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BACKGROUND/OBJECTIVE: Licorice has been shown to possess cancer chemopreventive effects. However, glycyrrhizin, a major
component in licorice, was found to interfere with steroid metabolism and cause edema and hypertension. The roasting process
of licorice modifies the chemical composition and converts glycyrrhizin to glycyrrhetinic acid. The purpose of this study was
to examine the anti-carcinogenic effects of the ethanol extract of roasted licorice (EERL) and to identify the active compound
in EERL.

MATERIALS/METHODS: Ethanol and aqueous extracts of roasted and un-roasted licorice were prepared. The active fraction
was separated from the methylene chloride (MC)-soluble fraction of EERL and the structure of the purified compound was
determined by nuclear magnetic resonance spectroscopy. The anti-carcinogenic effects of licorice extracts and licochalcone
A was evaluated using a MTT assay, Western blot, flow cytometry, and two-stage skin carcinogenesis model.

RESULTS: EERL was determined to be more potent and efficacious than the ethanol extract of un-roasted licorice in inhibiting
the growth of DU145 and MLL prostate cancer cells, as well as HT-29 colon cancer cells. The aqueous extracts of un-roasted
and roasted licorice showed minimal effects on cell growth. EERL potently inhibited growth of MCF-7 and MDA-MB-231 breast,
B16-F10 melanoma, and A375 and A2058 skin cancer cells, whereas EERL slightly stimulated the growth of normal IEC-6 intestinal
epithelial cells and CCD118SK fibroblasts. The MC-soluble fraction was more efficacious than EERL in inhibiting DU145 cell
growth. Licochalcone A was isolated from the MC fraction and identified as the active compound of EERL. Both EERL and
licochalcone A induced apoptosis of DU145 cells. EERL potently inhibited chemically-induced skin papilloma formation in mice.
CONCLUSIONS: Non-polar compounds in EERL exert potent anti-carcinogenic effects, and that roasted rather than un-roasted
licorice should be favored as a cancer preventive agent, whether being used as an additive to food or medicine preparations.
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INTRODUCTION

Over two-thirds of cancer-related deaths could likely be
prevented through lifestyle modification, particularly through
dietary means. [1] Cancer chemoprevention was defined as the
use of synthetic and naturally occurring compounds to prevent,
reverse, or delay the process of carcinogenesis, an overall process
in which distinct changes of cellular and molecular events occur
in a multistep manner. [2] Recently, interest in dietary plant
bioactive components that show no/low toxicity for potential
cancer chemoprevention has increased substantially. [3] Apoptosis
is defined as a controlled type of cell death, and apoptotic

processes become deregulated in cancer cells (Reviewed in [4]).
Because apoptosis can be induced by a variety of physiological
and pharmacological agents, plant bioactive compounds that
effectively induce apoptosis of cancer cells can be used as cancer
chemopreventive agents.

Licorice is a well-known plant, which is used to add flavor
to foods, beverages, and tobacco, and it is used as a medicinal
plant (reviewed in [5]). There is much literature on the biological
effects of the constituents of licorice, particularly in terms of
their anti-inflammatory, anti-microbial, anti-oxidant, anti-ulcer,
cytoprotective, and cytotoxic activities (reviewed in [5,6]).
However, some studies found that licorice interfered with
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steroid metabolism and caused edema and hypertension. [7-9]
Glycyrrhizin, a major component of licorice, inhibits the
metabolism of cortisol (reviewed in [10]) and can lead to acute
and chronic cases of hypertension and hypokalemia. [11] In
traditional oriental medicine roasted licorice has been used
rather than raw licorice. The roasting process of licorice results
the conversion of glycyrrhizin to glycyrrhetinic acid, [12,13] and
thus, reduces the levels of glycyrrhizin. [14] Additionally, it has
been shown that roasted licorice is more potent than
un-roasted licorice in inhibiting allergic [14] and inflammatory
[15] responses, and in protecting from neuronal injury by
transient forebrain ischemia. [13]

Despite the considerable number of physiological studies
which have been conducted on licorice, there have been no
studies to directly compare the anti-carcinogenic effect of
un-roasted licorice with that of roasted licorice. In the present
study, we observed that the ethanol extract of roasted licorice
(EERL), containing an increased amount of non-polar components,
exhibits remarkably more potent inhibitory effect on the growth
of cancer cells than the ethanol extract of un-roasted licorice
(EEUL). We also demonstrated that the topical application of
EERL inhibits 7,12-dimethylbenz(a)anthracene (DMBA)-initiated,
12-O-tetradecanoylphorbol-13-acetate (TPA)-promoted skin papil-
loma formation in mice. Additionally, we identified licochalcone
A as the active compound of EERL, and demonstrated that both
EERL and licochalcone A potently induced apoptosis of DU145
human prostate cancer cells.

