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H OE: B SRS EEI TR e 2 4 (Spirulina platensis polysaccharides, SPP) X T 2 3-#817 SPP i i 4% 41 iy
LA KA 40 B Chepatocellular carcinoma, HCC) MER . 735% RARUKIREGE. REGRE. HARHBIIRIIE
$EUL SPP, FA[R F ST H 5L 3 Rl it SPP SRl Z py e s I m S ivE AL SPP BRI T2 . FIH DEAE-4F-4E % 5) & SPP
BE| R YERES 4> (neutral polysaccharides form S. platensis, SPPN) FIFRVENEZ: 4 (acidic polysaccharides form S. platensis,
SPPA), jfit CCK-8 SEiafrill SPP Jz Hi % 2 WE L 4r %) HCC MR FE 52 ; KA 1 mg/mL SPP ¢ SPPN 4b3 HepG2 iy
24 h, FOZHH N 2 MBS K IR 1 pmol/L 25 M Ab B4 57 Chistone deacetylase inhibitor, HDACD & 1 mg/mL
SPPN BX&Ab¥H HepG2 ZHME, Aol 20 HvE 77 B - I B R A = BR 25 1 i§-3 (cystein-asparate protease-3, Caspase-3). B 4fiJif
MREUR-2 (B-cell lymphoma-2, Bel-2) FE[IRIE; % Hepal-6 @R /N BB, ZELL 7dig SPPN, 25%% SPPN [HI{R A Hiji
JEIEH. 5R  HABAEEGE SPP FUFRH A f s Il i S RIS B e R T2 24 0 A I 8] 10 miny B A5 D)2 300 WL
WOREL 25 01, BT SPP #REUE N (10.424+0.30) %. SPPA EE it HepG2 4Hul5s (P<<0.01), 1fj SPPN X} HCC 4
M5 22 R (P<0.01), X IEH /IS B 4H B JC AR S 52 s farEd /s SRS 20 3 — 2Bk S SPPN BA HiitE/E A (P<<0.05).
SPP 1 SPPN BEM AR 41 M 4 22 A Ak A 1K, FLront 2Bk K F 52 MK . HDACT 5 SPPN & Ab 2 B 2 34 51 SPPN
K HCC AR ER (P<<0.01), FFREZE KM A Caspase-3. Bel-2 REARIAKT (P<0.01). &g WNHLILE
SPP (4R HUR N (10.42+0.30) %, H 425 SPPN Al it 4% 40 i £ WAL /K3 HCC 45 .
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Optimization of ultrasonic assisted extraction process for Spirulina platensis
polysaccharides and study on their anti-liver cancer activity

LI Min, YAO Chao, JIA Yunxi, LI Min, WANG Xin, ZHANG Meiting, HU Ruiping, YUAN Hong, XUE Huiting
School of Basic Medical Sciences, Inner Mongolia Medical University, Hohhot 010059, China

Abstract: Objective To optimize the extraction process of Spirulina platensis polysaccharides (SPP) and explore the role of SPP in
inhibiting hepatocellular carcinoma (HCC) through the regulation of cellular acetylation levels. Methods Hot water extraction
method, repeated freeze-thaw method and ultrasound assisted extraction method were used to extract SPP. Single factor experiments
were conducted to investigate the effects of these three methods on the extraction rate of SPP. The extraction process was optimized
using response surface methodology. The crude polysaccharides were fractionated by DEAE cellulose chromatography, yielding neutral
(SPPN) and acidic (SPPA) polysaccharides. The effects of various fractions on the proliferation of HCC cells were detected by CCK-
8 experiment. HepG2 cells were treated with 1 mg/mL SPP or SPPN for 24 h, the levels of various acylation modifications in cells was
detected. HepG2 cells were treated with 1 pmol/L histone deacetylase inhibitor (HDACI) and 1 mg/mL SPPN, the cell viability and
protein expressions of cysteine aspartate protease-3 (Caspase-3) and B-cell lymphoma-2 (Bcl-2) were detected. Hepal-6 liver cancer
mouse model was constructed and continuously ig SPPN for 7 d to investigate the in vivo anti-tumor effect of SPPN. Results The

