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Parts of physical and chemical properties of the polysac-
charides from Catathelasma ventricosum (Pk.) Sing. Armillaria
ventricosa Peck and their inhibitory effect on S-180 tumor

LI Zhang CHEN Jie WANG Miao LUO Qiang XIONG Chuan
YANG Zhi-Rong"

(College of Life Science, Sichuan University, Chengdu, Sichuan 610065, China)

Abstract: [Objective] This article mainly studied the extraction, purification, structure and
anti-tumor effects of a novel polysaccharide purified from the fruit bodies of Catathelasma ven-
tricosum (Pk.) Sing. Armillaria ventricosa Peck. [Methods] The polysaccharides of Catathelasma
ventricosum (Pk.) Sing. Armillaria ventricosa Peck were extracted with boiling water and purified
by DE-52 column and Sephadex G-100 column. The molecular weight, monosaccharide composi-
tion and backbone structure were analysed by HPGPC, HPLC, FT-IR, methylation and NMR; the
anti-tumor effect was investigated by S-180 tumor-bearing mice and evaluated by the cytokine
levels of IL-2, IL-6 and TNF-o in serum samples of the tumor-bearing mice. [Results] A novel
polysaccharide was extracted from the fruit bodies of Catathelasma ventricosum (Pk.) Sing. Ar-
millaria ventricosa Peck and named CVP-A, the results had showed that the molecular weight of
CVP-A was 10 289, the monosaccharide composition of CVP-A were mainly composed of glucose
and a small amount of xylose, with a ratio near 15:2. The results of HPGPC, HPLC, FT-IR, me-
thylation and NMR revealed that CVP-A had a backbone structure of (1—4)-a-D-glucopyranose
which branched at the O-2 of the glucose residues. The results of S-180 tumor-bearing mice model
had showed that CVP-A had a good inhibiting effect on the experimental S-180 solid tumor, after
injection of 25 mg/(kg:d), 50 mg/(kg'd), 75 mg/(kg'd) CVP-A for ten days, the three Kunming
mice group had a tumor inhibition ratio of 31.99%, 42.68%, 60.18%, in which the cytokines levels
of IL-2, IL-6 and TNF-a in S-180 tumor-bearing mice were increased significantly. [Conclusion]
Catathelasma ventricosum (Pk.) Sing. Armillaria ventricosa Peck may be a potential source for
anti-tumor development.

Keywords: Extraction of polysaccharide, Isolation and purification, Structure elucidation,
Anti-tumor effect
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A 2 5T 2 BT & g 25 W 3647 I
RIRE . WA RE, Hi ] 224~ Catathelasma
ventricosum (Pk.) Sing. Armillaria ventricosa Peck,
NAABMELRE . 2Nk, BTERH, FER,
PARIEEJE, A TRRIL. MU, = . PasE
X o A SCMARINFAEL 15§~ SR SR I3 — T 24,
g aifb G4 N CVP-A, X HEHIE T THF5E,
FER T S-180 i /Iy SRR K A /N Bl LT F4) 4
MafEF IL-2., IL-6. TNF-o A3 AR TRINE T 9%
MR TR

1 MRS
1.1 #RIE5LEE

PR FARL 1 (FH ZE BB RARFL 22 A5 B R
SCEETE) TSR A WA B AEHLIX., DE-52 Al
Sephadex G-100 Il H Whatman 2\ ), 2% &4 .
ETRE, Sk, =R, WEE. DMSO. &
AALEN . NayS,05. JOKBRRREN . MLnE . ZFRAT .
NaBDy $°8 [E7 43t 2, CNERE™ EAikal, 7§
BEMERE F Sigma 23w, BRI/ H ik 554
fr. Bench Top Freeze Dryers, VirTis; UV2450,
SHIMADZU; Microplate Reader (Model 680),
Bio-Rad; Laborzentrifugen 4-16K, Sigma; Rota-
Vapor R-200, BiCHI; HPLC 1525, Fraction Col-
lector III, Waters.
1.2 ZHEREE. BRI
121 $REURAR: RAHUKEIESY, B 200 g
PRANFA LS SR Z IS, A 500 mL 95%
BRI, R 2 Ik, A 20 fEAFR4K,
Bh/KIA 6 h, JEHRI3 IR, 6 000 r/min B0 IR
I, RIS, e mA 9 5K
FRTC/K RS ST, BT 6 000 r/min #2500
WAETTYE, DIvE G LK, A 5 AR
Savag B (G0 IE T E=4:1, VNV)RIZIRSS,
FiHE T2 R BRI, IR HERRS,
BREE (1R B 1255 6 000 r/min B0, BREFRR