MATERIALS AND METHODS

Materials

The following reagents were purchased from the indicated
suppliers: 3-[4,5-dimethylthiazol-2-ly]-2,5-diphenyltetrazolium bro-
mide (MTT) and 5,5',6,6"-tetrachloro-1,1’,3,3"-tetraethyl-imidacar-
bocyanine iodide (JC-1), DMBA, TPA (Sigma, St. Louis, MO, USA);
anti-cytochrome ¢ antibody, phycoerythrin (PE)-conjugated
annexin V, and 7-amino-actinomycin D (7-AAD) (BD Pharmingen,
Franklin Lake, NJ, USA); antibodies against cleaved poly
(ADP-ribose) polymerase (PARP), Bcl-xL, and cleaved caspase-3,
-7, -8, and -9 (Cell Signaling Technology, Beverly, MA, USA);
antibodies against Bcl-2, Bax, Bad and heat shock protein (HSP)
60 (Santa Cruz Biotechnology, Santa Cruz, CA, USA); licocha-
Icone A (Calbiochem, La Jolla, CA, USA). Dried licorice roots
(Glycyrrhiza inflata Bat., Dea Guang Medical, Chuncheon, South
Korea).

Preparation of ethanol and aqueous extracts of roasted and
un-roast licorice

To compare the anti-carcinogenic effects of roasted and un-
roasted licorice, we prepared 4 different extracts; EERL, EEUL,
aqueous extract of roasted licorice (WERL), and aqueous extract
of un-roasted licorice (WEUL). In order to prepare roasted
licorice, licorice roots (200 g) were sliced and placed in a glass
bottle that was rotated for 100 min at a speed of 30 rpm in
a heated oil bath at 150°C. The roasted or un-roasted licorice
slices were ground into a fine powder in a blender (Waring,
Model 51BL30). To prepare ethanol extracts, the powder (100
g) was refluxed in 900 mL of 95% ethanol at 80C for 3 h. This

extraction procedure was repeated 3 times. The ethanol extracts
were filtered (Whatman #2) and dried in a vacuum at a low
temperature (< 407C). The yields from roasted and un-roasted
licorice were 6.5 g/100 g and 5.9 g/100 g, respectively.

In order to prepare the aqueous extracts, 100 g of each
powder was refluxed in 2 L of water at 100C for 10 h. The
extracts were filtered and freeze-dried. The yields were 20.5
9/100 g and 19.2 g /100 g from roasted and un-roasted licorice,
respectively.

The fractionation of EERL and identification of the active compound

The EERL powder (6.2 g) was suspended in distilled water
and then partitioned with methylene chloride (MC; yield, 3.2
g). The MC-soluble fraction (3.0 g) was subjected to medium
pressure liquid chromatograph (MPLC) in vacuo (VLC) with silica
gel (100 g, 70-230 mesh, Merck, Germany), eluted by gradient
systems of n-pentane-n-hexane-ethyl acetate (10:0:0-0:5:5). Twenty
one fractions were isolated, and the ability of these 21 fractions
to inhibit DU145 cell growth was examined by MTT assays.
MPLC fraction # 5 (0.8 g) was determined to be most active
in inhibiting DU145 cell growth, was further purified by
recrystallization with ethyl acetate using thin layer chroma-
tography and recycle high performance liquid chromatography,
and compound 1 was obtained as yellow powder (final yield,
257 mg/100 g roasted licorice). The structure of compound 1
was identified by 'H NMR and ">C NMR. 'H NMR and ">C NMR
spectra were recorded on a Bruker DPX 400 (400 MHz) spectro-
meter with tetramethylsilane as an internal standard and was
compared with literature values. The detailed data from 'H NMR
and ">C NMR are presented as Supplement 1.

