.area .- ...

11.59) as major components. This was partly similar to the previous data reported by De
Pooter, ef al. (1985) of which a-pinene, 1,8-cineole, bornyl acetate, geranyl acetate, -
bergamotene, frans-B-farnesene and B-bisabolene were identified as major compounds of
the volatile oil of 4. galanga. The oil of B. pandurata (BPV) contained at least 4
compounds including camphor (% area 81.43) and methyl cinnamate (% area 7.21) which
were the main constituents. This was in accordance with the result reported by Jantan,
et al. (2001) of whiéh the major constituents of the rhizome oil of B, pandurata were
detected as camphor (16.1-32.1 %), geraniol (16.2-26.0 %), (E)-B-ocimene (19.0-23.7 %),
1,8-cineole (7.5-13.9 %), camphene (5.4-6.0 %) and methyl cinnamate (2.2-5.8 %). The
oil of C. longa (CLV) was composed of at least 22 compounds, characterized by high
proportion of ar-turmerone (% area 38.00) and B-turmerone (% area 11.43). Analysis of
the oil of K. galanga (KGV) revealed the existence of at least 12 compounds, in which the
main constituents were identified as ethyl cinnamate (% area 61.81) and 3-(4-
methoxyphenyl)-2-propenoic acid ethyl ester (% area 18.33). The volatile oil of Z
officinale (ZOV) were composed of at least 13 compounds with geranial (% area 33.02)
and neral (% area 26.59) being main compounds. It is notable that volatile oils of the five
spices were mainly composed of monoterpenes, sesquiterpenes and phenylpropanoids.
The major component in the volatile oil from C. longa rhizomes was identified as ar-
turmerone which was in good agreement with the previous reports (Gopalan, et af., 2000;
Negi, ef al., 1999; Martins, et al., 2001). The volatile oil from the fresh rhizome of Z.
officinale was characterized by presence of acyclic oxygenated monoterpenes mainly
composed of geranial (E-citral) and neral (Z-citral), which was in accordance with the
result reported by Sakamura (1987). These major and minor compounds in the volatile
oils could be responsible for the observed cytotoxic activity of the volatile oils. For
example, growth of V-79 cells (lung fibroblasts of Chinese hamster) was completely
inhibited on treatment with camphor at 0.3 % for 24-48 hr (Toshihiko, 1987). A
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sesquiterpene B-sesquiphellandrene, one of the minor compounds detected in CLV, was

reported to be cytotoxic against mouse lymphocytic leukaemia cells L1210 (Ahn and Lee,

_ 1989). Citral, one of the major compounds of ZOV, was found to be cytotoxic against - |

P388 mouse leukaemia cells (Dubey, Takeya and Itokawa, 1997). Geraniol (at 400 pM),
one of the minor compounds of BPV, inhibited the growth of Caco-2 (human colon cancer
cells) by 70 % (Carnesecchi, ef al., 2001). These studies gave support to the pronounced
cytotoxic activity against tumour cells of the five volatile oils observed in the present
work, It is obvious that the volatile oils are accounted for one of the cytotoxic constituents

against tumour cells of the five rhizomes, which is of interest for medicinal purposes.
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Figure 6 Structures of some major compounds detected in the volatile oils of 4. galanga,

B. pandurata, C. longa, K. galanga and Z. officinale.
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3.2.2  Structure elucidation of the isolated compounds

Results from the preliminary assays for free radical scavenging activity in

section 2.5 and eytotoxic activity in section 2.6 of the methanol extracts, water extracts |

andvolatlle mo"ils df the fresh rhizomes of A. galanga, B. pandurata, C. longa, K.
galanga and Z. officinale were shown in section 3.1. They gave evidences of the
presence of active constituents in the volatile oils of the five fresh rhizomes and the
methanol exiracts of A. galanga, C. longa, and Z. officinale. Thus, a separation of the

active extracts was carried out as shown in section 2.3 to give the pure compounds as

follows:

AGMI from the methanol extract of the fresh rhizome of 4. galanga
CLMO1 from the methanol extract of the fresh rhizome of C. longa
CLMO2 from the methanol extract of the fresh rhizome of C. longa
CLMO3 from the methanol extract of the fresh rhizome of C. longa
CLMU06 from the methanol extract of the fresh rhizome of C, longa
ZOMO from the methanol extract of the fresh rhizome of Z officinale
ZOMI from the methanol extract of the fresh rhizome of Z officinale
ZOM3  from the methanol extract of the fresh rhizome of Z. officinale

3.2.2.1 AGM1

AGMI1 was obtained as yellow oil. Its UV spectrum showed maximum
absorption at 264 nm. The IR spectrum (KBr disc) showed the presence of hydroxyl
function at 3350, C-H stretching at 2920 and olefinic carbon stretching at 1610 and
1520 em™.

The molecular formula of AGM1 was proposed to be CioHy:0; (MW = 164,
D.B.E. = 5) as deduced from EIMS spectrum. The *C NMR (125 MHz, CDClIs)
revealed 10 carbons, 8 of which corresponded with 11 protons as observed from
HMQC spectrum. This corresponded well with the observed molecular mass from
HR-FABMS at m/z 164.0840. In the 'H NMR spectrum of AGMI (500 MHz; CDCl;),
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the 3-H singlet signal of a methoxyl group was detected at § 3.41 and 2 aromatic spin
systems (integrated two protons each) were observed. They are in ortho position of

benzene ring (6 6.78, d, J = 9.0 Hz, H-3, H-5 and § 7.25, d, J = 9.0 Hz, H-2, H-6).

__This suggested that the benzene ring had substituted_groups. in para. position. The..... .|

upfield shift of proton signal at § 6.78 (6¢ 115.6) was due to the shielding effect of the
hydroxy!l group at C-4. The existence of OH function was confirmed with the IR
absorption band at 3350 cm™, The two quaternary carbons at & 129.3 and 155.8 were
attributed to C-1 and C-4 respectively, based on hydroxyl substitution at C-4. Two
proton signals were observed at 8§ 6.55 (br.d, /= 16.0 Hz) and 6 6.13 (dt, J= 16.0, 6.0
Hz), which were characteristic of two frans olefinic protons and subsequently assigned
for H-7 and H-8, respectively. Their corresponding carbons C-7 and C-8 were

respectively observed at 6 132.8 and 123.1 in the HMQC spectrum.

Chemical shifts of the remaining H-bonded carbons were allocated by HMQC
experiment as shown in Table 22. The position of methoxy! group was allocated by
analysis of nuclear Overhauser effect (nOe) difference spectra. Upon irradiation of the
signal at 8 3.41 (methoxyl group) resulted in strong enhancement to signal at & 4.10
(H-9), indicating that these methylene protons (~-CHa-) were adjacent to the methoxyl
group. In addition, H-8 and H-9 showed vicinal (3-bond) coupling with coupling -
constant of 6.0 Hz, suggesting the presence of a propenoid side chain (C-7, C-8 and C-
9.

