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Antioxidant activities of methanolic and hot-water extractsfrom
leaves of three cultivars of Mai-Men-Dong (Liriope spicata L .)
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Abstract. 1,1-dipheny-2-picrylhydrazyl (DPPH) scavenging activities of the 80% methanolic leaf extracts of three
cultivars (small leaf, SL; big leaf, BL; thin leaf, TL) of Mai-Men-Dong (Liriope spicata L.) are analyzed by
spectrophotometry. The concentrations required for 50% inhibition (IC,)) of DPPH radicals were 81.08, 96.97, and
53.78 ug/mL, respectively. The methanolic extracts were further partitioned into three n-hexane-, ethylacetate-, and
water-soluble fractions, among which the ethylacetate-solubl e fraction exhibited the highest DPPH scavenging activity.
The IC, of ethylacetate-soluble fractions of SL, BL, and TL for DPPH radical scavenging activity were 41.55, 24.55,
and 53.33 ug/mL, respectively. Each Mai-Men-Dong powder (1 g) was deposited in a tea bag and then dipped in hot
water (100°C, 100 mL) for 3 min with triplicate samples. These hot-water extracts were then freeze-dried for an anti-
DPPH radical capacity test, which found a positive correlation with the phenolic contents of each hot water extract.
The IC,, of hot water extracts of SL, BL, and TL for DPPH radical scavenging activities were 378.97, 171.12, and
95.84 mg/mL, respectively. All three hot water extracts can effectively scavenge hydroxyl radical using electron spin
resonance (ESR) spectrometry. The IC_, against hydroxyl radical were 80.8, 69.7, and 116 ug/mL, respectively, for
the SL, BL, and TL cultivars.
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Introduction

Active (or reactive) oxygen species and free radical-me-
diated reactions have been implicated in degenerative or
pathological processes such as aging (Ames et al., 1993;
Harman, 1995), cancer, coronary heart disease and
Alzheimer's disease (Ames, 1983; Gey, 1990; Smith et al.,
1996; Diaz et a., 1997). Meanwhile many epidemiological
results point to an association between a diet rich in fresh
fruit and vegetable and a decrease in the risk of cardio-
vascular diseases and certain forms of cancer (Salah et al.,
1995) in humans. Several reports concern the antioxidant
activities of natural compounds in fruits and vegetables.
These include phenolic compounds (Rice-Evans et al.,
1997), anthocyanin (Espin et al., 2000), echinacoside in
Echinaceae root (Hu and Kitts, 2000), water extracts of
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roasted Cassia tora (Yen and Chuang, 2000), the storage
proteins of sweet potato root (Hou et a., 2001a), yam tu-
ber (Hou et al., 2001b), and potato tuber (Liu et a., 2003).
In cells, metabolic pathways normally couple to degrade
freeradicals. If the generation rates of freeredicals are faster
than degradation rates under environmental stresses, cells
suffer oxidative stresses. Two distinct pathways, nonen-
zymatic or enzymatic, were found in plant cells as routes
of freeradical scavengers. The former included ascorbate
(Njus end Kelley, 1993) or chlorogenic acids (Kono et al.,
1998) or vitamin E (Halliwell, 1999); the latter included dif-
ferent forms of SOD to metabolize superoxide free radical
to hydrogen peroxide (Bowler et al., 1992; Lin et a., 1993).
The hydrogen peroxide produced was further metabolized
either by catalase or different forms of peroxidase such as
glutathione peroxidase (EC 1.11.1.9).

The root of Mai-Men-Dong (Liriope spicata L.) is fre-
guently used as a traditional Chinese herb, and the dried
leaf powders are also used asteadrinksin Taiwan. In our
previous report (Hou et al., 2003), the activities of super-
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oxide dismutase and glutathione peroxidase were detected
in leaves of three cultivars of Mai-Men-Dong. One of the
three withstood an 80°C treatment for 30 min. In this
research, we used 80% methanol to extract leaves of Mai-
Men-Dong (small leaf, SL; big leaf, BL; thin leaf, TL).
Meanwhile, the methanolic extracts were further partitioned
into three fractions of hexane-soluble, ethylacetate-soluble,
and water-soluble. These extracts were analyzed for their
DPPH scavenging activities by spectrophotometry. Mai-
Men-Dong powder was deposited in a tea bag and then
dipped in hot water to get hot water-soluble extracts (Mai-
Men-Dong tea), and we then evaluated the antioxidant ef-
fects by scavenging activities of DPPH by
spectrophotometry and of hydroxy! radical by electron spin
resonance (ESR) spectrometry.