Cell culture

DU145 human and MAT-Ly-Lu (MLL) rat prostate cancer cells,
HT-29 human colon cancer cells, MCF-7 and MDA-MB-231
human breast cancer cells, B16-F10 mouse melanoma cells,
A375 and A2058 human skin cancer cells, IEC-6 rat intestinal
crypt cells, and CCD1108SK normal fibroblasts were obtained
from the American Type Culture Collection (Manassas, VA, USA).
DU145, MLL, HT-29, IEC-6 and CCD1108SK cells were maintained
in Dulbeco’s Modified Eagle’s Medium (DMEM)/F12 containing
100 mL/L fetal bovine serum (FBS). MCF-7 and MDA-MB-231
cells were maintained in DMEM/F12 containing 100 mL/L FBS
and 300 mg/L L-glutamine with 10 mg/L (MCF-7) or 2 mg/L
(MDA-MB-231) insulin. B16-F10, A375 and A2058 cells were
maintained in DMEM containing 100 mL/L FBS. All cells were
maintained in the presence of 100,000 U/L penicillin and 100
mg/L streptomycin.

Cell viability assay

In order to assess the effects of licorice extracts on the growth
of various cells, cells were plated in multi-well plates with their
respective maintenance media. The cell monolayers were serum-
deprived or serum-starved for 24 h with the following media:
DMEM/F-12 supplemented with 10 mL/L charcoal-stripped FBS
(DU145, MLL); DMEM/F-12 supplemented with 5 mg/L trans-
ferrin, 1 g/L BSA, and 5 pg/L selenium (HT-29, IEC-6, CCD
1108SK); DMEM/F-12 supplemented with 5 mg/L transferrin, 1
g/L BSA, 5 pg/L selenium, and 10 mL/L L-glutamine (MCF-7 and
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MDA-MB-231); and DMEM (B16-F10, A375 and A2058). After
serum-deprivation or starvation, we replaced the medium with
fresh serum-deprivation or starvation medium, with or without
various concentrations of licorice extracts, the MC fraction,
MPLC fractions or licochalcone A. Viable cell numbers were
estimated via MTT assays. We utilized the serum-deprivation or
-starvation media to minimize the possible effects of various
phytochemicals present in the FBS. Serum deprivation medium
(SDM) contained 1% FBS while serum starvation medium (SFM)
contained 0% FBS, 5 mg/L transferrin, 1 g/L BSA, and 5 pg/L
selenium. Both SFM and SDM supported cell growth as judged
by MTT assays at least for a few days. Cell viability of these
cancer cells was not differentially affected under the current
experimental conditions. As shown in Table 1 and Fig. 1, the
numbers of cells were increased during the experimental period.
EERL, EEUL, the MC fraction, MPLC fractions and licochalcone
A were dissolved in dimethylsulfoxide (DMSO), and the aqueous
extracts of licorice were dissolved in distilled water. Control cells
were treated with DMSO or H,O at a final concentration of 1
mL/L.

Quantification of apoptotic cells and measurement of the
mitochondrial membrane potential (7 ¢ )

To quantify apoptotic cell numbers, serum-deprived DU145
cells were treated with various concentrations of EERL or
licochalcone A for 24 h. The number of early apoptotic cells
was assessed by PE-annexin V and 7-AAD staining as previously
described. [16]

To measure the mitochondrial membrane potential, serum-
deprived DU145 cells were treated for 18 h with various concen-
trations of EERL and the dual-emission potential-sensitive probe
JC-1 was utilized as previously described. [16]

Cell cycle analysis by flow cytometry

Cells were plated in 24-well plates at a density of 50,000
cells/well and subsequently serum-deprived and treated with
EERL or licochalcone A for 24 h. After treatment, the cells were
collected, fixed, and stained with 0.5 g/L propidium iodide. DNA
content data were acquired using FACScan (Becton Dickinson,
Franklin Lakes, NJ) and analyzed using Modfit version 1.2
software.

