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WE & RS AR A S & R PR TR R R

HER KA ®L BB
A BMHEKE LHEGAEYENBEREALRE ILHF &M 2211165
2. RBUBRKREEMPHEEER, X8 EH 241000

B OE.HE HEiTHLBRFERSEE (exopolysaccharide of Aphanothece halophytica, EPAH) HHL IR 15 1 .
FiE L S BN MR, W EPAH X B £ KWW HEE; MTT &0 EPAH X S B 8 41 M.
Smcc7721 FFEE 40T HeLa 40 B &t S0 0 80135 4k 5 DA 090 /D B G B 28 B . O VR OO X3 40 M 0 2t ik B2 0 M S AL B
W NK ARAGEEMERAR~4E NO REMAREFHEm TSN EPAH /D RAKIIEHEH. &8
EPAH 3t S R KH BE MMWH1ER , H P FBH 4 2570 5 bl 8570 7] B 44 25 4 B K R % 4 B3k 66.79% H1
47.93%. 100 pg/mL EPAH %} Smcc7721 # 5 \HeLa 4 DL & SisoZH B4 K BIHIHI 3K 60% DI F. EPAH 8%
5 H7 9 /0 Bl G 0 e Al R O B R MK 5L AR AR L AR U S M AR AR B, 0 NK 4R E A, RIS E
R E NO, MM EH KA E-18 (IL-1B) RMEHFFLE F-o (TNF-0), &i¢ EPAH A B EFMILIEEHE, 68
HEERATHERK, MHMELK . EPAH (R @I MAE IR AR S ENREMCEHRAHE. {Eﬁﬂ*
BHRSH,2E NK RAGEENEBAMK™4E NO UERRMABEF SRR MEEE.
XER ERRATRERI L M EE; 2RI
%8 .R286. 91 XRAFRIAE A XEHS.0253 - 2670(2005)07 - 1026 - 05

Antitumor activity of exopolysaccharide from Aphanothece halophytica
ZHENG Wei-fa!, CHEN Cai-fa', CHENG Qi-ping®
(1. Key Laboratory for Biotechnology on Medicinal Plants of Jiangsu Province, Xuzhou Normal University,
Xuzhou 221116, China; 2. College of Life Science, Anhui Normal University, Wuhu 241000, China)

Abstract: Objective To elucidate the antitumor activity of exopolysaccharide from Aphanothece halo-
phytica (EPAH). Methods The in vivo inhibition of EPAH on growth of tumor was performed by inocu-
lation of S5 sarcoma cells into ICR mice. While in vitro activity against tumor cells was assayed by the
growth inhibition of cell lines of S;4 sarcoma, Smecc7721, and Hela. The effects of EPAH on immune
function were evaluated by the influence on the thymus, spleen, and the number of lymphocytes in blood
stream, the influence on proliferation of lymphocytes, the killing activity of NK cells, and the production
of NO, IL-1B, and TNF-a. Results EPAH inhibited in vivo S5 sarcoma growth with the highest inhibi-
tory rate of 66.79% and 47. 93% in the test mice of pretreatment and simultaneous treatment, respective-
ly. EPAH also displayed in vitro activity against the test cell lines with the highest inhibitory rate being
more than 60% at a concentration of 100 pg/mL. EPAH was found to affect the immune function in mice
including increasing the weight of thymus, spleen, and the number of lymphocytes in the blood stream,
accelerating the proliferation of lymphocytes, enhancing the killing activity of NK cells, and stimulating
the production of NO, IL-18, and TNF-a by macrophages. Conclusion EPAH is an effective antitumor
agent. It inhibites the tumor cells directly and hence the growth of tumor. Its antitumor activity is proba-
bly realized by increasing the weight of immune organs and the number of immunocytes as well as lympho-
cyte proliferation, enhancing the killing activity of NK cells, facilitating the production of NO and related
cytokines in tumor-bearing mice.
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FRBATRR. ZEARNEERERFOWKE
B Fh R — RSN B NE . BRI R, RS HE B TR
B 2% R R XA A .
L CEREE N Y NN 2N R L i) ¥ )
1:2.08:1.57: 2.87, A HHERSENZHEN
15.78% 50, BB 3L B 4T % Mg 4 £ ¥ (exopolysac-
charide of Aphanothece halophytica, EPAH) J&—
MEERRAMZSERRE, LPHRESBN4
F i 34.46%, FALABRERETRN 1,38H
BOHBEBNEEFRN 4R L3 EHER.HB
BEEFRAN L2 BHER AEBEEES AR
LIBHR HAEERNEE TN EERE.F
it EPAH 454 T Ca®" \Nat . Mg*" #1 K* . BIf{ %
HAHREN RS BT M R
FURGEATERESY, Hik, W EPAH BF
WIERZG ST A 3 EPAH (253 25158 H BT
A H X /N BB S 0 oh BB A IE 1k A PR R A HRGE
RT#H—$Hx EPAH WA BESR, 2AEZHET
EPAH WHE SRR . A LR REN Se W
A3 4 £ P B LT BRI AR R AL .

