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Abstract

Metal stents are widely used in interventional therapy of cardiovascular diseases. The amount of
plastic deformation is different in each position when the stent is expanded in the vessel. When the
stent is in direct contact with the cells of the vessel wall and interacts with them, the amount of plas-
tic deformation of the metal will affect the behavior of the cells of the vessel wall. Based on this, this
paper takes biomedical stainless steel as the object, and sets different amounts of deformation (20%,
60%, 100%) for the plastic deformation of stent after expansion. The universal testing machine was
used to stretch the biomedical stainless steel. The surface morphology of the samples was characte-
rized by optical microscope (OM), scanning electron microscope (SEM) and step measuring instru-
ment. The physical and chemical properties of the surface of the sample were measured by water
contact angle (WCA) the calculation of surface energy component. The growth behavior of the cells of
the vessel wall was evaluated by fluorescence staining and cell counting kit-8 (CCK-8). The results
show that the endothelial cells have the best activity when the deformation is 60%, but the smooth
muscle cells have no significant difference. When the deformation is more than 60%, the growth di-
rection of endothelial cells and smooth muscle cells tend to be parallel to the stretching direction.
The results of this study suggest that it is of great significance to design the appropriate configura-
tion of the stent, as it can adjust the plastic deformation of different positions of the stent during the
service process, and improve the cell behavior on the vascular wall.
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1. 5|

L0 1ML B9 (cardiovascular disease, CVD)FET % & %0 K2 B, o & RO AU T HA i 40%LA . H AT,
H[E CVD & RO T F A TReSE BB, $E4E5, T E CVD BB AE Rk 2.9 124[1]. shlikikiFems
k. (Atherosclerosis, AS) e 500 L& 0 — K EE R, k8 N BEFF4G, & Jeis i &2 A RS
O, TR, SR LR AE N A KA R PUE, A SR W AR A4, BE S Sk A
T BRSSP B AR R IR T, S S AKEERY JEARE . L s . xfuk, HaTasT TR
ZWNRTT « G BERBNIKAN NIRTT LGRS IR IEM AR E =R 75 10, KA SR AR, 1ENE JGEIRS)
KA NIEIT FB 2 —, BHEAMGN ZERHY). KBRS, B R 2 A I R A 15 21
JZINAT, B O — R a7 3 [2] [3].

AN R T, BREEME A SN RS, BRI L SR, fekiE, R E
THAEL, HRFHEIRES . ¥ KSR 2 BIA 3E R A BBV AR,  ThAEAS [ i 52 B 3 AS
A, I&RIBIEAR T EWAIHE .. PR, SCAEY RIS, NEPXEO R ET S Ab, W
Kl 1 PR, 3K — DXt SO AR ) S AR XIS, T SC AR 52 N ) de /MR HEAE SCHR IR SCHE A AL [4] . 3%
NSNS, EHEIES, MWEREBSES ERTEEA, Bzl 20K -/~ - RN HR, K
HAWEWMEA KR -/ - R
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Figure 1. Stent placement (a); One of the structures of vascular stent (b)
1. XREAAR(a); MEZRILEZ—(b)

SCRAIZANFE T HAE R, A B R BRI B AN R . o iR s S B2 W 7T, WTIRY,
REXT AR A B B S R A V2, HLin 2 i R 5 (Extracellular matrix, ECM) 7225, 4 RHE R
JIEEVEIT . MR TR S AEA . APRLR TR B ) 8 F AR AME 9 0 2R RAR BT V) 77 SRR R R AR
HH ENEE, ABPTAE ) SEAEE FAE  2 N E A BB . Ivanovska S I ECM NIFERY
i YL R 2R 1 IS 4 S I 28 S 4T L 43K [5] . Peyton 25k B 22 Fh 2H 440 i e 17 MIFE ORI X 0 E
FHEE[6] [7] [8] [9]- Wang 5 AR FI Bl BN 5 HAR eAR 3R i ¥ S A MR A 4 B HE 5 BRI [10] - Kapur 55\
R BT Y 777 G A Rl i 40 ) 43 A AN [11] - Kurpinsk 25 A & L3S R A 70 o] (e i3 4 s 78 O ol s
M HEFIRUA[12] [13] [14]. Zhang S8 N A HLE 7K /INAIT5 18] B A T 51 A 4 SR B HE[15] [16]. /1
FRCA BT A1 R EE R (T T CATHOE, (R R R RS B I B AR T X AN A P S AT DN R e A A
Mo MAESCHMENG, TSP RN RSB, 1 AT R0t I BE AR M AT D R S
X SRR R e v« T L BEAH AR 2 1k e R F 7 BT B K

