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Abstract

AIM: To study the correlation between structure
and anti-gastric adenocarcinoma activities of
polysaccharides isolated from the sclerotiuma of
Poria cocos and their derivatives.

METHODS: A water insoluble (1—3)-p-D-glucan
PCS3-1I isolated from fresh sclerotium of Poria
cocos was sulfated, carboxymethylated, methyl-
ated, hydroxyethylated or hydroxypropylated
to prepare five water-soluble derivatives, coded
as 5-PCS3-1I, C-PCS3-1I, M-PCS3-1I, HE-PCS3-
II and HP-PCS3-1I. Their weight-average mo-
lecular mass (M,), intrinsic viscosity ([7]) and
<s’>,"? were characterized by size exclusion
chromatography (SEC) combined with laser
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light scattering (LLS), LLS, and viscometry. The
antitumor activities of PCS3-1I and its deriva-
tives were tested in vitro by MTT assay using
gastric adenocarcinoma cell lines MKN-45,
SGC-7901 and MKN-28.

RESULTS: The M,, values of the derivatives
S-PCS3-1I, C-PCS3-11, M-PCS3-11, HE-PCS3- II
and HP-PCS3-1I in PBS were determined to be
3.8x10%, 18.9x10", 16.0x10%, 76.8x10", and 224.3
x10", respectively. The native B-glucan did not
show any anti-gastric adenocarcinoma activity,
while the sulfated and carboxymethylated de-
rivatives exhibited significant anti-gastric adeno-
carcinoma activity in MKN-45, SGC-7901 and
MKN-28 cell lines.

CONCLUSION: The polysaccharides from fresh
sclerotium of Poria cocos showed no anti-gastric
adenocarcinoma activity in vitro. The introduc-
tion of carboxymethylated and sulfated groups
to water insoluble polysaccharide PCS3-1I in-
creased their water-solubility, chain stiffness
and anti-gastric adenocarcinoma activity. The
sulfated derivatives showed obvious inhibitory
effects on gastric adenocarcinoma cells.

Key Words: Poria cocos polysaccharide; Chemical
structure; Molecular mass; Anti-gastric adenocarci-
noma activity; MTT assay

Li YQ, Hou XH, Wang YF, Zhang LN. Correlation
between structure and anti-gastric adenocarcinoma
activity of B-D-glucan isolated from Poria cocos sclerotium.
Shijie Huaren Xiaohua Zazhi 2012; 20(15): 1277-1283

T
BB 4R S 4 B AT A M0 25 M 5 3
B S X R M AR R

ik APMAR A A P BRI (13)-B-D-F R
HPCS3- 1l A L Aidifs. VA, BTHA.

B R EF T RAATAEY, AR E R, ML
HAH(LLS) & R T He IR & 3 Fo A HHAL IR R
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m ﬁé:j o RRE AR EAY BB fn AR MEKN-45, H T BGEPCS3- LK MR A M Pk, 3k
ey SGC-T9014xMKN-28 2 % 4 #p 4 1 . 1143 516 F B RR BE AL (Sul fation) 2 L 4L

B F [z e
FHARIR GRS
% ¥ PTG E
HRBRER S,

ZR: S-PCS3-1. C-PCS3-T. M-PCS3-1I .
HE-PCS3- Il #=HP-PCS3- Il #7 £ 45 £PBSIE
B M AL A3.8X10%, 18.9X 10, 16.0
X 10%, 76.8X10*42224.3 X 10", KBHP-H
FA4EPCS3-T JUF R4 B MR &, ity
FRLBR B o 29 IRAT A 4 3 4 IR ARMKN-45
SGC-7901F=MKN-28 47 X 7 3% 2 49 37 4h) .

it RRREZEE S BRINEA R E RS
E KREM S #PCS3-M4 EFIAR T
KA R Be I, EATA MR T K, HAERHE
¥R, Rl F AR s e 0%, R AFeg KR
M. BRGe4 RN ieE s Ko TE2A AT
RS R B MR ERNIRS.

