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Preparation of Selenium-enriched Morchella Polysaccharide
and Its Antitumor Activity in Vitro

LI Beibei', WANG Huiqin, SUN Yizheng
(Zhengzhou Shuqing Medical College, Zhengzhou 450064, China)

Abstract: This study aimed to optimize the extraction and purification processes for selenium-enriched Morchella esculenta
(L.) Pers. (also known as Morchella) polysaccharides (Se-MPS) and to evaluate their anti-tumor activities and mechanisms.
The extraction process was optimized using single-factor and response surface methodology. The crude polysaccharides
were purified through column chromatography and their chemical composition was analyzed. The anti-tumor activity of Se-
MPS was evaluated using HepG2 cells through a series of assays, including CCK-8, colony formation, scratching, and
Transwell assays. The potential anti-tumor mechanisms of Se-MPS were assessed using RT-qPCR, Western blot, and
immunofluorescence methods. Experimental results from single-factor and response surface methodology revealed that the
optimal extraction conditions for selenium-enriched Morchella crude polysaccharides were: An extraction time of 2.5 h, a
liquid-to-material ratio of 45:1 (mL/g), and an extraction temperature of 82 °C, yielding a crude polysaccharides yield of
7.95%. After purification, the total sugar content of Se-MPS reached 95.86%, with a selenium concentration of 76.07+
0.32 mg/g. Furthermore, Se-MPS significantly reduced colony formation efficiency, cell migration rate, and the number of
invasive cells in HepG2 cells (P<0.05). Meanwhile, Se-MPS inhibited the PI3K/Akt signaling pathway, down-regulated
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mRNA expression of glucose transporter 2 (GLUT2), and reduced glucose uptake in cells. The results indicated that

optimizing extraction time, liquid-to-material ratio, and extraction temperature could improve the yield of selenium-

enriched Morchella crude polysaccharides. Additionally, Se-MPS exhibited strong anti-tumor activity by regulating the

PI3K/Akt pathway. This study provides evidence of the anti-tumor activities of Se-MPS and offers insights for the

development of related functional foods.

Key words: selenium; Morchella polysaccharide; chemical composition; response surface optimization; anti-tumor activity

2B (Morchella esculenta(L.)Pers.) J& T-T4%
PEOETT . SN, 2 H . SRR ERIREE S, L
TR 1 8RN R R D ssani i 440 2 AR —
FhES B L 24 W T B s, HOAE S ERVE I N #4532 5
Z IR R, R D S S S 2 PR 2R
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Po4iE, 2 ph 5 e faR e R 455 AT B AR
YREE, BIanioczR 1, i (Se) B AT Tk
YRTCER Z—, X YRR s R G REA R AN sz
AL B ELAT DCHRVE AT, A T BE SR G YE R ST
BE, T = X059 B FNAH BRT A HREL 77, DA T B ARG G IR
S AP | 4 N TR % N I 1| e = W o I N A 2L D 7
7, WS N, X HE Ly e 2L A I HEPTAL
L, A e 2 A A R R, DR D RERE 1Y R
SO G DL P A, AN RR . AR ER sl TR
i, ETEAE YA N S 2. 2 IKE I R As G % 1L
A PGS, 65 285 g -G AT LA 35 E
S EFERN TR A BN LRI, 1 T DAREAICAT Fi 2=
HEAE BRI TR T 8 P FE SR BRI A B A
A RFRBEND SR, & A A A e T
PSR B R D, R 2 L0 I J8d 15 PR O B £ A 4
1A, T s iR pE 2 S IS A B T
R A G P AV E AR 2R AL .