These spectral features suggested that AGM1 was a derivative of coumaric
acid, which has been modified through reduction and methylation in shikimate
pathway in plant, Thus, AGM]1 was characterized as a phenylpropanoid and named to
be p-coumaryl-9-methyl ether. Some phenylpropanoids, e.g. p-coumaryl alcohol, p-
coumraric acid and cinnamic acid were isolated from the rhizome of A. galanga
(Matsuda ef al., 2003) but this compound has not previously been reported from A.
galanga. This is the first report of naturally occurring p-coumaryl-9-methyl ether with

complete 'H and *C NMR assignments,
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p-Coumaryl-9-methyl ether (AGM1)

Table 22 NMR spectral data (500 MHz for 'H and 125 MHz for C) of AGM 1°

Position 8y (mult., J in Hz)" d¢

1 - 129.3
2,6 7.25(d, 9.0, 2H) 127.9
3,5 6.78 (d, 9.0, 2H) 115.6
4 - 155.8
7 6.55 (br.d, 16.0) ' 132.8
8 6.13 (dt, 16.0, 6.0) 123.1
9 4,10 (dd, 6.0, 1.5, 2H) 1734
OMe 3.41 (s, 3H) - 57.8

Note; *In CDCly-

°If not indicated, the integration of each proton signal is equal to 1 proton.
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3.2.2.2 CEMO01

Phytochemical investigation of the methanol extract of C. longa led to the

__isolation of pure compound CLMOI as pale yellow oil. The EI mass spectrum of |

CLMOI showed a protonated molecular ion peak at m/z 217 consistent with the
molecular formula CysH300 (MW = 216, D.B.E. = 6). The IR spectrum (KBr disc) of
CLMO1 showed C-H stretching at 3000, carbonyl stretching at 1700 and doubie bond
stretching at 1600 cm™. CLMO!1 showed UV absotption at 238 nm and specific optical
rotation of +64.3° (¢ 0.7, CHCl;).

The 'H and 3C NMR, 'H-'H COSY, HMQC and HIMBC spectra of CLMOI1
showed the existence of one benzene ring, one olefinic function, four methy! groups,
one methylene group and four quaternary carbons (including a carbonyl function).
Chemical shifts of all protonated carbons were assigned by HMQC experiment. The
quaternary carbon at 8 199.9 was attributed to a carbonyl function, which showed two-
bond cross peaks with protons at 6 2.60 (H-8a), 3 2.70 (H-8b) and & 6.02 (H-10) in the
HMBC spectrum. This resulted in the assignments of carbon signals at § 52.6 and
124.0 to be C-8 and C-10, respectively, according to the HMQC correlation with their
corresponding proton signals. Having allocated the chemical shift of olefinic carbon
(C-10) at & 124.0, the two methyl functions at & 1.85 (3H, d, 1.3 Hz) and § 2.10 (3H, d,
1.3 Hz), which showed 3-bond correlation with C-10 in the HMBC spectrum, were
assigned to be 12-CHz and 13-CHj, respectively. The downfield shift of 13-CHs,
comparing with 12-CHj3, was due to deshielding effect of the carbonyl function, The
quaternary carbon at 8 155.2 was attributed to C-11 due to the correlation with the two
methyl functions at & 1.85 and § 2.10 in the HMBC spectrum. The methine carbon at
8 35.2 (8y 3.28) was attributed to C-6 according to two-bond correlation with H-8a and
H-8b in the HMBC spectrum. - The methyl function at & 1.23 (3H, d, 7.1 Hz), which
showed cross peaks with C-6 (§ 35.2) and C-8 (8 52.6) in the HMBC spectrum, was
therefore assigned to be 7-CHj;. Furthermore, H-6 (8 3.28) also showed cross peaks

with quaternary carbon at § 143.6 and protonated carbon at & 126.6 leading to
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assignments of these two signals as C-5 and C-4/C-4’ (equivalent carbons),

respectively.

' The correlation of H-4/H-4" (8 7.09) with protonated carbon signal at § 129.0and

quaternary carbon at § 135.5 in the HMBC spectrum resulted in assignments of these
two signals to be C-3/C-3' (equivalent carbons) and C-2, respectively. The spin
coupling between H-3/H-3" and H-4/H-4' as doublet with coupling constant (J value)
of 8.5 Hz (ortho coupling) and the presence of two quaternary carbons at § 135.5 (C-2)
and & 143.6 (C-5) were indicative of a 1,4-disubstitued benzene ring. The remaining
methyl function at 8 2.30 (3H, s), which showed correlation with carbon signals at &

135.5 (C-2) and & 129.0 (C-3/C-3") in the HMBC spectrum, was attributed to 1-CHj.

These spectral features of CLMOI were in good agreement with those of the
sesquiterpene ar-turmerone previously isolated from the rhizome of Curcuma longa
(Ferreira ef al., 1992). However, the published chemical shift assignments of C-5 (8
154.6) and C-11 (6 143.5) in the previous work should be reassigned on the other way
round (C-11 should be more downfield than C-5) according to the data obtained in this
present work. The stereochemistry at C-6 was assumed to be S-configuration based on
the similar profiles of optical rotation (+64.3% literatures: +82.7° and +68°) and proton
NMR characteristics of H-6 and 7-CH; of CLMO1 to those of the published data
(Honwad and Rao, 1964; Li ef al, 2003). The unambiguous 'H and C NMR

assignments of CLMO1 obtained from the present work were shown in Table 23.
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Table 23 NMR spectral data (500 MHz for 'H and 125 MHz for "*C) of CLM01*

HMBC BC—»'H

Position Sy (mult,, J in Hz)b oc
1 2.30 (s, 3H) 209 .
) ] 135.5 H-1, H-3, H-3', H-4, H-4'
3,3 7.11 (d, 8.5, 2H) 129.0 H-1, H-4, H-4"
4,4 7.09 (d, 8.5, 2H) 126.6 H-3, H-3', H-6
5 . 143.6 H-3, H-3, H-4, H-4', H-6,
H-7, H-8a, H-8b
6 3.28 (br.dq, 8.4, 7.1) 35.2 H-7, H-8a, H-8b
7 1.23 (d, 7.1, 3H) 21.9 H-6, H-8a, H-8b
8 2.60 (dd, 15.8, 8.4, H-82)  52.6 H-6, H-7
2.70 (dd, 15.8, 6.2, H-8b)  52.6 H-6, H-7
9 ; 199.9 H-8a, H-8b, H-10
10 6.02 (septet, 1.3) 124.0 H-12, H-13
1 i 155.2 H-12, H-13
12 1.85 (d, 1.3, 3H) 27.6 H-10, H-13
13 2.10 (d, 1.3, 3H) 207 H-10, H-12

Note; *In CDCls

°If not indicated, the integration of each proton signal is equal to 1 proton.
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3.2.2.3 CLMO02

'‘CLMO02 was the major compound of the methanol extract of C. longa, obtained

as orange crystals and showed protonated molecular ion peak in FAB mass spectrum at

miz 369, corresponding with a molecular formula of CyHyOs (MW =368, DBE. =

12). The IR (KBr disc) spectrum indicated the presence of hydroxy group at 3500,
carbony! function at 1630 and olefinic carbon stretching at 1510 em’!. Its UV (MeOH)

spectrum showed absorption maxima at 236 and 424 nm,

'H and *C NMR spectra of CLMO2 revealed the existence of aromatic, olefinic,
methoxyl, hydroxyl and carbonyl functions. Analysis of chemical shifts, integration
and spin coupling patterns of these functional groups gave evidence that CLM02 was a
diarytheptanoid. The signal of carbonyl function at & 183.2, which showed correlation
with frans-olefinic protons at & 7.60 (2H, d, 15.5 Hz) and § 6.49 (2H, d, 15.5 Hz) in
the HMBC spectrum, was attributed to C-3/C-5 (equivalent carbons). The substantial
downfield shift of signal at § 7.60, comparing with the signal at § 6.49, was typical for
the B-olefinic proton of the o, B-unsaturated ketone, Hence the signals at 8 7.60 and &
6.49 were assignable for H-1/H-7 and H-2/H-6, respectively. The corresponding C-
1/C-7 and C-2/C-6 were assigned by HMQC experiment at § 140.5 and 121.8,
respectively. The cross peaks of C-1/C-7 with proton signals at 8 7.06 (H-2' and H-2")
and & 7.14 (H-6' and H-6"") in the HMBC spectrum yielded additional support for the
presence of 1,6-heptadiene-3,5-dione moiety with two equivalent phenyl groups
attached to C-1 and C-7 of the molecule. It was notable that the signal of H-4 was
assignable as an enol form at 3 5.81 (3¢ 101.2). The spin coupling patterns of H-2'/H-
2" H-5'/H-5" and H-6'7H-6", which were doublet (2.0 Hz), doublet (8.3 Hz) and
doublet of doublets (8.3 and 2.0 Hz), respectively, indicated the presence of ,3,4-
trisubstituted benzene ring. The 3-bond cross peaks of quaternary carbon signal at &
146.8 with proton signals at 8 6.92 (H-5'7H-5") and 8 3.96 (3'-OCH,/3"-OCH,) in the
HMBC spectrum enabled us to assign this signal as C-3'/C-3". The quaternary carbon
signal at § 147.8 was attributed to C-4'/C-4"" due to the 3-bond cross peaks with proton
signals at & 7.06 (H-2'/H-2"") and & 7.14 (H-6'/H-6") in the HMBC spectrum.
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These spectral features of CLMO02 was in accordance with those of published
data of curcumin or 1,7-bis (4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione
(Kosuge, Ishida and Yamazaki, 1985; Uehara et al., 1987; Masuda er al., 1992).

