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Abstract

The low-immunogenic GA-BADM was derived from Basa fish (Pangasius bocourti) and prepared by
declorization, degreasing, decellularization and cross-linking. The microstructure of GA-BADM
was evaluated by SEM. The biocompatibility of GA-BADM was investigated by blood compatibility,
systemic acute toxicity, hypodermic implantation and cell compatibility according to the stan-
dards of Biological Evaluation of Medical Devices (GB/T 16886). The results showed that the
GA-BADM was made up of double layers with one dense layer and another loose layer. The hemo-
lysis rate of GA-BADM was far less than 5%, which implied high safety performance. After injection
of GA-BADM extract, the weight of rats was increased, which meant no acute systemic toxicity. The
samples with good histocompatibility, were gradually degraded after implanting in vivo. The sam-
ples had no cytotoxicity and could promote cell proliferation, which proved good cell compatibili-
ty. This study indicated that the GA-BADM materials had good biocompatibility, which provided a
theoretical basis and technical guidance for the study of the acellular dermal matrix of aquatic or-
ganisms.
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1. 518

UG 44 ) 7 35 ol 2 — b R sl A BN 28 R R ) A R 2 o B R BR T R R A R R R R
JEH AT Y, PR T B R R R R S A G, RIS T IR RSy, R — RN
PRAR SR B AR[L]. EHT,  Jud e S R 0T ) S SRR A KR AE R, T EH T R L IR SR
AL BRI R EAT AR BR B, MK AR AR F40 B AR IR AR AT B kbl 8 2 2]

EL¥b # (Pangasius bocourti) & 7k B . — 7 [ B L2 50 2, 4F =& 100 J3mi LA b, o T 6 sz gy i
Jt 150 ZANEGAMX . B 5L CAE S b ] DI IR A, B & e Re . T KA
A M B R B R A MU R, AFRE R, PUbEMRE 19955 E T, XK PR ] 1 HAE R A
MRE Bt — 2 R R3] [4]. #RT, BEAE COVEBOR IR R, 7K AR AR 47 Mot 240 i 3 e 6 Jo 1 12 e T DA i 52 Bk
PeTto R — MR G, w2 T AR R o

R RE IR AR R, RS AWM. MR, AR E S KR T A
PP, RIS F B B0 B2 A B 6 Z0EAT A R AR 2 A sk . BRIk, AR AR AR M2 AR VIR 5t
T B R T B R L[5 ] . AR BT S AE M 0 GBIT 16886 R A1 bRifE, AT MM BHG AV T BE 1R
B, T DL MR A WA LR A P AR S R [6] . G VRN AE AR AR AR A 1, B BT AR
BHOAE AR RIS, Ry Hlm PR R R S AT S 225 1R 90

WTAER, I A B B R R o TS RS I A IR RS, (EL R o 5 A A L R R R IE A R LA I 4Rk
8. AW CLE VDt B o IR 25 A0 i 3 f o, JE e R RS e LA PR R, IR IR YE GBIT
16886 7 41l A5 itk 1 77 2% Fe AR M AR A5 VR EAT WE F0, D T J I A A 0 I 400 P 3 2 o P o 2 R B O
fili -
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2. M55 %
2.1 MRENE

2.1.1. SEBHH

Evbfa, HFHHHILXKRIDET; SPF il Wista K, HHEFLBIMERGRAF; K
T, RETH SR MR AE]; L929 AT 4ELI, MTT (HEmEis), CCK-8 4ifuit¥udmlé, Lifg
EMAEMTRARAR: HEikmhaira.

