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The ability of skeletal muscle to repair and regenerate is greatly affected or even lost
when skeletal muscle is severely damaged. Skeletal muscle tissue engineering technology is a
promising strategy for promoting skeletal muscle regeneration. In order to solve the
contradiction between the growing population and the increasing demand for animal protein,
in vitro cell culture meat is increasingly developed, which was the main use of skeletal muscle
tissue engineering technology. Natural as a scaffold for tissue engineering, they have great
advantages in supporting cell growth. However, natural polymer hydrogels have the
disadvantages of low mechanical strength and poor stability. Based on this, in this paper,
CaCOs was used as the cross-linked calcium source of sodium alginate (SA) to prepare a
physical cross-linked double network CS/SA/Ca?* hydrogel scaffold with chitosan (CS) and
SA crosslinking network as the main network, aiming to prepare an ideal cell culture scaffold
for skeletal muscle tissue engineering by optimizing the combination of materials.

(1) By preparing CS/SA/Ca?* hydrogel scaffolds with different CS/SA/Ca?* molar ratios,
the effects of CS/SA/Ca?* molar ratios on the physical and chemical properties of hydrogels
such as gel uniformity, internal microstructure, and mechanical strength were studied.
Scanning electron microscopy (SEM) results showed that CS/SA/Ca?* hydrogel scaffolds had
good three-dimensional morphology and porous structure. Energy dispersive spectrometer
(EDS) results showed that CS, SA, and CaCOs materials were uniformly distributed and
efficiently gelled in the hydrogel. When the molar ratio of CS/SA/Ca?* was 1:1.2:0.24 (H-1.2
group), the pore size of the CS/SA/Ca?* hydrogel scaffold was 104.06 + 2.64 um, which was
conducive to cell adhesion and migration. The compression modulus is 40.00 +2.52 kPa,
which is close to the natural skeletal muscle. The viability of cells cultured in the extracts of
CS/SA/Ca?* hydrogel scaffolds in each group was more than 90%, indicating that CS/SA/Ca?*
hydrogel scaffold had good biocompatibility.

(2) In vitro cell culture evaluation of CS/SA/Ca?* hydrogel scaffolds were performed.
SEM and confocal laser scanning microscopy (CLSM) showed that the activity and growth
rate of C2C12 myoblasts on CS/SA/Ca?" hydrogel in the H-1.2 group were the highest. The
H-1.2 group CS/SA/Ca?* hydrogel as a scaffold for the culture of commercial porcine muscle
stem cells (PMuSCs) could provide a space conducive to the adhesion, growth, and
proliferation of stem cells. Further, primary muscle stem cells (MuSCs) were further isolated
and extracted from the longissimus dorsi tissue of piglets, and MuSCs with high purity were
separated by surface labeled proteins CD31/CD45 and CD56*/CD29*. Surface antigen
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Abstract

markers Pax7 and MyoD were detected by cell immunofluorescence technology, and both of
them were positively expressed in the cells obtained, indicating that MuSCs with high purity
and strong activity were isolated and extracted. The results of myosin heavy chain MyHC
immunofluorescence were positive after induction differentiation of the extracted MuSCs,
indicating that the MuSCs had myogenic differentiation ability. The successfully extracted
MuSCs were inoculated on CS/SA/Ca?* hydrogel scaffolds for in vitro cell culture
experiments. MuSCs also showed better adhesion, growth, and proliferation effects on
CS/SA/Ca?* hydrogel scaffolds in the H-1.2 group, indicating that adjusting the CS/SA/Ca?*
molar ratio could improve the adhesion and growth environment of cells on CS/SA/Ca?*
hydrogel scaffolds.

In this study, the physically cross-linked dual-network CS/SA/Ca?* hydrogel was
successfully prepared. The hydrogel has good printability, and the CS/SA/Ca?* hydrogel with
a certain CS/SA/Ca?* molar ratio is expected to become one of the stem cell culture scaffolds
for skeletal muscle tissue engineering.

Keywords: polysaccharide hydrogel; physical crosslinked; muscle stem cell; double

network; skeletal muscle tissue engineering
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Figure 1-1 Schematic overview of skeletal muscle reconstruction using an ECM scaffold material

MEH EJE, AR E % R SR A K 8, e Lt 2 Rl ZUE R,
R B, A EMMesE. CEERHEmIANK, BT SE
WL, I 2 A [FIME B kR A 1 2L R 285 4 AL 23 P 255 AR ELE R DO, i DA
WA TRESAR M C N T AN IR A A (B 1-2) , B AT — Rl 2L
YR A B, L H a8 8K N T s R I 2 i R 5
A R AL (FAO) Fillll, ABRA 3] 2050 K8 90 14, #HZEEMENN 7006 H AR
BRI R AW AN D/ SK,  HVH 23 o A R R o e, iIXi e — A
XA PR SEUR AN B AR B BBk . SR A I SRAH L, 43 5% PR 8 v T DAY



H it

/b A5 REVRIH FE, 6% IR 5 AR HE IS, 99%F) LM F B AN 96% A FH K &1,

2 5 7 A 28 P DR ROIR S R (B AN AR B3 B SO IR S B B it 1 — bk 3. AHEDRE
20 M 15 77 PR R A 2 A B AR D IS, AT ) e At BT DR 6 T 4 L PO R DA
PG T 4K UL PR ZH R 4 1 5 2 R 1 U R o b A Ak b LA LA ZH R S5 R 11
P R AR IR A L2 i o R — 0, RN T4 & -G FR 30238, %R
J& T B I AR BRI Y

Embryo 7 I'. I Muscle
Embryonic stem cells O Muscle stem cells
\ /
=S | >
Adult stem cell seeding on scaffolds </ >-°/ h% a
Ser >4 g
TMCRES
Y- S Sausage Beef steak Burger
Oxygen supply i 1 ;
Nutrition supply s
Myotubes

Bioreactor

K 1-2 Al SR AR e AR
Figure 1-2 Process of cell cultured meat

1.2 7KEERR

1.2.1 KBEBRFIRER

IR BAT B SRk VSR S BE AL =4 (3D) PR 7> 1454, BReiiEd B
SEEHLEE B RKS ATERETHr, ] DU RS 240 S0 2 AR SR
W8, M AES A BRI R RE a0, B2 AR L TRE M R B 77 S8R
KoK SO A A AR A DR 7 AR 45 5 07 B A D A2 — A A R e it B L 2R 1
A7 =M KBRS N TEES S0, wrdd s BAEH . L
SR EAE Y E A S 1 7 UM B AR, R MR B 2 A BN B
fry o 5 11,

IRBERE ISR Z R 24, RERI  RT B HIR S, R A FRRRIE . 52
BT IR AREE R DU B BEAT AN R 70 2K o ARFE /KB AL R AN R RIER, 7]
PR FL7r R R 70 T K BEIRE . 5 B 7§ /KB AN BE & i 7 1 /KBS . KRR 701
TR BE R 44 JE. SCRIE A B AR I o RARAFAE WV D SR 45 (KBS, IX 28 R OR
I PR R AR 2 BRI R AR A, R /K BER B A R 545« 257 AR



ANEEDNE S /i e VA7

MR, PEMRVELF F U0, SRR AN G, He 4 Ik BEARSE P REAI X B 2
B, B R 7 TR 1 S e PE REAN R SE MR RE = S U o AR, X 48 & /K IR B
M ARG, X TE R AR AR R A B R I, BRAG T AEMIAR S
P, AN ARSI A, 25 AR 2L TR A AU S T ok — IR . B &
I TIKBER R IR AR 1RSSR RRL, £ @R E ERRE T e,
A5 2 HEAH LU AN .