and also has been isolated from some other Curcuma species, e.g. C. xanthorrhiza and
C. aromatica (Kosuge, Ishida and Yamazaki, 1985; Ishida ef /., 2002). The complete
'H and "C NMR assignments of curcumin (CLMO02) obtained from the present work

were shown in Table 24,

Curcumin has been identified as the major constituent in Turmeric (Curcuma longa)




Curcumin (CLMOi)
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(enol form)

(diketo form)

(enol form)

Table 24 NMR spectral data (500 MHz for "H and 125 MHz for l:“C) of CLMO02°

Position 3y (mult., Jin Hz)® 8¢ HMBC "“C—»'H
1,7 7.60 (d, 15.5, 2H) 140.5 H-6', H-6", H-2', H-2"
2,6 6.49 (d, 15.5, 2H) 121.8 H-4

3,5 - 183.2 H-1, H-2, H-4, H-6, H-7
4 5.81 (s)° 101.2 H-2, H-6

11 - 127.7 H-2, H-6, H-5', H-5"
2, 2" 7.06 (d, 2.0, 2H) 109.6 H-1, H-7, H-6', H-6"
3, 3" - 146.8 H-5', H-5", OMe

4, 4" - 147.8 H-2', H-2", H-6', H-6"
5, 5" 6.92 (d, 8.3, 2H) 114.8 I-6', H-6"

6, 6" 7.14 (dd, 8.3,2.0,211)  122.9 H-1, H-7, H-2', H-2"
3.0OMe, 3"-OMe  3.96 (s, 6H) 55.9 -

4'-OH, 4"-OH

5.88 (br.s, 2H)

Note; “In CDCls

®If not indicated, the integration of each proton signal is equal to [ proton.

‘Detected as an enol form.
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3.2.2.4 CLM03

CLMO3 was isolated from the methanol extract of C. longa as reddish orange

powder. The FAB mass spectrum (low resolution) spectrum of CLMO3 showed |

pré.t-ona;té-dmm(.)“lécul;ir ion peak at m/z 339, consistent with the molecular formula
Caol180s (MW = 338, D.B.E. = 12). The IR (KBr disc) spectrum indicated the
presence of hydroxy group at 3450, carbonyl function at 1650 and olefinic carbon
stretching at 1500 em™. Its UV (MeOH) spectrum showed absorption maxima at 240
and 420 nm.

'H and C NMR spectra of CLMO3 showed the existence of functional groups
almost similar to those of CLMO02 (curcumin), suggesting that CLMO03 should be a
diarylheptanoid. This was strongly supported by the presence of two carbonyl signals
at & 183.3 and 8 183.4 and four signals of trans-olefinic protons at § 7.60 (1H, d, 15.8
Hz), 6 6.50 (1H, d, 15.8 Hz), 3 6.49 (1H, d, 15.8 Hz) and 8 7.62 (1H, d, 15.8 Hz),
which indicated the characteristics of 1,6-heptadiene-3,5-dione skeleton. Furthermore,
signals of two aromatic systems, which showed different substitution patterns, were
observed. The first system was composed of three signals at § 7.06 (1H, d, 1.8 Hz), 8
6.95 (1H, d, 8.4 Hz) and § 7.13 (1M, dd, 8.4 and 1.8 Hz) suggesting the presence of
1,3,4-trisubstituted benzene ring according to the spin couplings. These three signals
were attributed to I1-2’, H-5' and H-6', respectively, based on the 3-bond correlation of
the olefinic carbon signal at 8 140.6 (C-1) with signals at § 7.06 (H-2") and § 7.13 (H-
6') in the HMBC spectrum (Table 25). The signal of methoxyl group at § 3.96 (3H, s)
was assigned as 3'-OCHj3 due to the cross peaks with C-3' (§ 146.8) in the HMBC
spectrum. Having allocated the position of C-1, the signal of carbonyl function at 8
183.3 was assignable to C-3 due to the cross peaks between C-3 and proton signals at &
7.60 (H-1) and & 6.50 (H-2). The second aromatic system was composed of two
proton signals at & 7.45 (2H, d, 8.7 Hz) and § 6.87 (2H, d, 8.7 Hz), indicating the
existence of 1,4-disubstituted benzene ring due to the ortho couplings. These two
signals were assigned to be H-2"/H-6" and H-3"/H-5", respectively, according to the
correlation with cafbon signals at & 128.0 (C-1") and & 157.5 (C-4"), and the
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correlation between H-2""/[-6" and the olefinic carbon at & 140.0 (C-7) in the HMBC
spectrum. The noticeable upfield shift of H-3"/H-5"", comparing with that of H-2"/I1-
6", was due to the shielding effect of the hydroxyl substitution at C-4". The carbonyl

_.signal at 8 1834 was attributed to C-5 based on the HMBC correlation with proton. ...

signals at § 7.62 (H-7), & 6.49 (H-6) and 8 5.80 (H-4) in the HMBC spectrum. All
protonated carbons were assigned by HMQC experiment including C-4 (5 101.3),

which was assignable to an enol form.

The obtained spectral information indicated that the structure of CLMO3 related
to that of curcumin (CL.MO02) with an absence of one methoxyl group, This was also
supported by the difference of molecular weight of the two compounds, of which
CLMO03 was 30 amu less than that of curcumin. Hence, CLMO03 was concluded to be
demethoxycurcumin  or  I-(4-hydroxy-3-methoxyphenyl)-7-(4-hydroxyphenyl)-1,6-
heptadiene-3,5-dione. Demethoxycurcumin was previously isolated from the rhizome
of C. longa and some other Curcuma species (Kosuge, Ishida and Yamazaki, 1985;
Masuda et al, 1992). However, the chemical shifts of carbons and protons of
demethoxycurcumin have only been partially assigned in the previous publications.
The unambiguous 'H and C NMR assignments of demethoxycurcumin (CLM03) was

. achieved in the present work through 2D-NMR experiments as shown in Table 25.
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(enol form)

(diketo form)

{enol form)

Table 25 NMR spectral data (500 MHz for "H and 125 MHz for *C) of CLM03*

Position 8y (mult,, Jin Hz) S HMBC “c —P»'H
| 7.60 (d, 15.8) 140.6 H-2', H-6'

2 6.50 (¢, 15.8) 121.8 H-4

3 - 183.3 H-1, H-2, H-4

4 5.80 (s)° 101.3 H-2, H-6

5 - 183.4 H-4, H-6, H-7

6 6.49 (d, 15.8) 1217 H-4

7 7.62 (d, 15.8) 140.0 H-2", H-6"

1 - 127.4 H-5'

2 7.06 (d, 1.8) 109.6 H-1, H-6'

3 - 146.8 H-5', 3-OMe

4 . 147.8 H-2', H-6’

5 6.95 (d, 8.4) 114.8 H-6'

6 7.13 (dd, 8.4, 1.8) 122.9 H-1, H-2'

1" . 128.0 H-6, H-3", H-5"
2", 6" 7.45 (d, 8.7, 21) 130.0 H-3"H-5", H-7
3", 5" 6.87 (d, 8.7, 21I) 1159 H-2", H-6"

4" . 157.5 H-2", H-3", H-5" H-6"
3-OMe 3.96 (s, 3H) 56.0 -

4.OH 5.88 (br.s) - -

4"-OH not detecied - -

Note; *in CDCls,

YIf not indicated, the integration of each proton signal is equal to | proton.

