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20V, 0 °C FHAL2AYE 11 min, SRR EH
%5 AR A 23 HIAE 0.3 mol/L HEER/KVEW T, 40 V,
16 'C, %4k 6 h; 7£ 0.3 mol/L EEA 0.012 mol/L #i g
RA KW, 35V F&AM 8 min, SRJ5LL 0.5 Vs
110V, 4 °CF, 4854k 70 min; 7£ 0.3 mol/L HERAN
0.001 mol/L FifRIR A 7KIEH H, 40 V Fil% 4k 8 min, A5
PLO5 /s FHEZ 140V, -5 CF, 4k844k 70 min. F4L
JE IR R EE R N R, 75 'C IR 3 h, LA
BB 2 442 2399045 21 JE 35 100+ 200 A1 300 nm
IR ML SR, 53934 % N Dioos Dagos Dagoe K Digos
Doy F1 Dasgo 73 Ml 4k 22 AT 28 2 o BHAR S AL : Dygo 7E
0.3 mol/L ¥/, 40 V, 10 C F44L&M 307 55 Daoo
#£ 0.015 mol/L ¥z, 110V, —4 C R4k M 165 s;
Da 7£ 0.015 mol/L EiEgH', 150 V, 0 C FaAb M
160s, #ill#75£] 100, 200 F1 300 nm J& A K 44K A% FLIH
WAL, 3 AT 4N Nigo» Nagos Nagge
1.3 HeRHEFLEMTLEEE
1l 2% R G K 2 R i 3R THT 48 ok I S 4 5 456 FH 37 R
FH - BT LI, s R R R R 15 KV, # S
FIFI AR AL BT S Imaged F A TT 5L
(LB R = FL AL BRI AL R 45 F THI A ><100% ) &
RIS 2D E A 3 K HFEHLEURE .
1.4 ZHYIZHE ASP 121f
W LRG KL E AR I T 2 BERE S 3 min 2:5%
KIMIEARFE, £ 30%H,0, 13 30 min #H4TK[H
A, DUETZ RS,
(1) ASP HEL#MEMW: H4 2 A0 AL B FE S R
2 mg/mL A ZHEHR S, 55 CRIEHER, BiE
55 CHtF- 1 h, ZEWKMIRTTZ RIIZHE.
(2) ASP IL:pmiZizifhi. Wil 1 iR, BEMA
FRRRE TN 5 2% -5 N = A R
(KH550) (1A BRI, 2=l iR 2 h J5EH, 80 °C
BT, SRR T RE AL TR . B4 0 205 T I - 2 -
FRIKPRYE, B 2 mg/imL {240 L BEAEW R, 55 CiR
Wit R, BUHJE 55 CHET 1 h, ZM/K R 2 210
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Fig.1 Schematic diagram of the process of nanostructures covalently
modified by ASP via KH550
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TEG FERAMT IS T T, TS 20 min J5REA 12 FLAR
R GBI o 4URIEIE 10" mL % 5 22 Fh 3
FERBSRT, TRNGEEEFRFH, 37 'C, 5% CO, %A+
TR
1.5 YHRERSEE R NEE

FIRAEFL 2 mL ¥ 1<10YmL FO 403 b BIRE B R
M, B T40fks 74 37 CREFE 48 he HUH K AE KA
M AR IR, PBS MR, JEH 2% R R
R 2 h, [ R SR T AR LR (30%, 50%,
70%, 80%, 90%, 95%, 100%, 100%) X4t Zm it
ITRBPE K AL BE, AEBERE 15 min. LRI 7t 5 T 1
JEAERE SR TR 4, (8 F 3 RS A i A 52
FERRANIIERS, HEIESE 10 kV. BHIREHE NS
AESE 3 R H B
1.6 ¢RAESEMERN

