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Abstract: The distinctive features of nanofibers ( such as huge surface area to volume ratio, controllable porous seconda-
ry structure, etc. ) enable them to be widely used in the fields of environmental protection, energy, catalysts, drug deliv-
ery, and tissue engineering scaffolds. Nanofibers prepared by electrospinning technology mainly include organic nanofi-
bers, inorganic nanofibers, and inorganic/organic hybrid nanofibers. In this review, based on our previous work associat-
ed with electrospun hybrid nanofiber systems, the construction of various drug-loaded electrospun organic/inorganic hybrid
nanofiber systems for biomedical applications has been reviewed. In particular, this review mainly introduces processing of
loading drug molecules onto or within various inorganic nanoparticles (e. g. , halloysite nanotubes, laponite nanodisks, na-
nohydroxyapatite, mesoporous silica, etc. ) and subsequent electrospinning with polymers to form electrospun hybrid nano-
fiber-based double drug carrier systems, and the associated mechanisms related to the sustained release of the encapsulated
drug molecules. The biomedical applications of the drug-loaded hybrid electrospun nanofibers, especially antibacterial and
antitumor therapy applications have also been reviewed. The review ends with a brief outlook of the future directions and

prospects of this research area.
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Fig. 1 SEM micrographs of the electrospun PLGA (a), TH-1/PLGA

(b), TH-2/PLGA (c¢), and TCH/PLGA (d) nanofibers,
and the corresponding fiber diameter distribution histo-

grams[“]
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Fig. 2 In vitro release profiles of TCH from TH-1/PLGA, TH-
2/PLGA, TCH/PLGA nanofibers, and TCH/HNTs
powders. The samples were incubated in phosphate buff-
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Inhibition of bacterial (S. aureus) growth using AMX-loaded nanofibers (original unreleased AMX content was 60 mg/mL relative to

the 5 mL bacterial suspension) after 4 or 9 days release after 24 h incubation, untreated bacterial solution was set as control; Growth

inhibition of bacteria (S. aureus) on agar plate at the incubation time of 6 h, 12 h, 18 h, and 24 h using AMX-loaded nanofibers af-

ter4(b) or9(c) days release: spots 1 ~4 represents PLGA, n-HA/PLGA, AMX/n-HA/PLGA, and AMX/PLGA nanofibers, re-
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1301 6) o 5 1 S 56t S W HAT BB ) I IR 2
P, ##H25 DOX/n-HA/PLGA S 45 4K 27 4E 3T I 8 2%
A RAEDUI R 25 P SO BAT B R B I TR o

EZAControl  Edn-HA EEPLGA [Jn-HA/PLGA
1401 EZI00X/n-HA/PLGA EEIDOX/PLGAL—IDOX/n-HAL—] DOX

wxx wxx orx
120

—_
o
o

)

[
o

Cell Viability/%
©
o

IS
o

N
o
T T T T T
TN

10 7100

DOX Cozr?centration/s,i)g - mL”
6 KB Ui fEAREFRHE . n-HA B3R | #H145 PLGA |
n-HA/PLGA 21 4t # &% 4 DOX. DOX/n-HA # 2
A K& DOX/PLGA F1 DOX/n-HA/PLGA # 25 4}
KEFYERE IR G SR AL PR 1 d S5 MTT A

g, FARZATATA B KB 41 7R o x g 7
Fig. 6 MTT viability assay of KB cells treated with pure
DOX, and the release medium of DOX-n-HA pow-
der, DOX-PLGA and DOX-n-HA-PLGA composite
nanofibers with different DOX contents for 24 h.
Untreated KB cells were used as control, the PLGA
nanofibers, n-HA nanoparticles, and n-HA-PLGA
nanofibers without DOX loading were also treated
under similar conditions and compared with those

materials loaded with DOX!"