R AKBER AR AE T 2, A L3 D B A R /K B e A A 2 A /K B 181
VB AT ARG A PR AE A R AT AL A 2SR I L, T e AR Bk
PR FHEE 23T 1A F J A5 SRS eSS IR R KB I  — F -1t JBE PR X A I A A ]
W) o ASE S IR KBRS AR 5 UL — 5 2 Ao FH A 2 S IR B A 2 51 ), a3y
AEHRI KRR , ACHRIERE R AN FIR o (EAL S S BRI B 5| A7) KA | 8 B A Bl 2 B
AR R, DAL BRI It P2 P 24 B PR ARG E 1 AR AR T AL A S R B e

MRGEAR B AR ) 2R, Al DA H 0 M BeiR SR HamiR 2R 4Rt
BORAKBERE . ARYEAS RN B A R KA H B, AT RAXS KB I TR . FLAR K /NEAT
FH LB R, T S 8 f dod SRt 2 S M B K BRI P BeE MR« R MR 7 2 P R 2

IKBEIE (5 7K P E DL R SRS O 4 454, A AR 2 NI BAT T2 BN 73
i, HTERAIRE . 6. pH ESN AR R R KB, B RAF R I
BRI I S R i R 7, B 2 AL PRE R . AR v AR T
2k ik A HAT SR B AN A i A ] DR AR e AN e L Dhse ik 2T, B
BEBASL, K EEEAR AR A 21 ARSI 1 4 PO A s R 446 I
(ELRE 55 7K BB 2 FH Y6 TR RO, 0o FL A P SR th JBOR Ry, — BBl NI AN 2 AE SE B
R I A 30 S B R 81 G IR SR K M 3 A AE LI 98 P A ey s AR E TR
Ry AL, A — B3R b S SR KRE R (F BLFH F AB A AE . A FR B e A AR AL N A
PRI, FEAAAIRI AR 2 R A A, KR PR X R 45 40 At 2 A IR L 2 i
JROK B A b, X BB I DN B A KR PR L 52 BIRR 1l o 04 1 32 iy K Bt A AR LA
SR, AT KB AR S B N IR A BAT S A Ay A e RE IR E I, AR T 2
MAZ IR T SIKHRER,  Eean, UMK BRI, g R 237 A /K B8 290, i 4h
AR, K 2 G KBS AE TS A5 7K R I e i 7 % 4 ) 2

1.2.2 XU 7K Be ke

XA 28 7K e 52 e Fi b PR A B 2 B L R S S WD 48 L R 7K A, AR A2 IR
B, XU AR BT 73 AN A A SRR A AT RIS X 4 K B A ) ] 6
REZ AW, SRR R MR GV R R e — M4, R JERIE
MRSV, s AR sgibc. YIRS Ty NS A A R SR
WAL — W BT R SIS M % 5 SRR ERIE RN R S Vit T V) B s AL =



H it

RE, BREA—EMERRAER, SRIEIMNSCBFIE L BAHSZ T RN 24 7K it
JB o AR T ST IR P 25 SR U0, U 4% 58 B K B I (R 0 1k B 5, B 7R 32 58 K IR RE
BUBCR S B Sy, Ae YERE R IF o

XU % 7K e TR ELAR S R B0 e D 2 R SR tE I 45 6, e dl Iz iR MR
f5 DA B8 i 20 21 T AR BRI AR e 2= B0 45t . Azadeh 25 ABSIE il 7 W3 A8 XL
D 2% 1) v 1k v Tk R st B IS, IR B S RN S A UM 3 . Ak AT
YRR, W 1-3 B, PIERASSHERINES T 4%, AFE—A A IR #h A & AL 4K
BN 2 R IR 2%, DA R — A R IR A A 56 174 s 2 ko e ek = T B S ) s 5 X 4%,
HAURME Re I RARMAE HZ . LR IR 2 08 9 32 B ORI UM 28 7K Bt ik th L2 4 T K
HEFWMPEEMBEA . B0, Dof S0, 70 R MR4E A i o 32 B JRORH ) 46 10 2 17 £ 4
ARG AT LS| S5 770 C2C12 VAN 4146 2 r FIVE T BTy 2T JE IR AN
9K At K 5 R SR I S A BRIR 9K B A S &, AT DL ek C2C12 Jiil
YN A A 0 R AN o AL B8Y, TR B, Mg RN AN 4T 4k R 1 A 1 A BRI LE AR A R
HH AR R IUL 23 P e KT F9 0, AR T 33X 1 L AX) % 7K e S 4 e ) 81— 2 LA 4 i
M AR B RS R AR, 5 o K B R P AL o s H A Sz o o P o 2 v LA T 47
(1) 15t ge AR e M RIS, APt T — Lo A A S

Stretch
—p

—
Recover

Anionic group Cationic group Urethane linkage
O o
e, I A =
o~ g ® N A e g T E Strong bond
Carboxylate i b -
ammonium )
o : Weak bond

| &
@® o IS O N&
(0]
Sulfate

1-3 I AN[R] 5 B2 ) 285 9 % 2 RS PR P B XTI 2R - S R I ) s o [ 126
Figure 1-3 Schematic presentations of physical double crosslinked supramolecular elastomers composed of
ionic networks with different strengths

1.2.3 RIRSHEKBERAT R

RIRZHERE R TREY, I B a5 Fy 50 DURE HF AT HE 58l 32 (1 7 30
FER,  IX YL R 2 M 1 B I BB CL G B AT o b T AR L R R N R 2
B, WO R IR 2 B AR 237 B DR/ BT RO, R AR 2 W 1 2Rk o3 A T e 2>
RIEZED L —, EENPRRRARIE, ERAGEEE. BAREaGMR. EAmRL



ANEEDNE S /i e VA7

F AN Tl BB 1R 55 7 T A 4 JC AT BRI AL . SRR Z B T LAE A 52 G, w] BAMGRIAE
Yorhfe B, n] LU 5 ESEEL, BT LUEAE AR R kR el . IR TER
IR RERIAT . MY SR 20, Bl iR ey A RICE YR SR 2 0, i
W A& BRI Z B, BlinseRpE. Br 7 IXEAURIERRIRZ RSN, &
WIRLAER . B BURKE. MIRECE R, WOk R, Uk, #RmE,

RINZHERBA AR 2 AR VI ENELE . Al AR ARSI =, AAT
R BB URH & I KB ST 2 B T i MAL AR B 218 I 2 28 T AR AR SR 40
B A FERIE I RIRZHER > T 450 IR SRR IS B A A IR R 2 5+
PR A2 83 DL R IR 2 K B A e o

1.2.3.1 4%

AR EARAPAENE SR HERZWRAZHE, 2B AETHEYH
PREE RGN B P () B-1,4- 781 A M BB 0 D-E R AT hE (B 1-4) , HRES EEEY
i 5 Lk 50% K LA BSOS, R RARAT e R I R BRIE, HAERTERAIE
100%. AKRAE RIRAHE R IR, HAARTEIA 40%-50%, HA ML 4
RO ENIMEIEE T HEE, BEE, RIRGYHEREG T HAM, TR,
ROFIIBEfREYE . AEIAR A R D12 e R S A, (A HAE A A AR 2 AN it 45 3]
T Z MR, AR AS [F] S S nT gon TORA R RS . flhn, & a4,
BT 1 4 R (/KB I S 1 5 A PR R AT R T L R, T e,
TEH IR TREGIR, 14 3 PRI TS0 & 1 9K A 2K B, T HAEH T
Y M B 7 S 4R Kruger 25 ANVONE S s S K 7 SNkl 46 T B B UIRR LR . AT
H GBI PUK A 4E KB, K A M 42 Bl iz 9Kk B I B BRI g B R IR
ARSI e A AEFR DAGNOK RST il 4 /KB AR 9 2 23 TR A 35 7 SO BRI WL, Foph
BRI BT 2t 22 7K M S 2R (AT 903 bl e/ DL B0,