1 MRS5FE

1.1 Z55{(% .FPAH HALREH &, HESL
¥k 98.2% . RPMI-1640 335 (Gibco) . /M4 I
# (Hyclone) .24 FLAAMIEEFEMR (Nunc),96 FLEHAE
BFEM (Nunc) . FRBEBLE (IAHERAE. #S
02091921) . MTT (Sigma)._ H # W MW (Sigma).
DMEM {/12 83 (Gibco), Sis Pl IR 40/ . Hela
B Smcc7721 FFEAMK (EBEXREBEAL.
CO, %3 # (SHELBA) . B.0AL (B3 KA B .OHL
)i RF (Sartorius), NO Bl & (BRER
A YRR , A K-18 (AL-1B) . M & 5
FEHE F-o (TNF-0) &7 & (TPI Inc,REH).

1.2 #H#:ICR MR EE 18~23 g, BRESE &R
ME¥BEERFHY P LREE IYWEFHFTIES
SCXK2002-0022, 483 #E (25+2) C.BHEES 12 h,
BEN 604 WEAFED, BHTKMRE.

1.3 St S BRI ER  BUMR 110 X, 28
114 (E4 10 2, KA Bk BHAM 9
MNAETHA ., BBGAPH 3 AN BHALH 77
# 50,75 1 100 mg/(kg - d) #&E ig EPAH 5d
JG o BB TR SR (5X10° Sy 1) , B4
ig EPAH 10 d; % 3 A4 (RIRAZHA) KT &M
S PRI 4K 4% 50,75 F 100 mg/ (kg » d) KIF
Bi%% ig EPAH 15 ;8T 3 M QAT A A 4D

B S 5d 5 50.75 1 100 mg/ (kg + d)
(ol Bk ig EPAH 15 d. FRMEXS B4, THF &
R # 20 mg/(kg » d) #4E ig FBEBERE 15d, &
R, 5K ig SRPHAEELKER. RKED
24 h FRFEPRCBRARKREER, ITREMEER,

MER=(ERANRERER SHHRBERR/ERAAH
PR R B X 100% .
1.4 X Fho 40 MR AR SM KR RIVEF S AT
0 .HeLa 408 .Smcc7721 FFEEMELLE 10% /b
4 ffl & #) RPMI-1640 3R H4E 96 LAk H,37 C.
5%CO, AP 24 h, B A EPAH, &1L
A FRBWREABIR 12.5.25.50,100 F1 200 pg/
mL (B FREWER 5 NPT, 38 4D, 4
SE3E 3% 48 h, 30 pg/mL FBEBLEE/E K FHMEXT .
MTT 3P ESILWEREE (A H.itBEHRE
KHMmH R,

M2 = (Aym— Axw)/Asim X 100%
1.5 SR EEDEEMZEE
151 SAE/DRAESRE R REAREE Y
- BUNR 120 H, 4% 12 4, RIEmEE s, K
REENARABEFHER 1.3 T, RRABH 24h 7
FRUCE , 3 R BRI » SO HE I YR 3 AR T8 /) B, BB AR AT
JELRE B R B AT . DA E R ) B A
B A 4R, BRI EORTH B B A L .
1.5.2 SEE#/DRMKE MM E S ER UM
Roo R,k e6d (BH 15 H), 8 5 M444
MIASHHA. BHHARH ig 20,40,60,80,100
mg/ (kg + d) EPAH,Z A4 ig FERBMAEEERK
. BHEE 5.10.15 RAJBRE&HSH 5 R
ZIN R AR BRI » FE UM &b BE , G R BB, B AL T
PRG3R BN L 40 E WA DR R A P
E/NILRST R, BB B X R 4 M &
T R A B A
1.5.3 X NK 410 R E W& m. BUNR 50
HL,BENLAR 5 4 (B4 10 R), 84 1 M EFARM
4 NFBEBE AL A , BB AL B 41 #% 40 mg/kg
ip AT BB, 47 ig BT FHRBAEEEK,
50,75 1 100 mg/(kg + d) EPAH, %% 14 d,E®
HVEX ig FHEBEBK. KK ig BZ 8h 5,/
5L 7% R B 2 I, % UM AL BB G T R MR ) 4% B4 M
GRABABRYEEE X 2X107/mL) Y8R50 410 . B
RFEFM HeLa I GABHAMEER 1 X
10°/mL) YE R4 . BB B 100 pL WA
96 LRk (B4 5 MFEATI, B AILMAZFER
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AR A . 3 iR A R R RE A0 % B . A
EHMTF 37 C.5% COEFMPAG 4 h, BrE
FmA MTT 20 pL (5 mg/mL) k48 E 3 h,/h
OFEEFEWB 100 oL, FimA DMSO 100 pL,E4
R RNE RTELERE, BRI E 570
nm FELEFILBEE (4) E,3HE NK ARG
EHE. .
NK BHEAGEE=[1— (Axe — Aguan)/Arax ] X

