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Abstract

AIM: To investigate the effect of hot water-extracted
Lycium barbarum (LBE) and Rehmannia glutinosa (RGE)
on cell proliferation and apoptosis in rat and/or human
hepatocellular carcinoma (HCC) cells.

METHODS: Rat (H-4-II-E) and human HCC (HA22T/
VGH) cell lines were incubated with various concentra-
tions (0-10 g/L) of hot water-extracted LBE and RGE.
After 6-24 h incubation, cell proliferation (7 = 6) was
measured by a colorimetric method. The apoptotic cells
(n = 6) were detected by flow cytometry. The expression
of p53 protein (7 = 3) was determined by SDS-PAGE and
Western blotting.

RESULTS: Crude LBE (2-5 g/L) and RGE (2-10 g/L)
dose-dependently inhibited proliferation of H-4-1I-E
cells by 11% (P < 0.05) to 85% (P < 0.01) after 6-24 h
treatment. Crude LBE at a dose of 5 g/L suppressed cell
proliferation of H-4-II-E cells more effectively than crude
RGE after 6-24 h incubation (P < 0.01). Crude LBE (2-10
g/L) and RGE (2-5 g/L) also dose-dependently inhibited
proliferation of HA22T/VGH cells by 14%-43% (P < 0.01)
after 24 h. Crude LBE at a dose of 10 g/L inhibited the
proliferation of HA22T/VGH cells more effectively than
crude RGE (56.8% + 1.6% vs 70.3% = 3.1% of control,
P = 0.0003 < 0.01). The apoptotic cells significantly in-
creased in H-4-II-E cells after 24 h treatment with higher
doses of crude LBE (2-5 g/L) and RGE (5-10 g/L) (P <
0.01). The expression of p53 protein in H-4-1I-E cells was
119% and 143% of the control group compared with the
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LBE-treated (2, 5 g/L) groups, and 110% and 132% of
the control group compared with the RGE -treated (5, 10
g/L) groups after 24 h.

CONCLUSION: Hot water-extracted crude LBE (2-5 g/L)
and RGE (5-10 g/L) inhibit proliferation and stimulate
p53-mediated apoptosis in HCC cells.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

According to the official report by the Department of
Health, Taiwan, malignant tumor is the first leading
cause of death in 2004. Among cancers, hepatocellular
carcinoma (HCC) is the second leading cause of death.
The mortality rate for HCC is 31.17 per 100000,
accounting for 17.9% of cancer deaths in 2004. The rising
incidence of HCC in at-high-risk patients with chronic
hepatitis B or C is an important issue in Taiwan. Although
early diagnosis and treatment improve survival, HCC is
rarely cured and recurs frequently after regional therapy or
transplantationm. Recently, preventing HCC formation and
HCC therapy are major research focuses.

Both Lycinm barbarum (1LBE) L Rebhmannia glntinosa
(RGE) have been commonly used as traditional Chinese
medicine and herbal foods for health promotion in
China. The active components of the fruit of LBE L
the dried root of RGE primarily contain water-soluble
polysaccharides. LBE L. RGE can be extracted with hot
water followed by precipitation with ethanol to obtain high
quantity of polysaccharidesp’“. Polysaccharide-containing
active components purified from these herbs have been
recently studied for their physiological and pharmaceutical
activities. LBE polysaccharides as glycopeptides isolated
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from the fruit of LBE™” are water soluble and potent
in immunomodulation, anti-lipid peroxidationm’gl, and
antitumor”. RGE polysaccharides isolated from the
dried root of RGE have also shown the properties of
immunomodulation"”" and antitumor"”. To few studies
have investigated the effect of LBE and RGE extracts on
HCC. The purpose of this study was to investigate the
effect of crude hot water-extracted LBE and RGE on cell

proliferation and apoptosis in HCC cells.

