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ABSTRACT

Two acidic polysaccharide fractions (PTPa and PTPb) extracted from the roots of Polygala tenuifolia,
were obtained by DEAE-Sephacel anion-exchange, and Sephadex G-100 gel-permeation chromatogra-
phy. High-performance liquid chromatography (HPLC) identified that PTPa and PTPb was composed of
Ara, Glc, Gal, Man and GIcUA in the proportion of 2.4:1.2:0.6:0.4:1.1 and 2.1:1.7:0.5:0.6:1.7, respectively.
Their molecular weight was evaluated to be 5.9 x 10* (PTPa) and 2.5 x 10* Da (PTPb) as determined by
high performance size exclusion chromatography (HPSEC). Pharmacological studies revealed PTPa and
PTPb significantly inhibited the growth of A549 cells in vitro and exhibited significantly higher antitumor
activity against solid tumor A549 in vivo than did a blank control. Moreover, treatment with two acidic
polysaccharides caused an enhancement of superoxide dismutase (SOD) and catalase (CAT) activities
in tumor-bearing mice and a reduction in thiobarbituric acid reactive substances (TBARS) level. Taken
together, these results indicated that two acidic polysaccharides from the roots of P. tenuifolia may be
useful as potent antitumor agents for the prevention of lung tumorigenesis.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

“Yuan Zhi” (the roots of Polygala tenuifolia Willd., Polygalaceae)
is an important herb prescribed in traditional Chinese medicine to
mediate sedative, antipsychotic, cognitive improving, neuron pro-
tective, and anti-inflammatory therapeutic effects on the central
nervous system (Chung et al., 2002; Chung, Kim, & Kim, 1992;
Jang et al., 1997; Kim et al., 1998; Park et al., 2002; Zhang et al.,
2008). It has also been used for insomnia, neurasthenia, amne-
sia, palpitations with anxiety, restlessness, and disorientation, and
to prevent dementia and memory failure. Pharmacognosy study
had revealed the presence of various xanthones, saponins, and
oligosaccharide esters in this plant (Cheng et al., 2006; Lin, Chen,
Ko, Ko, & Wu, 2008; Liu et al., 2007). In another unpublished
report, we had made a systemic extraction and purification for
the water-soluble polysaccharides from the roots of P. tenuifolia,
and tested the antitumor activities of the neural water-soluble
polysaccharide (PTP)in vitro and in vivo. Our results clearly demon-
strated that the antitumor mechanism of PTP might be mediated
by GSH depletion and the increase of intracellular ROS in can-
cer cells, thus resulting in the apoptosis. Supporting this fact, the
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tumor growth was significantly suppressed in SKOV3 bearing-
mice after 7 weeks of PTP treatment. As a subsequent research
of our previous work, we intend to isolate the acidic polysac-
charides from this plant for further discovery of new anticancer
drugs.

2. Experimental
2.1. Materials and chemicals

P. tenuifolia was harvested in October from a farm in North-
east China. It was dried in sunlight, cut into small pieces and
then dried at an oven for 16h before use. The material, which
passed through 160-mesh screen and was retained on an 80-mesh
screen, was collected for subsequent experiment. DEAE-Sephacel
and Sephadex G-100 were purchased from Amersham Pharma-
cia Biotech. Dimethyl sulfoxide (DMSO), bovine serum albumin
(BSA), CF3COOH (TFA), 1-phenyl-3-methyl-5-pyrazolone (PMP),
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) and monosaccharide standards, including mannose, glu-
cosamine, ribose, rhamnose, glucuronic acid, galacturonic acid,
galactosamine, glucose, galactose, xylose, arabinose, and fucose,
were purchased from Sigma. All other reagents were of the highest
available quality.
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2.2. Extraction, isolation and purification of acidic
polysaccharides