OH OH
OH 46 OH
HO o) 5—0, HO o) 0
"y d HO - o) & HO O-..
3 OH 1 OH
OH OH

K 1-4 £F 4z gy

Figure 1-4 The structural formula of cellulose
1.2.3.2 &R

BEURIE (HAD 52— R BT R EE Fondii IR 20 (& 1-5) , HpH
JCH D-H A HERER AN N- B AR Y. — RS IL T, HA MR ZEAEAE RN R
A GIERE BT W FUR A ER . HA AR W I SRR AE R 3 1 ZAPAE T A M AR 3L i o

ag



H it

Ko+ HA FERB AR E RS RHAEKKRERES, N+ HA FERB R
PG B IE A . HA ZKEEIR K AR 256177 & B T2 TREFI 2 Fh 250k
JUBERL ., 5140, Kutlusoy 25 AL T2 A HA 1N JFURHE 4 T FLBR R 218 90%-95%
PRIR RS, AN [FMR B 0 HA, B T AT DARE ki 1) 70 S PR Re A AE AR RE,
EATLMERE 3T3 #1 SAOS-2 4 iR B ANIE I, AR IR SR AT LAAE A 2 M 355 77 S 2R 8
M TFHLA TR, IRCWEE (PCL) & L-HUIRIMEE (AA) B HA NJEERL, #]%
THEHRYI 23R, ¥ L929 A 4Ean AN, 5 PCL SCZE4HLL, PCL/HAJAA 48
& L929 AT AEAM A A K . I RURL PR E U35 5E, TER T 9K AT 4E S 2R ) L AR A
PUR MR IR B, DL B AR A T HA 7820 2 TR A0 2443 126 ATk 11y 22 4
R PEARIEAE A AN, N HA KB I Hl & SRR T — @M 2% . S, HA K
N7 TE R A AR e IR iP) R, 9 T B R R AR . iR 22 . AR 3 B 0 S

43 HA JKEERAE L TR N 2 2] 7 R . EH0T BB 1aI R,  H AR fg o i
FERX HA MIRER AT B 15 B AL HA, SR & 2T AR U0 T S 48 Rt
) 72 1t e AN PR i 1 0K

1-5 EHIRIRI A

Figure 1-5 The structural formula of hyaluronic acid
1.2.3.3 V&

Tk R M W R AR R AR 2B, HORIEEE . KRR — R ek
1R AR BEAT R 5328 ELREVEM AN ST REVE ). ELREVE R A% B S S R R 2R P
), FEET o-1,4 PEERPTIER, SCREER R AE BEETE R B2t B 32, 70 304G
HEZEEN 01,6 FEEEETERE (B 1-6)  EHHTERERAE, 5. KM
FARFLRAEY, B T HA RIS, I RARTEA . AR A . W] i
XA IF A R (EAESCPR N I RE T, BRI T JEk A ENLIGR AR, R %E
VEZE . B 5 ZANEWaE A, IXEegR SR e R IR BT AR gl B
WA AR SRR ORI 5 SR T IRiE b B S AR AE Bk, AT R AR5 K
Ao, MR HH TRESEUR A NV o AE K AL PRAUSR, A REA ) 5 P 443 T
e RO A A B AR 23 A 7 Tt P AR P - W B IR K R A LTS Gy, A B AN AZ TG



ANEEDNE S /i e VA7

FIFHEN 21 mg gt iF, ZKEERN KT I Mt SR Bl oK. thah, MR, £ 60%
R A3 BRI T 2K 0 PR /K A 38 5 (/K B8 A T k47 B A R B, fE AR 2
I, AR S I SR 2R ER (AHES) MR HLSE B HE (ACC) it i
SR FE R RIS N % AHESIACC 7KEEE . 7K EEI (BRI 6] . WK ER . MR H
WUBE A A 46 R AL P e o] DUBE 5 S B AN & Bt i A4k, BA R, seiesh i
[FIBT R B, HFi7E AHES/ACC /K#&ER: b IE HEE 72 R T4 B A RIGHITE 71, RW
VM A SEER HIE ST AHES/ACC KB BF. BESEEWEHEEN, HEA
R GF A AR AN I e 7 FEAH ST REATIR, Hsieh 25 AB8 HAL22 ik 2R 2
Mg (PVA) FIVER ZZIE, TERRI /K miL 800%. HLMESRSE ATIA 41072 MPa, 28 K
PG B PR AR =R 2 30%-60%- SCHRE/N Y NIH3T3 2t 4 20 A A= A RT3 B 1) — 44
SCBR . CAIRALVE Ry A1 5 JERE 9 SRR & R G 54, BEEVER S EMIG N, SCARIIHL
PRORFE . REE S BAIVE KR A BONIRE 5E s, ARG FRNSI R, BEmrER
SEARMTILERCE R (MG63) IG5 . ALP 35 A1 R kB9,

Amylose

a-(1-4)- glycos:dic linkage

Amylopectin

OH
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0~ HO OH /
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OH
i O HO OH o OH
OHO OH Ownnn

a-(1-4)- glyc03|d|c linkage

1-6 FLHEVE R FH S HEUE K 1R 45 4 2005

Figure 1-6 The structural formula of amylose and amylopectin
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BEREAT T T CBEALO®, SRR, b sh (LS 2 L B B 1, AT CS 1Y
E WA RIBORISE R, B S BGR IA5 [ It 2 (A AR 0 1R 52 31— € N5
Wi, RARHT CS T AA RIFHIAEVMAENE. TRk, JUEETE. VIR
BRI R, B 2 BRSNS E AR AR B 2 AL U DR A AR A
FHIOL, S I VESS ) CS AKEBHRAE A RIS 3D TERZ ALK A, JFilid 5
A CaCly fl COp ¥ BEAT R AL 4L, #EBA A LA it B (8] FE 5 T 40 (BMSCs) HJHS
BANSGSE, AER AT AR HA R RS /0, B SR kLS CS B
SRR A, AT SRR CS (35K M AT AR EELH AR A 6 B AN B, MO T LR A
— PR T B R0, Bt A, G SO SN T B A0 A I R R AR A R (R R
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Figure 1-7 The structural formula of chitosan
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MG>MM>GG, & BNIvES RS fHEZI 0T E A R, —MIB T G BN
PEEE M BCELGE, M BiLb G BUE H M, G Btk M BCERNIME. Mk M BURT G B
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(K1 SA IE W] DL HoAth B PR 9 o AL A AR, TR S KB . AR,
FH I BH 8] FR) A FEUAE LA P I S R R ER, T o S BURES AN 20, 45K
BRI R BEA R E P, i DL, F i A8 B S I R TR B A i ey SA 7RI 7 27 9 E A A
SEVERI RN R Z

KOy SA R EVIMANER . B KT AL BRI R, A By
KR & B ZFORE, Tz N T2k . O D S AL TR, £ 2
PrIE s, L SA 1E v T B EURM T /K BB ] UL T 250 ), Bl s Bl s £ A Y 1) B i
LGNNI IS BRI T 2 6 2 0 AR TG P, 98 9 245 2 P I BB (R 7R 77 2
RUN, FEf @&, L SA AT Z ORI & 1A RIS B BER AR Ja s I Bok), X
SERR AR IRARKBE R . AR A sE, HASAAA ARSI . AT S M AR
& BT RORE G R B DA PR T, IR Bt b WREA 12 AR DI RE .
ATV A T DAHE At Bk A0 R0, ek b B AR R A R K ik BT i AR, AR
A TSR, JEIEAH 3D TENEARME | SAICS RESCHE, K AARHT RIZAH) T-4H
BB e Z KB b, R I PT DA 20 A R PR ARG B ™), DL SA R 0Bk
F RIKE AR T AT e (RSN 7, % SA ZKIBRIR AT AR (17 A28 B Bk 1) oy e 8O0,
SA JKEEIAE N B #EIVIAHAH ChSMPCs) [ A1 77 vl (2 sk 4 o Ry S 5 AN o4k, £
B HE LA AR SR A AR B 2 7 0B,
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Figure 1-8 Three structural segments of SA molecular chains and principles of chelation reaction

