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lines, PC) #8 52 Y il 44 K ik (Phosphatidyl Cholines-
selenium Nanoparticle, PC-SeNPs) i}, 5 Ff & 7K ¢ 1%

REETH . nBA P ECES) IR E 2.0 d@3sm H (20210701)
VR R R R e (R L 650118)
MBS E-mail: 313737926 @qq. com

A

Rpede' HmaEmS AT

[XEHS]1005-0205(2023)06-0083-06

BUEA PERE S 2 W B . A PR R IR WP RN IR R
P T 7K 90 98 2 5 1 7K Ul 78 i A X 38 R 2R HY IR TN T
Aok UKL J Al B B B I BT RE T . i Abid
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PR 3K R AT S TG 1 A5 D) RE L R TR R GE
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A Kbk . Gillani 2579 % 8% ZrO., \BaSO, 1) 8
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B /K e AR B . 7 60 26 fE B4k TiO, 44 K Uk ) 5
N IR TR TR i K U8 5l 22 1) R T AR R B LB
s I HLH 5 B T e DX B R, ik e BH B R 4
TiO, iF K Je A A B R . A A B Kk
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IR 2T 2 in A B 37 55 9 A0 B K e OB L TR R IR
B K e, K B0 LR g i PR AR B B 3 ek . Ando
SV TR T JE F 85 B2 LEE (Inositol Phosphate, IP6)
T 2CTE B A W AT ISR R A i K U OF i — 0
PLGA UKL 75 fin e vp 32 15 H 2R 9 n] el v & 3
PLGARURLTE /K W b 35 k-5 BCFL B A JE 80 DA T i
TATRRUNE K B 24 T R 1 200 A A LB s 1 24 i
Xtk FpE A K TR . 2Bl , Liao 251 4351
XHEC T PLGA B i A 2R ik 2 = 7 Y 2 i (Poly (trim-
ethylene carbonate) , PTMC) = & 1 il i¢ 5 A4 8 R 45
B 7K I8 N Al R S - K 8 A Bl W AR PN 1 B i P e
S5 R BERR 4G B K U8 /PLGA UBR 2 & bk} W fine 1k
il Joe o T G 3 2L Py o8 e P i A T ) f 22001
10 KELYRMIERE

A 5T I R — S R AR RS W) S — LE g KA R S
HK Ve S & T8 T $2 w5 24 W) R T B BB AL K e .
Y T —Se a8 2 B K U8 A R SR 9 45 25 AR AN e 8
TEVF Z IR0 IT b AR OL Y K i R 3R 97 Hh %) T A
A R0 25 W) R P BB 1Y B K 8 09 R SR AL 3 T RS
XA FBOT 2 B A R 25 W R O B 18 B H K e
% . Bl Tantavisut S50 8 KK R & 4 52 M KX
SEREBEB A B SR A DU R W G R H R
KPerh B R T B R4 25 1) R T e % R Y 5R P
P R H R K 0 bt A R B R o B oe
RHE S ST ZENEI A /KU 25 W) R v Be B 3 v T
SR AR R NG IR BB KJe. 1M Shen
SECST TN R W AT A oK UKL | Bk 44 K 4 (Carbon

Chinese J Trad Med Traum &. Orthop,Jun. 2023, Vol. 31,No. 6

Nano Tube, CNT) 4 FL 5 Ak i 49 2K 0K i A 2R 7

BTN R TP TR B K R AR O 25 W A S5 R BRI A

5. 36 0 ik 4N KA A S ZG W RIS IR T5 0 LA L A

10. 19 Y0 AL A4k ek 44 K JSURE DU W] e 24 1 80 6 0%

K 606, 1M 11. 56 D5 i G L Y B B R A7 499 K JURL I A

AR T B REHCE 100 24 AR & TRl biA:

FEKE ., BA Chen 55073 8 i A R WIS W

B R LT A R R R R KR AT I 3K, 25 AR B OR AT

A R R S R, HO R R e e TR

PR TA 45 T FHY TR R 7K T8

11 Hfb
T AN A VE 22 BAT HAB D RE A B LA KT 4

e E 240 MR T BT L A2 A AR BUAF . Karahalilo-

glu S50 i =X 40 g ASCAS: I PC-SeNPs 14 5t (1) 5 H

B DA 1 T T A DR o I A A R A L ) O

W) 1 B U T A B Y T A b R s 3R T RE N R TR T T 4H

e 3. 75% PC-SeNPs 4 4+ 5 4 0. 1% F15.7% ., 7]