The dried small pieces of P. tenuifolia (200g) was sufficiently
extracted with toluene-ethanol (1:1, v/v) by refluxing in a Soxhlet
apparatus for 6 h to remove fats and waxes. The resulting residue
(178 g) was dried and then extracted two times with 1000 mL of
warm water (80 °C) each time for 2 h. All water extracts were com-
bined, filtered, concentrated and precipitated with 95% ethanol
until the end concentration of 50% (v/v) and was kept for 1 h. Then
10% CaCl, was added and kept overnight to precipitate the tan-
nin. The supernatant was obtained by centrifugation at 20,000 rpm
for 5min and successively ultrafiltrated with membrane (MWCO:
1k) and membrane (MWCO: 10Kk) on an ultrafiltration apparatus.
The ultrafiltrate (outside of membrane of 10k) was concentrated
by heating and lyophilized to obtain crude polysaccharide (cPTP).

The crude polysaccharides were redissolved in distilled water,
forced through a filter (0.45 m), and then applied to a DEAE-
Sephacel column (2.6 cm x 30 cm) and eluted first with deionized
water, then a linear gradient of 0 — 2 M NaCl in distilled water at
a flow rate of 1.0mL/min. A 0.2 mL sample collected from each
eluted fraction (6 mL/tube) was mixed with sulfuric acid and phe-
nol to produce color reaction and the fractions with rose color were
combined together. In this procedure, two main fractions contained
polysaccharide were obtained in deionized water and gradient NaCl
eluants. The fraction containing polysaccharide eluted by NaCl solu-
tion was further applied to a column (2.5 cm x 100 cm) of Sephadex
G-100 equilibrated with 50 mM acetate buffer (pH 5.2), and were
eluted with the same buffer at a flow rate of 1 mL/min. The rele-
vant fractions were collected, concentrated, dialyzed (MWCO: 1k),
deproteinated by the Sevag method (Staub, 1965) and lyophilized
for further study, respectively.

2.3. Analysis of acidic polysaccharides

2.3.1. Chemical characteristics analysis

Total sugar content was determined as anhydroglucose by the
modified phenol-sulfuric acid method as Dp-glucose equivalents
(Dubois, Gilles, Hamilton, Rebers, & Smith, 1956). Uronic acid con-
tents were determined by measuring the absorbance at 523 nm
using the m-hydroxybiphenyl colourimetric procedure and with
D-glucuronic acid as the standard (Filisetti-Cozzi & Carpita, 1991).
Proteins were estimated by the Bradford assay (Bradford, 1976),
using BSA as the standard.

2.3.2. Monosaccharide composition analysis by
high-performance liquid chromatography (HPLC)

The monosaccharide composition of acidic polysaccharide was
determined using HPLC method (Honda et al., 1989), with some
modifications. Briefly, the polysaccharide sample (5 mg) was com-
pletely hydrolyzed with 0.5mL of 2M TFA to monosaccharide
at 105°C for 4h, derived with 1-phenyl-3-methyl-5-pyrazolone
(PMP), and subsequently analyzed by an HPLC (ZORBAX Eclips XDB-
C18, 5 pm, 250 mm x 4.6 mm column) analysis with detection by
absorbance monitoring at 245 nm. The standard monosaccharide
mixture (mannose, glucosamine, ribose, rhamnose, glucuronic acid,
galacturonic acid, galactosamine, glucose, galactose, xylose, ara-
binose, and fucose) were derivatized to be PMP derivatives and
subjected to HPLC system in the same conditions. The mobile phase
was 0.1 M NaCl buffer with flow rate of 0.5 mL/min and the column
temperature was 50°C.