100%

1.5.4 X/NREREE W4 B NO A /40 i
BTHEW -BUNL 6 H,(20+2) g, EBERE,F
VERMET 3d BN 2mL ip 0. 6% FEZBERY.
LI B AL FE,ip 8 mL Hank’s ¥, 3% SCER 7
EUE 24 AP R R A SRR EE WA,
EPAH P\ X I 7§ 9 RPMI-1640 ¥ At & 12. 5. 25.
50,100 F1 200 pg/mL, 3 FIMARZE AR, &
flL 1 mL., PH¥EXS B RA LPS 20 pg/mL 8 X I 7
RPMI-1640 ¥ ,Z B B A X 1L RPMI-1640 ¥,
BeSCER T U A B AR SR B W A B AR
B HIR &M E NOLIL-18 & TNF-o K.

1.6 Sit¥ k. B E SPSS 7.0 (Window95)
WA, S BHE R o+ F5,3 A ANOVA
ot BT

2 &R

2.1 Xt S RBEMIMEHIER: EPAH i 3 M4
TR S RBEERIAH —ERMBER. BB%H
AN S RUB BRI R ITE 57% Uik, Hep 75
mg/(kg + d) FIBEHMBRE X 66.79% ., 5W
BHAZ 4L I, A A A R MR A BT T I U
38% KA E,fBLL 75 mg/(kg « d) R BAMBEERE
B, ik 47.93% ., WITAHH MM E RMMK, NE
20% %A . FW EPAH Xt S, B A KB M HI1E
M. EMHEEALHERARTERKHEL, R
#1,

2.2 XROE 40 ek Ah A K B I/ A . EPAH X 3
ML MBEARANEKRAL BENMBER.
HmE REERE AR TMERADN LB,
JREBWE R 100 pg/mL B RE K, H5HEX
BAEREBBEOMFREEL. YREREH M
200 pg/mL B, % Smcc7721 MMM E KB E T
F%, T %) Siso 1 HeLa 8 M B #0530 43 51 B
22.89% F1 38.26%, W% 2.

2.3 SR GBERERNE W

2.3.1 MREFERERLEHARBBOE W 4

%1 EPAH ARAK/EHXMR S AMELK
HMSER Gts, n=10)

Table 1 Inhibition of EPAH on mice S,4 sarcoma growth

in different administration manner (x s, n=10)

f 5 FB/(mg-kg™') WHEE/g /Y%
[ £ 1.8940. 39 —
FE % R 20 0.8440.03%** 55.31+2.76
EPAH Bl 4% 50 0.79-£0.12* ** 57.9642.89
75 0.6340.04 * * 66.4942.94
100 0.8140.01" ** 57.0541.39
EPAH Rt 4% 50 1.1340.05**  40.11+1.48
75 0.9840.04%*  47.9342.30
100 1.1740.11**  38.0641.14
EPAH {374 % 50 1.5740.08*  17.06=40. 91
75 1.5140.19*  20.03+1.24
100 1.5540.21*  18.0941.37
HEMA . *P<0.05 **P<0.01 ***P<0.001

*P<0.05 **P<0.01 ***P<0.001 vs model group
%2 EPAH X 3 MMMAREKGNRER Gts, n=5)
Table 2 Inhibition of EPAH on growth of three

kinds of tumor cell lines (x+s, n=5)

- p/ Wz %

(pgemL™)  Smecc7721 S180 Hela
m#EE 30 72.04+1.22 67.1741.25 73.574+1.72
EPAH 12.5 35.2840.89 19.3340.99  16.98+3.00

25 45.894+1.25 40.37+1.62 23.64%1.86
50 57.7640.32 59.9442.21 53.63%1.56
100 73.56+2.25 69.2943.98 61.1643.04
200 65.59+3.13 22.89+4.54 38.26%+1.97

SRR, B /0 SRR B R 5 R 4 B A R I VB K 2 40
BB AXKBL . BH ig IBEBLE /D R, AR
F AR 4 B LA R o VO B4 M B i — B W D
EPAH B A4 3 MAIEHREHBERTHE /D
SR A B i B8 250, 39 o i O 2 AR L A B B oo
75 mg/(kg + d) FBHAFFEX 3 MEHRKE BIE
#K¥ . EPAH FIB 425 EPAH W7 S WAESE
X 3 MERAFREAHPL 75 mg/ (kg + d) FE
HABABE,WE 3.

