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Biosafety study of a nano-silver modified small intestinal submucosa mesh
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[Abstract] Objective To evaluate the biosafety of a nano-silver modified porcine small intestinal submucosa (NS-PSIS)
mesh. Methods To prepare the porcine small intestinal submucosa (PSIS) biological materials, the mucosa and muscle layers
were removed from fresh porcine small intestine by mechanical method and SDS method. 50 pg/mL monomer nano-silver (15
nm in diameter) solution was prepared and the PSIS was exposed to the solution to prepare NS-PSIS. The biological safety of
our self-made nanometer silver biological material was examined by pyrogen test, skin irritation test, skin stimulus test, acute
systemic toxicity test and the metabolism of silver absorption test. Results The prepared NS-PSIS mesh was not pyrogenic and
had no skin, subcutaneous irritation or systemic acute toxicity. Flame atomic absorption spectrophotometry results showed that
NS-PSIS mesh caused no silver deposit in major organs such as the brain, blood, liver or kidney of SD rats. Conclusion Our
nano-silver modified small intestinal submucosa mesh has satisfactory biosafety.
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silver modified porcine small intestinal submucosa,
NS-PSIS) A Yy i BEAE 52 b1 ) 28 1R A1 K 1A N 52 56 Ik
FHEA R BT AE R . SR AT T BT B A R
TE A% IR Wy 1 T3] I s 2 o A4 20 Jf 7 2 — 5 1Y) B
RIVEF o SOBIE 7 98 R AR A ) I BEAG 52 B4 B 1) A W) %2
b IR O IEREAE BB BN A RT3 . A BT ST
P YN N SR AN A S B R G N A B
A B R0 S AR PN R R ST s 6 ) 0 K AR AR
JERE A S b L AT A ) 2 A R PRARY

1 Rk

11 SBABRSHAH B TES. JJER TG
WA ELAR 15 nm ) AR G0 R AR B0 (Ol 3 P
IEGUORBH A BRAFD . SER B« 0 1 B 7 22 K
FIAR(2.5~3.5 ke) . Iif il % SD KL (250~300 ),
TH U FORAF KB (700~1 200 @) i 9% BALB/c /s
B (18~20 @), LI B4 ¥y b1 28 JL N RS BE B
S asIE7 L SN f

1.2 # /AT B (PSIS) \NS-PSIS & 4 # 4 %
NS-PSIS iz 42 i ¢ #) &

1.2.1 PSIS % NS-PSIS & 4 #t kb oy %] % R AL
W-SDS 1 il 8 PSIS, WU ek 4% 45 1 ¥ Wk i 32 47 L
WAL 3 EI R 7S I R R VR R L2 L BT
K VI R LY K 10~20 e # il 45 1) PSIS Bk
FRETHBESEMGE®RA: 1, V/V)12 hy BT
AKWPET %, 75 37 C & 0. 05% & AR5 0. 05%
EDTA (W I8 12 hy A= £ 7K 5 45 wh g 2 I
EBRBRE AW JFIR T & 0.5%SDS 5 0. 9% 3K
FRELiR 4 hy AR K Pk E 5 0. TN R S
20 % Z T VR I M 30 min, A= B R K whgE T
AR G B EURE S (n=10) FH T SD K UK AR &
A B B G . o A 4 R PSTS BAEL ) 4
9 50 pg/mL ARG IR (EAR 15 n) 1, & T
R a EPR 24 h, 15 3] NS-PSIS A4 ¥y i BE 15 &2 41
k4 CRAr# .

1.2.2 NSPSIS £## # AkRBAHHE ¥ NS
PSIS Y] 30 mmX5 mm 4R, & T LA 25 mL
HETE I 4% 32 A 5 A AR K S 3 em® £ 1
mL [ Ho ) B — i A B AR K T ST AR O
H BT 37 CHLEVIE R KE FR 48 PR AR 72 h, ¥R
PERIERE & 5y — LR MR b WY pH R

7.0, 4 CRAFR .

1.2.3 NS-PSIS # 4 2 & W &y %] & W NS
PSIS AP bF BT HE , K/N2 10 mm X5 mm Fok . &
F RIS 25 mL HETE R . A — 7 0 A
HZIRA G TR L P B RE 6 90 K R 7
SR TR T 53 000 r/min (B0 2K R 13,5
em) B0 15 min, B F 2R IR .