L PC-SeNPs A g 25 4 i A J5UK M B 49 400 M0 o 1=

F, Salarian 1" @ i A S 2H Rel 5884 n-

TiO I AE 7K VE il & T — B B A 10048 A R T (9 8T

B CRE LRI E KR KBS H P AS

BT Rel HA e i 48 A s P . fE W 35 ) 3 A0 i 1

S . AN Demirkiran 550 D4R 1 5 AL 9 46 R

I B K e AN B P9 BIF 52 LB R P g & BRI

ol BB K Y T B A i 9 2 ZUIRBE L T AT AR AR R

) E PR 96 20 L

12 BHEERE
SRR X ST R B K Y8 BE 8 7E S8 T T W 2

A B8 B K U 0 SRy BRAE & 5 A L A AR 3 TE

B2 ALHEE ARG BRI EE RS G 8 H U

P 6T IR A5 7 AT ELUOR W . AR X SE AT 5 H R

R Z 3015 B 70 S 50 38 B B o i 2 I PR ISR 30 0E . B &

X ST AL B K JE BE A5 T 12 W T I PR o S AT AL

PRITTT A SO H T 84 B 7K U8 21 BE AIF 5 B2 HoAH OG0 1Y

PR X T4 5 E KT MR SR —E S % 3 L.

5% 3k

[1] SZCZESNY G,KOPEC M,POLITIS D J,et al. A review
on biomaterials for orthopaedic surgery and traumatolo-
gy:from past to present[]]. Materials (Basel), 2022, 15
(10):3622.

[2] DIEZ-PASCUAL A M. PMMA-based nanocomposites for
odontology applications: a state-of-the-art[ J]. Int J Mol
Sci,2022,23(18) :10288.

[3] GINEBRA M P,CANAL C,ESPANOL M, et al. Calcium
phosphate cements as drug delivery materials [J]. Adv
Drug Deliv Rev,2012,64(12) :1090-1110.

[4] XU H,ZHU L,TIAN F,et al. In vitro and in vivo evalua-



o I e R iR 2 AR 2023 4F 6 45 31 4 6 )

[6]

7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

(16]

tion of injectable strontium-modified calcium phosphate
cement for bone defect repair in rats[ J]. Int J] Mol Sci,
2022,24(1) :256.

BASTARI K,ARSHATH M,NG Z H.,et al. A controlled
release of antibiotics from calcium phosphate-coated poly
(lactic-co-glycolic acid) particles and their in vitro efficacy
against staphylococcus aureus biofilm[J]. ] Mater Sci Ma-
ter Med,2014,25(3):747-757.

KARAHALILOGLU Z,KILICAY E. In vitro evaluation
of bone cements impregnated with selenium nanoparticles
stabilized by phosphatidylcholine (PC) for application in
bone[ J 1. ] Biomater Appl,2020,35(3) :385-404.

PERNI S, THENAULT V, ABDO P, et al. Antimicrobial
activity of bone cements embedded with organic nanopar-
ticles[J]. Int ] Nanomedicine,2015,10:6317-6329

ABID C K,JAIN S,JACKERAY R, et al. Formulation and
characterization of antimicrobial quaternary ammonium den-
drimer in poly (methyl methcarylate) bone cement[]J]. ] Bi-
omed Mater Res B: Appl Biomater,2017,105(3) :521-530.
LI X,LI G,ZHANG K,et al. Cu-loaded brushite bone ce-
ments with good antibacterial activity and operability[ ] ].
J Biomed Mater Res B: Appl Biomater,2021.,109(6) :877-
889.

SLANE J, VIVANCO J,ROSE W, et al. Mechanical, ma-
terial.and antimicrobial properties of acrylic bone cement
impregnated with silver nanoparticles[ J]. Mater Sci Eng
C:Mater Biol Appl.2015,48:188-196

KHALED S M,CHARPENTIER P A,RIZKALLA A S.
Synthesis and characterization of poly (methyl methacry-
late)-based experimental bone cements reinforced with
TiO,-SrO nanotubes[ J]. Acta Biomater,2010,6(8):3178-
3186.

GOTO K, TAMURA ], SHINZATO S, et al. Bioactive
bone cements containing nano-sized titania particles for
use as bone substitutes[ ] |. Biomaterials, 2005, 26 (33)
6496-6505.