2.1.2. LIG{EE

FD-1A-50 FLZZ R R THEL, PO KBEAVFHEE IR AR ISM-840 A 245, HA JEOL A
Al; HHS21-4 VBRI, KR EAEE) s PR R, BEENE R 5 (L) AR A
722s AP DAY IR, RS RL IS A R AF] ;s Power Wave XS2 BbR{, FEKHRAF; AE2000
S8 RO, NSO ARG R A

22. EWAHE

2.2.1. BADM Hy#I&

U et f0 J W AR A, RAKEVE TR T Bt/ 0.1% (Wiv)Bis R KIsmiE e &, 2R
JEIRIAE 1% (wWiv)[1) NaOH ¥ H 24 h, £ 6 h $3—k, Wi LA REwT . K RE 5 fa SR TE 1%
(Wiv) ) e B A T G AL B 30 min, SR 1 ROIRLTE 2% (W) 1) TE B R ANV T I e Ak B 1 h,
BEHE il KB T 4% (W) NaOH AR A T hab PR 18 h, [a)EHIAS . 2 smB Ak
R E VT, BT UKFREEEVRRL, S — IRIESIRE N-20°C, 25 IKIGESIRE N-40C, 25 =ik
SEREN-80C, fRARIRIES IR, VRARE BRI 4 he FE R4S 6 f R BT 0.25% (wiv) K RS
W, 37T CHREENHE 10 min [7]. &R THLR AT R T, 19 30 00k By a5 i 40 i 32 57 5 i
(GA-BADM).

2.2.2.SEM WM&
UK % T GA-BADM FE S fE 25 T4, ] SEM W2 H 3R 10 & Wiihl, i s & 15 kV [8].

2.2.3. MZAEMY

Z 8 [E by GB/T16886.4-2011 P57 Ak A4 75 WA vh 5 M i 4 2 4= 25K, SR IR 32 Bl ik L fL %t SD
K SREBCGHTEEHTREIL o 7] 4 mL Btk i shoin N 5 mL (4 38 25 /K #6453 FH . GA-BADM #4887 ik 0.5 cm
x 2.5 cm /N, FRFE 3 4, &R0 5 9. B ATENIN 50 mL AE 3 ER /KR 24 h, 8125233, o 10 mL
A ERK, BAiACONBAMENT R, AR ACH BT, S 4LE T 37°C FEE/KI 30 min, RJE & Fh oy
FIMAFR G Tk 0.2 mL, JRAIE), 7E37°CR/KH 1 h. SRJEZ4L7E 2000 rpm 4544 R 550 5 min
Ja13 BiEWR, H 7225 BUA] WAy O THT 545 nm KA e S ARG E[9]. IR AR il
(%) = (FEAIROBEE — BAPEXT AR B ) (BH T BRIROGRE — B BRI OB E) x 100%.

224. ZBR2MEM

Z R E PR GB/T 16886.11 FEJT # AP VP4 4> B S dE 225K, FRATTXY GA-BADM Ff i AT 4 5
SRS, DL GA-BADM IZHEUNRER A, AEFRERACNBAPEST R, SR ARH IR, @ e
S Bk AR KR AIE R R SR, kLR 5 g/100g 1A 1 [ & E AN, RS 24 hy 48 h fil 72 h j5 %2
TR K B S REIR BL A A4 B AR AE[10]
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2.25. ETHEA

VHEPE Wista KRR S [ € T RAEE L, BMEE, iaEHh4IF 0.8~1.0 cm M. AEKE
KAL) GA-BADM #E R Hd, 2858508 1). TARE 7. 14. 21. 28 REUHE GA-BADM HE 5,
] 7€ 7 10% (VIV)#E /R B ARIEAT H & E Gufi[11] [12].