2.3.3. Molecular weight determination

The homogeneity and molecular weight of acidic polysaccharide
was determined by high-performance size-exclusion chromatogra-
phy (HPSEC) (Liu et al., 2011), which was performed on a Agilent

1100 HPLC system (USA) fitted with TSK-GEL G3000PWxI 7.8 cm
(i.d.) x 30.0 cm gel filtration columns and monitored by a refractive
index detector. The samples were dissolved in 0.1 mol/L Na;SOy4
to reach a final concentration of 5mg/mL and the sample solu-
tion was filtered through 0.45 pm pore size filter membrane before
injection. A sample solution (20 wL) was injected in each run and
eluted with 0.1 mol/L Na;SO4 as the mobile phase at the flow rate
of 0.5 mL/min. The column temperature was 25°C. The standard
curve was established with T-series dextrans of known MW (T-130,
T-80, T-50, T-25 and T-10). Calculation of the molecular weights of
samples was carried out using the Angilent GPC software (USA).

2.3.4. Infrared spectrum analysis

The major functional groups of acidic polysaccharides were
measured using Fourier-transformed infrared (FT-IR) spectroscopy
(Sun et al., 2011). Pellets for FT-IR analysis were obtained by grind-
ing a mixture of 2 mg acidic polysaccharides with 200 mg dry KBr,
followed by pressing the mixture into a 16-mm diameter mold.
The FT-IR spectra were recorded with a Nicolet 170SX FT-IR (Spec-
trum One, PerkinElmer Co., USA) spectrometer in the region of
4000-400cm™1.

2.4. Cell lines and culture

Five common human tumor cell lines, A549 (human lung ade-
nocarcinoma), SK-N-AS (human neuroblastoma), MCF-7 (human
breast cancer), HT-29 (human colon cancer) and HepG2 (human
hepatocellular carcinoma) were obtained from American Type
Culture Collection (Rockville, MD, USA). A549, SK-N-AS, and
HT-29 cancer cells were maintained and propagated in 90% Dul-
becco’s Modified Eagle’s Medium (DMEM) containing 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin. MCF-7 and
HepG2 cancer cells were maintained in Eagle’s minimum essen-
tial medium with 10% heat-inactivated FBS, 100 units/mL penicillin
and 100 mg/mL streptomycin. Cells were cultured as an adherent
monolayer and maintained at 37°C in a humidified atmosphere
of 5% CO, and were fed with fresh cultured medium every 2-3
times per week and subcultured when 80% confluent. Cells were
harvested after subjecting them to brief trypsinization.

2.5. Cell proliferation assay

To evaluate the cytotoxicity of two acidic polysaccharides,a MTT
colorimetric assay was performed to determine the cell viability
(Mosmann, 1983). Cells were seeded in 24-well plates at a density
of 1x 104 cells per well and treated with various concentrations
of samples for 48 h at 37°C. At the end of the exposure period,
cells were washed with PBS and then incubated with 20 wL MTT
(5 mg/mL) for 4 h. The viable cell number is directly proportional to
the production of formazan following solublization with 150 L of
dimethyl sulphoxide (DMSO), which can be measured spectropho-
tometrically at 570 nm by a microplate ELISA reader BIO-RAD 680,
American). The results were determined by three independent
experiments and the ICsg values were calculated according to the
inhibition ratios.

2.6. Antitumor activity in vivo

Female congenital athymic BALB/c nude (nu/nu) mice were
maintained in microinsulator cages under pathogen-free condi-
tions on a 12+1h light-dark cycle and provided with normal
mouse chow and water ad libitum. The experiments were per-
formed according to the procedures of the Committee on Animal
Research (Harbin Medical University). All experiments were car-
ried out using 6-8-week-old mice weighting 18-22 g. Tumors were
induced by subcutaneous (s.c.) injection of A549 cells (2 x 106 cells
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in 0.1 mL of PBS) at one site of the right flank. When the tumor
appeared as small nodules at the sites of injection (80-120 mm?3) 14
days after injection, 30 animals were randomly distributed into five
groups (n=6): a control group, which received vehicle (PBS); and
four drug-treated group, which received a high dose (100 mg/kg)
and a low dose (50 mg/kg) of PTPa or PTPb. Daily administration of
vehicle or two polysaccharides (PTPa or PTPb) via intraperitoneally
(i.p.) injection continued for additional 40 days. On the 40th day,
six animals from each group were anaesthetized slightly with anes-
thetic ether and blood was collected from retro-orbital puncture.
Before and after the experiment, the body weight of mice was
measured on the balance. Immediately after collecting the blood
samples, the mice were killed by cervical dislocation. Tumor vol-
ume (TV) was calculated by measurement of the length (L) and
width (W) of the tumor mass with the following formula:

2
2
Tumor inhibition rate (TIR, %) in mice was expressed as fol-
lows: TIR (%)=(1 — mean TV of treated group)/(mean TV of control
group) x 100.

2.7. In vivo antioxidative assay

Blood samples (3 mL) form each mouse were obtained on the
last day of the experiment and then centrifuged at 3000 x g for
10min at 4°C to obtain serum for the estimation of the antiox-
idant parameters, such as catalase (CAT), superoxide dismutase
(SOD) and thiobarbituric acid reactive substances (TBARS) by spec-
trophotometric methods. The TBARS level in the serum is expressed
as the malondialdehyde (MDA) equivalent (nM/mL). The SOD and
CAT activity in the blood were assayed by using a commercially
available colorimetric kit according to the manufacturer’s protocol
(Beyotime Biotechnology, Haimen, China). The activity of SOD and
CAT in the serum is expressed in units per 1 mL of serum.

2.8. Statistical analysis

Statistical analysis is performed using Student’s unpaired t-test
(SPSS release 12.0; SPSS Inc.). Data were expressed as (mean 4 SD)
and considered significant for p <0.05.

3. Results and discussion
3.1. Isolation and purification of acidic polysaccharides

The crude polysaccharides (cPTP) with a yield of 5.27% (w/w) of
the crude material were extracted and isolated from the roots of
P. tenuifolia by hot-water extraction, ultrafiltration and EtOH pre-
cipitation. After the cPTP was separated and sequentially purified
through DEAE-Sephacel and Sephadex G-100 column, the frac-
tions contained large amount of polysaccharide were collected as
detected by phenol-sulfuric acid assay and deproteinated by the
Sevag method and lyophilized for further study. The cPTP was
fractioned by chromatography on DEAE-Sephacel column into two
parts: cPTP-I and cPTP-II, and fraction cPTP-II eluted with gradient
NacCl solution was subsequently loaded into Sephadex G100 and
the results were shown in Fig. 1. Two acidic polysaccharides (PTPa
and PTPb) with different molecular weight and uronic acid content
were purified by gel-filtration on Sephadex G100 column. In the
current study, these two acidic polysaccharides would be used for
further physicochemical and biological analysis.
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Fig. 1. Elution profiles of two acidic polysaccharides on Sephadex G-100 column.
The crude polysaccharide cPTP was purified on a DEAE-Sephacel column with deion-
ized water and a linear gradient of 0-2 M NaCl solution at a flow rate of 1.0 mL/min.
Then the fraction cPTP-II from NaCl eluate was further purified on a Sephadex G-100
column and eluted with 50 mM acetate buffer (pH 5.2) at a flow rate of 1 mL/min.

3.2. Analysis of physico-chemical characteristics of acidic
polysaccharides

The polysaccharide contents of PTPa and PTPb were found
to be 59.54%, and 46.25%, respectively, as determined by the
phenol-sulfuric acid method. It had a negative response to the
Bradford test and no absorption at 280 nm in the UV spectrum, indi-
cating the absence of protein. The uronic acid contents evaluated
in PTPa and PTPb were 14.42% and 23.16%, respectively (Table 1).

After two acidic polysaccharides were hydrolysed, the released
monosaccharides were separated, derived by PMP and identified
by comparing with the chromatogram of the mixture of standard
monosaccharides by an HPLC method. As seen in Table 1, PTPa was
composed of Ara, Glc, Gal, Man and GIcUA in the proportion of
2.4:1.2:0.6:0.4:1.1 and PTPb contained the same monosaccharide
but in the ratio of 2.1:1.7:0.5:0.6:1.7.