GILLANI R, ERCAN B, QIAO A,et al. Nanofunctional-
ized zirconia and barium sulfate particles as bone cement
additives[ J ]. Int J Nanomedicine,2010,5:1-11.
PHAKATKAR A H,SHIRDAR M R,QI M L,et al. No-
vel PMMA bone cement nanocomposites containing mag-
nesium phosphate nanosheets and hydroxyapatite nanofi-
bers[ J]. Mater Sci Eng C: Mater Biol Appl, 2020, 109;
110497.

ORSHESH Z, HESARAKI S, KHANLARKHANI A.
Blooming gelatin; an individual additive for enhancing
nanoapatite precipitation, physical properties, and osteo-
blastic responses of nanostructured macroporous calcium
phosphate bone cements[]]. Int J Nanomedicine, 2017,
12.745-758.

ORMSBY R,MCNALLY T,MITCHELL C,et al. Incor-

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

87

poration of multiwalled carbon nanotubes to acrylic based
bone cements: effects on mechanical and thermal proper-
ties[ J ]. J Mech Behav Biomed Mater, 2010, 3 (2): 136-
145.

HESARAKI S, ALIZADEH M,BORHAN S, et al. Poly-
merizable nanoparticulate silica-reinforced calcium phos-
phate bone cement[]J]. ] Biomed Mater Res B: Appl Bio-
mater,2012,100(6) :1627-1635.

SHEN S C,NG W K,DONG Y C,et al. Nanostructured
material formulated acrylic bone cements with enhanced
drug release[ J]. Mater Sci Eng C:Mater Biol Appl,2016,
58:233-241.

ZHU W, GUO D,CHEN Y, et al. Cytocompatibility of
PLA/Nano-HA composites for interface fixation[ J]. Artif
Cells Nanomed Biotechnol,2016,44(4) :1122-1126.
WANG C, YU B, FAN Y, et al. Incorporation of multi-
walled carbon nanotubes to PMMA bone cement improves
cytocompatibility and osseointegration[ ] ]. Mater Sci Eng
C:Mater Biol Appl,2019,103:109823.

YANG L,CHEN S,SHANG T,et al. Complexation of in-
jectable biphasic calcium phosphate with phosphoserine-
presenting dendrons with enhanced osteoregenerative
properties[ J]. ACS Appl Mater Interfaces,2020,12(34)
37873-37884.

XIA Y.GUO Y.YANG Z,et al. Iron oxide nanoparticle-
calcium phosphate cement enhanced the osteogenic activi-
ties of stem cells through WNT/B-catenin signaling[ ] ].
Mater Sci Eng C:Mater Biol Appl,2019,104:109955.
RUSU M C,ICHIM I C,POPA M,et al. New radiopaque
acrylic bone cement. II. Acrylic bone cement with bro-
mine-containing monomer [ J ]. ] Mater Sci Mater Med,
2008,19(7) :2609-2617.

SHARMA R, KAPUSETTI G, BHONG S Y, et al. Os-
teoconductive amine-functionalized graphene-poly (methyl
methacrylate) bone cement composite with controlled ex-
othermic polymerization [ J]. Bioconjug Chem, 2017, 28
(9):2254-2265.

VALENCIA ZAPATA M E,MINA HERNANDEZ ] H,
GRANDE TOVAR C D. Acrylic bone cement incorporat-
ed with low chitosan loadings [ J]. Polymers (Basel),
2020,12(7):1617.

GUTIeRREZ-MEJiA A, HERRERA-KAO W,DUARTE-
ARANDA S, et al. Synthesis and characterization of core-
shell nanoparticles and their influence on the mechanical
behavior of acrylic bone cements[]]. Mater Sci Eng C:
Mater Biol Appl.2013,33(3):1737-1743

LEVENGOOD S L,ZHANG M. Chitosan-based scaffolds
for bone tissue engineering[ J ]. ] Mater Chem B, 2014, 2
(21):3161-3184.

DI MARTINO A, SITTINGER M, RISBUD M V. Chi-

tosan:a versatile biopolymer for orthopaedic tissue-engi-



88

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

(40]

neering[ J]. Biomaterials,2005,26(30) :5983-5990.
ZHANG H, CHENG]J, AO Q. Preparation of alginate-based
biomaterials and their applications in biomedicine [ J ]. Mar
Drugs,2021,19(5) . 264.

UENO M, ODA T. Biological activities of alginate[]].
Adv Food Nutr Res,2014,72:95-112.

MAGRI A M P,PARISI J] R,DE ANDRADE AL M, et
al. Bone substitutes and photobiomodulation in bone re-
generation; a systematic review in animal experimental
studies[ J |. ] Biomed Mater Res A, 2021,109(9):1765-
1775.