ARSI FEAN A SR AIAN [ A A T 0] 5 B RS AT 9 OS2, il a2 BB ST
BB SU BN SRTTEATAPEDE SR KRR AN 2RI Ae 0 vH R AE XA iR T 34T
AL BTIE ; I 6 G i A CCK-8 S G PAAS I X A Fg 290 L RF UL B F) 26 A AT 9 R AT A5
PASE 7R AN AN S NE AR T B0 A AR S R e, I A SRR R BT HR 22, IR AN A A S
R EYEAR Y S IRARCRFAE 2 IS BE AR AOAT . o8 SO E A A

2. MRER*
2.1. 55

316L ANEEAN, Wbt AER, RS, 4i/K(RO /K), 37.5%fEh BRI (HCI), 65%IHRNEE % W (HNO;),
THEFBE(CHolL), AEFEER K (NaCI), 2.5%% [, IfiE(FBS), k:3#%:(DMEM-F12), 0.25%J:fE, 2 FH
123, CCK-8.
22. UB/BE5W\E

FER K, PaSedl, T3 RERIGHL, Yt BB, F1H F 7 BB (JSM 7800F), 8% X & X (AMBIOS
XP-2), $Eflfaix, 151856 R M (OLYMPUS-IX5, HA), B, HidTIES.
2.3. EWHE
2.3.1. HEREE

BT 3161 AN AAAE B KA T LR J1IB K, FHEZE 550°C, fRIE 2 /M), B EIEE
M, CIEBR AR s FHIOCHURE AT EE . i TR isenL, RG], LL 1.8 mm/min K
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Ty BIPLAREE L BB ¢ N 20%. 60%. 100% (1), BURTAHFE SR AXR, LB T RS
Yo T DX IRAE R g 25230 5, KA T 2N 0% 20%- 60%. 100%F#F fh ik Yk 4% 4 LO+ LO.2+ LO.6+
L1.0.

L—LO

0o @

A, L0 R R BRAAFREE L s L OV B R JA K .

2.32. MNERIE
5 F3 4 HL T R A S B YDA R S R AT SR, e LR AR B AR . Sz { )5 A4 k) N
A LRI, AR HERP 4G, 600#. 800#. 1000#RPACKTRE dh4T4T B, B m¥te AT i,
43990 F TR PR « RO AW R it A7 8 78 R B Ve BRI ¥ 3 K, RFIR 3~5 min. e & JE T~ 37.5%
() ER R TRV 65% TSR VAT N RO ZKFARFR LY 2:1:1 JRA, o vy s e AR S 2 10, AR i e T AR S
FHIR /K e F B RS e 2= 2 B B kT, BTk B R e,
2.3.3. ILHERNE
43 9% RO IK (B P45 7510) S CH212 (AEMR 3 77030 0T db 2 10T, R FH 42 A 000 Y080 378 140 o 52 3477000
B, NEUNEIIRZE, BAERIEE 3 A TATEE, BMERIE 3 MAFAIE . 4546 RO K& CH2I2 1)
Befuh a1, ARYE Young J7FE(2) (3)iH ALK AL
Vo =7e+7? )
71y (1 0080) = 2( 72y )12+ 2(y2 7, )12 (3)

R,y NEEEERE, y¢ AEAGRER G &, pP NERRERENIES & g, WRIEKIERE, 7,
AR TR B,y IR R TR Sy
2.3.4. MEREMAREFITHRIE

W N T 5 ik P4 B 41 AR AT 3 kT LA IRR 0 A 1 > 10* ANml T 2 x 10% ANml {1 25 FE e
FESHRI, BT 5% CO,. 37°CHHH, B —RM=K; M CCK-8 FtManimtt, M2
Rl AT Y €, A5G SIS T VLS4 I A F 25 B 5 1

3. SERLER
31 BUTRRAEREREE

SRR RE AT 2 U AN B SRR B R AREYBL. AL B RESEAEN B B 2(a)
316L ANFEANMIS A RAZ 2L, H T #EB BOAS A AR T, H R BOA B IR B T Eida b B
BRI, TRASLIRAE SIRTE R BOE IR, P & =R A [ AT R S AU T 5 1) 2
VEAR T B HIRTSCRI A, R SOOI AR T 52 BT oK, AR Bl R, T SCHE AL N At AR B e/
PR TR B SRS B TR AL — AN N T RIAS T Bl NS R RS, /NI AS T B B NLAE AR R )
mALE, BN 2(0) FThRER “AR” AR, M ‘s ARREONEEAE, ‘7 ARE - EE R
AN AR R (] X, fE5] 2(a) 3161 BN SN AR 2, Bhik e = 0.6 fFON “H 7 AR, R
HAAPIDEZEN 0.4 1ERN “IK”  “&” BE&E, Hlle=020 “MK” BE&E, We=10K “&" &
. T RERBAI R S AT AR L, SRR 2(c) i, B AT BLdE AT )%
B A A SIZBG FE i o
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Figure 2. 316L stainless steel stress-strain curve (a); Schematic diagram of stent deformation (b); Picture of samples (c)
2.316L NEFINRF1 - MEHIZL (a); MEXRERETERE (b); HmER (o)