Western blot analysis
Cells were lysed as previously described. [17] Cytosolic and

mitochondrial proteins were separated as described by Eguchi
et al. [18] The protein contents of total cell lysates, cytoplasmic
and mitochondrial fractions were determined using a BCA
protein assay kit (Pierce, Rockford, IL, USA). Western blot
analyses were conducted as previously described. [17]

Two-stage skin carcinogenesis in mice

Female ICR mice (6 weeks of age) were divided randomly into
four groups, each consisting of 20 animals. The dorsal regions
of the mice were shaved with an electric clipper. The shaved
dorsal skin was then treated topically with a single dose of 0.2
pmol dimethylbenzanthracene (DMBA) dissolved in 0.2 mL of
vehicle [acetone:DMSO (85:15, v/v)]. One week after the applica-
tion of DMBA, the mice were treated topically with 10 nmol
of TPA in 0.2 ml of vehicle twice weekly for 20 weeks. DMBA
and TPA were used as a tumor initiator and tumor promoter,
respectively. To assess the antitumor-promoting activity of EERL,
1 or 10 mg of EERL dissolved in 0.2 ml of vehicle was applied
topically 30 min prior to each TPA treatment. Control mice were
treated topically with the same volumes of vehicle alone. The
incidence and number of tumors that were at least 1 mm in
diameter were monitored and counted on a weekly basis. The
results were expressed as the percentage of tumor-bearing mice
(tumor incidence) and the average number of tumors per
mouse (tumor multiplicity). All animal experimental protocols
were approved by the Animal Care and Use Committee of
Hallym University (Protocol approval #: Hallym2013-23).

Statistical analysis

The data were expressed as the means + SEM and analyzed
via analysis of variance. Differences between the treatment groups
were assessed by Duncan’s multiple range test or Student’s
t-test. Differences were considered significant at P < 0.05. All
statistical analyses were conducted using the SAS system for
Windows V 9.1. (SAS Institute, Cary, NC, USA).

RESULTS

EERL is more potent than EEUL in inhibiting the growth of MLL,
DU145, and HT-29 cancer cells.

When DU145 cells were cultured with various concentrations
of EERL, the viable cell numbers were decreased in a dose-
dependent manner, with a 72 h 1Csp =6 + 0.1 pg/mL. EEUL also
dose-dependently decreased the viable DU145 cell numbers,

Table 1. The effect of the ethanol extract of roasted licorice (EERL) on viable cell numbers of several cancer cells, normal intestinal epithelial cells, and normal skin

fibroblasts.
oh 24 h 48 h

EERL (pg/mL) 0 0 7.5 15 30 0 7.5 15 30

MCF-7 0.38+0.01 057+002° 054+001° 044+001° 026+001° 073+002° 046+002° 034+003°  009+001°
MDA-MB-231 0.30+0.01 045+001°  047+001° 031+001° 0.14+001 060+001° 052+001° 011+001° 011001
B16-F10 0.47 +£0.02 078+002° 024+002° 009+001° 008001 115+£005°  032£003° 027001  023+001°
A375 0.56 +0.01 1.02+£002° 1.00+004  088+002° 0.10%001° 143+001°  1.172001°  070£002°  009+001°
A2058 0.45 +0.03 077+001°  075+001° 061+002° 009 +001° 1.06+002° 096+001° 063+001° 007+001°
IEC-6 0.31+001 053+001° 054+001° 055+001°  059+001° 063+001°  065+002° 069+001® 072+001°
CCD1108SK 0.31+0.01 045+001° 047+001° 048+001®  0.50+001° 0.56+001° 058+002° 064+002° 064+002°

Cells were incubated for 24 or 48 h in serum-free medium or serum-deprivation medium containing 0-30 mg/mL of the EERL, Cell numbers were estimated by MTT assay.
Absorbance data (at 570 nm) represent the mean = SEM (n=6). Means with different letters differ significantly, ~<0.05,
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Fig. 1. Ethanol extract of roasted licorice (EERL) is more potent and efficacious in inhibiting cancer cell growth than ethanol extract of un-roasted licorice (EEUL).
Tumor cells were serum-deprived or starved with their respective media and were incubated with the indicated extract as described in the Methods section, The viable
cell numbers were estimated by MTT assay, Each bar represents the mean + SEM, Means with different letters differ significantly, ~<0.05,

but the potency of EEUL was approximately half that of EERL,
with a 72 h ICsp =123 £0.1 pg/mL (Fig. 1A and 1B). However,
WERL and WEUL slightly inhibited the growth of DU145 cells
only after 72 h (data not shown). Similar results were obtained
with MLL prostate cancer cells and HT-29 colon cancer cells
(Fig. 1C, 1D, 1E, 1F). The 72 h ICs values of EERL and EEUL
on MLL cell growth were 4.3 +0.1 pg/mL and 12 £ 0.1 pg/mL,
respectively, and on HT-29 cell growth, were 12.2 £ 0.1 pg/mL
and 31+ 0.4 pg/mL, respectively.