FZIEAEFL 2 mL oK 100" AN/mL 4H 2 Fh BIAE 5
M, BTYMuREs=f 37 CH% 144 h, & 48 h Eff—
REEFRM . FIFH MTT %, 73 7l4E 48, 96 Fll 144 h 34T
YRS PRI . 12 FLBGZ BRI S pg/mL [ MTT
W 200 pb JE4kERRETR 4 h, W REEFRE A
2 mL DMSO EH M 15 min, fFEBRT RS
5], $%IREEFL 200 uL #2 N\ E 96 FLARH, B AR CRHIIR L
FEAE, PRKEFEEYE 490 nm, & SEHH TR, FH
N EIREL (9%, MTT. DMSO) , AR E
BEE 3 K. LATEARIEME 100 nm JE MG S0 R 9%
144 h A MTEEE AS IR, WA 100%, HdE S
Origin B PFH, HlE AR I H A MCP I % .
1.7  KREGEHIENE ASP BYE B4 sh 4]

TEF-HRFREE T, K ATR FHEE T4 (Thermo
Scientific Nicolet iS20) [+, HfTAE 5, R)a
Il BB ASP FIZEANME ASP 1 BHAR S A0 FR 5
RIMEMT ATR MR AR L, S8 )5 RAERE B 404k
i, R 4em™, FHIKECH 32 W, R H
4 400~4000 cm™,

2 RS

2.1 PRREILIRIEIH ASP HYSRIE

B 2 NPIR AR I BN ASP RI3L & 1H
ASP (TN . IR A HE, 7E 3300 cm™ £ 45 )
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N C-H KRR SN g 1700 cm™ 4biié A C=0 1)
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Fig.2 Infrared spectra of anodic aluminum oxide directly modified by ASP (a) and covalently modified by ASP (b)
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Fig.3 SEM images of cells cultured on nanodent structures which were unmodified (a), directly modified by ASP (b), and covalently modified by

ASP (c) for 48 h (the top-right is the front view of nanodent structures with different periods)
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P2, 7E P-Nago Fl P-Nggo b A5 K R4 it i A< ) [l . A7 1
HOBEBCRNE . H— 75T, AHMA LA [ A FL
DL ASP HirlEIRZ T 3 EILF AR, IR BEE A 1
MR R A B ARk . Z00d KH550 JEiERE ASP &
WiJe, ANARTEANE) R HAG K 450 1 AR K 3 K EARCIR O
RAAE. B—J7H, 7 P-K-Nyg fl P-K-Nygo F A=K I 4H
Mt R AE W R AR e, RPN, T7E P-K-Nag
FAKMgI R R (K 40 .
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Bl 5 AN A Ak 3 57 30T 90K W 3 45 1 B 8 57
48~144 h 7L 40 B v, DAFEAREMEE) 100 nm JH
HAMBLEE ) L1597 144 n UIRIEYEVE NS IR, WE R
100%. A& 5a FATLAE H, R1EMHE ASP I, BEE IR
B ) PR S DA R T30 225 4 Jo) B PR 38 o, 4 v e 5 38
T 4HMIAE Diggs Dogo Fl Dagg 135537 48 h B 3 44 43 1)
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Fig.4 SEM images of cells cultured on nanopore structures which were unmodified (a), directly modified by ASP (b), and covalently modified by

ASP (c) for 48 h (top-right is the front view of nanopore structures with different periods)



11 IR BEE « BH A 2 A58 4N K 485 1 P 15D 24 V) 22 it L A AT 2 K PR S i B 1F 9 - 3951 -
0w a0 P-Do b | 190 T JpkDyo c
100+ [ ] Daoo = v 4; |P-Dano .,_A_A___A,IP-K-DZO[)
[ 1Dao | 807 [7]P-Dsw —ra s | 80F [ P-K-Dago
S 8o | 1
£ 60} 60}
5 60} e
> 7 40 40t
= 40t 2 77
O o ». ¥ i { 1
20 | | ! I | 20 | 20}
0 ] ! Z { ! 1 0 ‘ i 1 i 0 } ] {
48 96 144 48 96 144 48 96 144
Time/h Time/h Time/h

K5 fEAREM . EIREM ASP LLEILN B ASP RIZK NI FIR T 77 48~144 h BN LR (LATEARIZ1E) 100 nm J& 1IN

5% 144 h A RIETEE ISR, 508 100%, *p<0.05)