ultrasound assisted extraction method had the highest extraction rate for SPP. The optimal process conditions obtained through response
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surface testing were ultrasonic time of 10 min, ultrasonic power of 300 W, and liquid to material ratio of 25 : 1. Under these conditions,
the SPP extraction rate was (10.42 + 0.30)%. SPPA significantly promoted proliferation of HepG2 cells (P < 0.01), while SPPN had a
significant killing effect on HCC cells (P < 0.01), with no significant effect on normal mouse liver cells. The tumor bearing mouse
model further confirmed that SPPN had anti-tumor effects (P < 0.05). SPP and SPPN could alter various levels of intracellular acylation
modifications, with a significant impact on acetylation levels. The combined treatment of HDACI and SPPN significantly enhanced
the killing effect of SPPN on HCC cells (P < 0.01), and significantly reduced the expression levels of Caspase-3 and Bcl-2 proteins in
cells (P <0.01). Conclusion The extraction rate of SPP after response surface optimization is (10.42 £ 0.30)%, and the graded SPPN
could inhibit HCC cell proliferation by regulating cell acetylation levels.

Key words: Spirulina platensis polysaccharide; neutral polysaccharides; ultrasound assisted method; response surface optimization;
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fiF 4t i (hepatocellular carcinoma, HCC) &
AL YE T A IR b R 2 B 2 B R R R,
FRmlakE . B R, Y. PR ZEMIETR
A AERE R, HCC KA R A7 7 % Bl s AL 42
i, W1 DNA F5AL, HE A&, JefmERE, JF
it RNAs. m6A HIRALEER, Ik, HE R
P& A 1811 (protein translational modifications, PTMs)
(IR TE A R R 22 A K R s 2 — . PTMs 1E 2
P R b B R HE T IR, A DNA &
SN 0 A N Y= = AR S 2 et |
AT R ILZ Tl PTMs 7730, G4 4B, Sk
FURAL . JEIABAL . Wi 35 T ek, 9 Mt
5 PTMs S A7AET HCC kA KIEiEREH .
TR, A IHEEH 1 (metastasis associated 1,
MTAD) @I AR S A HI SRR H1.2 (R
/KPR 3E HCC B R R HEREE); iR SR BE R 1~ 52 44
FHIRE I 6 (tumor necrosis factor receptor associated
factor 6, TRAF6) wliEid 54 8HE H % LBLEE 3
(histone deacetylase 3, HDAC3) K K63 EFERZ
REMHEAER IRz =4k, MR c-Mye R (2
it HCC BRAEPY, I, TRAfENT PTMs 1L
fil, AEN HCC MR RIEST AL IGIT SIS T
REHTRAE o

W27 Spirulina platensis (Notdst.) Geitl X 4475
WEE, A—Flh Z ) E SRR RAEESFEE
MEE . dEER. ZHELL MR TR AN ) i
001, W RRAERARL ., BRE M AR, i
e WE (Spirulina platensis polysaccharides, SPP)
FERRIEZHER TR, e %, HRZYS
EEREN, I B, BT 2 PER 2
ZRHBPOKESEE RS A ERIGE it
OV AN A A5 12160, AR B FRIN K L SRS B
A Ry HL 2 WS I G ORGSR i AR, afrie

I AEY) % R PR EUSCR FR R A HE M, BOR E A Ab
WA AIAZ O A . SPP & —Fi BRI, A
PoE. Prafb. R Bk, AT B
RS AE MG MR, SPP AT LAAE NHRE B 4 B
BITED, WERBOT  ATT R AR IR A0S, e
KWt &I, SPP BA A RMREM, v oE N
Z¥# (lipopolysaccharide, LPS) #5511/ fUH 42
TR 4 S B A ROECRAS, BRI S %
B ABAKT R R T 2K F-«B (nuclear factor-
kB, NF-xB) FHICHE AN, SPP ] 2 2 0|
N 7402 ANHIGHERO, [Ktk SPP W] fEZIRTT
HCC B TEZ) .