EERL inhibits the growth of several cancer cells but slightly
increases the growth of normal cells

We next determined whether EERL reduces the growth of
MCF-7 and MDA-MB-231 breast cancer cells, B16-F10 melanoma
cells, and A375 and A2058 skin cancer cells. EERL induced a
marked reduction in viable cell numbers in a dose-dependent
manner, with 88% (MCF-7), 82% (MDA-MB-231), 80% (B16-F10),
94% (A375) and 93% (A2058) decreases 48 h after the addition
of 30 pyg/mL of EERL (Table 1). However, EERL slightly (~149%)
increased the growth of ICE-6 intestinal epithelial cells and
CCD1108SK human fibroblasts (Table 1).

EERL induces apoptosis of DU145 prostate cancer cells
To test whether the decrease in cell viability observed after



So Young Park et al. 261

w120 ¢ O 0 pg/ml EERL ® 90 O 0 pg/ml EERL
w00 | @ 5 pg/ml EERL 80 F O 5pg/ml EERL
” 010 pg/ml EERL 5 70 b o 210 pg/ml EERL
2 s0 } ®15 pg/ml EERL £ 60 } W15 pg/ml EERL
£ =
2 1 Esor
5 60 F E 40 F
< = 30 3
S 40} < -
S X
0 . .
0 ;
Living cells Early apoptotic cells G1 phase S phase G2 phase
@ m, 1¢ 14" 15" 1.8° (D) Cytosol
®D2) 4o  to1 +01 0.1
. £0.1 201 301 ed M, 1° 08 22" 35
4. T A — s kDa)  +0  +03 +0.1 0.2
1° 1.0° 23" 3.6 15-| o o W s Cytochrome ¢
+0 +01 04 03
Cleaved HSP 60
37- e - caspase-9 50- T T
1° L7 22° 36 0 5 10 15  EERL [ug/mL]
+0 +0.1 +02 03
Cleaved Mitochondria
21- - g— - caspase-7
1 11 14 37 1 1.0* 1.0 0.8
0 +0.1 +01 104 +0 +0.1 01 0.2
19 - Cleaved _
7. !‘ i caspase-3 15 - . s Cytochrome c
1€ 12¢ 2.0° 25 -
+0  £01 102 +0.2 - D S W= @ HSP 60
89 - o Cleaved
= pare 0 5 10 15  EERL [ug/mL]
42 - S S S | B-actin
0 5 10 15  EERL [ug/mL]
® 120 ¢ U Y Y
O 0 pg/ml EERL DD 10 r01 01 o1
100 B 5pg/ml EERL 23 B
v 010 pg/ml EERL - — DX
é 80 F W15 pg/ml EERL
s . 23- — w— wm— wmww  Bad
;8 60 |
S g} 28 —— e — Bcl-2
X
20 f 30- frS— e —— e p—— Bel-xLL
0 .
JC-1 (Red) JC-1 (Green) 42 - e - — B-actin

0 5 10 15 EERL [pg/mL]

Fig. 2. EERL induces apoptosis in DU145 cells. Serum-deprived cells were treated with 0, 5, 10 or 15 ng/mL EERL for 24 h, (A) Cells were trypsinized, loaded with
7-aminoactinomycin D and Annexin V, and then analyzed by flow cytometry, The number of living cells and apoptotic cells is expressed as a percentage of total cell number,
(B) Cells were stained with propidium iodide, and the cell cycle was analyzed via flow cytometry, Each bar represents the mean + SEM (n=6). (C,D,F) Total cell lysates
(C,F) and cytosolic and mitochondrial fractions (D) were prepared and analyzed by Western blotting with the indicated antibodies, Photographs of the chemiluminescent detection
of the blots, which were representative of three independent experiments, are shown, The relative abundance of each band to their own b-actin, a-tubulin, or heat shock
protein (HSP) 60 was quantified, and the control levels were set at 1, The adjusted mean = SEM (n = 3) of each band is shown above each blot, (E) Cells were loaded
with JC-1 and then analyzed by flow cytometry, The number of cells with normally polarized mitochondrial membranes (red) and cells with depolarized mitochondrial membranes
(green) was expressed as a percentage of total cell number, Each bar represents the mean + SEM (n =6), Means without a common letter differ, ~<0.05,