*Detected as an enol form.
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3.2.2.5 CLMO06

CLMO06 was isolated from the methanol extract of C. longa. The FAB mass

spectrum (low resolution) of CLMO06 showed protonated molecular ion peak at n/z 309

" (MiH) consistent with the molecular Tormula CiolisO7 (MW = 308, DBE = 12),

The IR spéctrum indicated the presence of hydroxy group and carbonyl function at
3500-3200 (broad) and 1600 cm™, respectively, Its UV spectrum showed absorption
With ?\r[nax at 246 and 414 Ilm.

'H and "C NMR specira of CLMOG exhibited the 1,6-heptadiene-3,5-dione
skeleton, according to the appearance of trans-olefinic proton signals at & 7.54 (H-1/H-
7) and & 6.68 (H-2/H-6) together with the carbonyl signal at 8 183.4 (C-3/C-5). The
two signals at § 7.55 (4H, d, 8.6 Hz) and & 6.81 (4H, d, 8.6 Hz) were assignable (o
i)1‘otons of two 1,4-disubstituted benzene rings. The proton signal at § 6.00 (1H, s) and
its corresponding carbon signal at § 101.1 were attributed to H-4 and C-4, respectively
(detected as enol form). These spectral features suggested that CLMOG had a highly
symmetrical structure, regarding to the molecular weight of 308 amu (60 amu less than
that of curcumin). The absence of methoxyl signal in NMR spectra of CLMO06 gave
additional evidence to propose the assumption that CLMO06 should be a bisdemethoxy
derivative of curcumin. The ion peak at m/z 147 (base peak) in the mass spectrum of
CLMO6, which was assignable to a [HO—C6H4—CH:CH—(13:O]+ fragment, gave strong
support to the assignment. Furthermore, the quaternary carbon signal at 6 160.0 (C-

4'/C-4"") suggested the hydroxyl substitution on C-4’ and C-4".

Comparison of 'H and ®C NMR assignments of CLLMOG with the published data
(Kosuge, I[shida and Yamazaki, 1985; Masuda ef al., 1992) resulted in determination of
CLMO06 as bisdemethoxycurcumin or 1,7-bis (4-hydroxyphenyl)-1,6-heptadiene-3,5-
dione, which was previously isolated from the rhizome of C. longa and C.

xanthorrhiza (Kosuge, Ishida and Yamazaki, 1985; Uehara ef al., 1987).
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(enol form)

(enol form)

Bisdemethoxycurcumin {(CL.IVM06)

Table 26 NMR spectral data (500 MHz for 'H and 125 MHz for >C) of CLM06"

Atom 8y (mult., J in Hz)" 8¢
1,7 7.54 (d, 15.4, 2H) 140.5
2,6 6.68 (d, 15.4, 2H) 121.0
3,5 - 183.4
4 6.00 (s)° 101.1
1,1 - 126.0
2,2", 6, 6" 7.55 (d, 8.6, 4H) 130.5
3, 3" 5, 5" 6.81 (d, 8.6, 4H) 116.1
4, 4" - 160.0
4'-OH, 4"-OH not detected -

Note; “In DMSO-ds
bIf not indicated, the integration of each proton signal is equal to 1 proton.

“Detected as an enol form.

(diketo form)
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3.2.2.6 ZOMO

Phytochemical investigation of the methanol extract of Z officinale led to the

isolation of pure compound ZOMO ‘as yellow oil, Its FAB mass spectrum (low.._ ... ..

resolutlon) estabhshed a molecular formula of Cy7H,40; (MW = 276, D.B.E. = 6)
according to the protonated ion peak at m/z 277 (M+H). Its UV (MeOH) spectrum
showed absorption with Ama at 226 nm. The IR (KBr disc) spectrum indicated the
presence of hydroxy group, C-H, carbonyl function and olefinic carbon stretching at
3400, 2960, 1700 and 1500 cm, respectively.

The 'H, '*C NMR and HMQC spectra of ZOMO exhibited a carbonyl function,
a methoxyl group, a methyl group, five olefinic methines and six methylene functions.
The chemical shifts and spin couplings of proton signals at § 6.71 (1H, d, 2.0 Hz), §
6.82 (1H, d, 8.0 Hz) and 8 6.68 (1H, dd, 8.0 and 2.0 Hz) suggested the existence of
1,3,4-trisubstituted benzene ring. These aromatic protons and their corresponding
carbons were attributed to H-2" (8¢ 111.1), H-5" (8¢ 114.3) and H-6" (8¢ 120.8),
respectively, base on the correlation observed in the 'H-'"H COSY and HMQC spectra.
The HMBC correlation between methoxyl signal at & 3.87 (3H, s) and quaternary
carbon signal at § 146.3 helped allocating the two signals as 3”-OCH, and C-3",
respectively. The HMBC cross peaks of C-3" and proton signals at 8 6,71 (H-2"} and
) ‘6.82 (H-5") confirmed the assignment of signal at & 1463 as C-3". As a
consequence, the hydroxyl substitution was allocated to be at C-4” (6 143.8), the
quaternary carbon which showed HMBC cross peaks with H-2, H-5" and H-6". The
signal of quaternary carbon at & 133.2, which correlated with methylene signal at &
2.85 (H-1') and signals of aromatic protons at & 6.71 (H-2") and & 6.82 (H-5") in the
HMBC spectrum, was attributed to C-1", The assighment of carbon signal at § 29.8
(81 2.85) as C-1' was deduced from the HMBC cross peaks with H-2', H-2" and H-6".
The assignments of methyl signal at § 0.88 ( 1-CH3) and four methylene signals at &
1.29 (H-2), 6 1.31 (H-3), 8 1.44 (H-4) and & 2.20 (H-5) were deduced from 'H-'H
COSY, HMQC and HMBC spectra. The chemical shifts and spin couplings of these
five signals suggested the existence of ~CH;-CH;-CH,-CH,-CHj side chain. The
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downfield shift of methylene signal at § 2.20 (2H, tdd, 7.2, 7.0 and 1.4 Hz), which was
attributed to H-5, suggested the proximity to the olefinic function. This was confirmed

by the cross peaks of H-5 with two trans-olefinic protons at & 6.83 (1H, dt, 16.0 and

7.0 Hz) and 8 6.09 (1H,.dt, 16.0.and 1.4 Hz)-in the 'H-"H COSY. spectrum.-The- signal -~

at 6 6.83 (8¢ 147.9) was attributed to H-6 due to the HMBC correlation of C-6 with H-
5(32.20) and H-4 (8 1.44). The other signal at § 6.09 was, therefore, assigned as H-
4’. The assignments of all protonated carbons were deduced from the HMQC and 'H-
'"H COSY spectra. The HMBC cross peaks of carbony! signal at § 199.8 (C-3') with
proton signals at 8 6.83 (H-6), § 6.09 (H-4') and & 2.84 (H-2") allowed the aliphatic

moiety and the aromatic moiety to be connected.

Comparison the spectral data of ZOMO with the published assignments led to
the determination of ZOMO as 6-shogaol [or 1-(4-hydroxy-3-methoxyphenyl)-4-decen-
3-one] one of the pungent principles previously isolated from the rhizome of Z,
officinale (Chen, Rosen and Ho, 1986b). The unambiguous 'H and “C NMR
assigniments of 6-shogaol (ZOMO) obtained from the present work were shown in
Table 27.
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6-Shegaol (ZOMO0)

Table 27 NMR spectral data (500 MHz for 'H and 125 MHz for *C) of ZOMO0?

