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[Abstract] Objective To explore the biological safety and compatibility of five kinds of acellular fish skin matrices, and
to screen the materials meeting the criteria of biocompatibility. Methods Acellular fish skin matrices were prepared through
decolorization, degreasing, decellularization and cross-linking using five kinds of fish skins leather jacket fish (Thamnaconus
septentrionalis), black fish (Channa argus), eel (Anguillidae), carp (Cyprinus carpio) and silver crap (Hypophthalmichthys molitrix).
According to the national standard (GB/T 16886.5-2017), different concentrations (10 g/L and 100 g/L) of extracts of acellular fish
skin matrices were prepared, and the CCK-8 assay was used to detect the in vitro toxicity of extracts of acellular fish skin matrices
to human bone marrow-derived mesenchymal stem cells. The surface structures of different collagen membranes were observed
under scanning electron microscopy. The H-E and Masson staining were used to observe whether the fish skin matrix materials were
completely acellular. The human bone marrow-derived mesenchymal stem cells were cultured with the medium containing standard

concentration of 100 g/L acellular fish skin matrix material extracts. The blood compatibility of the meterial was tested by hemolysis
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test. Live/Dead, TUNEL and flow cytometry were used to detect the cell survival and apoptosis levels. Results CCK-8 assay

showed that the viability indexes of the cells co-cultured with the leather jacket fish and black fish skin acellular matrix material

extracts were both =>70% at the concentration of 10 g/L, and the other three materials were all <<70%. At the concentration of

100 g/L, the viability index of the cells co-cultured with the leather jacket fish skin acellular matrix material extracts was >70%,

and that with the black fish was <<70%. Scanning electron microscopy showed that the leather jacket fish skin acellular matrix

materials had porous and compact structure inside, and black fish skin acellular matrix materials had smooth structure inside. The

H-E staining and Masson staining showed that leather jacket fish and black fish skin acellular matrix materials were both acellular

collagen fibers. The hemolysis rates (the national standard <5%) of leather jacket fish and black fish skin acellular matrix material

extracts were (1.23 +-0.43)% and (6.35+0.47)%, respectively. Human bone marrow-derived mesenchymal stem cells survived well

in the culture medium containing extracts of leather jacket fish skin acellular matrix material, but most cells died or apoptozed in the

culture medium containing extracts of Black fish skin acellular matrix material. Conclusion The leather jacket fish decellularized

skin matrix material has better biosafety and biocompatibility, and has the potential to be a scaffold material for tissue engineering.

[Key words] Thamnaconous septentrionalis; acellular dermal matrix; mesenchymal stem cells; tissue-engineering; stents

JId 240 L Bz S5 Jo R — o 2l 49 sl 2K R K
BN TCAEBH LU, ERE T E AR A
HAEALHY, RN R TR, 2 HAT
e O AR AR AR, A 5 A B AR B
72 T A SR A, IR E R 5 RBE 1
S, DB SN S SR AT LA P H
BT I A0 0 B R oo b 2RI T4 | 2845
WFLEhY, (H AR . BEHE . B RESE
PRI IR XU R 35 AR DT, PRI At
SRR M AR R T A DRt B O B i 2 e
SR EE R 0 R 1 B R A R Y AR
i, HR Rl R AU R 8% L
B ARBRTELL 5 R fh R R SRk A I A0 i
BJ5, R T A e Y, DU T e A
LA TR SO £ BEOR IR 240 0 L B PR 1L S
Heaih

1 #EFAEE
1.1 Blamfo & R R AR &S 42 Smfa

( Thamnaconus septentrionalis ) . 24t ( Channa
argus ) . %8 ( Anguillidae ) . #fh ( Cyprinus
carpio ) . figft ( Hypophthalmichthys molitrix ) 5 Ffi
o 7 SRS e B E VL BH K PRIt R sE B T
Bl fa R FIBR AP IHE TSR T —25 C
URAF o B B VR 0 K 78 8 T A R 5 e v KT
M 0.1% NaOH A 3% H,O, IR,
Wite . BRI LB A . HIREH S h,
i HyO, 8B i, B 0 je i, 4 dh2ai2 it
24 h JEEH . R B R AR K e 2 v 5
T, FE ISR S R Z e, il R
BE 5K, FRIRAARKMETEE, SRR
WA (B . O - K=25:8:67) il

[Acad J Sec Mil Med Univ, 2019, 40(2): 162-168]

24 h i IR, AAeEr. AR EUE
YeEPRYE, WKy, ALERVESEEE S K,
FHZEIBZKIEVE 3 K, WGV e e B T2k
120, DIABRfE PRy, B ER
3 W IR, WK, B8 T
JRCHEE o RS B £ B PR R T B AR
BEETHRAREE N 110 °C, 72 h JFHUE, BIAfsg i
WK, ASBNAR T J R 40  fr  SE FR AR