Fig.5 Viability of cells cultured on nanodent structures which were unmodified (a), directly modified (b), and covalently modified by ASP (c)

for 48-144 h (cell viability on unmodified 100 nm-period nanodent structure for 144 h was set to 100%, *p<0.05)

N 30.9%, 32.3%, 32.5%. SLiLKN ARG (144 0) )5,
7F Do A1 Dago # M T PEIE 1] 104.9%F1 104.1%

2t ASP EEAEMG, 9K 40 i it
(K 5b) MHECELT RIS R T AR PRI 2. 48 h K 9%
Jii» {E P-Dyggr P-Dogo Al P-Dagg b A=K R £ 3% 1k PRI
£ 12.3%, 12.8%7F1 13.1%. Z5d K E K3 (144 h)
ZJa, A PRTE YRR A A A0 3G T PR K . P-Digo~ P-Daoo
M1 P-Dago = FR 40 L5 17 43 0 PEAR %2 78.6%, 77.5% A1
75.2%. 300 nm J&SHZAK ST b 40 B P A ) ROR S
2y 27.7%. 5 5REKW, ASP W EZKIMbT S Re
A R PR AL A 4 B i A K TE M, B S R1B1H ASP
FIT 280 L 7% 1 i T 47 45 ) Jo 3R AR A T e 3 R 3 A I

EILMEM ASP JE K Mg f 2 i EA K
Y, HIEMEBA NI (B 50) o Stk kg
(144 0 Ja , BT RBEMHPIK ML 2R, P-K-Digos
P-K-Dygo Fl P-K-Dagq 3 T 41 U3 14 43 71 (K 42 75.5%,

75.6%, 74.7%, 300 nm J& BIGAK ML b 20 B ) %
Bl HIER 28.2%. 45 R K, FEE MG
T St LB 200 S 0 ) A5 R A, (AN [
(L2 (RO ZE AR, X AT REZ BT M 454
IREEAHEE T 20K/ NAT 2B AN TE, & KT 2 He
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2.3.2  #kAEILYE ASP Xt 4m i iE M 64 #

Bl 6 AN A AL 3 77 30T gk A AL 45 1 B85 57
48~144 h ()71l 20 BT 14 , DAERAZ 1 ASP (1) 100 nm
FIAMIGT B39 144 h BERAREMEE SR, &R
100%. MKl 6a FHTLAE H, BEERIRE KK,
PRI TE M IRW G I . AHPTE Pigon Pogo A Pagy L7
48 h iS4 BN 30.6%, 31.0%F1 36.3%. 144 h
)2 PR 375 1 1 K 5] 90.6%, 87.2% A1 82.8%. K It [A] ft 1%
FREMET, ERBIHZ N YPREE LR, S
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Fig.6 Viability of cells cultured on nanopore structures which were unmodified (a), directly modified (b), and covalently modified by ASP (c)

for 48-144 h (the cell viability on unmodified 100 nm-period nanodent structure for 144 h was set to 100%, *p<0.05)
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PEBE 9K 2546 5 B R S i B . AEZ TR e R
B, BT HA ) 5O 4 o M 1 AR R, AR AL
MIFLBR R FIRE S m gl e K PO, i da gk
FLEER) SEM 18 it Al A1, Nagos Nogo A1 Nagg FIFLER
39N 32.65%, 8.16%AH1 6.45%. 4HNIE LR FLIRE
{147 B AR 7 PR

23k ASP BLEAEIIG , 9N K AE: LA 1) 35 T 2400 ff v
FHELE T RAB I FEARFRAK . 48 h i, 7E P-Nigo P-Nago
F1 P-Nago - FIH 3G PE RN 12.3%, 12.3%F1 12.4%, K
IR (144 h) J5, A BN LB ZER) 300 nm
WIREFLEE ) 2 BIE VRIS, v 69.5% (& 6b) , AHLL
TARAEMRIT 40L& PEAD B2 16.1%. I RO ZAR T
BB ASP AR MBS R . 1X 7] BB T EL A8 1
ASP [ 55843 K T 2 808 58 Ak NGKAE L A 3
FMEIMFLIE, TEAPLKR MM b, M s A T
S 6 ) D /N T AN T, 4 A T DL 7R TR ks B 4
KIS 45 #6221 LA S AB MR AE R T 1F) ASP.

