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PREPARATION OF HIGH AMYLOSE CORN GRAFTED
STARCH ELECTROSPUN NANOFIBER MEMBRANES
AND THEIR APPLICATION PROPERTIES

ABSTRACT

Starch, a non-toxic, low-cost, and renewable natural polymer material,
when prepared into nanofibers, has a high specific surface area, porosity,
and good biodegradability, making it a good drug release carrier.
However, as a polymer rich in hydroxyl groups, starch's strong
hydrophilicity results in poor stability in water of the nanofiber
drug-loaded membrane prepared. Upon contact with water, it rapidly
swells and dissolves, triggering the initial burst release effect of the drug,
thereby limiting its application in the field of drug-sustained release. In
response to these issues, this project has conducted the following research
works:

(1) Hydroxyethyl acrylate (HEA), hydroxypropyl acrylate (HPA), and
hydroxybutyl acrylate (HBA) were used as grafting monomers to graft
polymerization of high amylose corn starch (HAS) in the Fe?**- HO»
redox system. Three HAS-grafted polyacrylic acid hydroxy ester samples
(HAS-g-PHEA, HAS-g-PHPA, HAS-g-PHBA) with similar grafting
ratios were prepared. HAS and three grafted starch drug-loaded films
were spun using electrospinning technology and aspirin (AS) as the drug,
characterized, and tested for porosity, wettability, drug release, and other
properties. Furthermore, the drug-loaded membranes were subjected to
glutaraldehyde cross-linking treatment at different times to investigate the
effect of cross-linking on the properties of the drug-loaded membranes.
The results showed that compared to HAS drug-loaded membranes, the
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porosity, water vapor permeability, wettability, swelling rate, and tensile
strength of three grafted starch drug-loaded membranes were reduced,
while the breaking elongation and drug release performance were
improved, with no significant antibacterial effect; Under similar grafting
ratios, from HEA to HBA, as the length of the grafting monomer unit
increased, the porosity, water vapor permeability, wettability, swelling
rate, and tensile strength of the drug-loaded membrane gradually
decreased, while the elongation and drug release performance gradually
improved. As the cross-linking treatment time gradually increased from 0
h to 12 h, the porosity, water vapor permeability, wettability, swelling rate,
and breaking elongation of the drug-loaded membranes decreased, while
the tensile strength and drug release performance gradually improved.
When the cross-linking time exceeded 12 h to 24 h, the various properties
of the drug-loaded membranes did not change significantly. Therefore,
through the research in this chapter, the drug delivery performance of the
drug-loaded film prepared using HAS-g-PHBA was the best, and the
suitable crosslinking time was 12 h.

(2) To further improve the application effect of HAS-g-PHBA as a drug
carrier and endow it with antibacterial properties, this chapter used
(3-acrylamidopropyl) trimethylammonium chloride (ADTAC) and HBA
as the grafting monomers to carry out graft copolymerization reactions on
HAS, preparing a series of HAS-g-poly(HBA-co-(3-acrylamidopropyl)
trimethylammonium chloride) (HAS-g-P(HBA-co-ADTAC)) samples
with different grafting ratios by fixing the same HBA dosage in the (1)
and increasing the ADTAC dosage. Furthermore, their nanofiber AS
drug-loaded membranes were prepared using electrospinning technology,
and the influences of different grafting ratios on the drug release,

antibacterial, and other properties of the drug-loaded membranes were
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explored. Revealing the effect of glutaraldehyde cross-linking treatment
with 12 h on the properties of HAS-g-P(HBA-co-ADTAC) drug-loaded
membranes. The experimental results showed that the porosity, swelling
rate, water vapor permeability, and drug release performance of
HAS-g-P(HBA-co-ADTAC) drug-loaded membranes were higher than
those of HAS-g-PHBA drug-loaded membrane, and these properties
gradually improved with the increase of grafting ratio. The drug-sustained
release of HAS-g-P(HBA-co-ADTAC) drug-loaded membrane could
reach 24 h; The introduction of cationic ADTAC endowed the
HAS-g-P(HBA-co-ADTAC) drug-loaded membrane with excellent
antibacterial effects, with inhibition rates of almost 100% against
Escherichia coli and Staphylococcus aureus. The cross-linking treatment
for 12 h reduced the porosity, swelling rate, and water vapor permeability
of the drug-loaded membranes. The drug-sustained release of the
drug-loaded membranes spun using HAS-g-P(HBA-co-ADTAC) with a
grafting ratio of 28.0% could reach 72 h. Based on the above results, it
was recommended to use HAS-g-P(HBA-co-ADTAC) with a grafting
ratio of 28.0% as a drug carrier for AS.

(3) To further enhance the drug release performance and biological
adaptability of HAS-g-P(HBA-co-ADTAC) drug-loaded membranes, this
chapter blended different qualities of chitosan (CS) with
HAS-g-P(HBA-co-ADTAC) and  AS and spun  various
HAS-g-P(HBA-co-ADTAC)/CS drug-loaded membranes. The drug
release and antibacterial properties of these membranes were analyzed
and evaluated. The results showed that adding the CS with 10%, 20%,
and 30% of HAS-g-P(HBA-co-ADTAC) mass improved the porosity,
wettability, swelling rate, water vapor permeability, and drug release

performance of the drug-loaded membranes. With the increase of CS
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addition, these properties were gradually improved, and the blended
drug-loaded membranes exhibited excellent antibacterial properties. The
drug-sustained release of the cross-linked
HAS-g-P(HBA-co-ADTAC)/CS (blending ratio of 30%) drug-loaded
membrane could reach 96 h. It was recommended to use
HAS-g-P(HBA-co-ADTAC)/CS with a CS blending ratio of 30% as a
drug carrier for AS, and the drug carrier membrane should be cross-linked

with glutaraldehyde for 12 h.
PENG Bo (Materials and Chemical Engineering)
Supervised by LI Wei

Keywords: High amylose corn starch; graft polymerization; aspirin;

drug-loaded membranes; drug-sustained release; antibacterial effect
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PEN o> T EE R, IR R B BT R PR S ARG A R JEA R, 4 58 FL N Y
o MR AN RE T 1) 7 T AL, AR TR Al 2 N = AN
Feteuetn . o —AONTERAT YA = AOVEEEm T FAurE Rl A A
AL e R SRR, BUNAEE, BRTER > TR, PRSI
ATEAAE R S ik Fe i R A RN, SI R E A IR, SREE Tk (1
VERE. ¥ REFENHVER; AR RN R e A 5 M ke 2R S AR B O I N
FEVERD 7 T8 BT RS EE, M0 SRASSH L P U0 R A5 S A 200,

CH;OH CH,OH CH;OH
H A O, H A O, H H 0
5 OH H 0 OH H H
H H OH ©O
CHZOH CH20H CHZOH C)Hz CH,OH

K 1-3 SZEEVER I 7 145

Fig.1-3 Molecular structure of amylopectin

PRERE R =AU AR TR, TR TR AR BB R, R,
HLLAT AR B R FE B G ik Re . B AT, S TEiie i RE IR R 5 TH, O
R TR Z BT LA . XIZEBERR - B & 2 7572, 183d NaClo 4
WA EM TCE TR X 40, i imtE, i — P mNR (AMD , &
FEIRTE T VM IR B PE « HUBRME BB A 7K . R A5 N PR e B
KUER A ERE, PIAC B N B, ERRIE AL ) 4% T B R R
FIRERILRY, S ELRA RIFI 15 ERe, 3R T Uk 2 vl @A RHE B 2
SRS VE . XL N PR R RS UE, K AM I KGM 125 7 5
RIER e 20T b, 8 S ve b B g R, B RGPPSR ROR, B
735 200°C . Zhao %5 NPURH LW IE S GHAR G, ¥ AM M HEZIGH
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FEA R RN R b, BT P P IR AT R UE A B 2R, AEEDGLR K b
BRI RIFRI B ERBIR . Fang 55 AR A KaS208 12K £ 475505 F KB HEAT
PRt . WHAUREH, DB OR SR AT SR Ve Bk, TR S TE
SRR TV R FANE, $hRIER FEAT RIS S, hsh, —Le[E PR & W Fi 4R
H BB ISR THE R R RE 77 T AD B 1 RS HI2620, BT IR BEAIF SRR, AR
RS AR I A B R T R R AR B I SR SR, ik — R T LA S PR
18 -
1.2.2 EMFREB G LMAFTER

TEMER—FP RN 7 TAORL, il gk a4 )G, BA LRI, &l
B AV IR, O R AR  ZSYIREIRAR . SR, TERME A — R E &
IR EY), HursRK M SEETYERA K PR E M2, (8K VA KA i
MR EFAE 21 o AE 25RO RE , SXMRRIE 25 1R WIIR TR, IR T
AR B2 ORI B

ATHRAL B TR R 23 1) ) 55 SV B o SE A I SLAN B, AT /b P2 2
R TN BITE R FRARTER MR K, ST HAE K i AR e 1k o AHRERO)
SR FH 3G I VR AT RE X T R R K AR A S AT B K e, 9 7 I A2 B it 9k
TERY T SRR R AL, WA T ARG kR KRR E T, IF
FEORFF TR A BT AL B I RN, S5 7 & i AR MR RO . Li S8 ABIERH
BLOGi L & TR R O E AL YRR, R QBN R (AT
A 1E 40 'CTFACHRALEE 12 h, F AT SFFIRIS SN 2. 25K,
TRV & AP AERE I AR RS e I, ESR T 2GR SORE (T 2 /N 254 R
THRER>80%) , SEIL T AR SF 24 h B0k, FHI& S5 48 h RREEREI: 1% 4F4ERLZy
Yoihixs R0 B T oG S YE 2 R R R LA AE A R B, RO TR AE R 18
Wang %5 N\ B2ISR FH I 7 8 280 URH S IO 5 L 275 22 1) 46 BROVE R oK £T B AT I Ak
o BRI, RO AR B T AR K AR E RN ) R, AR
SR LR AT ER A AE S =T 10 % SCHORIE M 9K A 4E R I R4 1 A A
Ve AR, RAHSTR ., 250k KA FIAOR )9 E S O (E