Atom Su (mult., J in Hz)" 8¢ HMBC “c-—!g

1 0.88 (t, 7.0, 3H) 13.9 H-3

2 1.29 (m, 2H) 22.4 H-1,H-4

3 1.31 (m, 2H) 31.3 H-1,H-5

4 1.44 (quintet, 7.2, 2H) 27.7 H-5, H-6

5 2.20 (tdd, 7.2, 7.0, 1.4, 2H) 32.4 H-4, H-6, H-4'

6 6.83 (dt, 16.0, 7.0) 147.9 H-4, H-5

1 2.85 (m, 2H) 29.8 H-2', H-2", H-¢"
i 2.84 (m, 2H) 41.9 H-1*

3 . 199.8 H-6, H-2', H-4*

4 6.09 (dt, 16.0, 1.4) 130.3 H-5

1" - 1332 H-1', H-2", H-5"
2" 6.71 (d, 2.0) 1.1 H-1'

3 ; 146.3 H-2", H-5", OMe
4 - 143.8 H-2", H-5", H-6"
5" 6.82 (d, 8.0) 114.3 H-6"

6" 6.68 (dd, 8.0, 2.0) 120.8 H-1, H-2"", H-5"
OMe 3.87 (s, 3H) 55.8 -

Note; *In CDCl4

"If not indiéated, the integration of each proton signal is equal to | proton.
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3.2.2.7 Z0M1

ZOMI was obtained as yellow crystals. Its FAB mass spectrum showed the

protonated ion peak at m/z 291 corresponding with the molecular formula.of Ci7HypOg- oo}

(MW 290 D B.E. =7). From the *C NMR spectrum, seventeen carbon signals were
found including two carbony! functions at & 200.2 (C-6) and & 178.0 (C-3). The
correlation between C-3' and frans-olefinic proton signals at § 7.53 (1H, d, 16.0 Hz)
and & 6.34 (1H, d, 16.0 Hz) in the HMBC spectrum suggested the existence of the o, -
unsaturated ketone moiety, resulting in assignments of the two signals as H-1’ and H-
2', respectively. Their corresponding carbons were observed in the HMQC spectrum
at 8 139.8 (C-1') and 120.6 (C-2"). The chemical shifis and spin coupling patterns of
three proton signals at & 7.02 (1H, d, 1.8 Hz), § 6.92 (11, d, 8.3 Hz) and 8 7.09 (1H,
dd, 8.3 and 1.8 Hz) indicated the presence of the 1,3,4-trisubstituted benzene ring. The
3-bond cross peaks between C-1' (6 139.8) and signals at § 7.02 and § 7.09 in the
HMBC spectrum gave evidence for conectivity and assignments of these two aromatic
protons as H-2" and H-6", respectively. As a consequence, the signal at § 6.92 was
attributed to H-5". The methoxyl signal at & 3.93 (3H, s), which showed cross peak
with quaternary carbon signal at § 147.6 in the HMBC spectrum, was assigned to 3"-
OCHs. The allocation of C-3" at § 147.6 was supported by the cross peaks with proton
signals at & 7,02 (H-2") and & 6.92 (H-S';). The quaternary carbon at § 146.7, which
correlated with signals of H-5” in the HMBC specfrum, was attributed to C-4", The
hydroxy! signal at & 5.84, which was the characteristic for the hydroxyl function of the
4-hydroxy-3-methoxyphenyl moiety as that of curcumin (CLMO2), was assigned to be
4"-OH. This was further supported by its HMBC cross peaks with carbon signals at §
147.6 (C-3") and & 114.8 (C-5"). The presence of hydroxyl group was also supported
by the absorption peak at 3350 cm™ in the IR spectrum. The methyl signal at § 0.88
(3H, t, 6.8 Hz) and four signals of methylene groups at & 1.31 (H-2), 1.32 (H-3), 1.65
(H-4) and 2.37 (H-5) showed typical spin coupling patterns of —CH,-CH,-CH,-CHo-
CHj chain, as deduced from 'H-'H COSY, HMQC and HMBC spectra. Assignment of
the aliphatic side chain was also supported by the HMBC cross peak between C-6 (&
200.2) and methylene signal at 8 2.37 (H-5). The proton signal at & 5.62 (8¢ 100.1),
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which correlated with carbon signals at § 200.2 (C-6), 8 178.0 (C-3) and & 120.6 (C-

2'), was attributed to H-4' (detected as an enol form).

dehydrogingerdione, which was previously isolated from Z officinale (Kiuchi,
Shibuya and Sankawa, 1982).  ZOM! was, therefore, concluded to be 6-
dehydrogingerdione, which has also been known as l-dehydrogingerdione (Chatles,
Garg and Kumar, 2000). The unambiguous 'H and ’C NMR assignments of ZOM1

obtained from the present work were shown in Table 28.
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MeO

=X = CH,
(enol form)

MeO
N CHy {enol form)

HO

6-Dehydrogingerdione (ZOM1) (also known as 1-dehydrogingerdione)

Table 28 NMR spectral data (500 MHz for 'H and 125 MHz for "*C) of ZOMI*

8y (muit,, J in Hz)" 8¢ HMBC “C—p'H

Atom

I 0.83 (1, 6.8, 3H) 13.9 -

2 1.31 (m, 2H) 224 H-1, H-3

3 1.32 {m, 2H) 31.5 H-1, H-2, H-4, 0-5
4 1.65 (quintet, 7.5, 2H) 253 H-5

5 2.37 (br.t, 7.5, 2H) 40.1 H-4

6 - 200.2 H-5, H-4'

I’ 7.53 (d, 16.0) 139.8 H-2*, H-6"

2 6.34 (d, 16.0) 120.6 H-4'

3 - 178.0 H-v', H-2', -4

4 5.62 (s) 100.1 H-5, H-2’

1 - 127.7 H-2', H-5"

2" 7.02 (d, 1.8) 109.4 H-1', H-6"

3 - 147.6 H-2", H-5", OMe, 4"'-OH
4" - 146.7 H-S"‘

5" 6.92 (d, 8.3) 114.8 H-6"’, 4"-OH

6" 7.09 (dd, 8.3, 1.8) 122.6 H-1', H-2", H-5"
OMe 3.93 (s, 3H) 559 -

4"-QH 5.84 (br.s) - -

Note; *In CDCl,

®If not indicated, the integration of each proton signal is equal to | proton,

“Detected as an enol form.




101

3.2.2.8 ZOM3

Phytochemical investigation of the methanol extract of Z, officinale led to the

isolation of‘ pure compound ZOM3 as yellow oil, Its FAB mass specttum_ (low._ ... __]

rosolutlon) establlshed a molecular formula of C7Hz604 (MW = 294, D.B.E. = 5)
according to the protonated ion peak at m/z 295 (M+H). Its UV (MeOH) spectrum
showed absorption with Ane at 282 nm and specific optical rotation of +29.3° (¢
0.478, CHCl;). The IR (KBr disc) spectrum indicated the presence of hydroxy group,
C-H and carbonyl function at 3450, 2960 and 1700 em”, respectively,