2.2.6. ARREIRE

L929 fRAF4ELN (L x 10* N/FL)BeRl T 96 FLAR, # RE 3% 24 h J5Heili. 523640 GA-BADM Ff 1%
P, ORI FR, PR IRV . k21598 24 h J5, LI 200 uL MTT &7,
K7t an. BJE, A DMSO (100 puL BFL)EH 10 min. e, FEEFR G 2 HAE 570 nm 4 Wt
JE. MRE BRI, VAN N 3 x 10 ANEL, BEIRAE =R I8 B BB A A
2.2.7. {RARIMTEIR IS

CCK-8 4l i i+ ik 771 & I R PP fiti 4 L AE GA-BADM B L (3958 A4 K RE 7. 1929 AT 4EZH (1 x 10°
ANFLYEF T GA-BADM S AIAR & GA-BADM £ 5t i) 48 FLESFRMH . 2050 F 1, 3, 5 KREEH —Huts
B, NN CCK-8 375 % 3 h, FIEEAR{CN 2 FLAE 450 nm b IR %
2.3. HIBALE

iz FH Origin 9.0 Hds Ab FEHAE X 5286 45 kAT A FE, BTG B o8 6 Yk 2 5286 1 T 48 . K SPSS
11.0 AT IR 27 Z 9 FT (p < 0.05 N ZEF T3E).
3. LR5VHE
3.1 I RESHFERNMULEE

il % ") GA-BADM Fffih 2 A0, RIPEE, TR, S8, GTE TR, A5 E.
PSS RERY, GA-BADM F£ 5 A B ST AR PR 2 FLEER LIE 2(A)), FLETERIN 10 um ) 200
um. CM Murphy [131Z6F 50 R B, 2 FLE5 /A )T 40 B ) 266 B A g o 2(B)fIFE 2(C)nJLLAE H,
GA-BADM Ff i A XZ M, —MEGELH, —msifa2 s, AR T AR H[14].

Figure 1. The implantation process of GA-BADM
1. GA-BADM RYHEN[E
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Figure 2. SEM photographs of GA-BADM ((A): Section; (B): Rough surface; (C): Smooth surface)
2. GA-BADM MR SEEI(A): Wi, (B): 4K, (C): HiBMH)

3.2. jBIMmE

P50 RS IR 2 ) — T b, T LASGRAE GA-BADM 5 i 41 i 2 [A] & 75 A5 A 25 P [15]
GA-BADM 5521 4l A fid fe , 20 40 e SR8 T8 HH 4D L 20 R0 00 M 4 3 e e FE 11 7E 545 nm ARSI S DA
WOV S v R B, 5 I ek iy, % OS2t I 40 B (0 e A F2 S koK . S IR [El B GB/T 16886.4,
W IMZRJE N T 5%, WIRFE B A AERE M2 BRI W IE KT 5%, U058 2= FAA R 2040 M A AR
1EF[16]. GA-BADM A IR A 1.76% + 0.43%, ik T =AM R E K brdE, 455K GA-BADM F#
i T [ A P 8 L 2 A VPN TE L Y

33. £8A24EH

A By 2RI SIS W AR N ISR A A RS B AN A R 15 B AR BRAR A I 1 — T AR AR [17]. R 1
FinRVESR 24 h, 48 h 1 72 h J5 , AR K BRSP4 B ARG O . o] LA S804 5 AR B Eh /K 2H AR L,
B BRI BRSO, S BUAER NI SR, S 72 h WER BBV EEEER. P
GA-BADM Ff it 75 [H ZK A WA kL 4 B SUEREVE R 2 2 VPN TS LA

34. R THEA

AHETT, GA-BADM HEHEANJE, AJE KT EHG HIZH @S, RILHAZIRILE 3(A). T35,
GA-BADM ARG &, BIAELERZR. 4 )5, Hawsa e g 4ema e e a s,
HRREGMANE TS G K 3(B) AR A BAE AR R, W LA A i K SRS ET 440
EWRARZEHIR AN . 4 A2 )5, GA-BADM F il HF R B LR 4EAT AT UL, R DLk AR BIR I 417 . Helenius G 4%
[181WFFUA I, 4 FJERE AN BEAT SUEEARAT Y RN, 5 RS E#LE G, W ARG R
MR ENE . AW TS RS Helenius G 8 AW T 45 RAML, K] GA-BADM FHEHEAT R 4F HI41ZIAH
I