AOTFNIE T T, PR ZE Rk 4 ST, Ik
b, TR RIS 4 5 000 kD 4> TR B MR
IKIEHT 3 d, VRUR TSR 20

1.2.2 SIS BEMEL: FRE 5 g HIZRHRE,
FEERT 50 mL Z&K Y, BOBREDUE, k
THIUNE) DE-52 £F4E R (4.5 cmx40.0 cm) A ik
P, Vel 0.0.1,0.2.,0.5,1.0 mol/L NaCl,
PHTRBRE VR, VEMEHEEE R 1.0 mL/min, £
Wtk 3 mL, RARMGRERIEAI, A IFvElist
W AT M4, B, B E TR, 7 0.1 mol/L
NaCl #6JZPEiig 3] CVP-A flFali b, FRE
CVP-A [falifh 1 g, WRETZEKE, B0
EULHE, FIEW EAES] Sephadex G-100 HEALFE
(2.6 cmx100 cm)i4753#5, H 0.1 mol/L NaCl %
TR, PGB R 1.0 mL/min, SRAHZEE;
TR LA S EE W, WA A5 DRI R v, v,
BT, R TR E] CVP-A 4lifh .

1.3 ZHEMEHREE

1.3.1 CVP-A BJ5F =N EFAEBFELHE RN E:
K R OS85 (% (HPGPO)T % CVP-A Y
Ay Fo, B bRUE T AR AR E (T-500,
T-110, T-70, T-40 F1 T10), Water GPC #4474
P21 B 20 mg CVP-A #£ 5L f#T 2 mL 2 mol/L
=R, B, WK 6 h, 60 °C IUEZE T,
AR EZE T, B 3 RUBRR =82
2. HX 10 mg KM% 4, %1 1 mL Z808KH, i
i HPLC i, #0041 K: Hish# -k
M K=70:30 (V/V), Jii# 1.0 mL/min, [&EAHR
SR, KR R 22T eRgs, AR 20 °C,
HEAETE N 10 uL.

1.3.2 CVP-A BILIIMARIE S RAxH R EE:
B2 mg B THE) CVP-A 4ifh, AT KBr
PEATHIFES, A, I%E CVP-A 1 4 000— 400 cm™'
LT ANR OGS B 10 mg A% THEE) CVP-A
alifh, A 1 mL 264 99.5%[1) D,O 7o/ i,
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SRIG O BRET0TE, ¥ HIERUTT 400 M g3t
PREIE T

133 CVP-A BIBREL D B TR E
CVP-A 4lifif 0.1 mg it A 4 mL EP4§' 14, JIIA 0.3 mL
Jo/K DMSO, FSEAZAS, HA K 30 min, ff
HIAZY 10 mg i BE ] A0 SR A R, P I8
JKIE 30 min, PKIEAHI ZAEREERE], WA 0.1 mL
CHil, FEAZS, K 30 min, HAJE4EH]
P KRR EE S 18 °C-20 °C, UKIK BAEIkEE
[, FANA 0.1 mL CH3l, FEAZS, A KA
30 min, HA A]$5E ) A KR E 18 °C—
20 °C, JIA 1 mL 7% 4 mmol/L Na,S,0 FJ7K VS,
L AR RN o 1) R B I 0.5 mL & A5 iR
SR, FRERAEWET)ZANH, BRI
PAE 4 Wk BIFEMA, FFINA 0.5 mL 4K, #R
RA, BOBRZKH, EEEME 5 k. mAd
FHERI A TR RN 72 R A, BRIk 4T,
g, ERAHERART, 58] CVvP-A Hitfkz
B2 A 0.5 mL 2 mol/L =321 120 °C /K fif
2 h, BAIRER, HASKT, #IA 0.1 mL H
e PSR IIA 0.5 mL #7HC 10 g/L NaBD,,
FIRRNL 2 h, JHRERGEOR, BFEMA 4 mol/L
LA, pH iAW, FEAMA 0.1 mL HEE, H
AT JILA 0.5 mL HTE B AL IE/ ZBRTF(1:1,
V/V), 120 °C JZJvi 30 min, ¥ HEZ =R, ZAKT,
A 2 mL & WL, Wemdicgs, B0 RS,
HEFT GC-MS 43#r .