FRIGZ AN, T R/ AL = A A ik 44 oK kL
Au GKFLF/DOX (A Bl TCHLE A DK LT 43R 251k R
Ik E . Qiu %5 DOX ¥ e BT fL %R
ALk 4 K J5URL ( Mesoporous Silica Nanoparticles, MSNs )
t, SRJ5 5 Poly (L-Lactic Acid) (PLLA) & & 45 22 %
733 PLLA/DOX@ MSNs & 599K 2F 4k, 13045 KW,
A AUOK A YERE 8K IR € B DOX, I H Lk MSNs Al
PLLA B 25 25 47 B8 47 1 2% 'K Hela 41 8 9 BE JJ. Yan
i U ) P R 2 10 0 SR 4 L Au g4k R
(AuNPs) [t PVA/CS 4K 274, $R )5 DOX i 2k 3| &2
BUKRLTYE b SRR, UKL g%t 25 Y047 AR R i &t
BeR EAT R HISSHRETE], AT DAAR G Hbds i 25 0 1 R ik
R, Hou %™ 1 616 4 L = S AL ik 1 2% NaYF, .
Y EST, SRJE gk DOX, B 55 A IS SR Y
Poly ( g-caprolactone ) (PCL) FiI gelatin & & 2522, #1715
BT B IR EF A, 25 AR I W 36 B, i
DOX & PR H 5 82 B A (10 5 15

4 % iE

ARG T A B TS K 2 2 225 14



666

Hh R R 2

33 %

AW LAY B BT, JUHRAETT R AT R iR
JYOTE N o ZRR T LA i i e 27 05 ik 1 o5 1A
Bl TCHLZR AR LT dE B2 1R 2, AT 38 [R] 10 35 2 il
#LAM A B Sl B A A a LR fE
i, [ SEEL T TOHLARRL T RS AL, 6 I 5 25
ARREMS L BL MR B, 10 259 BRI ORI 32 5
XA R AT BIL/ TCHL A 0 K 2 2 024 1R 3 A8 1T 47 ok
WEN T IZ WIS AR

W R LT HE B 25 IR R R A WTTR A, A Bl T
BUARACA KT 4R 245 16 2 09 R 1 0 4 202 TH] o
(RS AZ 1A R — 2 BT T A A8 (9 R S BT 5 47 4 e —
TUE A PR E LR, B2, AP/ TEHLA A9k £F
GEHERCRIER I T RIFRTS, AW EBIRR
R TARKIIREE, FA G B A AL 6 7 S fit T 1R
R B MEEE MR ENINS T, AL/ T
ZRACLNKZT A B2 1 20K 411 Ji 1 T 22 A [l 25 95 1) 97 3%
SR, AT ZMARRMEREIT

SE Lt References

P

[1] Hughes G A. Nanostructure-Mediated Drug Delivery[ J].
medicine ; Nanotechnology, Biology and Medicine, 2005, 1(1) :
22 -30.

[2] Kumari A, Yadav S K, Yadav S C. Biodegradable Polymeric

Colloids and

Nano-

Nanoparticles Based Drug Delivery Systems|[]].
Surfaces B: Biointerfaces, 2010, 75(1): 1 - 18.

[3] Soppimath K S, Aminabhavi T M, Kulkarni A R, et al. Biode-
gradable Polymeric Nanoparticles as Drug Delivery Devices[ J].
Journal of Conirolled Release, 2001, 70(1) . 1 -20.

[4] Vasir ] K, Tambwekar K, Garg S. Bioadhesive Microspheres as a
Controlled Drug Delivery System [ J]. International Journal of
Pharmaceutics, 2003, 255(1) : 13 -=32.

[5] Bangham A, Standish M M, Watkins J. Diffusion of Univalent I-
ons across the Lamellae of Swollen Phospholipids[J]. Journal of
Molecular Biology, 1965, 13(1); 238 —252.

[6] Gregoriadis G, Ryman B. Liposomes as Carriers of Enzymes or
Drugs: a New Approach to the Treatment of Storage Diseases[ J].
Biochem J, 1971(05).

[7] Jung H, Kim H M, Choy Y B, et al. Laponite-Based Nanohybrid
for Enhanced Solubility and Controlled Release of Itraconazole
[J]. International Journal of Pharmaceutics, 2008, 349 (1) .
283 -290.

