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Abstract

Five flavonoids, including 3,7.4'-trimethoxy-5-hydroxy-
flavone (1), 3.,4’-dimethoxy-5,7-dihydroxyflavone (2),
5,74 -trimethoxy-3-hydroxyflavone  (3), 3,5,7,4'-tetram-
ethoxyflavone (4), and 7,4"-dimethoxy-3,5-dihydroxyflavone
(5), were isolated from the thizome of Hedychium thyrsiforme
and assayed for antioxidant and antitumor promoting activ-
ities. The antioxidant assays showed that 5,7,4’-trimethoxy-
3-hydroxyflavone, 7,4’-dimethoxy-3,5-dihydroxyflavone and
3,4’-dimethoxy-5,7-dihydroxyflavone had strong activities.
Only two compounds, 5,7,4'-trimethoxy-3-hydroxyflavone
and 7,4'-dimethoxy-3,5-dihydroxyflavone, were found to be
strong 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
scavengers with fifty percent inhibition concentration (ICs)
values of 92 and 119uM, respectively. Antitumor promoting
assays indicated that all the flavonoids showed strong inhibi-
tion activity towards Epstein-Barr virus (EBV) activation in
Raji cells.

Keywords: Hedychium thyrsiforme Smith., antioxidant
activity, antitumor promoting activity, flavonoids.

Introduction

Hedychium (Zingiberaceae) is widely distributed in the
eastern Himalayas among which few species are found in
Southeast Asia (Burkill, 1966). Several species of Hedy-
chium are used in eastern traditional medicine. For example,
a decoction of the stem near the rhizome of H. coronarium
J. Koenig may be used as a gargle and the juice of the chewed
stem is applied to swelling. A decoction of the roots of A.

longicornutum Baker is used as a vermifuge and to treat
earaches (Burkill, 1966; Perry, 1980). Previous studies on 7.
spicatum Buch. and H. coronarium J. Koenig resulted in the
isolation of some labdane diterpenes (Sharma et al., 1976;
Itokawa et al., 1988; Singh et al., 1991; Nakatani et al.,
1994). In our preliminary investigation on the antioxidative
potential of the Zingiberaceous species, we found that
the crude methanol and dichloromethane extracts of H.
thyrsiforme Smith showed strong activity in the ferric chlo-
ride and 1,1-diphenylpicrylhydrazyl (DPPH) radical
scavenging assays. To our knowledge, there has not been
any scientific study on this species reported in the literature.
We report herein the isolation of the antioxidative
components of H. thyrsiforme as well as their anti-tumor
promoting activity.

Materials and methods
General

Melting points were determined on a Kofler hot plate and
were uncorrected. UV spectra were recorded on a Shimadzu
UV-VIS 160 and IR spectra on a Perkin Elmer 1650 FTIR
spectrometers. 'H- and >C-NMR spectra were obtained using
a Varian Unity 500 spectrometer at 500 and 125MHz, re-
spectively, in CDCl; using TMS as internal standard. Mass
spectra were recorded on a Hitachi M-2000 spectrometer
with ionization induced by electron impact at 70eV. o-
Tocopherol, tert-butyl-4-hydroxyltoluene (BHT) and DPPH
were purchased from Wako Pure Chemical Industries.
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Quercetin was purchased from Sigma Chemical Company.
Column and preparative thin-layer chromatography (TLC)
utilized Merck silica gel 60 (0.063—-0.200mm) and Merck
silica gel 60 PF,s, containing gypsum, respectively.

Plant materials

The rhizomes of Hedychium thyrsiforme were collected from
Plant Genetic Resources Centre, Universiti Putra Malaysia in
January 2000. The herbarium voucher specimen was identi-
fied by A.A. Rahman and deposited at the Herbarium of the
Biology Department, Universiti Putra Malaysia.

Extraction and isolation

Ground air-dried rhizomes (800 g) of Hedychium thyrsiforme
were successively extracted with n-hexane and dichloro-
methane at room temperature. The n-hexane extract yielded
a yellow solid upon standing and it was recrystallized from
n-hexane-dichloromethane (3:1) mixture to give 235mg
of compound 1. The n-hexane supernatant was further con-
centrated under reduced pressure to give 3.5 g solid and then
fractionated by column chromatography (cc) on silica gel
cluting with n-hexane followed by dichloromethane and
acetone in an increasing polarity manner to give 22 fractions.
The fractions were pooled according to their TLC patterns to
make five combined fractions (A-E). The combined fraction
A was subjected to preparative TLC to give 14mg of com-
pound 5. Recrystallization of the combined fraction B and
purification of the combined fraction C on a column (Si gel)
gave further 142mg of compound 1. The concentrated
dichloromethane extract was subjected to cc (Si gel) eluting
with the same solvent system as in the fractionation of »-
hexane extract to give 30 fractions which were then com-
bined according to their TLC pattern to give nine fractions
(A2-12). The combined fraction A2 was crystallized to give
a further 315mg of compound 1. Recrystallization of the
combined fraction D2 and the combined fraction F2 from
dichloromethane-acetone (3 :2) gave compounds 2 (326 mg)
and 3 (154 mg), respectively. Compound 4 (436 mg) was 1s0-
lated after purification of combined fraction G2 and H2 on
cc (Si gel) followed by preparative TLC.