FAb, WEFEEATE 7 X IER B AT 2 A VE AL B, 1 — B ] & AR LT 4R 1Y)
W7 TAF - Wang 55 NP3 J& T BR -S040 B0 88 S0 b ] % S FL i L 275 22 PE RE 1 T
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FEUAE, RV T B E] . W HCLIRE KT (NHa)S:0s) 2 BEXFE 8
FORE RFRILE RIsEIT . DRI, AN ER B I e VE R VA VAE DMSO H R 3
HAF G LIRS, BRA-E Aot v] B35 OB e I B i g 2 VB, IR LA
UKL YR LB RS 7. Sun 5 NBULLVERY N IERE, TG sk, il
TIER RN R ISR AR . B 70 R I 0 5 A SR N I IS 4T 4E4H >4 o Zhou
S5 NBSURI 1= 7 k-3 Y R DK P 0 v 2050V 08 v LR E A TE ORI 2 T —
G AN R B BE (R ¥ S BRI, F— D ilid B v 2 22 BOR D ) 2% 1 41 e 48
HAPH MR CIRBEDURET4ERE, 4 HATEEDN LT E8E 9K, RIEN 2
FRTEEL A R A 1A L 73 22 00 T B R 75 S FH A 1

e 5t Re et SR A IR, AMUAE O IR LB A BRI, Re i e ve a2k
LR R . B, B R R A 5N T] BT VR R R 23T TR HE R AR
F, 4585y THREMZELEFERE, M S VE M ISR M 9T 21 fE . Oktay 55 AR H
B L 2 BRIl 2% T Ve R S YUK EN, B IR (L-TRRED) K
KIS FEEA AL, ELFEANE T K. SREY, EhmER (LE-SK
BREF) T2 T IR 5 1 27 4k i BRI K B e M . Amini 28 ABTIRFAC T B0 —
LA (PVDFE) Ry 9K 21 4E (1] £ S AR ALV TR i E S o SR FH i F
GiseHR, #% TAE PVDF/AER LB E G a0k eF4E. 45 REW, wekmmA
P27 PVDF RTRIIEE R, $0R T H A4 f2E RS . Wang 25 ABSUR HIIEE
gierihileg ¥ SR REEAE R E O 4E, FFAEHL D RBUKMIR (SA) 2, w1 I
GERL JIEMERE RAIREAT N . SRR, FHEEALN 1543 pm, EM S
BN 30 wt%lf, £F4EIPTHsn AR 12.21 cN/tex, Wik RNy 25.13%, HFE
FUER R, F4ERTRIKEEIIRTE . ZYREBOI L SR, B ek L vT
e SA R, TIN5 W8 S AR O R, (HAR m RV . B4,
LFUENT pH B AT T 3R U, AR pH AR B TOREEFRET T, 25WR G 2 hn
. Wang 25 NPUR RIS 2] 4% T MG IR h e B & 4P 4, JFEH T fiEk
SA Zi¥, WAL T H ARSIk R YRR 3R . BEUR I, BEE TE R S E R,
SA BECEIGIN, TG INZ ) E R ORI R, (A RFRCEIE AL .

T, VERD i L4 22 35 R T FUTE 2450 2 e AU 1 v FH 3 BE AR v A 5 Al e 5
YIRS S ETT . a0, 8 AT SRS R R ek 5 R IR EE (PVAD . RHL
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2 (PLA) . CS % RNBE M= RYILIR, DASCEFIEARIE. AUt R K ALK
SRPE, A3 S8 FAE N 2 EAA LS 05 . SR, Aiet i 5k, R 2
FRAR I, TESR TV K 0 L 277 22 30 R B R AR YRR A I 24 ) 22 S5 b vk 1
TR S D o I, AR LL S BRI R (HAS) AZEf, BB A
WRERFRIENE, P i gy 2 AT, IR IR GROR £ 2 2 24 15 (1 24 ) 2 e A e A
KA VERE, e B AT RE R G TT R BAR R ) R 0 SR
L3 REARBEXNRTENRZAE
1.3.1 fIREX

AU I B e AT B L TR AR R AN I, S B b, P B SR 1Y
TARAE AR THTE R 9K LT U IEAE A 2B I A R . AP R AR, Boe%
BEAT R AR I 3 . INIRTRFR AR MR IR 7 1 R S A MR A 2, MR mT It T
VERTBKIE, MRS S 2B ITAR (AS) PR BIER, $hnie k54
EAER, B, AR Z R AR E R A, VRN LA T K AR E
A s PR A T R BRAAR 53 ) 5 U M R A e SRS 5 WPV by 0 K £ A e 24 1 e 1
SO, WA R 2R N B BT 7 1K BT R 24 B R PR s e R, SR A A
R ¥ SE TR T AR P AR i , Dy I 24 000 & T 0o P2 AL e Bl e B 240 3 1 B8 e T
FOELR o BT X AEVERY L O AR AT AR RE T MR RE ZE I IR, AR RS IE RS
IR AT HEEREAT AN [E] IS (8] (R A BRAL B, 25 VPAN SC IR AL 0 B ) 2 g S 2P 2 F%
SEVERRIRZ U, B S IE I AS RN IR], i oK 2 4 8 24 5 1 3 P AT R
HR S

ASERERAYAA RIFIIN VS, &R REER, HHASGE T
g5, Bk, ARETE FIRRF SRR b, R — DT B B A A AL B, A
N IE HAF (R S, T T R AR, R i I A R R SO B vl 5 254
AL (R RE  B) P A e 51 ), A BRI KA S AS RIS SR, 15
KU R « A A FCII T JE T g s 24 A B Bt b BOR R 7 L) 22 %
R R AT T B e 2 B, R TR TE R N 2 AR 0 2 R SR

T IRMEAE 23 1% R G AN AW P U C A3 BB RO R, A PR e — PR
PHZFT AR R 5 e BB SR, BEAT i L 4 ORK AT Ak 3 24 I ) & S PE R 9T
RZH R e S R E & N T A E R SRt EES %,
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132 FEMRAR

ASCH AR A 7 16 HAS AR JERTRE, X FLgEAT ek A PR Ak 3, A
PR SCRE AR AR FH IR T HAS R £ 4 A N 23 s AR . 1B A
Wi TR R R BRI E B Ak, IR TU AT 50 TR BERT PR AR YL 2 I RE 1 52
WA RAE, R T A 3 1 A BRI 0T I HE AT AN ] B [RD PRI S R AL B, 25 PPN A B AL 22
VSN VAL N YN RATE Y R S A AN S/ K E i et vl PR L] PG Sl wb 1Y 7 ik
et b, Wit DT B RS TR R AN I, 5N I R A S B, TR
PURRBOR o BEHRIZET  BRE ) 55 IR, TR G 9K T a2
(Rl 4 S PERERF 90 E BRI SN 2500 A B R JLAS8 43

(1) HAS Hehi JE P IR F2 5L Wi S i L T Al oK 4T AE 20245 I 1 1) 4% S5 PR et 7

PLHAS MR R, WIEIRZEE (HEA) « WERAAR (HPA) « Wi
M T BR(HBA) N AR, e A &, 0 nl BT B8 1, & A HAS #2
R RIGIRAIETERE i, BATLOAMENE . R R BERAE, KRR . DL HAS
BRCR IR TR R FEBE/AS TRk, & — RAVRIEZE, X HaEAT S5 M AL S 1tk
REMINA, AIRAAH T B 32 T B A B 70 20 T R SR 2 IRV RE I s e B A, S BT
IR FRBE MR R BRI IR o 308 28 3 I S I 1) %of LR AT A (] I 1) FR) 58 R AL 2 5
LRE VA SCIRAL R 0T I 77 27 1k B8 K 2P e S L R ) S e KU, W 53 ) 28 BB
I TA] o

(2) HAS HA R A R PR HE I (1 12E — 20 P 5 1~ B B AR 1k A LT b B 24 T
il £ 5 1 R 7T

WEFRER O PERE AN BB 1) HAS B3 SR TR s R PR I it o, DA P A TR e 1
(3- TR Js Tt g 2 T ) = R R A B g oA, AT HE R AR PR AR TR, )4 R B R AN
AR BE 25 71 HAS FeB RN IR IR SRR RE ,  HEAT X T ZRpet o, s
RAE, 0 S 2 2 BRI & HADR A AR AN, o FOgEAT 45 M R AE S 1
REMA, AN R AL X 29 R . DA R R2 I, He7midt— P I BH B 1
PR I AL PR 75 ] AE — R T B 2 IR I 2 M e BERCR, FHI T AR R BB B
ORIk H I RE ARG S PRI BH B 1 HAS Hel S I R R FR L A ot

(3) PHES T2 HAS Hehl 5 N I IR F2 L I/ 7 SR E 2 20 IS (1 1) 4% 5 PR Re it 7

WP (2) SR PEREAIN B U A PH B8 72 HAS 8 RN IR R PR 3L B, 5

9
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Fe S BER AN R R STR ELEAT LIRS, W0 AS, BEAT IR 324 (1 1) 2% SR A
RANZoB M BBk 5 58 SR LR EL, i 3 IR B IR RE RIS, WA B
& H AR,

10
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£ 25 SEEEMERRRBIREEERRTHEE IR
Hl& S REM R

2.1 5|18

TEBERRIRE AL, B RV 05 (0 AP AE 25 1A
Ak, WARNZYEARZ N R AR A U . SR, R SR KPR R BUL K
hRENEZE, HVEIKEM, R IR s R S H, IR S T 24t
HORRL b 5y AT 00 TR AN S5 A4 AR E 1) 1) L