1.3 BFRUIB4AMEXEE

£ H AT LA R s, MPRE RS # o v =10 B mER,
B, BRI, A B BULE S ot SO SR,y R 2 D A 9 AE 20 D 45 4
R SR SRR AL AN A e BEAT TR By JORE S LGS VLR AR 4D, 4 40 4
S, ARJRAEA D AN A LIRS D7 AR R BEAT LR YR AR, B BRI LA 4 3t
DHERMEH. B2, EFRUHR TR 2L A B E 2NN T4 (MuSCs)
ANA R ARV SRR BRI B . A AR — iR .
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1.3.1 JLAT41M

MuSCs B#ARNMLA L2, 27 B4R 12T AR, A E#ILI &K
B 4eRE BEAFEAE R ORISR BARRE L R R Lt T B LT A 2
MuSCs SWLEF4ERII R B, AERGRILET4ER LR N m] AR T-4i e, HAL T LEF4E
IR AN AR 2 18] . MuSCs FEMENG A & Nt 5 B B UL fr e, HBCRAE AL
Wyola TRE BRI HKEH, WEREEFR K MuSCs WEE M2 D, Hixt
BN ORI 4 B AR TH B A TR SR A BRI RE 0B, — L T MuSCs 3740 T IR,
BN SZ, B F A AR, SOV e 2 LA AL AR K. 4
6, SREREETERGHTRINVE , (EEENLA A 2 5 FEAERR), 78 MuSCs Bl 1
FEAT B B R I R, Bt AT BRI B . MuSCs (WAL RCX G K1 7
(Pax7) [HFRPERIE, Pax7 179 MuSCs M IEIRZES R HFEARE 1 — A rT EALHIFR L
Y1, £ MuSCs [WIEH BRI &R T RS T BUCHIAEM . 2/ Rgmbr 1 42
Pax7 FKiEMEN G, DRI EHIISERILEEDIRE, WY Pax7 £/ WA #ULE L
REEHE FFEAER, ST bhidid Pax7 X MuSCs #EAT IR .

1.3.2 £PLRFTHEF

JLPAI R AE 52 R0 P AR 2 52 B AR LR 4T (R s, AR LR IR R e et 3Rk
FEZ AT R T (MRFs) [R5, MRFs Z8 2B WL 5 87 i 2 2 A 5 .
WAL T (MyoD) « ANPeER T 5 (Myf5) WA ERE (MyoG) FAL
PERT 4 (Myfa) |, IR EE R A O3 TR] AR B [ SRS B A FH T DA R 4% 20 P 1y e S 871, ek
WA & A A i A2 A LR AL R RF e 5 AR . BB B2 )5, MuSCs
BB AIMRE 57 R IK Pax7, Pax7 RIARMIINAT LMETF Myfs Fl MyoD HIFRiAEH
AN, MuSCs Fifid MyoD 1 Myf5 (&K G s, K EIMIE R AL
YR, RVAERIT G b, Pax7 FRiIARIZHED, HiEH MyoG 1 Myf4 SKAE R
JULAH M (1) 28 K 404088, MRFs SR fl b7 2 18] (¥ 208 B Pl DAAH ELR2 A . AH ELV 4%, 2440
M E> MyoD RIAMFEFEES, MyoG 7E4HAE N FRIE RS2 FFK, K2,
MyoG ] LIX} Pax7 Rk &M fEA, #OCAT LRI KX MyoD [1)3RK T i IE = 15t 5%
FURRIIVER . RIE MyoD F1 Myfs [ZER R BRI,  BRIVLA b2 52 304 B9, geak,
FEB B AR R, AT LURRYE Pax7 F1 MyoD I3k Mm% MuSCs HIRAHEAT 4>
Mr#lHT: Pax7*/MyoD % 7x MuSCs Ab-T & IEHRES; Pax7*/MyoD*37/~x MuSCs 4b-T- 345
RA; Pax7/MyoD* 378 MuSCs 1EAL T HLEIE AL By, B f5 40 i 2 B fil & T i %
BHVE, ZEIVEREE IR 4E . Pax7/MyoD 4% 1 7] LA R # IEIR A H) MuSCs,
AT PLRIR/ANER 2 A B B 1) MUSCs 722 3R> ZE BAZ A, 3R /N 43 4 i ik &2 21
IEARAS 5 X AZ [EI B ) MuSCs, X AN FEHEFR Y MuSCs fifh £ P 1) B IR it /%, X —
A FEORRE T WL A AT e aebE . fEEas LA R R, EB0E R MuSCs 13K i 17
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£ MyoD, HOEIT-40 i i R PR R EY MyoD R &t alfE A —Fh S e M2 5
5 MuSCs I /71

1.3.3 NIREHERH

WEREE A EEE (MyHC) 2 —FE A, ©HW&EFMIKREEHR, 1EANER
R AMFEARA KA, 3 BTS2 RN 0 1E % Th el B LK s S LN AT
HA — N HILEREE B SR AILBh B A FLE SR R A XMy, ATP BERGZK AR LU B T8 )
Re A% XM G IE A&, AT sERNLIA R 46125 . £ L3 & B UL
A VAN BA A FE s 7 A E A Re P ILET 4, X DU ILET 4 982 2y 3ol A - 18334
o 1 A, P AE L A Y, PUgbE R 1B BUAT AR AR NX . MyHC 2 5 L4
M AR 4k, ARAE VLA LR RV, WUE 3 — 2D I LA 4, 2 Ik sE s
BEAIE R AL, BBl MyHC BIERIBKFAEIR KFREE ke LAF4Em2iay, M
TR LA s 2 A AR R RO il E AR, UILEF 4R BN S AR, LEF
YL A RS, (AT ST RE R0 LA YRR BN PO B AR BT, LT 4
S i R, (EAR R BT 5 RE 18659 # MyHC 2 S AA7EdRs S Rk ml DL K
Y5 5E MuSCs J& 15 B A B AL 1 RE

14 AR XKAE

1.4.1 FFREX

FARR R TAE SRR POZ B AR T A MR . AR KB E N = 4e 358, e
TR R 3 A AT AE LRSS M, @ LR, R AT AR M,
PAJe— e B mT 8B PE . BT DL AR AL, REARF B SCZEM Rz H 241 4 TR0, )
KR RE THR TR KR (A5, I SCAEM R 06 30 To % 56 421k 21| #R A S 48
MIZER, CAAE— 2. Bk, FERARTEA, RIEZ EVMHEEES. g
eI S5E s UL R S5 M AP Be eI B SC 28 P RE, il Bty &) TR 4%, B
RAFI AR . Gl RAUOREE . SR ) T4 M 25 AR SR s B 2R AR S B2
HEVH L TAR U R F I BRI R, [R] Bt W] i 33k R SR W 2B M RHE B B LZH 23 T
T2 AT ) F A FH L

AILLL CaCOsz 1EN SA AZHRIEG IR, #il4 LA CS 5 SA JNEHIMIBEAC I M 2%
CS/ISAICa?* /KBt SC AL o @I & o MR, RSB BRI 7%, BT
A I S ol R AT 2 T P A LSS IR A 5 5 T TR ORI 48 4544, SR T CSISAICa® /KR
RS RE S IE,  DTTT Ji e 1 Aol 27 Mk B ) 59— 0 P A EL AR P P Bl () AN 350 50 R B DT e
SEUKBER PIEARA T ARSI, $Em T CSISAICa® K&k S B 45 K 1
BIAT IR A . IR 7, 615 CSISAICa® /KB S 28R B T RAR Z Bib Rl
RGP BA B RIS . BN S5/ BESE = T CSISAICa* KRR S 2RI 12

19
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PERE, e 7 HAEAE B ERK P RIRRE M. @A st I 1R R R L 3 B
#h, WRT CSISAICa* /KB KAV 2 I R BAL IR RS, /2B BEWLAL TR U A A —
SE [N HE 77 6

