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Abstract

Degradation behaviors of acellular porcine small intestinal submucosa (SIS) matrix under differ-
ent circumstances were investigated by taking the degradation experiments in vivo and in vitro
respectively. In vitro, solutions of collagenase type I and Proteinase K were used to mimic the de-
gradation environment. Wistar mice and New Zealand Rabbits were used as subcutaneous and
abdominal degradation model in vivo. Results showed that it took 8-12 weeks for the tissue to re-
pair in vivo, while the time intervals needed to get the same degradation percentage for collage-
nase I and Proteinase K in vitro were 12 h and 60 min respectively. SIS was totally degraded in 24
weeks in vivo and the corresponding time for collagenase I and Proteinase K in vitro were 96 h and
120 min. Besides, SIS showed good histocompatibility and did not have symptoms of adhesion and
hematomas. Results demonstrated the processes of degradation and tissue repair were matched
well with each other without immunological rejection and SIS could supply the mechanical
strength and biological template during tissue repair, suggesting SIS is a potential surgical bioma-
terial for clinical applications.
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1. 518

it 41 i 55 )57 (Acellular tissue matrix, ACTM) & 2P 4H 2L Ik W B A, 2 55 07 25 25 B AL 43 1 S 8 S 40
i, DR EE A AR B (ECM) 1) —Fh R AR aT AR B AA kL. ACTM AERL 1 224 F & v A 3 i A K31k
B, [R5 SHL A, HNHAGERME—E SR . MRy LBR T % Y, Bt LA SUE A M
U, [N EA— @R F B ISR g, R ECN B AL UE S kL. RIR T AP R
oI [ o S MR AR N (1 22 A MR UM R I K, U R gt b, e A LR AR A 2
K Ji2EreRe, M SEEARRM, HARIEEM, HMEREEDE, NapmARmmAEEL], Fikd
VIR RS M E L B B 58 4 2 Wi OR e B B Re (/SR 5E s 2 .

JE At /IS F RS )2 25 B A4 RH(S1S) A& BRI 225 — R B B i e il oy, - ECM 15 3111
—FAEYIARL, MRDUHAR R B PERE . AR AR A MR T BRI R 7 32 B R 2 (1 DG [2], IS
SIS B iZHTIEEE S . WIMEE U KEMEAE S . Tk EE5 A /NGRE N JE 85 K RUIE B SRt
ITTHET, SRERNTEA RN, TR, At 12 FIR R R3], RBULSE AT T
NHFIE T 25 U A A As E 2 23 TR S AR K IR BE SR, 5046 BRSO 2R S5 LA 458 XA I
KNFAALHK H,  [F J5 e RS8R /2B R T SD KRB EE SR BE[4].  BARMPRL C S HHIE Y
BA RIFIAEAE, PARESREER J1 5 Re, ERARLRIA P A1 B xof LU VERIE 78 A AT 4R0E . AR SO %
SIS 4 BT | UG IR E . B A K RSN AR SIS B N RN DA IR BRI S S0, X A o bR AR
s, PRIT I AR 5 HSUB R I K R, O SIS TR ZUE I 1k o B ARAT v i Fe 4 A3 AK B [5] [6] [7]-
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2. SCUGER4Sy
21, TEER

TR 40 M /N R R 2 R A RH(VIDASIS),  db st s gt A R AR A | =5 AR K (B2
By A H, Merck); | BYAZJEEF(CO130, Sigma).

R AN K: HERFREUE 20 mg, F] PBS ¥R £ 255 100 mL, BUE AR 2 mL ] PBS EHGE A 2 100
mL.,

| ZYf it . HEARARE | LA 5L 50 mg, FH PBS @, EZAE 100 mL FEHH .

2.2. FE{UE
AT B A S LR 1,
2.3. | BUpS R EGPEARSCIS

HU 1 x 2 cm?® SIS HETHRE N 5 mL B0, $08— 2 (i | B REE(RE & BRAT = 4
mg:1 mL), FEMEIREFERHB(37°C, 200 rpm), ZrHI7E3h. 6h. 9h, 12h, 20h, 28 h, 36 h. 48 h,
60 h. 72h. 96 h BUHAESHETARE, TR

2.4, BOES K ERE

HL 2 x 0.7 cm? SIS Mt FFREE, %M — & Ll hin N5 Il KORES . BBVAVR = 5 mg:l mL), /K% 56°C,
457 15 min. 30 min. 45 min. 60 min. 75 min. 90 min. 105 min. 120 min B RE S FHEFRE, AR
TG e