HHT, SPP 42 HUy AR A, H SPP i)
HCC 4H M 34 58 (4 4 AL AS B o SRAEZH 117 HH A
| DEAE-£[ 4 %/ B SPP 133 th I kE2¢ %) (neutral
polysaccharides form S. platensis, SPPN) FIFERENE
2% 43 Cacidic polysaccharides form S. platensis ,
SPPA), &I SPPN ] HCC 41345 .
W, AR TR FH e S T e 4 e 7 e B P L SPP
T2, HREGBEMAE S SPPN #if] HCC 4Hf
SEFARIAR AR FHMLE . TR ARG RANEE T 2050
HAEAREIRIA R, JFy SPP #AiGYT HCC
PRAL ST AR .

1 s
1.1 ape

N HepG2. Hep3B. HUHT7 4, /NEUAT
Jif Hepal-6 41 A Jo /)N B IE 5 40 B AML-12 3508 H
TR LN BRI AR A A, HARBH T
=196 CH AT RAF I LT 7
1.2 B4

SPF ZUHEYE BALB/c /N, 4 JA %, AR BT & 17~
20 g, WAL YEEFESLI Y AA R A,
YPFATIES SCXK (5) 2021-0006, /)N FiE b 14 77
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1 G SEE, MERIRE 22 °C, A H#E oK.
YSRGS R RLR B RS & e ki
(HLHES YKD202001015).
1.3 AR5

BETTAZE N K (KS250819) A H P 5215 98 /KR
ZHEEE S R E IR, @NFEHERRY
B B R 52N S. platensis (Notdst.) Geitl?!;
DMEM 755 (#it5 C3103). JadimiE (s
C04001) Mg H ¥ VivaCell A7 ; 0.25% 5 (i
(b5 8123678). H-HERRMNPL (5 15140122)
I H 3£ [E Gibeo 2 7] ; CCK-8 4 i 38 5 - 75 1 4G
#f (S BS350C). PBS Lt (Hit'5 BL302A)
I [ 22 %L Biosharp A#]; BCA 2 AR M &
A& Git's B5001) L3 Lablead AW]: bt
B-actin Fifk (L5 SC-69879) W3 [F SANTA 2
Al RPCEMEARR A HREOM-3 (cystein-
asparate protease-3, Caspase-3) $itf& (4lL5 Ab13585)
M HJEE Abcam AF]. Pt B M ESRE-2 (B-
cell lymphoma-2, Bel-2) $ifk (#t5 WL01556) i
HILBH T RAEYRIE AR AR Ryt B S Bk
(#it5 PTM-502). fdiA Rk (k'S PTM-
1401RMD . ERPLBEFABEALPLIA (k5 PTM-419). %
Ui ZR 3-8 T B Pk (b5 PTM-1201RMD
BPT EHLYUA (GItS PTM-902). it LBk
Fifk (5 PTM-105RM) W E BN SEAE R
AR A T meilunbio KIRFEH ECL W (k5
MAO186) ) [ KIE S A=A FRA 75 Hi 4 b
FrE &L (LS PHR1000) . 25 2 Bk Ak il 30 1) 751
( histone deacetylase inhibitor , HDACI , #t =
SMLO0061, Jifi &3 $0=98%) 4 H f [F Merck 2
1.4 45

T2600 BLE AN W e EE v (R RS
IRARAFD; SQP B K F (AL 5 2 Rk}
AN 24T PRZA 1); ScientzOS-ITIC B 7= Ry pENLCT
BB Z R R AR A ) D); DE-52 BIAF4E %
bR ZEERHARAFD; G-150 BUEEIAE (|
R YR AR A F]); DL-CJ-IND 11 i 4
TAEG AU AREG RIS HIE A PR A D -6l /R
3 25%16 R BRI HR (BT SRR 2S
BIRAF]D; L500-A B SO GRS AL
FURFFRABRAF); Forma™ 11 % CO, 41k
FEH8 « MultiskanGO T EFR4X (32 [E Thermo A ] );
LIB50 B3 B 2 E: (HA Olympus A #]); Mini-

PROTEAN® Tetra Cell /N3 H M ykFE (32[H Bio-
Rad A #)); L-VET-TRANS2 HI/NRUEEENRE (Jh 5%
AEH AR AT ); eBlot Touch Imager™ A Hi -7 &
FEBA (i 5 PR EARF IR A FD.