2.3.2 XPIER /MR E 40 AR SEER:
EPAH AZM%E 5 RE A H X/ Rk E 48 ¥
BRI AR B P, B4R 25 Bt (R 3 I T R B B AR
3 & B9 EPAH 3 /) 5 bk B 40 Jfa 3% 7 o9 4 3 1 A
A Fl.EPAH 7E 20~60 mg/ (kg  d) X ¥ E 40 3%
AR RER BT . 80 mg/ (kg ¢
d) DAk 70 B 4 % b T2 4 i 94 T A 3 4 P R B
B 38 0 T 2 08 5 R B, L 4

2.3.3 Xt NK MR GEENER:p & THPEB
B SBUMR NK iR B EREMR (P<<0.0D),
SAFEMEPAHY B EH R B ABEBRKER
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%3 EPAH S/ RESBENHEHARSBYERE GLs, n=10

Table 3 Effect of EPAH on immune organs and lymphocyte number in tumor-bearing mice (x+s, n=10)

4 5 I/ (mg « kg™ B g5 2/ (mg + g=1) MRS H/ (mg - g™ WE /A (1X10%9)
E¥# - 2.72:+0. 27 8.51£0. 47 10. 94£0. 81
B - 1.7040.07"* 5.5010. 38" 7.4940.57**
R 0 20 1.2440. 27 3.4910.16 4.051+0.18
EPAH Wb 4% 50 2.4140. 2642 8.0140. 3784 9.0340. 2858
75 2.6140.1742 8.3140.1744 9.5440.1144
100 2.5140.1542 7.6040. 2942 9.7240. 2284
EPAH R 4% 50 1.704£0.17 6. 70-£0. 094 8.2940. 042
75 2.0240. 244 7.014+0. 227 8.4840. 064
100 1.80%0.16 6.5140.124 8.7810. 042
EPAH ¥iT4% 50 2.100. 24 5. 71:£0. 09 7.7840. 09
75 2.3010. 094 6. 09£0. 234 7. 9940. 092
100 2-0140.17 5.5110. 18 7-6940.11
SESALE. " P<0.01; SHRAGHE. 4P<0.05 44P<0.01

» » P<0. 01 vs normal group; 2P<C0.05 4&24P<C0.01 vs model group

# 4 EPAH M/NEHEAMMAHEM (x+s5, n=5)
Table 4 Effect of EPAH on lymphocyte proliferation

in mice (x+s, n=5)

MR/ WEZM/(1X108 « mL=1)
4 A (mg » kg™ 1) $5%K #gIOX FI5K
FH - 8.62+1.02  8.7040.97 8.7341.54
EPAH 20 9.12+0.85% 12.37+0.54* 13.514+0.17**

40 11.5140.52* 14.7441.15** 15.6640.54* *
60  15.63+1.18* * 18.5440.56* * *20.0340.98* * *
80 12.69+0.69* 16.9040.20" " 18.01+0.14***
100 9.4140.54* 14.3740.44"* 16.06+0.16* *
S pERE: *P<0.05 **P<0.01 ***P<0.001
* P<0.05 **P<0.01 ***P<0.001 vs blank group

BT /MR NK A RGHEE, HPL 75
- mg/(kg + d) MEBARIEBEE (P<0.0D,HHE 1,

80
701
601
501
40
301
20t

NK 41 o i 1k /%

1 2 3 4 . 5

1-E#% 2-FBBEEE  3—~5-EPAH (50.75,100 mg/kg)
BE®HKE. 24P<0.01
SRR A AR * P<0.05 **P<0.01
1-normal 2-cytoxan 3—5-EPAH (50, 75, 100 mg/kg)

A P<C0. 01 vs normal group;
* P<0. 05
1 EPAH X/ B NK ZHR{GEE
HEW cts, n=10)
Fig.1 Effect of EPAH on killing activity of NK

* * P<0. 01 vs cytoxan group

cells in mice (x+s, n=10)