ASSCAEFALPR 2 S8 A el SR N TR R A
T SRR PR BRI 2 A, ISR T AR
AT i) 25 1 2l A6 =6 JH BRI Z2 4 (Se-MPS) I fb 24 2H
A%, FEoRF CCK-8 15w . AT il ae . ) I35
F1 Transwell i 58 FFAl T Se-MPS B4 ¢ I I8 250 SR
[A]H}, 2R JFH RT-qPCR. Western blot 5 G 134)
WHRFE T Se-MPS BUIFTEDTIME HLAH . IXLLWFFE R
B SE T A 2 i s e M AR B RE TR B A T Y
N AR E ZE AR AR
1| HNSEE
L1 MREEE

AR A WA B - S % A

RN RUE:, alizk piige, LT B it 80 Hififr
fiti; DEAE Sepharose FF ZHAEFH5EHRS  Pharmacia 23
F]; 3500 Da i#EMTAS ¥ S 5 AL BAER AT BRAS 75
KEY  MOBRIR | (¥R iy 25 8 A fb 2457
H RS HepG2 AN o EIRM# B L ifF 4
s % T EEE G-250 IR AR I RFEAT R4S
"l AR MiE AE A R4 . DMEM #5383 Hy-
Clone 2\ F]; 0.1% 45 f5RVA MR Sigma 23l ; #4504
AALBFiRXF) & Applygen Technologies 23 &l —3T
5 9L Abcam 4\ Fl; 4B 712 85 1 2(glucose
transporter 2, GLUT2)mRNA X 1E[H5 |9 AACTG
CCCACAATCTCATACTCA FX[H54 TGATTCT
TCCAAGTGTGTCCCC A= T A TR () By
A BRZS 7] ;s TRIzol i3] . Servicebio®RT First Strand
cDNA & % i 7] & . SYBR Green qPCR Master
Mix. DAPI #RINZELAE/RA RS

UV-5100 54 AT W40 ETT Bl ehr s
AR FW-400A iRt s 7GR el dbat
ARV A EFAT BRAN Fl; DK-S26 HE #WH IR/K 40
VA S R AT BN ] RE-3000 G258 k4%
¥R EA AR N ES) T LABCONCO B TPl 3%
R HIRBI A BRSNS F]; CO-150 AR EG F=408
New Brunswick SCIENTIFIC 2\ &) ; CKX41 8] &
i H A4S Olympus 22 F]; MLS-3750 KB4 H
A< Sanyo /A Al R EMR AT i REERHE A
PR F]; AMR-100 B Y e BN A BRAS 75
StepOne SEHJ 75 GE s PCR fY  Applied Biosystems
NI
1.2 SEAE
1.2.1 B 2 B B2 i B S AT E
40 C M FHET 4 h R 80 Hifiie K 1.0 g
FEREBEOBIRE 300 1(mL/g) UKL 5 28 F/RIR &1
BT 60 C [HiEAGHFHEE 2.5 h, Z 5 E50> 10 min
(4000 r/min) WAL PR, EERBNIKR . 5IFIL
N LIS WOT I 28 RALHRSS , SR T5 A 3 A5k
A 95% 4B, 4 C#HE S . &0 10 min J5
(4000xg), FFUTVER VR T1E, 152 2k

2 A5 (%) = {éﬁﬁf if%%j(g) %100

1.2.2 PARIZELE

1.2.2.1 $EHEEFEIXTH 2SR AR m FREL1.0 g
T 1 B A 2 R B T SRR R, B RE OB EE 3011
(mL/g) . #£BUEEE 60 °C, MeHUHRBURTE] 1.5, 2, 2.5,
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3.3.5h, ¥ 1.2.1 $REURARVEF T IS, FEFRER LA
AL Z BRI,

1.2.2.2 #oR P P R 052 PRI 1.0 g T
) R S B T S AR R, SRR BE 60 °C, $EHR
B 1E] 2.5 h, $EHCH Kl 20:1., 30:1, 40:1. 50:1,
60:1(mL/g), /8 1.2.1 I—EUREIEA T, IF-FRE
DA 2 R 2 WH A3

1.2.2.3 BRI R A5 FREL 1.0 g
TR B PR I R, FREES ] 2.5 h, R
oA 30:1(mL/g), #EHHE HLIR B 50, 60, 70. 80,
90 °C, ¥Z1d 1.2.1 ¥R RIS T, HFRE DA E
VIEEZ s S

1.2.3  ma AR AE R N R S Al SR Y Sl
I+, 454 Box-Behnken U6 5 1 R, ) 42 B AT [A]
(A) . WCEHE(B) . $REUREE (C) I8 — 3R — /K F-it
Argmt5, BT KO R g ILER 1. e Lo
Z WA EAE, FIFHZAF Design Expert 8 iz
KARIAT 5T .