2 Gk
2.1 BREESEER 3 MRS EX SHERIE
R

211 HUKERHGE  FREL 0.025 g F A1 HEARAE &,
et 0.1 mg/mL BEf . HURER 0~0.9 mL CBfEE[A]
B4 0.1mL) T 1.5mL &0 H, ddH0 #M2 1.0
mL. BN 0.5 mL 6% K & 2.5 mL iKIRER, =
TR E 30 mino. D2 R IR AN %57V 490
nm RO (4) {8, 19308 % 05 bR ih 407 1%
$=9.000 6 x, R*=0.989 4.,

FREX 1 g BETHARESRy, T 25 mL 280 /K HhoK
WA, AEIEZIE, 1000 r/min .0 10 min, YL
£ RIEW, THEZ PRI e SRR 1 IR
KIGEFE] 4 h 2 ANRER, HEREPURE (20, 40,
60+ 80 “C) X ZHEFEHZ I, B S LA B
J 5 [ 5 FREICEL 1 IRAREUEE 60 C 2 MHEEK,
ZEOKIBINA] (1. 2. 3. 4. 5h) W2 PEREUCRK
SO, T S LK I ]

ZHERIE =CX VX NIM
CHLHRERE (mgml): VARIRGE AR (mL);
N IFRASEG MOIENEET R AR (mg)

2.1.2 REVRENE B g BETEEEER, T
25 mL Z&1H/K A, X SPP #H47T %@, 1000 r/min
20 10min, WBE BIEW, 1% €217 TUR AL
HLZPEREUCR . [ 2RSS IEE-20 C, HRESH
/B 3h, FHACIERE 30 °C, FRALESE] 20 min, %%
BV (0L 1. 24 3K XL FEREUCR PR,
SE S LR Rl R H

2.1.3 EFEHHBREGE  MREL 1 g BRI R .
BT 25 mL &K, EBAEMEREIE 4 CHE
3h, W EIEW, 1% “2.1.17 TR ETH LR
R, [H @8I E 10 min, KHHEE 60 C. /K
YSISHIE] 4 h FRCRLEL 25 0 1 4 MR, EEGEATD)
(1004 200+ 300. 400, 500, 600 W) X2 PHHEEL
ZRIIFENR, B E S R FE D28 [ B S D) 28 300 Wy
KU 60 °C ZKHTET[A] 4 h FIECRLEL 25 0 14 A
K2, ZEGEANIE] (1. 5. 10, 20min) X} 2 HHZHL
ZRIFEM, BT SRR RN R]; ] S D)% 300 W
B A TA] 10 miny ZKVGITE] 4 hy WORHEE 25 0 14 4
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K&K, ZEKIBIEE (20, 40, 60. 80. 100 C)
X 22 BESEIUCR I, i K I IR e
FIE 300 W, ] 10 min. ZKIBEE 60 C.
WOELEL 25 0 14 ANMRER, EEIKIEITTE (1. 24 3.
4. 5h) X ZHESRHCR IR, 2 K fa)
li] 5 7 D)6 300 W B A I [H] 10 miny 7KV IS
60 ‘C. ZKIBITIE] 4 h4 AR, FEMEHL (511,
10 21, 2501, 50 © 1) X ZHERBCGR M, #iE
wARBRLEE .
2.2 OB EEENZE SPP IRBV T Z

FR A BRI R S IR 8245 IR, e i N () L
FE)E . WBORHIX 3 AN R0 22 B HER 1) 5 M 45
Ko WOEFEHFERE], HAEDZ. Wk 3 RFR K&
H 3 ANKF, it Design Expert 13 #Fk47 3 A
3 KPR GR D).