BRI R EAT A 2 AR VE B DT R AR TH LR R, Al JL TR T VAR0),
XITER AT BB R AL B, SINEA — KRB S 8, K ae— e iR T %
IRTE R 1ok, JRESHIRTE K PR e 22 . B IRV A0 Il J . TR TR ¥4 S g
ME{K, 1 HEA. HPA. HBA, EATRAHUKEERLN, FREGEREKIE,
A ERE by ek R R, SEETem A E N AR AR . BT,
KT IR — B BRI UE R R N 25 B AR L BOR 22 A e AT S M o sE 1. Rk,
AWK H] HEA. HPA. HBA fEAFERCRAK, 70700 m B8 L OKTER (HAS)
BT LR AL 3R, 4145 ! HAS-g-PHEA. HAS-g-PHPA 5 HAS-g-PHBA £/,
F b 7 22 BRI & BT AUR A 43k 2 (259028 ASD BRI AR
FAARNS PG RESE R RE ISR s R TR ZG R0 2 PR RE, X AT AN R] I 1] £
ATHRALEE, VRO T SCHRAL BT B2 R ) 22 R 29 REAEVERE IO RE I, IAAH
SXof I8 FH 28 R S A ) B T L 1) A8 B A PRI U]
2.2 KIGERSY
2.2.1 MRS
(1) Jsek5 R

HAS, &/K%EH 11.7%, LEBEEEMRHEAARA R £/ AFFEH N E
LA IR AR 21,
(2) SEEANER

AR P I 2 LSRN AR AR 22,

11
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% 2-1 Wil
Tab. 2-1 Chemical reagents

27 B EFETR
ToK L grHrat W RERER A H IR A7
AN grHrat HEBTRL T AR R A IR A
PR T2 £ el b2 S AR AR A IR A 7
PR T A i el b2 S AR AR A IR A 7
4-FR LT A R B g iEl g AR R AR B A IR A
R AZRR G4t R TR BR AL 2 BR A 7]
30% 1 S A EK I Gy at KLY RHEAT R
ToIKBRIR 54 STl ¥ TR A AR 3 AT BR 2 )
DMSO grHrat g AR R A IR A
AS STl L5 B AR IR AR
oAt FERA A L5 B AR R AT
* 2-2 SERAX AR
Tab. 2-2 Experimental instrnments
&= (& 2ieees AR
L 275 22 41 JDF05 T LR IR A A
YR T R CIQTEK3200-A CIQTEK Co.,Ltd
LG AR v i an s iS20 & Thermo Scientific 24 ]
X SFERATHA BrukerD8Advance f# & Bruker A
IR i £77 IRAX OSA-60 ffi[H LAUDA-Scientific 2\
EEAMAT WA ek T 752N L RHMGERAGR A R A A
ANAEE AL PT-1198GTD-C JTRERE IR R A
ERERER SN THZ-103B EifpEREEA AT IR A

2.2.2 HAS ¥ BRGBEREERERNFF
2.2.2.1 R R
K H Fe?'-H 0, BAIE R Ak 2140, 5| j e 4k HEA. HPA. HBA 4375

12



LA TRER SR A AR S

HAS Bk B MR IR A ILR RN, 6% HAS L RN IG IR 2 L
(HAS-g-PHEA) . HAS #H R WIEIR R NEE (HAS-g-PHPA) . HAS 8 5E A
ISR F2 T e (HAS-g-PHBA)D #£4, F£70I7E HAS 43 F4E E#: N PHEA. PHPA.

PHBA #H
CH,OH CH,OH
] 0
OH OH
YO O------ o) Ovwn + m CH,=CH
OH O '

Fenton's initiator OH OH
> N0 O------ 0 Oov\n
pH=3~14

R: -COOCH,CH,0H&%-COOCH,CH,CH,0H&-COOCH,CH,CH,CH,OH
2-1 HAS B JE I IR IR A2 IR 5 J S T
Fig. 2-1 Reaction equation of HAS grafted poly(acrylic acid hydroxy ester)

2.2.2.2 47

¥ HAS 70T O BRE-ZE KA, ARk 30 wiveFvE k3L, A # HCL R
T pH & 34 J5, Hiek AR RN ORRT, BEER N IAE 30 CHE,
WE/S 0.5h, JFUAT I HEA. HPA. HBA =ik (FIE W% 2-1) . 30 mL
WREEH 0.5 wt% BRI 2k iAW . 28 mL RN 1 wi% it EALEUK B, 1E
30-40 min P 5ERL, AR PR She RMER )G, HEKER 6 wi%P)
NaxCOs i pH % 6-7, R LBE-ZAKIRGVER, EREPGR-HhIE 4 K5,
fE 45 CHUFET T TP, D5 54E, 193] HAS B RN IR IR ¥4 B: e
FEdh o
2.2.2.3 RN E

SR BRI 52 VAR 1 g (T ELD) HAS B8 R MG IR IEHERE, N 250 mL
HETZ M, IO 100 mL Z8187K, RERIISIE, WA JLHEBE, e ik
259 0.025 mol/L ) NaOH ¥ 2 FLK 40k 2, A € B I\ 20 mL K4 0.1
mol/L [¥) NaOH ¥, #HEIFMMEFE 1 h 5, WEIE=IR, WHin 3 HmEk,
F HCl AR AR € FLI 2 L6, FEH HACS i—H x5 AL, 4% oAt
B (Ry %) -

13
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n=Cx(V,-V,)x10° (2-1
m, =Mxn (2-2)
R, =— (2-3)

my —m,

Xt € HC AR UEVERIKEE, mol/L; Vi 4 HACS JH#E HC bRuEE R R FR,
mL; Vo AERIEMFEMIEFE HCUARER AT, mL; n AR SRR TR R
K, mol; M NHEERCERAK B ITHXS 7> T, g/mols mo NHIIRER TR, g5 m
NEH R, go

2.2.3 HAS #R RRAKBERIZ AR RIE

2.2.3.1 HHEMAHLINMP 6 (FTIR) 40#7

NT #i5E PHEA. PHPA. PHBA 38 O i N 2 HAS 85 L, 50k HAS.
HACS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA #£ /i 73 5| 5 1R AL B0 & 15 17 1) %%
Ik  F S 48 5 B Thermo Scientific 23] 1S20 {8 HLIH-A8 B 2T 403 e 61
THEEAT FTIR 7047 . BEEHE Y 500-4000 cm's
2.2.3.2 HfHET RS (SEM) 7r#

Xf bk 4 MRESIESG R, £E CIQTEK3200-A %437k it SEM _F3ET R WIS
M, 3RAGREM SEM B, FISRIEUMERCR &0 HAS BRI IE S 521 o
2.2.4 HERMAKAHELARAEIEF

¥ HAS. HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA Ff 143 %l 5 DMSO
Pl R B 18% AV, 7E 70 “C4&AF N Hi+E 30 min J5, IIAFEFFE 10%1) AS,
GREEEEE L h, FEBEE, By2mmANGE Ry 2 e, REHBRYi2
ZH09 20 kv FUEERSN 15 om. HEHEE Y 1 mL/h. FRIRER 60 'CL 6 h,
BEAT Y8, 753K 7E HAS. HAS-g-PHEA . HAS-g-PHPA. HAS-g-PHBA #2455
A% HAS. HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA #2455 il iy % 9 1.
. . IV.

2.2.5 #APER SEM RAE

43 5% HAS. HAS-g-PHEA . HAS-g-PHPA . HAS-g-PHBA [{) % 24 W5 4 )5

TEH T B T SEM RAE, RXFENIRMIESIAT 5 BT iFAn -
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2.2.6 HARERIMEREMIK
2.2.6.1 FLERZEMA

KRR oK Ol BEBEAT LR, e BEFLBR A . 5 g K/
N 3 emx3 em [EZEATIRE (W) , SRERBAELESR 20 mL LB EH S,
wfl, FE 1/ LSRR R, BRI B L L BRI R 2 RIS
A, SCRVEHARE (W), AR CRERR, JFEE 3 k. B Ak
FRERFLBR AR (%)

L = VW «100% (2.4

p

X pATKCEERIEE, glom®s VNBEFIAR, cm’.
2.2.6.2 ¥R

FH 7 3 71 00 5 ASO0T 280 247 M EAT 7K B A A 5, K 8 3R I IR Sk P
AN FH DU T RGBT 303 b, OB TREM G b, AT, AL
TIE Y IMAAL B, AR5 R A — 7K (293 ) HEIBERRT, 10s 50
5T R 2 MBI K ek A 01,
2.2.6.3 KRS

#1145 PBS M- K 71.64 g 1) NaoHPO4- 12H,0 1 46.81 g ) NaH,PO4-2H,0
WifET 800 mL Z&1/K 1, FH NaOH 75 pH 2| 7.4, #Mik% 1L J5, NIUKFEIH
ATV TARAT o

FRVE I PE BB 2 2% SR, 4 EBEAT #8T (2 emx2 em) , FFFE 25 °C. 65%

IS T B — B TS, FREICE mo: FHRBN H & & 40 51 PBS 22K

W, AE 37 CIRE NEBIMIALIRA . B, #EEHE 30s f5, MERERIRRE,
1OE mie WK N H A R BEAT I

ez =M L 100% (2-5)

m,

2.2.6.4 KZAEEL R

AATHEN 10 mL (19 PBS 20K KEFE S BY L 55 T4 38 DS AR I AR
Se N TP /KZES MR ALY B, 253 DIk 24 7 26 5 i A % 3, FREid
€ mo A LA 10 mLPBS SR M sy bt . AR Bl E T T
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TER R 37 CHEAR T, DAORFF AR BRI 26 o RERE — Bt [ 2 A3 E
R, 101E mae KZERIELZE (WVTR, %) R4E FFIA AT

KBS EILH = S x100% (2-6)

A kO NZERKIRE (m-ma) SEFE ¢ MR, SO O, cm?.
2.2.6.5 J1e LRI

K IR AS 50 mm. 58 10 mm BIRAFESR, F PT-1198GTD-C /ML il
R e, A PR KN 20 mm A, FAHIEE N 50 mm/min, RAE
N T=25C, RH=65%. iC.5IZHRWTZLNT 1k 2am 7 AW 2. JilE =M
FE, SR SRIFIME.
2.2.6.6 ZVNGRAEREN] K

AS FRERZR I . FREL—E R AS, R TIE RN PBS Sl , A
FIERKREE 4> 8 10 mg/L 15 mg/L. 20 mg/L. 25 mg/L. 30 mg/L. 35 mg/L {5
HEVEWR, AE AN e T St A i KR e B, T TE S K JEE it Bz f
296 nm WAL, MIAPTECARAEERIBOGREE, y BONBOGEE, x By AS Bk
JEMEEL, 2l AS Mk th 210l 7 .