1.4 CVP-A HiphEiE AR

1.4.1 S-180 fafEd/NRARBEIAYESL: HL S-180 J%
FRAE/N SR AR AEAR 3 WK, BRI 7 do FETCHI 5%
P R /N BRI K, FH G B AR B /K R A
Vs 2 131074, A/ R T 4T 0.2 mL
R,

1.4.2 NRSERGETS: TIWE/NER 5 R
N, KE R 30 g Zof, HEPVNR R 6 4,

http://journals.im.ac.cn/wswxtbcn

10 H, MERESE, BRIER XA, HE 5
YT IR S-180 fapsid /N RS HI U B Rh RE . IE
Xof HE 2 R B P %o B 2 g ORI 3 i 4 o A 3R
7K 0.2 mL, PHYEXTHRZAIFEAR 25 mg/(kg d)IE i
SIFRBERERZ 0.2 mL, CVP-A 25 pg/g 4. CVP-A
50 pg/g 0. CVP-A 75 ng/g 44 FEFR T 4 43934
W& 25 50 F11 75 mg/(kg d)E 5T CVP-A ZHk
K 0.2 mL., EZEZZ5 10 d.

1.4.3 /DREJIR: EZ4575 10 d 5, FREE, A
JE AT /N BURERCR ML, SR ML/ 457N BB STHEAR FE,
WU e . e . MR SEas B PR, TS
EARBCINIE 2, 4 H 18 B (mg/g)=7% #r B H it
(mg)/IATE (g), RT3 (Yo)=[(BIPEL V-1 HE -2
2541 V- YR ) A A E <100, Geitss
FIRN xas, WA 2ZERHAT t KEe, MR
SPSS 19.0 #1543 o

1.44 PRMFBEMAEEF TNF-0. IL-2, IL-6 B
BEMNE: H/PRIRBCRIG MK, FIREHE 2 h,
SRJG T 4 °C #E 4 h, 4 000 r/min Z.0> 10 min, Y&
£ FEMYE, BT-20 °C vKE A7 . /Nl
AN TNF-a IL-2 . IL-6 A4 &% 1] ELISA
WA G, R 3K, SIS TR s, 4
B 22 S b AT ¢ A%, MGt SPSS 19.0 #H47
I3HT

2 ZR5S

21 HEALER

200 g MRAHFA L 1 T SR HOKIZ $E A5 B MR AR
WEEAH 20 28.7 g, 19K 14.35%. BULH S ¢
W W A 3 4% ML 2 BE 45 0 DE-52 4F 4 %
(4.5 cmx40 cm)43 5, 7E 0.1 mol/L NaCl PEfii 15
F] CVP-A L4l f 1530 mg, WK 1 fiR, H45d
Iy ¥k Sephadex G-100 (2.6 cmx100 cm)Z) 55
afifbid 5, 153 CVP-A 4fifh 343 mg, WK 2
Fi7R
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Fig. 1 DEAE-52 celloulose column (4.5 cmx40 cm)
chromatography curve of the crude polysaccharides of
Catathelasma ventricosum (Pk.) Sing. Armillaria ven-
tricosa Peck

7 B s CVP-A BIATE 0.1 mol/L NaCl B 3 s 22 %,

Note: CVP-A was collected at the concentration of 0.1 mol/L
NaCl gradient.
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Fig. 2 Sephadex G-100 (2.6 cmx100 c¢cm) chromatog-
raphy curve of CVP-A

E: YEMEM 0.1 mol/L NaCl.

Note: The eluent is 0.1 mol/L NaCl.

BZ # (2.6 cmx

2.2 CVP-A WIS FEFBEHEHEM O
HPGPC & 4558 an & 3 Fiw, 4 CVP-A

E‘J%i@é}%iﬁ 10 289, WEHYFA— o7 XIFR,

Jafh R, 434 HPLC JI%E, CVP-A B af

FE AN, I H SRR
2.3 CVP-A HIZLIMR YT i

WE 4 i, CVP-A WILLAMR IS CP
3395.48 cm™ 'y ZH O-H %Rz, 2 923.24 cm™!
S C-H P451R3N, 1 640.76 e WEEIcHE
C=0 H45#R%N, 1 421.50 cm ' BE2E C-H AR
31, 1022 em ' ASRIISIGTLRA CVP-A BB A 3
BN, 848.54 cm ! I CVP-A HURHH R
Ty o FgBIUSTY 929,54 cm ! il 848.54 cm ' Ny
(1—4)-o-D-H M A FFAE g™, 759.83 em™
K oM IR ER X B A 4 3% 51

0.6 100.0
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3 CVP-A By HPGPC

Fig. 3 High performence gel permeation chromatog-
raphy of CVP-A

TE: MG CVP-A P27 15 10 289.