REER: REZHE; LFEW, 58 ERERE
P MTTH:

S EHE, T2 K. (R BIneRER-D-ARE
SSHBIREEHEIERR. BRENEHRE 2012; 20(15):
1277-1283
http://www.wjgnet.com/1009-3079/20/1277 .asp
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ZWERY I BAT (W A, AL D Re PR LR
A B it R OR SR T 24 S5 U R I HE Ak B EE IR
MANME, TR H 251 T A2 56E
KEAH AR, S RAZHEAEEN
i g8 € R SR S T T, AT EE AR
Bl LA AT AR R EN Y R KA R 2
B, A TR AT T BE HEAR . thAh, —S822 00
PRIEAL R TR AL U 1) o-D - ZE 4 M1 B-D- 7
FERERREA T RUF Kk, HbtSarcoma 1805E {4
R R T I S ) N P e 852 A S S E o
R AR 2 B A AT T B wE R,
SING TG 21 R e 2 2 s /K bE, (R
T I AR 22 WA AR T TR R A B B e LT
ST AN TA] A AR IE A By R AR 5
ZWERT AR EAT E B, IRE (Poria
cocos)—H e EENMESR T 22—, hf B
PR D i Ty B M A PV P O 5 kS B 2 ORI 2
()32 RO, AR T i rp R N 3
%5y —F(1—3)-B-D-F P CS3- 1T, Ml A%
TR BIEA EIohuE e is vk, DA a4k 2
VSO 7 925008 LR AT 85 A A6 A T 44 1y 7K P i
1) A AT T R P,

(Carboxymethylation). ¥%Z &t (Hydroxyeth-
ylation). N3 L (Hydroxypropylation) &z F &
fb(Methylation) SR AE Ak 7 120 b T4k 2 24
PERER T HATAE NG Mg 3 M TA) (1) G 2R
R AR B IE A . BB KstE. 2
AR S8 BRI R R, AN,
AXRTZHPOERMBEE R, e, 8%
I ) F (R ARE Y, B AR 2 0 W R AT
L HRWEST, PS8 5 IR % 2 Bl 1 it
P A0 AR PR EAT TR

1 SRIASE

L1 A FE S EBOR 2240 2% SRR AR 2R
AP AL, BE T % 77k WL SCHR[29,30]. AT
FURE AL HE MBI AR % B 1% 190.5 mol/L NaOH
I (1—3)-B-D-H RHEP CS3- 11 LA K& LIPCS3-
11 4 JEURH 45 (AR BR iR Ak S-PC S3- 11 . R 3k
HC-PCS3-11 . }RLHEAMWHE-PCS3-11. A
SALHP-PCS3- 11 J H 3L M-PC S3- 11 57 2 Hii
FTAEW. By 4R 40 A8 i i I v 5 4y 1
BB E . R EEVE L RS HERR (%
FE BRI 52 . MTTIW [ Sigma’s
RPMI 164055 775600 A RO LA Al /N
1375 W 8 A5 i AE B AR B2 5 K41k
MR A B ARM KN =45, 34k B e 4 B Bk
SGC7901. &7 4k Mitdes 40 il Bk MK N-28 £ )
I B 052 56 = AL

12 7%

1.2.1 H5 M & Z AT AR RR R 1 FH 2
FOREREVET737 "C 401 CIME. B VA7 A B
TR PBS 5L 57K Me,SO. FiHugginsf1Kraemer
JiFEART AR R L ],

nsple = [n]+k[n]c

(Inyr)/c = [n]-K[n]’c

1.2.2 #Ok B34 (size exclusion chromatography,
SEQ): 5P WERTAMIAEPBSIH ML 1L/KMe,SO
(14 ' ST 5 B W, K F TG 4% A He-N e WOt Ui
(B KA = 633 nm)(f2 F1 FEHOE T HUEHX
(DAWN®DSP, Wyatt Technology Co., USA), 1
37 “C RIS 7] £ BE P HURD B A5 5. BT A %
VBRI SR E I 52 {7 2806 2 Al b 5 B N
MR REAT I . Astrafi T 2o R AR 4T,
H Iy T RM, B Zimm it 59515 5.