The majority of 'H and *C NMR profiles of ZOM3 were in accordance with
those of ZOMO (6-shogaol) and ZOM1 (6-dehydrogingerdione). The exceptions were
the absence of frans-olefinic function and the presence of oxygen-bearing methine
carbon at § 67.6 (8y 4.03) in the HMQC spectrum of ZOM3. The chemical shifts and
spin couplings of proton signals at § 6.69 (1H, d, 1.8 Hz), 8 6.83 (1H, d, 7.7 Hz) and &
6.66 (1H, dd, 7.7 and 1.8 Hz) revealed the existence of 1,3,4-trisubstituted benzene
ring, which were assigned as H-2", H-5" and H-6", respectively. Their corresponding
carbons, as deduced from the HMQC spectrum, were allocated at § 110.9 (C-2M), 1144
(C-5") and 120.7 (C-6"). Allocation of the methoxyl function at C-3” was confirmed
by the HMBC correlation between the signal of quaternary carbon at § 146.4 (C-3")
and the methoxyl signal at 8 3.87. The assignment of signal at § 146.4 as C-3" was
supported by the HMBC cross peaks with H-2" and H-5". The hydroxy! signal at &
5.39 was assigned as 4"-OH due to its HMBC cross peaks with carbon signals at &
146.4 (C-3"), 8 143.9 (C-4") and & 114.4 (C-5"). The assignment of C-4" was
confirmed by the cross peaks with H-2", H-5" and H-6" in the HMBC spectrum. The
signal of quaternary carbon at 8 132.6, which correlated with two methylene functions
at & 2.84 (1'-CH;) and & 2.73 (2'-CHy), H-2" and H-5" in the HMBC spectrum, was
attributed to C-1". The assignment of signal at § 29.2 (5;; 2.84) as C-1’ was confirmed
by the HMBC correlation with H-2" and H-6". The assignments of 2'-CH; and 4’-CH,
was deduced from the HMBC correlation with the carbonyl signal at 8§ 211.5 (C-3")
and the cross peaks between H-1' and H-2' in the 'H-'H COSY spectrum. The
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methylene carbon at § 49.3 was attributed to C-4' due to the HMQC correlation with
two proton signals at 8 2.57, 2.49 and HMBC correlation with H-2". The downfield
proton signal at & 4,03 (1H, br.m) was assigned to be H-6 according to the HMQC

.cross peak with carbon signal at.8.67.6.(C-6), and-the-couplings-with-H-4*-and H:5 R

1.43) in the 'H-'"H COSY spectrum. The NMR features of H-6 and C-6 suggested the
presence of hydroxyl function as secondary alcohol at C-6, which was allocated at §
3.00 (6-OH). The assignments of methyl signal at & 0.88 (H-1) and four methylene
signals at 8 1.28 (H-2), 1.29 (H-3), 1.30 (H-4) and 1.43 (H-5) were deduced from the
'H-'H COSY, HMQC and HMBC spectra.

The mentioned spectral features of ZOM3 were ‘consistent with those of 6-
gingerol (Shoji, ef al., 1982; Yamada, Kikuzaki and Nakatani, 1992), The relative
configuration at C-6 of ZOM3 (6-gingerol) was assumed to be (S)-configuration based
on the similarity of specific optical rotation and NMR profiles of H-6 (6 4.03) and H-4'
(8 2.57 and & 2.49) of ZOM3 to those of published (8)-6-gingerol previously isolated
from the rhizome of Z. officinale (Shoji, et al., 1982; Yamada, Kikuzaki and Nakatani,
1992). Itis of interest to note that although the chemical shifts of protons and carbons
of 6-gingerol were reported, but they have not yet been completely assigned. The
present work contributed unambiguous 'H and *C NMR assignments of ZOM3 (6-

gingerol) as shown in Table 29,
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__6-Gingerel(zom3y

Table 29 NMR spectral data (500 MHz for 'H and 125 MHz for 3C) of ZOM3*

Atom 8y (mult., J in Hz)" ¢ HMBC “c —»lg

1 0.88 (t, 7.3, 3H) 14.0 H-2

2 1,28 (m, 2H) 22.6 H-1

3 1.29 (m, 2H) 25.1 H-4

4 1.30 (m, 2H) 31.7 H-5

5 1.43 (m, 2H) 36.4 H-4'

6 4.03 (br.m) 67.6 H-4'

1’ 2.84 (ddd, 7.6, 7.6, 1.4,2H) 292 H-2', H-2", H-6"

2 2.73(ddd, 7.6,7.6, 1.4,2H)  45.4 H-1', H-4'

3 - 211.5 H-1', H-2', H-4' -

4' 2.57 (dd, 17.6, 3.0) 49.3 H-2!

2.49 (dd, 17.6, 8.9)

1 - 132.6 H-1", H-2', H-2", H-5"

2 6.69 (d, 1.8) 1109 H-1', H-6"

3 . 146.4 H-2", H-5", OMe, 4""-OH
4 . 143.9 H-2", H-5", H-6", 4"-OH

5t 6.83 (d, 7.7) 114.4 H-6", 4"-OH

6" 6.66 (dd, 7.7, 1.8) 120.7 H-1', H-2", H-5"

OMe 3.87 (s, 3H) 55.8 -

4"-OH 5.59 (br.s) - .

6-OH 3.00 (br.s) - -

Note; “In CDCl;

"I not indicated, the integration of each proton signal is equal to 1 proton,
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3.3 Activity of the Isolated Compounds

ZOMO, ZOM1 and ZOM3) were assessed for free radical scavenging activity against
IDPPH radical and cytotoxic activity against the tumour cell lines LS174T and MCF7.
The chemical structures are shown in Figure 7 and the results are depicted in Table 30.
BHT (butylated hydroxytoluene) and caffeic acid were used as positive standards for
antioxidative assay while vinblastine suiphate and the cytotoxic alkaloid berberine were
used as standard drugs in the cytotoxicity assay. The strong radical scavenging activity
was exhibited by CLLMO02 (curcumin), CLMO03 (demethox ycurcumin), ZOMO (6-shogaol),
ZOM1 (6-dehydrogingerdione) and ZOM3 (6-gingerol) with ECsp values ranging
from 2.0-4.7 pg/ml. This was about 2-4 times more active than that of BHT, the well-
known synthetic antioxidant. By contrast, CLMOI (ar-turmerone) showed very slight
antioxidant effect (ECsp > 100 pg/ml), AGM1 {p-coumaryl-9-methyl ether).and CLMO06
(bisdemethoxycurcumin) were found to possess moderate activity with ECsy values of -
73.9 and 40.9 pg/ml, respectively. Rao (1996) reported that antioxidative activity of the
curcuminoids from turmeric is in the following order: curcumin > demethox ycurcumin >
bisdemethoxycurcumin, which is consistent with the results obtained from the present
- work. The strong antioxidant activity of CLMO02 (curcumin) could be due to its capability
to stabilize the two aroxyl radicals, which occurred Aafter donating two hydrogen atoms of
the hydroxyl functions to DPPH radicals, through aromatic system, conjugated double
bonds and carbonyl functions. This, however, the two pﬂenolic moieties of CLMO0& are
more exchangeable than that of CLMO02, suggesting some degree of reversibility of
reaction between CLMO06 and DPPH radicals, hence being less active. Furthermore, it has
been reported that the antioxidant mechanism of curcumin in polyunsaturated lipid (ethyl
linoleate) was proposed o be an oxidative coupling reaction at the phenolic moiety of the
curcumin with the peroxyl radical (Masuda, et «l.,, 2001). In general, these three
curcuminoids (CLMO02, CLMO03 and CLMO06) are regarded as main antioxidative

constituents of C. longa rhizome. Radical scavenging activity of the three gingerol
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derivatives (ZOMO0, ZOM1 and ZOM3) could be attributed to the hydroxyl group of the 4-
hydroxy-3-methoxyphenyl moiety, which is almost comparable to that of CLMO3
assumption that gingerols are responsible for antioxidant activity of Z. officinale rhizome
(Sekiwa, Kubota and Kobayashi, 2000; Chung, et al., 2001). The extract of A. galanga
rhizome has been known to possess antioxidative effect (Cheah and Gan, 2000) but the
active constituents has not yet been identified. The radical scavenging activity against
DPPH of AGMI with ECsp value 6f 73.9 pg/ml, although less active than its
corresponding methanol extract (ECso = 57.0 pg/mi), provided new evidence of active
compound responsible for antioxidative activity of A. galanga rhizome. It is likely that
some other antioxidative compounds remain to be identified in the rhizome of A. galanga.
Natural antioxidants have been known to be capable of reducing toxic from oxygen
species or free radicals thus inhibiting formétion of carcinogens from precursor substances
such as lipid peroxidation, They may also improve the resistance of tissue to oxidative
damage and enhance immune system. These suggesied that natural antioxidants could
provide preventive effect against cancer (Gordon, 1996). The antioxidative activity of the
active compounds obtained from the present work give strong evidence of

chemopreventive potential of the thizomes of C. longa, Z. officinale and A. galanga.