Materials and M ethods

Plant Materials

Fresh leaves of three cultivars (small leaf, SL; big leaf,
BL; thin leaf, TL) of Liriope spicata L. were provided by
Taiwan Agricultural Research Institute, Council of
Agriculture, Wu-Feng, Taichung. After drying in 37°C
oven, the dried leaves were cut into pieces for further
investigations.

Methanolic Extracts of Mai-Men-Dong

The dried leaves of each cultivar of Mai-Men-Dong
(250 g) were extracted twice with 500 mL of 80% methanol
at 70°C for 4 h. The extracts were dried under reduced
pressure. Each 80% methanolic extract was dissolved in
small amounts of water and then was further partitioned
in order into three fractions of hexane-soluble,
ethylacetate-soluble, and water-soluble. These extracts
were dried, and the DPPH scavenging activities were ana-
lyzed by spectrophotometry.

Hot Water Extract of Mai-Men-Dong

Triplicate samples of Mai-Men-Dong powder (1 g) were
deposited in tea bags and then dipped in hot water (100
°C, 100 mL) for 3 min. The hot-water’ s extracts (Mai-Men-
Dong tea drinks) were then freeze-dried and analyzed for
DPPH scavenging activities by spectrophotometry and for
hydroxyl radical scavenging activities by ESR
spectrometry.

Scavenging Activitiy of 1,1-Dipheny-2-
Picrylhydrazyl (DPPH) Radical by Spectropho-
tometry

The scavenging activity of each extract against DPPH
radical was measured according to the method of Hou et
al. (20014, b). Each 0.3 mL of extract solution (dissolved in
methanol or distilled water) was added to 0.1 mL of 1 M
Tris-HCI buffer (pH 7.9) and then mixed with 0.6 mL of 100
mM DPPH in methanol for 20 min under light protection
at room temperature. The absorbance at 517 nm was
measured. Deionized water or methanol was used as a
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blank. The scavenging activity of DPPH radicals (%) was
calculated following the equation: (A517,, , -A517_ )~
A517, .. %100%. The IC_ stands for the concentration re-
quired for 50% scavenging activity and was calculated from
the above equation.

Scavenging Activities Against Hydroxyl Radical
by Electron Spin Resonance Spectrometry

The hydroxyl radical was generated by Fenton reaction
according to the method of Kohno et al. (1991). The total
500-pL mixture contained hot-water extracts of each culti-
var (0.042, 0.063, and 0.125 mg/mL ), 5 mM 5,5-dimethyl-1-
pyrroline-N-oxide (DMPO), and 0.05 mM ferrous sulfate.
After mixing, the solution was transferred to an ESR quartz
cell and placed at the cavity of the ESR spectrometer. Hy-
drogen peroxide was then added to a final concentration
of 0.25 mM. Deionized water was used instead of sample
solution for blank experiments. After 40 s, the relative in-
tensity of the signal of the DMPO-OH spin adducts was
measured. All ESR spectra were recorded at the ambient
temperature (298 K) on a Bruker EMX-6/1 EPR spectrom-
eter equipped with WIN-EPR SimFonia software, Version
1.2. The conditions of ESR spectrometry were as follows:
center field, 345.4 (5.0 mT; microwave power, 8 m\W [9.416
Ghz]); modulation amplitude, 5 G; modulation frequency,
100 kHz; time constent, 0.6 s; scantime, 1.5 min.

Total Phenolic Contents

The total phenolic contents in each of the hot water
extracts were cal culated using the Folin-Ciocalteu reagent
method (Lai et al., 2001). The gallic acid is used to plot
the standard curve, and each extract is expressed as g
equivalent of gallic acid/100 pg sample.

Chemicals

All chemicals and reagents were from Sigma Chemical
Co. (St. Louis, MO, USA) and were of the highest purity
available.

Results and Discussion

DPPH radicals are widely used in the model system to
investigate the scavenging activities of several natural
compounds. When DPPH radical is scavenged, the color
of the reaction mixture changes from purple to yellow with
decreasing of absorbance at wavelength 517 nm. Figure 1
shows the scavenging activity against DPPH radicals of
80% methanolic extracts of SL, BL, and TL cultivar of
Liriope spicata L. All three methanolic extracts exhibit
dose-dependent anti-DPPH radical activities. The IC_ val-
ues were 81.08, 96.76, and 53.78 pg/mL, respectively, for
SL, BL, and TL cultivars.