1.2.3 RT3 &3 Ao B 35U A (size exclusion
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SR, & LREMMESp-D-BRESHSI BIRE < FR 1279
| BN

_ BEE BRE

s REZZ —Pum 6 Ca 2 BRESN
PCS3- I g =]:V(AV - + R SRR SEEN SRR
S—PCS3- I TmiRist ++ = 0.44 0.24 0.34 1.02
C-PCS3- I REPEY ++ = 0.71 0.35 0.21 1.27
M—-PCS3- I BEL ++ 0.33 0.21 0.15 0.69
HE-PCS3- I ROEk 0.25 0.24 @ 0.49
HP-PCS3- I HREL 0.23 @ @ 0.23

TRIEEN; ++: RSB, + OB - FEESR

chromatography combined with laser light scattering,
SEC-LLS): JUSFHEBR (i A SR AU FH 2 B 1Y)
HEHURAY R EIRD AWNSDSPZ £ B0 6 U
1, ROTHFRR il BAE FHP1004! SR AR I-1507%
FZHOCKIZS. IS FE R JKAK R A TSK-GEL
PWXL G5000F1G30008% 1] (i +:, Me,SOMK &R
I G4000-H6 (i A5, WA A2 437 °C, diahAlh
PB S JE /K Me,SO, 78I /T £ 622 4lifk b
P, HEFEE200 uL, HiE 1.0 cm’/min. Astraff: 1]
TEAE RT3

1.2.4 2 B35 Ao 47 B B 6 MR 3 o5 ik (14N
ST RV ECHE S R AT AN ) o AL R B 1)
5 RRJE 4 AR (MK N-45. SGC7901. MKN-28),
37 CAKHEML, Bl 2500 gX5 min. % i,
RPMI 164055 IR0 1K, Hef125 mLINE; 7RIk
1, 8 mL 100 mL/LJG A IS FIRPMI 1640
W3R, 37 °C, 50 mL/L CO %57, Wk H#udig:
WG ()4 MfeAR: 75 B B 40 A
oL, WAEKIE R (MG 2. BRI A
i) H AR R I B o] ALK, 2-3 dfL 1IK;
G)BU e G A RSN SE S SRAIMTT
25, WO EICA K 40 P, R R 1 e T G s o
i BB, TR IR R 1X 107 cells/mL, LA
41200 pL(5 X 10°)Fh T-967L1G 7R F o5 %
24 h. ZJG 3R IREFR, 0 R AL I B
M5 15 7 AN 22 B R A U B2 43 5310 24 0.005
0.05. 0.5+ 5 g/L 4ZHAb B 11 40 i Fn 1 5 1)
T P L S [0 P 8 2 1 (s ) %o R A B
X R (5-Fu), R ARERBESAN ST AL. JB(E3T C
50 mL/L CO}5FR4HE 9572 h, W& 2140,
FUIINZWRE RS g/LIIMTTH20 nL, gk
F24 hy ALK, WXk BIEW, N IR AR
150 uL/AL, 760 7% % 10 mini, HEEFRAY (Bio-Tek
EX-800, USA){ES570 nmi K b (a0 52 B FLW G
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BEAYEL. $2 LA 23 3QOH S 40 B4l = 4 Bl

(%) = (1-5 5 ALA{H/ JALA ) X 100%,
ZH S K A3 UK.

it i Hmean+SDFE R, KA
SPSS19.04 11 8 A 43 #1. 2412 ] J7 % (one-
way ANOVA) T, P41 (B 5. #7P<0.05,
M7= S R X #P<0.01, W ZE AT
FEE N #5P>0.05, W 22 5700 2 k7 S