Y REMERE A FZ 100 mg 1EKZiEE T 100 mL ) PBS 1A
i, BT 37 CHMT, HTAMERIR. M0 1h, 2h, 3h, 6h. 9h, 12
h IS TE], $REL 6 mL B, FEAMN 6 mLPBS 5, A8 A AN e IR
HAE 296 nm AIIWOGEE, RAFRHERTZ 7R d, TH5H AS FREE, #E—Pit
HHBRE m. A THIARTHE AS I RIRSE:

FOMBECR = %xloo% (2-7)

0

XA WONARIN ] S 2R TCE, Wo NET4EE T AS 5 & .
2.2.6.7 i MEREIA

PG TR RIS S, MNREH S mL BRI (Broth) 1)
POIE , IR TEAE AR 4 B8 2], B AL 37 CHEIRIEIR H R %5577 (120 r/min)
18-24 h J5, B B4, FJEH 5 mL ) PBS WK B R . fha, o
B0 0.1 mL 4HTE/PBS BV, IIAFHTHI3A Broth BIEE H, ARG

16
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Frp ks E IR R R, O —RAHE . KRR B =S & .

FUAPEREM: KR 2 AR BT A 2.5 cmx2.5 cm BEN, B LH BT &
IEE IR LRI, W00 25 wL TG RE 7 4 HO A0 o8 B 4 5 — A pe i A 78 T,
DR TR VR 5 R i 78 70 2t 5 min, BP9 R BERLTEON 5 mL ) PBS W& TR H iR BE 10 s
J&, KH 100 mol/L i) PBS VAW HEATMiRE, JEIS)MIN & AR E FR L 1 . 5557
Mg 37 CHEERFEFRME S 24 h J5, WEFBHATIE, FiHREHEE. ©8
FERAE S LR SCIRFEAR TR o
2.2.7 BARAIITERLIE

Kok T 4B B T80 15 mL. 25%M R BRI E M A, EEE
TR 3hy 6hy 9hy 12h, 24 he TEKEEESE, A4 E T8 XS 1 h
AR EZ R, SRR E TP TR 120, S555 IR,
2.2.8 EZGRAYME RN

K H IR P BB T 273 B0 S IG5 A I AL 2 a4 L 02k . LR
. ORAERES R BIKERE . EHBYERE . Z9MBRE REEAT A
2.3 HR51HL
23.1 SEEEMERRRAGERZEREFERINLZEER IR

Bl 2-2 JEoR 1 ASERE DRI FTIR 358 BB, B 75 HAS (HhZk a)
[ FE R RIS, HAS-g-PHEA (Hi2E b) . HAS-g-PHPA (H#H4k ¢) . HAS-g-PHBA

(HIZE &) HEIE 2R 73 HI7E 1735 cm™ 1734 cm™' 1732 em! Ab72 A8 1 BTRFAE

U, SNEEFRILAREE R I, MITHEE T PHEA. PHPA. PHBA 7t HAS 7> 1%
ERISIIEIN, B T v B BRI IR R L AT i 1 B DD ) 4
232 BREERSH

KH 3 MER AR HEA. HPA 5 HBA firifil % HAS-g-PHEA. HAS-g-PHPA
5 HAS-g-PHBA Ff il [F AR 45 LK 2-3. AHF AR Fe?'-H,0, AR 5 i
FX HAS BT NGRS B B AR 1, e R PRI R v 3 F A I o 45
40 g, HAS Wi &84 120 g, FTXt N HAS-g-PHEA . HAS-g-PHPA 5 HAS-g-PHBA
FER IR R 70N 11.8% 11.9%5 12.1%, 3 AMFES A R B .
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1735

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/(cm™)
P 2-2 HAS. HAS-g-PHEA. HAS-g-PHPA 5 HAS-g-PHBA ki ff] FTIR K]
Fig. 2-2 FTIR spectra of HAS, HAS-g-PHEA, HAS-g-PHPA and HAS-g-PHBA granules

23 MR IERCRSS
Tab. 2-3  Grafting ratios of the prepared samples

FF i 44 FR Bt gk R /g FERLR /%
HAS - - -
HAS-g-PHEA HEA 40 11.8
HAS-g-PHPA HPA 40 11.9
HAS-g-PHBA HBA 40 12.1

2.3.3 HrmFh RS 75

A A AT DA AR GE R UL R R R RIS, T SEM 452 R 1T DA i 1X Fif
A, Bk, A#XH HAS. HAS-g-PHEA. HAS-g-PHPA 5 HAS-g-PHBA ik
BEAT 7 SEM Jp#fr, SR WK 2-3. ATULEH, HAS Bk K@ (B 2-3a) 5
HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA ki (& 2-3b. c. d) HEZE
Z 5. HAS ki R 1otH, RS K/N%5H. HAS-g-PHEA. HAS-g-PHPA.
HAS-g-PHBA FURL & TS DR FFBURDIR, (R A r] WA . AR, Bekx
REREEHN 30 °C, KT HAS ZE/K P RPRIAGIR RS, ORIUF HAS FEHBG I TR F ROk
Ao F, BEERA RN TR ATE HAS Bk L s it b, SEE kB
R TR A AR
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P 2-3 HAS. HAS-g-PHEA. HAS-g-PHPA 5 HAS-g-PHBA ki ff] SEM
Fig. 2-3 SEM images of HAS, HAS-g-PHEA, HAS-g-PHPA and HAS-g-PHBA granules

2.3.4 BHARTUFIRO

A0 DY it P o) 6 B0 AR T 4E B 245 I EAT SEM 20 A (LI 2-4) , W
CAELLHE T AT 4E TR SRAE, VRS SRR SI0E . B BERHESIE DL, )5 B2
PEREMIAA B AR (T 35 R il I b DUAN R 25 SEM MR, DUANRE it B )
KPR RA YR, HLHERREWBRRE, R LR 5
AS BA RIFIAAN: . REFIIAE RIS AL I, IVATEERT I, ek
JERE A ELAR I A BN AN 5], A4 MU AEA — LG . Heh [ A4S 4F
Y A T AR, UHAELT YR BRI AR JT T, Bkl 5 4T 4ERE R D0 H 5
ZFEALIIEERE, X VT Re 22 s M (A W B RE AN 25 WD RETECRE I o LN, AN 2-4 48
KA YEEAZ RN UAE L, FERIL T IVAK L4558 2 B0 T B gk o 4 BLAR
3924 0.30£0.1 pm. 0.34+.0.21 pm. 0.43+0.2 um, 1K THEFIEZGE (0.78+0.23
um) , KU HEA £ HBA, BEAGHECRMAR BRI ER R, R 4EE 2R
ST YE EAR R
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D;;=0.78£0.23 um

&

HY 10 G L WD 651 o SEM3200
HFW2562um  Res 30722048 Dwell 10us ——

-SE
VAG 000 00 02 04 06 08 10 12 14 16

Diameter

D;=0.3020.10 jum

5 N
sy, DetETD-SE HV 10KV GP WD 6.51mm 'SEM3200 ql
t MAG x5000 HFW 25.62um Res 3072x2048 Dwell 10us m

0.0 0.1 02 03 0.4 0.5 0.6 0.7

Diameter
50

Dj;=0.340.21

40+

sy, DetETD-SE HV 10KV, WD 6.51mm ~ sEm3200

% MAG x5000 HFW2562um  Res3072x2048  Dwel 10us 2um

0 ! . .
04 02 00 02 04 06 08 1.0 12 14 16 18
Diameter

| D5y=0.43£0.20 pum

sy, DetETDSE HV 10KV 7
= MAG xs000 HFW 25.62um 53072x2048  Dwell 10us T am

0.0 0.2 0.4 0.6 0.8 1.0

[ 2-4 HAS. HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA #RZ5 (1) SEM LA K o i 2T 4 .
oA
Fig. 2-4 SEM images of HAS, HAS-g-PHEA, HAS-g-PHPA, and HAS-g-PHBA drug-loaded

nanofiber membranes and their corresponding fiber diameter distribution maps

235 FLBRRER S
AN FLRR A2 OB 52 bR B o — AN E 2 T 8 S 4, AR K
BHLBZREUE AL 60-90% 2 [HH0], DLER AT 118 ff (3% SR RUREE Y  HAS
(I) . HAS-g-PHEA (II) . HAS-g-PHPA (III) . HAS-g-PHBA (IV) #Zjj
P FLBR AN 2-5 FToR o4 AP 25 1B FLIR AR N 78.6%175.3%173.9%.71.1%.
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AL, b A EJE AR N AL R S AR R AT 20 AR LU A BT iedi. At $ba
VER R B2 R 1Y) FLIR A B SR T T B RGN, FLB R A R I PRI
BART S, 4 DB SLR AR R ARME A, 755 SRt OB 25K

120

100 -

80

i

Hi

60 -

FLERE (%)

40

20 -

0 1 1
1 II I v

B
K 2-5 B2 FLEG %

Fig. 2-5 Porosities of drug-loaded nanofiber membranes

2.3.6 JHEMHERSIR

13 118G B SR BORL 77 B TR RSORT B8 A7 BB 18, X BRI R A — 8
HsEK M. 18 2-6 4 HAS. HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA #24 il
Rk A Lo W LUK I, 4 A3 24 B Rk A 2518 X2 /N T 90°, 433K 33.7°.36.0°.
43.9°5 49.2°, BA REFISEAKME. BbR M G M mA —ERE g, 3%
5 HAS 7> T4 5] Nf) PHEA. PHPA. PHBA Y #fh & H Kl — 2R
BRI T HZGRE K, T HEA. HPA. HBA B4R BT 2> 1K BEZR T A
ORI G ER , BfEeflfg: 11> 11> 1V,

