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A plant polysaccharide, Aloe gel extract, was reported to
have an inhibitory effect on benzop]pyrene (B[a]P)-DNA
adduct formation in vitro and in vivo. Hence, chemopreven-
tive effects of plant polysaccharidesAloe barbadensis Miller
(APS), Lentinus edodeqLPS), Ganoderma lucidum(GPS)
and Coriolus versicoloCPS)] were compared usingn vitro
short-term screening methods associated with both initi-
ation and promotion processes in carcinogenesis. In B[P—
DNA adduct formation, APS (180 ug/ml) was the most
effective in inhibition of B[a]P binding to DNA in mouse
liver cells. Oxidative DNA damage (by 8-hydroxydeoxy-
guanosine) was significantly decreased by APS (180y/
ml) and CPS (180 pg/ml). In induction of glutathione
S-transferase activity, GPS was found to be the most
effective among plant polysaccharides. In screening anti-
tumor promoting effects, APS (180 ug/ml) significantly
inhibited phorbol myristic acetate (PMA)-induced orni-
thine decarboxylase activity in Balb/3T3 cells. In addition,
APS significantly inhibited PMA-induced tyrosine kinase
activity in human leukemic cells. APS and CPS significantly
inhibited superoxide anion formation. These results suggest
that some plant polysaccharides produced both anti-geno-
toxic and anti-tumor promoting activities in in vitro models
and, therefore, might be considered as potential agents for
cancer chemoprevention.

mechanisms underlying carcinogenic processes and help screen
for new chemopreventive agents (7,8).

Plant polysaccharides have traditionally been used around
the world as a folk remedy for various diseases due to their
multiple biological properties including anti-inflammation,
wound healing, antihepatitis, anti-ulcer and anti-neoplastic
effects (9-11). Aloe polysaccharide (APS) has recently been
shown to exert an inhibitory effect on benafjyrene (BR]P)—
DNA adduct formationin vitro andin vivo (12). A number of
other plant polysaccharides fromBasidiomycetessuch as
Lentinus edodes(LPS), Ganoderma lucidum(GPS), and
Coriolus versicolor(CPS), have also been shown to produce
anti-tumor effects, thus being potentially useful in cancer
therapy (13-15). However, the mechanisms responsible for
chemopreventive effects of plant polysaccharides are poorly
understood.

In the present study, several structurally similar plant poly-
saccharides (APS, LPS, GPS and CPS) were screened for their
chemopreventive effects using biomarkers involved in chemical
carcinogenesis. Biomarkers used for initiation stage of cancer
were: (i) DNA adduct formation (e.g. BJP-DNA adducts);

(i)  8-hydroxydeoxyguanosine (8-OH-dG), representing
oxidative DNA damage; and (iii) induction of glutathione
Stransferase (GST) activity. Biomarkers for promotion stage
of cancer were (i) phorbol myristic acetate (PMA)-induced
tyrosine kinase (TK) activity increase in human leukemia
cells [HL-60; American Tissue Culture Collection (ATCC),
Manassas, VA]; (ii) PMA-induced ornithine decarboxylase
(ODC) activity elevation in Balb/3T3 cells (ATCC); and
(i) free radical formation in PMA-induced HL-60 cells
(ATCC). LPS, GPS and CPS were prepared as described
previously (15) and APS provided by ALOECORP
(Harlingen, TX).

The total polysaccharide content was measured by the
phenol-sulphuric acid method (16) and protein content was

Cancer is one of the leading causes of death in the worl@étermined by the Bradford method (17). The sugar composi-
despite newly developed tools for treatment and diagnosis (1}ion of crude polysaccharides was analyzed by HPLC (18).
Chemoprevention is a preventive strategy used to reduce thEhe purified polysaccharides were white to off-white fluffy
incidence of human cancer either by inhibiting the initiation powders with<<16% protein and>67% carbohydrates (Table
and spread of carcinogenesis or by preventing exposure . APS consists of ~0.5% protein and 85.1% polysaccharides
high levels of carcinogens (2,3). Much effort has thus beer{73% being mannose). Carbohydrate analysis indicated that
made in the search for cancer chemopreventive agents. Coglucose was the major sugar in GPS and CPS. However,
sequently, many agents have been shown to be effective fanannose and arabinose were the major monosaccharides in
certain cancer chemoprevention, while other compounds arnePS. A B[a]JP-DNA binding assay was carried out with mouse
undergoing clinical trials (4—6). For the screening of potentialnormal liver NCTC clone-1469 cells 10 plated in culture
chemopreventive agenis,vitro short-term tests can be applied flasks with NCTC-clone 115 medium (Gibco BRL, Grand
because they are less time consuming, and also inexpensilstand, NY) supplemented with penicillin, streptomycin and
and simple. Furthein vitro tests can serve as biomarkers or 10% fetal bovine serum (FBS; Gibco BRL). The cells were
endpoints of cancer to provide valuable insights into themaintained for 6 h, treated wittH-labeled BR]P (4 nmol/ml,