F 1 MR R S K

Table 1 Experimental factors and levels of response
surface test
SH poe— - fopre—
ABRHURE](h) Bk (mL/g) CHEPUREE(C)
! 2.0 30:1 70
0 2.5 40:1 80
1 3.0 50:1 90

1.2.4 R P4tk SR Qian 25 ()7
R alifb S S 20 . K 28 (40 meg/mL) %
F* 0.02 mol/L iR ERZE Mk h I 28 0.45 pum JEELT
1€, #X )54 DEAE Sepharose Fast Flow & T 32 #t3:
(2.6 cm*50 cm) Ve . VEMEH A 0.5 mol/L NaCl %
W, A 1 mL/min, [ A FH Sy -7 1R v W I 5 s
SRR WAV, FHEREE 10 kDa BT 4SS T
36 h, B TR RIS fb 2 Se-MPS .,

T4 2 FEE F (g)

LrEE)

1.2.5 4lifk Se-MPS b2 srHr = BRE bR
#E GB 5009.93-2010, >R FH 5 52 56 6 138 125 10 <2 il
T,

R AR - ARSI R b A 1 B 6 32 25 mL
Z B4, Wil 20, 40, 60, 80, 100 png/mL A4 4 %5
WA IT A B 2 mL, 30 38 NI 1.0 mL
90 g/L ZREMEWIFIR S, ZJ51E 5~20 s LA 5 mL
W IR IFAE S IR T W 30 min, PAZS M2 1L, 78
P 485 nm AW TR & SO WG RE(E . LAAET 44
W AR AR AR, WO S PAAL bR, Ll bRl £k .
P FC 1) ZE b W BRI 00 52 WO G RE L, AR
ABRUEIN S

SR FH ] 30 2 R I s I 1 5 ) Pl 10,

4t Z PG (%) = x 100

20. 40, 60, 80, 100 pg/mL H4FFUAHEBR AR AT i
W BX 1.0 mL 35 5.0 mL PY #l & 4N -5 B8 75 W
(0.478 g VUBIEREME T 100 mL MBI IR &5 Wbk
W S min, ZJERAMOKIGEE =R AR PIA
100 pL [ FFELB KB S IFHE S min, 25 F
520 nm 2 RE G B . DABHIE B 5 M 1 AR AR,
WS CRE(E AR, e hIbREINZR o K RC TR 20
VAR FEORE W) 7 R0 2 W G BE AL, AR AR R 154
PRI & i o
>R FH 25 T W 5% i v I 2 AR BT U A