3.5. RS

A B SR T Bl I MTT BRI BHR AR O 1929 RREF 4RI E KIS VE e, PR AH R
A FNE[19]. W& 4 Fios, GA-BADM RARKAL S 2 A IRALK OD (B ¥ A B2 V% 7 (p > 0.05), H
P8 E T HYEX A (p < 0.05), 4HHR=R)5, FEMHIEDHEE N SRRl 2 PO BN X iR
HMA GRS (A 5), IR S AN A oo A AN KOIRS R 7, A2, WBERA A, Tk
PEXTIRAL AR AR, st SR, Ai/E GA-BADM RIRW P AEK RIF, BH MB4IfEst.
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(B
Figure 3. Subcutaneous immunoreaction of GA-BADM implants. (A) Recovery of rat's back around implanted
GA-BADM and the GA-BADM implants at different time point; (B): Photomicrographs of the GA-BADM at different
time point. Al. B1, A2. B2, A3. B3, A4. B4 meanl, 2, 3, 4 weeks
[ 3. GA-BADM #mER THRRER . (A) FREIENEEHXREFRIREF LM GA-BADM #&4; (B) FE
HEAFTE, GA-BADM #RMEMBH. AL, B1, A2, B2, A3\ B3, A4 B4RRIkFE1, 2, 3, 4
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Figure 4. Cytotoxicity for L929 fibroblasts of extract from GA-BADM samples
4. GA-BADM 242k L929 LT H M S AR

Figure 5. The growing status of cells of samples, negative control and positive control on the third day ((A) Negative control;
(B) GA-BADM samples; (C) Positive control)
5. ##fmeE. TAXRA. FAMIBAMNMEIESR = RNEKRES(A) ZAMBAE; (B) ##MmA; (C) PAMXTHELA)
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3.6. ‘MRAIETE

240 0 E 73 FE AR 2 T L A A R E A R 5 3 T 2L 3 TR AU (1 4R FR[20] . L1929 JiT
YEAHIRTERE B LIS TS L ] 6 B, 4HARTE GA-BADM AHRIRHIAN 25 F X R I T R A7 3
Sk, ZRAWIE(p>0.05). ZRRY], L929 MET4EAN LRI LAfE GA-BADM #HRL B LK. BETR
W, e I e R o ) T R R SRR AR [21] e FKRIHTEAF[22) NAE 53 AN 70 R B SR i B i B
PEIE . ARV TE . AR VE S AR A RE . C. Rohlecke 45 [23] AERTIHE o i, IJE B
] 5% X A AR X 240 PR 286 B AT ZE RS AT R RGBT o S5 SRR W], ASHE U % ) GA-BADM #4k}
HA RV ETEA(E ARG AE 1, T AN T B2 AR UE

4, 4Eig

A4 7 Btk 9 B2 i 40 i 2 B 6 7 (GA-BADM), 3l SEM W42, MBI B £, H
AR, BRI T4 KRB . A S0t — 5 MR A . 4 B At dtt, PR LK
S A A FL A AR A AT T WF9E, 45 % W] GA-BADM MR LA MY, T4 g ars, AR
HF LAV 2 M R MIAR 250, S — DR 0 00 S A 4T 2L S 5 R 1 7 245 7 B O ER S SR

0.8
ERED
[ ] caBabm
0.6 4
a a
T =
a
a
A 04 4 T +
8 |
a a
T T
0.2 - 1 1
0.0 . v
1R kPN 5K

Figure 6. Cell proliferation for L929 fibroblasts on GA-BADM samples
[ 6. GA-BADM #F MR L929 Al 4T 4E A REIETE LS

Table 1. The average body weight of rats (g) (n = 6)
1. HEKXRIFEHIEEQ) (n=16)

o SR
51 VE S
24h 48h 72h
AP KA 170 174 185 190
GA-BADM F¥ 171 174 181 186
[ERER O ERzEN 169 158 167 179
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