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Preparation of bioactive water-soluble pachyman
hydrolyzed from sclerotial polysaccharides of
Poria cocos by hydrolase

Chao Bian1,2,4, Nana Xie1,2,4 and Fusheng Chen1,2,3

Water-soluble pachyman (WSP) was prepared by enzymic hydrolysis of pachyman extracted from Poria cocos sclerotium using

a 0.5mol l�1 NaOH solution at the optimized conditions of 55 1C, pH 4, 4% pachyman, 2Uml�1 hydrolase, and a hydrolysis

time of 6 h. Two WSP fractions, WSP-1 and WSP-2, were prepared using SephadexG-100 to separate WSP. Both fractions

were of the b-(1-3)-D-dextran structure and were only composed of glucose with no nucleic acid and protein. The composition

was analyzed by ultraviolet spectroscopy and infrared spectroscopy, Congo Red reaction analysis and monosaccharide

composition analysis. The effects of WSP (Mw 1.75�105), WSP-1 (Mw 1.86�106) and WSP-2 (Mw 3.58�104) on the

proliferation of S180 tumor cells in vivo and in vitro were studied. The inhibitory ratios of the three tested WSPs on the

proliferation of S180 tumor cells at 0.5lgml�1 in vitro were found to be 4.0±0.6, 2.2±0.1 and 2.6±0.1%, respectively, and

the inhibitory ratio of carboxymethyl pachyman (CMP), which was used as a control, was �0.3±0.4%. WSP, WSP-1 and WSP-2

also exhibited significant inhibition on S180 tumor cells in vivo at a dose level of 200mgkg�1 day�1, with their inhibition ratios

found to be 43.94, 41.57 and 39.81%, respectively. Furthermore, the three tested WSPs had no obvious effect on the weight of

mice, whereas the administration of CMP resulted in a decrease in mice weight at the tested concentration.
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INTRODUCTION

Sclerotia of Poria cocos has been used as a traditional herbal
medicine for several centuries1 in oriental countries such as China,
Japan and Korea2 because of its various bioactivities, such as sedative
and diuretic.3 In the past, insoluble pachyman, with a structure
consisting of b-(1-3) linear chains with b-(1-6) branch chains4,5

and accounting for approximately 90% of dry sclerotia of Poria
cocos,6–8 was typically discarded as a waste product of the traditional
treatment method of the herb. Nowadays, to improve the utilization
ratio of Poria cocos sclerotia, several methods have been adopted to
modify pachyman.9–12 In some cases, Poria cocos sclerotia is ground
into powder and added to flour or rice powder directly to make cakes
(http://www.cnncn.net/zlk/24/binglei75.htm). However, the universal
method to treat pachyman is through chemical reactions, which can
improve water solubility and bioactivities of pachyman by resecting
the b-(1-6) branched chain, leaving only b-(1-3) linear dextran, or
introducing hydrophilic groups into pachyman, or improving some
other characteristics.7,9,10,12–15 For example, carboxymethyl pachyman
(CMP) with antitumor and inhibitory tumor cell growth bioactiv-
ities12,16,17 was produced by heating pachyman with chloroacetic acid

in alkaline solution.9 Correspondingly, sulfated pachyman, which can
inhibit the growth of tumor cells, was prepared by treating pachyman
with chlorosulfuric acid in pyridine solution.18–20 As a downside,
reagent residues and environmental pollution might result from
chemical methods during pachyman extraction and modifica-
tion.10,13–15 Therefore, some scientists tried to use enzymes to modify
pachyma under enzymic moderate hydrolytic conditions and no
environmental forces,21 but, owing to the high price of enzymes,
this method is expensive. Therefore, research is needed to optimize the
hydrolysis conditions to obtain the best possible results using the least
amount of costly enzymes.

In this work, a kind of hydrolase was selected and applied to
hydrolyze pachyman to obtain WSP. The bioactivities of the WSPs
were studied in vivo and in vitro. The results will be beneficial to the
application of pachyman with bioactivity.