I [ I L m v '
Kl 2-6 4 2R i f

Fig. 2-6 Contact angles of four drug-loaded nanofiber membranes
2.3.7 RBRMERES AT
T2 FE 9K 2T 8 B /K B AL 70 IR K 73 T 2K BB, AERL R 2%
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TR (18 5 DA A ER S A 2 R A A K 1t BE LT, VA K PR e 2 VRO 241 A
MOEMEOK B I B S8, B 2R R A . AT ST, 4
AN 24 R PR TR I 1 R L] 2-7. A WL, HAS (1D . HAS-g-PHEA (II) . HAS-g-PHPA

(IID « HAS-g-PHBA (IV) #2250 18 748%- 601%- 509%F1 452% .
HAS & K&K MR, SECLEAEAA RS EKSE. A HEA %] HBA,
B AR LG o A RE I O, KR, S R 2 R K R R e (DL
2-6) , M 824 M (VA I AR B A1 . T K 1R BRI

1000

800

600

400

BIKE (%)

200

I II 111 I\
PRES
B 2-7 #0024 B TV AR 1 e

Fig. 2-7 Swell abilities of drug-loaded nanofiber membranes

238 IKERBEI LR

TEZIME AR5 1 BB L v, KRB R E s HThRe k. @,
R B2 JRTE 24 h R HY K B9 240-1800 g/m? (37°C) o HIE 2-8 A%, 7£ 37 C
NFEBER (FED FIKZERIEIS FN 9293 g/m?® /day, HAS A RIIKZES
Bt R ARG A L s, A E] 1751 g/m? /day, SR A B ERES
M. BEERR S 8E (PHEA. PHPA. PHBA) ({5l N, /KZESIE L FIZH AL,
43 A8 1536 g/m? /day . 1495 g/m? /day F1 1377 g/m? /day. 43 HT R K v fEs2, X
HAS AT B AR M, 3D T KBRS R 77, TR BRI T RS FLBR 3R,
IKZERIE LIRS A 5 BARK 28 0B I % B T3 AR e 1
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12000

11000 |
B
= 10000
o
£
B0 9000
B
jv‘_—j s /:
\:Hg ~1 ~1
Ir
¥ 2000 F
%

" .

0
1 I 11 v Y
FE i
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Fig. 2-8 WVTR of drug-loaded nanofiber membranes

239 WEMREERDIR

B 2-9 7= HH T 024 JEL IR T 2R i R R T R AR SR e T AL, Ve R R AR
M 5 T ) 6 88 247 16 T W 2R 0 P A1, DR R R 8 G R, FB b AR ME X JEE R 3 1
SRR FERRRCRARITAE LT, B 3 PR AR s 1 2 TR BEE BT X,
FIt FEE 7 PR 225 RS, PEL SR B i, AT RS 3] 1 0 i R 384 9B A R, o JBE 28 it % e
1%, Wi A Z Mg o0, RIONWIRGREE: 11> 101> 1V, KiK. I<1<
IV Fh AR RS e o, 6 AR o DBk AR, ERE S IV 3R
AN B Uf o
2.3.10 PHERRMREER O

FRECIE & F) W] VCARIE A T PBS Z2iPiit, 43l Bci] 10 mg/L. 15 mg/L. 20
mg/L. 25 mg/L. 30 mg/L 1 35 mg/L HIFRHEIE M . A3 FH 5 AN 0 BETH R IX 24
PRAEVEIRIEAT 2RO FE I, SRS 7E 296 nm KA EWROGRE . KOG
TER y il (HVAeARD B m) DLARVE R BEAE g x Bl (REARARD , 3EAT DB I 221
(K 2-10) , B3R A VCARPRAERZE . B EIAT A, 4B & DEARK TR 5-100 mg/L
V0 B IS, WO B S5 0 P S B R A PR 2R M 58 &R o B il 28 7 FE A y=0.0152x-0.0233,
IR R 7 0.9941,
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Fig. 2-9 Tensile strength and breaking elongation of the drug-loaded nanofiber membranes

0.50
0.45 -
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y=0.0152x-0.0233

035 1 R*=0.9941
#0.30
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22025 F

=
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0.00 L L L
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P 2-10 AS FIARIETE W it 25
Fig. 2-10 Standard solution curve of the AS

REM AT R A5 2 BAR FHUeE T ZITE PR AT e 1)
oA AR I A0, kA, BUEIFFCIER, RATEA . FLIRE AL
ZITE LT YRR R 1 BCEAT AR R 2 01, 2 S8 e P e & VPN R 24 I Th e 17
HEARNR, BEESE YRR R AR . A AS BRI RE AT A
Kl 2-11 PR £ 2h I 4 FhE 24 5 1) R THREIOE 3 73 714 38.3%- 33.5%- 25.7%-
23.5%. 5\ (ZRI5F) s 4R hil R 0 s S VF Y, FEH 0.5-2 h BT REGHE
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FRTIE R 30% 2 G PR e A SRR £ 2PN HR bR - ARt 2 1
A, BZE (5 ID EVIHENBAAERBIMER, MEAE (115 1IV) AMEE
B R . PN, HAS HZGE (D 76 2~6 h BBk % R & T HAS-g-PHEA
WHE (D , {HIHE 5T HAS-g-PHPA 5 HAS-g-PHBA #2455 (II1 5 1V) ;
HAS-g-PHBA #Z R H) R iHRICE R 5 1%, KM HAS-g-PHBA 24 [ (1) 25 ) 2%
FEPERE A X B 4

100

60 |-

40 |

FIPROER (%)

20 -

1 1 1
0 5 10 15

B iE] Ch)
2-11 #HZhfErh AS IR h 2

Fig. 2-11 The release curves of AS in the drug-loaded nanofiber membranes

HAS #Z HEI mR BOE %, 2R R A m B IR . FLIR 2 SRk
BE T 25K A R X HAS BEAT RGBSR B MR b e v J5 , AR R BEAIS,
B PESG SR, AR OK B SIS, ELE T ARO[ I L S ek et A 24
21 Y 5K AR AR, A BT IR 2 YRR

X 2 BRI RE TR 28 43 34T T g (K 2-12a) « — 2% (& 2-12b) . Higuchi
(K] 2-12¢) . Ritger-Peppas (& 2-12d) F# R G . VU ER AR L&
T FEAH S R B A2 0.95559. 0.99165. 0.96711. 0.96733; — A& 5 FEAH <
ZH A 0.99045. 0.99976. 0.99917. 0.98183; Higuchi 1\ & 75 FEAH % R %5

HilAE 0.9239. 0.90335. 0.95799. 0.97046; Ritger-Peppas L& /7 FEAH % R %00 )
7 0.98175. 0.99862. 0.99564. 0.99411; #R¥E Ritger-Peppas #i 7H X 265 4B UL
Wl BEAT 43 M, 1R 2 BRORE i HH 2R F.5 17) Ritger-Peppas 7 R, DUFREZ IR AT n
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(T BERED 258 0.77. 0.87. 0.73. 0.68. AU, n HIE{ETE 0.45~0.89 JilH
W, T2 0.45<n<0.89 It , ZHWIHIREBOR B T3 HOM B 4L M no L), R4
B FE b R 2 VDR TBUR T4 B B SR L
2.3.11 IEMEER I

M R BB B PERE AR R B — B ISR, BRI R,
B R PR P S 2 JR B O ANE ) SRR A “ = WVR 207 o0 302 I B R 1 e
17 7R PUAP 24 /% HAS. HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA %t E.
coli 1 S. aureus PP B IR M, LI 2-13. RIUL, BT A i 26 X6 T b 40 1 (0
il R ES AR I W R A BB AR F o R RESRAS B R0 TR BOR 1) 5 R v g 2
T BTk FH B2 ¥k HEA. HPA. HBA A 5 R H & HB R X S0 sk
F BB TSR K B L MO A 0 45 R AN 25 R P RE RO A

100 100

M=15.37t+5.39 =——,
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Fig. 2-12 The mathematical fitting curves
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K 2-13 #_ZHEXT E.coils S.aureus [T #2551

Fig. 2-13 The antibacterial effect of drug-loaded nanofiber membranes on E.coil,S.aureus
2.3.12 AZHRALIRXTE 2o PR M RE RS2 MR
2.3.12.1 A MERIZMIEIN 73 B

Kl 2-14 R AR B S # Z EE) SEM . W R, 48k 2R
HRJG, HHE 2-4 ST ST A Y AR AR IR U 2 I AP 4 . TR S
VER AN AS B S N B TS 3 (R ) FIFRSE e ) IR P I ESE S
T F TR B/ 440 B SR MR 1 1) 22 SRS BRI 28 54, SR BB I N AN 2 (R AR e ik, 3 248
A8 AT YUY AT R o

4
7|

; KV GP it WD 6.62mm SEM3200
% MAG x2500 HFW51.25um  Res3072x2048  Dwell 12us sm

iy, DetETD-SE HV 15KV GP #t# WD 6.51mm SEM3200
= MAG x2500 HFW 51.25um Res 3072x2048  Dwell 12us 5um

sy, DetETD-SE HV 15KV, [ WD 6.62mm SEM3200 Yy DetETD-SE HV 15KV GP s WD 6.62mm SEM3200
= MAG x2500 HFW 51.25um Res 3072x2048  Dwell 12us sum . MAG x2500 HFW 51.25um Res 3072x2048  Dwell 12us sum