10, 20. 40, 60. 80. 100 mg/L & [ JFARHETE WL, 4%
B 20 pL 435 A ) 96 FLAR H, [H LA A 200 pL
1xG250 I T=IRMFH 3~5 min, ZJ5 T 595 nm
P I A FLIOGIE . LAAE EBAR RS W i
FE AR AL R, WCIE P R bR ilbRuERT 2R . HEme
U1 2B VR A [R) v 8 R A E, A AR T
EIT SR AR & .
1.2.6 afifk Se-MPS ByFTHRETE
1.2.6.1 4iiE53% HepG2 4ifis#E 37 °C, 5% CO,
1 95% 1M 5 3E, IFAET A 10% G4 Mg
F1 100 U/mL 75 85 3 -85 8% 2 MPLIR 5 ) 1) DMEM
BrgesLrp i AL,
1.2.6.2 UG J1vF4r ISR AL T XA KB
HepG2 4iifg, HEE 4N g 25 5 0 2x10* 4~/mL, LLEEFL
100 pL 4B AT 96 FLEFIRA . 1SR4 iy
BE J& , AN [R) e B2 B9 6 55 (0. 25, 50, 100, 200,
400, 800, 1600 ug/mL)100 puL. §%F 24 h 5, &L
A 10 pL CCK-8 A5, BT 37 C [EHiREE 746 T
JZE 1 h JEEG, BT EFAR T 450 nm AR R
D ERIERS
1.2.6.3 4G #HTE G Ie T HepG2 4 IS E BB
J1 0 SIS S PULH, AR YR SRt BRZH (TTATART A L s
fin) . AEFE Se-MPS £H (200 ug/mL) . 17| Se-
MPS 20 (400 pg/mL) . 5 7l & Se-MPS £H (800 pg/
mL) . B ZHAMME L 10* ~/mL S EE RN T 6 fLAR
AL 4l i %A 200, 3 d #H #— X DMEM
Braedl, s 2 &1k FE . mEFLImnA
500 pL 14% 25 H I, Peidkdiil — Rt T =R e
30 min. BAJS, SFH 500 pL 0.1% 4% S S v e a4
MuIfgeta, SRIGTEZIR FMEE 15 min, Yy, FHRL
ZEOK VAL, T B eI B H o $& T3
IR T BT AR
41 0 v B 1 548

AR A B 2
1.2.6.4 MRS IT-Hr HepG2 4l EL e

W X B AR I I Al A I 2R T 6 FLAR Y, AL
TRIFZY 5x10° D4, QRS SAE w5 )5, Hrhakm) 2k
24 2 mm FIRIIR . SRIFUEIERANAE 3 ¥R, SRR A
EAG A MLTE Y DMEM #5383, L. F . mFlE b

SERETE R =
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ZHA SR 200, 400, 800 ug/mL Se-MPS HIJGHE
417 DMEM £53835E . 1% 3% 36 h J5, il id Image
J AR AR =R
o0, O DRIJRTEE — 36 hild R %6 2

UL FE 2 (%) = R x 100
1.2.6.5 Transwell iX 5 V-1 HepG2 41 il (1% 12 22 58
J1 WX A KA AN I TE Transwell == il
EMMIIRZE ST Bt B4 4 b TR & G 48 L3
B DMEM #5323 1 (10° ~/mL), M. # . = FlE
ZHELH 53 3EFF T 200, 400, 800 pg/mL Se-MPS
FITCHEAR Mg DMEM 35323k (10° 4~/mL), i
AU EERP T L2, =55 DMEM SEa kst
T 37 CIEE 24 h )5, BREFREE AE N - R nI 4,
FFHIE/K LS 42 30 min. 4HIEIEH 0.5% 4% 5 4e
geta, T WA PRGN, AfLREYLIER:
5 AP ST A BRI SR T AN 8. TR AN E i
Ferp, 2 Matrigel i
1.2.6.6 FZEFHIHFERNE AKIEANGHE Z AR
i A9 7 iR T A M AT AR B, B A sl o R 40
(10° 4A~/mL) 3 FF T DMEM 1537319 96 FLAR b
FEREFE 24 ho SEEG S M PULH . XF BRLH (TCRESLES I,
i, 5. F555iE Se-MPS £H. (4354 200, 400, 800 pg/
mL). ZJ5, I, f . SRS AR B Se-
MPS 4b3 36 h, WA RYZH FHA BER KA . I 4%
WRE, WA TTAn i 35 34 FH GOD-POD il %
MBS . 25, IR G AR A A s IR IS
AR B A e 2 25 AR AT AR R
1.2.6.7 GLUT2 FRRFIXWE WEXT AN
AUHEIIFARYE 1.2.6.6 H A2 BRXT AR RS T o320 AR
A, 2 JE(8E A TRIzol G2 HANMLAY B RNA, 2R
JH Servicebio®RT First Strand cDNA & %7 &%
RNA J2 % 5% B ¢cDNA, i 5% SRR P& 82 25 C,
5 min; 42 °C, 30 min; 85 °C, 5 s. FfJ5{H 2xSYBR
Green qPCR Master Mix Kl GLUT2 JEH ¥ F2i87K
S, SEAE B PCR M9 B 2541 8k 95 °C TiAEE
10 min, #RJ5 LA 95 °C 15 s, 60 °C 30 s 3Zjii 30 95
B, IHAE 72 °C FEEf#H 30 s, L GAPDH R NZ
FEH, SRA 2744 Y GLUT2 LR AYARXT mRNA
PR
1.2.6.8 Western blot 7P PI3K p85. p-Akt A& Akt

