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[ Abstract] Objective Degradation behaviors of biological grafts derived from different tissue
were investigated by taking the degradation experiments in vivo and in vitro respectively. Methods In
vitro, solutions of collagenase type I was used to mimic the degradation of biological grafts including the
basement membrane (BM)/small intestine submucosa (SIS) composite extracellular matrix (ECM) graft,
SIS and chemical cross-linking pericardium (PC). Wistar mice were used as abdominal degradation model
in vivo to evaluate the degradation process and therapeutic effect of biological grafts derived from different
tissue. Results Results showed that the non-crosslinked BM/SIS and SIS matrix were totally degraded in
120 h for collagenase I in vitro corresponding the degradation rate of the PC patch was only 4.3%+1.9%.
BM/SIS matrix was totally degraded in 2 months in vivo, the samples replaced with dense and
well-organized collagen fibers. At 2 months post-surgery, SIS also was degraded. While SIS had
reconstructed tissue defects with novel-organized collagen fibers. During the experimental period, no
degradation was observed and fibrous encapsulations were formed in pericardium repaired samples at 12
months post-surgery. Conclusion Results demonstrated the processes of degradation and tissue repair
were matched well of BM composite graft with a better degradation rate and tissue regeneration compared
with SIS and pericardium.

[Key words] Biologic graft; Degradation; Basement membrane; Small intestinal submucosa;

Pericardium; Non-crosslinked; Chemical cross-linking

DOI:10.3877/cma.j.issn.1674-392X.2021.01.023
HETH: EERARRFERES (31771043)  EERB SBEFEREEES (2019-JCJQ-002) + FEFRHHL AL hniE
T (2019-JCIQ-11-069) 5 b i Tit BRI E il H (201540388)
TEFHAL: 200070  EFTTEZIX AL QBB AR R ETIR 2 1 200003 1ifg, R ZE IR SHARAE R @SR 2
JE(E/EE: 78, Email: txzhangjian@126.com



<98 rPAERTT AR MRS CTRO 2021 4E2 H 4515 % %5 1 3 Chin J Hernia Abdominal Wall Surg(Electronic Edition), February 2021.Vol.15No.1

AR B B AT MR B R e B
R AR P AN A 5 T % A R Ui 5 4H 2R P AR
RIS HEATEA 25 40 B s TR DU T2 4 P ) 1 4
PRALSCHECS), Fefgi 18 0 AT R S EABRTGIE RN, #L
PR R A 5| HEE s S SRR AT A B A 2090, TRt
AEWIAR P 1R 6 2 B AR N ) R 2H 23 =5 S8 e TR i ST % T
PRAEHFAVIRIT RN E 2 . AR TRk
FIE AL /NG R R T EE G4/ R (basement
membrane/small intestine submucosa, BM/SIS) & &k
Frv Hai/NMgpZiiE T2 (small intestine submucosa,
SIS) b A 3 — Ak, 22 A B 0 A (pericardium, PC)
OB S, LR HAR N AMNERRRE T, B
FHAPIAN I B P A B T), 5 A I PR S FH 472
A o

MRI5FE

—. WA EY)

1R S 1 2RERE (36 Sigma 2
")) , THZ-103B AUEIRIHEFEIK (Lig—fERbY
XA TIRAT) , XLW-PC BIE G 147 SR ML
(FF R 2L EARF R AR , ME204E A5
KF (Mettler toledo A #]) , HO1-1C BU{E 87714
FeAE (R FURACSRACRREARARD
DHG-9140A s A4 ( Rifg EZRAARHIE A
RARD , REGEFAKEEEE (R kAR
FAHBRAFD , WAKNIVIRREENL 5245
BRHEARAFD .

2. Z¥: fEEEE SD KERIWEIERT GIRMD Bt
FAOERAR, MEPE, 33 H, A& 190~210 g,
TEES . KRAFREMNEIREHITE 16~26 C, H
SRR EFEHITE 40~70%, Jeladsh] 12 h 6 12 h
. KRWE S d &N EWAFR G ESE . A
IR T BTG T BRI R
ULY %5 E BT sh A B ) it b T e X
I At H 0 B Bt R AR B R S IR T A

3. MRk HEFTERITRL (R R A AR
BERIE B e BM/SIS E A4 A OB PC 4
Je SIS #h o

= ik

1. ARAMNEEAAEZR I 20 KA BYRR 1 emX 7 cm
KSR, 45 CHET 4~6 h EIEEGHRE, Idh
myo TR IR ABON 10 ml (SO R, A
[ MR FEEABER (10mg © 1 mD , FEEREREK

S (37 °C, 200 rpm) , 4rHITE 8. 24, 48,
72. 96, 120, 144 J% 168 h JGHUHI KRS 45 CHET
4~6 h JERRE, ICFFEMTE, 10 my. BT T
RN RRE, DIARTHERER . BEER (%) =
(m;—my) /m; X100, PAES (] SO RE AL bR, 2B (8]
P I B A NN AR, 2l B A I 2

2. B R IEE A S EE: R &
IS 8] 5 () PRI 1.0 ml B FEL B b, i 2 ml
SRR 1 ml EAFNER, 7257, ZIRBCE 4 min.
I 2 ml A, 60 C/RBINHAE 20 min,
FEiRE 1 he ALAIILLE 560 nm AMIEOLRE, FF
DB I P S I R R VA TR IR 28, T B A
R EEARSEN, BEAN: REEATE=R
MR S EX1.1, HERREASE.

