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microscopy, SEM) o]m|#]o]t},

das 2Alxststr] ffal, =HA

HeWS do] 3emZ Aetslar, detE2 AlHste] A 2 LAES A A3
. W A, dgEs THFE wFsIY. S A3t AAE AFESte] 30T TEAVA, T 2
L (ambient temperature)ol] 10+ &<t sfsAZlem, olfd s4-3dls A& 104 W3, a8, @
oRlE TRHSE WAst, 2HxsE MES Fst 20T A AFsict.
L 29 (a) B (el ZAE vk o], 2] GAlE Fe-& gRlelr] 3] =HA disHWe] GAxE x7 dH
< FntEAA A o 24l (hematoxylin and eosin, H&E) A4 (staining)S &3 #&3 A3, NI AAE &
A 5 Aok

83, = 29 (c) ¥ (d)ell =AE upe} o], exxEsto] whal M¥EL] 7] A (extracellular matrix, ECM)
9] Aoy 3w = HolX| ke AS &0 4 9

4 T2t Mool we GAxstE e B4 Fxel dHdE d9gsr] ¢
At F & (cellular vessel)Z @M EsE 3 (decellularized vessel)9] o] <
7 W3 E(tensile strain) ¥ 9 E(young's modulus)< YENNE E=WHo|al, &= 4%
g (cellular vessel)7 g 2st" " (decellularized vessel)2l TEER(Transepithelial electrical
resistance) s YWEW= &=t}

= 3& X, EAME oFo #TAGe] dwk A (2em, 2.5cm, 3em)I BAI¥IE A (2em-D, 2.5cm-D,
3emD)2 Ho o1 = (maximum load), U7 W& E(tensile strain) ¥ ©AAF(modulus)= & AolE H
o7 e AE AT 4 Q). oo wel, gAEe oFAE x4 %"3 Z W3t Qe AS gelsk 5
Ak, mWERA, gAxsE 23S d3S YA REE AR ¢ S

1o o o i

HE HAHo A t-junction®] A

2
T 45 Fzxed, dwk 226 8] @A xshE F2 o] TEER gho] W
7 o
Zﬂ—%%%»iﬁiu~5ﬂ@ﬂ~%ﬂﬁ%-ﬁ% Ql
(o2}

SUNS

T 5% £ @yl ugdAst dAAlde mE EE B ddE Agetr] 93 mdo ]EP S, 59 ()&
Aol A FASE EE Rl a8 AdE B (gradient type)S AW3Elr] 93k xwHola, & 59 (hE o

;1 “©

Z B¢l W Bl (bang-bang type)S AH3l7] 3 =Ho]
B

2 AAF(190)+= YA E ElY(gradient type)olv W RS (bang-bang
Asta, AAHE EF 7ol wEl FEXRE(150)7F €3 BAR(11I0Z §AE 5

E3], A9 die® FHol ZHeiAE 7IAA] A=FS BARsky] Y8, B odde] wE Ao (190) = AA <]
fA18 B2 gelel agyAdE B¢ (gradient type)dl Wk EE 712 AAZ Y 28 £ gt} o
Z g3 J&Ae FrHAES A3 5 Q.

T 62 2 ol v gk AAlde] w2 gMxstE d3e] EgA 5o duEE AWstr] fgh =Wl
=, = 62 duk A (control) I EAIEZ3E A (decellularized vessel)d] 2EH 2~ B AE(stress test)S
W5 A8 A& 7] (universal testing machine, UTM) Hlo]E S yUEelfE= =Holt}.

%= 62 Fzxstd, duk A (control) I EAEZ3FHE FI(decellularized vessel)e Hol A 7= (maximum
(tensile strain) 2 B AIG(modulus)ol A 2 ZFol7F gloS &0E 4 Ut

)
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type)ol] wet d3 H2A Hrle ws A8 A¥ 7] (universal testing machine, UTM) d®lolEl¢l o} 9% 7
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S(maximum load)E YERE =Wela, & 79 (b)= % Yl 2HAE B}l (gradient type)¥ W B
% (bang-bang type)oll wz} F& 2 A universal testing machine, UTM) d®lo]E]2]
o174 W& E(tensile strain)g UERE Twoly, = 794 ()= EF ©BEYS 18YJE Egd(gradient
type) 2} W EFY)(bang-bang type)oll uweh I3 H2A Hrlel wbs A5 AlE7](universal testing machine,
UTM) dlolElQl B Al (modulus) & YEHUE =

o,
N
)
o
)
olr
2
tm
juci)
N

)
o
o

Eodgo] ulE g7 RAF ZAX(100)S o]&3te] 2 ZZA HAAQ cyanoacrylate(Sigma-Aldrich, MO, USA)
o] FIH/AES ST, BF BEAF X (10002 3 BAE-(110)9] ol lem A7 A (crack)E Wi
L, AA(crack) ¥-$lol cyanoacrylateE E3E38FTH.