EXPERIMENTAL PROCEDURE

Materials
Pachyman (35.6 g) was extracted from 50 g of dry Poria cocos sclerotia in

powder form and a 0.5 mol l�1 NaOH solution according to the previous
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method proposed by Zhang et al.22 A sample of 10 g of pachyman was dissolved

in 200 ml of NaOH (0.5 mol l�1) and filtered, the pH of the filter liquor was

adjusted to 7.0 using 36% acetic acid. The resulting pachyman emulsion was

kept as a standby.

Carboxymethyl pachyman was synthesized according to the method pub-

lished in 1996.23

The hydrolase adopted in this study was selected from a set of four different

enzymes, Ultraflo XL (Novozymes, Copenhagen, Denmark), Ceremix 2XL

(Novozymes), Viscozyme L (Novozymes) and Ultraflo Max (Novozymes),

which we refer to as A, B, C and D, respectively. The WSP yield hydrolyzed

by WSP produced from the reaction of each enzyme (0.5 U ml�1) with 10 ml

of pachyman emulsion under 50 1C, pH 7 for 2 h was measured. The yields of

A, B, C and D were approximately 0.5, 2, 3.5 and 2%, respectively, from which

C was selected for the preparation of WSP.

Sarcoma180 tumor cells from S180-bearing mice were bought from Hua-

zhong University of Science and Technology. Six-week-old Kunming mice at

a 50:50 male/female ratio, with a weight of approximately 20±2 g, were

brought from the Experimental Animal Center of Health and Epidemic

Prevention Station.

Preparation of WSPs
The hydrolysis conditions used to obtain WSP from pachyman were optimized

in a preparation experiment. Once factors such as temperature, pH, pachyman,

hydrolase and hydrolysis time were optimized, 46 g of WSP were prepared from

80 g of pachyman, and two fractions, WSP-1 and WSP-2, were separated from

WSP by SephadexG-100.

Analysis of WSPs
Ultraviolet spectra analysis of WSPs. WSP and its fractions were dissolved in

distilled water at a concentration of 0.5 mg ml�1. Absorption characteristics

were measured within the wavelength range of 200 to 600 nm using distilled

water as a reference substance.

Infrared analysis of WSPs. To prepare samples for infrared analysis, a small

amount (1 mg) of WSP was ground with 100 mg of KBr and formed

into tablets. Infrared spectroscopy was used to analyze the structure of

polysaccharide.

Congo Red reaction of WSPs. NaOH (1 mol l�1) was added to a 1:100 volume

ratio mixture of Congo Red solution (50mmol l�1) and WSP (0.5 mg ml�1) in

amounts chosen to make solutions with terminal concentrations of NaOH of

0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45 and 0.50 mol l�1. Following the

reaction under ambient temperature for 10 min, the solutions were scanned at

wavelengths ranging between 400 and 600 nm. From the scans, the relationship

between maximum absorption of Congo Red and the concentration of NaOH

could be obtained. The control substances were prepared following the process

described above, with the WSP replaced with distilled water.

Monosaccharide composition analysis. The three tested samples (5 mg) were

boiled with H2SO4 (2 mol l�1) for 4 h, centrifuged after neutralization by BaCO3,

and analyzed by thin layer chromatogram. Glucose, ribose, sucrose, galactose

and fructose were prepared similarly and used as standards. The thin layer

chromatogram was performed using a solution of butanol, isopropanol, acetic

acid and water (in a volume ratio of 7:5:2:4 (V/V)) as a developer and aniline-

diphenylamine as the chromogenic reagent. Results appeared after 15 min of

chromogenic reaction at 100 1C. The Rf values of samples and standard panels

were measured.

Measurement of weight-average molecular weights. The molecular weights

(Mw) of WSP-1 and WSP-2 were detected by gel permeation chromatography.

For the measurement, we used a PL aquagel-OH MIXED (300�7.5 mm, 8mm)

column eluted with water as the mobile phase at a flow rate of 1.0 ml min�1 of

flow and a temperature of 35 1C with refractive index detector.