MATERIALS AND METHODS

Preparation of crude herbal extracts

LBE L Radix RGE (processed and dried RGE) were
purchased from Chien Yuan Hang (Taipei, Taiwan). To
maintain the quality and consistency of the ingredients,
the crude extracts were prepared in a single batch with
adequate quantity for this study. Dried LBE L Radix RGE
(100 g) were incubated with 900 ml. deionized water at
100°C for 2 h. The herbal juice was then centrifuged at
9000 r/min for 20 min to remove the precipitate. The
remaining herbal juice was filtered with gauze. The filtered
supernatant containing polysaccharides was precipitated
with three volumes of 950 mL/L ethanol, concentrated
(rotavapor R200 with glass assembly V; BUCHI
Labortechnik AG, Flawil, Switzerland) and lyophilized
(freeze dry system Lyph-Lock 6; Labconco Corp., Kansas
City, MO, USA)".

Composition analysis of herbal extracts

The total carbohydrate content in hot water-extracted
LBE and RGE was determined by phenol-sulfuric acid
assay using glucose as a standard”. The contents of crude
protein, crude fat, moisture, and ash were measured using
the Association of Official Analytical Chemists (AOAC)
methods (981.10, 991.36, 925.10, 923.03)""".,

Cell cultures and treatments

Rat (H-4-1I-E, BCRC no. 60209) and human HCC
(HA22T/VGH, BCRC no. 60168) cell lines were purchased
from the Bioresources Collection and Research Center
(BCRC) of the Food Industry Research and Development
Institute (Hsinchu, Taiwan). Rat and human HCC cells
(1 x 10 cells/mL) were grown in 850 mL/L. minimum
essential medium (MEM; GIBCO™, Invitrogen Corp.,
Carlsbad, CA, USA) with 150 mL/L fetal bovine serum
(FBS; GIBCO™) ot 900 mL/L Dulbecco’s modified
Eagle’s medium (DMEM; GIBCO™) with 100 mIL./L
FBS, respectively, at 37°C in a humidified atmosphere of
950 mL./L air and 50 mL/L. COx. Prior to addition of the
treatment, the cells were grown to 80%-90% confluency
and synchronized by incubating in serum-free basal
medium (MEM or DMEM) for 24 h. The cells were then
treated with various concentrations of crude LBE (0-5
g/L) or RGE (0-10 g/L) in the absence of serum for 0-24
h. The cells and medium were collected. Protein contents
in the cells and medium were determined by the modified
method of Lowry ez al™ using a Bio-Rad DC protein kit
(Bio-Rad Laboratories, Hercules, CA, USA).

Cell proliferation assay

Cell proliferation was colorimetrically measured at 490
nm using a commercial proliferation assay kit (CellTiter
96" AQueous; Promega Corp., Madison, WI, USA). After
treatment with various concentrations of crude LBE
(0-5 g/L) or RGE (0-10 g/L) for 0-24 h, rat and human
HCC cells (# = 6) in the 96-well plate were incubated
with 20 uLL MTS (3-(4, 5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)
solution containing 1.90 g/L MTS and 300 umol/L
phenazine methosulfate in Dulbecco’s PBS (pH 6.0) for
2 h at 37°C in a humidified 50 mI/T. CO2 atmosphere™.
The absorbance of soluble formazan produced by cellular
reduction of MTS was determined at 490 nm using an
ELISA reader (Multiskan RC; Labsystems, Helsinki,
Finland).

Flow cytometric analysis of cellular DNA content

The percentage of cells undergoing apoptosis and
distributing in different phases of cell cycle were
determined by propidium iodide (PI)-staining method
using flow cytometry. After treatment for 24 h, the
conditioned medium of rat H-4-1I-E cells (# = 6) was
centrifuged at 800 r/min for 5 min at 4°C to remove the
supernatant. The trypsinized cells and cell pellet of the
conditioned medium were washed with PBS, fixed in 2 mL
of 700 mL/L cold ethanol, and stored at 4°C overnight.
After washed twice with PBS, the ethanol-fixed cells were
incubated with 3 pul. RNase (10 g/L) at 37°C for 30 min,
and stained with 1 mL PI (40 mg/L) in the dark. The
cell suspension was then filtered through a 35 um mesh,
and analyzed by a flow cytometer (FACSCalibur; Becton
Dickinson Biosciences, San Jose, CA, USA) within 2 h.
Cellular DNA content was calculated using CellQuest
software (Becton Dickinson Biosciences).