£1 WRESAFRERAT

Table 1 Response surface analysis factors and levels

A GEFERED / B GHFEINZE) / C G /

AF min W (mL-g™h

-1 5 100 10 01
0 10 300 2511
1 15 600 40 0 1

2.3 SPPN #1 SPPA Hu&

DEAE-Zf 4t & Pl Ab B H- 254 )5, FRE— & il =
(1) SPP ¥ T-Z& 187K, TCH i BN 20 mg/mL
IV, 4500 r/min 250> 10 min J5 B B3, # B
L FETFE S Y DEAB-£F4E R A, 433 2 %
FEARFR AR 4L K AT 0.5 mol/L NaCl Y& 7R HEAT B v
i, RENAHAEFIRE N 4 mL/min, & 12 340
1 IRBEMRIR, K FH B R- R oy v A e Fd o0 5
CARFE I A [ ARKR, WUER (B E o A A 2z
et Ze i, phse Mot il 2k B R s WO AR e B, K
A BN TR, MRS R MEELL 5> SPPN I
TR MR 7> SPPA. K Shimadzu HPLC £%t, 45
4 TSK-gel G4000 PWXL A A B A Rl . 25 1 2
7N, SPPN 3= % FH A 27 4 (76.3%) A1 7LRE (23.7%)
H R
2.4 CCK-8 SKIGH M ZmAaSE 11

OGB4 K HARI 40P, 1000 r/min &0 5 min,
& 10%6 4 135 ) DMEM 58 455 57 5 ] i 2
IR, LA 8X10*/N/mL M T 96 fLARH, £E£L 100
uL. FAANFFEAE (0.1, 0.5, 1.0, 2.0 mg/mL)
] SPP. SPPA. SPPN AbFE HepG2 4Hfitl; FANFE

BIRE (0.5, 1.0 mg/mL) ] SPPN 4:# Hep3B.
HUH7. Hepal-6. AML-12 4iiffil; FASFIREE (10,
50. 100 500, 1000~ 2000, 6000 10000 nmol/L)
(") HDACI 4 ¥ HepG2 #fiffd; H 1 pmol/L HDACI,
1 mg/mL SPPN. 1 umol/L HDACI+ 1 mg/mL SPPN
AbFE HepG2 4, 4L 200 uL, £ 5% CO,. 37 C
BRFRAETh R R 24 ho SR RCE AN S 2PN R ANAS
BRI A B 232 A4 . &R FLIIN 10 L CCK-
8 VAW, AkZERETFR 1 h, RAIBEARACRIN 450 nm At
W AME, THEANMEEE ).

RIS T =(A s — A 5)(A um—A 1)
2.5 Hepal-6 FHEGHE/NRARBIME AT

EL 4 R HEYE BALB/c #R6R, FRCRHERT 0.1
mL Hepal-6 il (1X 108 4N/mL), #4) % e fur 8 /)N
BB . ISR T ARG, IR A2y
100 mm? I, K5/ B 73 AR 20 A1 SPPN(200 mg/kg)
H, &4 5 1 .SPPN 4 ig 0.1 mL SPPN(80 mg/mL),
PRI ig SRR AE B ERK, BER 1 Rid, ES
25 7d. LSRG, /D RARIE S B FE, 8 b
I, e,
2.6 Western blotting N ZEREHFRIA

BN 4 K I HepG2 4R AT 6 FLARA
WENIRAL. SPP 411 SPPN 4. XtHR4LINA ¢4
B33k, SPP 4HANA 1 mg/mLSPP, SPPN ZHfNA 1
mg/mL SPPN. 7 B X HEZH . HDACI 4. SPPN 41
Al HDACI+SPPN 4, X4 58 48973,
HDACI ZH/I\ 1 umol/L HDACI, SPPN 410 1
mg/mL SPPN, HDACI+SPPN 4/ A 1 pumol/L
HDACI #1 1 mg/mL SPPN. 375 24h J&, W4
2 1.5mL H0E . IAEH 1% B B 7 2
fR TR BRI I B 15, BCA VRIE & AR E . &
EIRE i 28+ e SRR R AN - 58 TR M T Jhg e i FL VK, e
% PVDF JE, T 5%Wifle4E b3 1 h, TBST ¥
PR3k, R 10 ming IIA—$0, EiRMFH 2 h,
TBST ¥t 3 & IIAZ$i, =iR¥H 1 h, TBST
ek 3 I I ECL A5 ROGGRNE 52 F g, #)
FH Tmage J BAF 53 M 4k AR BEAA
27 FitFESH