Antitumor activities of WSPs
Pretreatment of sarcoma 180 tumor cells. We pretreated the sarcoma 180

tumor cells before testing, according to the methods described below. S180 cells

were obtained from ascites, which were extracted under aseptic situation from

S180-bearing mice. The cells were washed twice in normal saline solution after

centrifugation at 1000 r min�1 for 5 min. They were suspended in a solution

consisting of 100 IU l�1 penicillin, 100 mg l�1 streptomycin and RPMI-1640

culture medium with 10% inactivated calf serum, for an overall concentration

to 1�106 cells ml�1. From this stock solution, 5 ml was shifted into a culture

bottle and placed in an incubator for 24 h under a 5% CO2 atmosphere, at

37 1C and saturated humidity.

Antitumor activities of WSPs in vitro. Activated S180 tumor cells in solution

(with a concentration of 1�105 cells ml�1, regulated by Roswell Park Memorial

Institute (RPMI) 1640 medium) were inoculated on a 96-well cultivation plate,

with 100ml of solution per well. We then added WSP, WSP-1, WSP-2 or normal

saline (25ml) to the wells, in concentrations, to achieve terminal concentrations

of WSP samples of 0, 0.05, 0.5, 5, 10, 50 and 100mg ml�1. The growth of cells

was observed with an inverted microscope after a 24 h cultivation period under

a 5% CO2 atmosphere, at 37 1C and saturated humidity. Afterward, 20ml of

2 mg ml�1 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide solution

was added to each well, replacing the culture medium and allowing for a

chromogenic reaction. The cultivation plate was kept in an incubated box for

4 h at 37 1C under 5% CO2. Absorption at a wavelength of 570 nm was measured

by an enzyme mark instrument after adding dimethyl sulfoxide (100ml per well)

instead of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide and

compared with control group that lacked WSPs. The growth inhibitor rate

(x) of the tumor cells was calculated using the formula listed below:

x ð%Þ¼A� B

A
�100

where A and B are the absorptions of the control group and experimental group,

respectively. CMP was used as a reference for observing the growth inhibition

rate of tumor cells.

Antitumor activities of WSPs in vivo. Kunming mice were inoculated with

0.1 ml of S180 tumor cells (1�107 cells ml�1, 0.1 ml per mouse) that were

obtained from a separate mouse that had undergone 7 days of immunization.

The inoculated Kunming mice were weighed and assigned to 11 randomized

groups (with 10 mice per group, 5 male and 5 female) including an experi-

mental group, a positive control group and a negative control group. The

experimental group was divided into three parts (with 3 groups per part),

named WSP, WSP-1 and WSP-2, to which 50, 100 and 200 mg kg�1 day�1

(the weight of samples per mouse body weight �day) were injected once a day

for 7 days, and the positive and negative control groups were injected

with 30 mg kg�1 day�1 cyclophosphamide and isovolumetric normal saline,

respectively. After 7 days, the mice were weighed and the tumor mass was

extracted from the mice and weighed. The tumor inhibitory rate (f) was

calculated according to the equation below, and from this value the effects of

WSP, WSP-1 and WSP-2 on the growth inhibition of S180 tumor cells could be

explained.

f ð%Þ ¼ Mc �Me

Mc
�100

Mc and Me refer to the average tumor weight of the control group and

experimental group, respectively.

RESULTS

Preparation of WSPs
Temperature, pH, hydrolysis time, and the concentrations of pachy-
man and hydrolase were all optimized using C (b-glucanase, Novo-
zymes) as catalyzer to hydrolyze pachyman. The optimal conditions
were found to be as follows: 55 1C, pH 4, 4% pachyman, 2 U ml�1

hydrolase, and a hydrolysis time of 6 h. WSP (46 g) was obtained from
pachyman (80 g) under the optimal conditions.

The two fractions (WSP-1 and WSP-2) were separated from
WSP using a Sephadex G-100 (Figure 1). WSP-1 and WSP-2 were
collected from the 6th to the 10th tube and from the 12th to
the 17th tube, respectively. The collected fractions were concentrated
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and used for structure analysis and measurements of the antitumor
properties.