[8] Takahashi T, Yamada Y, Kataoka K, et al. Preparation of a No-
vel Peg-Clay Hybrid as a DDS Material ; Dispersion Stability and
Sustained Release Profiles [ J ].
2005, 107(3) ; 408 —416.

[9] Wang C, Yan KW, Lin Y D, et al. Biodegradable Core/Shell

Fibers by Coaxial Electrospinning; Processing, Fiber Character-

Journal of Controlled Release,

ization, and Its Application in Sustained Drug Release[ J]. Mac-
romolecules, 2010, 43(15) . 6 389 -6 397.
[10] Qi H, Hu P, XuJ, et al. Encapsulation of Drug Reservoirs in

Fibers by Emulsion Electrospinning: Morphology Characteriza-

[13]

[14]

[15]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

tion and Preliminary Release Assessment[ J]. Biomacromole-
cules, 2006, 7(8) : 2 327 -2 330.

Prato M, Kostarelos K, Bianco A. Functionalized Carbon Nano-
tubes in Drug Design and Discovery[ J]. Accounts of Chemical
Research, 2007, 41(1) : 60 —68.

Wakasugi A, Asakawa M, Kogiso M, et al. Organic Nanotubes
for Drug Loading and Cellular Delivery[ J]. International Jour-
nal of Pharmaceutics, 2011, 413(1) . 271 -278.

Wu P C, Wang W S, Huang Y T, et al. Porous Iron Oxide
Based Nanorods Developed as Delivery Nanocapsules [ J ].
Chemistry-A European Journal, 2007, 13 (14). 3 878 -
3 885.

Greiner A, Wendorff ] H. Electrospinning: a Fascinating Meth-
od for the Preparation of Ultrathin Fibers[ J]. Angewandte Che-
mie International Edition, 2007, 46(30) : 5 670 -5 703.

Li D, Xia Y. Electrospinning of Nanofibers: Reinventing the
Wheel? [J]. Advanced Materials, 2004, 16 (14) . 1 151 -
1 170.

Wang S, Cao X, Shen M, et al. Fabrication and Morphology
Control of Electrospun Poly ( y-glutamic acid) Nanofibers for
Biomedical Applications[ J]. Colloids and Surfaces B : Biointer-
faces, 2012, 89 254 - 264.

Lu X, Wang C, Wei Y. One-Dimensional Composite Nanoma-
terials; Synthesis by Electrospinning and Their Applications
[J]. Small, 2009, 5(21) : 2 349 -2 370.

Qi R, Guo R, Shen M, et al. Electrospun Poly ( lactic-co-gly-
colic acid) /Halloysite Nanotube Composite Nanofibers for Drug
Encapsulation and Sustained Release[ J]. Journal of Materials
Chemistry, 2010, 20(47) : 10 622 - 10 629.

Moreno I, Gonzalez-Gonzalez V, Romero-Garcia J. Control Re-
lease of Lactate Dehydrogenase Encapsulated in Poly ( vinyl al-
cohol) Nanofibers via Electrospinning[ J]. European Polymer
Journal, 2011, 47(6): 1264 -1 272.

Vasita R, Katti D S. Nanofibers and Their Applications in Tis-
sue Engineering [ J]. [International Journal of Nanomedicine,
2006, 1(1) . 15 -30.

Xu X, Yang L, Xu X, et al. Ulirafine Medicated Fibers Elec-
trospun from W/0O Emulsions [J]. Journal of Controlled Re-
lease, 2005, 108 (1) : 33 —42.

Kenawy E R, Bowlin G L, Mansfield K, et al. Release of Tet-
racycline Hydrochloride from Electrospun Poly ( ethylene-co-vi-
nylacetate) , Poly (lactic acid), and a Blend[ J]. Journal of
Controlled Release, 2002, 81 (1) : 57 —64.

Shen X, Yu D, Zhu L, et al. Electrospun Diclofenac Sodium
Loaded Eudragit ® L 100 - 55 Nanofibers for Colon-Targeted
Drug Delivery [ J |. International Journal of Pharmaceutics,
2011, 408(1): 200 —207.

