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Antitumor activity of water-soluble polysaccharides from Codium fragile and its
immunomodulation
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Abstract: Objective To investigate the anti-lung cancer activity and immunomodulation of water-soluble polysaccharides from
Codium fragile (WSPCF). Methods Inhibitory rate of WSPCF on A549 cell line, the C57BL/6] mice spleen lymphocyte
proliferation, antitumor effect of spleen macrophages and lymphocytes were assessed by MTT assay. The effect of WSPCF on
phagocytosis of C57BL/6J mice spleen macrophages was studied by neutral red colormetric method. The effect of WSPCF on the level
of cytokine secretion, tumor growth, and the spleen and thymus of the Lewis lung cancer-bearing mice was detected by ELISA method
and statistical analysis. Results In vitro, WSPCF, when the concentration was higher than 1 000 pg/mL, could inhibit the growth of
AS549 cells, while 500 pg/mL, it could significantly enhance the lymphocyte proliferation and phagocyte activity of macrophages (P <
0.05), so as to improve their anti-tumor effects. /n vivo, tumor inhibitory rates in WSPCF group were 39% and 42%, compared with the
control group, the difference being statistically significant (P < 0.05), the levels of IL-1p, IL-2, IL-6, IL-10, IL-12, IL-18, IFN-y, and
FAS-L in tumor-bearing mice serum, compared with the control group, were obviously improved (P < 0.05). Conclusion WSPCF,
has an in vitro inhibitory effect on human lung cancer A549 cells and could improve the level of cellular and molecular immune
response. Also it could significantly improve the immune function of Lewis lung cancer-bearing mice and achieve the effective
anti-lung cancer activity and immunoregulation through activating the immune system of the organism.
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JIFAE Codium fragile (Sur.) Hariot. 4 tH 572
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P ( water-soluble polysaccharides from Codium
fragile, WSPCF) 1E A filFa s emtiig ke, dk
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1 50 24k, HF& ER R Tl Rk EK,
i B K8 ZR R AL 2R 1) Sl oAy, AEkhE
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Pl ke, BISEMLA s D, Ak —23
5T WSPCF R4 0) N il AS49 41 A= (14
WIVEH, BABKEIES CSTBL/6T /)N Bk 2 41 i 4
BN AR Lewis il a9 /) BLAH I 0 9% 45
BRI, DAERT WSPCF XA G % Bh RE R 5 1
FH K i 1 () 431 BIL o
1 ##

1.1 @5

WSPCF % DA #4K B 38 - & B 4 DT vE v
Sephadex G-100 #E (7 152 I FA 3 [2009 4F 4 H
K HREFIFIFIR, 230 TGRS £ B %
€ K Codium fragile (Sur.) Hariot. ] /14324421, LA
TR A ARV A, 2RI AR TRV I A L SOBH 7R o 40
B 65.8%, TR LL L1567 IR AR 1) T Bt 23 4
H17.3%, UL DMEM/F-12 (1 : 1) $53#ihcH, J&
R, 4 CIRAER .

DMEM/F-12 (1 @ 1) 5375k, RPM I 1640 1535
B 0.25% 8 (1B -EDTA . PR WAL . ek s
(MTT). —HJEWHK (DMSO). JJE & H (ConA).
M EZhE (LPS), £ Sigma Awl; /NI,
BUNDUZ=5 AR TR RIS s S bt IL-1B IL-2.
IL-6+ IL-10+ IL-12. IL-18. y T-#% (IFN-y). FAS
B (FAS-L) Zwfedifh, dbnthiz&mavs
KA WAF; BELISA REORF G, ol EyE
e wl e s AR A oA Al
1.2 AR5

i i ges 40 MO RK AS49. Lewis B 5 E fili i e
(LLC) #iffuz, W Hrh EREBE R gi 5o,

KB R ARAE . C5TBL/6T /N, 6~8 JHiE,
SPF %%, i (20+2) g, MEMER, KEER
K2% SPF SEEG A O A, YFnTiuFES SCXK (I0)
2008-0002.
1.3 &%