Analysis of WSPs
Ultraviolet spectrum analysis of WSPs. The ultraviolet (UV) spectra
of WSP, WSP-1 and WSP-2 at 0.5 mg ml�1 are shown in Figure 2.
All the samples exhibited the characteristic UV absorption attributed
to polysaccharide with no visible absorption correlated with protein
and nucleic acid at 280 and 260 nm, respectively. This means that the
WSPs prepared in this study did not contain protein or nucleic
acid.22–25

Infrared analysis of WSPs. There was no evident difference in the
absorption of pachyman between WSP, WSP-1 and WSP-2 (Figures
3a–d). The infrared spectrum of three WSPs showed two peaks near
3800 and 3333 cm�1, indicating that there is a stretching vibration
of O-H. There were also peaks at 2914, 2916 and 2915 cm�1,
respectively, attributed to the stretching vibration of C-H, which is
present in the pachyman spectrum. Moreover, features appearing at
2140, 2132 and 2138 cm�1 were 1134 frequency multiplication peaks,
whereas the absorption between 1606 and 1650 cm�1 can be attributed
to the bending vibration of O-H. The absorption peaks near 1420 and
1370 cm�1 are due to the deformation vibration of C-H. Peaks at
891±7 cm�1 indicate the presence of compounds with a b-D-config-
uration,15,26 and all of the three WSPs and pachyman own the
configuration, which means that the b-D-configuration cannot be
destroyed by hydrolase.

Congo Red reaction of WSPs. Congo Red reaction is used to deter-
mine the type and structure of the polysaccharides present by
observing the complex formed between Congo Red and b-(1-3)-
dextran. A red shift in the maximum absorption is induced when the
concentration of NaOH lies between 0–0.5 mol l�1. The reaction does
not proceed between Congo Red and other polysaccharides or dextran
without the b-(1-3) structure.27

The results of the Congo Red reaction are shown in Figure 4. The
NaOH content in the samples ranges from 0.00 to 0.50 mol l�1, and
the maximum absorption of Congo Red mixed with the three WSPs
moved toward the long wavelength side in all cases. A mixture of

distilled water and Congo Red was used as a blank control. These
results prove the existence of b-(1-3)-D-backbones, which could
contribute to distinct antitumor activity.28

Monosaccharide composition analysis. The thin layer chromatogram
method was adopted to analyze the monosaccharide content in the
samples, according to the procedures introduced by Zhang et al.29

A schematic of the process is shown in Figure 5. For WSP, WSP-1
and WSP-2, only a blue-gray spot was obtained after the chromogenic
process, the Rf value of which was similar to that of the standard
of glucose. This implied that glucose was the only component of
WSPs.

Measurement of weight-average molecular weights. Molecular weight
has a large effect on the water solubility as well as the bioactivities of
polysaccharide. Using treated Dextrant (Molar mass 2�106, 5�105,
7�104, 4�104, 1�104) as a standard sample, the Mws of WSP-1, WSP-2
and WSP (calculated on the basis of Mw of WSP-1 and WSP-2 ) were
determined using gel permeation chromatography as 1.86�106,
3.58�104 and 1.75�105, respectively.

Antitumor activities of WSPs
Antitumor activities of WSPs in vitro. The results of the assays of
three WSPs and the CMP against S180 tumor cells in vitro are
summarized in Table 1. All of the samples exhibited the obvious
effect of suppressing S180 tumor cell growth when the dose was above
0.05mg ml�1. In general, the antitumor activity was increased with an
increase in the dose. The three WSPs showed a higher degree of tumor
cell growth inhibition compared with the CMP samples at a dose of
0.5mg ml�1, with a very significant difference (Po0.01). When the
dose was increased to 10mg ml�1, the WSP-1 antitumor activity was
not more significant than the control, whereas WSP and WSP-2
displayed a higher inhibition rate than CMP. Interestingly, when the
dose was increased to 100mg ml�1, except for WSP-2, WSP-1 and WSP
once again showed more perfect inhibition effects than that of CMP,
with a very significant difference (Po0.01).

Antitumor activities of WSPs in vivo. Table 2 shows the inhibition
ratios of WSP, WSP-1 and WSP-2 against S180 tumor growth in vivo.
Compared with the positive control group of 30 mg kg�1 day�1

cyclophosphamide and the negative control group of normal saline,
the inhibition rates of WSP, WSP-1 and WSP-2 in the range of

Figure 1 Elution curve of WSPs using a SephadexG-100 column. WSP-1

and WSP-2 were separated using a SephadexG-100. WSP-1 appeared

earlier, in the 6th to the 10th tubes, whereas WSP-2 existed in the 12th to

17th tubes.

