=5 M0t = 1k

Acta Materiae Compositae Sinica

REREWBHHEN L EARIORN T R HE PR T R SRR

F I LA R HEE XA

Construction and drug release performance of thermosensitive copolymer-modified hollow
mesoporous silica and the composite nanofibers

PEI Wenxiang, MA Shijie, YANG Langfei, GAO Yujie, WU Jindan

TELR %15 View online: https://doi.org/10.13801/j.cnki.fhelxb.20240203.003

AT ARG A SCEE

Articles you may be interested in

VAFL 25 22 8 2T AE SR 9 pH A A FLSIO 2 KA 9 il 8 e 25 R

Preparation and drug release of pH-tesponsive mesoporous Si0, nanotubes by electrospun silk fibroin nanofibers as

templates

AR 2020, 37(1): 173-181  https://doi.org/10.13801/j.cnki.fhelxbh.20190417.001
RNIGRBR- K AR S ORAE R Rt 0y U137 b g M

Orientation rearrangement of polyacrylate—nano—silica grafted composite particles in melt shear field

HAFRIEER. 2019, 36(4): 972-981  hitps://doi.org/10.13801/j.cnki.thelxb.20180516.002
YR ZnO- A AAT BRI S ZnO- Al AT B IF /K R AR 2 A IR 2 B M e

Antibacterial properties of nano ZnO—graphene oxide and ZnO-graphene oxide/waterborne polyurethane composite
coating

B AW RAR. 2018, 35(7): 1930-1938  https://doi.org/10.13801/j.cnki.fhelxbh.20171013.002
ARV il 28 M b 2s A LR G sk B FH

Preparation and application of magnetic hollow mesoporous SiOZ—Fexoy microspheres from different Fe sources
HARRIEER. 2020, 37(5): 1123-1129  https://doi.org/10.13801/j.cnki.fhelxh.20190730.005
DA b 2 A1 ALSIO,

Functionalized chitosan modified hollow mesoporous Si0,

BAMEER. 2018, 35(6): 14901496  htips:/doi.org/10.13801/j.cnki.fhelxbh.20170630.002
T ACHR I L0 R e 2R PP R A0 v 2 27 A st

Cross—linkable phosphonylcholine polymer modified polymethylpentene hollow fiber membrane
A FPRIEAR. 2021, 38(2): 479486 hitps://doi.org/10.13801/j.cnki.fhelxb.20200522.001


https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20240203.003
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20190417.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20190417.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20180516.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20171013.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20190730.005
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20170630.002
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200522.001

FRREMGE AT, FRELHINGEE



§é$j*4$*ﬁ FH4E B0 10H 2024 F

Acta Materiae Compositae Sinica Vol.41  No.10  Oct 2024

DOI: 10. 13801/ j. cnki. fhelxb. 20240203. 003

mBRESWEImRZEN L ZRUREWAKALF
REEGMRIUENHEZS L ERE

FXH, B2 BHEA D8, EF4R

(WHTB TR 25 80Rb 5 TR (R PR 22 g924 k), Bl 310018)

T E . LN APRT BRI AT . BHGT R E, T, ASCRHRECER AW b
ML AR GUOR TR (HMSN), # A M2 8k 5RO N (PCL) RA AR E &, R TE G YIRS
Y Y B2 P M RE . SR E B L 5R A )7 B TE HMSN 2 T 2450 S TR 6 TR 06 TBE 14 5 7 0 T o 1) 3L SR
(P(NIPAM-co-AM)), K i /K 1 25 1) 38 9 10 B (CIP) 48 3] 1 5 4 e M 49 K b+ (PHMSN) H, il i SEM.,
TEM. TG. HFRMBAH (BET). FTIR K E40-n] WIS (UV-Vis) % F B AFE T HMSN Fl PHMSN )i
WL 25 K IR BE e N MR REAF . ¥ PCL 5 28 28 PHMSN LR J5 Al F B i 25 22 B Rl % T &2 & 2F 4 i
(CIP@PHMSN-PCL), CIP@PHMSN-PCL H. 47 i B # #4037 14 26 9y ¥ Be T g, #E 45°C F125°C R, 72 h i
CIP [ B3 B %43 53k 2 90.78% Fll 72.67%., Korsmeyer-Peppas #5 B4 47 i 8 T 25 W B sh Ji 2%, £
PHRUZE G AEERA N FEZEIH . 45°C KT, BLGLF4EREXT RIGHFFH (E. coil) FN 4 8 45 % 5K 1 (S.
aureus) WM R4 K F] 100%; M7 25°C T, JEXT A B B9 30 5 2R 92.34% F1 95.83%, UEHA T AS Rl R
T CIP@PHMSN-PCL JEBZGIERENY 22 5% . B2, 225 PHMSN & 4 40K 21 4i I LA PR 55 IR IR 1 B 25 Th fig
B S BITUR TG, A A B A A0 LA TR TR B S A