2 R

2.1 fLF M FEAS-PCS3-11. C-PCS3-11 fl
M-PCS3-II IR T 2R A AEC-6f ek, Hk
FEC-4FIC-247; MHE-PCS3- 11 [HU & A= 4EC-6
MC-4f7, HP-PCS3- 11 JL- P-4 &8 7EC-647, A A 17
J& T ARE R IR, SPPATAE 2 B B K /N AN
HUARHE J R4 BE I 24 C-PC S3- 11 >S-PCS3- 11
>M-PCS3- I >HE-PCS3- [ >HP-PCS3-1I. i"C
NMRA AT AR EAE0.23-1.27.2 8], SFIET
AT K B AR R R A 0 S, T AT
L BT LR 2 BEP CS3- 1T S (R ke, e
AWM RN P AR P S-PCS3- 11 >C-PCS3-11
>M-PCS3- [[ >HE-PCS3- I >HP-PCS3- 1, S5HUL
FEMRF AL D). PCS3- 1L AN T-/K, J2 K A A
FE BRI 5 1 1) S 1T 5 3500 T AE KV P R %
RAE. To/KMe, SO L W] 2 1% -1 SR 1) R34 71,
Tl REFT W73 [ R 43 N B, R SR AR AR 25 0
BABEEE. DA S, KR 2 B AR
(1) 53~ F R U 2 ] FH G 7K Me, SO 71
2.2 5F FA#JES-PCS3-11. C-PCS3-1I F
M-PCS3-11 3FEMEPBSH W37 °C FIUSEC-
LLS#EE R T, X3P AT Y7 22 R0 6
SRPRSL DU A8 LS 7 HE e SR B AT T A K
TR LML Y. B2 K B3 BoR T A HE-
PCS3- Il fTHP-PCS3- 11 43 I 7EPB S M A TG /K
Me,SOH137 C FHISEC-LLSIEE, iX2F 14

A XA AR BR B
. BT A
BLUANK, £5R
FAC BT FACSF
B A T kAR
X5 AT IR
AOM R IR AT
& W Fe R R
AR E 8 B R E
o Ak E M Z 8
LSS
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m2A2E 0.12 0.12
RRRKREHM % . )
MRS AT RE HE-PCS3-11
MR, KRE 0.08 - 0.08

e SE R 2
I T K Ao AR
BEsAE, HATA
Wis Tk, L4ER)
ISR, B AR
BRI E g%,

<«— M-PCS3-11

C-PCS3-1I

Detector AUX1
o
=)
D

0.00

-0.04 : ‘ ‘

Volume (mL)

B 1 S-PCS3- Il C-PCS3- Il KIM-PCS3- Il ZEPBSEHED
37 °C FHYSEC-LLSIZE.

0.10

HP-PCS3-1I «— HE-PCS3-11
0.05+
~—
=
35
<
50.00
B
2
[
a
-0.05
_0.10 1 1 1 1
0 4 8 12 16
Volume (mL)

3 HE-PCS3- Il HP-PCS3- Il ZEFCIKMe, SO 37 °C
TBYSEC-LLSILE.

YIFE S EPB ST 2o 24N BA B IR0, i fE
Me,SOH H 7 Julgg i W At AT 176 7K 95 o P A7
RS, MAEMe,S OfF 25 4 I 6. T8 bRy
%+ LLSHISEC-LL SHll43 )4 FF i /£ P B SH
HMe,SOF FF R S [n] M, <s>"F1%
ITHARBWM M) F2. 4R KRIS-PCS3-11
C-PCS3- I #IM-PCS3-1I 345 HLLSIAF KM,
{5 SEC-LL SIS 45 %EZIK #H, 5PCS3-1I
(M AE(12.3 X 10YHILL, BREREERT 4 IS-PCS3-
1T IM A, 32 BR A JR 21 s I 4% 1R 3 3
TR Z W BEfR. SR, C-PCS3-11 FIM-PCS3-
1T 285 M AEETELPCS3-TT 1) 5 i, 3X S A
HAEPCS3- I A FREE B N T 2 FF L AT 3
SEH, HABAI AR SS. AR 1) &, HE-PCS3-
[T MIHP-PCS3-11 2Ff s 7EPB ST H M fE L
HABFE S IR 2, X2 B T AT EUAR R B
(0.2-0.5), KE[1-OHHE 14 B AEAT L Wpli 2R
b, PRI o T R RN, 2L
IR P IR SR ERAT I 4 A AT 11 7 D 1
R T AN E I, R 2AF S 72 TG 7K Me, SO il

Detector AUX1
o
o
N

0.00 |

-0.04 : ‘ ‘
0
Volume (mL)

B 2 HE-PCS3- Il, HP-PCS3- Il #EPBSES® 37 “C THY
SEC-LLSTZME.