52 Ci/nmol) (Amersham, Arlington Heights, IL) in the absence

Abbreviations: 8-OH-dG, 8-hydroxydeoxyguanosine; ARSoe barbadensis  or presence of polysaccharides (6, 20, 60 or ui§ml) and
Miller polysaccharide; CPSCoriolus versicolor polysaccharide; GPS,

Ganoderma lucidunpolysaccharide; GST, glutathiongtransferase; LPS, incubated for 1.2 h. After incubation, whole Ce".s.were harvested
Lentinus edodesolysaccharide; ODC, orithine decarboxylase; PMA, phorbol 2Nd DNA was isolated from the cells by addition of DNAzol
myristic acetate; TK, tyrosine kinase (MRC, Cincinnati, OH). Concentration-dependent inhibition of
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Table I. Major components of plant polysaccharides and their sugar A EEN 0 pug/ml
composition 7 B 6 pg/ml
p Y 20 pg/mi
Plant Polysaccharides (Glu, Man, Gal, Ara)  Protein Others :3 61 128 “gm
species (%) (%) (%) 2 H
@ 5
APS 85.1+ 4.25 (7.2, 73.7, —, -) 0.5 0.02 144 §
LPS 94.6+ 1.72 (-, 64.0, —, 31.5) 0.4 0.05 5.0 -g 4
GPS 67.3+ 3.68 (82.3, 1.6, —, ) 16.4 249 16.3 [ N N\ N T
CPS 89.5+ 3.76 (62.5, 14.2, 2.7, -) 4.6 0.25 5.9 % 3 §§ %é §Z
T N\ N N\
Each value represents the meanSD of triplicate experiments. g 24 §é §é %Z
3Percent sugar composition [glucose (Glu), mannose (Man), galactose(Gal) %% %% §%
and arabinose (Ara)] in polysaccharide fraction. 14 §é %% %é
bOther components include water, minerals and lipid. §¢ %% §¢
o \ \ \
APS LPS GPS CPS
Table Il. A summary ofin vitro chemopreventive effects of plant
polysaccharides
Parameters APS LPS GPS CPS 140 B
Inhibition of B[a]P-DNA adduct formation ++  — +-  +/-
Inhibition of 8-OH-dG formation + +- o+ o+ 120

Induction of GST - +-  + -
Inhibition of TK activity + +- = +/-
Inhibition of ODC activity + - +- -
Inhibition of superoxide anion formation — + +-  +- o+

100 -

oo
o
|

Y 7

v

++, Strong positive effect in a dose-dependent manRex (0.01); +,
positive effect in a dose-dependent manrier( 0.05); +/—, moderate
effect in a dose-dependent manner, but not significant; —, no effect.

(% of control)

3H-B[a]P—DNA adduct formation was determined as described
previously (19) and was observed only with APS treatment
(Table II). APS at concentrations of 20—18§/ml significantly ] _
inhibited ®H-B[a]P-DNA adduct formation by 20-50% of APS L
control (8.95+ 2.13 pmol/mg DNA). Except for LPS, GPS _ . . .

and CPS at all concentrations protiuced moderate effects Gy iec, oL possacchirides on 8F nduced & OR G lomation i
DNA adduct formation. Using our experimental conditions, pma. (A) The cells were incubated for 24 h in medium containing]B[

no cytotoxic effect on the 1469 cells was observed a1 pg/ml)in the absence or presence of polysaccharidsTke cells were
180ygimi concentration Effecs of APS. GPS, LPS ad P g e et o ol a

°.” 8-OH-dG and S.uPerOXIde anion formation are shown | p<0.05. quantitative differences t?etween y:iose group values were

Figure 1. The baseline levels of 8-OH-dG as measured by thghaiyzed statistically using ANOVA (analysis of variance) with a multiple
method of Kasaket al. (20) in NCTC-clone 1469 cells were comparison post-test by the Bonferroni method.