Each 80% methanolic extract was further fractionated
sequentialy into hexane-, ethylacetate-, and water-soluble
fractions. Using SL cultivar as an example, the recovery
by dry weight of each fraction in order from 80%
methanolic extracts was 2.85%, 11.31%, and 53%,
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respectively. On the same weight basis (100 ug), the DPPH
scavenging activity is 28.62%, 71.55%, and 60.56%,
respectively, for the hexane-, ethylacetate-, and water-
soluble fractions. We found that ethylacetate-soluble frac-
tion exhibited the highest antiradical activity anong them.
Figure 2 shows the scavenging activity against DPPH radi-
cal from ethylacetate-soluble fraction of 80% methanolic
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Figure 1. Scavenging activity against DPPH radical from 80%
methanolic extracts of SL, BL, and TL cultivar of Liriope spicata
L. The scavenging activity of DPPH radical (%) was calculated

according to the following equation: (A517,_, - A517_ )+
AB17,_ X 100%.
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Figure 2. Scavenging activity against DPPH radical from
ethylacetate-soluble fraction of 80% methanolic extracts of the
SL, BL, and TL cultivarsof Liriope spicata L. The scavenging
activity of DPPH radical (%) was calculated according to the
following equation: (A517,,, - AS17_ ) +A517, , X 100%.
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extracts of the SL, BL, and TL cultivars of Liriope spicata
L. The IC, values were 41.55, 24.55, and 53.3 mg/mL,
respectively, for the SL, BL, and TL cultivars. The IC, of
each ethylacetate-soluble fraction against DPPH radical is
about one-half to one-fourth those of 80% methanolic
extracts, except for TL cultivar.

It is interesting that the commercial products of dried
leaf powder of Mai-Men-Dong are used as teadrinksin
Taiwan. For this reason, we freeze-dried hot-water extracts
(simulating Mai-Men-Dong tea drinks), and the DPPH
scavenging activity was analyzed by spectrophotometry.
The recovery percentage of hot water extracts from each
dried leaf powder (1 g) was 12.12%, 6.42%, and 7.04%,
respectively, for the SL, BL, and TL cultivars. Figure 3
shows that all three hot water extracts exhibit dose-
dependent anti-DPPH radical activities. The IC_ values are
378.97, 171.12, and 95.84 ng/mL, respectively, for the SL,
BL, and TL cultivars. The simulated Mai-Men-Dong tea
drinks clearly exhibited anti-DPPH radical activity though
the scavenging efficiency was lower than that of
ethylacetate-soluble fraction and 80% methanolic extracts
(Table 1). The hot water extracts of TL cultivar exhibit the
closest IC,, against DPPH radical compared with those of
ethylacetate-soluble fraction and 80% methanolic extracts
(Table 1). Table 2 shows the total phenolic contentsin hot
water extracts of the SL, BL, and TL cultivars of Liriope
spicata. On the same weight basis (100 pg), the order of
total phenoilc contents was TL > BL > SL, which isthe

__ 70+
3
8 991
B
= »
- 501 /
o /
o /
0O 40 4 /
B x'f
€304 /
il /
o 20 4 { —w— Big Leaves (IC,,=171.12 pg/mL)
a .-"I ; u— Small Leaves (IC,,=378.97 pg/mL)
§ 10 ,.'"lll —e— Thin Leaves (1C,,=95.84 pg/mL)
@ {
ﬁ J/
0 v v v T T 1
0 100 200 300 400 500 600

Sample (ug)

Figure 3. Scavenging activity against DPPH radical from hot
water extracts of the SL, BL, and TL cultivars of Liriope spicata
L. The scavenging activity of DPPH radical (%) was calculated
according to the following equation: (A517,_, - A517_ )+
A517__ X 100%.
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Table 1. Comparison of the scavenging efficiency against DPPH radical between hot water extracts and 80% methanolic extracts or
ethylacetate-soluble fraction of the SL, BL, and TL cultivars of Liriope spicata.