Figure 2 UV spectra of WSP, WSP-1 and WSP-2.
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50–200 mg kg�1 day�1 were found to be 19.53–43.94, 20.32–41.57 and
11.45–39.81%, respectively. Although the tumor inhibitory effect of
the positive control group was relatively high (60.21%), there was an

Figure 3 IR spectra of WSPs and pachyman. (a), (b), (c) and (d) are the IR

spectra of pachyman, WSP, WSP-1 and WSP-2, respectively.

Figure 4 Effect of WSPs on the position of the maximum absorption

of Congo Red.

Figure 5 Thin layer chromatogram of WSPs for monosaccharide composition

analysis. WSPs were analyzed by TLC using glucose, ribose, sucrose, galactose

and fructose as standards. For WSP, WSP-1 and WSP-2, only a blue-gray spot

was obtained after the chromogenic process, the Rf value of which was similar

to that of the standard of glucose.

Table 1 Inhibition ratio of WSPs on S180 growth in vitro (%)

(x̄±s, n¼5)

Concentration

(mgml�1) CMP WSP WSP-1 WSP-2

0.05 0.1±0.1 0.0±0.2 �1.0±0.3 �1.1±0.3

0.5 �0.3±0.4 4.0±0.6** 2.2±0.1** 2.6±0.1**

5 6.3±0.5 4.7±0.1** 4.2±0.5** 3.3±0.4**

10 8.1±0.4 17.9±0.2** 9.4±0.6 9.9±0.5**

50 19.1±0.3 20.1±0.4* 19.9±0.5 19.0±0.8

100 21.2±0.7 26.2±0.9** 26.6±0.2** 20.4±0.8

Abbreviations: CMP, carboxymethyl pachyman; WSP, water-soluble pachyman.
*Po0.1, significant difference. **Po0.01, very significant difference.
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evident decrease in the body weight of the mice, which was in contrast
to effects observed for the negative control group. Body weight decline
did not appear in the groups of mice treated with the WSPs. It is
noteworthy that cyclophosphamide seems to affect the normal cells as
well as tumor cells. By contrast, the three WSPs exhibited antitumor
activities, arising from the stimulation of the immunoregulation
mechanism of the host, which had little effect on normal cells.

DISCUSSION AND CONCLUSION

Pachyman extracted from Poria cocos sclerotium using 0.5 mol l�1

NaOH solution was hydrolyzed under optimized conditions of
55 1C, pH 4, 4% pachyman, 2 U ml�1 hydrolase and 6 h hydrolysis
time to obtain WSP, the yield of which was 57.9%. Two fractions,
WSP-1 and WSP-2, were separated from WSP using Sephadex G-100.
The Mw values of WSP-1 and WSP-2, as well as WSP (calculated
on the basis of Mw values of WSP-1 and WSP-2), were determined
by gel permeation chromatography as 1.86�106, 3.58�104 and
1.75�105, respectively. The three WSP samples were composed of
b-(1-3)-D-dextran with no nucleic acid or protein, evidenced from
results of UV, infrared spectroscopy and Congo Red reaction and
Monosaccharide composition analysis. In general, WSP, WSP-1 and
WSP-2 showed obvious inhibition on S180 tumor cells in vitro at
10 and 100mg ml�1, outperforming the inhibition properties of
CMP. The WSPs simultaneously had a perfect effect against S180
tumor cells at a dose level of 200 mg kg�1 day�1 in vivo, attributed to
the enhanced stimulation of the immunoregulation mechanism in
the mice. WSPs that were hydrolyzed by b-glucanase had excellent
antitumor activities on the growth of S180 as well as HeLa, CCL-220
and SP2 tumor cells. Details of these experiments will be given in
a subsequent publication.
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100 2.36±1.01 0.98±0.10* 20.32

200 2.27±0.76 0.74±0.04** 39.81

Negative control: normal saline.
*Po0.1, significant difference; **Po0.01, very significant difference.
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