2.47 = 0.76 residues/P0dG (data not shown) whereas a

significant increase in 8-OH-dG formation was observed in

cells treated with B|P (4.47 = 0.76 residues/F0dG). APS increased GST activities (Table II). PMA-induced TK activities
and CPS at concentrations of 188/ml significantly inhibited were measured in HL-60 cells treated with APS, GPS, LPS
8-OH-dG formation, but LPS and CPS produced moderatand CPS (Table I). HL-60 cells were cultured in RPMI-1640
effects on Bf]P-induced 8-OH-dG formation (Figure 1A). media (Gibco BRL) supplemented with 10% FBS and allowed
Effects of APS, LPS, GPS and CPS on free radical formatiorio reach a maximum density of<t1.0° cells/ml. The cells were
were investigated in PMA-induced HL-60 cells using athen plated at a density of>8L0° cells in six-well plates,
superoxide dismutase-sensitive cytochrome c reduction systetreated with PMA alone (0.M in 0.001% dimethyl sulfoxide;

as described by Pick and Mizel (21). In 96-well platesSigma, St Louis, MO) to induce TK activity, and immediately
suspended in Hank’s balanced salts solution (Gibco BRL), dollowed by the addition of genistein (¥dM), as a positive
time-dependent increase in cellular production of free radicalsontrol or with various concentrations of polysaccharides for
was observed in HL-60 cells K110° cells) treated with PMA 24 h at 37°C in an incubator containing 5% K activity
(data not shown). As shown in Figure 1B, APS and CPS atvas measured using poly(Glu-Tyr) (4.1:0.9; Sigma) as a
180ug/ml concentration significantly inhibited the free radical substrate based on a previous method (23). In cells treated
formation in PMA-induced HL-60 cells. However, GPS and with PMA alone for 6 h, TK activity was significantly increased
LPS produced moderate effects on PMA-induced inhibition ofby 50% compared with control. Genistein, as a positive control,
free radical formation. GST activity was measured in NCTC-almost completely inhibited TK activity (data not shown). APS
clone cells (X1C° cells/dish, supplemented with 10% FBS) produced concentration-dependent inhibition of TK activity and
treated with or without plant polysaccharides as describedvas significantly inhibited by 30% at the highest concentration.
previously (22). GPS significantly increased GST activities byin contrast, other polysaccharides induced moderate effects on
20-30%, but APS and CPS did not, and LPS moderatelffK activity. ODC activities were measured by the method
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Inhibition of superoxide anion formation
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Chemopreventive effects of plant polysaccharides

described previously (24). When Balb/3T3 cells were treatedHL-60 cells, but it is not clear whether the mechanism of
with PMA alone, ODC activity was significantly increased by superoxide and hydroxyl radical scavenging by plant poly-
50% compared with control. Among plant polysaccharidesaccharides examined in this study is similar to that of phenolic
tested, APS induced concentration-dependent inhibition ofompounds. In general, plant polysaccharides showed moderate
ODC activity and significantly decreased it by 20-30% ofor significant effects on the modulation iof vitro biomarkers
control at 180ug/ml (Table I1). However, LPS, GPS and CPS associated with the carcinogenesis process. This effect might
produced moderate effects on ODC activity. be related to the composition of sugars in polysaccharides as
Polysaccharides produced immunoenhancing and anti-tumayel| as protein content.
effects in several studies (9,10). Our previous study indicated |n conclusion, the chemopreventive potential of polysaccha-
that APS exerted anticarcinogenic effects on inhibition ofrides was evaluated using biomarkers for carcinogenesis.
B[a]P-DNA adduct formation by interfering with B[P  Among polysaccharides tested, APS was found to be the most
absorptionin vivo (12). The detection of DNA adducts in effective in anti-genotoxic and anti-promoting activities. GPS
mammalian cells exposed to a particular carcinogen hagas also effective in GST activity induction and CPS was
been used as a biomarker for screening of anti-genotoXigffective in inhibition of both 8-OH-dG formation and super-
chemopreventive agents. In the present study, the chemoprevegkide anion formation. LPS was the least effective and showed
tive effects of polysaccharide extracts orap-induced DNA oy moderate effects on some biomarkers such as 8-OH-dG,
adduct formation in NCTC-clone cells were determined. AGST TK and superoxide anion formation. These results
concentration-dependent inhibition #f-B[a]P-DNA adduct 00t that some plant polysaccharides might be useful for
formation was observed following APS treatment. It is possible hemoprevention application
that treatment with this polysaccharide inhibits the uptake of: '
B[a]P and subsequently binding to cellular DNA.
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