Yoo HS , Kim T G, Park T G. Surface-Functionalized Electro-
spun Nanofibers for Tissue Engineering and Drug Delivery [ J ].
Advanced Drug Delivery Reviews, 2009, 61(12); 1 033 -1 042.
Bolgen N, Vargel I, Korkusuz P, et al. In Vivo Performance of
Antibiotic Embedded Electrospun PCL Membranes for Preven-
tion of Abdominal Adhesions[ J]. Journal of Biomedical Materi-
als Research Part B Applied Biomaterials, 2007, 81(2) : 530



LERAE

T OWAE: WAL TR LT 4R 2R 25 1 R A T LA W R 2

667

[26]

[27]

[28]

[29]

[30]

[32]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

-543.

Xu X, Chen X, Ma P, et al. The Release Behavior of Doxoru-
bicin Hydrochloride from Medicated Fibers Prepared by Emul-
sion-Electrospinning [ J ]. European Journal of Pharmaceutics
and Biopharmaceutics, 2008, 70(1) ; 165 —170.

Moghe A, Gupta B. Co-Axial Electrospinning for Nanofiber
Structures; Preparation and Applications [ J]. Polymer Re-
views, 2008, 48(2) : 353 -377.

Price R, Gaber B G, Lvov Y. In-Vitro Release Characteristics
of Tetracycline HCI, Khellin and Nicotinamide Adenine Dinecu-
leotide from Halloysite; a Cylindrical Mineral [ J]. Journal of
Microencapsulation, 2001, 18(6) : 713 -722.

Levis S, Deasy P. Characterisation of Halloysite for Use as a Mi-
crotubular Drug Delivery System [ J]. International Journal of
Pharmaceutics, 2002, 243 (1) : 125 - 134.

Lvov Y M, Shchukin D G, Mohwald H, et al. Halloysite Clay
Nanotubes for Controlled Release of Protective Agents[ J]. ACS
Nano, 2008, 2(5) : 814 —820.

Kelly H, Deasy P, Ziaka E, et al. Formulation and Preliminary
in Vivo Dog Studies of a Novel Drug Delivery System for the
Treatment of Periodontitis[ J]. International Journal of Pharma-
ceutics, 2004, 274(1) . 167 —183.

Abdullayev E, Price R, Shchukin D, et al. Halloysite Tubes as
Nanocontainers for Anticorrosion Coating with Benzotriazole[ J].

ACS Applied Materials & Interfaces, 2009, 1 (7). 1 437 -

1 443.

Liu Z, Tabakman S, Welsher K, et al. Carbon Nanotubes in
Biology and Medicine: In Vitro and In Vivo Detection, Imaging
and Drug Delivery [ J]. Nano Research, 2009, 2 (2). 85
- 120.

Portney N G, Ozkan M. Nano-Oncology: Drug Delivery, Ima-
ging, and Sensing[ J].
2006, 384(3): 620 -630.

Ali-Boucetta H, Al-Jamal K T, McCarthy D, et al. Multiwalled

Analytical and Bioanalytical Chemistry ,

Carbon Nanotube-Doxorubicin Supramolecular Complexes for
Cancer Therapeutics [ J]. Chemical Communications, 2008,
(4):459 -461.

Liu Z, Sun X, Nakayama-Ratchford N, et al. Supramolecular
Chemistry on Water-Soluble Carbon Nanotubes for Drug Loading
and Delivery[ J]. ACS Nano, 2007, 1(1) . 50 - 56.

Bianco A, Kostarelos K, Prato M. Applications of Carbon
Nanotubes in Drug Delivery[ J]. Current Opinion in Chemical
Biology, 2005, 9(6) : 674 —679.

Kam, N W S, Dai H. Carbon Nanotubes as Intracellular Protein
Transporters: Generality and Biological Functionality[ J]. Jour-
nal of the American Chemical Society, 2005, 127(16) : 6 021
-6 026.

Shi Kam N W, Jessop T C, Wender P A, et al. Nanotube Mo-
lecular Transporters; Internalization of Carbon Nanotube-Protein
Conjugates into Mammalian Cells[ J]. Journal of the American
Chemical Society, 2004, 126(22) . 6 850 -6 851.