HA

2.5. KRB THfRLIE

H 16 A Wistar KB (H FLAKEE 100 g~140 g, 175 A BN ROARTICEE 7 IR AR o B B 0 L 7 i 4
T MR 22 4 DR IR B USR0S WIE BEHEHE) AL Ty 4 4. 25 1 FI4E. 55 4 J4H. 58 8 FAANEE 12 JA
HFH 4 R, MEMERF). B ORRIEIEES 3% ELEE Z49(30 mg/kg (A E)FRIE . FETCH&AT T, T8
FRIE T B BRATAT) I, P By B R NS, BN 40 mm x 70 mm SIS, SR JE4EG B, WLAVES IR
KR (20 mglkg /A HE), &R 1K, EEHH 3R, IEHETR. #EEYOK. AR, FRFELIERER,
PR AL AR A7 SIS MR R 0L, JF i e

2.6. RIEEENERE

WU (F AR 2.5~3.0 kg, FRAGILARE B2 2 Be 250t L s Ae BEHEHE) IR, ] 3%k 2
Pz 8L 1.5 mL/kg 7R KEE S RRIE . SRR, (BN E, SRRSO, ST,

3

Table 1. Mainly used instruments in this study
= 1 AMRAERMNEZNE

& RS C e
B L TG16-WS I P A S0 A TT R AT PR ]
A ERIRG & BSD-TX270 RS A IR A R BT e
SO WG T WF-ZUV-2100 Jefe (LR A R A T
2= . 3 1 e IR AR MED-1 Grr e R A IR A F
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WIEIER 21T Z) 8 em HAT VI, BUPERIE S B A, IR Lom MAZE, B9 F 2
cm x 3 cm R/MEEEZAZL, BT 3.5 cm x 2.5 cm SIS, U Ji i) i 4% & BB N B30T 1, WA L )s
RRGEG B ARG R, FAREIR I 1o HZEIKEN LAIRER A A8y, T AREAL, KL
RE . RJ5 5 REATHAE R, HEVINSERAEENL. TAE 2. 4 FH. 8 4. 12 . 24 F,
ENYIR T 3% 2 2 BRI, SRR AR BTSN, AT AR B AR LA

3. &R
3.1. | IR [ g R4 AR

Wi 2, | BUR R B A S B RE B, BE A AR AR I ) (1 S A o oL R AR U 5 o A
FH R i i 5 P AR T T ) S KI8T/, AR 96 h J= S IRRE it L (AR SR 3800 - o AR R N %
fRIZERT LG H, 6 h AR BFEMARR 29% /47, 12 h BEAREZN 40%, 20 h FEfFEZRIA 68%/- 47, % 96 h FE i
FfA 255 90%LA |

Figure 1. The picture of SIS implanted into abdomen
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Figure 2. In vitro degradation curve of SIS dissolved in protease solution of type I collagenase
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3.2. BEME K FERE

PR E AR K ATERINE LI 3, MET | 2R ERE, AN K X SIS MR At
s R, RANEMRFE PR, PR AR LR eI LU B, 15 min B BERER N 29.67%, 60 min B —2f DL FRE
i CLBRAR, BRAREON 56.33%, 90 min I KEB/M LG CUBR MR, PRMERN 71.62%, 120 min I FEf# 2R 90%LA
.

3.3. KRB ThA#

K KR PRSI WEE SIS ZE/R A [ BEAR, SIS AHRMERN KBRS L R 1. 4. 8. 12 A5, b
FHRENAAMER, SIS HZHR . A 1 AJE, o7 WosRem) SIS, 5 i E b aEdanH 0%, %
SR M 4G, SIS BT/ NARMEM T4 N 2 —), FEaEBERSaHgE 2, =
RHHE; M8 G, SIS MBS /MNAT 2 ), FEMEARBWKESSHAS G5, e, M
A 12 JHJG, SIS BEATMHALEE SERE, HM(IREIEEZ T 2z —)MBEHSGHARENE, £~
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Figure 3. Degradation curve of SIS dissolved in protease K solution
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Figure 4. Degradation curve of SIS implanted into rat subcutaneous tissue
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34. REEEEAXLE