Pronounced cytotoxic activity against the two tumour cell lines were observed for
CLMO3 (demethoxycurcumin) and ZOMO (6-shogaol) with 1Cse values in the 'range of
0.8-2.8 pg/ml. These two compounds were considered to be significantly cytotoxic
according to the ériteria for cytotoxic activity of pure compounds established by the
American National Cancer Institute (ICsp < 4 pg/ml) (Suffness and Pezzuto, 1991).
CLMO2 (curcumin) and AGM1 (p-coumaryl-9-methyl ether) were slightly less active than
CLMO3 and ZOMO with ICso values on LS174T and MCF7 in the range of 5-10 pg/mi.
On the other hand, ZOM1, ZOM3 and CLMO! were considerably less active than CLM03
and ZOMO with ICso vatues against both cell lines in the range of 11-32 pg/ml. The

strong cytotoxic activity of CLMO03 (defnethoxycurcumin) observed in the present work
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is in accordance with the previous study of Simon, er al. (1998) of which

demethoxycurcumin showed stronger cytotoxic activity than curcumin and

_..bisdemethoxycurcumin.. Furthermore, the activity. of CLMO2_(curcumin).against. MCE7 . _ .

cells with ICsq value of 8.3 pg/ml wés in the similar range with the previous report as 10
‘ pg/mil (Kuo, Huang and Lin, 1996). According to the chemical structures, it could be
proposed that the hydroxylated benzene ring and/or the a,f-unsaturated ketone moieties
are essential for cytotoxic activity of the eight isolated compounds. However, further
study is needed to determine the exact essential structure and mechanism of action of
these cytotoxic compounds. So far, curcumin was reported to be active through inhibition
of telomerase activity in human breast cancer cells (Ramachandran, er /., 2002). Huang
et al. (1997) pointed out that this effect of curcumin may be linked to its strong inhibitory
action onn DNA and RNA synthesis that has been previously shown on cultured Hela cells.
It is also of interest to note that, for each compound investigated in the present work, there
was no significant cell-type selectivity. Under the same test conditions, the positive
standard berberine showed cytotoxic activity with ICsp values in the same range as those
of CLMO3 (demethoxycurcumin) and ZOMO (6-shogaol). However, the anticancer drug
vinblastine éulphate was found to be far more active than all of the isolated compounds.
The eight isolated compounds were mainly responsible for the cytotoxic activity against
LS174T and MCF7 tumour cell lines observed in their corresponding methanol extracts.
The finding pf AGMI (p-coumaryl-9-methyl ether) as a new cytotoxic compound in the
present work provided additional evidence of the presence of antitumour principles in the
rhizome of A. galanga of which 1’-acetoxychavicol acetate and 1'-acetoxyeugenol acetate
were previously identified (Itokawa, ef al., 1987). The obtained results confirm
therapeutic potential against tumour cells of the rhizomes of A. galanga, C. longa and Z.

officinale.
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CL.MO06 (Bisdemethoxycurcumin)

Me

ZOM1 (6-Dehydrogingerdione
or 1-Dehydrogingerdione)

CLMO03 (Demethoxycurcumin)

(0}
MeO
¢ “ CH;
HO
Z.OMO (6-Shogaol)
0 H
MeO
- CHJ
HO

ZOM3 (6-Gingerol)

Figure 7 Structure of the isolated compounds from the rhizome of Alpinia galanga,

Curcuma longa and Zingiber officinale.
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Table 30 ECsy values against DPPH radical and ICsq values against LS174T and

MCF7 cells of the isolated compounds from A. galanga, C. longa and Z.

Compounds EC;, (2g/ml) 1Csg against 1Cg, against
(DPPH) LS174T (pg/ml)  MCF7 (ug/ml)
(mean+SD) (mean+SEM) {mean+SEM)

AGMI1 (p-Coumaryl-9-methy! ether) 73.942.1 (n=6) 7.540.7 (N=2) 7.440.3 (N=2)
(450.3+13.1 uM) (45.8+4.3 pM) (44.8+2.1 pM)

CLMO1 (ar-Turmerone) >100 (n=0) 19.340.6 (N=2) 14.642.1(N=2).
(>463.0 pM} (89.6+3.0 uM) (67.8+13.4 uM)
CLM02 (Curcumin) 2.0+0.2 (n=0) 5.9+40.6 (N=2) 8.3+1.4 (N=2)
(5.410.6 uM) (16.241.8 pudf) (22.7+5.2 uM)
CLMO03 (Demethoxycurcumin) 2.840.1 {(n=0) 0.840.0 (N=2) 2.840.3 (N=2)
(8.440.4 M) (2.3+0.0 uM) (8.5+1.1 uM)
CLM06 (Bisdemethoxycurcumin) 40.9+4.8 (n=6) * %
(132.4+16.2 pM)
ZOMO (6-Shogaol) 4.040.1 (n=6) 1.240.1 (N=2) 1.74+0.1 {(N=2)
‘ (14.5+0.5 pM) {4.240.2 uM) (6.040.8 uM)
ZOM1 (6-Dehydrogingerdione) 4.7+40.1 (n=6) 11.343.2 (N=2) 13.94+0.9 (N=2)

{or 1-Dehydrogingerdione)

(16.240.3 pM)

(39.2411.0 pM)

(47.843.2 uM)

ZOM3 (6-Gingerol) 4.440.1 (n=6) 30.6+7.5 (N=2) 31.640.3 (N=2)
' (14.840.4 uM) (10414235 pM)  (107.5+1.4 uM)

Butylated hydroxytoluene (BHT) 8.2+0.2 (n=6) N/A N/A

{positive standard) (37.3+0.9 pM)

Caffeic acid 0.9+0.1 (n=6) N/A N/A

(positive standard) (5.2:40.3 uM)

Berberine N/A 0.8+0.0 (N=2) 0.610.0 (N=2)

(positive standard) (2.440.0 pM) {1.8+0.0 uM)

Vinblastine suiphate N/A 0.011+0.004 nM 0.008+0.00 nM

{(positive standard) (N=2) ’ (N=2)

* CLMO6 was obtained only 2 mg, not sufficient for cytotoxic test.

n = number of samples tested

N = number of independent experiments (6 replicates in each experiment)




CHAPTER 4

CONCLUSIONS

The investigation on antioxidative and cytotoxic activities of the fresh rhizomes
of Alpinia galanga, Boesenbergia pandurata, Curcuma longa, Kaempferia galanga
and Zingiber officinale were achieved in the present work. The methanol extracts of
the rhizomes of 4. galanga, C. longa and Z. officinale showed strong antioxidative
activity against DPPH radical whereas the water extracts exhibited rather weak
activity. The five volatile oils, although lacked of antioxidative effect, showed
pronounced cytotoxic activity against LS174T and MCF7 cell lines with ICsy values
ranging from 12.0-47.8 pg/ml. The methanol extract of C. longa was found to be the
most cytotoxic against LS174T and MCF7 with ICsy values of 6.4 and 14.2 pg/ml,

respectively,

AGMI (p-coumaryl-9-methyl ether) was isolated as novel antioxidative and
cytotoxic compound from the methanol extract of 4. galanga. Four compounds, ar-
turmerone  (CLMO1), curcumin (CLMO02), demethoxycurcumin (CLMO03) and
bisdemethoxycurcumin (CLMO06), were isolated from the methanol extract of C, longa,
among which demethoxycurcumin showed significant cytotoxic activity on both
tumour cell lines (ICso < 4 pg/ml). Curcumin and demethoxycurcumin exhibited
strong radical scavenging activity against DPPH with ECsp values of 2.0 and 2.8
ug/ml, respectively, which considerably more active than those of
bisdemethoxycurcumin and ar-turmerone. Three compounds, 6-shogaol (ZOMO), 6-
dehydrogingerdione (ZOMI; also known as 1-dehydrogingerdione) and 6-gingerol
(ZOM3), were isolated as antioxidative and cytotoxic constituents from the methanol
extract of Z officinale, among which 6-shogaol showed pronounced activities on both
assay systems. Chemical structures of the eight isolated compounds were determined
by spectroscopic methods, particularly 2D-NMR techniques. The unambiguous 'H
and °C NMR assignments of p-coumaryl-9-methyl ether (AGM1) and 6-gingerol