Feazell R P, Nakayama-Ratchford N, Dai H, et al. Soluble
Single-Walled Carbon Nanotubes as Longboat Delivery Systems
for Platinum (IV) Anticancer Drug Design[ J]. Journal of the

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

[50]

[53]

[55]

American Chemical Society, 2007, 129(27) . 8 438 -8 439.
Zhang J, Wang Q, Wang A. In Situ Generation of Sodium Algi-
nate/ Hydroxyapatite Nanocomposite Beads as Drug-Controlled Re-
lease Matrices[ J]. Acta Biomaterialia, 2010, 6(2) ; 445 —454.
Mizushima Y, Tkoma T, Tanaka J, et al. Injectable Porous
Hydroxyapatite Microparticles as a New Carrier for Protein and
Lipophilic Drugs [ J]. Journal of Controlled Release, 2006,
110(2): 260 -265.
Jung H, Kim H M, Choy Y B, e al. liraconazole-Laponite:
Kinetics and Mechanism of Drug Release[ J]. Applied Clay Sci-
ence, 2008, 40(1): 99 -107.
Viseras C, Cerezo P, Sanchez R, et al. Current Challenges in
Clay Minerals for Drug Delivery [ J ]. Applied Clay Science,
2010, 48(3): 291 -295.
Song B, Wu C, Chang J. Controllable Delivery of Hydrophilic
and Hydrophobic Drugs from Electrospun Poly (lactic-co-glycol-
ic acid ) /Mesoporous Silica Nanoparticles Composite Mats[ J].
Journal of Biomedical Materials Research Part B: Applied Bioma-
terials, 2012, 100(8) : 2 178 -2 186.
Patel P A, Eckart J, Advincula M C, et al. Rapid Synthesis of
Polymer-Silica Hybrid Nanofibers by Biomimetic Mineralization
[J]. Polymer, 2009, 50(5): 1214 -1 222.
Sun D, Yang J, Wang X. Bacterial Cellulose/TiO, Hybrid
Nanofibers Prepared by the Surface Hydrolysis Method with Mo-
lecular Precision[ J]. Nanoscale, 2010, 2(2) ; 287 -292.
Wei K, Ohta T, Kim B S, et al. Development of Electrospun
Metallic Hybrid Nanofibers via Metallization [ J]. Polymers for
Advanced Technologies, 2010, 21(10) : 746 -751.
Yan X, Liu G, Haeussler M, et al. Water-Dispersible Polymer/
Pd/Ni Hybrid Magnetic Nanofibers[ J|. Chemistry of Materials
2005, 17(24): 6 053 -6 059.
Du J, Hsieh Y L. Cellulose/Chitosan Hybrid Nanofibers from
Electrospinning of Their Ester Derivatives[ J]. Cellulose, 2009 ,
16(2) : 247 -260.
Gu M, Wang K, Li W, et al. Preparation and Characterization
of PVA/PU Blend Nanofiber Mats by Dual-Jet Electrospinning
[J]. Fibers and Polymers, 2011, 12(1) . 65 -72.
Kim K O, Seo Y A, Kim B S, et al. Transition Behaviors and
Hybrid Nanofibers of Poly ( vinyl alcohol) and Polyethylene Gly-
col-POSS Telechelic Blends[ J]. Colloid and Polymer Science,
2011, 289(8) : 863 —870.
Xiao S, Ma H, Shen M, et al. Excellent Copper (II) Re-
moval Using Zero-Valent Iron Nanoparticle-Immobilized Hy-
brid Electrospun Polymer Nanofibrous Mats[ J]. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 2011 ,
381(1) . 48 —54.
Xiao S, Shen M, Guo R, et al. Fabrication of Multiwalled Car-
bon Nanotube-Reinforced Electrospun Polymer Nanofibers Con-
taining Zero-Valent Iron Nanoparticles for Environmental Appli-
cations[ J]. Journal of Materials Chemistry, 2010, 20 (27) .
5700 -5 708.
Xiao S, Wu S, Shen M, et al. Polyelectrolyte Multilayer-Assis-
ted Immobilization of Zero-Valent Iron Nanoparticles onto Poly-

mer Nanofibers for Potential Environmental Applications [ J].