1.3 #JriX% TEREET 7 d ik 3 HE M, MR
PR ME SR R A AR BT 1.7 ~3. 0 kg, NRAET 7 d 4 3
HZ AT 6] — P88 F AH [ faD 4 5% o FL A 5 & JC ook
B CEACHRETE SR . TR R R T
FEAT 253 G AL IF 31 %, &R 1 hilla 1 %k, 3t
W4 YA 38.0~39. 6 C L, A HFINEEER, 3
d J5 W R G [l 5 F 5 2 25 9. 30 min 555 1 &,
] F 30 min FRIU 1 ¥R, PRIRAR IR 2 2 ANl 0. 2°C
DA YA T 1 - S 08 Ry 2 S i T AR . H Y H AR
MR R BIRIRAE 38. 0~39. 6 C (131 [ N . £5 e lal 1Y
IER IRz 2 A 1C. 6 0TS 88 5k &
— VIR S T VR A i 2 L4 HEAR 250 C
JN#R 30 min B LR . ALK RAKIRAT ARG 15
min P, B & 5 S5 K 218 0 A fi# 38 C NS-
PSIS A K EAR W 10 mL/kg, HEHEERK 1 h
T AR 1k, SR 6 YL DL 6 IR R Y 1 IR
ok 25 1E VR T A 150 5K G AR T T 5

1.4 amien g FELRA 7 dik 5 RigiEg SD
B ME AN PR L ME B 22 A 8] — B 5 FH AR [+ 4]
A 5 L R B BT TC U R i B AR R I S T
o 20 BUR # KR I o RS LA BOR SR it A
20 KB P 7E (2. 08 ~11. 78) X 10° /L, 44 45 52 U %L
Ko G EUERE LA 2248 1 5 NS-PSIS /£ #h K 2
PEW L5 10 mL/ kg, VESEE 1.3.5.7 R&ERE
IR AL o S 00 A R P 4 L KA Ak

1.5 gomcdlgoR s ZulKE 3 B2 HigErE. 1 J
WEPE , SEERHT 24 b 7E K B A I & 26 2 4> 3 em X
3em WA ETBRX, H YU BALA A 2B, Hh—
) Bz R AR FE 524, 55— DT 20 mL i 5 2 1k i
I B R A A R B B Ll A
75N CBEHEEHEEX.2.5 comX 2.5 cm JE4L
Yeigt i F NS-PSIS ) A5 3 R /K 32 38 2 40 A, 0l
BRI IRAL ., AR BT RS SBT3 em X3
em 20 A A A B AN TR A [ 58 . 24 h JE L B8 Al
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AL UL R 5 K i CRb AR R ) 3E R 1 435 B bk v 5
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O3 s BORA R LLBE VR R B K b (R B35 1 mm, 48
JERIEREDIC A 3 41 B BR T AL BE (SRR LT 0 T B AR
P F K (R EE>1 mm IR ROIE N 4 43
L6 RAR#KE ZiKXER6 N A 2.5~
3.5 kgo LAY 24 h T2 5 A A W A 5T A 5
em X 2.5 em X3 B 3k o 451 005 B2 Bk L 0T 75040 S
HEE. 76 RHE WIS R 10 A A, WA AR 2
e, B RN TEST 0.2 mL AR W AR . — DR 5
TEST NS-PSIS Az #Eh K R W 5 5 s T 3 % B A
R K 5 55 — MG 5 f00 5 NS-PSIS A #1242 1 »
J5 5 mLTESIXT IRAE P . VRS 24.48.72 h WL TE
S5 Jr 8 K J PRl B Bk L UL, 2 R 1L5 3T I8 A A
HEBEAT PP 1143 o

1.7 &MAFFHXE KR BALB/C /K
LA Rl A B2, A 5 B, I 2 i B i
JikVE 4 50 mL/kg NS-PSIS Az 3 45 7K 18 45 i . % BE 21
DAAR [R] 7 2 Im) 45 700 o 0 5 AR R K. T i G 24,
48,72 h ML IC K P s i — IR ZS R B
FIET- S W%, ¥ 22 I0AR 4 0w R R B3 -
g Gh W) IO B A G AT ] R B E R LR R P
CERBE 525 AR TC 38 i 20 L 9 W R e i ol o RO
A S v R CFF 30 SRS AR L P R R 58 8 o 2D R
B NEJEES KR EREE 15~17 9 EEPE
O B TG00 SR R L & 2 LR AR B, O T R 08 L TR
I L IR PR ME (R BT iR AR & 15 g BLT) B
T,