treatment with EERL was attributable to the induction of numbers were increased in an EERL dose-dependent manner
apoptosis, we estimated apoptotic cell numbers using annexin (Fig. 2A). Additionally, to determine whether EERL regulates cell
V staining followed by flow cytometry. Apoptotic DU145 cell cycle progression, DU145 cells were treated with various
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mean + SEM (n=6), * Significant difference from the MC fraction, £<0.01,

concentrations of EERL, and DNA was stained with propidium
iodide. EERL treatment did not alter cell cycle progression in
DU145 cells (Fig. 2B). Treatment of DU145 cells with various
concentrations of EERL markedly increased the levels of cleaved
caspase-8, -9, -7 and -3. Additionally, EERL significantly increased
the levels of cleaved PARP in a dose-dependent manner (Fig.
2C). EERL treatment increased the levels of cytochrome c in
the cytoplasm, and caused a concomitant reduction of this
protein in the mitochondria of DU145 cells (Fig. 2D). Consistent
with these results the permeability of mitochondrial membranes
was significantly increased in EERL-treated cells. Results from
JC-1 staining revealed that EERL treatment reduced the
proportion of cells with intact mitochondrial membranes (red-
positive and green-negative) and increased the proportion of
cells with depolarized mitochondrial membranes (green-positive
and red-negative) (Fig. 2E). EERL at 15 pg/mL significantly
increased the protein levels of pro-apoptotic Bax, but did not
affect those of pro-apoptotic Bad or the anti-apoptotic Bcl-2
and Bcl-xL (Fig. 2E).

The active compound of EERL is licochalcone A.

Hwang et al. [15] previously reported that the levels of
non-polar components were significantly increased in EERL, as
compared to those in EEUL. Thus, EERL was dissolved in MC,
and the MC-soluble fraction was separated from residues (Fig.
3A). The ability of the MC fraction to inhibit DU145 cell growth
was examined by MTT assay. The MC fraction decreased the
viable DU145 cell numbers in a dose-dependent manner at
concentrations between 1 and 3 pg/mL (Fig. 3B). In order to
identify the active component(s), the MC fraction was applied
to a SiO, column, and 21 fractions were collected using the
MPLC. Among the 21 fractions, fraction #5 was determined to

be the most effective in reducing the numbers of viable DU145
cells (Fig. 3C). Compound 1 was obtained from further purifica-
tion of fraction #5 via recrystallization, and the '"H NMR and
3C NMR spectra of compound 1 were completely matched to
the literature value of licochalcone A (LCA) [19]. The structure
is shown in Fig. 4A.

The active compound licochalcone A induces apoptosis of DU145
cells

Licochalcone A induced dose-dependent reductions in the
number of viable DU145 cells at concentrations of 2-8 pumol/L
(Fig. 4B), and induced apoptotic cell death (Fig. 4C). Additionally,
licochalcone A significantly increased the levels of cleaved
caspase-8, -9, -7 and -3 as well as those of cleaved PARP (Fig.
4D). However, licochalcone A did not alter cell cycle progression
of DU145 cells (Fig. 4 E).

EERL suppresses DMBA-initiated, TPA-promoted skin tumorigenesis
in mice

To determine whether EERL inhibits tumor promotion in vivo,
the DMBA-initiated, TPA-promoted skin carcinogenesis mouse
model was employed. When EERL (1 or 10 mg) was topically
applied to mouse skin prior to treatment of the tumor promoter
TPA, tumor incidence (Fig. 5B) and tumor multiplicity (Fig. 5A,
C) were drastically decreased, as compared with the vehicle-
treated group. EERL treatment with 1 and 10 mg/mice decreased
tumor multiplicity by 22.5 and 88%, respectively.