668

Hh R R 2

33 %

[56]

[57]

[60]

[61]

[62]

[63]

[64]

[67]

[68]

[69]

ACS Applied Materials & Interfaces, 2009, 1 (12). 2 848 -
2 855.

Lee J, Tae G, Kim Y H, et al. The Effect of Gelatin Incorpora-
tion into Electrospun Poly (1-lactide-co-g-caprolactone) Fibers
on Mechanical Properties and Cytocompatibility[ J]. Biomateri-
als, 2008, 29(12) . 1 872 -1 879.

Weisenberger M, Grulke E, Jacques D, et al. Enhanced Me-
chanical Properties of Polyacrylonitrile/Multiwall Carbon Nano-
tube Composite Fibers[ J]. Journal of Nanoscience and Nano-
technology, 2003, 3(6) : 535 —=539.

YunJ, ImJ S, Lee Y S, et al. Electro-Responsive Transdermal
Drug Delivery Behavior of PVA/PAA/MWCNT Nanofibers[ J].
European Polymer Journal, 2011, 47(10) : 1 893 -1 902.
Wang S, Castro R, An X, et al. Electrospun Laponite-Doped
Poly (lactic-co-glycolic acid) Nanofibers for Osteogenic Differ-
Journal of
Materials Chemistry, 2012, 22(44) . 23 357 -23 367.
Ignatova M, Manolova N, Markova N, et al. Electrospun Non-
Woven Nanofibrous Hybrid Mats Based on Chitosan and PLA for
Wound-Dressing Applications [ J ]. Macromolecular Bioscience,
2009, 9(1): 102 -111.

Fang X, Ma H, Xiao S, et al. Facile Immobilization of Gold

Nanoparticles into Electrospun Polyethyleneimine/Polyvinyl Al-

entiation of Human Mesenchymal Stem Cells[ J].

cohol Nanofibers for Catalytic Applications[ J]. Journal of Ma-
terials Chemistry, 2011, 21(12); 4 493 -4 501.

Wang X, Drew C, Lee S H, et al. Electrospun Nanofibrous
Membranes for Highly Sensitive Optical Sensors[ J]. Nano Let-
ters, 2002, 2(11): 1273 -1 275.

Aussawasathien D, Dong J H, Dai L. Electrospun Polymer Nano-
fiber Sensors[ J]. Synthetic Metals, 2005, 154(1) ; 37 —40.
Ashammakhi N, Wimpenny I, Nikkola L, et al. Electrospin-
ning: Methods and Development of Biodegradable Nanofibres for
Drug Release [ ] ].
2009, 5(1): 1 -19.
Qi R, Guo R, Zheng F, et al. Controlled Release and Antibac-
terial Activity of Antibiotic-Loaded Electrospun Halloysite/Poly
Colloids

Journal of Biomedical Nanotechnology,

(lactic-co-glycolic acid ) Homposite Nanofibers [ J ].
and Surfaces B Biointerfaces, 2013, 110 148 - 155.
Wang S, Zheng F, Huang Y, et al. Encapsulation of Amoxicil-
lin within Laponite-Doped Poly (lactic-co-glycolic acid) Nanofi-
bers: Preparation, Characterization, and Antibacterial Activity
[J]. ACS Applied Materials & Interfaces, 2012, 4(11) ; 6 393
-6 401.

Zheng I, Wang S, Wen S, et al. Characterization and Antibac-
terial Activity of Amoxicillin-Loaded Electrospun  Nano-
Hydroxyapatite/Poly (lactic-co-glycolic acid) Composite Nano-
fibers[ J|. Biomaterials, 2013, 34(4): 1 402 -1 412.
Haroosh H J, Dong Y, Ingram G D. Synthesis, Morphological
Structures, and Material Characterization of Electrospun PLA:
PCL/Magnetic Nanoparticle Composites for Drug Delivery [ J].
Journal of Polymer Science Part B: Polymer Physics, 2013, 51
(22): 1607 -1617.