P 2-14 HAS. HAS-g-PHEA. HAS-g-PHPA 5 HAS-g-PHBA # /it SEM &
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Fig. 2-14 SEM images of HAS, HAS-g-PHEA, HAS-g-PHPA, and HAS-g-PHBA drug-loaded

nanofiber membranes

2.3.12.2 AWK FTIR 704

X AZ IR HAS #ZIEHEAT T FTIR 20471, a1k 2-15 fivR . HAS 2,
7E 3288 cm ' AL E2 2 — AN BRI, BT - OH B: I AR 3N hiTERC
Bk HAS #Zfsir, st 98 0f 2072 28 3263 em™, RIS N I 72 A2 4k
B R E I 5 . BRI (I R T g Ve PR R R AR A S S, T FE 4
- OH, {HFEACHI R AEAE KA SN, Ve 5 WK I 57K 73T T Rk i 2
W2%, B - OH Vo B REARSE 98 I F R AL A% o hAb, 7E 2925 cm ™A1 2923 cm™! &b
N C-H MIHZEIRENIE; 1077 e 4bh C-O MEEIRENFFAEIE, ATHE G 1206 55 5 1
EHN, RPTER RS R R T AR R N o 4 RS SRS B T 4
SAEL

(a) HAS#ZjIK

3288
(b) ZHRALFEHAS# 24 i 1077

2925
3266

1077

1 1 1 1
3500 3000 2500 2000 1500 1000

Wavenumber/(cm™)

2-15 ZZHKHT G HAS 22T FTIR [
Fig. 2-15 FTIR spectra of HAS drug-loaded membranes before and after cross-linking

2.3.12.3 XTEZIE )M RE R

WAL G I 1P Re an 1] 2-16 i 2CW6d /5 HAS. HAS-g-PHEA.
HAS-g-PHPA 5 HAS-g-PHBA # 24 I X1 1 24 58 52 53 7l 1 6.31 MPa. 6.01 MPa.
5.84 MPa 5 5.17 MPa (5ZHk 3 h) WG hN%] 28.0 MPa. 24.7 MPa. 21.8 MPa 5
18.9 MPa (ZZHk 24 h) , WrZHHCERIF I 9.16%. 11.14%. 13.18% 5 14.08%
TR 2.30%- 2.73%- 4.05%5 4.87%, XA AT IH R F 1 —BEAE = ELBE oK
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VEH 7> T BEZ BT IR IR S0 ), AT 9 17 L1 701 W 248 1) B AR A i P S 5 o
AW S NIE T 5N 2 I E R R S WHE, b T REBUN B thigsh, 2t
TH T BRI PTRLARBE 770 PRI, AZIBC A M W7 2R 4 4 B 28 PRI, SRS R PR
i 7RG RIS RENE . B AR AR AE G, SRR, S BURESY
SEARAE, > T oy TR IR RIS, I R ISR IVE TR, iR T
P Knaul 25 A\ OB T8 1 A [R5 1) 158 — [ A8 BR 7R RH 475 57 SRME 241 44 07 2 14 e 19
SN . S5 RRW], BEAE G R AN, ARIORE . Wi R R A AR,
Tk 3 o T TSI, sk 8 T — e ] e 2 PR AR T 1 70 T S5 R BAE £ 4 Y 7
SIERN SR, TTSEM Ak . BT &, T S REAVRATIHAR & 44
W%%?%m%ﬁ%ﬁ,%ﬁiﬁﬁmm%ﬁﬁ\ﬂﬁ%ﬁo
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Fig. 2-16 Tensile strength and breaking elongation of drug-loaded membranes
2.3.12.4 XTFLBRFREEM

WA HL G LB 0 2-17 Fion e DURRRR 4T 4 B 1 FL B 20 3 A
ZZHk 3 h ) 75.9%. 72.8% 71.3%- 69.8% FF%% 24 h (] 68.6% 66.0%- 63.4%-
60.2%. BfZE TR B IR, BB FLBRZRIZ M T R o SCHK S R 1l — e 5 i
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Fig. 2-17 Porosies of drug-loaded membranes

PR R B AN SR S BE T L N B, B0 I B ) = A P 2 45, AT A A 1
FLBR 7S [Z e /)N, FLBRZRI N o SR, FEACHE 12 /BT 24 /BRI HE, FLBR
A TR, RWZRAE 12 /N J5 BRI, 5 @ KA
[FL] %o B (1% 45 40 B2 T A 225 o R0 5 N 705 B I O S IR 7 FEL 47 % i
SEBUR/ R CATREGUR AT S AT T e 7T, DASR s L K M A0 Ay 2 b R .
TR, BEE BRI (B e, LR 4R AL IR 2B B PR, X R T2 e
PR YL PSS 2, LSRR T R
2.3.12.5 X/KZERIEIS LR

AR K B R 2-18 B,  WURMRZGIE MK 2R iE I R
I3 A MAZEE 3 h [£] 1636.3 g/m? /day. 1405.0 g/m? /day. 1340.5 g/m? /day. 1260.0 g/m
2 /day FBEZ 24 h (¥ 1419.9 g/m? /day. 1223.8 g/m?/day. 1109.3 g/m?/day. 1010.8
g/m? /day . 5 AC BRI ) R, 88 0 7K 280 & 0 HH S FLBR S AR e 35,
BTN B o ACHR SR NIE I 3 M R R R (A S R, T S B I B T = 4
ZRLERE o IX PGS F I R AN T BUB I FLBR 2% (R, I | /K285 T EME
Y BORAE . BEESCERRE RIS N, BERIFLBRRIZ BN, KER D T RER S
TR, W SREUKZA AL R T, Ah, BGOSR AR K A KA
TEFZ RIS, BE— DR T K NBEE . ACHRIN [R)BACIT, I 254 5
ARE, KRS BOREARE, EidREERDN. SABBEUREM, KES
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B Z TN FEAE 12 /NREAN 24 /NSRBI 1] T TP A, RS S N AR IR 5 —
SERERE e, R IEE A T AR E
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Fig. 2-18 Water vapor transmission rates of drug-loaded membranes
2.3.12.6 XFIEMKIERERZ M

LA B T A I PR R 45 B AN &) 2-19 P . DUl 24 58 0 v ik 22 23 3 A
ZZBE 3 h [ 706.7%- 576.7%+ 500.0%- 424.4% N %% 24 h ] 536.2%+ 398.2%-
297.5%- 229.8%. BEEZCHEES IR, BEAEIKERZW R, X—IRY
FLBR MK 2 0E IS R AAR — B 7EACHE 12~24 h Z VS, ki
RE )T PRI 2 2503/, X AT BE5 58T S L R AT SO AT Ok o ATTSAC I SO BE (A
3~6 h) I N SR R ALY N ARG A, (AR IR = R 2 A I
BRI FLBR A IR AT R, FRUBIKIERE I R . J73APH S NSRRI — s
HAXT PVA/PAN 5 G BT oM, BT HAE B IBTRAGIE R b (1 23 B 1k e SR & 1
WKAT A, BRFURIL, SCERG PVA JRIUSEAKIE R, BEAK T XK K6 A7,
MR HEAE 7K P (R R
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Fig. 2-19 Swelling ratios of drug-loaded membranes

2.3.12.7 XHERIERER

AR AT 5 P P R ER B2 A DU SR VRO i P 2-20 Rk 2-4 B
U b 388 2 S ) 7 K 232 40 B AAC BB 3 h [ 49.6°, 52.4°, 56.9°, 59.7°HY % 24 h
84.9°. 86.4°. 88.9°. 90.7°, ZTIKINT X I HE Ak A AR A HAT BB . & AT
BRI (I AN 3 /NI K28 12 /NI, Ak i 0K, 3R BH R T (1S /K 1R R
BK G . X — IR AT IR TR B R B AR T, SRR R S5iEm T
BER IR SN, BTk 7 TR R R . B STHRIN TGN, 231 1)
(& i858, SRR > T A B S EINBUE AR, iR 7RISR
TRV A P 2 5 o PR T S 7K P 5 [T 1) 3 26 3 BUK 7 75 R T 2 T R A ELAE
JIREAS, A KERTEER T A LAGR R, RN A G K. JRIMT, 43I )
WEK 12h FE 24 h I, Bl AR TP, BIHACE R B TR, AS
[F1] %o 5 [T 45 40 P S el L 38— 5 AR M
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Fig. 2-20 Contact angles of electrospun drug-loaded membrane samples

R 2-4 WA EA A K

Tab. 2-4 Contact angles of drug-loaded nanofiber membranes

s (0
A
3h 6h 9h 12h 24h
HAS 49.6 58.4 67.1 81.6 84.9
HAS-g-PHEA 52.4 60.3 69.5 83.1 86.4
HAS-g-PHPA 56.9 62.3 72.3 86.7 88.9
HAS-g-PHBA 59.7 64.2 76.6 88.1 90.7

2.3.12.8 X MGRENERESC T

AT B S 25 B E RE AN & 2-21 BT . HAS 325 6 h 254 &
THRETBGE 2 MAZER 0 h 1 92.0%4E K ATk 24 h (1) 80.4%. £ 11, I, IV %2
I P 24 R Tt TB] 40 S A AS IR O h ) 6 hy 9 hy 12 h ZEKE AT 24 h [ 12 h, 24
h. 48h. AII, 0 T EEACHRAL FRREAS 1 AS B RTHREICE AR, RHIAZ AL EE
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RTt T LW WG REERE , HLEHE SCIRIN [8] A REC, BT REGHE R BT K,
WANE YR BT . X FL 97 L2 BRI 29 BRI REEAT T R GUVEA .
FELWIGRE R GErh, ATIBRINT [] [ A0 i 1) FLI 4 o VA I 2K B 2 MR T o5
A E O o AW S NLIE L I S AR TR IR B B SR, 1B T R = AT
W2, XA SBT3 BPLRR AR A AR I 2 3 PG, T PR A
T4 TP WU AT o WA IR I 0 S SR IR R, R D 1 A AL
FRMBAKAE T, PR CE RGN, 2R, BEE SR TR B A 12 /)
I J 24 /NI, SR BN TN, A SSIR I 48 AR E, P IE AR
I T XA LR A AR PR RIS AN K, 29 WP REBGE R A 1T Fa. IR R
W, 2550 22 G0 T ACHR IR NATAE — MR RONE , B 24 52 BB I [A] ik 21— 7€ BME S
BBE 2D BB A WIS [ XoF 245 4R JROHE =R PR M TB T U5 o b R 5 ) A B AR 1 A
AR — B BRI R SE T AN S84 S0 1k Bt o5 A BRI 8] (RSB D St v, (H 230
TR, A FLBR AR AR AR EA A BB 0, S EEYIRIE R TR E .«