DISCUSSION

Extensive use of licorice as a cancer chemopreventive agent
is not considered to be desirable despite its excellent antitumor
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Fig. 4. The active compound of EERL licochalcone A induces apoptosis in DU145 cells. (A) Structure of Licochalcone A, (B) Serum-deprived cells were treated with 0-8
mmol/L licochalcone A, and cell numbers were estimated by MTT assay, Each bar represents the mean + SEM (n = 6), (C) Serum-deprived cells were treated with licochalcone
A for 24 h, Cells were stained with 7-aminoactinomycin D and Annexin V, and were then analyzed by flow cytometry. The number of living cells and apoptotic cells is
expressed as a percentage of total cell number, Each bar represents the mean + SEM (n=6). (D) Cell lysates were analyzed by Western blotting with the indicated antibodies,
Photographs of the chemiluminescent detection of the blots, which were representative of three independent experiments, are shown, The relative abundance of each band
to their own B-actin was quantified and the control levels were set at 1. The adjusted mean = SEM (n = 3) of each band is shown above each blot, (E) Cells were treated
with or without 8 umol/L licochalcone A for 24 h and stained with propidium iodide, and the cell cycle was analyzed via flow cytometry, Each bar represents the mean

+ SEM (n=6). Means with different letters differ significantly, ~<0.05.

activity [20] because glycyrrhizin, present in licorice, causes
hypokalemia by inhibiting the renal enzyme 11-beta-hydorxy-
steroid dehydrogenase, which is responsible for renal conversion
of cortisol to locally inactive cortisone. [21,22] In order to modify
the composition of the extracts and to exclude toxic fractions,
roasting as well as the use of different solvents has been
employed. [13,23] The ethanol extracts of roasted licorice have
been reported to exert potent anti-inflammatory properties, [24]
neuro-protective effects against ischemic damage, [13] and
protective effects against mesangial fibrosis and glomerulo-

sclerosis in diabetes nephropathy. [25] The present results
clearly demonstrated that EERL is more potent and efficacious
than EEUL in inhibiting the growth of prostate and colon cancer
cells (Fig. 1). The aqueous extract of either roasted or un-roasted
licorice did not inhibit cancer cell growth. Additionally, EERL
effectively inhibits the growth of human skin cancer cells and
mouse melanoma cells, as well as human breast cancer cells.
However, EERL stimulated the growth of normal rat intestinal
epithelial cells and normal fibroblasts (Table 1). Furthermore,
the topical application of EERL effectively suppressed chemically
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induced skin carcinogenesis in mice (Fig. 5). These results
indicate that roasted rather than un-roasted licorice can be used
to develop an additional supplementary and single agent for
the prevention and/or treatment of cancer.

Kim et al. reported that the oral administration of 2000 mg/kg
licochalcone A had no toxic effect. [26] However, we did not
determine the bioavailability of orally administered EERL and
licochalcone A in mice. Our results showed that licochalcone
A inhibits the growth and induces apoptosis at the concen-
tration range of 2-8 pmol/L in DU145 cells. It is not known
whether the concentrations of licochalcone A used in cell
culture studies can be achievable in the blood of animals. 1-10
mg of EERL (from 15.4-153.8 mg roasted licorice) which was
used in this study contained 39.5-395.3 ug of licochalcone A.
Kim et al. also showed that oral administration of 15-30 mg/kg
licochalcone A (5.8-11.7 g/kg roasted licorice) exerted anti-

tumor effect in a colitis-associated colon cancer model. [28]
However, orally administered 10 mg/kg EERL was effective in
inhibiting the progression and severity of collagen-induced
arthritis [15] and orally administered 2 mg/kg EERL was effective
in inhibiting the breast cancer cell-induced bone destruction.
[42] These previous results suggest that EERL contains other
biologically active compounds or licochalcone A in EERL is
biologically more active. Future studies are needed to compare
the relative potency and efficacy of EERL and licochalcone A
for anti-carcinogenic effects in both animals and humans.
Together, these results suggest that the consumption of roasted
licorice (0.15-11.7 g/kg) can be beneficial to prevent inflam-
mation and cancer.