K SIS HAGMEHRA , WUEEFE M ERRIE N B R, B SIS 5 M AL SR IR, ot 42
s BALEOL, BANA AR Wk, BB, B2 5 for, SIS fEASIIE
HEA G 2 A 4 4. 8 FJa, MBI RAELF, RAGAETEDL, 16 F. 24 AR S AL S,
TED . A 2 )5, WLEEER) SIS, FEATCREME, MR g R A LR, SRS 0
2 A4S, SIS M AL B A (NIRME M T AN Y2 —), MBS 4ENLS L, HE
GBS M 8 G, SIS B VB AR /W IN(Z =0y 2 —), MORLE BIbE KR LT 4R 21 4050, 5m] 88
T 16 G, SIS FEATMALBE SEE, ME AT 0 2 W) A E O 5HERE e 2f e, Tk &,
A 24 A, BBHSEARCTE A, TTEWERME, WlE 6 firs.
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Figure 5. Degradation curve of SIS implanted into abdomen of rabbit
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Figure 6. Tissue repaired after implanting SIS into abdomen for 24 weeks
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3.5. kAEIMIE

IR A AL B AR SR 45 ST DAUEBH SIS N RTREAEARL, TE 12 JE I AORHEE AR RTS8 A S8 RN
&, RSN | B R EE R AR T 200 12 h, 16 JA A N B ARIR DX LA SR B Aif 48 h, T R N A 24 JE X
SRR ] 96 ho MAA KRB b0 HT, AARHM R AR IR [E] DG BRI ] 550h 12 /NS O B 440 8~12 J),
UGS AR HR IR 20 B AR I O, ARFRA 9 A0 M BB B W, a5 Re s Zs, R se ORIl &
AR AL B 1, MR AR SME R A ik FE R IR 12 h B g RN 50% (1 B4 R ) , 5% 60 min
B fift /T 56.33% (B TG K), MR PRI 4 J&AH 24 TR B AR S U0 1 6 h (1 BLAR )« 30 min (55
FIi K), TR G I 16 JE AR TR AP AR se 1) 48 h (1 AU JAE) . 105 min (B2 (A K), A58 4fF
AR T S5 R 24 TR AP PR AR S8 1 96 h (I BB )« 120 min (BREEE K)o FRMREIE W& 2, RN B 12
JEUKE EUAR A B A (T B TR) Gt ] 7 R ZRME SR 7 P~ A PR 56 4 R AR IS A A1 B A T B TR 1] 7 o ) S 2R HE

IrHTR .

curve of subcutaneous implantation; (d) The degradation curve of proteinase K)

100 4
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Figure 7. Degradative trend and simulation in vivo and in vitro ((a) The degradation curve of
type | collagenase; (b) the degradation curve of abdominal implantation; (c) The degradation

B 7. RARINERREES S1E((2) | BURRBEREARERZ:; (b) PREHENBERRRNZE; () KT
BAERRRZ; (d) EBOBS K BEAFhLZ)

Table 2. Comparison of degradation rate and time in vivo and in vitro

= 2. (RRSMNEFRERRTE)RTEE R

FF 1] e 7t 2 (e J5L ) i 1R BmF(RAMK) R R TIEA) MR BRREEERN)
(h) (%) (min) (%) (w) (%) (w) (%)
3 0.46 +0.21 15 29.67 +2.79 1 0 2 5
6 29.46 + 4.40 30 30.97 £ 8.63 4 20 4 25
9 32.27 +4.95 45 34.17 £7.80 8 40
12 40.24 + 5.42 60 56.33 + 3.72 12 45 8 50
20 68.54 + 4.91 75 66.72 + 3.63
28 70.19 £7.45 2 71.61 £5.93 12 70
36 77.76 £ 4.48
48 84.47 £8.72 105 83.57 + 3.65 16 85 16 80
60 87.86 £ 4.71
72 90.82 + 8.36 20 95
9 95.42 +7.53 120 92.80 +2.15 24 100 24 95
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4. ¥1ig