LIAO J, LI Y, LI H, et al. Preparation, bioactivity and
mechanism of nano-hydroxyapatite/sodium alginate/chi-
tosan bone repair material[ J]. ] Appl Biomater Funct Ma-
ter,2018,16(1) :28-35.

WOLF F I, TRAPANI V. Cell (patho) physiology of mag-
nesium[ J ]. Clin Sci (Lond),2008,114(1) :27-35.
NABIYOUNI M, BRUCKNER T,ZHOU H, et al. Mag-
nesium-based bioceramics in orthopedic applications[J].
Acta Biomater,2018,66:23-43.

LIAO C,LTI Y, TJONG S C. Graphene nanomaterials: syn-
thesis, biocompatibility, and cytotoxicity [ J]. Int J Mol
Sci,2018,19(11) :3564.

XU H H.WEIR M D,SIMON C G. Injectable and strong
nano-apatite scaffolds for cell/growth factor delivery and
bone regeneration[ J ]. Dent Mater, 2008, 24 (9); 1212-
1222.

BURGUERA E F,XU H H,WEIR M D. Injectable and
rapid-setting calcium phosphate bone cement with dicalci-
um phosphate dihydrate[ J]. J Biomed Mater Res B: Appl
Biomater,2006,77(1) :126-134.

VLAD M D,DEL VALLE L J,BARRACo6 M, et al. Iron
oxide nanoparticles significantly enhances the injectability
of apatitic bone cement for vertebroplasty[J]. Spine (Phi-
la Pa 1976),2008,33(21):2290-2298.

JACK V,BUCHANAN F J,DUNNE N J. Particle attri-
tion of a-tricalcium phosphate: effect on mechanical, han-
dling,and injectability properties of calcium phosphate ce-
ments[ J]. Proc Inst Mech Eng H,2008,222(1):19-28.
RODRIGUES D C, GILBERT J L, HASENWINKEL ]

M. Two-solution bone cements with cross-linked micro

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Chinese J Trad Med Traum &. Orthop,Jun. 2023, Vol. 31,No. 6

and nano-particles for vertebral fracture applications:
effects of zirconium dioxide content on the material and
setting properties[ J]. ] Biomed Mater Res B: Appl Bio-
mater,2010,92(1) :13-23.
SALARIAN M, XU W Z,BOHAY R, et al. Angiogenic
Rg(1)/Sr-Doped TiO, nanowire/poly ( propylene fumar-
ate) bone cement composites[ ] |. Macromol Biosci, 2017,
17(2):201600156.
WU T.YANG S.LU T,et al. Strontium ranelate simulta-
neously improves the radiopacity and osteogenesis of cal-
cium phosphate cement[ ]J]. Biomed Mater, 2019, 14 (3);
035005.
MOUSSA H, ELL HADAD A, SARRIGIANNIDIS S, et
al. High toughness resorbable brushite-gypsum fiber-rein-
forced cements[ J ]. Mater Sci Eng C: Mater Biol Appl,
2021,127.:112205.
ANDO A, KAMIKURA M, TAKEOKA Y, et al.
Bioresorbable porous B-tricalcium phosphate chelate-set-
ting cements with poly(lactic-co-glycolic acid) particles as
pore-forming agent: fabrication, material properties, cyto-
toxicity,and in vivo evaluation[J]. Sci Technol Adv Ma-
ter,2021,22(1):511-521.
LIAO H,WALBOOMERS X F,HABRAKEN W J,et al.
Injectable calcium phosphate cement with PLGA, gelatin
and PTMC microspheres in a rabbit femoral defect[]].
Acta Biomater,2011,7(4) :1752-1759.
TANTAVISU T S, LEANPOLCHAREANCHAI ],
WONGRAKPANICH A. Influence of chitosan and chi-
tosan oligosaccharide on dual antibiotic-loaded bone ce-
ment:in vitro evaluations[]]. PLoS One, 2022,17 (11):
e0276604.
CHEN L,TANG Y,ZHAO K,et al. Sequential release of
double drug (graded distribution) loaded gelatin micro-
spheres/PMMA bone cement[ J]. ] Mater Chem B,2021,
9(2):508-522.
DEMIRK RAN N D,AKTAS S,ER¢ETIN OZDEMIR A
P.et al. Cadmium in bone cement induces necrosisand de-
creases the viability of residual osteosarcoma cells:a xeno-
graft study[J]. Acta Orthop Traumatol Turc, 2020, 54
(4) :445-452.

Ol A5 B #1.2022-11-13)