FIF Design Expert 13 #4571 046 15 11
gt Bt 1753 ¥r. 1§ GraphPad Prism 10.0 345
AT Gt =08, IrE R X £ s ®ow, KH
AR R T 22 53 et 2 RLIR) AT LU, ZHIA) P R LB A
H ¢ K56
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3 #£R
30 FERNIZHEARZER

3.0 FOUKFERGE AN I B R Rl B TR 2 S 25 R
L POK PEEUIR FEXT SPP $REUR 50, 45 A
1-A B, {E3REURE N 20, 40, 60. 80 CHY, $ZHL
FRHIN (7.7410.08) %. (8.44+0.09) %. (8.53+
0.05) % (6.88+0.08) %; HUKIREURE N 60 C

A B

B, ZHEPEICR R . 5 F/KIEET [EXT SPP 12
BRI, 558K 1-B Fis, EKBNTA 1.
2. 3. 4. Shif, $EEES RN (1.15£0.08) %.
(2.2540.02) % (5.10%0.10) %. (7.83+0.08) %.
(6.620.11) %; /KIGH N 4h I, ZHEHEI R
e TG ERURALREN SPP SRR IR, 45 RN
1-C Fizs, IRARECN 04 10 24 3 Ik, $RECR >

(@)

6.0 101 8
8.5 8-
S < = 77
5 8.0 B 6o X
B = 2 6
w751 g 4 =
A M ® 5
7.0 2
6.5 T T T T 0 1 I 1 I 1 4 1 1 I
0 20 40 60 80 0 1 2 3 4 5 0 1 2 3
PRI/ C FEHA [A)/h RGN XL

1 REURE (A)- REESE (B) FURRAIERR (C) XF SPPiREREHIFN (X +s,n=3)
Fig. 1 Effect of extraction temperature (A), extraction time (B) and freeze-thaw cycles (C) on extraction rate of SPP
(Xts,n=3)

WA (5.8740.09) %. (6.681+0.05) %. (7.33+
0.06) %- (4.92£0.03) %; ¥Rk 2 WK, ZHEFEEL
R hRl 3 REE, ZRERRICRREAC, HER AT
RE MBS AR AR B RN, UM Rk BE R In7E 4y, R
R FE R, (HERR T 2 & 3RS T ARG

i, FEZPERENTRL, FRECRELR,

3.1.2 HEFEHBIRBUE R RN R HRi
FE)ZEXNT SPP $EELER e, 45 R 2-A B,
FEFFE TN 100 200+ 300+ 400+ 500, 600 W i,
SPP HREUE 7354 (8.38£0.04) %- (9.08£0.11) %.

A B C D
10 157 157 157
< /\I_\ S < <
o 8 101 %101 510
= B = E;
= 5= 4 = . w5
® 4 R g z s
2 T T T T T T 1 0 T Ll T T 1 O T T T T T G T T T T T
0 100 200 300 400 500 600 700 0 5 10 15 20 25 0 20 40 60 80 10 o 1 2 3 4 5
HFE IR /W 7 I i) /min IR/ C FKIB I /R
E F 15+
159 ° B3 Sk R
< . IS 0 7
¥o104 N N WP
= 0 M %: B3 R
& = §
RN
\
O T T L T \
5:1 10:1 251 50:1 &\

WORkEE/(mL-g 1)

A-HFEINR; B-EARE; C-KIRE; DKM E-URHL: F-3 FRECT 720 SPP $2 I 1 540 o

A-ultrasound frequency; B-ultrasound time; C-water bath temperature; D-water bath time; E-liquid to material ratio; F-effect of three extraction methods

on extraction rate of SPP.