1.42 RAAR

ARSI FL N 25 BB DL R AR 4

(1) ¥ CS. SA Ml CaCOs E1E—it, Hil&YEAZHAMNLE CSISAICaZ 7K EEL
YA, BB AR A (FTIRD o x ST T RERE (XPS)  F3iH 25
Be (SEMD « FRZE I AN B A a0 A 5208, I e A R BE /R L) CSISAICaZ* 7K Bk i S 48
HIASHRIRE « FLERGEHA . ATUBRI: BN P2 A 2 S5 AL 12 5

(2) Jemt it/ BB RSB L4E L (C2C12) FVENLNT 42 (PMuSCs)
1 CSISA/Ca* /Kb SC AL LML . AR KFISE A G Ol JRAR T 20 i 5 v Mk Ak At i &
FHLG, BB ST MR GE B AR 2 R, Rl B 4 e A R AE A Y B AR RS
I, 3 AR AR E R 2 B R U AL T4 (MuSCs) FF kAT A4
%E, SRIGKIEELN MuSCs #FhF CSISA/Ca? /Kt fik S 48 1, W %¢ MuSCs 7
CS/SA/Ca* KIS AL A=K BB AN BE 1B oL, VPl A 32 BB 4% CSISAICa®
KM 7 SR B i LA 2 T RE AN P 7 17

o |—| FIREPCS. SA, CaCoO,
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RiE
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Figure 1-9 Technology roadmap of this study
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ST EF CS/SA/Ca? KSR X 2RI & R FRAE

21 5|8

IR EAT I AR PRI, AEIAR R HE KR, SRR IER S
VIR =4E (3D) 70 T I%%, Ml FLER A DAL AR i BEAL A S5 3 m] DR 75
ERATBOM AT 5 T4k (2D) MR IRAHLL, B 3D Z5H I SCEE AT DUTE I AL
A A S B TR R R B AR A A e, i 3D SR 2 AR RE
20 B T S AR BRI, 0 T RAR L Bl o ORI &5 JENLBRR A%, I
T AE SEBR N LR A A 2 Ve BT, IR IR 22 W /K B I A 2H 23 TR 45U 2 P
A EERRBIK R 8 7 IR R 2 RKB AUMGREE,  H AR 57k 3 2
i AR KB AR DT 3, F A LR GOR A A BRI, K 4 A A X 2% A kP4

F P A T 5 B T 5 ) TR A5 X 48 S MBS S 11 70 B M 45 R A X WA 2% 7K gt e B X A8
BRI 2% KRR ISY . AN I 28 R T B AR, . ELARFHE, BN 48 (32 B A Al
DX o — RROOR i 2 B AT IR W 4% (1 A B BN SR, IR AT IR I 2% 1) A IR o FE O
Hite ATIRE IR 32 BN 28 AR A KR R AT — 8 (W IS A, AT A 7K e BT — 5 1Y
BUBCR L s SCHRFA BRI R B R 2 B 1 AT DA 9 7K B A AR 2 1 LA, 3 W] BLAEAS /K sk
BEEAT S MW . AN R4 2 T8 A LI AR, 3t 0 A 7 A I 46 22 8] R R REZH R
AT DL 5 KB ) A8 R A o, A K B B R R BRI, X ) 28 K BRI
i LA AR SN ) B A 2 385 28 1 S IR A A RO i 2 90 971, e SR T /K P A 1R )
[ I B 1 /KB R AR s R PR S IE I SO H A TREM R Rz —, W
ATHR AR 28 2540, R] LAGE i /KB S RO R e 1, D/ 7R JRE P A L 7 P, i i 7K
e B LZH 24 TR S B F

RIRZHE CS M SA A RUFAIEVIAMENE, KEZ, Mgikht. il Cs
AN SA AR SR AT, AT DAL i R LA A RO AR K BRI o (ELE 2 5 LA
JROKBEREIN , b T B B8~ [ (R ik A ELAR AR 5 Y BLTE A 2 S0 A LA i JEE A
eIl TEARRFH, £ CS. SA Ml CaCOs MIBAWHIMA—E =R, TERHT
WXV, FTLAIR I CS HITEMERE, BIEF S Ui, G, ARERER IR
I REIRE,  MTIAEAF KB I AR TE Y 50 HUREE AR € » CaCOs 10 SA HIZZHR
FHUR, SRR Ca i LLE SA i G BB &, WuUKEIRIAEEE. BeA,
TERRVE IR B B 7= AR A B A, TEKEER = AR P R AR FL A M . R T AN
CS/SA/Ca® E /R L XS #2155 CSISA/Ca 7K ik Ji S AR Bt ke 45 SI VR AN S P AR L, %
CSISAICa®* KBt SCBEMITEAS « FLBREE MY . VAIKA . PR . JRAS L AR A g e 2 1 5%
JiTH IR, KB BA O B B AL TR A I IR S R T
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AL SN NE
: n 1 2+ Ca2+
: OH % : — @/&V@/\Q s
.\ OH  Hooc i Ok ; \é\J\Cé!\C@aer/ ‘
! 0 OHOE&/O CoONa ~ | \,@\é/\/@/\@’
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B e eyl 1
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2-1 CS/SAJCa® /KIS AR i 46 e HAE = AEAA N IR rh IR 25
Figure 2-1 Schematic of production of the CS/SA/Ca?* hydrogel scaffold and its application in 3D muscle
cell cultured

2.2 SEIHHEH

2.2.1 FRARRF

A FEAH FH 2 ) 2 AR AR 3R 2-1 Ao
* 2-1 MARAAF)

Table 2-1 Materials and reagents

ey Firs CR
T TR AT, 4HR>95% Sigma-Aldrich 2
TR it 2. 15 E>95%, i 100-200 mpa s g AR AE AR TR A F
BRERES srirat ¥ AR AR IR A
KR gy et I 24 4 AL 2R A PR A #
T HIERTEAR gy et I 24 4 Ak 2R A PR A #
ToK gy et I 24 4 AL 2R A PR A #
il AW Sigma-Aldrich 2 7]
DMEM #5753 AR Gibco-Invitrogen 2
HER-HER A=A Gibco-Invitrogen A
[ERa ol [N AR Thermo Fisher /A ]
i £ AR AR RL T T
AR LTE AR BUNUZEE A RA F
Mg e i AR AT AV TR A RA

222 UBE5ERE
A FEAE R £ BN 5 & IR 2-2 fw.
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®2-2 MRS

Table 2-2 Instruments and equipment

4R LS AFET K
LN AX224ZHIE B AR PR A
AR e T09-1S R ARACE R A
o e AV UK T B Autolave BUE I AR ABR A 7]
AR TN Free Zone Plus 6 % [E LABCONCO A
ZLAM A Nicolet iS50 Thermo Fisher 2\ H]
X B8 B TR Ay Thermo EscaLab 250Xi Thermo Fisher A ]
JIREIRKAL E43.104 S EH MTS 2 A
T AR DHR3 SEE TA A
Y M35 7R 4 Thermo Thermo Fisher 2
AR A 1510 Thermo Fisher A &]
ER A KA Milli-Q Biocel Millipore /A #]
H e e Quanta 200 FEI AF]
B Centrifuge 5804R Eppenddorf A ]
2.2.3 dHHaRR
A EE AR B 4 AR a0 % 2-3 Fiow .
* 2-3 YHHEtk
Table 2-3 Cells
E S R
NI AT e (3T3) Hh [ s 2 L i 4 e e
NECE BSR4 (C2C12) Hh B LA - i i R
NSRS AF i (HFF-1) Hh B R - i i PR
2.3 KWH