(<3

L 7E FxEH, Fa 24 HAHAQ cyanoacrylatex 71 #A4 AR B BEFEG FeE Q& dsHe] AEA
2 AREsh el AdekA #e As #AE  dvk. AEshd 191 cyanoacrylate®] 7} A¥pi=

obelel [E 117 2},

F 1
Tensile strain
EZ g9 Fixing time [Max load (N) at max load Modulus (MPa)
(MPa)
3 min 9.59 + 2.71 0.42 £ 0.12 0.79 £ 0.12
bang-bang B¢
5 min 8.28 £ 3.38 0.36 £ 0.15 0.93 £ 0.21
3 min 3.89 £ 0.21 0.17 £ 0.018 0.40 = 0.016
gradient B¢
5 min 8.15 = 4.99 0.35 £ 0.28 0.76 £ 0.44
control
(dur AlxE) - 12.76 = 10.36 0.55 = 0.45 1.23 £ 1.18
Ie8¥, £ 8 ¥ X 95 HX3le] B Wy mE R/ HAF FX HE o]E o] &3 3 A HuF Hge o

T 82 i o wpebA g Aol whE dF AR Ao ddE AEety] f1E =wela, k9% L 8 &
AlRE EF EAF RS o] &3 d A W7 Ao dEe AWer] A7 =delr.

T 88 FxEW, dF HAF AX(100)E @ EAF(110), AAFF(130), BZFE(150), AAF(170) 2L Ao] ¥
(190) & +u] gt}

oju, 3 BEAR-(110)+ T2 dH}o=z o|Fox, QA9 d#e Aoz BAlstY 3 HaAE H7L/
Algst = oltk, olu, 3 FEA(110)+= EAIESH(decellularized) &2 dHoz o]Fod 4 it}
AdAd, Hxe eds EAEsste] g3 BZAR(110)E 7dE 4 A

AZR(130) = FAZ AFsa oy, dAR (17005 58 €3 ZAF-(110Z AFE FA5 F53d.
FHIZE(150)= AoJH-(190)2] Aojo] whe} AAF(130)o] AAH FAE d3d ZAR(110) 2 353,

Aol E-(190)= wg] AAR EZ 72 wel FIZE(150)7F 43 EAR(110E §A4S TIFoEs g
(150) & Aok}, Ao F(190)+= 2 AE EFd(gradient type)oltt "4 EFS (bang-bang type)ol uwheh
= 7S AAsta, Add" EF 71 wet FEZR(150)7F d3 BAMR(110E FAE FFF
(150) & Ao = Ao, 53], AA vy Fo 71eiA= 714X A=5S BAH] 93, 2,
E Ao F-(190) = AAe Ay fAbe EE EFYQ 2 YA E Bl (gradient type)ol| weE EE VE
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olgigt B2t &4 da HAL HIH/AEE AP 5 UG

o}
95 F=xshd, dv EARL(110)9] Fatol]l A (crack)E WHH(SD). 2™ v, H7H/ A

= s, : d& APstarat 8
© 2% HAHAAS A (crack) Folol A@AH(S2).  ofF, dA ARto] Auk v, vE] A BEE V%ol
wet dF 2AF FR(100) S s2Fstel dd A 2A e FrH/AEE A FH(SI).

W, =108 ko] - de) whEeA g dAjdel] mE dF EAF FAE ol&3 I3 FAHAl B w

= 10& s, 2w dRF AL (10009 @ EARR(110)2] e A (crack)E WUH(S110).
a9 oS, @39 AH(crack) F-9ol HrH/AES A3t s 3 HFAE AFR3(S130).
o]F, dF EAF AX(100)= v AFE BEE v|Fd uel @3 ZAR(110)2 §AS 353

olsh o], QA HEW H9lo] AL AN 4GS wAG BlA Bek GHAA) AW/ P A
gozx, dw JAA AF/FE §olsl AT F Aok,

ool Al B gl npghz| el AAlde tjele] AAMEA AW AR B owtie e 5 o] nighz|e A A
ool FAE R olysty, v HTHLoA A sk B L] ex|E Hlojdo] glo] e wgo] =
7okl A XA 7k AlEhd e UoFdt WMy AAT) Jbedt AL BRolu, a9 e WA
2 AT 71Ae] He el A "ok

Feol Hd

100 : dF ZAF X, 110 : 3 ZARR

130 :© A7FH-, 150 @ A=K

170 + QAR 190 : AJofH-
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16 A —1 2cm-D
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12 1 —1 2.5cm-D
10 A T —|__ BN 3cm
8 - I @ 3cm-D
4
2 -
0 _ || | |
Max load Tensile strain  Modulus
(N) at Max load (MPa)
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Erq
7
*%
6 _ I I
5 | * % [
& 1
< T T
2 44
g L [ T
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L
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EH5
Gradient type
300
. 250 -
2 200 4
8 150 A
Q. o
g 100
T 501
0 ud
0.0 05 1.0 15 20 25 30
time (s)
(@)
Bang-bang type
300
_ 250 -
9 200 1
2
g 150 -
Q. 4
£ 100
T 501
0 -
0.0 05 1.0 15 20 255 30
time (s)
(b)
ED6
40
E Max load (N)
[ Tensile stress at max load (MPa)
30 A B Modulus (MPa)
20 -

Control Decellularized vessel
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k1
g
N

Max load (N)

Modulus (MPa)

F1

g
S

I 3 min fixing time
= 5 min fixing time

Bang-bang type

30

Gradient type

(a)

Control

254

20 4

05 4

I 3 min fixing time
[ 5 min fixing time

Bang-bang type

Gradient type

(©)

Control

Tensile strain (MPa)

ZIHSd 10-2019-0087375

0.8 A

06 4

0.4+

0.2+

0.0

I 3 min fixing time
=3 5 min fixing time

Bang-bang type

Gradient type

(b)

-

—~—-130

-
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