Antioxidant activity using the ferric thiocyanate
(FTC) method

The detection of lipid peroxide and the preparation of solu-
tions were carried out according to the method described by
Kikuzaki and Nakatani (1993). The sample solution was pre-
pared by dissolving the 2mg test sample (final concentration
0.02% w/v), and linoleic acid (0.10g) in 8.0ml of 99.6%
ethanol, 8.0ml of phosphate buffer (0.05M, pH 7.0) and
3.9ml of distilled water. The vial containing the solution was
then placed in the dark at 40°C. Oxidation of linoleic acid
was monitored by the following procedures. To 0.1ml of
sample solution was added 9.7ml of 75% ethanol and 0.1 ml

of 30% ammonium thiocyanate. Precisely 3min after the
addition of 0.1 ml of 0.02 M ferrous chloride (FeCl,) in 3.5%
hydrochloric acid, the absorbance of the mixture was mea-
sured at 500 nm. The readings were taken every 24 h unti] one
day after the control reached maximum reading.

Antioxidant activity using the thiobarbituric acid
(TBA) method

This test was conducted according to the method of Kikuzaki
and Nakatani (1993). The same sample solutions prepared
for the FTC method were used. To 2ml of the sample
solution, was added 1 ml of 20% aqg. trichloroacetic acid and
2ml of aq. thicbarbituric acid solution. The mixture was
placed in a boiling water bath for 10 min. After cooling, it
was centrifuged at 3000rpm for 20min. Absorbance of the
supernatant liquid was measured at 532nm. Antioxidant
activity was recorded based on absorbance on the 8th day
(final day).

Antioxidant activity using the DPPH free radical
scavenging assay

This assay was performed in a 96-well microtitre plate
(Nunc). The stock solution of the test samples were prepared
at 1mg/ml concentration in methanol and diluted to the
100 pg/ml (substock solutions). One hundred pl of the sub-
stock solution was introduced into a well of the first (A) row
of the microtitre plate. Into the respective wells of the fol-
lowing seven rows (row B—H) were then added 80, 60, 40, 20,
10 and 5l of the substock solutions. The stock solution in
each well was diluted with methanol to make the total volume
195 ul and finally 5 Ul of DPPH solution (prepared at 10 mg/
ml) was added. The plate was shaken to ensure thorough
mixing before placing it in the dark. After allowing it to stand
for 30 min, the optical density of the solution was read using
an ELISA reader at wavelength 517 nm. The ICsy value was
determined as the concentration of sample required to scav-
enge 50% of DPPH free radicals (Lee et al., 1998).

Antitumour promoting activity
Cell line

The Raji cell line was obtained from Dr. Akira Murakami,
Kinki University, Japan. The cell line was routinely main-
tained in RPMI 1640 medium and supplemented with 10%
of fetal bovine serum, 10% of penicillin (50001U/ml) and
streptomycin (50001g/ml) at 37°C in a humidified atmos-
phere of 5% CO0,.