FEEFE  WEXTBUE R IS 1.2.6.6
AR AR IS 743 2 SRR AR . 20, WS4
IFH RIPA ARG ppik 247 . IR R FiE T SDS-
PAGE HLUKW) 2532 37 5% 5] PVD & I, 31 5%
PIENE A W3t AT 1 he SRR , B I S50 R
FY—3L(1:500~1:1000)7E 4 °C FHFHE IR,
— i fL 45 ati-PI3K p85. anti-pAkt & anti-Akt, ¥
e 3 WJa, B S AH R 09 P (HRP dric il Ak
B IgG) ZEE IR F ¥ E 30 min, I ECL 4%

WHAT o A e USRS A SO s 2 11 5T 457
B E, ITKE B-NLBhEE H (B-actin) VE NS E N,
1.2.6.9 rae e PEM PISK p85 Fll pAkt #5 FH 3
xR AR TR S 1.2.6.6 THIF2ETR
XA AT o3 A0 S A AL ER . >R 0.1 mol/L PBS
RN 4% Z R PR IR AR -S40 1 he
whPE)E, SR 1% Triton X-100 7625 15 T 1 15 4 i
(20 min) ., HEVEANME 3 ¥R, Z )5 R 10% I &5 4]
AL 1 h, SN PRSI E IR G4 ). =
J&a , VR I AR R 2O ChRC P E . T
DAPI #60F 5 min JFIEVUE 4 IR B RH/E, 70
AT R AE R
1.3 HIEAIE

FRASLs ¥ EE 3 Ik, A% Design Expert
8 e i 7 T i B B s A 143 MT . A Gei o r i h
GraphPad Prism 9.0 58/, P<0.05 Bl A HAa WM
25
2 HBRE5Sh
2.1 BEEXIW

anE 1A Bras, Bl A JR BT AN 1.5 h 2B F|
2.5 h, #HZPEA075 3 W 2 T 5 (P<0.05), JF7E 2.5 h
BRI RAE 6.41%, AR IEA PRI TR AfH A 540
SR I T, R RN ) ) A E 2k
ORI H DT 30 2 4 T BRI 525,
PRI 52 2.5 h Ay A H BT (8] 647 J5 252 o T 0
AikEe ., FEBCKEIEE N 20:1~40: 1 (mL/g) Z A (K] 1B),
B S R0 L P8 385 0, K 22 4 18 A5 3R i 3 R e (P<
0.05), X 1] BEJ& A FEAARIBOR LI, S 45/ D B
Hl T RS . AR, Mok kil 400 1(mL/g)
Bf, HHL A RA AT B35 (P>0.05) . 5 EFIE N

A 7.07

(e}
o

6.51
6.01
5.51
5.01

HIZ B (%)

4.51

o

4.01

15 20 25 30 35
RIS (h)

o

8.0 c c
7.5
7.0 b
6.5
6.0
5.5
5.0
4.5
4.0

o

MR (%)

[

20:1  30:1 40:1 50:1 60:1
WORHELG (mL/g)
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8.0
7.51
7.04
6.5
6.01
5.57
5.01
4.5
4.0

HIZAHER (%)

0 60 70 80 90
FRIGIE (°C)
Bl 1 FREETE (A | Rk (B) FHRIBORE (C) X & il =F
[l B2 e RS pEAl
Fig.1 Effects of extraction time (A), liquid-to-material ratio
(B), and extraction temperature (C) on the yield of selenium-
enriched Morchella crude polysaccharides