CO, ¥4« BEFR1%, Thermo Election Corporation
N B BMEE, HAS Nikon 25 & TS,
RS IR A R RITE) s FD—1 B
TN, Jb U ER B S I A A B A A
2 HiE
2.1 MTT JEHG N paIE5E
2.1.1 X AS49 AMIIGTE S S 10%/8 A I
T 1) DMEM/F-12 B2 W859% AS49 41 a0t
KA, 0.25%BEE ML, M MKER 1X
10°/mL, #FF 2 He 96 FLH, £E4L 100 pL, £540
OGRS 5, WAL, HBEEERZ (100 pg/mL) BHME
STHEZH, WSPCF (10, 100 500, 1000 pg/mL) %
U, B3 AL, A EESR 24, 48 he HEFR4
WHT 4 h, LN 5 mg/mL () MTT 15 pL, IR%IE
A, R E 4h, 37 B3, N DMSO 150 pL,
<% 10 min, EEFROCGH 492 nm AEWREE (4) 1H,
THEAMHIE

R =1— I A {H/ %R A
2.1.2 O0F/ EUMSHE L 4E BRIG S R s R R
#1E % CSTBL/6J /N Uk L i, FH % 10 %4
LY A1 RPMI 1640 1% 97 5 5 #2411 B ik 5 4y
1X10"/mL, FEIIA 96 fLERH, 4FfL 100 uLo BEXT
M2 . WSPCF (250. 500. 1000 ug/mL) 4524541
Con A (5 pg/mL) 1 LPS (10 ug/mL) FHMEXS FE AL,
LARFIE Hy 200 pl, 4541 3 NE AL, £557 48 h, MTT
L0 492 nm b A fH, VARG IEIE R
2.2 FEPHELLENE IR EEpaE

W7 VE A E H CSTBL/6T /N BRI 05 40 i,
LA RPMI 1640 3773 4540 025 15 1< 10%4L,
AN 96 FLBH, AFFL 100 pL (1X10° ML) . st
T2 A1 WSPCF (250, 500, 1000 pg/mL) 452541,
R 3 AL, AARFRBESL 200 pL. 4 U555 48 h,
FFFLBF L3 100 pL, AT PELCEHREFL 100
ul, 4E2EH55% 30 min, 1 500 r/min 25.0» 10 min, 3%
3, PBS BEE 3 Ik, REFLIN 200 pL 24K (LREE-
BEIR 10 1) =Wiid A, T 589 nm WUl 4 {H, THEAF
7

W= S0 A /0 AL A 1
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IS “2.27 T HRLE I AR
C57BL/6J /)N Rtk 4 B R S e i i, 2 Sl N
96 FLHL, 2X10°/4L; #42. #EEL 20 1 AT $k
KIS H22 400 1 X 1040, F4% 3 ANE
L, H57% 68 h 5, MTT VENGE Asor {H, TIEHAREZ,

IEE=1— (Lusn—Adx) /Aw
24 (KRIAELRE
241 BRI RPN IR 14d. AEKR
I LLC 4 M0, KA B DAEFE KRB 1 X
107/mL (40 B, Rt T CSTBL/6T /AT I %
N, 502 mL, 3 min W5EK. 24 h kN BB
MUk 5 41, EPXHE4], WSPCF K. &7laE (100,
200 mg/kg) 21, IBEEENE (30 mg/ kg) BHIEXS R4,
WSPCF (100 mg/kg) 5H@EELE (30 mg/kg) Hih
U, Al 8 N, MEMERE. 2y LA ER K AE
R, BER ip 4525 1R, TESAIEA 0.2 mL,
AR 21 d, WAL TAEBEIK. KRIRG G
24 h, FR/ANRUARSUER, BRERIUM, %M, —20 C
TRAE £ o BUMENL FI AR ZE/IN B, SSIIOME . it
B EART, B RR R, TR AR B
FREL. I FE BRI 098

Mgz = O RRAR T — SEIR4DR i) /X B4R it

JUE 5 i £ = I 48 Jo At/ /0 AT
2.4.2  ELISA VERLII/N BRMSE 92 70 T A W
£ “2.47 TS AL/ BT —20 CIRAE, [H]#% ELISA
FERSIN /N BRUALTE b TL-1B IL-2. IL-6+ IL-10. IL-12.
IL-18. FAS-L Al IFN-y #HXF ) & .
25 HuEALE

N GE T 2F A SPSS11.5 % HdR k1T 40
TR B, 2D X £5 FRoR, AMZE R ¢ K5,

2 A 1A 0 LR FH B R R T 2200 W
3 #R
3.1 X ARRREEHAE AS49 1ETERY NN

WSPCF Jii s /N T 500 pg/mL i, X} A549
MRS E AR (P>0.05); ik
[ 1 000 pg/mL, fEH 24, 48 h AFIEIR 250 K
16.7%- 21.0%, SxFM4l b 25 B3 (P<0.05).
SR