2.3.1 CS/SA/Ca2*7K B S 42 K1) £ 75 vk

fREF CS M SA HIEEEAN 2 Wt A3, CSISA/Ca* 7K I S AR 4 — 52 1
CS/SA/Ca* BE/RELHEATHIl 2% (3R 2-4) o WK —E R M CaCOs MK 5 LB ¥ /KA
MR E TR B, FIRBFIIEE, IMA-—E &' SA K, SREHFFHESE
SA SE&iEME. RJER RN CS BIARIMAZS] SA WHUh Ak S8ehiHt, JrEm PSR+
B AABEEE HE SRR 1%) , FFEEEHE S| CS B AifeE SA T
TR — AR BT IRV W TSI BN SO e M A RV S R h, R RS
TRAMRNELEN, NekEO0EHERIME=IR TINE 24 h, HEETRKERER
VEIMSEE N AR R AL KB o K 56 I KB MR S A R P, A& T
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IKZ YR LARR 2 2 RGBSR, ARJE B ORATAE 4°CUKAE P 8 R4 R T IR HL_E 1R
T
R 2-4 FEEIIZIRTT AN 25 /KL () CSISAICaCOs ALK

Table 2-4 Sample notation and the composition of the CS/SA/CaCOj3 formulations used for the fabrication

of hydrogels
=R il
CS SA CaCOs
H-1.0 1 1.0 0.20
H-1.1 1 11 0.22
H-1.2 1 1.2 0.24
H-1.3 1 1.3 0.26
H-1.4 1 1.4 0.28
H-1.8 1 1.8 0.36
H-2.2 1 2.2 0.44
H-2.6 1 2.6 0.52
H-3.0 1 3.0 0.60
H-3.4 1 3.4 0.68

2.3.2 CSISAICa?* 7K Bk S 48 FrIER AL P B8 B AR WA 25 PR R AE
2.3.2.1 i B AR 3 2T A i

B AR 2l AR (FTIR) v A E R @ AL 2= 2 A A E . R 32 gl 4= 3 4
(ATR) JFIEHELAMEIE EIIE T CS. SA LLAIETH CSISAICaZ K E IR S LRI 41
AR, BB IR 2 GG 4000-600 cm™, 43#EE%E 0.5 cm™t, HEEREL 32 K.

2.3.2.2 x B SGH TBERE I

Wi x SOt TFRERE (XPS) &l CS/ISAICa? K #klie S 28 IR TH T &, WilE
CSISA/ICa?* KBRS S BRI MR RS LU AL SRR N PHAREE A, ¥ B S O%1E N 0-1200 eV
Hith, 53K FIEEE vantage BAEEAT A FE .

2.3.2.3 it TR M

KR T CSISAICA® /KB SCARRIBAE TR A, /N OFF T LASRAS /KB SR 1 A
ORI . CSISA/Ca®* /Kt I S ZERE M &0 G5 5 ) T B IR A MG TERE S & |,
AR BT RS (SEM) £ 5 KV I s N IS KEEIR SO AR IO S 1. FE7E 200
um bR T (n = 10) , FIH Nano Measurer 1.2 %41 SEM IG5 7K Bk A% 52 42 1)
BifLiE. {1/ SEM FCE MR R AHOLIE Y (EDS) Kl CSISA/Ca® /KR S 4R A1)
TR AT
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2.3.2.4 FLERFRIMR

KR B TTIENS CSISAICa? KB S AR B LR ZHEAT I8 o ¥ SRR T
CS/ISA/Ca* /K e 3 5E AR AE To /K S, 45 LR B A 0 /i e O FH DB AR i 42
FOKBER AR LEN T K OB . 53 BIFR & CSISAICa®* 7K EEI SCHAEIR N To7K L BT Jo
&, SARE —APATE. AR (D 1HE CSISAICa* KBRS AL FLI A

FLEZE (%) = (wy — W) /poV X 100 % (D

X (D po WIKLEEEL, V NET CSISAICa® KR SCARAER N T K &
RERTAIARR, Wo J9ikT CSISAICa® KBS AR NTE/AK ZERT I EL |, Wi NIRAT
IK B G CSISAICa™ 7K IR S AR 1) B

2.3.2.5 HUHERE It

i T Re IR LR CSISA/Ca /K EEI ST M R4 M RE . # CSISA/Ca? /K ki
YHE (d=12mm, h=10 mm) JECETEJTREMERHLI BITE & @ik 5 PR E AL 38 (50 kgf)
Z I8, BL 1 mmmint B+ SE B CSISAICaZ K Ik S JEAE i IS 4 28 L J5 B B AR
[f] 80% . CSISAICa®* 7K. SC AL I 4 i B p LR 77~ I AR T 288 1) 48 P 3L 1 DX 3 ) v o
BEATURE, LR 778 10%1) 338 KK 7~ CSISA/Ca? 7K ki S 4R B4 B

2.3.2.6 FEFEIR AR

R B i AR 52 7 CSISAICa2 K 28 (d = 12 mm, h = 10 mm) 7E4R¥
PR NI R E (G MR E (G") . N v = 05%, AMEK o =
0.1~100 rad s I4AET, ¥4 CSISA/CaZ KBk 2 2akE B T HA2 A 40 mm. [a]f&
A 500 pm BSFATHRZ 8], B EIRE N 25°C.

I RE R TR T CSISAICaZ K Bk 37 2R BT IR VAR [P RE BE, £E 25
FIAE R, WEREMNE y=0.5%, B M 0.01 ] 1000 s?.
2.3.2.7 “FHT K RE I

Ff CSISAICa? /KE-E 4L (d = 12 mm, h = 10 mm) ZEAVE TN BEAT AT
T, FREiF TG CSISAICa? /KEUIR LA E &, SRIGLE 37°CEA N R /KBt S 28 5¢
IR PBS B (pH = 7.4) o, #H 24 h, 4% CSISA/CaZ 7K B S22 K A K-S
7 )5, SCEDIEKER SRR E e, SR E =T, FHARX (2) 1
CS/SAICa?* 7K &k E S BB IF TR K 3 .

R (2) H Wi BRMWKIAEMK G H CSISAICaZ KBt L 2R/, Wo BT
CS/ISA/Ca® /KR SZ BE R R AR i
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2.3.2.8 PEfitERE Mt

KI5 1 CSISAICa2 /KRS8 (d = 12 mm, h = 10 mm) HEATFREE H1E A Wo,
E 37T %M M ILE THE PBS ¥ (pH = 7.4) Z&A 1 U mL™ BJRREEH) PBS ¥
VITES O R FERUERTE (1. 3. 7. 14 A1 21 d) W B0 PBIAI) CSISA/CaZ 7K
B S BE AT A TR IER R, EEICN Wi, BHBE =4 P72, AR (3D
L CSISAIC2! KIBHIR ST AR e 2

FEfRZ (%) = (wy — wg)/wo X 100% (3)

2.3.2.9 sE/K MM

SR FH PR v I S /K e 58 CSISAICaZ /K kit SC 2R IS K P o K B 4t/ K
W (1-2 pL) B E JJPIRAE CSISAICa® KB SC AR TH,  JF I & L 5 7K R S 48
SR A Ay o 7K fioh A7 PRI B8R P 7 [ A e 3 A BIR 2 ] (1 016 2 4 M A AR 6
T &R%.