W5 S LA iR fo fy JE TR R EAT “Co 7R,
AR E FhrifE GB/T 16886.5-2017M" il 4575 vtk i
10 g/L KFRUEAE N 100 g/L IR (IR
MR E MG ) . REFET 4 C & H.
1.2 mpeRR, #abie NEHERTET
4y ( human bone marrow-derived mesenchymal
stem cells, hBMSCs ) $H A fathE & & a5 [
¥ Rt A S B2 B b (HLiES
2009LL004; H [ Iifh PR 38 56 v o0 i
ChiCTR-ONRC-12002056 ) ]. F##EHAY hBMSCs
AT IRARER R, BARELSE 3 AR TR, ik
22 B 3 T WEE hBMSCs RUIEZS, #4lE hBMSCs
R EbR &Y (FHERREY A CD90. CD73.
CD105, MAMEFREYIN CD34, CD45) 4k, R
it A B ARG I AH R BT A Rk
1.3 CCK-8 477 #m| b 2m oL s % FL 5 6% 4m fe 38
A B hBMSCs Ll 5X10° /LAY S E /T
96 fLAz, &GN LG-DMEM 53592, 145
YU RES , SZERAIH A 100 pL/FLRG BEIRE A
10 g/L A A0 M £ B S AT BHR PR IR AR S5 7%, X
HEZH A 100 pL/AL L% LG-DMEM £5 3%
1. 3. 6dRHIMA 10 pLAL CCK-8 X7 ( HA[A]
{AEZEWTSERT ) J5RE5E 2.5 h, FHEEFRNE 450 nm
WAL (D) 5, IR [4Ef



.« 164

BOFEERFFM 20194E2 H, 405

WHE (%) = (WA DH—=HHADE) / (X
W4 DE—=5 40 D) X100%)], ffidkHas&dE
PEAT R B 5 200 s py B R BV A L o K 2 T
T 0% TG 75 10 40 B £0 K 5 JBT AR AR o TR B R
100 g/L i@ WA T CCK-8 K, 3R [H |
1.4 Blampe & K K RAAMAE M S R ILE )
AR A A B T R &L ME, 7
P sE (#1%5. MERLIN Compact, f&[E Carl
Zeiss ) ) T BEALBOA [R) 47 B VLS 58 41 iy 6 fz JE
FE LR 25

ST RS T RIS B4 56 440 L g B T A R R A
SEAIRARNL, XA A i B4 R0 20 B 10 Bz L A )
#47 H-E 44 F1 Masson 4eft, H-E G sCig i,
20 A% I ARG Y BB B ) €8, BRI A
PR BRI A, AR KIEC, TR
ENEILOE Y AR R Y o SAN A = G XL Ny AR
Masson Qe sCgnr, WIRAF4E . il Eiie.
1.5 HwgMaiEk ZHEZRE GB/T
16886.4-2003" X6 497 27 1 H 1) R A e e g 356 fo b
REEAT MR 2S5 . 20 R B e R A
BEBLEEIN , KRR R PLEEIL 60 pL 2Bl A KA
3 mL i fa 7 SE b BHR R . ZRIRK . AEREER
K CRI e a2l . BT A . PR R )
A, 37 °C HEIRKIEH KA 1 he ZEE
DECEIEW, 7228 BURTILAEEEETEF 545 nm
BEARALI e 41 D AH. WICRITEAR: %l
K (%) = (L84 D H— XA DA ) /
( BHPEXTBEZH D — FIPEXTRELL D () X 100%.
1.6 #@hf Live/Dead #7&E5# ¥ hBMSCs L)
2X10FLIY B RN T 24 FUAR, & MR350
FFE, FPAMRERS , SEERZHPmA 0.5 mL ARifE
WeEER 100 g/L A i 20 A £ i JE AR RHR BRI, XF
FRAA A MGG IR, 3557 48 h JE A Live/

Dead {7 (EEILEHAF) 7 37 C THE
15 min XPAIMIHEAT R0, 200 HUE T US4 i
FEIEIEOL . SREOPRIC AR E R T4, 20 EhR
ICHACARNT, AN 20 M T iS4 SR R A T
W) EAR IS
1.7 @wmfeA— %% hBMSCs LA 2X10Y4LIY5E
JERER T 24 fLbk, & IMVEEEFREE, R
WERESS , SCIRZH PRI 0.5 mL FRUEMRIE R 100 g/L
F14) Fot 40 s Bz 5 o A R 0, X B AL i A
MG R IR, Hi5F 48 h J5 FWE IR £h 5% wh vh ik
2K, T 4% 2R PRSI S 15 min, 2R
FHl TUNEL EbRiCIH T4/ DNA R Br, HIsiEDS
JEUEOE R BRSO WA T OEE, T 4 A
520 nm KA BRGRESOE . 7E 460 nm AL
75 Wi {0 DAPI Y i 4Rz .