Analysis of p53 protein

After incubation with various concentrations of LBE (0-5
g/L) or RGE (0-10 g/L) for 24 h, the conditioned medium
of rat H-4-II-E cells was centrifuged at 800 r/min for
5 min at 4°C to remove the supernatant. Rat H-4-1I-E
cells and cell pellet in the conditioned medium were re-
suspended in lysis buffer (2 mol/L Tris, 5 mol/L NaCl,
50 g/1. NP-40, 100 g/ sodium dodecylsulfate (SDS),
and 5 g/L phenylmethylsulfonylfluoride), centrifuged
at 300 r/min for 5 min at 4°C. The supernatant (40 ug
total protein) pooled from 3 independent experiments
(n = 3) was mixed with 4 x sample buffer (0.25 mol/L
Tris-HCI, pH 6.8, 80 g/1. SDS, 200 ml/L glycerol, 100
g/L B-mercaptoethanol, and 1 g bromophenol blue)?!
denatured at 100°C for 3 min, and applied to SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) (Bio-Rad
Mini-PROTEAN 3 Cell; Bio-Rad Laboratories). Proteins
were separated by 125 mL/L resolving gel (acrylamide:
bisacrylamide = 37.5:1) with 40 mI./L stacking gel in the
running buffer (25 mmol/L Tris, pH 8.3, 192 mmol/L
glycine, and 1 g/L SDS) at 3 EV/cm per hout. Then the
proteins were transferred onto nitrocellulose membrane
(0.45 um) using a semi-dry transfer unit (Hoefer Semiphor
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Table 1 Composition of hot water-extracted Lycium barbarum
and Rehmannia glutinosa'

Ingredient Lycium barbarum Rehmannia glutinosa
(mg/g) extract extract
Carbohydrate 762.8 700.4
Protein 134.7 47.2

Fat 3.9 2.9
Moisture 221.6 24

Ash 0.5 0.4

'The samples were at least triplicated.

TE 70, Amersham Biosciences Corp., San Francisco, CA,
USA) in Towbin buffer (25 mmol/L Tris, 192 mmol/L
glycine, 1 g/L SDS, and 100 mI./L methanol) at 6 mA/cm
per hout™. The membrane was washed with PBS, and
incubated with a blocking buffer (50 g/L skim milk and 2
mL/L Tween-20 in PBS) for 2 h. Then the membrane was
incubated with an anti-mouse monoclonal antibody (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) against
p53 (Pab-246; 2 mg/1) or a-tubulin (TU-02; 1 mg/T) at
room temperature for 2 h. Alpha-tubulin was used as an
internal control. The membrane was washed three times
with the wash buffer (2 mL/L Tween-20 in PBS), and
incubated with 4 mg/L goat anti-mouse IgG-horseradish
peroxide conjugate (Santa Cruz Biotechnology, Inc.) for
2 h. The blot was washed three times again with the wash
buffer, incubated with luminol reagent (PerkinElmer
Life and Analytical Sciences, Inc., Boston, MA, USA) for
2 min, and exposed to an X-ray film (Eastman Kodak
Co., Rochester, NY, USA) for 3-5 min. The bands were
quantitated by an image analysis system (0.2-megapixel
charge-coupled device camera, gel analysis system;
EverGene Biotechnology, Taipei, Taiwan) and Phoretix
1D Lite software (version 4.0; Phoretix International Ltd.,
Newecastle upon Tyne, UK).

Statistical analysis

Data are expressed as mean £ SD. Data were analyzed
by one- and two-way analysis of variance (ANOVA)
to determine the treatment effect using the Statistical
Analysis System (SAS version 8.2; SAS Institute Inc., Cary,
NC, USA). Fisher’s least significant difference test was
used to make post hoc comparisons if the treatment effect
was demonstrated. P < 0.05 was considered statistically
significant.

RESULTS

Composition analysis of herbal extracts

The extraction rate for crude LBE and RGE was 704
mg/g and 724 mg/g, respectively. Carbohydrate content,
the major component, was 762.8 mg/g and 700.4 mg/g
in crude LBE and RGE, respectively (Table 1). Moisture
and protein contents in crude LBE and RGE were 221.6
mg/g and 134.7 mg/g as well as 92.4 mg/g and 47.2 mg/g,
respectively. Fat and ash contents in these crude extracts
were less than 5 mg/g.