Note: The average molecular weight of CVP-A was 10 289.
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Fig. 4 Infrared absorption spectra of CVP-A
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2.4 CVP-A BREERNZH RS L

HIEARZE RN 1 R, 25058 CVP-A £
WA T R FEN 14, 12,4 5B, SR04
PEA 2B ARBEY B, A RZI
2,3,4,6-Mes-Glu:2,3,6-Mes-Glu:3,6-Me,-Glu:1,2,3,
4-Mey-Xyl 294 3:7:5:2, FRIREEIAMEN, CVP-A
AP RABE R L0 15:2, CVP-A Y 4k %4
FRELENR 14 B8, MEEERAE FRER A0
(1) 2 SRACE b, MSE S AR A, —
B3 SO I — AN A BH B R

CVP-A 400M HmEIAREGERIME 5 FR,
Hrhf RS0 E R, 53kik H-1 fb=207

£1 CVP-AREMLER
Table 1 Methylation of CVP-A

CiE i 2 i JEELYIEN iEROREN s
Methylated sugar Linkage Relative amount (%)
2,3,4,6-Me4-Glu T- 3.68
2,3,6-Me;-Glu 1,4- 8.58
3,6-Me,-Glu 1,2,4- 6.07
1,2,3,4-Me,-Xyl T- 2.31

L 1 1 | | |

|
— ___J-_-..-Il‘--‘- -"'JU.JI‘l_ e

| 1 | |

10 9 8 7 6

5

&

| ppm

¥

4 3 2
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<
x

\O <t
I
i l—

5 CVP-A Wi tiRS %
Fig. 5 H NMR spectroscopy of CVP-A
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FEAE 4.5-5.5 ppm XA, Hrp o BINLmHERY H-1
2R 4.95 ppm, CVP-A 1153555 T
H-1 k24008504 5.333 ppm A1 5.009 ppm,
KT 4.95 ppm, [H it A] A CVP-A T3k e 1Y

PR X HRZH A B it e i . JHEIEHE 250, MALESE 250K
AT, UFBIEABEmERE AT e/ R e R H
AIHIER . 3 2 Mk 3 sPEuE Bk LR
FH A5, *3/R P<0.05; **% /K8 P<0.01,

K o AFINS S350 o-D-HIRAER o-D-AHHE, 4
R CVP-A L HMNEEAH H.ENIE .
2.5 CVP-A BYBVE IR

=k 2 Fn, 7EESEL425 10 d J5, CVP-A
75 ng/g 4, CVP-A 50 pg/g 4, CVP-A 25 ng/g 40K
B SRa F 2R 53500 A 60.18% . 42.68% . 31.99%, FH

22 AERE CVP-A XF S-180 fri/ N HjyEE=x
AL

Table 2 The influence of CVP-A on S-180 tu-
mor-bearing mice in tumor-inhibition rate and organ
index

R

ELIFRS

25 o
P B2 ORI 137 56.83% . M 4L - Tumor  Tumor-inhibition
. weight (g) rate (%)
HHEE, CVP-A 452520 B —E BRI HIRCR, .
ormal control group _ _
BKEH CVP-A RIS, H0iH] S-180 SR AL .
N . Negative control group 2.48+0.22 _
PVRCRIE I S BAPEXT BRAAR L, B REZH 1Y
WEE&Q%B@E‘, iﬁfﬂiﬂ: CVP-A 75 ug/e Y4l ﬁﬂ%@ 3 Positive control group 1.07+0.15 56.834+4.87*
fii7s, 76 CVP-A 452541, /N iR s Bt 25 CVP-A 25 mg/kg group 1.69+0.10 31.99+4.21%*
CVP-A M pysaimmss o, BB 5 A T B pExT CVP-A 50 mg/kg group  1.42+0.13  42.6845.07*
HEZH APPSR, L] CVP-A X/ U iR CVP-A75mgkggroup  0.99:0.16  60.18+6.41*
FHA — s, 76 CVP-A 252541, /INRBYIITE H: Bl 10 B, 5FAMEXT R4 (Negative control group)

6 REOR AL i it W] 8 T BH P B 4 R B
XHIRZH, UL CVP-A BEXS 25 245/ B T IE A
JUE T HE SR o 55 B X BRI 0 BRZE AR L,

0 S LEBCR T t 1. *: P < 0.05.

Note: There were ten mice in each group, significant differ-
ences compared to Negative control group was evaluated using
Students's t test. ": P <0.05.

