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Fabrication of an antibacterial hydrogel laden with adhesive liposomes for bone repairment
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[Abstract] Objective - To construct an antibacterial hydrogel laden with adhesive liposomes (A-LIP-PEG) for bone repair. Methods - Adhesive
liposomes (A-LIP) were fabricated based on the Schiff-based reaction between dopamine and the liposome. To prepare the liposome composite hydrogel,
the A-LIPs were mixed with thiolated polyethylene glycol (4SH-PEG) which was then crosslinked with Ag'. Bone morphogenetic protein 2 (BMP-2)
was loaded in the A-LIPs for its uniform dispersion and sustained release in the hydrogel network. The size distribution and zeta-potential of the A-LIPs
were characterized with a particle size analyzer. The morphology of the A-LIPs was observed under transmission electron microscope. Flushing test was
employed to examine the viscidity of the A-LIPs, and CCK-8 assay was conducted to demonstrate the biocompatibility of the A-LIP-PEG. Osteogenic
activity of the A-LIP-PEG was evaluated by alkaline phosphatase assay and alizarin red S staining in bone marrow mesenchymal stem cells (BMSCs).
Results - Strong adhesion toward soft tissue of the A-LIPs was indicated by in vitro study. A-LIP-PEG showed significant inhibition on Staphylococcus
aureus. A-LIP-PEG showed superior promotion of osteogenic differentiation to hydrogel laden with liposomes (LIP-PEG), without disrupting cell
proliferation. Conclusion - The A-LIP-PEG developed in this study shows notable potential to expand the application of hydrogels to drug delivery,
antibacteria and bone repair.

[Key words] adhesive liposome; antibacteria; hydrogels; bone repair
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Fig 1 Schematic formation of A-LIP-PEG
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L1 52550k

URwkRE (L5 24 S30870, EmM-E4y). MHMERE (5
73 A0369775, Acros), i JIEE S B gl CBENE - R &
—fiZ - B¥ 35 (DSPE-PEG-CHO, k5 %) A1822081, [iffii
T). & (#3524 20160523, i), ZEkE (CAS
54 62-13-7, P[ikizdl) . 4SH-PEG (#Ht54 TZQ09095,
Creative PEG Works) . fEERER (54 20170808, [E|25).
BMP-2 (#t5-4 MSA5518011, R&D Systems), #FHH 2 -6
(CAS 5 24 38215-36-0, Sigma-Aldrich), CCK-8 i 7| &
(4754 CKO04, Dojindo), BCIP/NBT I il % fifg . €43
Flg (54 C3206, HMRK), PHHRLLS Ytuik (#t5
A MKCC2711, Sigma-Aldrich) . SD L& 0] 7¢ 5 T4
MR 5 72 2 (#4524 RASMX-90021, ik A:4%).
oa-MEM #5553 (354 AD16700296, HyClone),

1.2 ZEPENR o ATy il 26 R AT
1.2 BRPERR BRI H A I oy 0k T A A R

http://xuebao.shsmu.edu.cn

BMP-2 {UgEERR Bk (A-LIP), =2, FrOnekis / In
&l / DSPE-PEG-CHO (4:1:0.1, Jfif&E) Bl kmkig —
STTEI . FIEH% 7% K ALAE 50 v/min (85,0242 4.5 cm)
160 C AKX, (EREHIMEIESEENEE, B, P
&4 0.3 ug BMP-2 F10.1 mg/mL £ ELE Y 2 mL 5 5 1
KAE25 C. 50 r/min (8.0 12 4.5 em) T f i B A7
KA. B PpE R AL R I 45 Bl o B A 450 nm 1 220 nm
FLAR A B TR TR T 8 1ok O 2% % tH, LAZRAH BMP-2 ik i 0%
0.03 pg/ mL {33 BMP-2 1 A-LIP, L)AL 75 36l 45 3
AR Rk (LIP), (BN — & {75k *h A~ & DSPE-PEG-
CHO, ZJCHEPENG Witk (FI-A-LIP) Fnae Jefig btk (FI-
LIP) DI 5kl , (RAERCHIRENG — S5 IRt Ao in
A 200 puL | mg/mL &5 2K -6 B ORI