Cell proliferation assay
Crude LBE and RGE at a dose of 1 g/L did not inhibit
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Table 2 Effect of hot water-extracted Lycium barbarum (LBE)

and Rehmannia glutinosa (RGE) on cell proliferation in rat
hepatocellular carcinoma (H-4-11-E) cells (#» = 6, mean + SD)

Cell proliferation (% of control)
6h 12 h 18 h 24 h

Control ~ 100.0 £0.7°"  100.0£8.6*™ 100.0+5.9"™  100.0+5.9"
1g/LLBE 1003+9.8"  100.7+82°" 1001+57'h  97.8+6.3"
2g/LLBE 844+66™" 893+75"" 838+75""  863+29""
5g/LLBE 37.6+69"" 238+46"" 18.0+53""  151+3.1""

1g/LRGE 995+71™  97.0+134" 1114+11.7*"" 96.1 53"

2¢/LRGE 80.9+18.4°™ 883+94™  84.6+14.4°"" 844+ 64>

5g/LRGE 583+114°% 746270 571+101"% 71.2+6.7%"
10g/LRGE 292+69°"" 295+63"*" 250+57°"  242+71""

P < 0.05, "P < 0.01 vs control, °P < 0.05, ‘P < 0.01 vs 1 g/L corresponding
treatment, °P < 0.05, 'P < 0.01 vs 2 g/L corresponding treatment; P < 0.05, hp
<0.01 vs 5 g/L corresponding treatment, 'P < 0.01 vs 10 g/L corresponding
treatment within the same column.

Table 3 Effect of hot water-extracted LBE and RGE on cell

proliferation in human hepatocellular carcinoma (HA22T/VGH)
cells after 24 h incubation (7 = 6, mean + SD)

Cell proliferation (% of control)

Control 100.0 + 4.2
2¢/LLBE 86.0 £5.9%"
5¢g/LLBE 77.0 £5.1°"

10 g/L LBE 56.8 +3.9"%
2 ¢/LRGE 86.3 £5.9""
5 g/L RGE 74.3 £7.5™

10 g/L RGE 70.3 £ 7.7

P < 0.01 vs control; °P < 0.05, ‘P < 0.01 vs 2 g/L corresponding treatment;
P < 0.05, 'P < 0.01 vs 5 g/L corresponding treatment; "P < 0.01 vs 10 g/L
corresponding treatment.

cell proliferation up to 24 h incubation in rat H-4-1I-E
cells (Table 2). However, crude RGE at a dose of 1 g/L
slightly increased cell proliferation of H-4-1I-E cells at 18
h incubation compared with the control group (111.4%
+ 11.7% »s 100.0% £ 5.9% of control, P = 0.03 < 0.05).
Crude LBE (2-5 ¢g/L) and RGE (2-10 g/L) dose-depend-
ently inhibited cell proliferation by 11% (P < 0.05) to 85%
(P < 0.01) compared with the control group after 6-24 h
incubation. The inhibitory effect of crude LBE and RGE
at lower doses (1-2 g/L) on cell proliferation was not sig-
nificantly different. A higher dose (5 g/L) of crude LBE
suppressed cell proliferation more efficiently (P < 0.01)
than that of crude RGE. From the curves of four time
points, the mean values of 1C50 for crude LBE and RGE
were 3.8 g/L and 6.9 g/L, respectively. Similar results in
human HA22T/VGH cells, crude LBE (2-10 g/L) and
RGE (2-5 g/1) dose-dependently inhibited cell prolifera-
tion by 14%-43% (P < 0.01) compared with the control
group after 24 h incubation (Table 3). Cell proliferation
was inhibited equivalently by crude LBE and RGE at lower
doses (2-5 g/1.). However, crude LBE at a higher dose (10
g/L) showed better suppression (56.8% + 1.6% »s 70.3%
+ 3.1% of control, P = 0.0003 < 0.01) on cell proliferation
compared with the same dosage of crude RGE. The IC50
value for both crude LBE and RGE was above 10 g/L.
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Flow cytometric analysis of cellular DNA content