2.3.2.10 #HMA %

W26 /N R RG AT i (3T3) « ANBZBRERAF4E4mf (HFF-1) i/ B #E AL
FVLZNAE (C2C12) ) T25 R 3EM B AE 37T 5% CO, IkiFefidh. 3T3 45
H1) DMEM £ 3255 H 10% K A4 MG 1% M H & R /55 % HFF-1 20 A
C2C12 Ml fful: F2H (1) DMEM 537555 10% i . 1% H B R/FEER.
5 4 M (%) 35 77 0 F8 TP R R PR R T 5 — IR IR, FPARIC G B 80%-90%I, #LiE
W F B 37°CIH4E 1-3 min, TR DMEM E53RFE& 0L, ARG AT AR B B 15 AT -

(L) gEfufBAR: SN, HAFEHFIMNR DMEM Bl IR 4 mL
PBS ¥ B s vk 2 A B4R . I\ 0.5 mL JBERE, BRI R E R IR
BB IR E 76 SN W22 304 M 5 40 i 2 8] AG T FLA: 4% B 5 41 i B v
F, A 2 mL DMEM $5375E, 3R0ATHIRE, H4iR AT gekb T 5N B TRRAS
W20 A B RS 3 15 mL B0 d, 1000 rpm &40 3 min. B EOIF R4 E R EE
BRFR 25, AHMUTIENIN 1 mL DMEM Kikt &, WA SR A% 1:3 5L 1:5 /54K,

(2) HPRAE: JREGVHACIS AR SN — 15 mL BIES.OE H, 800 rpm &
0 5 mine FELOIF AR FEREFRIE A2, AMPTIE AR E LR 1.5 mL A
W (AL DMEM:FBS:DMSO = 7:2:1) &, WKITHE G BB R NGEE F.
B bricJa REAEE NFE T IR &, -80°CUKMIE I G, FE R AR P

(3) MME IR MR A U 4 R A7 B TONVK ST, NG W R A7 UK & AL
HIRGETRN 37°CAKIRIR T ME . VRAFE N RG> BB ARG A RIATE R R IR
WHMRE . ElBFEEN, KBARSMREANEE 4mL JHFHREM 15 mL 08, R’
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2JJ5 1000 rpm 5.0 3 min, 4 ELE EEEEFREGE, ARITEMNA 1 mL DMEM
R AR E R, HONT 4 mL BRI T25 B, RS E T 37°C. 5% CO #5746
BT 3%,

2.3.2.11 AR

i 3T3. HFF-1 4Hffl C2C12 MlAffLisid MTT ¥k P-fl CSISAICa® /KA
SR I o B KB S A 5 4IR U DMEM 159538 (0.25 ecm®mLY) 24 h 5
133 CSISA/Ca* K ERILSCHLFE I . ¥4 20 it 7% 96 FLARCELAE 37T 5% CO2 HI¥5EF+
Firh, 7F 100 L DMEM ¥57#%E R DIAEFL 5000 440 A0 % FE dehp - 96 LR B 24 h
J&, F 100 pb CS/SA/Ca*' /Kt L ZLHEHUY) & 4 DMEM 5753, fn A\ CSISA/Ca®* 7K
B AP BRI AR e B R A N 0T 48 h W H G, ARl I 20 pb MTT 5]

(5 mgmL™) , F4kEEEEFE 4 h, RERZEEILAN DMEM #732E, oA 100 pL
DMSO i F Bt dn ik . 4fLE) OD {HHBEFRXAE 570 nm AbigE4TIlE, UL PBS ¥fE
NEEMH (ODo) , CSISAICa* /KEEIR SZBLIR IV E NSEER 4 (OD1) , DMEM ;5%
FAE MR (OD2) o (A (4) THEAMAE CSISA/Ca? 7Kk S 2R BN 1
g%,

1% % (%) = (0D, — 0D,)/ (0D, — 0D,) x 100% (4

Y5 1SO 10993-5:2009 *f AN RLAEVIAH B I ZEK, AR 20 R 2
% HRR 2-5 AT . MAIMFEESNTE 0 JEk 1 i, AEVIMELEH: MafE
PERATE 2 0, APl i) 20 A 2 14 75 a4l i 1 A KRS T 255 0 s 44
MBI 3 % LA I, ARV RIS B #

X 2-5 MR 2

Table 2-5 Cytotoxicity levels of biomaterials

IAEE R (%) >100 75-99 50-74 25-49 24-1 0
A ¥4 0 1 2 3 4 5

24 ZR5WHR

2.4.1 CS/ISAICaZ* 7K Bk ST B8 H 1) %

¥ CS 1 CaCOs 73 HITE SA W, TS H —EH (1%) FRI CS/ISAICa® K
B ROV, TESSIRMEI 25 PF T T LA & CS IIVAMRE, Btk i T 5 1 E F DiR& 21
BRI AT IRV AL B R AR S, WY R (& 2-2) .
CS H1 CaCOs3 5 SA (A1 Rl ZUMAR FLAE F 22 T BN ST ZLBEUTTE , AT 5 1 7K Ht fe 285
T8 S NS P, BT AR 1) 38 BT 26 A2 DR UIE e SR R 26 6 AR B A — e ML 528 P F A
EVERI R, TESIIRIER) CSISA/Ca* KEERE BT IR AW, CaCOs Rttt Ca®* SA (1

N



555 CSISA/Ca?* 7Kt S BRI £ S RAE

G BEA, T ai iR R, AT DU AU B B A B CS R E IR
CS/SA/Ca® 7K I I A IR A R AE R PE A B vh, CS [19-NH2 22185 7L N-NHs* 5 SA [1-
COO ™ i i & e AH I AF F B 2B — A CSISA =T Bk W 4%, 2218 it ik 1) 7 X Ad 75
CS/ISAICa?* /KB IR L5 M BE 38 5] WL TR E . S Ub[FIRF, CaCOs fERRTH: &1 T
BRI Ca®*y5 SA 1 G B G, TR =4 SAICa* HKM 4%, i — Dok
CS/ISAICa? /KR Az e k. BhAh, CO2 SRR F=AE A1 CSISA/Ca? 7KEER H H HL
B 22 I B RO 200 B 285 B PR O FL B

2-2 CSISAIC2 /K ERRL AR
Figure 2-2 The shape of the CS/SA/Ca?* hydrogels

2.4.2 XERGHT

4-HT CS. SA Fll CSISAICa® /K&t 2281 FTIR K (&l 2-3a) , 7E 1657 cm?
(BERE-1D A1 1591 em™ (EERE-11D AbWLEEE] CS FHFAE 048], U i 0 ok 7 Y 58 2 1) 3
4> N-Bit ZBEVEF . CSISAICa2 /K ERIRTEHUG, CS XL 2%, &l T CS [-NH;
JRFAEN -NH3 9, SA 7E 1594 cm™ Al 1405 cm™ AbAI4RAENE, AT 235 A F-COO 3k
A KRS BB IR S . 24 CSISAICa® /KR K AESTI G, SA X BURFE I S 4y
HFEs) %) 1559 cmt Al 1407 cm &b, $EHI-COO™ 5-NH3 Al Ca?* 45l KA T i FLAH BAE
FHATES FAH HAE I, 5 CS M1 SA (1 FTIR i EAHEL, WM%ZE3| CS/SAICaZ KBtk 32
ZRAE O-H HIFL =3 X 35, 3200-3500 cm™ (13 B 3 5 BE 5%, R W] CS Fl SA T HLAR T 1E
IR, #115 CSISAICa® 7Kk 32 42 1 A B/ 21 T hngslr 1000,
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‘ BS juung
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Na et

€] 2-3 CSISA/Ca> /K Bk L BN AZ BRGE R 0 #T . (@) SAL CS FI/KHEEME AL FTIR B (b)
IKES IR XPS oz 70 #r; (¢) EDS JuamMLSF AR BifK) SEM KR (d) EDS &M K&
() N. Na. Ca. C fE/K#&EH 242 SEM-EDS 73 A& LIR: 100 um
Figure 2-3 Cross-linked structural analysis of CS/SA/Ca?* hydrogel scaffold. (a) FTIR image of SA, CS,
and the hydrogel scaffold; (b) XPS elemental analysis of the hydrogel scaffold; (c) Corresponding EDS
elemental mappings SEM image; (d) Full mapping image of EDS; (e) SEM-EDS distribution maps for N,
Na, Ca, and C in the hydrogel. Scale bar: 100 pm