FFIIM SR A A2 AT L S 53 22t

2.3 &M R RBEWII ) F<s™> "5 e
RAWVRERIPE RS L, A R [ 1A <™
W H SR W B AR R e % ER2T )
s vl LA H, FESC-PCS3- 1T AEPBSH i A
47 LEHE-PCS3- Il FTHP-PCS3- 1T 5 {1 i (1)
4. S-PCS3- 11 IM AEAESFI AT AR b 2 B
&I, (EEAL <> H1 LT 5 M-PCS3- 11 £l
C-PCS3-11 2FF S I AHAE, X Ui BIS-PCS3- 11 7&
TR Iy L FEAAE & T 4 R MBI 4,
BT LA 5 v P D

2.4 BBV IEEE S-FUKBELE(5-Fu). PCS3-11H1
STRRT AP S Pe E Hee eh Jeg 4 AR MKIN-45
SGC-7901. MKN-28 )35 1 &5 K I £]4-6. PCS3-
T1 NS0 AT A= AR KT 1 I 4 i G 490 1)
. Z8EPCS3- 11 LT AR M SR PU MR PE, 1t
WY Ath oF B 8 40 P ok 388 B JE SR . AR S
FlkE b 2 7 P C S 3- TT 3 i R %%, i
S-PCS3- Il FIC-PCS3-11 24F 575 FT A S2 itk Ji
AT 2 G R A 2, R & S-PCS3- 1T 7
5 /LR B I S 7 1 BT R b e o 1A A0 A 2%
(CSFMEKN-45 (K162 4 48.9%, %FSGC-79014%]
HAN36.7%, MKN-28 1414 4 43.7%). HAh,
S-PCS3- I FIC-PCS3- 11 7 Fi A SE K i i [ Y
I0UL 252 1) 4100 o1 2 1 ) MK R OG R, X U B AT
X A B i A Bk AT R I 2 2L

3 1L

ML B AR SN 5T e 52 50 5 SR TR B, A
PEfE 25 4 R AR 2 B AL K AN P B-D- 7 SR A 1)
PO Mg s 1, JF HOGE TE R A A
FERL. AR U, B R I A1 R AT AR A ek
A EE A LA AT A A B v T B e s k. S A
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[ BALE R
AR R
Mre R LM, X
3 b
e Big bl em¥g)  <s"(nm) ALLS . SIS f&f@%&?%
! M, <107 (g/mol) M, <107 (g/mol) MM, Mk, B —
PCS3- I Me,SO 76.3 56.4' 12.3 14.0 1.7 RIS LE
S—PCS3- || PBS 20.2 44.2* 3.8 35 1.6 A
C-PCS3- |l PBS 167.1 45.0' 18.9 25.1 1.7
M—-PCS3- I PBS 132.2 42 4" 16.0 21.1 2.0
HE-PCS3- I PBS 1225 39.9° 76.8 62.8 18.0
Me,SO 146.2 23.9 = 20.1 1.7
HP-PCS3- || PBS 156.5 4837 2243 297.0 2.3
Me,SO 162.3 29.97 = 19.1 1.6
— BUBSEN; ' BLLSKDNBISNEUE; *EBSEC-LLSKIMIBILINEE.
80 O 0005gL m 05g/L a 80 [ 0005gL ® 05g/L 5
O 005g/L W 5g/L a O 0.05g/L W 5g/L
60 - 60
a a
a8 a
<40 ¢ 3 g4
g a a i‘f
S20 ¢ . =20
0 0
1 2 3 4 5 7
-20 L -20 b

B 4 PCS3- Il ISMITEMERIARBDRE TN EE
BRRRMKN-4583DHIZR. 1: PCS3—1T; 2: S—PCS3—1; 3:
C-PCS3—1I; 4: M—PCS3—1I; 5: HE-PCS3—1II; 6: HP—
PCS3—1I; 7: 5—Fu; P<0.05 vs PCS3—1I.