Cellular DNA content in cell cycle distribution was detet-
mined, and apoptosis was quantitated by the percentage of
cells with sub-Go DNA content by flow cytometry (Figure
1A). Crude LBE and RGE at the doses above 2 g/L and 5
g/L, respectively, significantly increased the percentage of
cells in sub-Go phase (27.5% % 0.5% and 91.2% £ 0.3%
for 2 g/L and 5 g/L LBE, and 2.4% % 0.2% and 48.1%
+ 2.0% for 5 g/L and 10 g/L RGE, P < 0.01) compared
with the control group (1.0% * 0.2%) (Figure 1B). The
percentage of cells in Go/G1 phase was dose-dependently
decteased by crude LBE and RGE. Crude LBE at lower
doses (1-2 g/L) significantly increased the percentage of
cells in G2/M phase (24.1% £ 0.4% and 25.8% + 0.3%, P
< 0.01) compared with the control group (15.8% * 0.4%),
but decreased the percentage of cells to 1.5% £ 0.1% (P
< 0.01) at a higher dose (5 g/L). Likewise, crude RGE at
lower doses (2 g/L and 5 g/L) significantly increased the
petrcentage of cells in G2/M phase (18.3% £ 0.4% and
39.3% £ 2.1%, P < 0.01), but decreased the percentage of
cells to 8.3% £ 0.7% (P < 0.01) at a higher dose (10 g/L).

Analysis of p53 protein

After 24 h incubation with crude LBE and RGE, the ex-
pression of p53 protein in rat H-4-1I-E cells was analyzed
by SDS-PAGE and Western blotting (Figure 2A). After
calibrated by an internal control (o-tubulin), the expres-
sion of p53 protein increased with the dosage of crude

Control LBE RGE

0 1 2 5 1 2 5 10 (g/L)

e W e e e o S W 53
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Figure 2 Expression of p53 protein with the molecular weight of 53 ku visualized
by Western blotting (A) and quantitated by an image analysis system (B) after
incubation of rat H-4-1I-E cells with various concentrations of hot water-extracted
LBE and RGE for 24 h. Samples were pooled from 3 independent experiments (n
= 3). Alpha-tubulin (55 ku) was used as an internal control.

LBE and RGE (Figure 2B). Crude LBE at higher doses (2-5
g/L) increased p53 expression to 119% and 143% of the
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control group, respectively. Similarly, crude RGE at higher
doses (5-10 g/L) increased p53 expression to 110% and
136% of the control group, respectively. However, lower
doses of crude LBE (1 g/L) and RGE (1-2 g/L) sup-
pressed p53 expression to 63%-70% of the control group.

DISCUSSION

Polysaccharides, a water-soluble bioactive component
from LBE L Radix RGE, showed antitumorgenic activ-
ity™". The methods for the isolation of polysaccharides
from these herbs are vatious in different studies. Different
extraction methods and fractions could affect not only

the ingredients but also the physiological activity of the
extract. Our crude herbal extracts were prepared by hot
water (100°C) extraction followed by ethanol (950 mL/L)
precipitation. Gan ez al” extracted LBE with distilled water
at 80°C after removal of pigment by acetone/petroleum
(1:1) and oligosaccharides by 800 mL/L ethanol. The
crude polysaccharide-protein complex was precipitated
by ethanol, and the acidic fraction was further purified by
diethylaminoethyl-cellulose anion exchange and Sephadex
G200 column chromatography. Finally, a purified frac-
tion (LBP3) contains 63.6% neutral sugars, 24.8% acidic
sugars, and 7.6% proteins. The purified fraction showed
antiproliferating and immunomodulating activity in S180-
bearing mice. Compared with the purified LBP3p fraction,
our crude LBE contains lower sugars (88.4% v5 76.3%0) and
higher proteins (7.6% vs 13.5%). Zhang et al” prepared
purified fraction of RGE oligosaccharides by extraction
with hot water and isolation with cation/anion exchange
and charcoal column chromatography. The eluted fraction
containing monosaccharides, disaccharides, trisaccharides,
and other oligosaccharides but not polysaccharides exert
a significant hypoglycemic effect in normal and alloxan-
induced diabetic rats. Our crude extract did not contain
certain water-insoluble active components in LBE and
RGE. Scopoletin (7-hydroxy-6-methoxycoumarin), slightly
soluble in water, could be excluded as extracted by hot
water, and has been reported as an active component
of the fruit of LBE for inhibiting cell proliferation of
human prostate cancer PC3 cells™. Furan derivatives,
isolated from chloroform extract of the dried roots of
RGE, have the immunomodulating and anti-coagulating
activity™,

