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Application of mixed natural-artificial synthetic polymer nanofibers
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Abstract; Multi-component synthetical nanofiber is a result from blending nanotechnology, material science and
biological science. The nanofiber represents a kind of classic nanostructures that can fully simulate the microenvi-
ronment of fibrous structure in vivo, while providing topographical structures, biomechanics and biochemistry a-
gents to promote tissue regeneration and wound healing. These fibers are prepared with mixtures of naturally and
synthetically derived polymers. They have synergistic effect on mechanical properties, biological response and
structural properties and play an important role in tissue engineering and drug delivery.

Key words: Nanofibers; Electrospinning; Tissue engineering; Drug delivery; Biomechanics

GERAEYRPREE H AT AR TR S A R G
ISR R B B SOR B R R T Y
G T4 AR TG A AR BA AR B 2
P2 TN WA 2500, TR I , 78 A2 W) R~ U B )
BIRLFMERIRE o R BT IE AN 2 £ B 4
NETHE R O M ALEE R ARG SE,

s H#:2011-02-27; #&E HHA:2011-03-08
BHEE 507, B0, T LA 5, E-mail : yangli@ cqu. edu. en,

TR B LR TAR, B8 58 25 A1k 5 40 MY B A EL AR
A(EERE FMGER 05 ) DU ER 2545
REM ] , TEHER AR 4R 50 b, BEAR SR 4 g sk
F & (extracellular matrix, ECM ) £ W0 45 #4184 R 24
YRl & M EZE K. ECM EZHH0R%
BEOSEETRMEFAYESE WA, X 5K 4



EREMAE $2608 £28 20115F4 A7
106 Journal of Medical Biomechanics, Vol. 26 No.2, Apr. 2011

SHEBRIN G ARl L, & RRAR 4L
SR AT AU SR 85, IR A A T 3 A5 R AL
ERSHAASEAD

LRI, UK 45 4 SCARR i 2 1 SR ST 7R 45 A A
AT HAR MBI 23 MR EZ b
X 3 RHEARARREAS ] &5 B = HEAOREF 4 SR,
& HEAHE A SR A B EORE THRAE,
I B A PR & UK HETE S5
PARET 4T B RA R B —1 s # i S5 22 ik I
FEME L BAERS R AR IS S R BT
LB A R AR A BRI EY b
RAETHEREART . #HRY 2R H AT
ME—REM B RS R RS WA KL LM T 5.
fis R P8 foe AT LIGE B 2 1934 4F, Formalas 5% F)
FEUEONA T HAEER IRER WL LT
%o BEEGURBHEE & R, AR # i 95 2245 2 |
AN 1 ST B BT B o

1 I AR 25 2213 B AR EFHE DR A M b
MBS FITE 5, 70 4R ) R A TR AT 40 T A e 1)
Yo S — FROR = S LA, = BE 2 E T
i, B R B B, X R B SR A
BT REA RS 56—, RABE HAE X
FARH HEAR R, X T 40 M 0 2 R AN D B PR R 1 1Y
W& TRIROE T RAFHIARIE 50 =, B S5 22 T 200
RS FHESHU R ET YE , o fift DR e BB S AR
WA & A BE A1 B B 25 ) A
Jy2 5 BEAF R SR Bt T MR EERN ; 55 Y, 2451 5 L
IRAF L5 ECM BYTROMLAS #— 2K, AT AL HEL ECM 25
o

S g 22 TE U —FMREYIE N T &
YW EFRBEIA R XA FERRSYIREGE
BAT T 20, 45t S A WUREGERDRL, XD
HPEELSE TS0 B 5 WA, RSk
R T B S A A, RN

(1) BE WA MEEA TR H GRS T
5H2a 8k @ B MR AP, A5
I T H A== e s

(2) REXRA[YFEM T A BFPEFRMELEFT
i, IR G BB ORI LT 47k, AT A 45
IR ET e 5 H 5

(3) RRWIBRLE R ZBR T K, 1P e A

AP, TWEAEY) 5 2R R A 2 i
LR (WFREREERA RN , NIRRT A%
SNV ISYNIR 27/ A0 Al Sl B

(4) ZRFERIS RS, ZHSPORT LR
7 PR i AT A B A ) R A A e B G SR A
Mo

ARG N LA MRS RS PR 43 48
MRERAR, HRTCEA R TR (K. 0E .
¥ WS RRIE R ) LA R 2R (/N F
25y 5HEYEEF) y m##E T T 580 Kk
R XMLFgEL G 2MAR RIS, B A
TEBREYRIT R 1R S KRR A VS
P, Hm LRI =4k ZALRUR G 7B T
MMIREE N AR N T FY R SRR T A
Rl

ANLEBEEY FE LRI (Poly-L, D-lac-
tide, PLA) . & K ( polycaprolactone, PCL) B &
B ( polyurethane, PU) | R I IR-FH ZRILEY
(‘polylactide-glycolic acid, PLGA) £ & 43 T ¥ £l N
¥, FEM AR R R R )RR U &R
RAYZeME, AT, XEFrFREYETEAS
e P i, R ECH R B A A v Y K M I B = 40 B
RIRENAL A, DA K AR IS P 0 1 8 5, 26 I PR R o
HORAEEZMARES .