B ASP J5 , 7E P-K-Nygo~ P-K-Nygo F1 P-K-Nago
R KRR RN, SR 71.7%, 72.7%H
74.7% (& 6c) , AHELT RAEIN 40 s EFEG, (EA
I A BAGRAE FLES M [A) 22 R AN, X 59K I 457
ZERFL. MBI ASP JE IZKEEFLLE 100 nm A
I VA RO e A, %0 20.9%. AT HArE
i ASP SR MT 4, L KifaERE R (144 h)
G, GURHEFLEE M LA B TE AR . X AT RE R &I
KHS550 R4, e 52N 24 [E Huks 22 W5 7 B E 4K
FEFLP B B HARTHT, AN 7E A I T () 8% 3 ek F v 5
ZCER A 1) 0 L 12

3 4 ip

1) GeKMGTAGERAE AL R M A 2 R R
XM LR AN RS, AR BT S 40 g
PEINFESCR T AR A ALEE

2) YKIMITLE 300 nm & AR EL A e i 4 p i
PIHIRCR, 2 BEAEM 2 05 a2 27.7%;
KH550 JLA/ &1 ASP [l 24 28.2%. X 7] REJ& H T
90 2K 191 35T 45 A4 140 R FE AR BG40 B 16 DK AT DL 20 AN
TH, 4T DA 5E 4B il B 90 K U150 285 46 S0 - RS IR 7
RIMM ASP M EAE . (HE T KH550 St gtiifs, 76
YIRAE L2 HE) 2 THT K BN 8] 55 77 i (1 20 B M EE 4R oK T35
SEMIIEAR. 7E 100 nm JAHIREFLEE M EAnpRTE T A
71.7%. XAAREHT KH550 75 22 BRI 44K 45 K 2 [a] i 3
Wridediz, AH15 2 50T DLZE A2 B AE 0 oKAT FLFLIE P30
J LR, W E A B 0] 155 2% 5 2 4 TH R LA il 41
MGEME . 5 — 7T, ORISR G KA AL A5 A4 i ) 224 )

ZPE SN RIS A — 52 R . BB ASP (1)
ARG BRI R LI PIRE, ASFEREE
W AR T A, (R 21 ASP Ja, FEGUKIMHT
ANGHKAT: FLAE A 1 A A P 240 M P ) T 2 A F R IR
DAL

3) A6 UL FH B A AL BR R Dy sy ps v 4% HoAL
R I R AF 2 25 U VERRE, DR LU T SE RE 00 ) 38
MK AR TG 25 R G it 1k .
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Abstract: The surface of nanodent and nanopore structured alumina membranes with different periods were directly modified by Angelica sinensis
polysaccharide (ASP) or covalently modified by ASP via y-aminopropyl triethoxysilane (KH550). After that, the morphology and cell viability of
breast cancer cells MDA-MB-231 grown on the modified nanostructured surfaces were studied. It is found that nanodent and nanopore structure
directly modified by ASP can effectively inhibit the viability of breast cancer cells, and have little effect on cell morphology. However, the
inhibitory effect of nanodent structure on cell viability is superior to that of nanopore structure. Nanodent structure with period of 300 nm have the
best inhibitory effect on cell viability, and the inhibitory rate is 27.7%. The nanodent and nanopore structures covalently modified by ASP via
KH550 have a better inhibitory effect on cell viability than that directly modified ASP, and the cell morphology change obviously. A large number
of lamellipodia are generated around the cell body. However, the inhibition effect of the nanodent structure on cell viability is better than that of
the nanopore structure. Nanodent structure with period of 300 nm have the best inhibitory effect, and the inhibition rate is 28.2%.
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