3. WIEKRAREE LA 2 B IR KR4
T R RPRA ST RIS, IS ES 0.5 ml 7%
IKEERE, WBEEHER, BUEHEFRY S cm K
F1, RO R R, TR EMUTIER 1.5 cm X
1.5 em K/NRREAMRIIL B A RHULSY A4 F 5 kg
SRR R NSNS, R AN
W 6 A ERFIEHAL,

—=. WERR

RJG 1. 24 4. 6 S 12 MHASESY), BU&A
AF B IX K B 2 mm 4 23 HEAT 0 P 4 21 43T
Wro VENAN A BEAR B AN IR . IR IR 4T 48
e BB s ol .

g R

— MRAMEfR R I E

FEIR R B AL FE 48 h J5 BM/SIS 4 4h Fr B fig %
e, J5F 60.5%+6.8%, SIS Fh A BEMEEN
44.0%+4.6%. RIFEHEAFE 1200 J5, BM/SIS &
AR SIS A BRI R WL, SRRt A 2
SEAPEMR; PC AN PEIER N 4.3% £ 1.9%. )5
AP 168 h J5, PC AN FEARZAUH 16.9% £3.3%.
L 1.

T BRI R A A E R R

BM/SIS & &b A1 SIS Kb F R AR A i J5 B

EEPE KT, 2 120 h JE AN,

WL 2. PC #h R R IR A S EH R T
BM/SIS & &4 #1 SIS b, SRR —5L.

= RPN BEAR

1. KW AR R ERAE 1/MH, BM/SIS



AT AIERE SIS CRRTRRD 2021 4E2 A %5 15 % %5 1 3] Chin J Hernia Abdominal Wall Surg(Electronic Edition), February 2021,Vol.15No.1 £ 99

140

| —=— BM/SISE & %b
1204 —o— SISHM
1——PCHh

100 Tooo 3 ] [ ]
80 - /

60

KR (%)

40 N

20

' 8'0 ' 1(')0 ' 150 ' 1)10 ' 1é0 ' 1;30 ' 2(IJO
I 1) (h)
B TR e SR R B L2

| —=— BM/SISE A%
007 —e—sISHH
| ——PCHM

SIO 1(I)0 150 1;10 ‘16.0 1é0 2(.)0
I 18] (h)
B2 NFEADHNT R P R R

HEAABEX S5 REHARE RIF. SIS A fH
AKX ge kA Fiigge, PC A AR W A8k .
KJg 2 NMH, BM/SIS EEHNTIBE XA 58k
HI, BEMRE, RIS R SIS v
LI B R AEAE, ARt R, TR
AR G E X 80%~95%; PC #h A A LB & [
fit. RJF 4 NH, BM/SIS E&%M A0 SIS *h 18
BXEARE 2 MHLHEZL; PC *h 75 mTAl
HE, RIBHERFE. BT PCANATE 4 DA NTER
DUBEAR, WA UK PC A WS ) 2E K &2
6 Al 12 A ABL WK 3 AT AR5 6 F112 4N H PC #b
SRR LB 5 B A

2. HAVHEFENY: RE 1 AH, BM/SIS B4 4h
RN IWEE BN, oA TN SRR
X Ik, T L s T A B 2H 2 L B (1) A0
SERG, AN RKER o B 1T SIS M AFAE KR %
PEAHAR, PC #b ) CA MR . FN 2 S H, BM/SIS
BEAN TR WAN T sy, #h v e E X

AN EEFRRIRHSR AN, $ERHEHRA
HIBTER. SIS *MT R IWAMNT IR, AR
W R R A BN T SIS M AR I X i 44
BHOKA R, R X AL FEELRL, A
UL 2L PR SE A S, PC AN R LA AR I
RILMEKN. A 4 NMH, BM/SIS E6% 12
HIX 52 ANHMEE LB, NEFHES R
HZ, SIS #h v AT LS Fr AR A, (HE AR 5
YU TR ZE . PC AN ATY A LA M5 A I
KN PC AN AHEN 6 F1 12 S H JE AT A WL 5 B A,
A DB A TR X, o R WA R
1