The GPC profile showed two single and symmetrically sharp
peaks, indicating that two acidic polysaccharides were homoge-
neous polysaccharides (Fig. 2). The estimated average molecular
weights of PTPa and PTPb were approximately 5.9 x 10* and
2.5 x 10% Da, respectively, which were obtained based on the cali-
bration of using dextran (Table 1).

The FT-IR spectra of carbohydrates are used for determination
of their structural features. The IR spectra of PTPa and PTPb were
basically indistinguishable only with some difference in the inten-
sity of bands recorded from 4000 to 400 cm~'. The absorption bands
within the range of 3600-3200 cm™~! (stretching vibration of 0—H),
3000-2800cm~! (stretch vibration of C—H) and 1200-1000 cm™!
(stretching vibration of C—0) were the characteristic absorption
peaks of polysaccharides (Sun et al., 2011; Wang, 2011; Wu et al.,
2010; Zhang et al., 2010) (Table 1). In addition, the absorption
peak at about 1640 cm~! were due to asymmetric stretch vibra-
tion of COO~ of uronic acids, and a weak one at near 1440 cm™!
were attributed to symmetric stretch vibration of COO~ and stretch
vibration of C—0 within COOH, indicating the existence of uronic
acids in two acidic polysaccharides (Wu et al., 2012; Zhu et al,,
2010). Moreover, the characteristic absorption at around 830 and
890 cm~! in the FTIR spectra indicated that a- and B-configurations
were simultaneously present in two acidic polysaccharides (Xie
etal.,, 2010).

More importantly, PTPa and PTPb were soluble in water but
not soluble in organic solvents such as ethanol, diethyl ether, ace-
tone, and chloroform. Results of carbazole assay, Coomassie Blue
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The summary for physicochemical properties of two acidic polysaccharides (PTPa and PTPb), including chemical content (carbohydrate, protein and uronic acid), molecular

weight, monosaccharide composition and IR spectrum characterizations.

Sample Carbohydrate Protein content (%) Uronic acid content Molecular weight Monosaccharide IR spectrum (cm™1)
content (%) (%) (Da) composition
PTPa 59.54 - 14.42 5.9 x10* Ara, Glc, Gal, Man 3453, 2931, 1640,
and GIcUA 1440, 1068, 892,
(2.4:1.2:0.6:0.4:1.1) 831
PTPb 46.25 - 23.16 2.5%x10% Ara, Glc, Gal, Man 3452, 2934, 1640,
and GIcUA 1441, 1065, 890,
(2.1:1.7:0.5:0.6:1.7) 830
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Fig. 2. The elution profile of two acidic polysaccharides (PTPa and PTPb) on high-performance size-exclusion chromatography (HPSEC). A sample solution (20 L) was
injected in each run and eluted with 0.1 mol/L Na;SO4 as the mobile phase at the flow rate of 0.5 mL/min.

assay and iodine assay suggested that the polysaccharides were
non-starch acidic polysaccharides.

3.3. Antiproliferative activity of acidic polysaccharides in vitro

The growth inhibitory effects of two acidic polysaccharides on
various human cancer cell lines were determined by MTT assay.
Cells were treated with PTPa or PTPb at different concentrations
(0-200 mg/mL) for 48 h. As shown in Table 2, the IC5¢ values of
PTPa and PTPb tested in these cancer cells were ranged from 40
to 90 pg/m, except for HepG-2 and SK-N-AS cancer cells treated
by PTPa or SK-N-AS cancer cells by PTPb. Particularly, PTPa and

Table 2
The ICso of different tumors by two acidic polysaccharides (PTPa and PTPb)
treatment.