2 FEFBFIRITGEX SPP IREVEMFM (X£s,n=3)

Fig. 2 Effect of different conditions and extraction methods on extraction rate of SPP (X s, n=3)
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(10.090.05) %~ (9.26+0.15) %~ (9.14+0.06) %-
(8.60£0.09) %; HAEDIZF N 300W K, ZFEHRI
RE . %S AT SPP BRI, 453
WKl 2-B frs, EAEBEY 1. 5. 105 20 min B,
SPP HEEUR 43514 (5.18+0.10) %~ (7.55+0.11) %.
(11.2340.15) %- (10.991+0.08) %; 7= [A)E
10 min i, $EHCR R R KRN SPP $2HL
R, 45 U 2-C fios, KRN 204 40,
6080100 ‘CINf, SPP $2HLA 4351 J9(5.42£0.08)%.
(7.3240.12) % (10.09£0.05) %. (9.20+0.21) %.
(10.48+0.10) %; KIFILEH 100 CHY, $EHR R
=, (HBEIR T2 IR 60 CKIHRE . 552
AKIBEF 0 SPP $EHCR 52, 45 5 wilE 2-D fir,
KRN 1. 24 34 4. ShiE, SPP#REUE N
(3.34140.04) %. (7.6240.10) %. (8.95+0.05) %.
(10.3440.03) %. (8.91+0.08) %; /KIKHIE]Jy 4h,
E2 L ES e 2 T R RN Y R E SR A R
S5 2-E Fow, WORHEEA 501, 1001, 25
1. 50 : 1 B}, SPP#2HUE5HI8 (5.661+0.18) %.
(7.98£0.08) %- (11.13£0.11) %. (8.76%0.05) %;
WORHE N 25 0 1 i), ZHERBCR .

25 b, X SPP BUHRHEL, &SR HIKSERIE M) i
LT EEMERFEMBRIEL 25 11, #UKi 60 CiR
P2 4 h; HEE GBI IOE R L T2 A
MR 25 0 1, AP 300 W A4LFE 10 min; [ Bi%
RIVE ) B L2 FE BRI 25 0 1, RER
Rl 2 YKo XFLERIR 3 Ak, R GBS UL TR
(1) SPP 4B e (B 2-F).

3.1.3  E AR ML st 545
RN 2. R 3 AlH, AR P <<0.000 1, ¥
IR A 2 s 2R AU P =0.426 2>0.05, KM
RPIUAEE, FREMAPEGEREY, HERL, R
UE AT CUF BEAR A SPP R ER (V) AT /b Fl
T . 152 5 AF 25 SPP & &1 IRZ TR H T FEN
Y=10.55+1.36 A+0.410 0 B+0.591 2 C—0.590 9 AB+
0.220 0 AC+0.349 8 BC—1.58 A2—1.07 B2>—1.70 C2.
A. B. C. ZZHI AB } 3 NFJ75i (A2, B2, C2)
W (2 2 5200 SPP R EUR (P<<0.01), HAMIRAS B2,

BT ZE 50 AT SR vl A, PRI 20t SPP 2B R (1)
FEMA 5 22 N8 P I (8] > VR > Th R . K 3-
A BT [EE R DhEER, R A G, SPP
FEHUCR IR 21N, Ea T rENES . BRI
AR P A 2 (A e R E IR HAEH . K 3-B

*2 MRESHRREIR TG
Table 2 Experimental design and results of response

surface analysis

5 A B C Z PRI %
1 -1 -1 0 5.63
2 1 -1 0 9.13
3 -1 1 0 7.78
4 1 1 0 9.05
5 -1 0 -1 5.20
6 1 0 -1 8.05
7 -1 0 1 5.78
8 1 0 1 9.51
9 0 -1 -1 7.22

10 0 1 -1 7.13
11 0 -1 1 7.73
12 0 1 1 9.03
13 0 0 0 10.51
14 0 0 0 10.78
15 0 0 0 10.58
16 0 0 0 10.23
17 0 0 0 10.01

*3 EAERWFES

Table 3 Analysis of variance of regression model

FEXRE CFHM BH®E Bh FA PlE
it 51.43 9 571 58.05 <<0.000 1
A 14.50 1 1450 147.37 <0.000 1
B 1.34 1 134 13.66  0.0077
C 2.74 1 274 27.87  0.001 1
AB 1.42 1 142 14.48  0.006 7
AC 0.193 6 1 01936 197 02035
BC 0.499 1 1 04991 507 0.0590
A? 10.56 1 10.56 107.27 <0.000 1
B2 432 1 432 43.85  0.0003
c? 12.22 1 1222 124.14 <0.000 1
k2= 0.689 0 7 0.0984
KWW 03215 301072 1.17 04262
aiifz  0.3675 4 0.0919
RIRZE 52.11 16
R? 0.986 8
R 0.969 8

7N SPP £ H e [ 7 i R ANVEOR) LU R AR A T A AR
RGMEUE . B 3-C fiiR 7 AR D 2 AROREE
N SPP FEHUR AR A A i 2 A TN, SPP
AR T ZSHONE A IR 12.55 min. 5 2%
314.928 W. WEIEL 26746 © 1, ZHEIRBLE N
10.845%.