3.2. BB HRIHENHMBERERHER

3.21. &MELRLER

Kl 3 AR EAE N S S B FUERNZER, HERTE, Rz, Skl
SRR, TSRO Z 10T, ERITERE, PRI 20 pm, EIUCHUIHES] . HRAR A 20%
I, R IEI R T A, AR E Ry . URARIAE] 60%IN, SRR E BT A R, 5
FORSPIER] 30 pm 747, WA AREIE L . M NARIAE] 100%0, Sk ARSI, S ARLAL 5
A 1 T8, R TR, FRHIBE 2R o XU R AR N R S AR T B

Ve, 10.2
9
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Figure 3. Metallographic change of stainless steel after plastic deformation
3. BT EFAFMESHARTUER

3.2.2. PHEBFEMBRSR

Bl 4 AR T B AN R T7E I T s TS R}, BTG, Rfhznr, BRI
BOPRE, MR 20%0), R FAAEMIYAT XIS, HHIERIE . N AL E] 60%, FEFRTE
AP EE IR T E W L, B . YN ASLE] 10090, Ff R E AT BEEBiE L
ZAMER BRI I, X BTS2 A7 B AN 52 9 350 25 R R (AR B F B AR T R R BRI, A
st DA 5 R AR A0 kR AR T RSN, NSRS R T AR RS, oK AR R AR B L I ) 1o
I, SRR A TR, BRI AR T 2
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Figure 4. Scanning electron microscope of stainless steel after plastic deformation
4. BT ENFRTEITEBERER

3.2.3. B UER

K5 M AR R T SN RTINS R, thgs R AR R IR 8 . B 2
RoT DUE H B BT R0 K, FER R TTHRE EER K, U I H) 60%2 J5 , HURSE BEAS P OKIR AR,
L1.0 45 L0.6 HAHZE TG Lo X2 FH TRl AR AP (R ARG 00, P93 doRcf 2l R, 5380 IPRDRE B3 K
T 24 7R T AR KIS (A 3Ch 100%), & fRih ) 5 h oy i T —80 TR SHE RS 1 H FPaii, Riks
FEA IR TR .

— L0 ——L02——L06——L1.0

Depth/nm
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Figure 5. Change of surface roughness of stainless steel after plastic deformation detected by step measuring instrument
5. BM{CIELH TR AN FERREHERELSR

K45 R GRS CR R A T RER AE FAERT R, SEIB I ARTEX AE IR R AN R T RS —E 1)
SO, BEE VARG N, RIS B IR RN a TR e s, VAR 60%0
A BPRURE FE B K
3.3. BUTEETFRVEBELERNELSR

3.3.1. FEHKMEER
P 6 AN )AL T B ANERAN 2 THI S 5 /K Pk i 25 51, el PRI AT 4, EG T o BB A /KA FR 18N 74° /24, LO.2
MK AU /NE 66° 454, EONSE/K, L0.6 dl/kiflf e/, B3] 52° 4, BoNEK, L1.0 4K
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Figure 6. Hydrophilic and hydrophobic changes of stainless steel surface after plastic deformation
("p <0.05, “p<0.01, p <0.001)
6. EMEREFHNREETKMEEH(p<0.05 "p<0.01, p<0.001)
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Figure 7. Change of surface energy and proportion of polar component of stainless steel after plastic deformation
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3.4.1. N4k

P B S AL(EC) BE A B FH 3 22 B AE WS PR, PRI L 1 I e AT ok, [RIEE,  7EH) ifAe %
FANERE L RS TR SR . I P P2 E S kR AR RE AL AR, JUHAEA LR 5,
ISR 252 3 74540, KSR IR B R ETak, Y A0 2 WA PR IR Tt A2 B, XAl
BN kR RERE AL S 7 2, DRIk P R TP A R A VTR S SR i Y — T R A

K8 35l N R AN B A B 77 1 K5 e et A E AR % 1 KA 3 KJ5 CCK-8 4R, H
Kl 8(a) N AN A RS 77 1 KRG e et B, AT DAE Y, WTHEZE LO Hh, 4R35 &) sl e 7E
PSR, HAEKITMAFRILE; L0.2 ALK L0 264l i L0.6 4N iIK A BAR L, 41
BRRARTE, HIBo g2y @ T 5 R 77 AT, iR kbR AT R L1.0 AN E
KAREA G L0.6 4, (H[FRIREA H7 40 M (K A2 5 [ ) T 5 R 77 AT, s Kl 8(b)f& N K
YRE AR I 1 KM 3 K5 CCK-8 I B4l MG M 4h %, A, H4iEK 1 K25, L0.6 4111
YIS PR R A TR K, BIE T L0.2 AN L1.0 A 53R 3 K JE, L0.2 A4 st
XTHRZEAG AT N, LO.6 LI Ay A sR cliy, S =B RR EVEZES, L1.0 A RA M %=
AR IXULHH, AL S5 N B AN R A K O ) R S P P2 AR B, 24 AR BT B e RE R (AR X
N 60%) 2 J5, ECs AR Tr e A #am T 5 hify i PAT % M, B BRI ENEK, ECs
(10 200 B 3 o 2 SR IS 3 K JR ek N e 3, 7RIS AR TR R (AR SO 60%) N, KRk ECs MEK, 4
FE IR B I KAl , AARIEAS S df