Hu C, Liu S, Zhang Y, et al. Long-Term Drug Release from

Electrospun Fibers for In Vivo Inflammation Prevention in the

[73]

[74]

[75]

[76]

[77]

[78]

[81]

[82]

Prevention of Peritendinous Adhesions[ J]. Acta Biomaterialia ,
2013, 9(7). 7 381 -7 388.

Capranico G, Zunino F, Kohn K W, et al. Sequence-Selective
Topoisomerase I Inhibition by Anthracycline Derivatives in
SV40 DNA . Relationship with DNA Binding Affinity and Cyto-
toxicity[ J]. Biochemistry, 1990, 29(2) : 562 —569.

Binaschi M, Bigioni M, Cipollone A, et al. Anthracyclines:
Selected New Developments[ J]. Current Medicinal Chemistry-
Anti-Cancer Agents, 2001, 1(2) . 113 - 130.

Das G, Nicastri A, Coluccio M L, et al. FT-IR, Raman, RRS
Measurements and DFT Calculation for Doxorubicin[ J]. Micros-
copy Research and Technique, 2010, 73(10) : 991 - 995.
Kunieda K, Seki T, Nakatani S, et al. Implantation Treatment
Method of Slow Release Anticancer Doxorubicin Containing
Hydroxyapatite ( DOX-HAP) Complex. A Basic Study of a New
Treatment for Hepatic Cancer[ J]. British Journal of Cancer,
1993, 67(4) : 668 —673.

Ignatova M G, Manolova N E, Toshkova R A, et al. Electro-
spun Nanofibrous Mats Containing Quaternized Chitosan and
Polylactide with In Vitro Antitumor Activity against HeLa Cells
[J]. Biomacromolecules, 2010, 11(6): 1 633 —1 645.

Wang S, Zhao Y, Shen M, et al. Electrospun Hybrid Nanofi-
bers Doped with Nanoparticles or Nanotubes for Biomedical Ap-
plications[ J]. Therapeutic Delivery, 2012, 3(10).: 1 155 -
1 169.

Liu F, Guo R, Shen M, et al. Effect of Processing Variables on
the Morphology of Electrospun Poly [ (lactic acid) -co-( glycolic
acid) ] Nanofibers[ J].
ing, 2009, 294(10) : 666 —672.

Kim K, Luu Y K, Chang C, et al. Incorporation and Controlled

Macromolecular Materials and Engineer-

Release of a Hydrophilic Antibiotic Using Poly ( lactide-co-gly-
colide ) -Based Electrospun Nanofibrous Scaffolds[ J]. Journal
of Controlled Release, 2004, 98(1) ; 47 -56.
Wang S, Wen S, Shen M, et al. Aminopropyltriethoxysilane-
Mediated Surface Functionalization of Hydroxyapatite Nanoparti-
cles: Synthesis, Characterization, and in Vitro Toxicity Assay
[J]. International Journal of Nanomedicine, 2010, 6. 3 449
-3 459.
Zheng F, Wang S, Shen M, et al. Antitumor Efficacy of Doxo-
rubicin-Loaded Electrospun Nano-Hydroxyapatite-Poly ( lactic-
co-glycolic acid) Composite Nanofibers[ J]. Polymer Chemis-
iry, 2013, 4(4): 933 -941.
Qiu K, He C, Feng W, et al. Doxorubicin-Loaded Electrospun
Poly ( L-lactic acid ) /Mesoporous Silica Nanoparticles Composite
Nanofibers for Potential Postsurgical Cancer Treatment [ J].
Journal of Materials Chemistry B, 2013, 1(36): 4 601 -
4611.
Yan E, Fan S, Li X, et al. Electrospun Polyvinyl Alcohol/Chi-
tosan Composite Nanofibers Involving Au Nanoparticles and
Their In Vitro Release Properties| J|. Materials Science and En-
gineering: C, 2013, 33(1) : 461 —465.
Hou Z, Li X, Li C, et al. Electrospun Upconversion Composite
Fibers as Dual Drugs Delivery System with Individual Release
Properties J|. Langmuir, 2013, 29(30) : 9 473 -9 482.