80 r O 0.005gL
70 - O 0.05g/L
60

50
40
30

B 05g/L a
m S5g/L

I (%)

B 6 PCS3- Il FI5MTEMERIIRBRE TN BE
YBRERMKN-28803N&IZR. 1: PCS3—11; 2: S—PCS3—11; 3:
C-PCS3—11; 4: M—PCS3—1I; 5: HE-PCS3—1I; 6: HP—
PCS3— 11 ; 7: 5-Fu; ‘P<0.05 vs PCS3— 11 .

AT 0RE R P0E Rge o P v AWy 5 LK o
PER /NP A0 1M IR B-D- A 2B A T
K, At JLP ARG E B s ks ik, Rm2
BERE it KU P A 48 i FL T 18 IR P P O A
. UeAh, BAT R R R R A, IR
FOACHVERLLY, D e B B3 Pt B .
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B 5 PCS3- |l FI5MITEMERINRERE TN EEMD
FBRRSGC-79018V3MNHIZR. 1: PCS3—11; 2: S—PCS3—1I; 3:
C-PCS3—11; 4: M—PCS3—1I; 5: HE-PCS3— 1l ; 6: HP—
PCS3—1I; 7: 5—Fu; ‘P<0.05 vs PCS3—11 .

45— 42, S-PCS3- 11 fIC-PCS3- 11 2FE S (E
IR IR B IR A O 8 e, T ARATT ) A A it
B A R L EM-PCS3- 11 . HE-PCS3- 1L Al
HP-PCS3- 11 ¥ /&, BiARS-PCS3- 11 FIC-PCS3-11
FIZK A PEAR 22K, (HS-PCS3- 1T 9T g 4
I K X C-PCS3- 11/, X5 S-PCS3-11
B A2 K P BT L C-PCS3- 11 K [ 4 1)
P4 5%, Unursaikhan5! 98 6% B2 W6 1L 7 25 (len-
tinus edodes) 22 7L 7K 0 B I 1) T 38
G /K8 (ehrlich ascites carcinoma)diI il )52
Wi LA AN ] 2R . DR, S-PCS3- T1AE 54 Bir
LA PR s 1R P A B T4 v it R e R
JE S k. Ak, HE-PCS3- 11 MTHP-PCS3- 11 2K
TE 7K BIM B P ICARARE s, T AT 1 bt
MRS M AR, X R T TR X L
FE 470 M 35 Ik ) S, AR K R A IS
TR 235 (<3 X 100 RT A e B 4 i iR
U6 2 EUE S .

B2, KRR S 5 5 S FRATT AT LA TE AR 5 1A
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W @ 15 R0 P BRI (1 —»3)_5_])_% BREFE S PCS3-T1 1 C, Romani L, Latgé JP. Galactosaminogalactan, a
AXFFTHRE " \ — e new immunosuppressive polysaccharide of Asper-
sty OURNR. FRTIE. FEOIE. FREE TR gillus fumigatus. PLoS Pathog 2011; 7: €1002372

WEMS R E MR
B Z A 6 M
B R, AR

A AEPB SHIB T IM A 537 3.8 X 10%, 18.9
X 10, 16.0X 10", 76.8 X 10*F1224.3 X 10*. JLFf
R A A S UE B 5 N ORI i B il R 454
AT A, AR i s R &k s ek
(1) -5 SR J LT TCAT A PR A0 e vis vk, SR i
AT AR P E AT B B KB, AE K
LA K 1) 2 I A 5 R0 ) 2 ) P S R
TEPE. AL, A B R SRR AT AR o B
L GE T R 2 A A B R A Bt
B s . N2 T S EORI P IR Y sk
BB AT LU IR, BAT R, e
B R X A e A P A R 2 R (<3 X 10°) )
FT AW tie % B Sk M4 v LA 22 B 1 P RS
PE. T H IS PR 1) SRS 5N AN R AR 2 7
FEF . BUREE . BUREAL. KM, o EAEE
IS A K.

4  SEXE
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