Our study found that both crude LBE and RGE sup-
pressed cell proliferation in rat and human HCC cells in
a dose-dependent manner. Consistent with our findings,
Zhang et a/”” showed that polysaccharide containing
LBE extract inhibits cell proliferation of human hepa-
toma QGY7703 cells. Additionally, LBE polysaccharides
(20-1000 mg/L) dose-dependently suppress cell growth of
human leukemia HL-60 cells™. The previous 7z vive studies
also showed that LBE exhibits the antitumorgenic activity
in tumor-bearing mice™’. A polysaccharide-protein com-
plex from LBE (LBP3) at 10 ug/g significantly reduces
tumor weight and enhances immune functions in S180-
bearing mice”, RGE polysaccharide b with an average mo-
lecular weight of 160 ku has antitumorgenic and immuno-
modulating activity in S180-bearing mice!”. A clinical trial
found 40.9% response rate in the advanced cancer patients
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with lymphokine-activated killer (LAK) cells and interleu-
kin-2 (IL-2) treatment combined with LBE polysaccharides
compared with 16.1% response rate (P < 0.05) in those
treated with LAK/IL-2 alone. These data indicate that
LBE polysaccharides can be used as an adjuvant for the
treatment of cancer™ . Chinese medicinal herbs contain-
ing RGE have been demonstrated to alleviate the adverse
effects of high-dose methotrexate plus vincristine in post-
operative osteogenic sarcoma patients with chemotherapy,
suggesting that Chinese medicinal herbs containing RGE
are less toxic compared with a traditional chemotherapy™.
The extract of LBE at the dose of 25 g/L and 5 g/L in-
hibited cell proliferation by 14% and 85%, and stimulated
p53 protein expression by 19% and 43% in rat H-4-1I-E
cells after 24 h incubation. The extract of RGE at the dose
of 5 ¢g/L and 10 g/L inhibited cell proliferation by 23%
and 76%, and stimulated p53 protein expression by only
10% and 36% in rat H-4-11-E cells after 24 h incubation.
The inhibition of cell proliferation by LBE at the dose of
2 g/L was almost parallel to the stimulation of p53. How-
ever, the relationship between cell proliferation inhibition
and p53 expression was not obvious in rat H-4-1I-E cells
treated with higher doses of LBE and RGE.