100 100 100
(Oh) . (3h) (6h)
30 80 -
y e
S wf ’ s S«
= 40 § 3 4
5 — = =
BR ot — B& =1 BE 9 —I
——1I — ——1I
WL ——1V ——1I ——1
IV 0F ——1V
L 1 1 1 1 1
0 10 1 15 0 5 10 15 20 25 30
EHE (h) [ 1) Ch)
100
80 P -
S S
= 40 =
o =
: =
B —1 e
——1I 1
e m ——1I
v ——1I
) ——1V|
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> 0 10 20 30 40 50 o 0 % p” " 30
I Ch) W (b

K 2-21 #zZhfEh AS ) 2R 22

Fig. 2-21 Cumulative release curve of AS in drug-loaded membranes
24 RE/NE
A B E T HAS #EAT B R AL AR M AL B, & T BRI
HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA ¥ i, XF3H3HT 7R, A

BFiE] Ch)

#7223 R 7% T HAS. HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA 94K
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YRR 2, VY T PHEA. PHPA. PHBA YHEM 51N LK — 8 A8 B AL B %)
WAMEEREI LM . BT DL R SRIS 4 AT /b, PSR4

(DFE LBE- KA B, A Fe?-Ho00 FAbIEJFAK &, L HAS NJE AL, HEA
HPA. HBA N AR, HEHERN 40 g, #1147 RSHA 11.76%- 11.89%.
12.14%H] HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA F£f; @i FTIR 4 #7ilE
ST EATR T4 SEM LR R 3 Mt J5 (0088 R i RIORL R T HDRES I A
o] LA o

(2) 1§l HAS. HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA 4} %5 AS i
& DMSO o, FIH# YT EARS & T EATRAK LT e R 255 . DUAS 3215
FES LB AR KN 78.60%- 75.33%- 73.90%- 71.12%, IEHKZEF1M 748%-
601%- 509%F1 452%; B HA 7% (PHEA. PHPA. PHBA) K5I\, /K#&S
T RAAKIRBEAR, 4358 1536+ 1495 A1 1377 g/m? /day. HAS 5 HAS-g-PHEA
WAELENIRY BAFE R BB R, 1 HAS-g-PHPA 5 HAS-g-PHBA #2417
7E; HAS BT 2~6 h BiHBEBGEE R L & T HAS-g-PHEA 35, (HIHE
=1 HAS-g-PHPA 5 HAS-g-PHBA #(Z/IX; HAS-g-PHBA #2451 211 B TB0H
s, B HAS-g-PHBA 24 [ (1 25 V) G2 REPE BE AR X B 47 - HR ¥ Ritger-Peppas
BRI EEAT 73 47, 72 B 24 EERE it B 4005 1) Ritger-Peppas 77 F2H7,
2 0.45<n<0.89 I}, Z5WIIIRETBOR JE T3 HIOR B 4 i i B Ll o

(3) ZZBRALBRFRAR T BRI FLBR R . WK R K 28 0E IS 3, 36K T #Efil
MR ER K PESE 5 . BEE SR B [R]AN O h I W8NS 12 h, FRABEMFLERZE
IKFERE LA TR WA W R MK R BETRN, TWTARSR BE  2 R
VEREIZHIHET:, SRR 12 h B 24 h, SRZGREM & TPERER LA K. AR,
DIV G RENE REAE ST G S 2 O, R WISCHRES A A 4R | AS 25 R U 2
IRYE AR TSR, HEFE HAS-g-PHBA 1EN AS HIZJWNEAA, 0240 IEAZ B A FR
LA 12 h AH.
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2 3 B HAS-g-P(HBA-co-ADTACA)AHKAFHEE 25 P 85I &%
5itgeifin

3.1 5|18

952 TR, HAS-g-PHEA. HAS-g-PHPA. HAS-g-PHBA K41 4%
i, A REAR T HAS BB SRRk M S VI RETBOE 22, H 25 i) BB TR
JESREE, 3R SR AR . R R A SCHE AL, it — BT e 2k 2
BRI 23R AR . Rk, ARTEAUTESS 2 SEHEm L, AN ek 1k 5 HBA
AR —i2, X HAS HHATHRRIEREE, SRk — D3 mue M AE v 2 s i 1 9
R

M ERATH W AEE R TAAARTE, KM NETEE, EREIMAER,
TR 2> 25 NATTH A0 1 AR ™ B8 1 5 2RO, DR ] 46 LA LB Ve R A R 225G T
B, SR 2 UKL, HAS-g-PHBA KT 24E R 25 ) 25 A M BE AR X B i [A]
i, NiE— PR HAS-g-PHBA PR A4 2 I PERE, DR T H AT 1 6e
AEAE HBA A B 55 2 B0 T, LHBA. G-INAEEIGIE N IE) =
FIIESIbE: (ADTAC) NEERUHMR, X HAS FEM BT EA AR MEALEE, 4 H R
A FH & T HRFIE ) HAS-g-P(HBA-co-ADTAC)FE i, /8 SEM. X 5 2k RE 1L (EDS)
BR T Beoxt gt 47 RAE 2 A, R A B B 5 2 H R & — R A
HAS-g-P(HBA-co-ADTAC)Z K LT YR 2515, AT 20245 I8 1) R AE S 2 W) S ke S5k
REMI, FF4ksE DU W4 ER A PRE (S.aureus) FKHHE (E.coiD fEX
ISR AR, K7 HAS-g-P(HBA-co-ADTAC) I B 2R .
3.2 SEEGERSY
3.2.1 MRS
(1) ek 5

AP 2 EAL SR WA 2 & 2.2.1; ADTAC, 7074l & ma kb 2287
AIRAF .
(2) STIANAR

A E Py R E IR S AR 2 7 2.2.1.
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3.2.2 HAS-g-P(HBA-co-ADTAC) 9%

FRECF 120 g 1 BLBE BORTERT, DN TERE /7K VB & ) 46 10T 5 43 B0k
30%HITERSFL, DARGERIR AT pH & 3-4, BB ED OB HEE. K
A2 30 Cla, BAZA 30 min HFEZ RS TH HBA. ADTAC. #KEH 0.5%

URESHD MRS . WEN 1.0% RESHD 1S EKIE T B
T E RN IEE R L, HESRLE 30-40 min IRINEEE, SREESLAE R
2 5 /NI T 6% IR R BATE RO 15 80 ) pH 2 6-7, g BESRBUR G 1K
TEPFIE T HEAE A TR AR R
3.2.3 HAS-g-P(HBA-co-ADTAC)HIZRAE
3.2.3.1 BERECRNE

FEdh HBA SR ST & & llE 2 WA 2 B 2.2.2.3.

1 2 S RV OO 5 A it SRS T I & Bk SE ADTAC B4 BT IR &5
o BARERAEWT : HERFRICTH5 S IRE R 0.1 g, OB & 2340 0.1% 1K 73 B0
FRE F IR 78 o B R IR 95 CARIR 1 h, AEI R SR SR 5T INES es 1
A, FHIREE DY 0.1 mol/L IS ERERARHEVE VU 78, A G 21 (T 7= A= I R Ry
TR, FIREARRIZAE s Al . iR Mo AR

ni=cjXx (V()—VJ) ><10'3 (3-1)
mi=M;Xnj (3-2)
n>=czXx (V2—V3) ><]0'3 (3-3)
ma=M>Xn3 (3-4)
R,=-2"2 5 100% (3-5)

b e AFRE BRI, mol/L; vi A 4L AL HCL AR, mL;
vo NHERLRE S THFERT HCL AR, mL; M, A HBA KIEE/R &, g/mol; n; N HBA
FATTGII R IREL, mols mo AVIURVEM &, g5 c2 N AgNOs FRIEIE TR E, mol/L;
Vo NFERFE i BTV AE IR AgNOs bR i AR, mLs vs N2 SEE0 P iE AR
AgNO; FRHEVETR IR FR, mL; n2 A ADTAC oG EE/REL, mol; M> N ADTAC
[REE /KT &, g/mol.

3.2.3.2 SEM ik
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HAEES I 2 = 2.2.3.2,
3.2.3.3 Juam A A
AR SRS B, RH X 4 Rei A4 X HAS-g-P(HBA-co-ADTAC)
4T EDS JCE T, LA E © BRI il % .
3.2.4 HAS-g-P(HBA-co-ADTAC) & 25 & i $l &
HIES WG 2 &b 224, A& HAS. HAS-g-PHBA #2505l 429 AL
B; ADTAC I AN 20 g« 30 g 40 g Y] HAS-g-P(HBA-co-ADTAC) % 2 i< /3 5]
4~ C. D. E.
3.2.5 HAS-g-P(HBA-co-ADTAC) & 255 Y SEM FRAEF
HARBRIES AL 2 & 2.2.5.
3.2.6 HAS-g-P(HBA-co-ADTAC) & 25 f&E 84 M EM
3.2.6.1 FLBRZMA
BAAEES IS 2 3 2.2.6.1,
3.2.6.2 TR
BAREES LS 2 3 2.2.6.2,
3.2.6.3 WK REM A
HARAIES S 2 5 2.2.6.3.
3.2.6.4 KZEEL RN
BAAEES IS 2 3 2.2.6.4,
3.2.6.5 iR RENA
BARAES IS 2 55 2.2.6.5.
3.2.6.6 ZygREERE I
BARAIES IS 2 75 2.2.6.6.
3.2.6.7 PipEEREM
HARAIES NS 2 55 2.2.6.7.
3.2.7 HAS-g-P(HBA-co-ADTAC) & 25 fE I A2 B AL IR
KK e B E T4 15 mL. 25%M1R AR AR, A=
TACHE 12 he RBEEEG, HAF4EE Tl 1 h IR A Z R, &
JEHHE T TR T 12 h, SRR,
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3.2.8 HAS-g-P(HBA-co-ADTAC) % 24 BE B 1 B

K R B PE AR J5 2 3 R A G B R A 2 a5 . 5k Re L FLRR
B OKAEFEL R BKIERE. THRIERE . AYISRNEREEAT IR
3.3 BR51HL
3.3.1 HAS-g-P(HBA-co-ADTAC) R MR #h

A% HAS 5 HAS-g-P(HBA-co-ADTAC)Hiki 24T T SEM 20 #r, &5 5 LK
2-5. AJLLAE L, HAS Pkif)#Rm (& 2-5a) 5 HAS-g-P(HBA-co-ADTAC)f) %
M (B 25b) FREER. HAS BikiRmxig, RL2HEER.
HAS-g-P(HBA-co-ADTAC)FURL (1) R AT R FFRVRLIR , BRI A AT WAk . 7E
AT, BRI 30 C, AR TIEMEK BRI IR IESE R
FERR S IR FERURIZAS o L, BRGSO - R AL AE HAS BI0RL 2 1 1Yl
BRAE L, SEUEMRRLR LA AL .