1.2.2 MEFBURMIFRAE 5 BIEGE & A-LIP FiI LIP i i #f
BERAEMRE, it 2 AJCHU L EE 43 L (Nano-Z890,
Malvern, H&[E) %t H R A DA S L AL AT I &, H4
Wi i A 78 A AR e m LA, 43 S04 in 20 uL A-LIP F1
LIP i THM _E. M8 EiEfETE, RS
TRHEE (Tecnai G-20, FEI, 3[E) MEARFAT &,
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R T RACIR AR RRER I, K F 53R -6 FRiHY FI-A-
LIP F1 FI-LIP 43 %Il £ i 2 B B 9k 1 48 fLAk v 37 CHF &
30min”, WiEJE, F PBS PEUk 48 LB, BRzk FI-LIP, [
LA RAIG, 500 uL DMSO HAF] 48 fLikh, %R
FHFFT AR FLBRFE HIEY FI-A-LIP, 50 IR I B T2
PRE 10 min, BESS, 8260 0CICETHE 513 nm ]
ORI, MR P 470 nm,

1.3 Rk e B ity il 2 A Ak
1.3.1  NEFUAKEERAHIZS PRI 4SH-PEG 25 mg, ff
HYAMRT 175 pL A-LIP v, fR7E I8 R SG, B 75 uL fi
FRERASIK, 193] A-LIP-PEG, FREX 4SH-PEG 25 mg, f4H
VB MR 175 uL LIP wh, FR7E ARG, A 75 pL fHERE
Rk, 53] LIP-PEG,
1.3.2 RIARKEECHIZRAE AT Eb ity SR b A M ok e
EPLRRE D Y. fiMiE 2, ¥ 10 mL &3 A ERE (4
B, fE 600 nm [y D [ £ 0.07) 4y & F] LB B i °F Hk
b5 4> B A-LIP-PEG #1 LIP-PEG & T-BiiS F bk [, H
fE37 CTNim® 24 h: WEE G, MBI EERHE & 5 Bl A4
[ESEZ

FIR A4 R A BE (s-4800, Hitachi, HA) X%
TSR B AT IR, VIBUS R T8 2 d /9 A-LIP-
PEG #11 LIP-PEG 7 Ji* (0.5cmx0.5cmx 0.1 cm) [& 3
e B, R, RABE TR (SC7620, Quorum,
o)) X HIEAT 60 s WE AP, 5 AR R B
FEEIR,

1.4 #ia:8s
1.4 MoEHAED MRS CCK-8 3 Ml 2 /)
BeU VR T 1 4 e Wi A 4 i (MC3T3-E1) [y 345h., Wtk
A-LIP-PEG #1 LIP-PEG (i3 1 if§, 2% %2 %} MC3T3-El
MG SR, f % AL IR I T 96 fLbRh B 3
MC3T3-E1 418 (2 000 4~/ 4L), LA{E Fl o-MEM % % H
BFEM MC3T3-EL {2 B84, s3I T4 1, 3, S HiEA
CCK-8 45l MC3T3-E1 fyi&i h ", Bkt ek . bR
e, JHPBS{HBE3 K, BEHENILHIMA 100 pL K54
F1 10 pL CCK-8 i, MARTF=H 2 h, #KJ5, HEGARIXL
£ 450 nm K TSI B

e 4 A-LIP-PEG F1 LIP-PEG 17 32 g, i JH % 41
M5 R T 24 LA A 5 98 MC3T3-E1 41l iz (30 000 /> /
L), LA o-MEM 8755 3 55 55 ) MC3T3-E1 40 fE %
R, K53k 2 d f5, KEREEFRm, M PBSIEVE3 ik, %
200 pL {HFEYe Cuiaik (5 pL #5855k 20 pL iR CAENE 5
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LRk 10 mL PBS) AnAFIEALA, HiRBECHE
30 min, EKERZLGiARR, PBSIHDE 3k, ML BMER
LB,

1.4.2  BRVERERREEIE R/ NEUERER TE BTN (bone
marrow mesenchymal stem cell, BMSC) (30 000 4~/ 4L )
FEFPLE 24 FL Trans-well Hzrr, F£H o-MEM B35 3 Ho gk
TR, 24 h )G, B 50 mg fY A-LIP-PEG & LIP-PEG it
T Trans-well Bz LSRR, DAASIIARDEH BMSC 1£
Jpxt B, BCE S R AR o-MEM By SRk, £
& 7dJE, M PBS Btk 3k, ARJEHTCKCEET % T
FENE 30 min, [ fE H 25 8ok PE0 3 Ik, AR PEREER
fifi (alkaline phosphatase, ALP) 4tifg, fF=Eim N E
30min f5, FHZRWKGEG, MBRERERK,

1.4.3 PEHRLS YA % BMSC (30000 4~/ L) 45
1 24 4L Trans-well # v, Ff i o-MEM £ 35 5 0 5 i 47
Be3e, 24 h )5, % 50 mg {Y A-LIP-PEG % LIP-PEG ji T
Trans-well #i [ b #0a = o, BAAS I AATEHT) BMSC £
IR, HHBCE TS SR AR o-MEM B 5546, 21d
J&, FPBS BEdk 3 1k, SRJEH 4% L RREAR TR T
[ 72 AHE 30 min, Bl f5 25 85 oK 37k, INAPEERLL
S Yk, EXR FIFHE 10 min 5, FHZRWEKBES, MZM
BeREER,