#x3 AREIRE CVP-A 3 S-180 fa7i8 /)R Ak 28 15 £ B9 %2 M

Table 3 The influence of CVP-A on S-180 tumor-bearing mice in organ index

iRl g % JHFIESE % U Fi %

Group Thymus index (mg/g) Hepatic index (mg/g) Spleen Index (mg/g)
Normal control group 2.32+0.45 51.67+£7.21 9.23+1.33
Negative control group 2.43+0.56 52.20+6.09 9.58+1.26
Positive control group 1.99+0.83* 45.33+5.66* 8.77+£2.87*
CVP-A 25 mg/kg group 2.99+0.48** 64.45+£4.02%* 12.304£2.28**
CVP-A 50 mg/kg group 3.61+0.86** 59.40+7.72%* 11.68+3.57**
CVP-A 75 mg/kg group 4.11+0.99** 59.82+4.87** 9.05+1.64*

H: AN 10 X, SIEF X BEZH(Normal control group)FlBHPEXT BE2ZH (Negative control group) e 35 1H: LR t A5
*: P<0.05; **: P<0.01.

Note: There were ten mice in each group, significant differences compared to normal control group and negative control group was
evaluated using Students's t test. *. P<0.05; **: P<0.01.
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2.6 CVP-A XF S-180 farfEd/\iRIL;E4MEE T
TNF-a. IL-2. IL-6 & &

WE 6 FiroR, 5IEH % R AR M B4 AR
He, CVP-A fEAS [F) 2 B b 12 5 far 8 /0 BRI Y
TNF-a. IL-2. IL-6 &K, HFfi#H CVP-A %4
ZHUR RIS K . CVP-A RERE T I
WRFEH T TNF-0 f3R3K, XJF IL-2 1 IL-6 5
M DOV 555 o F I X6 B T S PR e, %R /)
BRORIE R G077 A T, 25 5% 8 7 BH M X B 4
TNF-a, IL-2, IL-6 /K3 e & X AT A
B TR, TBHPEXTBEZH TNF-o. IL-2. IL-6 &1

ksl

il

140

*k

130

120

110

100

* %

O
(=]

[
S

70

Production (g/mL)

60

50

*
*

40

30
20
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0 |

IR LEIEH R B A B F T

3 &

3.0 RWNEEZENS SIRIFSHETE
R AR 5 085 T S A v 4y B9 A5 81— Fh 20,
22 DE-52 274 241 H1 Sephadex G-100 4310 A4
b5, 15340528 CVP-A, 4= ZRKiITF
F HPLC 5 H O 2h i 8 S s, A /b
HAKE, HPGPC I3 CVP-A ZHPE T H
10 289, CVP-A RYHIJEALSLLS, mEIEREE L
RTINS CTEZE T, CVP-A s 2RI A )

[ ] TNF-a
-
s

CVP-A 75 mg/kg CVP-A 50 mg/kg CVP-A 25 mg/kg Normal control Positive control Negative control

group group group

group group group

Bl 6 CVP-A 3 S-180 a5/ R I E4MAEE F TNF-a. IL-2. IL-6 B9 &£ &0

Fig. 6

In vivo effect of CVP-A on serum IL2, IL6 and TNF-a production of tumor-bearing mice

T BEY h xasTER, B 10 2, 5 1E % % R 2H (Normal control group)fit i 1 L& % Fl tC . ™: P<0.05; ™

P<0.01.

Note: Data were presented as x+S, there were ten mice in each group, significant differences compared to normal control group was

evaluated using students's t test. "+ P<0.05; ~*: P<0.01.
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SRR 152, FHEETIAEE R (1—4)-a-D-Hi
R, BT A TR AL 2 SR E,
4% = B by 4 2 W A RS 2 A
3.2 CVP-A BIHBE IR

KH S-180 fiffid/NRBIRINT CVP-A HiL i
BRI TS, SCIRZE 3R, CVP-A HAT—%
BT ER, 425k 75, 50 F1 25 mg/(kg d)
IF, gm0 3R 60.18% ., 42.68%F1 31.99%,
AT DL 2 A S-180 SEARTE Al . LAk, CVP-A
XF /N BB R MG B AT — e e, B 25 2
/NIRRT, X S-180 fupded /)N R IL T 41 g
A TNF-o. IL-2. IL-6 RO EIEITIE, 45
78 CVP-A BEHR 1 S-180 faf /N BLUALTE 41 it 5 1
TNF-a., IL-2. IL-6 A5 f, &M CVP-A fgfdif
JNERAI S I 4 R TNF-a, IL-2 ., IL-6, HA
AR 25 A E

B, R AREF R 2000 bt
JiRE 25 M iR AT T I RS, I B 2R T
b BT AL Tl A T 2 N . A<
SC X R AW A A 4 - S AR B B — b 2
P77 5rEs . alifk . 458950 BT LA RSB IM iE P ot

PUARET A HVETE B 25 A

5 % X M

(1] BhWr, JRIZEAME, Tog. 25 FH 5w 2 ssit k).
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