(ZOM3) were described for the first time in the present work.
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Beside ar-turmerone and the volatile oils, the other seven isolated compounds
possess both antioxidative and cytotoxic activities suggesting that these compounds

could act as both preventive and cytotoxic agents as far as the cancer is concerned.

The obtained results from the present work suggest that the thizomes of the five |

nglberaceousplants commonly used as spices in Thailand are potential sources of
antioxidants (by acting as free radical scavengers) and/or cytotoxic agents against
tumour cells, particularly A. galanga, C. longa and Z. officinale. Further study in
animal model is strongly recommended in order to evaluate whether these medicinal

plants are of promising for clinical trials.
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Figure 13 Ultraviolet spectrum of AGM1 (p-coumaryl-9-methyl ether)
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Figure 18 HMQC spectrum of AGM1 (p-coumaryl-9-methyl ether)
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File : C:\HPCHEM\1\DATA\1965N12.D
Operator :
Acquired : 19 Sep 2001  9:44 using AcgMethod HP-1

Instrument : GC/MS Ins
Sample Name: AGM1

Misc Info :

Vial Number: 1

A e e . T (1 4286{“1“)‘1%5N120 m
131
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T Ty
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Figure 20 Mass spectrum (EI) of AGM! (p-coumaryl-9-methyl ether)
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Figure 21 Mass spectrum (FAB) of AGMI (p-coumaryl-9-methyl ether)
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Figure 25 HMQC spectrum of CLMO1 (ar-turmerone)
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File : C:+\HPCHEM\1\DATA\3953N11.D

Operator : Pimpimon

Acquired : 21 Oct 03 10:20 uging AcgMethod HP-1
Instrument : GC/MS Ins

Sample Name: CLMOL

Miasc Info
Vial Number: 1

156
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Figure 27 Mass spectrum (EI) of CLMOI (ar-turmerone) (GC/MS)
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obzervad carbon experiment
s2pul

Pulze Sequence:
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igure 29 *C-NMR spectrum of CLMO02 (curcumin)




Name of sample; CLM02

ghmage experiment
exp3 ghmge-da

159

e
sl
| ~
o £
:
o
S~
o™
(=]
2
]
- O
4=
3 <
S
8 8
S £
-
Q
\ v 8
-
I <
o
:
- N .L;
L
-0
0
o '
] .
]
.
rTTT,‘.‘-{",TFFl‘pTTTUHIIHII';llnlnu]|||1]|1n;||||||n||u1||[|||]:n|||1|1||1Hl||11§rrﬂ]l11'
E o Q & e o e o aQ o
a N < o 0 o N < L o
" « ! o] vl L

et




Name of sample: CLM02

ghmbe experiment

using ghmqe pulse sequence

exp5 ghmgc-da
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Figure 32 Mass spectrum (FAB) of CLMO02 (curcumin)
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Name of sample:CLHO3

observed carbton exporfment

Pulzce Sequence: ©¢2pul
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Figure 34 '*C-NMR spectrum of CLM03 (demethoxycurcumin)
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Figure 35 HMQC spectrum of CLMO3 (demethoxycurcumin)
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Figure 37 Mass spectrum (FAB) of CLM03 (demethoxycurcumin)
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Figure 40 Mass spectrum (FAB) of CLMO6 (bisdemethoxycurcumin)
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ZOMY

observed carbon experiment
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Pulte Sequence
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igure 42 C-NMR spectrum of ZOMO (6-shogaol)
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Nams Of casple:20M0
ghmgc axpariment

Pulse Ssquence: ghmqc_da
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Name Of samplo:ZOoNE

ghmbe axperimgnt,

uEing ghmgc .pulice sequencs

Pulse Sequonce: ghmqc_da
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Figure 46 Mass spectrum (FAB) of ZOMO (6-shogaol)




176

(suo1p135uUIB0IPAYRP-9) [NOZ Jo wnnoeds YAN-H, Ly SmnSig

L4 Sk 969 zo*e tOreTQ eo"1 L£9°T
QE"S e £EE8°D 250 S0 Z To T
- - L ol } _I|l|l|r|- } } } -.|.>|1_.I—I1I-r||4 }
wdd € v ] Z
i ] 1 L 1
L

R

T

1hdza seousnbes aoind
Jueu Lapdke wolosd PRAIDITO
TMOZIoL Ao 4O BmUN



177

F =
f=1
=Y
826" 51 X
- =
- TheUEE o
ere 82 b
§st 18 b
1
10T 0% e
-
[ ~
928° ¢S 3 g
‘_g o)
! <]
- 3
- &
YY) - "B
wuy LL—\ t O
£32° ¢4 Lo —E
- S
. 7
- O
o Mg’
L o [
ovT*00Y = =
- ®)
T
STB* 60T 2
3 1)
294°b1Y i
- =
9§ 0321 o
M Rt
5
66§° 221 [ 3
§ve" 42T - B
T
VAT S, '
762" ST L go
AT had o
- )
I <t
"3 O
L - E}
L o
o =
. =
086" £LT =
s -l
L o
. — &
- §32°002 -9
2 r
o~ -
w -
8 -
h 3
=
s .
H - oy
7] Ly
" s
® !
= [
ﬁ. -




178

(suoIpse3wS0IpAYsp-9) NOZ Jo wnydads XSO0 H"H, 6% mSL]

(wdd) 3

=l

KR3026 se3ugnbag owLng
iem| ledxs uoroud poALSltD
TMDZ I dEDa O PwN



179

(suoIp1a3uISoIpAYsp-9) [NOZ jo wnnoads ODWH 0§ SmSLy

(wdd} z3

02T

09T

TTY

o= orT
02T

90T

03
ot
02

wdd )
T4

PpTobeyS saousnbeg esind
JUGNLISEXD JbuyS
IHOZ:#1deps JC owalN



180

(Suop1e8UIZ01pAYSP-9) TINOZ JO wmnoads DAY 1§ emSLg

{uwdd) za4
T 2 & 5 9 Z
. 1 1 i I A " . 5 " i 1 L n 1
-
. - © 002
° © o I8t
03T
U ° oo
v . oo avT
o .-
° *® + ®fozr
L -] - -
L ] -]
S ] -* - 00T
. . [0%
99
ot
[ 2
L -4
: 02
wdd )
T3

upUobeys :psuanbag ssingd
esuanboes saind >bwyd Suian
JULE] fodiD DGO
THOZZoLdudy O cuey



D:\Kealburdata3! ign21
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Figure 52 Mass spectrum (FAB) of ZOM 1 (6-dehydrogingerdione)
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observad carbon experiment
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Figure 54 ’C-NMR spectrum of ZOM3 (6-gingerol)
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Figure 56 HMQC spectrum of ZOM3 (6-gingerol)
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Figure 58 Mass spectrum (FAB) of ZOM3 (6-gingerol)
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