RAREGMFENZRED . CEWEULK
ECM 473 (51 st Ji BB 328 B IR A 01 375 B o 1R
%) EAEEA KM, RN & HBEAARMEY
FUfE. B (collagen) F1HA JiE ( gelatin, 72 B2 Bl 1
B AR ST AR M I B ) 2EZH R AR o A
BN Z, FREANTXREHR ECM M FZAH N,
B BA A4S & 00 RGD ZRRFFF), A T 40
R AR SARERE , 1E T R AN MRS SR Th R B
IR A7 (hydroxyapatite ) 22 1 4k Jit 4 B 2 20 AU,
gy BRI A AR e, P R RS T4
R i BB ML Sh e . 3 B R (hyaluronic
acid) RIANGEENFENWELLZH, B TIEMR
s B R OB, B o 41 B IR 45 6 %tk CD44 F
RHAMM 540 BAE R, EE T 40 i 28
PELA R MU AR 1 H RTIE R B S T 40 B o A Fh g
HMAEEBVNRR, EHRATHTEPAEEEN
REFIME'™ . 223 1 (silk fibroin) EERE TR



B N,% XA AIARRAMESHRFEEEYMERTHPHER
YANG Li, et al. Application of mixed natural-artificial synthetic polymer nanofibers in biomedicine 107

ERLZBMRL AR RE AP E 2R RN
6, BA R H WA AR LR AR R R , [RI AR
FFFIHh EAE T RCD ZERM)FF, I HAE 254
AR [ BE S DRI AR W35 PR R T B9 D RE L A A 1
SRRIRBE TR . SR RAEI RO T EEH
RBE, 2 B ARSME—FIE R RS Y, BEA GE 4T
FORERREIR 25 A B AR SR AN R i 3k, 7F B AT LA 2
BT A DNA /NPT RNA 25, 7R3 BRI s
PRBIENTEZ N, Wi, RABESWEHR
TRERSHYBRIETAERRONESEDFEE
X[IO] R

AR TR BB A A T AR M 3
GBS L, I EBIE RS RGRBUER R
DREREMRE . XE—-MEFERKEY B
&, TEEN PR R R TRAE BT | A Y B 3R
B AR AL RIS R R TR MER S . KRR
REW T 78 SRIR A T 2FE MR R
RARMEILYR , A BRI B B AR , XA R 2
XATER AN A RS AT R i, i 4
YT SRR RS AR Z B L 1 58990 5,
AL T RUR R UK AT 4 i A BB X B, BT
E A R IE Y R4 S R ML R Sh e T
Ko PCL-collagen 4K E£F 4k ) vl 3% 2| ifi. 4 4= 49y 71 %+
R, R 3R T AN A R o IR, JRAT
ZIHAGEY IR (HA) 5 PCL-HA 4KEF4EAH L
BRI SEEE N HERER(ARFFR
), X EEREV R KRR SBERRE
5 PR ARG 5 TS Mg K 41 3R 2 PR T O T 2 4 3t 42 il
X—BRME, R B HA RAEY IR, HE
—3RHSE, i1 T PCL fRy A7 BRASR B L AR 9 W] 5
PER R (B R KPR E) , 7 5 RR
EAS AR SYORG B AR P HET T 2RSS
BLH, F BLEBUR T 1RGFBIROR -

HAT, i T2 L9 i 55 22 5 KRR M Sh 2
FREGA LI, RZ BT I GR H a5 b TR ER 4k
(2% FE R EHEE A R R AR o R g
LGRS AL A M TG PR AR £ B 2 MOk,
[l 25 S5 XU G o [l F 25 1 B R 5 LA
2 FhE 2 A LR (& REWEIETERET) #EA
ZIRETE, B, B e A RIRE Sk DU R s
W, SR I A 25 22 R T R T A R A

KEFHE BHBOR B RTE B B, REBIE K 2518
THIREER o SR, ] 5 45 2 i R BB, FFAH TR
BEAE™ . WU AR X T R ik o 275 EL A 3 A B A
YRR AR SEA SR L o KPR FE
Tl A AR ABURL, BRI BOREIX R 75 35 0L P A PR 4
L2 S TR 2 ) B S R R AT TR R
KRR 8 R A2 K A A RE Y, R 7K FLAE SR
KRN B a5, R E ek FEr S
REVHBIRG T BRI, R AT g7, A M
2RI AR B TE A BIRER o I R AR TN BURL
AIZY) R DNA AR R A 7S G PE 4 R/ v 2
PIRTR T A I IRR . EERIN XL
PR/ URL B 5 2 3 AN MR, ARV R0 S PR LK 2
PG R BRI AN . RIRRE Y H FRAE
HEYIBIR (R BRL) , WA TR & MR gk &
BB RRBEEW(MLREA ERE D
B e BENESE ) RY 25 1 9~ TR RS YR 7 R 2 e
FM, NTERAYAEA DUE N SRR AL B
TBC, [ e 3 9 e 2R 5 SR 7K R 42 R 25