a. ~__ b.

0.3+ . B o2 s L0
0.8

0.7 1
0.6
0.5
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0.34
0.2+
0.14
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CCK-8 Assay
(Absorance 450nm)

Figure 8. FIuorescen*t staining Igsults of ep*gothelial cells cultured for 1 day (a); CCK-8 results of endothelial cells cultured
for 1 and 3 days (b) ('(p <0.05, "p<0.01, " p <0.001) (The stretch direction is horizontal)

8. NEMAEES SIS 1 RERARBLER (3); FNEMAEESIESR 1R, 3RE CCK-8L4AR (b); (p<0.05 "p<
0.01, “"p < 0.001) (Rl 7518 J97k F 75 [8])

3.4.2. FiBANAAE

S WLAN L (SMC) RT3 58 2 (R A6 S B T B A8 Jp AR S Bk REREAL,, BT A SMCs 134 58 R 2 D
M S ZE R I — T R bR

Kl 9(a) & I AR FSEE IR 1 R 3 KRGS PHAQL (M2 R, TR H, #5951 RZJE, M
Eb X HEZH, L0.2. LO.6 ZHAnf s /b, L1.0 HApuE s a W B4k, 8538 3 Ka, Sxi a4
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o, MET A, L0.2 AIEELBAHE, L0.6 414504l A i 7 m A K foka %, 1 L1.0 4k
FEATINEE, Be I B BGH / A R KRAT S h AR 7 P47 14 9(b) & P LA s 5 9% 1 KA 3
KRG CCK-8 M EANMIEMEM LR, LA R, 7ERFE 1 KPS, L0.2 F1 L0.6 440 ME A %,
L1.0 HANMIE A BROE K, EIREA B EEER; 8598 3 RUG, AR TE &2 8 140 E v
G 1 RABL, X TRk, 359% 3 RIS (AHME MEAR EE T8 9% 1 RA PTG, Xt
W AN 0T SMCs 1A KAT — E I E FH , 1281 AR T &%) SMCs 7E = I ANE5 4 3161 & 1 F 4 il
TR RE IR, (H2 520 SMCs 7R FAVEEAN 316L RIH A KT M, Shfhaiks ] — e E (AR
SN 60%)Z J5, SMCs A KT [ 2 AT T hifi 7 n) o
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b 0.7 I LO [ 0.2 [ L 0.6 L 1.0
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o o
N W

o o
o =
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Figure 9. Fluorescent staining (a) and CCK-8 (b) results of smooth muscle cells after static culture for 1 and 3 days
(The stretch direction is horizontal)

9. FRAEREERSIES LR 3 RFRARE (a) K CCK-8 (h)ER(FMT5EAKTF T )

4. 35S
4.1. BETR I HRAFER R

BRI R R — NV AR I AR, A S R T BRI B F ANEE AN BEAT R A DUASE 17 S 2R AR
TG PIRES, BURTE 8407008 20%. 60%F1 100%. 1 SeX) HAPRMFAESET 18R BRI SCEE SRmT 50, i
A2 {8 R T AN RAN 1) 2L 23 el S5 2l e R T RS ARG, JR P AR T R, 478 T Bk 31— 5@ A2 B2 (AR SR 100%)
I, & doR AL ) SR T T8 SRR ) T RS HES . BT R AR R R R AR X T
S 1R ARG E), B AR B RSN, RS R T IR AR RS, T 240K 2 S R SR AR B L ) ok,
A RLE A TS HEFINT, SRR TE S, FF S R IR G BT R . Wenzel BRI A RS B2 7E 7l
KA SR, KRR TR A5 52 bR b - 2 (R e T 2K TR BT, T2, MK
V] 74 2 TRFDRES B2 I 2> (S /K R B 587K s TR T Re 5 3R T 5K iR, 2 AR A £ [ 4 3 11 5 2 Vi
fAS AR TR SESEK, KA AR (B T /DN s AR it R THOHDRE BEBR ORI, b R AR AR, B T SRIK
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Figure 10. Effect of plastic deformation on material characteristics and surface cells
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