Epstein-Barr virus activation (EBV) assay

The Raji cells (5 x 10° cells/ml) in 1ml of complete growth
medium (RPMI 1640 medium and supplemented with 10%
of fetal bovine serum), 10% of penicillin (5000 1U/ml) and
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streptomycin (5000 1g/ml)) containing sodium n-butyrate
(3mM), phorbol 12-myristate 13-acetate (0.05uM) and test
substance (5l from a stock solution of 200 ug/ml in DMSQ)
were incubated at 37 °C under 5% CO, atmosphere for 48h
in a 24 well-plate. A 100l of cell suspension was removed
and mixed with an equal volume of 0.4% Trypan blue solu-
tion and the percentage of cell viability was determined by
counting the viable and nonviable cell using hemocytometer.
The treated cells were harvested and aliquot in 1ml Eppen-
dorf tube and centrifuged at 1000rpm for 10min. The cells
were washed twice with phosphate buffer saline and finally
resuspended in a small volume of phosphate buffered saline
(PBS). The cell suspension (15 ul) was dropped on to a Teflon
coated slide and allowed to dry at room temperature. The
slide was then fixed in ice cold-acetone and kept at —20°C
for 10min. The slide was dried at room temperature and
stored dry at —20°C until future use. EBV activation was
evaluated by the detection of the carly antigen (EA) expres-
sion in Raji cells. EA expressed in Raji cells were detected
by an indirect immunoflourescence method with EA-positive
sera from nasophyregeal patient cancer (NPC), followed
by fluorescence isothiocynate labeled immunoglobulin G
(FITC-labeled IgG). A drop of NPC serum (1:20 dilution)
was applied onto the fixed cells on the Teflon coated slide.
The slide was incubated in a humidified chamber for 30 min
at 37°C. The slide was then rinsed carefully with PBS twice
in a staining chamber for 10 min each. Tissue paper was used
to remove the excess water without touching the cell surface.
Briefly, a drop of FITC-labeled 1gG (1 : 30 dilution) was then
applied onto the cells and incubated again in a humidified
chamber for 30 min at 37 °C. The slide was then rinsed care-
fully with PBS twice in a staining chamber for 10min each.
The excess water was removed with a tissue paper and a drop
of 50% glycerol was added onto the smear. A cover slip was
placed on top of the smear and viewed immediately. The flu-
orescent cells were counted using an inverted microscope
(Nikon, Japan). The average of EA induction of the sample-
treated cells were compared with the average of a control
treated with PMA and sodium n-butyrate.

Results and discussion

Five kaempferol flavonoids including 3,7,4’-trimethoxy-5-
hydroxyflavone (1) (Jaipetch et al., 1983; Voirin, 1983;
Kamaya & Ageta, 1990; Dong et al., 1999), 3,4’-dimethoxy-
5,7-dihydroxyflavone (ermanin, 2), (Agrawal, 1989;
Nakatani et al,, 1991; Voirin, 1983), 5,7,4’-trimethoxy-3-
hydroxyflavone (3) (Dong et al., 1999), 3,5,7,4"-tetram-
ethoxyflavone (4) (Joseph-Nathan et al., 1981; Dong et al.,
1999)  and 7,4’-dimethoxy-3,5-dihydroxyflavone  (5)
(Agr a\_Nal, 1989; Kamaya & Ageta, 1990) were isolated from
the rhizomes of Fedychium thyrsiforme (Fig. 1). The struc-
tures of these compounds were derived from the analyses of
their spectral gata (HFNMR, IR, UV and MS) as well as their
ComPparison with those found in the literature.

R0

ORy O

(1) Ry =Me; Rs=H; R, =Me; Ry =Me
(2)Ry=Me; Ry =H; R, =H; Ry =Me
(3)Ry;=H; Ry=Me; R, =Me; Ry =Me
(4) R; =Me; Rs = Me; R; =Me; Ry =Me
(5)R;=H; Rs =H; Ry = Me; Ry =Me

Figure 1. Flavonoids from Hedychium thyrsiforme.

All compounds were assayed for antioxidant activities
using FTC and TBA methods. These assays represent amounts
of peroxides and the degradation products during the oxida-
tion process, respectively, in the initial stages of lipid oxida-
tion (Kikuzaki & Nakatani, 1993). In addition, the
compounds were tested for antitumour promotion activity
based on their inhibition toward EBV activation in Raji cells.

In the antioxidant activity tests, compounds 3, 5 and 2
were more active than o-tocopherol but showed comparable
antioxidant effects to feri-butyl-4-hydroxytoluene (BHT), a
potent synthetic antioxidant (Figs. 2 and 3). Compound 1
showed a moderate activity although it still exhibits a greater
activity as an antioxidant agent compared to o-tocopherol.
Compound 4 was inactive in both assays.

The free radical scavenging activity of the isolated com-
pounds has also been monitored based on scavenging activ-
ity of the stable DPPH radicals as shown in Figure 4. In this
assay, antioxidant agents can react with the stable free radical
of DPPH to produce 1,1-diphenyl-2-picrylhydrazine. The
reaction results in the discoloration of the free radical, which
was used as the indicator of antioxidant activity by measur-
ing the absorbance at 517 nm (Lee et al., 1998). Only two of
the most active compounds (3 and 5) in the previous assay
were tested for DPPH free radical scavenging activity and
found to have the ICs, values of 92 and 119 M, respectively.
Their activities were almost identical to that of kaempferol
(ICso = 113 uM). However, the activity of compounds 3 and
5 were much lower than the ascorbic acid (ICs, = 5.7 uM)
and quercetin (JCso = 33.7uM).