Cell lines Tumor type ICs0 (pg/mL)

PTPa PTPb
A549 Human lung adenocarcinoma 47.8 41.2
MCF7 Huamn breast carcinoma 67.2 65.9
HT-29 Human colon carcinoma 783 71.4
HepG-2 Human hepatocellular carcinoma >100 83.2
SK-N-AS Human neuroblastoma >100 >100

Cells were seeded in 24-well plates at a density of 1 x 104 cells per well and treated
with various concentrations of PTPa and PTPb for 48 h at 37 °C. Cytotoxicity was
measured with the MTT assay. ICso =extract concentration causing a 50% decrease
in the survival curve (mean =+ SD from three independent experiments).

PTPb showed maximum cytotoxicity to human lung adenocarci-
noma A549 cancer cells than others, with the ICsq value of 47.8 and
41.2, respectively. Importantly, the ICs5q value of PTPb in all cancer
cells were low than those of PTPa, which may be influenced by the
difference of the structure, conformation and chemical composition
intwo acidic polysaccharides. Briefly, these results showed that two
acidic polysaccharides could induce high cytotoxicity to various
human cancer cells in a descending order: A549>MCF7>HT-
29>HepG-2 > SK-N-AS. Therefore, the special potent inhibitory
effect of two acidic polysaccharides on human lung adenocarci-
noma A549 cancer cells would be initiated and explored in the
following experiments.

3.4. Anti-tumor activity of acidic polysaccharides in vivo

To further explore the anti-tumor function of two acidic polysac-
charides in vivo, we evaluated their effect on the growth of
xenografted A549 tumors in nude mice. Mice were treated with
vehicle (PBS), low-dose extract (50 mg/kg) or high-dose extract
(100 mg/kg) of two acidic polysaccharides via i.p. injection from
14 days after inoculation of tumor cells and continuously received
treatment for additional 40 days. After daily i.p. administration
of PTPa or PTPb to tumor-bearing mice, the tumor volumes were
statistically lower in PTPa or PTPb-treated mice at low and high
doses (P<0.05 or P<0.01) compared with the vehicle-treated group
(Table 3). Interestingly, the better tumor growth suppression was
found on PTPb-treated A549 xenografts with the high TIR value
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Table 3

Effects of two acidic polysaccharides (PTPa and PTPb) on tumor growth and body weight in A549 tumor-bearing mice.

1675

Group Dose (mg/kg, BW) Tumor volume (TV, cm?) Tumor inhibition rate (TIR, %) Body weight (BW, g)
Before experiment After experiment
Control PBS 0.92 + 0.15 - 21.3 £ 0.31 304 +0.22
PTPa 50 0.63 + 0.09 31.52 20.5 +£0.23 28.8 +£0.18
100 0.41 + 0.09 55.4° 20.2 +£0.21 29.3 +£0.20
PTPb 50 0.57 £ 0.08 38.07 20.7 £ 0.22 29.0 £ 0.21
100 0.35 + 0.05 62.0° 21.1 £0.21 30.1 +£0.23

Female BALB/c nude (nu/nu) mice were treated with PTPa or PTPb (50 or 100 mg/kg body weight) everyday 14 days after an initial subcutaneous (s.c.) injection of A549 cells
at one site of the right flank. 40 days post implantation, tumor volume (TV) of xenograft tumors were measured using vernier calipers to measure the length (L) and width
(W) of the tumor mass, calculated as the following formula: TV (mm?3) = (L x W2)/2. Throughout the experiment, the body weight of tumor-bearing mice was measured before
and after experiment. Significant difference versus control group was analyzed by Student’s t-test.

4 P<0.05.
b p<0.01.

Table 4

Effect of two acidic polysaccharides (PTPa and PTPb) on antioxidant status of A549 tumor-bearing mice in serum.