AR DA 32X58% (vl S T 43 A7 45 21 SPP R 75 4l 3
PR S LRI T2 444, BRI [A] 10 min 8 A
I 300 W WORHEE 25 0 1 BEATSELR, “PAT 5 sk
5%, 153 SPP $2HUR N (10.4240.30) %, HiHA
TR AR —2L
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Fig.3 Effect of ultrasound time and ultrasound power (A), ultrasound time and liquid to material ratio (B), ultrasonic

power and liquid to material ratio (C) on extraction rate of SPP

3.2 SPPN il HCC ¢mAniEsE

3.2.1 SPP KHLAZHES /3%t HepG2 AHARIS /111152
W K 4-A B, 0.1 mg/mL B9 SPP RE{Ei
HepG2 i 1158 (P<<0.05), 0.5~2.0 mg/mL [¥] SPP
X HepG2 4HAE /1 W W00 . 0.1~2.0 mg/mL
SPPA ‘i #E{iE i HepG2 it 4E (P<<0.01), HE57

X 0.5

1.0
SPPN/(mg-mL™")

X 0.5

SPPN/(mg-mL™)
AR FEIRZ N SPP. SPPN. SPPA X} HepG2 4l i /1 (K540 ; B-/N A5 &I A SPPN X 41 Hep3B. HUH7 Fil Hepal-6 % /11115

1.0

M5 C-AN[F o SR B 1) SPPN o) IE % /N BRAFAHAR AML-12 35 /115 SxTRRALLE: "P<0.05

A
150 - 150-
*
= 100 - = £ 1004
= = 2
it — i
2 50 — E 504
B = B
FE 01 05 1.0 20 FHE 01 05 1.0 20
SPP/(mg-mL™")
B
Heb3B HUH7
150 150
ok
g = 100
=~ =~
= =
= = 50
0

SPPN/(mg'mL™")

PG S3/%

EAHFM: . 1.05 2.0 mg/mL ) SPPN .35 #1011 HepG2
WEE (P<<0.01), 7 2 mg/mL JiBIKFE FHHI%RiL
90%. % 0.5, 1.0 mg/mL f¥] SPPN k47 J5 L5126 .
3.2.2 SPPN S /FFa 4 f A /) BRI i JH-4H R 7 1)
0 WK 4-B. C s, 1.0 mg/mL SPPN {2 2 4]
# Hep3B. HUH7. Hepal-6 #HJfi#54 (P<<0.01),

ML 11/%

X 01 05 1.0 2.0

SPPA/(mg-mL™")

c
AML-12
200
sk
. 1504 ok
§
R
HT 100
=
&
50
O_
HE 05 1.0 XHHE 05 1.0

SPPN/(mg-mL™) SPPN/(mg-mL"™")

“P<0.01,

A-effect of different concentrations of SPP, SPPN and SPPA on viability of HepG2 cells; B-effect of different concentrations of SPPN on viability of liver
cancer cell lines Hep3B, HUH7 and Hepal-6; C-effect of different concentrations of SPPN on viability of normal mouse liver cells AML-12; "P < 0.05

*"P<0.01 vs control group.

El4 SPP REZZERSITMAEARIZM (XLs,n=3)

Fig. 4 Effects of SPPN and its various polysaccharide fractions on cell viability (X + s, n=3)
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Fig. 5 Effect of SPPN on tumor weight (A) and tumor volume (B) of Hepal-6 liver cancer bearing mice (X S, n=75)
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Fig. 6 Effect of SPP and SPPN on expressions of various modified proteins in HepG2 cells (n = 3)
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Fig. 7 Effect of HDACI and SPPN on HepG2 cells (X £ S, n=3)
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