2 "R

2.1 R AR ML

FIPRLBE 55 HASCRNSE S Ho - W B 4 A-LIP . LIP /Y
Rifgsr A, WAL, AT TME, A-LIP fy-F 2k 42
452202 nm, £4yEcZ % (polydispersion index, PDI) A
0.205, i B kL2 oy HobE R4 (& 2A) 5 A-LIP [ 3
fi & —16.3mV (& 2B); A-LIP B4 R rI 48, ifi H.
A-LIP JH A B GLR a2, rTREERh L B &1
| TRE B ALK (& 2C), LIP yF¥kiie 2y 295.3 nm,
PDI 24 0.222, BRI #ER4F (18 2D); LIP fyF
HLfL A —8.4 mV ([ 2E) s LIP HAEBHIZN (18 2F),

FI-A-LIP #1 FI-LIP {1y L #: 45 R ¥ 7. FI-A-LIP 4,
926 3R Bk (832.0+63.9) A.U., FI-LIP 4 3¢ J¢ 5& J&F
J3(3973+437) AU, 2H 2 A E % A 41t % B X
(P=0.000), FI-A-LIP [1J JL 4%l & [ &5 AU S R I R, i
Al LABG B #5102 . 7E ] PBS PEURER S ARBE M2 g (A
(FI-LIP) Ji&, FI-A-LIP {75 % R T~ 451 20 B8 10 B 9 24 LA,
X 58 FI-A-LIP 4 H. A Lt FI-LIP 8 &1y Jaok i, AR R
AR, FI-A-LIP X4 44 R LI 6E
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Fig 3 Bacteriostasis and microstructure of A-LIP-PEG and LIP-PEG

http://xuebao.shsmu.edu.cn AR AR (BRAERR) , 2019, 39 (9)



952 | LifssEAEHER (B 2019, 39 (9)

2.3 IR s K eI i A W AH 2 ZE5 (B 4A), B 4B H4iigidse g (45 %, A-LIP-PEG
2 T UE W] A-LIP-PEG 1) A= ¥ #H 722 1, fd Fl CCK-8 4], LIP-PEG 4 fmxt M A B0, - —FuEm T

R MC3T3-El (8854, 764 3 H, A-LIP-PEG 4]  A-LIP-PEG [y AH2

1) D TERGAR T B4, 2 &4 2[R/ D %A R r
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Fig 4 Biocompatibility of A-LIP-PEG and LIP-PEG
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2.4 IR Ak BERER s AL 11 T LIP-PEG, i ich 48 M55 25 45 1 238 7K °F- K PR Al A-LIP-
73 T %%% A-LIP-PEG 1 LIP-PEG {RT IfE B RE ), PEG F1 LIP-PEG [y J5 M2 )& §E /1. A-LIP-PEG 41 /1) #5
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Fig 5 Osteogenic differentiation capacity of A-LIP-PEG and LIP-PEG
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PERE, EX PN Duh)a, oA RKE LGN, &
ifi, XFKEENINZE T PEG AW B ERIE s, o4l
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g W et AT ek, 2 XA e EERERRE . TR DL
XEAT L AP S R B RGP I AR R A= A R B L
TR RIE, HRGM AR T R 225y W R DLRL &R A o
Y IE AT FOARAE My Al . 2 DU 2 13 A 0 P M AL Al
JEK s AR SCH A T SR AR A R R T A 2 AT 2 B

http://xuebao.shsmu.edu.cn

e, FIF 2 LR SR AR iy S M e 4 L B IR ™,
il 45 Zh FHE B BTk (A-LIP), f8 5 & ®] /£ B PEG 7k k¢
Ji v Bt TE AL AR R IR RV B, R v 25 ) A i Rl
FHEE,

LKW (B 2A, D), A-LIP f1 LIP #RE A A
— [ kLiE sy A, A-LIP SE¥RL248 LIP /h, W REZ BT
T B 22 EL R L B 40 W ASL A I 2 A — 2 P i 1
F. LIP 4 A M es il ar, i A-LIP 21 i A7
AHor (K 2B, E), X—BR5 L B ARIEEE i
SER AT FE K v fif B JE sk OH I ARy & . A-LIP (&
2C) Woif i W e LR % LIP (18] 2F) RBI 2 1 T
BEZRY, Xt ENE T A-LIP %1 £ B K Th
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