60 7 m24h
48 h sox
e 40 4 **
E 20 1 x
=3
o Lr= &L &m il
Xof B 10 100 500 1000 ke
T 1
50 A WSPCF / (ug'mL )
S ALE: "P<0.05 TP<0.01; &3 [
"P<0.05 ""P<0.01 vs control group; Fig. 3 is same
1 WSPCF %} A\ ffiBRzEL0RE AS49 BUIEFEINH (£ A

(xts,n=3)
Fig. 1 Inhibition of WSPCF on A549 cell proliferation
(xts,n=3)

3.2 F)NERBE ik R 4N B 1G5 A0 E N 2 B I E 1
B2 M

BT AIAR LG, WSPCF 2H /) Bl ik £ 4 fifo 134
B PER R, o WSPCF 500, 1 000 ug/mL 4111
B2 (P<0.05. 0.01), i LPS 4181 Con A
M ZE R LG FE X (P>0.05). WSPCF % /) i,
JIR R A i A e A R AR, e 5004 1000
ng/mL A5 RAMILZE R E#E (P<0.01). 45%
W 1,

%1 WSPCF 3} C57BL/6J /)R ARtk B AIETE AN EREAR A B IE B SRR (x+5,n=3)
Table 1 Effects of WSPCF on proliferation of spleen lymphocyte and phagocytic activity

of macrophage in C57BL/6J mice (x*s,n=3)

Ao plugml™)  MEAREE L) 0 WEARBIEE /% EEARAEWEETE @) EWAREER /%
xof e 0.97940.018 100.0 0.674+0.056 100.0
WSPCF 250 1.051+0.078*4 107.4 0.76740.037 113.9
500 1.34140.054" 137.0 1.076+0.089"™ 159.7
1 000 1.225+0.099" 125.1 1.1014+0.043" 163.4
LPS 10 1.28940.044" 131.7 — —
Con A 5 1.3764+0.038" 140.6 — —

AR "P<0.05

"P<0.05 ""P<0.01 vs control group;

"P<0.01; 15 LPS 5k Con A 41E0H:: “P<<0.05
4 P<0.05 vs LPS or Con A group
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3.3 XM ELRAEFN B MR BRI E R R
L UM L, WSPCF s o0 250 ug/mL
I, X 90 L 4 AT s e % e 0 5 T AN (2%
(P>0.05); TMifE 500, 1 000 pg/mL I, k40
M A0 A = SR RA R E R B (P<
0.05. 0.01). #RIZE 2.
%2 WSPCF itk E4RAaF0 E Bk A & 1A 220G
(xxs,n=3)
Table 2 Effects of WSPCF on antitumor activities of
lymphocyte and macrophage (x*s,n=3)
40 p/(ngmL™) WREANMHIEEE /% EVEANRHIEEE /%

Xt - 18.6+4.5 36.4+4.6
WSPCF 250 239425 43.1%4.1
500 329404 51.1+1.6"
1000 40.5+4.6" 58.5+2.2"

SRBALELE: TP<0.05 TP<0.01; T
"P<0.05 ""P<0.01 vs control group; same as below

3.4 IR Lewis FifEE KB

Xt ALAH L, WSPCF 100, 200 mg/kg X
Lewis fif J8 /N BB A KA B 2 MEIEH (P<
0.05); WSPCF 5 BRI I & 45 24 2 RV RE 28 A
99.06%, x4l A= SRR 3 (P<<0.01),
MBS 2 2 R G e 3 = 5%, R
PRI 245 A O R G R R 3. S5 R 3.
3.5 XTE/NRARAE. BAE. FRBEIS IR

¥k WSPCF 200 mg/kg il 2 Lewis fif I8 /] il 1)
AT 48 £ 0 AT L 22 S W (P<<0.05) 4F,
WSPCF 0 far g /N BB SRE . B EFR 20, Wi+
Hog A /N WSPCF 55 BV It Jle 1K 65 4 245 4 Ao
e/ U R I A, AR, R ZE
RE LA At R IR e A . 25 3L 2
3.6 X ErEE/NRR MIE ik B F B9 S0