BEA& G IR T R E MR, AEVIMRIHIL T — RV, WGMEsE, W, IREERESE, KWK
DI RRE S MBI B AR R A BRI R R, BRI RIS MR B AR R X T 5 8 AR B A HOR M X [8]. Ak
Wi A 0, 5 A PR R R B R A SLADL R R, AR N P AR 5 B AR N B R R BB B B AL, S I s ke
e A 17 100 DA S A 2R B A 0, X R VR BE B IR R, (HRAETE SR F s A I LA R 3l 2 A1 47
TEAMARZE S50 a5, T A4S A0 B8R i S 00— B o A RHI VR B B4R (W PBS SBF 45) B iRV R (A fise Ji
Bty B ) RO SR B AR L, XTI B TR AR, A A S S, B AR T
JE AR S0 A, AR BRI e R AT B DRGSR 77 v, X T B LT R R ) 2 i FH = 5 3 4 s
BRI T 2 L 4 SR R 3 AT A (5] [6] [7]. Rk, %57 SIS b py AR AR A S 1,
T TR SIS MEHEMAT . GUHBME LM BT R A B o ARSEIER | 2R R DL K B
I K AR O P B S0, R FH KBRS AN S 36 e SR RSB B S B0 0T S A 3 B AT )
B EHR N RS B Rt 2, LA N SRR G

SIS PPRMELE | B IR, Je /A 1 BT IV B, S8 2 22 Al K 4 I IR -1, i T 4 40 A KPR
AR ETF. MW EAEKE TS, ANEESELT4E. FiER A GAGS S [9]. | B JFf A2 | 7Y
R Ji R I AR A K AR, SIS MR IR SRR 1 & B Ik 93% LA b, 1 BUR AR 144 o B SR AR (1 1Y 40%
M1 B Jie e g (A o1 o i RR O T LRI, Wk o A AR T I ) S A I A /N LS MR R R A H, 7E
BRARA A FERCERL, B 12 h BRARZRIE ] 40%, 20 h FREZE 68% /4, Ja W TP A ls, X E R
UATENINE 1 BRI & B %, B PEMEAT, | B R & B Wis b, SRR 96 h FEAEZIA 90%L I,
MEE AR, XA ReRRN T BURIEMEA SIS (R E XM R B — e geRe e, 4 H IR
B, MORMR LR, =4ESE M RN . 0 R A E AR K AT SER, T | B ERG,
WA K 2 —MURESEE ML E A, oTUUHTHeSMER, &M S E .
MSEES R T LLE B A K A B R T | AR A, XA KA SIS AMRMRER T 1 ALK AL,
EEERLEMEN, AREIERR IV B JE DL — e R (4, X Ee8in] DUE N AR K B9 AT
K. EERAM K S, FE 60 min I FE# R4 56.33%, 120 min KRR ZFIE 90%LL L.

KB BIR BRE B EEE IS, R BHEPI AN H T 1 B R AL, SIS FERE AR I B
FHEAREER, SIS #iz#iml, HE5HBANGSS, REATRALKBESER. B WerE
TERPN RGO, RITEREN 1~2 &, MEREA KA, 24 B, MEJFGRE, 2 12 Bk
fift 7 50% /A AT, F 24 FRGIEHLSEARC A HE, TIEWERIME, MERUCH C &4 5 AR

G LR AR P AR ARG S5 S, T LLE Y SIS MRHIAR A& it 2R AR DS, PRI b, &
P ARIHAR 4 JEAR 4 F /RS2 36 1) 6 h (1 B SR ) 30 min (B8 A K), fEAJE 12 FH ST R4k
FEff 12 h (I J5i6), B 60 min (F& I K), TR S HAM 16 J8AH 2 TR0 FE#ESEIe 1 48 h (R 5 ) 105
min (B EEF K), 4P 58 4 BEAR I 1R] A0RE 22 T4 FR B AR SE B0 1Y 96 h (R )« 120 min (B A K)o 151
FR R AR T A P PR A, P RE A R AR A MBR B v TR IR B, ELAA AN WA A 85 v Bl 25 5 e s 31 44
BHEAHUA . INRAERE TR LA TR R ASBEAR N AR A B ARt B 25 SR I, A 71 o g o UK T4 P o ookt
H[10], AHIF 545 5 He Ao DX 0 SR PR AT e 2 R N A bk 55 4 i 40 58 S5 A4 R HEE A P B A (L
HASTE], N A DR B g 2 2 LUK AR 7 AT, 1T 4 A0 S8 SR ) B At o 2 g B4 A [ 1]

ZE LPTIR, JEISHETE SIS MEMAPN SMEARAT AR, ARAMEMRIT NS RN BERAT N B — R A
P, ARAMNEMEE IR T RN BRI IE R . AR RS R T R AR A DS, RSN 4 B AR b2
fe—E 2%, HUTRIMUEEN R AT A, 45 T B AR v BT 8 B
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