Methylated kaempferols showed varying degrees of
antioxidant activities. In the assays using FTC and TBA
methods, the antioxidant activity followed the order of BHT
~5,7 4’-trimethoxy-3-hydroxyflavone > 7,4’-dimethoxy-3,5-
dihydroxyflavone > 3,4'-dimethoxy-5,7-dihydroxyflavone >
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Figure 2. Absorbance values of the flavonoids isolated from H.
thyrsiforme using the FTC method.

Control

0 0.2 04 0.6 08 1 1.2 1.4
Absorbance (532 nm)

Figure 3. Absorbance values (on the 9% day) of the flavonoids
isolated from H. thyrsiforme using the TBA method.

3,7,4 -trimethoxy-5-dihydroxyflavone > o-tocopherol >
3,3,7,4 -tetramethoxyflavone. Thus, all compounds except
3,5,7,4' -tetramethoxyflavone are stronger antioxidants
than o-tocopherol and only 35,7,4'-trimethoxy-3-hydroxy-
flavone has an antioxidant activity comparable to that
of BHT.

Methylation of the 5-, 7- and 4’-hydroxyl groups did not
seem to affect the DPPH radical scavenging activity. This
was shown by the activities of 5,7,4’-trimethoxy-3-hydroxy-
flavone and 7,4'-dimethoxy-3,5-dihydroxyflavone which
were comparable in their antioxidant effect to that of
kaempferol. These compounds are approximately three- to
five-fold less active than quercetin and ascorbic acid, respec-

1000

90.0 4 —=— Ascorbic acid

80.0 - ——Quercetin
‘5 ggg —¥— Kaempferol
% 50:0 ] —s— Compound 3
o_fe 400 . —o—Compound 5

30.04

20.0 4

10.0

0.0 : — :

10 20 30 40 50

Concentration (ug/ml)

25 5

Figure 4. DPPH free radical scavenging activity of compounds 3
and 5 and the standards.

tively. The results are consistent with previous observation
on antioxidative potential of hydroxylated flavonoids (Pietta,
2000).

In vitro antitumor promotion was investigated to evaluate
inhibitory activity of test compounds toward EBV activation
in Raji cells. In this assay, phorbol-12-myristate-13-acetate
(PMA) was used as tumor promoter of EBV activation. As
shown in Table 1, the inhibitory rate (IR) of each test
compound towards the EBV activation was classified into
four ranks as follows: +++, strongly active (IR = 70%); ++,
moderately active (70% > IR > 50%); +, weakly active (50%
> IR 2 30%); —, inactive (30% > IR) (Murakami et al., 1998).

All the compounds exhibited strong inhibitory activity at
the concentration of 10 ug/ml (Table 1). Compound 3 showed
the strongest activity at 0.4 pLg/ml with the inhibition rate and
cell viability of 69.48 and 91.24%, respectively. However, the
other compounds exhibited moderate activity at this concen-
tration. As a reference, the inhibition rate and cell viability
of genistein at 1.6{g/ml was 63.4 and 96.1%, respectively,
and that of quercetin was 58.9 and 98.8%, respectively.

The ability of flavonoids to act as antioxidants, possibly
through radical scavenging mechanisms, has been well doc-
umented. In this study, the correlation of antioxidant with
antitumour promoting activities could be implied. Flavonoids
have been suggested to be responsible for several biological
activities, including antiallergenic, antiviral, antiinflamma-
tory, angiogenesis inhibitor, anticarcinogenic and hepatopro-
tective action (Middleton et al., 2000). The results of this
study may also support the justification on the traditional use
of this plant as a remedy for swelling.
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Table 1. Antitumor promoting properties of flavonoids isolated from H. thyrsiforme.
Concentration Cell Inhibitory rate

Compound (ug/ml) viability (%) (%) Activity rank

1 10.0 85.5 100.0 ok
2.0 91.4 55.8 ++
04 78.2 50.6 ++

2 10.0 66.8 74.7 +++
2.0 89.4 66.8 ++
04 85.0 56.7 ++

3 10.0 92.2 100.0 +++
2.0 86.9 78.4 +++
0.4 91.2 69.5 ++

4 10.0 88.6 92.5 +++
2.0 89.1 77.3 +++
0.4 85.1 63.6 ++

5 10.0 90.6 79.3 +++
2.0 76.7 67.7 ++
04 85.2 537 ++

Genistein 8.0 100.0 75.2 +++
1.6 96.1 63.4 ++
0.032 98.8 58.9 ++

Quercetin 8.0 97.4 67.8 +++
1.6 98.8 58.9 ++
0.032 98.9 47.4 +

Research Activities for Innovative Bioscience (BRAIN),
Japan.
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