2.3.4 XARBEEEWHAKR™4E NO RAKRE T
fE W :EPAH Xt E WM™ 4 NO R4AME TH
BB RESER. 7 12.5~100 pg/mL B B 1R
NO J& B3t 2 B K #i#E, 200 pg/mL BL L {23 AE
AHFEH. 7€ 12. 5~50 pg/mL EPAH X} TNF-c
BERa R AR R B KR EKBHE, E SO
pg/ml. BHEHE BN 8,100 pg/mL DL EEHE
BAE 5. EPAH X IL-18 BBUR 2 2 1/ F 72
25 pg/mL Bk 8.3 50 pg/mL LA LR HFERIFRE
W MBS, WK S,
% 5 EPAH X/hBER M™% NO.TNF-c
#IL-1B MM eLs, n=5)
Table 5 Effects of EPAH on release of NO, TNF-«, and

IL-1P from macrophage in mice (x*s, n=5)

o/ NO/ TNF-of L-18/
4 3
(pgemL™1)  (pgeml™Y) (pg*mL™1) (pgemlL 1)
BH - 9.4241.88  186.63:23.40 20.374+ 3.05
P % B 20 26.77+2.34% * 430.51463.91* *  107.39415.00" *
EPAH 12.5 10.8240.53  283.94458.23* *  35.234 3.38*
25 14.2740.66* * 297.00434.59* * 51844 3.99° *
50 18.4540.61* * 349.00+61.34* *  49.19% 5.70*
100 19.7040.39* *  248.12434.80* 47.984 3.40* *
200 15.1740.29*  208.37456. 14 38.561 6.82

S 4. - P<0.05 **P<0.01
*P<C0.05 **P<0.01 vs blank group

3 i#ig

ALz %P ,EPAH 5t SRR NERSE
BRI HE R, MBI EEA A E SRR
BB RZES. B4R SER P E RN 44
BEEHRMHARER, AEEFNEHMH RYE
40% ik, #kSM2K %8, EPAH X Smcc7721 fF
AN HeLa 4. S 4 MR A Kb R I B EF 8
M VER, B KMl R4 BI#E 73.56%.61.16%
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69.29% R BAMRYE 24 EPAH Bg Hi M #, oF
Ho /R THE e, b MEaREL.

TR/ R E R TR ARNES
T 2 87 R o0, S B AR 5 R AR B B A, I B
B4R K KA . 2 EPAH BB A2 R R R 4
24 B4 10 /0 BRRG B AR  B A DA % ot R A XL 4 PR Y 4
BREBIIE K. LA 0 AR 4K S 40 A AR
BEEGL SR N RERENESARSAMCHR
BRLOHEERA. KE4ABEENKRZERGENE
EHRKS, EES SR ARNLREY), EPAH
it/ B L AN M B S R B B AR E R,
B EPAH 805 R 35 tE 7T RE 228 X 3 i 758 /b R
W LS A B B O A R R S

NK 42 ai P e R A, 2l
BREBRENEERTE. BT T #iREEE
A, BEdE i R A G MR 40 R, KA GERARHLR
AR  WATENKS N AZ T BEHLAMBH
(HLE) Z&Y (MHC) B, A Hldbi b yE i 55 —
WEFRUY, EPAH BE#RE NK 41M R GEE,
AR E MR E RN S —EELH .

St 40 i 2 L 4 A e R o P AL A
L, E 4RI A T LR BRI AB S B4 B LPS
B % A E W40 S SR ALY B A0
¥ J5 %1k INOS 9 mRNA , Bt 3 5 iINOS, # 4k 7=
A KEH NO, BAFH NO &2 G 40K+
BENR.ERNFTEERGHEARMN FERA
0 2% 405 i Ve 40 G, 5 20 T AR b 4 B R = R R 3
o T, Sk B 8 AR 0 L O R 5%  BEL T Pk 88 40 i 1
B B A5, A T 400 5 e R 40 M ) A K B 51 A v 4
BB FE =0 B A E 40 R A 43 3 IL-1 #1 TNF-
a, IL-1 7R #% E w4 iR ik iINOS, Nt —
{23 NO B BRI TNF-a % S M 40 R 0 2 e
PRI, LRERER,EPAH BEMREE®R
41 B8 7= 4 B NO.IL-1 f TNF-a K ¥, 38 9
EPAH 3 7] 88 i i3 #06 B W 40 MU R A M R 7= 4 58
BEbT B E .

& L TR, EPAH SR 4I A KA BER
MBI R, KR e R T H N RERER
REMEHRERREES, FEIRE NK 41
A 2840 5k A R ST I O 4 D 2R K A L PR ) SE L

PUM G ¥ . A % EPAH 5 Mol &t KA LR A
FHE—EHR.
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