Ak, EiE XPS SLIGIGAE T CS/ISA/CaZ /K G SC AR IR R R . 7545 T AG I
#|7 Nals. Ols. N1s. Ca2p il Cls mEMMES (K 2-3b) . Hrh, Nafl N JTE® 5l
F& SA FI CS WIZHRC R, Ca JLRMIKE CaCOs. M4, @it [Xikik# SEM-EDS 1E K
SR e KEER 1 Ny Na. Ca fl C uR I, 78 EDS thEEEIEH (K 2-3d) ,
AT LLVEREHLIX 70 N Na fl Ca JeZ 4 CS. SA fll CaCOs #4 %, N. Na Al Ca Jt
RN EESE AT LLER Y] CS. SA fil CaCOs #1RIE CSISA/Ca* /K IkiR S BE R TH 40 A 34 5T,
R (P 2-3e) o aXBgh BUIESE T XU 4% CSISAICa®* /K kAR 3 2R B B I A2 1K

2.4.3 FRBETFEHMBEN R

N T4 CSISAICa? K& TR A5, ¥ CSISAICa* I BEE /R LA 1:1.0:0.20 1
R 1:3.4:0.68, AKX LERIAL . Bt SEM MlsE T %41 CSISAICa?* /Kt
THISE R . AT LB BN [E CSISAICa® BE /R EL i) CSISA/Ca? /K I SZ 221 SEM
EUR s R =4S 2 fLgEM (B 2-4) . CSISA/Ca®* /K EEIR S 41 % FLEE
RV BT FE BK B S S T AR, 97 R T AU AT AR KRR =25 (a],  [R] A 4

0o



25 % CS/SA/Ca 7KL S 28 1)) 46 S RAE

AR TR RIRE AL RE o« 2 LA I A T KB SRR AR, 7T DL KB S 2R
S RIS TR A, A A L A BT P A0 M S A2 8 1) TR A

R N . 5 5 N > Vi an P

2-4 CSISAICa®* /K EEIE SZ 421 SEM 4, ELBIR: 200 um
Figure 2-4 SEM images of CS/SA/Ca?* hydrogel scaffolds, scale bar: 200 pm

IR SR I LA R /N R R AR RGBSR YGEEAN A0 1 5 — A EE N 1102,
N EMN AR TR E, KBRS A BT RS N N 2= A
SRR AL AR B, Tk O LA T 25 2 A 40 B A K BRI SO B8 B ik, AR T AR
KB SCHE E B A A . H-1.1. H-1.2 1 H-1.3 41 CS/SA/Ca® /K ¥tk S 4R LAz
439N 927+ 1.31 um. 104.06 £2.64 ym A1 114.15 £2.56 ym (% 2-6) , ZyuHMIfL4E
RIS O 22 TR 2 4% 208 A 1) 40 33 440 L 1 285 B AN 4 7 031

& 2-6 CS/SAICa* /KR S 2R (1~ F- 31 FL 4%
Table 2-6 Average pore size of CS/SA/Ca?* hydrogel scaffolds

SRR FEIALE (um)
H-1.0 80.14 +1.46
H-1.1 92.70 +£1.31
H-1.2 104.06 +2.64
H-1.3 114.15 +2.56
H-1.4 123.25 +1.48
H-1.8 148.70 +1.32
H-2.2 163.69 +4.21
H-2.6 178.67 +2.64
H-3.0 196.04 +2.16
H-3.4 219.87 +4.98

2.4.4 FLERZRIA ST

AR B B v, AR AR CSISAICaZ* B IR L[ CSISAICa 7K #k i 32 2R 1 FL
R ZAE 85%-95% [A] (& 2-5) . CS/SA/Ca? K&k 2 B A B = FLIR =, AR TK
BRI ST BRI A K . AR A B A BT R - R R85 e ) LB 38 2 R 2 7K AR S 28 B A
KRR, SCERAOCR AR DR 5 B i, i i A K A& aE $e 4t

09
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ARG R BEAL, AEFHLGUE I, KEER SOOI 22 LR A B e it S e 5
I 2L 23 2 [ 4104
100

= = e T T
804

60 -

(%)

40

FLIS

20 1

0

] 2-5 CS/SA/Ca 7K Bkl S AR 1 FLBR %
Figure 2-5 The porosity of CS/SA/Ca?* hydrogel scaffolds

2.4.5 HUBHERERR 4T

HEME AR TS B G IE MU PERER®L, XT CSISA/Ca® /K Bk fise S 42 it
AT IRAEAES, BT KB SR RIS R 458 TR B 80% R HE IR (& 2-6a) , RILH
R0 1) i 4 1 OO 2 240 g D P s s 1) 4 i A K A d R 2L 2 B R ) B ) IR R 2 —
(071, i ik P & CS/ISAICAZ /K 5t I S 4R ) IR 4 A i, 453 3 K 5 e 52 B8 O W 5 AR [
CSISA/C® E/R L2 [H] 1K R . CSISAICa® JEE /R LL AT LASZ A /K S S 2R i IR i v e, Bl
% CSISAICa* EE/R LLIFIB#(K, CSISA/Ca?* /KR L 2L R 4ifi it N 7.5 kPa 1T hin 5
57.6 kPa (&l 2-6b) . CS/SA/Ca% /K#EM S 2 H sk B 4 i & B T ki) CS AR
CaCOs B Ca**5 SA ZIAIMIASHRIREEIG N, B DUKEE PN S 20 nag . A
RIEFR, (RN 40 kPa ()5 20 BEANZE B BT /K e, N i 10 7o o3 T2 A
(hBMSCs) #1504k AWLAIZR A%, H-1.2 41 CS/ISAICa® 7K Btk 3¢ 58 ) s 4 i
N 40.00 £2.52 kPa, i RARE 8L,

A
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] 2-6 CS/SAICa? /KBRS ZL MM IERE . (@) ZKIEEMSSCHE R AR )-R AR 2% (b)) ZKEEIR S
BRI R A A
Figure 2-6 Mechanical properties of CS/SA/Ca?* hydrogel scaffolds. (a) Compression stress-strain curve of
hydrogel scaffolds; (b) Compression modulus of hydrogel scaffolds

2.4.6 WAMRE vT4T B4 B

et (G MFRHUERIE, et /KB IE BId F8 b iy T Rl 3038 1 1 A7 ik 1 B
B, AT RUR ORI AR 3 N, R (G AR TR BE R (R RFIE S
K, WHOMRE BRI, B A I CSISAICa? KEEIR LA G'FI G 28 2 [
AR Pk M RAE RN ZE R (B 2-7a) U B 7E 858 (19 35 D) 45 2 3 [ Y
CSISA/Ca?* 7K i 52 3 B2 1 73 4 VE e & A X R 2 1K, G/ A1 G A ¥ Bl 7K Wt Jie 52 48
CS/ISA/Ca®* BE/R LL B KT/, A CSISAICa* /KBRS AR 1) GHE =i T G”, HhAH
CS/SAICa?* /KBRS A2 T LA R S8 K AT IR S5 44 (R 8 A R, 3 3 S PR £
BICH) CSISAICa™ BE/RLLAAAE T CS BRI ZE, kRS CS HI-NHs" 5 SA -
COO AR IR B I, XML I T R R A i, AT B I8 i RS E A 7KL
P BEAZ RN 2% CSISAICa* /K BEIRE S AR T0 75 A58 P A4 A 75 S BB BV AT R A58 24 FA AL
A5 FEE DA T 8 9 K B S S R RS E P, AN T A A B AR SRR (E T DAY oK e A
5T T PR R 265 K BRI A a1,

AWK BB DI AR M2 L REIE TS 3D 4T ENMTNEIE S5 AL EAT AT T B ) S
FITA AL B CSISAICE™ 7Kk i S SR HiT B VA VR HAHS JE2 45 v ol B 171 o 2 48 o i ek - P
(& 2-70) , BABIUIMALRIRE. BbAh, Pra 4l CSISAICa® /K BEN S 4R i AT Bk
VAR T AL S TR B AR (8] 2-7¢) , HER] CS/SAICa* /KB S 48
IR SRV VR RAT RAFRIFTENOR FLRE . IXBEZE LR W] CS/SAICa™ /KM S ARAE B B ILAL
U TREAY) 3D FTET I RA IR K 770

=
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