Parameters Control PTPa treatment (mg/kg, BW) PTPb treatment (mg/kg, BW)

50 100 50 100
CAT (U/mL serum) 0.35 £ 0.012 0.36 = 0.016 0.41 £ 0.013 0.42 £ 0.021 0.46 £ 0.015
SOD (U/mL serum) 0.42 + 0.015 0.67 + 0.0222 0.87 + 0.033¢ 0.65 + 0.041? 1.04 £ 0.053¢
TBARS (MDA nM/mL) 532 +£0.35 3.24 + 0.242° 2.45 + 0.268° 334+ 0317° 2.14 £ 0.239¢

The serum collected from the mice was stored at —30°C for analyzing the level of TBARS and the activity of SOD/CAT by spectrophotometric methods. Significant difference

versus control group was analyzed by Student’s t-test.
a P<0.05.
b p<0.01.
¢ P<0.01.

of 38.0 (50mg/kg) and 62.0 (100 mg/kg), but a lower rate was
observed on PTPa-treated mice with 31.5 for 50 mg/kg and 55.4 for
100 mg/kg. In addition, no signs of toxicity were observed in the
mice treated with the polysaccharide on the basis of body weight
(Table 1). These results demonstrated that PTPa and PTPb had anti-
tumor activity in nude mice bearing A549 lung cancer xenografts.

3.5. Antioxidative activity of acidic polysaccharides in vivo

In order to investigate the antioxidant status change in tumor-
bearing mice post PTPa or PTPb treatment, we measured SOD and
CAT activities, as well as TBARS level using a commercially avail-
able colorimetric kit. As shown in Table 4, treatment with two
acidic polysaccharides at doses of 50 and 100 mg/kg induced SOD
level increases of 59% and 107% for PTPa, and 79% and 148% for
PTPDb, respectively. Moreover, two acidic polysaccharides also dose-
dependently increased CAT activity, although this effect was not as
robust as the effect on SOD activity. To the best of our knowledge,
the increase of TBARS indicates enhanced lipid peroxidation, which
leads to tissue injury and failure of the antioxidant defense mech-
anism to prevent the formation of excess free radicals (Zhao, Li,
Yue, Zhang, & Dou, 2012). Upon PTPa or PTPb administration, the
blood serum TBARS levels were significantly decreased in two dose-
treated groups, indicating that two acidic polysaccharides could
effectively scavenge superoxide radicals and inhibit the generation
of lipid peroxidation products in the tumor-bearing mice.

4. Conclusions

In summary, the present study describes the isolation and
biological activities of the two acidic polysaccharides found in
the roots of P. tenuifolia. PTPa and PTPb had the similar sugar
composition (Ara, Glc, Gal, Man and GlcUA), but varied in the
content. The molecular weights of PTPa and PTPb were approxi-
mately 5.9 x 104 and 2.5 x 104 Da, respectively. In vitro screening
test for discovering potential antiproliferation agent, the results
indicated that the two polysaccharide fractions showed different

antiproliferation activities on various cancer cells, especially with
a low value of IC5q 0of 47.8 and 41.2 on the A549 cancer cell by PTPa
and PTPb, respectively. In vivo experiment, both acidic polysac-
charides dramatically inhibited the tumor growth in nude mice
bearing A549 lung cancer xenografts and no significant change was
observed in body weight. Moreover the activities of SOD and CAT in
the serum of tumor-bearing mice were improved after polysaccha-
rides treatment, accompanied by a reduction of TBARS. Therefore,
it is reasonable to hypothesize that two acidic polysaccharides
prompt tumor regression at least partly through its antioxida-
tive and radical scavenging properties. From above data, we can
clearly discover an interesting fact that PTPb treatment is superior
to the PTPa in most cases. This difference of anti-tumor and antiox-
idant activities of two acidic polysaccharides might be related to
the physicochemical difference mentioned above. However other
structural characteristics, such as configuration and position of
glycosidic linkages, could also influence the biological activities.
Therefore, further studies are needed to elucidate the structures of
two acidic polysaccharides and the relationship between structure
and antitumor activity is also needed.
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