WSPCF GEfE it Lewis A I8 /1N I H f) i

110 _
100
90 4
80
70 A

TIEHF 1 %

60
50

40 -

IL-1B IL-2 IL-6 IL-10 IL-12

%3 WSPCF Xt Lewis #5798/ NRAVHMBIERA (x£s5,n=8)
Table 3 Antitumor effects of WSPCF on Lewis

tumor-bearing mice (x £ s, n=8)

u flHE / o AR/
4 5 TR /g
(mg'kg ) %
X B — 3.6050+0.126 1 0
WSPCF 100 2335040.0847" 39.51
200  2.1360+0.1014°  44.67
B R 30 0.049040.0032" 98.72

WSPCF+ Ml 100+30 0.036 0£0.001 6™ 99.06

25 1 " & A
WSPCF 100 mg-kg ™
2.0 # WSPCF 200 mg-kg '
= w IR
¥z 1.5 i FRWLIE 4 WSPCF
B
=10
0.5 A
0

WA (5g3 A

Sl P<0.05
*P<0.05 vs control group
2 WSPCF X8/ RARAE. BAE. FhBEsEBS2 00
(xts,n=8)
Fig. 2 Effect of WSPCEF on indexes of spleen, kidney, and

lung of tumor-bearing mice (x £s,n=8)

A, Az sy FIRE BIER . SR mtiE
WK, T SRR T I ) S B KA TR
o 56 R ZHAH EE , WSPCF 1974 100 mg/kg I,
IL-1B+ IL-10. IL-18. FAS-L %7K F- Tt (P<<0.05),
IL-6+ IL-12. IFN-y KPR 23 (P<0.01);
FIE K 200 mg/kg I, IL-2 KT (P<<0.05),
I IL-1B ATk 25 (P<<0.01); WSPCF
5 IR R B 2 25 AL S e IR T KT 38 5 3
ThE (P<0.01). Z5H WA 3.

X

EWSPCF 100 mg-kg
ZWSPCF 200 mg-kg "
P I fz

BT HEMLIZ + WSPCF

IL-18 IFN-y FAS-L

3 WSPCF Xt Lewis #1f8/NR e B E FRKFEHEM (xts5,n=8)
Fig.3 Effect of WSPCF on immune-response level of Lewis tumor-bearing mice (} ts,n=8)



¢ %% Chinese Traditional and Herbal Drugs 38 43 % 25 3 3] 201243 A

*533 -

4 g

HAT, IR N 20697 It (ki K 22 4
FERT LA AT T AIRT S, e 2 W A
SR T A0 RIBGE R, SR 00 R AR S )
B (1 25 5 R T ORI R IO A0 R S T e
55 NK 40 fs v, 175 5 B 40 fs fE D g - WSPCF
BEAT R o 00 P 48 B R e (S A, RIS 4K
AAPE T 94k EL0 IR 40 i, 45 v N 40 s 1k
BBRHTARAHE AN A T A A S Aszig
g5 LK B, WSPCF iK% KT 1000 pg/mL B,
PNl R AS49 41 EHERER (P<0.05);
500 pg/mL B AT HE AR MR I (1) LR 2 40 B 5
58 JR 5 4 P G T R AR L PR A
P AREEPE . RN SEEG ok, WSPCF R W4l
Lewis M B AR A A2, o5 far iR /s B e R A
RS RIBEANA TS, HE T B4
A E E R T (acute protein inducing
factors), IMiEH IL-1B. IL-2. IL-6. IFN-y (i L
W) NF-xB #77) KT, IL-2 3540 T 4000, {2
WEAUHE IL-18 TR I Z Rl Rl 743, i IL-18
O] SABTR T R A B RS 1, {212 Fas/Fas-L /%
(1) NK 40 B 41 i 2 7E A FLE A 3110 NK 418
XA ) A DO, R TL-64 TL-12 RESE
JAK/STAT {5510k, R fd 1% 30 % 4 i,
77 TFN-y. FAS-L 4%, 55 505 2REA K1)
VFZ s N e A L AR St 5 LIk R
WSPCF HE 2 2§ 5 J /D BV P IL-1B IL-2.
IL-6.IL-12, IL-18. IFN-y Al FAS-L /K-, HA MK
ALY LI It 0] £ 988 /) B S B 4 Y R
2yt RIS A

ZE LTk, WSPCF ) N il A549 401
A EAINHEIET, X Lewis Mi s /N 5 g 2E
KA W) Sl AR iR ) S e PR VR T, AR —Fib
RFPRBEERSR, L. @, T sy
AN, SEAEAFIRATI TR A B 25 5208
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