L8 HAKASZTME KFH 300 g Zid HYE R L

A SD KR CHEREAR R )20 H L BEHL S R PSIS 1697 41
(n=10) 1 NS-PSIS {657 4 (n=10), BUEFRIE h 4]
F S UIIF Bz Wk T B T 1o A0 B384 43 5 L R R ILUZ L %
3 em X3 em K/ LA I [F] 15 R B DT R 3 1l I
S22 B P R R, T AL 4y R R A TR TR A
PSIS #1 NS-PSIS #4718 b, 6-0 22 £ W45 &, 3-0
AR M W AE A R . PR B F ARG 1.3.5.7.15,
30 d HRHE R il » SR 0 D - W e 43 O 't 8 vk T 7
REBME PR S . TAE 30 d 458K BUIL
JHE 0 I A A AR

2 % R

2.1 #HBRXBELER HELAW,.3 HERKRT
AT 0.6C, H 3 RFE QKR TH & LMMKT
1.4°C, 4B NS-PSIS %} K % L5 AMEH .

2.2 Ampm R @R 2 A EHEKRE
PRI 1 4 {30 8 T e 3 5 5 Kk B e o [ BUE AT
Wb FIEH B N 5 7 R ZETA TR
K] NS-PSIS HA R4 M50 i, oo B 5 @l /e .
2.3 RPR ECGRIEZ R NS-PSIS 2 32 U 8K
BRRZ R 24 .48 1 72 h, 58 B R AL 5 B B2 K AL 3
AR ILLLBE B ICIK T B Bz BRI AR 2 2 0,
F BT NS-PSIS X i B 5k TC 310138

2.4 FRARBREER FKRENTH NSPSIS
A HER K 3R W NS-PSIS A 9 9l 3= R W 24,48
A 72 by 323 B R 34 TG 20 B KK iR s B PN
A4 R 0, T W] NS-PSIS % 5 % TC Fz 4 il 84
2.5 &MAFEMRE ERE/DRE#KES
NS-PSIS A= # 6 K B S W 24 .48 F1 72 h, 1F 3l J2 itk
R AT, PPURIE H TR AR B SE T & AR HLAR T
TRAE  JCAT AT 350 SR 5 X R A Bl ) R R R R
I, FWI{E /N B NS-PSIS 145 a4 85
PR
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Tab 1 Results of pyrogen experiment with rabbits

N=3

Temperature before

Temperature after injection 0/ C

Increased temperature

Number Mass m/kg
injection §/ C 1h 2 h 3h 4 h 5h 6 h 0/C
1 1.7 39.3 39.5 39.3 39.2 39.4 39.5 39.3 0.2
2 1.6 39.2 39.1 39.5 39.1 39.5 39.5 39.2 0.3
3 1.5 38.9 39.0 39.1 39.1 39.3 39.3 39.2 0.4
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Tab 2 Determination of white blood cells (WBC) in SD rats
N=5

WBC after experiment (X 10°,L~1)

Number Mass m/g Sex WBC before experiment ( X10,L"1)
Day 1 Day 3 Day 5 Day 7
1 280 Female 4.56 5. 57 7.29 8.94 7.52
3 275 Female 5.76 6.02 7.17 8. 86 7.38
3 270 Female 3.23 4.96 6.21 7.14 6.32
4 260 Female 6.21 7.67 8.45 9.37 8.23
5 268 Male 5.78 7.05 7.78 8.29 7.64

2.6 HAKESZTHEAL HFEK 3 ATIL,NSPSIS 4
A5 A A I a] R B A A AR B R R AW . H
TARJE 30 d K IEH KV ARJa 30 d AFER B K

T Vi A5 T A A B A5 OR S R AR
PR KRR

x3 AREFAEHE&ESD KRNPREE

Tab 3 Blood silver contents in SD rats at different time points after operation in each group

n=10, xEs, wp/(pg g "

Group Day 1 Day 3 Day 5 Day 7 Day 15 Day 30
NS-PSIS 0.30+0.07 0.41+0.07 0.19+0.05 0.13%+0.03 0.08+0. 02 0.05+0.02
PSIS 0.05+0. 02 0.04+0. 02 0.05+0.03 0.04+0.03 0.05+0.01 0.03+0. 02

NS-PSIS: Nano-silver modified porcine small intestinal submucosa; PSIS: Porcine small intestinal submucosa
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