1 AN R FOR A A LA B35 2 57 (P<0.05) .

OB A E i BB AN 4 45 fe S B PR h 3 I 2P 46
I, PR 40 1 (mL/g) AL R T /5 42
A N AT IRES: . AESR BRI 50~80 °C YT [
W& 1C), BEFE IREE A T, L 220 A A5 5 B e 1
Jine MERBURE L 80 C Ja, MM R AL L
TSR HC 28 5 (P>0.05), i 2 HEnE I e
IRFMEAT . A ] i s R B PR B ] BE S AR
HUZEHE, PRI, 80 °C AR IR #EAT)5 2200
ni 7 A
2.2 MM EAREE

TE RO & A 2R A b, LU =
BEAFARCY) AR i AR, S HURFE] (A) L BORHEE(B) |
PRIPGIRRE (C) S5 mi P 2R B s, 45 R W3k 2. ff
2R 28R AT R BHE Sy A, $BLE IEUA O RR Sh
Y=2.48+2.98A+0.57B+0.05C+0.35AB+3.15AC+
0.27BC-3.28A°-0.90B>-9.5C>,

2 WA A BT

Table 2 Design of response surface test

RV Rz AFEHLT ] BIREHL CHEBGR B R (%)
1 1 -1 0 5.69
2 1 -1 0 6.8
3 -1 1 0 5.44
4 1 1 0 7.74
5 -1 0 -1 5.65
6 1 0 -1 4.61
7 -1 0 1 437
8 1 0 1 6.88
9 0 -1 -1 5.77
10 0 1 -1 5.98
11 0 -1 1 5.1
12 0 1 1 6.34
13 0 0 0 7.98
14 0 0 0 7.65
15 0 0 0 7.92
16 0 0 0 7.44
17 0 0 0 7.82

18 B Design-Expert 8.0 544, Xt 57 i ok 56 2%
SRBEAT T AT, dEE TR 2 RS T IS

LG FTT 255047, BRI TR 3 dv, Nk 3
FIT 7, B0 1) 22 S i 35 (P<0.01) T 2 L0 AS I 35
(P>0.05), IXFBAFAI LA R R i HigG et n]
. ZICHEEREL R? N 0.9593, MRl 5 sz pRar
SRR Z R HLA B Ao [RIE, A ARIAS IE ZR AL
R? 4 N 0.9069, R WIRERY BEAL 1A s 53 B A1 T30 5
G2 A 2 B  tbAh, AR 3 1Y F e n] 5
mipRH 22 BSR4 T2 R 2L S BRI ] >80k} > $R E
MR L e R T A R AR I (LI 2) o T AR
ZIEIMsE AR . &l 2B F 2E #7817 B ) Fnfet
B B 2 TR () f5e kg b 25 AR AR, & R B[]
TRk LY 22 Z& (8] 2A F1 2D), RCkH b S5 R EGE
B Z [R] 432 BAEFH AR X5 (] 2C FT2F)

3 WA ST ARy 28 o A

Table 3 Variance analysis for response surface regression

models
FZERW FHR AmE ¥ FE Pl mEh
el 22.28 9 248 1832  0.0005 ok
A 2.98 1 298 2203 0.0022 ok
B 0.57 1 057 424  0.0786 ns
C 0.06 1 0.06 043  0.5340 ns
AB 0.35 1 035 262  0.1496 ns
AC 3.15 1 3.15 2331  0.0019 ok
BC 0.27 1 027 196  0.2040 ns
A? 3.28 1 328 2425  0.0017 ok
B? 0.90 1 090  6.66  0.0365 *
C? 9.50 1 9.50 7031  0.0001 ok
B2 0.95 7 0.14
ER P 0.75 3 025 523 0.0719 ns
R2E 0.19 4 0.05
REE 23.22 16

gg%ﬁﬂ%(o.m@mos); x5 St B 25 (P<0.01); nsfC R T B 1

MR [T AR AL (R i 5, A5 00 T & A T Rk 22
BRI I T 2SO IR TR] 2.74 h, WEHLE
45.48:1(mL/g) . $2HUREE 82.75 °C, IHhT FIM 15 2
S 8.00%. LEGSEBRERE, FE PRI R JAFE S 2.5 h,
WORFEESA 45:1(mL/g), $EHUIRE >y 82 °C, LT TR
PR A 7.98%, WL IESL L (n=3), SLFR1GF RN
7.95%+0.18%, MITTEIIE T AR Y AT Sk
2.3 4k Se-MPS BILF AR