The percentage of cells in sub-Go phase significantly in-
creased in H-4-II-E cells after 24 h treatment with higher
doses of crude LBE (2-5 g/L) and RGE (5-10 g/L). A
dramatic increased cell percentage in sub-Go phase by
crude LBE and RGE at higher doses was probably due to
late apoptotic/necrotic cells in sub-Go phase if undergo-
ing autolysis, which could overestimate the apoptotic cells.
The proliferation-inhibiting and apoptosis-inducing activ-
ity of crude LBE at higher doses (= 5 g/L) in HCC cells
was more effective than that of crude RGE according to
the mean values of 1C50 and the proportion of apoptotic
cells. As initiating a significant increase in the percentage
of cells in sub-Go phase by crude LBE (2 g/L) and RGE (5
g/L), the percentage of cells in G2/M phase significantly
increased. Additionally, the expression of p53 protein was
correspondently stimulated as well after 24 h incubation
with 2 g/L crude LBE and 5 g/L crude RGE. However,
lower doses of crude LBE and RGE decreased the expres-
sion of p53 protein compared with the control group,
which could be due to the overexposure to ¢-tubulin. The
expression of p53 protein tended to be dose-dependently
increased by crude LBE and RGB. The results suggest that
higher doses of crude LBE and RGE arrest cells in G2/M
phase and p53 may be involved in mediating apoptosis.
The mechanism of promoting Gz/M arrest by LBE and
RGE has not been understood. It is proposed that LBE
and RGE may inhibit nuclear factor-kB to alter the expres-
sion of regulatory cell cycle proteins such as cyclin B and/
or p21WAF1/Cipl. A previous study reported that LBE
polysaccharides arrest cells in S phase and induce apopto-
sis with increased intracellular calcium in human hepatoma
QGY7703 cells™. Additionally, LBE (20-1000 mg/L.)
results in DNA fragmentation and positive TUNEL (ter-
minal deoxynucleotidyl transferase-mediated dUTP nick
end labeling) signals in human leukemia HI.-60 cells, indi-
cating that LBE induces apoptosisp(’]. Although the effect
of LBE and RGE on apoptosis in normal hepatocytes
has not been studied yet, the previous studies™" found
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that LBE protects normal cells from apoptosis rather than
stimulating apoptosis in tumor cells. LBE dose-depend-
ently inhibits apoptosis induced by hydrocortisone in rat
spleen vitro™. LBE extract shows cytoprotective effect
against 3-amyloid peptide-induced apoptosis in primary rat
cortical neurons and dithiothreitol-induced caspase-3 acti-
vation in normal neural endoplasmic reticulum®", The ef-
fect of LBE on apoptosis could be various due to different
extraction methods, extraction fractions, dosages, tissues,
and cell types (normal »s malignant). The low-molecular-
weight RGE polysacchatides at the doses of 20 ug/g and
40 pg/g markedly increase the level of p53 mRNA to
3.3- and 3.2-fold, respectively, in Lewis lung cancer tissue
of C57BL/6 mice'”. Activation of p53 tumor suppres-
sor protein can lead to cell cycle arrest and apoptosis in
response to DNA damage"™. Cell death induced through
p53-mediating pathway is subsequently initiated by the
activation of caspases followed by the characteristic apop-
totic phenotype.

The mechanisms underlying regulation of apoptosis by
LBE and RGE have not been clearly understood. Besides
the induction of p53-mediated apoptosis, immunomodula-
tion may contribute to antitumorgenesis. A polysaccharide-
protein complex from LBE (LBP3) dose-dependently
increases the expression of 1L.-2 and tumor necrosis factor
(INF)-a at the levels of mRNA and protein in human
peripheral blood mononuclear cells™. An in vivo study
showed that LBP3 administered orally at 10 pg/ g for 10
d inhibits cell growth of transplantable sarcoma S180 cells
as well as increases macrophage phagocytosis, cell prolif-
eration of spleen lymphocytes, the activity of cytotoxic T
lymphocytes (CTL), and the expression of I1L-2 mRNA in
S180-bearing mice”. RGE polysaccaride b at the intraperi-
toneal injection dose of 10 pg/g or 20 ug/g attenuates the
decrease in CTL activity caused by excessive tumor growth
through increasing the production of CD8" (Lyt-2") CTL
and lowering the ratio of CD4" to CD8" (.3T4") T lym-
phocyte subset in S180-bearing mice!”. An aqueous ex-
tract of RGE-steamed root dose-dependently suppresses
the secretion of TNF-o by mouse astrocytes stimulated
with substance P and lipopolysaccharide through the inhi-
bition of IL-1 secretion, suggesting that RGE has the anti-
inflammatory activity'”. Although crude LBE and RGE
show antitumorgenic activity 7z vitro, it still remains to
determine the antitumorgenic components of crude LBE
and RGE, and molecular mechanisms for regulating the
proliferation of HCC cells.

In conclusion, hot water-extracted LBE (2-5 g/I) and
RGE (5-10 g/L) inhibit proliferation and stimulate apop-
tosis probably involved in p53 mediation in HCC cells. It
is not known that whether hot water-extracted LBE and
RGE have antiproliferative and apoptosis-stimulating ef-
tects on HCC in vivo and further studies are still required
to verify their ir vivo effects on both normal and malignant
hepatocytes.
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