HRAR [ AR AR P A Py B ST RE A2 ¢ TR M I
SHAE” , WA N 18 L 40E
TEFNMEEE . MR ERRIE DTS (R 2
RASEIMAHLE R AT, PR -
HIBMESTMHRFAEFTE =AFR: B B9,
SHp, Bh— AR AR R AR G AR SRR
59, LA S E00 R MR FHE
MECRJGAIE R, FEfR AR 2 3 8060 B BB %
ARYERE . B AR TY AR P SORE I B S ) il 1), TR
AR P SR TS B A Y 1 A AR T X I R S A
KEH,

MR i 45 5 AR N 5 VA =AT N, R
WIAN R EE S 2 2K, AR SRS A AT B
o AR AR A WA 18 A SR A 1 SR B
“CORTETS SFEAT , BPIRS]FE R EARTESC
P A AN AT RGBT 1) 1 B 2 238 4kl N IR A
BEATT 56 B0 SR B U0, {22 A kb 2 48 d
AL GRAR B, SR R 43 P 5 2 1 =g e
SRR R AR LA R 4 A R PR A S . ST ERAN A
(PR35 A2 J P T R SR R S BRI B AR s BB T
JBZ DR 0T S 2R I AL, i i R AE IR AL B S B 48
WAFLAE /DN, PR A TS 50 X S 2R 03, ARE-1E £
RIS GE A RLRL, IS R S, b
BLE BT 4e % “mE” .

RSN 45 SRR, SIS #h 5 BM/SIS
HEFNT SRR, X2l T BM/SIS E4
W5 SIS #h EE R BN R EE, HFE S
J& T ARSI AR AR, i 52 e Ji 2 1 i ) e
— 3. BM/SIS &b 2 ¥ Mt 4 J5 1 BM 5 SIS
DL = BYR ZE AN L 25 )2 R R R B A i R AL



+ 100 - FRARARIIERES VRS CRRPRRD 2021 4F2 58 15 4 48 1 31 Chin J Hernia Abdominal Wall Surg(Electronic Edition), February 2021.Vol.15.No.1

SISk

BM/SISEAHM

24h

1B

248

OEAN

O8N

61H

¥

44\‘3. ..

B3 AN AR RIEENIE YR GBSO AL

BM/SISE&*MN SIS A

B4 M K BB USRS AN RIS o] B S IX b e X A e et 2 5

LA A TTH BM/SIS REHMT 2 4
A e B R HL SRR Y], HAEA
L IRNT, B SIS A A EAF IR B R AL R A
HOR, WS BM KEKGEHA R, BM & &4
HHEA. PR AT A A A
5000 Fift £ KIS0, Horpr, TV RS SR VIS i SR S [

AEAE, W bR B SRR i B R, e R )
JE R T DA Bl 40 23R S5 1 40 B R SE I i S
B WSIRRAH LR, 5 SR ST I ) Rt 58 4
HIBEED. Liu 5P% Bama /N 1 BT REL
SIS. BM. Jii4mff 5 57« IHEEIRA ) ECM K PC %
5 B R AT T LRI AT, 45 SRR BM TR

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



AT AIERE SIS CRRTRRD 2021 4E2 A %5 15 % %5 1 3] Chin J Hernia Abdominal Wall Surg(Electronic Edition), February 2021,Vol.15No.1 - 101+

KA UG S AR 40 B B 5 U T A SR ) AR
VIEERE e, TENG SR T R A 7 B A ) () AR
AN . X R BM 1R N & A 24
TR R, BRI R A R 5

ttah, BM AIfER SIS Mk R FHLFESHAE
RTINSk o ARG RS INA SIS W& & Fh e ik
AR RSy, WRESCHE T R B b B 4 i [ Rkt
WA CBE 3 RATEERT 1 8) 5 (HdEE /N iz
THLHLA2ET] I, A2 SIS N IETHIY BM, TiAS2 SIS
(HANE- et 2B, BEMAYEL4A
20 SHE RN, Sk BM 5% SIS A HiF e
HHLA A REE. SIS fl& A ERI R RS 2
A5 BM BRI SIS EPY, R e SIS I
FRER R B BM A5k T SIS MR H 2R B A v 1

A A A1 i SR I 2R AL 2258 Bk PC by B
18, HETREEANGEREM. A5 NN, L
HRAC TR R JE JE 27 |4 v IR AR, SR B ZH 2R K
NE—BI A 5 53R AR L G 2 57, ST
SERA—HUT, BT A AN AR AR B
WISLIRAR T H SN, NG F A T et
YefusE, —H AT, RE TREA AN 3R
THIT B A W IS S8 ke e . IR B PC #b
MNEIEERRGL, SHETE N, SKORFIEIT 2 FRAE
e, WOE ZIRFARBUHAN 7 AR AN S
PERRITE G b 45H 2%, S4B SO M 2 3 1) 45
8 E W R AR R T Je A T )
JUEANE A BN TR AP, N =X —
I G R R S AR IS, ANE TR
SEHRAEAN o B S ATRAE ANy A FH i 0] %7
5& AR RIS OGBSI A —FE.

g b, BM/SIS HE &4 v A& 00 0 B fd s
M SFHLAF RS, BEXHALPOERES, 2
7~ 1 BM/SIS E& 4 2 E AR A4, BM &
FRAHHZRIE . 455 BM/SIS E &b i HAb A
VEERE R T B — AT, DAGRAIE LI AR R
LA S B .