Hwang et al. previously reported that the levels of non-polar
components were significantly increased in EERL as compared
to EEUL. [15] In the present study, we noted that the aqueous
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extract of either roasted or un-roasted licorice did not substan-
tially inhibit cancer cell growth. In an attempt to prepare a
fraction highly enriched with non-polar components, EERL was
extracted with MC. Because the MC fraction was approximately
5 times more effective than EERL in inhibiting DU145 cell
growth (Fig. 1A, Fig. 3B), the MC fraction was further separated
into 21 fractions by MPLC. MPLC fraction #5 was the most
effective in inhibiting DU145 cell growth, and the principal
component of the MPLC #5 was licochalcone A. The final yield
of licochalcone A was 257 mg/100 g of dried licorice. These
results are consistent with our previous results that licochalcone
A inhibits solid tumor growth, [26,27] angiogenesis, [26] and
metastasis [28] in mouse tumor models. Future studies are
needed to identify other non-polar compounds in roasted
licorice that can enhance the anti-carcinogenic effects of
licochalcone A.

Several reports showed that licorice and its active compounds
inhibit cancer cell growth through the induction of apoptosis,
[29,30] cell cycle arrest [29,31,32] and autophagy. [20] Licochal-
cone A was reported to induce apoptosis in androgen-sensitive
LNCaP prostate cancer cells [33] and to induce cell cycle arrests
in androgen-insensitive PC-3 prostate cancer cells. [34] In the
present study EERL and licochalcone A were observed to induce
apoptosis in androgen-insensitive DU145 cells (Fig. 2A, 2B, Fig.
4C and 4E) indicating that the induction of apoptosis is one
of the mechanisms by which EERL and licochalcone A exert
anti-carcinogenic effects. Our results showed that EERL and
licochalcone A did not induce cell cycle arrest of DU145 cells.
This was probably due to using the different concentrations
of licochalcone A and/or different cell lines.

The two major pathways that trigger apoptosis are the
extrinsic pathway, initiated by death receptors on the plasma
membrane, and the intrinsic pathway, which occurs through
the mitochondria. The mitochondrial pathway is associated with
changes in the permeability of the outer mitochondrial mem-
brane, the collapse of membrane potential, and the release of
cytochrome ¢ from the mitochondrial intermembrane space
into the cytoplasm. [35] Cytochrome c in the cytoplasm activates
caspase-9, which in turn activates executioner caspases, such
as caspase-3 and caspase-7 [36,37] which plays pivotal roles in
the execution of apoptosis by cleaving a wide variety of cellular
proteins. [38] The best characterized caspase substrate is PARP,
a nuclear protein associated with DNA repair. [4,39] In DU145
cells, EERL treatment induced a marked increase in mitochon-
drial membrane permeability (Fig. 2E), the release of cytochrome
c from mitochondria (Fig. 2D), and the increase in the levels
of activated caspase-9, -7, and -3, as well as cleaved PARP (Fig.
2Q). Licochalcone A also induced increases in the levels of these
cleaved caspases and cleaved PARP (Fig. 4D). Members of the
Bcl-2 family include both pro- as well as anti-apoptotic molecules
and are the key regulators of mitochondrial membrane permea-
bility. [40,41] EERL treatment also increased the levels of Bax
(Fig. 2F), a pro-apoptotic protein, whereas EERL did not change
the protein levels of other Bcl-2 family members. These results
indicate that EERL and licochalcone A induce the activation of
the mitochondrial apoptotic pathway. However, the levels of
cleaved capase-8 were also increased in DU145 cells by the
treatment of EERL (Fig. 2C) and licochalcone A (Fig. 4D). The

extrinsic (death-receptor mediated) pathway is initiated by
binding of the ligand with its death receptor, which subse-
quently activates casapse-8 and -3 (reviewed in [4]). Together,
these results indicate that a death receptor pathway was also
activated by EERL and licochalcone A.

In summary, we have shown that EERL is more efficacious
and potent than EEUL in inhibiting the growth of several tumor
cells. EERL also inhibits DMBA-initiated, TPA-promoted skin
carcinogenesis in mice. Licochalcone A has been identified as
one of the active compounds of EERL. Both EERL and licochal-
cone A induces the apoptosis of androgen-insensitive DU145
human prostate cancer cells. The present results provide the
molecular basis for using EERL and licochalcone A to develop
an additional supplementary and single agent for the preven-
tion and/or treatment of cancer.
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