WFFTIERA 2 T3 i 7 2 BRI R R- A T
B REG AR BT Y EY) 2 STk
RS 25 R T T ) AR B, RATA B — 5 W)
FRABEA B 8o T BRI AT $R AR 38 WA
R, TR A B 2 U R BA T IZ I T S
SR, H AT BTN A PR RR- AT & R &
PriReRUERSEAREEN RN, G5 TZ
VgR Ik BeAL , 7R 2t — P BE 5 LB 34T 5 b
YIHE BT FIFATEST , 48 R B 5T Jm BT RSk K
- AT BRI B I BRIRR s T4 Th REMED 5T
WAERE, TS REEREEYERITAR
HITGORET 4R T AR SE LA S ECM 23R 1)

BN o

SE M

[1] Von der Mark K, Park J, Bauer S, et al. Nanoscale engi-
neering of biomimetic surfaces. Cues from the extracellular
matrix[ J]. Cell Tissue Res,2010,339(1) :131-153.

[2] Place ES, Evans ND, Stevens MM. Complexity in bioma-
terials for tissue engineering[ J]. Nat Mater,2009,8(6) :
457-470.



108

EREMAE $2608 £28 20115F4 A7
Journal of Medical Biomechanics, Vol. 26 No.2, Apr. 2011

[3]

[4]

[5]

[6]

[7]

Lutolf MP, Hubbell JA. Synthetic biomaterials as instructive
extracellular microenvironments for morphogenesis in tissue
engineering[ J]. Nat Biotechnol, 2005,23(1) :47-55.
Greiner A, Wendorff JH. Electrospinning: A fascinating
method for the preparation of ultrathin fibres[ J]. Angew
Chem-Int Edit,2007,46 (30) :5670-5703.

Pham QP SU, Mikos AG. Electrospinning of polymeric
nanofibers for tissue engineering application; A review[ J].
Tissue Eng, 2006,12(5) :1197-1211.

Ghasemi-Mobarakeh L, Prabhakaran MP, Morshed M, et
al. Electrospun poly ( epsilon-caprolactone ) /gelatin nanofi-
brous scaffolds for nerve tissue engineering[ J]. Biomate,
2008 ,29 (34) :4532-4539.

Cui WG, Li XH, Xie CY, et al. Hydroxyapatite nucleation
and growth mechanism on electrospun fibers functionalized
with different chemical groups and their combinations[ J].

[8]

[9]

[10]

[11]

[12]

Biomate, 2010,31(17) :4620-4629.

Ji 'Y, Ghosh K, Shu XZ, et al. Electrospun three-dimen-
sional hyaluronic acid nanofibrous scaffolds[ J]. Biomate,
2006, 27(20) :3782-3792.

Altman GH, Diaz F, Jakuba C, et al. Silk-based biomateri-
als[ J]. Biomate, 2003,24(3) :401-416.

Bhattarai N, Li ZS, Gunn J, et al. Natural-synthetic poly-
blend nanofibers for biomedical applications[ J]. Adv Ma-
ter,2009,21(27) :2792-2798.

Tillman BW, Yazdani SK, Lee SJ, et al. The in vivo stabil-
ity of electrospun polycaprolactone-collagen scaffolds in
vascular reconstruction [ J]. Biomate, 2009, 30 (4 ) : 583-
588.

Yoon H, Park Y, Kim G. Drug delivery system using elec-
trospun nanofiber mats[ J]. Polym-Korea, 2009,33 (3)
219-223.

XTXRPZEETERMABEER

ATk TR A SEAT E 55 B 1984 4 12 H AR i P A N RV E AR TR A7) , I LURAIAF 5 2R

w, BARERS R R RESREMRE N QEETTBAAERZ ERM A . HERMLA RS BAFSA
AR, Wing - kg™ - RTNB ng - kg™ - dTALE BTSRRI L T 1 KEL RCRA S
BRHIEREDR , W ng/kg/min PR ng - kg ' - min ' MR AA S P AR A ABCRANR TR, W0HT
BPIAERA ng/kg™" -+ min ™ B 28 WK BN B P IR S T B (00 e 5 ) 20 e 55 R B, R
SCHEH B RANEE TR AL AR Sh A i B I B0 1] mmHg B emH, O, fHICH & 0 BUE A5
S (1 mmHg =0. 133 kPa) o TESCH I [A] G RL B R E , ML i [8] B LR B i, B0 & i T s
BERH d b min.s, TR /N300 B, BRAS —BARMAT, BB (IHROBEE) KRS A,
“AT R

ESHEE Tl
2011-04-20