SL cultivar BL cultivar TL cultivar
Hot water extracts/ethylacetate-soluble 9.122 6.97 1.80
Hot water extracts/80% methanolic extracts 4.67 1.77 1.78

*Ratio of 1C,_, against DPPH redical.
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Table 2. The total phenolic contents in hot water extracts of the SL, BL, and TL cultivars of Liriope spicata.

SL cultivar

BL cultivar TL cultivar

Total phenolic contents
(ug equivalent of gallic acid/100 pg sample)

1.01 201 3.01

same as that of 1C_ against DPPH radical. The methanol
extracts of Echinacea root from three species exhibited
different DPPH scavenging activities, and the IC, values
all exceeded 400 pg/mL (Hu and Kitts, 2000). The IC_ of
the DPPH scavenging activity of bicarbonate extracts from
hsian-tsan was 510 ug/mL (Lai et a., 2001).

The hydroxyl radical was generated by Fenton reaction
and was trapped by DM PO to form DMPO-OH adduct. The
intensities of DMPO-OH spin signal in ESR spectrometry
were used to evaluate the scavenging activity of hot wa-
ter extracts against hydroxyl radical. Figure 4 shows
scavenging activities against hydroxyl radicals of hot wa-
ter extracts of SL (A), BL (B), and TL (C) cultivars of
Liriope spicata L. at different concentrations (0.042, 0.063,
and 0.125 mg/mL). The scavenging activities against hy-
droxyl redical are 4.80, 37.63, and 80.62% (for SL cultivar);
10.59, 47.46, and 70.91% (for BL cultivar); and 5.54, 31.63,
and 53.12% (for TL cultivar), respectively, at 0.042, 0.063,
and 0.125 mg/mL. All three hot water extracts cen effec-
tively scavenge hydroxyl radical. I1C_, values against
hydroxyl radical are 0.0808, 0.0697, and 0.116 mg/mL,
respectively, for SL, BL, and TL cultivars.

In conclusion, the ethylacetate-soluble fraction from
80% methanolic extracts exhibits the highest DPPH
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scavenging activity. The hot water extracts (smulated Mai-
Men-Dong tea drinks) exhibit dose-dependent scavenging
activities against both DPPH and hydroxyl radicals.
Together with the previous report of superoxide dismutase
and glutathione peroxidase (heat stable) activities in leaf
extracts of different cultivars of Liriope spicata, the
potential use of Liriope spicata for health food deserves
further investigation.

Acknowledgments. The authors want to thank the National
Science Council, Republic of China for its financial support
(NSC93-2313-B038-001).

LiteratureCited

Ames, B.N. 1983. Dietary carcinogens and anticarcinogens. oxy-
gen radicals and degenerative diseases. Science 221: 1256-
1264.

Ames, B.N., M.K. Shigena, and T.M. Hegen. 1993. Oxidants,
antioxidants and the degenerative diseases of aging. Proc.
Nat. Acad. Sci. USA 90: 7915-7922.

Bowler, C., M.V. Montagu, and D. Inze. 1992. Superoxide
dismutase and stress tolerance. Ann. Rev. Plant Physiol.
Plant Mol. Biol. 43: 83-116.

B C

Figure 4. Scavenging activities against hydroxyl radical from hot water extracts of the SL (A), BL (B), and TL (C) cultivars of
Liriope spicata L. at different concentrations (0.042, 0.063, and 0.125 mg/mL). The signal intensities of DMPO-OH adduct were

determined by electron spin resonance spectrometry.



Hou et al. — Antioxidant activities of leaf extracts of Liriope spicata L. 289

Diaz, M.N., B. Frei, J.A. Vita, and J.F. Keaney. 1997. Antioxi-
dants and atherosclerotic heart disease. N. Engl. J. Med.
337: 408-416.

Espin, J.C., C. Soler-Rivas, H.J. Wichers, and C. Viguera-Garcia.
2000. Anthocyanin-based natural colorants; a new source
of antiradical activity for foodstuff. J. Agric. Food Chem.
48: 1588-1592.

Halliwell, B. 1999. Food-derived antioxidants. Evaluating their
importance in food and in vivo. Food Sci. Agric. Chem. 1:
67-109.

Harman, D. 1995. Role of antioxidant nutrients in aging:
overview. Age 18: 51-62.

Hou, W.C., Y.C. Chen, H.J. Chen, Y.H. Lin, L.L. Yang, and M.
H. Lee. 2001a. Antioxidant activities of trypsin inhibitor, a
33 kDa root storage protein of sweet potato (Ipomoea
batatas (L.) Lam cv. Tainong 57). J. Agric. Food Chem. 49:
2978-2981.