¥ hBMSCs LAZY 5 X 10YFLE B M T 6 4L
M, P& MG R R PR s 7%, franiheefs
A2 5 14 JOE AT e e iz 5 S A R RRAR RO 6 FL
M, 2.5 mL/fL, 535 24 h Jo 8 g gkt
Annexin V-FITC/PT Jett, HIR AL AT 45 5
1.8 %itspabm@ 3 SPSS 16.0 B 7411
M. HHEVERIA Xt FoR, Z41E] HECR A
RZE I 225001, PPN ELBCR ] Dunnett-r K56 K6
KKkHE (o) 4 0.05,

2 % B

2.1 I, B4R REUY hBMSCs 75 &
T 2RI, AMAZRE D, 4002 e R HES
(B 1) . #MRmbrEdY CD0 FHMER N
97.70%, CD73 FHPEZN 99.98%, CD105 [HPER
4 99.02%, CD34 [ 0.41%, CD45 FHER N
0.33% (& 2) o FCATARIA BRI 40 A k2 B v
) hABMSCs.,

(B)

B 1 hBMSCs £KFEWE
Fig1 Morphological observation of hABMSCs
The third generation of hBMSCs under the microscope. A: First day; B: Third day; C: Fifth day. hBMSCs: Human bone marrow-derived

mesenchymal stem cells. Original magnification: X100



2. HmE o B s, S5 FiBLAH It o R SE I 4 S AR A Rk . 165 o

200 200 1 200 200 200

160 1 97.70% | 160 1 99.98% 160 1 99.02% 160 0.41% 160 0.33%
“ 1 @2 M @2 1 2] Ml @ M1
= 120 4 = 120 4 = 1204 = 120 = 120
) =) =) =) =)
S 801 S 801 S 801 S 80 S 80

40 1 40 1 40 1 40 40
E A E B [k © 0 D 0 E
10" 10' 10" 10" 10 10" 10" 10 10° 10° 10° 10° 10° 10" 10 10° 10° 10° 10" 10 10 10° 10" 10" 10

FITC-CD90 PE-CD73

PerCPcy5.5-CD105/
PEcy7-CD45

APC-CD34 PerCPcy5.5-CD105/

PEcy7-CD45

B2 R AREN hBMSCs REFRED
Fig2 Determination of hBMSCs surface markers by flow cytometry
A: CD90; B: CD73; C: CD105; D: CD34; E: CD45. hBMSCs: Human bone marrow-derived mesenchymal stem cells
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Group 1d 3d 6d
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Carp fish 92.66£0.07 80.53£0.03 65.524+0.02
Silver carp fish 75.03£0.04 78.08£0.17 48.6640.03
Control 100 100 100

hBMSCs: Human bone marrow-derived mesenchymal stem cells. "P<<0.05 vs control group
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Fig 3 Structure and constituents of acellular fish skin matrix materials

A-D: Scanning electron microscope graphs (A: Rough surface of leather jacket fish skin acellular dermal matrix material; B: Rough

surface of black fish skin acellular dermal matrix material; C: Smooth surface of leather jacket fish skin acellular dermal matrix

material; D: Smooth surface of black fish skin acellular dermal matrix material); E-H: H-E staining (E, G: Leather jacket fish skin

acellular dermal matrix material; F, H: Black fish skin acellular dermal matrix material); I-L: Masson staining (I, K: Leather jacket fish

skin acellular dermal matrix material; J, L: Black fish skin acellular dermal matrix material)
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Fig 4 Effect of acellular fish skin matrix material extract on the survival of hABMSCs by Live/Dead assay

A, D: Leather jacket fish skin acellular dermal matrix material; B, E: Black fish skin acellular dermal matrix material; C, F: Control

group. hBMSCs: Human bone marrow-derived mesenchymal stem cells
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5 TUNEL & AR 4 Aot 57 B Bt R 12X hBMSCs BT RIRAE
FigS Effect of acellular fish skin matrix material extract on the apoptosis of hBMSCs by TUNEL assay

A, D, G: Leather jacket fish skin acellular dermal matrix material; B, E, H: Black fish skin acellular dermal matrix material; C, F, I
Control group. A-C: TUNEL; D-F: DAPI; G-I: Merged. hBMSCs: Human bone marrow-derived mesenchymal stem cells. Original

magnification: X200
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Fig 6 Effect of acellular fish skin matrix material extract on the apoptosis of hBMSCs by flow cytometry

A: Leather jacket fish skin acellular dermal matrix material; B: Black fish skin acellular dermal matrix material; C: Control group.

hBMSCs: Human bone marrow-derived mesenchymal stem cells
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