KB ha LR IR YOREFYERE; B2 b

F1E 4> 2ES: TB332 XERFRERRD: A XEHS:  1000-3851(2024)10-5400-12

Construction and drug release performance of thermosensitive copolymer-modified

hollow mesoporous silica and the composite nanofibers

PEI Wenxiang , MA Shijie , YANG Langfei , GAO Yujie , WU Jindan
(College of Textile Science and Engineering (International Institute of Silk), Zhejiang Sci-Tech University,
Hangzhou 310018, China)

Abstract: Traditional drug-loaded nanofibers face challenges such as unstable drug loading and excessively rapid
release. In light of these issues, this study employs a thermosensitive copolymer (P(NIPAM-co-AM)) to coat hollow
mesoporous silica nanoparticles (HMSN), incorporating them as drug carriers in conjunction with poly(e-caprolac-
tone) (PCL) nanofibers. The drug release and antibacterial performance of the composite nanofiber membrane
were investigated. Firstly, the HMSN surface was functionalized through free radical polymerization by grafting a
copolymer of isopropylacrylamide (NIPAM) and acrylamide (AM) (P(NIPAM-co-AM)). Hydrophobic drug cipro-
floxacin (CIP) was loaded into the modified nanoparticles (P(NIPAM-co-AM)-HMSN or PHMSN). The analysis of
the microstructure, composition, and temperature-responsibility of the drug-loaded particles were performed us-
ing SEM, TEM, TG, BET analysis, FTIR, UV-Vis spectroscopy, etc. Blending PCL with drug-loaded PHMSN, a com-
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posite fibrous membrane (CIP@PHMSN-PCL) was fabricated using electrospinning. CIP@PHMSN-PCL exhibited
temperature-stimulated drug releasing, with cumulative release rates of CIP reaching 90.78% and 72.67% at 45°C
and 25°C after 72 h, respectively. The Korsmeyer-Peppas model apply described the drug release kinetics, suggest-
ing the diffusion as the primary mechanisms for drug release from the composite fiber membrane. At 45C, the drug-
loaded fiber membrane exhibited a 100% inhibition rate against Escherichia coli (E. coli) and Staphylococcus aureus
(S. aureus). At 25°C, the inhibition rates were 92.34% and 95.83% against E. coli and S. aureus, respectively, demon-
strating temperature-dependent drug release performance of the CIP@PHMSN-PCL membrane. In summary, the

drug-loaded PHMSN composite nanofiber membrane exhibits temperature-regulated drug release functionality

and excellent antibacterial activity, holding potential application value in the biomedical field.

Keywords: hollow mesoporous silica; thermosensitive; nanofiber membrane; drug release; antibacterial
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Fig. 6 Drugrelease cumulative curves (a) of ciprofloxacin (CIP)@HMSN and CIP@PHMSN and the kinetic fitting curve (b) of CIP@PHMSN

at two temperatures
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Fig. 8 Drugrelease cumulative curves (a) and kinetic fitting (b) of fiber membranes at different temperatures
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R1 25C THABRNRAGRITEDHERE
Table 1 Kinetic fitting of cumulative drug release from fiber
membrane at 25C

Model Equation R

First-order model M=59.07(1-e*"*) 0.812
Zero-order model M=0.79t+20.54 0.862
Higuchi model M=1.581"2+20.54 0.849
Korsmeyer-Peppas model M=17.241"% 0.980

R2 45C THAEBRHRAGRITEDHERE
Table 2 Kinetic fitting of cumulative drug release from fiber
membrane at 45C

Model Equation R

First-order model M=78.66(1-e """ 0.848
Zero-order model M,=1.041+26.05 0.869
Higuchi model M=2.091"2+26.04 0.858
Korsmeyer-Peppas model M=21.57£ 0.991
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