Hou, W.C., M.H. Lee, H.J. Chen, W.L. Liang, C.H. Han, Y.W.
Liu, and Y.H. Lin. 2001b. Antioxidant activities of dioscorin,
the storage protein of yam (Dioscorea batatas Decne) tuber.
J. Agric. Food Chem. 49: 4956-4960.

Hou, W.C., Y.L. Lu, S.Y. Liu, and Y.H. Lin. 2003. Activities of
superoxide dismutase and glutathione peroxidase in leaves
of different cultivars of Liriope spicata L. on 10% SDS-
PAGE gels. Bot. Bull. Aced. Sin. 44: 37-41.

Hu, C. and D.D. Kitts. 2000. Studies on the antioxidant activity
of Echinaceae root extract. J. Agric. Food Chem. 48: 1466-
1472.

Gey, K.F. 1990. The antioxidant hypothesis of cardiovascular
disease; epidemiology and mechanisms. Biochem. Soc. Trans.
18: 1041-1045.

Kohno, M., M. Yamada, K. Mitsuta, Y. Mizuta, and T.
Yoshikawa. 1991. Spin-trapping studies on the reaction of

iron complexes with peroxides and the effects of water-
soluble antioxidants. Bull. Chem. Soc. Jpn. 64: 1447-1453.

Kono, Y., S. Kashine, T. Yoneyama, Y. Sakamoto, Y. Matsui,
and H. Shibata. 1998. Iron chelation by chlorogenic acid as
anatura antioxidant. Biosci. Biotechnol. Biochem. 62: 22-
27.

Lai, L. S., ST. Chou, and W.W. Chao. 2001. Studies on the an-
tioxidant activities of Hsian-Tsao (Mesona procumbens
Hemsl). J. Agric. Food Chem. 49: 963-968.

Lin, C.T., K.W. Yeh, M.C. Kao, and J.F. Shaw. 1993. Cloning
and characterization of a cDNA encoding the copper/zinc-
superoxide dismutase from sweet potato tuberous root.
Plent Mol. Biol. 3: 911-913.

Liu, YW., C.H. Han, M.H. Lee, F.L. Hsu, and W.C. Hou. 2003.
Patatin, the tuber storage protein of potato (Solanum
tuberosum L.), exhibits antioxidant activity in vitro. J. Agric.
Food Chem. 51: 4389-4393.

Njus, D. and PM. Kelley. 1993. The secretary-vesicle ascor-
bate-regenerating system: a chain of concerted H*/e-trans-
fer reaction. Arch. Biophys. Acta. 1144: 235-248.

Rice-Evans, C.A., N.J. Miller, and G. Paganga. 1997. Antioxi-
dant properties of phenolic compounds. Trends Plant Sci.
2: 152-159.

Salah, N., N.J. Miller, G. Paganga, L. Tijburg, G.P. Biolwell, and
C. Rice-Evans. 1995. Polyphenolic flavonols as scavenger
of aqueous phase radicals and as chain breaking antioxidants.
Arch. Biochem. Biophys. 322: 339-346.

Smith, M.A., G. Perry, PL. Richey, L.M. Sayre, V. Anderson,
M.F. Beal, and N. Kowal. 1996. Oxidative damage in
Alzheimer’s. Nature 382: 120-121.

Yen, G.C. and D.Y. Chuang. 2000. Antioxidant properties of water
extracts from Cassia tora L. in relation to the degree of
roasting. J. Agric. Food Chem. 48: 2760-2765.



290 Botanical Bulletin of Academia Sinica, Vol. 45, 2004

R T 04 VB2 3 R IR A dc AL B BT 5
1 R&EFE?2 EE L BRESRY  RERS ARHEEES

=pln eyt A

P LR SR EEE R

e
RS
TR T A T

§ eI TS E T

AP IAAUSIIY) - 2 80% HERHIIY) GE— P LUECKE » JRRAEE ~ FoKERI B i
SRR AR A QLB T - B E A DPRHE S (DU et AiEile) MEsE
% (LAESR - AIEE T B iet ol fikille ) iEkrees) - HERE BARHRME - Ukl DPPH
B R EREE T N S IR B A ORI -

BRGEE ¢ A FUILIERE | DPPH EIHEE © AR I -