& £ X W

(11 #el, XIKL AW A il RS Y St FU kR[], BR2ERIR, 2015,

21(11): 1951-1953.

[21 Wi K, R AR A A R A E TR IBGRE TR s A
) [l oGt e e BEURTE 9 [J/OL]. M A BE A1 % 76 (T AR), 2019,
13(5): 433-436.

[3] FEICHL, BREK, xR, S RRALURBEI A S IgRE

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

JUUERZ3 2 R BT T S [J/OL]. Fy 5l A0 i B AR 2% 75 (LT hiL),
2019, 13(3): 198-203.
MEHT, THRAR, W48, &5, mar Tl R AL O R I R AT S5
&[T #EHFHR, 2016, 30(27): 298-302.
TRMG, TROKLL. FRIE T RR-FR I SE IR - AR E R R A S
ZLH ) & AR AN B (D] b B E R DRE BT UE, 2012, 16(21):
3883-3814.
Han P, Cheng P, Zhang S, etal. In vitro and in vivo studies on the
degradation of high-purity Mg(99.99wt.%) screw with femoral
intracondylar fractured rabbit model[J]. Biomaterials, 2015, 64:
57-69.
Wik, BrTt, RRB, S5 — T B 22 32 SCRPRLI i 9 AR
1], #lkEE, 2011, 37(4): 713-718.
WRICHR, TRifE, FMRE, 5. AWy WSOt oS 3R A 4R 0 5 SR AL IR
S AR N RS BRI SE[0]. A LS, 2000,
17(2): 117-121.
Poranki D, Whitener W, Howse S, et al. Evaluation of skin
regeneration after burns in vivo and rescue of cells after thermal
stress in vitro following treatment with a keratin biomaterial[J]. J
Biomater Appl, 2014, 29(1): 26-35.
NS B, AR /NRG R BB 2B 2 R e A [D). 7
T TR REREE, 2017.
BIER, BT, WA, . AR TT SR RO AR S
FEERUR A FT[0]. AEEE 5 TR A A, 2003, 20(2): 214-218.
BRAYER. SO A B M A0 B SE T R e BT (D). T
M BEREKE, 2015.
TUEE, TR, RUGUL, . SOBUH il ki i g A 5] 21 21
KB S B 1 R T]. R AR, 2015, 36(14): 65-69.
g, JALNEBESMR AP 2 JABRM DRI GR[T]. I SEH Ab
Bl iE, 2015, 35(11): 1153-1156.
Langer R, Vacanti J. Advances in tissue engineering[J]. J Pediatr
Surg, 2016, 51(1): 8-12.
Badylak SF. The extracellular matrix as a scaffold for tissue
reconstruction[J]. Semin Cell Dev Biol, 2002, 13(5): 377-383.
Liang HC, Chang Y, Hsu CK, et al. Effects of crosslinking degree of
an acellular biological tissue on its tissue regeneration pattern[J].
Biomaterials, 2004, 25(17): 3541-3552.
Engvall E. Structure and function of basement membranes[J]. Int J
Dev Biol, 1995, 39(5): 781-787.
Marcal H, Ahrned T, Badylak SF, et al. A comprehensive protein
expression profile of extracellular matrix biomaterial derived from
porcine urinary bladder[J]. Regen Med, 2012, 7(2): 159-166.
Liu L, Li D, Wang Y, et al. Evaluation of the biocompatibility and
mechanical properties of xenogeneic(porcine) extracellular matrix
(ECM) scaffold for pelvic reconstruction[J]. Int Urogynecol J, 2011,
22(2): 221-227.
Brown B, Lindberg K, Reing J, et al. The basement membrane
component of biologic scaffolds derived from extracellular matrix[J].
Tissue Eng Pt A, 2006, 12(3): 519-526.
Kockerling F, Alam N, Antoniou SA, et al. What is the evidence for
the use of biologic or biosynthetic meshes in abdominal wall
reconstruction?[J]. Hernia, 2018, 22(2): 249-269.

SR E1 9. 2020-06-18)

CRSCHdH: R

BRI, HEE, HEEF, . RRAZRRAMAN BRI e ERAFR [J/OL]. F 4em Al B o412 & (BFAR) , 2021, 15 (1) : 97-101.