FH 32 4 W0, B0 =5 e SR G B i ol
0.48 mg/kg, HAM & A5G EI A TR HE 1) 1H
0.10~5.00 mg/kg(GH/T 1135-2017 @i =) 4l
LG Se-MPS 1534 9.98%+0.22%, 552 FL A&
H A8 B F A 7 i sl b S R B 2 T AR 2 945
FHRT . Ah, Se-MPS A Al ¥ i 76.07+0.32 mg/
kg, 2 T e S B SRR 2 i S
(4351~ 0.48+0.02 FlI 12.34+0.09 mg/kg, P<0.05),
X FIAL T4l LS ) Se-MPS Hr il & f 3 AR,
5 WS, G T Be SR W AR e Rl i AR
. Se-MPS H1 19 HHH =N 95.86%+0.22%, 5
AL BT Y S S A L (68.49%+0.18%) , 44K 1Y
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Fig.2 Response surface and contour plots of the effect of extraction time, liquid-to-material ratio and extraction temperature
on the yield of selenium-enriched Morchella crude polysaccharides

K4 ORI R a2 R R

Table 4 Chemical composition of selenium-enriched Morchella fruiting bodies, crude polysaccharides and purified polysaccharides

FE fili (mg/kg) RSB (%) A (%) BHEERR (%) 135%(%)
[ERTIES IR RO RIS 0.48+0.02¢ 9.83+0.47° 24.34+0.35" 0.02+0.00° -

itEZ i 12.34+0.09 68.49+0.18" 11.36+0.27° 0.17+0.01° 7.95+0.18°

4lifk.Se-MPS 76.07+0.32° 95.86+0.22° 0.32+0.02¢ 0.37+0.01° 9.98+0.22°

TE: [FFIAN AT RERR HAT .35 2% 5(0.01<P<0.05)

OB R R (P<0.05) . [EIE, FEk AN atifh
JE W ZE R i PRSI 381 ) /L L BT TR (A7, SX R P Il
" Se-MPS R BRI hE . SR, Zeadalifh
JG ) Se-MPS H 3 A /b B8R 5T, HHEIIGX e A5
AT HE R S WS A A A dl o3,

2.4 EM=FERLE SRR S BRI

2.4.1 AR A 2 R A0 MG AE L SR R
1228 HIHOIE 1525 (K 3A)FEBZlifk Se-MPS He &
TE 25~800 pg/mL I Bl P9 % 4 ifd 5 5+ HL A il 4
JH, HAE 800 pg/mL BNl R i, anl&l 3B fF

78, glifk Se-MPS K. v 7R L2 Y B TR T sl
R FART X PR (P<0.05), HIHAE AR 5L 575
A o 3X— G5 AR R I B A T B 2l Ak 22 T R
%S HepG2 4l & A8 1= [FAIFEHL, ZEE 3C
& 3D Hhth aT g R, AR T i 4l ik 2R EAK
HPEHLRDH] T HepG2 4l 9iE L FRZE . BFSTUE
S, A2 Z2E AT AR R 4 ZR A549. A BB
HUsdiife ;| SKOV3 ., AJITE4iie &= HepG2 A1 AEL
s AN 2R MCF-7 P 4Iys 7, 75 S Aui g T4
il AS49 AUAAGFERE. BRAh, TS 2 S RENS
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Fig.3 Cell survival rate (A), colony formation (B), cell migration (C), and cell invasion (D) of HepG2 cells after treatment with
different concentrations of Se-MPS
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