P 3-1 HAS Al HAS-g-P(HBA-co-ADTAC) kL[] SEM [
Fig. 3-1 SEM images of HAS and HAS-g-P(HBA-co-ADTAC) granules

3.3.2 HAS-g-P(HBA-co-ADTAC) TT Z4A A 5 #hr
9t € HAS-g-P(HBA-co-ADTAC) I I il & , & B EDS F AN Rk it 47
T IuE . Bl 3-2 YA OB A S BURL EDS A K. d B AT
HAS-g-P(HBA-co-ADTAC)MRL TR A M FE AN C MO ik, BHENE Clx
%, MIMESL T HAS-g-P(HBA-co-ADTAC)FF it (1) R T 1l 2%
3.3.3 HAS-g-P(HBA-co-ADTAC)RUIER RER iR
HAS-g-P(HBA-co-ADTAC) A R 45 5K W 3-3. M 3-3 il LA H, [l
# ADTAC R E RGN, ZER BRI E ETHEa%, 2aiks] 17.1%. 23.2%
A 28.0%. XKW PADTAC BEW D%t 2 HAS £, JfF HAE—@iahlN, H%

= MAG x3500 HFW 36 61um Res 30722048 Dwel 10us
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InEd R, RS . s ADTAC & 211N, ADTAC ¥R 515 E h g
2 [AIRGSRE FOAE R A, (R a3k T BRGS0

C Kal,2 0O Kal

| - e—— |
100pm 100
H N Kal,2 um

Cl Kerl

100pum 100pm

3-2 HAS-g-P(HBA-co-ADTAC) kL ) EDS T 14 &
Fig. 3-2 EDS mapping images of HAS-g-P(HBA-co-ADTAC) granules
30

1

1 1 1 1 1
0 10 20 30 40

BAERANEE (2)

3-3 HAS-g-P(HBA-co-ADTAC) Ik %
Fig. 3-3 Grafting ratios of HAS-g-P(HBA-co-ADTAC) prepared.

3.3.4 HAS-g-P(HBA-co-ADTAC)E 25 IR R ML 57 0 4

A FEN HAS-g-P(HBA-co-ADTAC)JN K A YE# 2 14T T SEM J3 i, 3145
T SEM B 59K HR K, WK 3-4. B 3-4 /T, HAS 534
HAS-g-P(HBA-co-ADTAC)FE i 1R85 AS T R UFHI9K 4 432 i, ok,
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MEFYEE AR KN LA HY, HAS ST EI4F4E HARON 0.78+0.10 pm, 735 F

|D4=0.78+0.10 um

w
S

g
H
o 15
10+
st
oy, DetETDSE HV 15KV P it WD 6.35mm n SEM3200
= MAG x2500 HFW 51.250m Res 30722048 Dwell 10us. Sum 0
0.0 0.2 0.4 0.6 08 1.0 12 14
Diameter
40 (D5y=0.4040.19um
35 —
30r
25
g
S0t
15 -
10
sk
sy DetETD-SE HV 8KV GP &&i WD 8.43mm SEM3200
A MAG %4000 HFW 32.03um Res 30722048  Dwel 10us 2um 0 . ' —
0.0 0.2 04 0.6 0.8 10 12 14
45 Diameter
D5y=0.38+0.13 um
C “or 7"
35
sy DetETD-SE HV skV GP %% ‘WD 8.31mm SEM3200
%= MAG x4000 HFW32.03um  Res3072x2048  Dwell 10us Zum .
0.0 02 04 0.6 0.8 1.0
50 Diameter
D5;=0.35+0.12 um
40 /\
30
El
3
&)
20
10
Ly, DelETD-SE HY 5KV GP ik WD 8.43mm SEM3200 /
&= MAG x4000 HFW 32.03um Res 3072x2048 Dwell 10us. 2um 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Diameter
K] 3-4 HAS-g-P(HBA-co-ADTAC)# 25 B[] SEM K] B 1) - 4 B A% 5347
Fig. 3-4 SEM images of HAS-g-P(HBA-co-ADTAC) drug-loaded nanofiber membranes and their
corresponding fiber diameter distribution maps

N 17.1%123.2%7F1 28.0%[%) HAS-g-P(HBA-co-ADTAC)FE i i1l 4% (K 2 24 FE (b)  (©)
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(DF P 4E B A2 5 5N 0.40+£0.19 pm+ 0.38+0.13 pm+ 0.35+0.12 pm, B
BRI 2> {8 HAS-g-P(HBA-co-ADTAC) %k 24 I (1) T ¥ 40K 4T 4k B4R BRI
33.5 HAEFLBRERLER S

HAS (A) . HAS-g-PHBA (B) RIFEFLZE 34 17.1%. 23.2%F1 28.0%[1)
HAS-g-P(HBA-co-ADTAC) il & # 2/ (C. D+ E, ) BIFLEEFR WK 3-5 Fior,
5 PR 2B FLIR R 20 51N 82.8%+ 69.3%- 71.9%- 79.9%- 90.4%. 5 HAS #;
ZifMIEL, K5I\ ADTAC ff] HAS-g-PHBA #ZjfiE (B) MIFLBRR MBI N %, 7
I\ ADTAC J&, FLBRAIG R IFHEE B R M g oK, X fe 5 ADTAC
BH 257 51 R s HE R AR F G 0%, (ELF4EIRBEI R, S EUR M X ) FLER Y
Ko Ib4h, ADTAC 5] N TR T 95 2 IR RR I, R 214k X 4R 51 77 =X,
M-S AL Z T

100 -
1
T
80 I 1
~ 1
=
< 60
¥
%
ey
3
& 40
20
0 I I L
A B C D E
i

B 3-5 B2 FLR %

Fig. 3-5 Porosies of drug-loaded membranes

3.3.6 SEIEMLER S

HAS-g-P(HBA-co-ADTAC)# 2 IRl i M an i 3-6 B« 5 MR L 40K 41 4k
AN S, T EIFTR o 5 A I K il /1 35/ T 90°, 43k 33.9°,
50.8°. 48.9°. 41.4°. 22.6°. AK5| N\ ADTAC ] HAS-g-PHBA # 24/ (B) 4%fih
F3E R, XL T PHBA SCHEP B A BKEE R, — @R R T 382 i i
K. GIN ADTAC J&, #ZGBEMEADA ML R, BEEEREE (R MMM,
SROKVEPH S FE H 8, — 2R BRI T ARSI SE K thAh, BEE R 1
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W, SRR TG, LORMTBUN, FUBENMK, JETTHE T AR Rk
i

@% ol o @ (e
e N 7 N BT

K 3-6 #25R HlA

Fig. 3-6 Contact angles of drug-loaded nanofiber membranes
3.3.7 inBKMEREGE R 1R
HAS-g-P(HBA-co-ADTAC) 2 I ik 1 e an 1] 3-7 A7 . HAS # &/ (A)
FIVEIK N 744% . BEE LR RGN, HAS-g-P(HBA-co-ADTAC)# /i C. D.
E AR 3000 425% 623%- 827%. TEAXIER: HBA B}, FZAMEIIEIKET
B 406%, J2HT HBA 1ENBKYESAR, HIRRII T 82K g,
I T AE AR N BB N BS54 . BN ADTAC J&, MBI R L LT,
XA S5 ADTAC 25 e b B2 A ( - N*(CHs)sClD) 3800 T FE (B R AR 1
7K 53 56 5y SRR AEAR HAR L, R K& RE T4 o 43 J5E DA AT R Bl 7 1 H
i I 2 ERRE A 2 (W) B HE R AR BB SRk, S BUBEARH IR K263, BT L
HAS-g-P(HBA-co-ADTAC)# 24 [l B 4% R UF WK BE J1, AR TS 1B 4,
(FSERIREQIOPERE FIR S N

1000

800 I

600

K (%)

400

200

B C D E
Ff-d
K 3-7 MR AR TE e
Fig. 3-7 Swell abilities of drug-loaded nanofiber membranes

3.3.8 IKERIBITRER DR
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HAS-g-P(HBA-co-ADTAC)H 2 /K 25 4l 3-8 Fros. £ 37 CHIT
DI (A FIKESIELF N 9293 g/m? /day. BAMEFIKESELFH
PURBE, HAS MR A BI7K28 0L N 1841 g/m?® /day, HAS-g-PHBA #( 245
B /K ZERIEL %N 1393 g/m? /day. X2 HTXF HAS #E47 SR PEEA R 1,
T IR ST R T, [FI BRAIG T IR FLRR AR, /K 28 B F K. #f ADTAC
J&, BE%E ADTAC BURLEMI N, KAEREL R LEWTEES, 2508 1473 g/m
?/day. 1984 g/m*/day ~ 2162 g/m?/day. £F4E B 1S S FLBRZR 5200 7K 28 S i ik Zal64],

Jir L HAS-g-P(HBA-co-ADTAC) & A MENK 7 B R AL B 47— € = M0
10000

9000 -

8000 -

7000

\
AN

\
AN

B (g/m*/day)

-

1
I 2000
Y

1000

0 1 1
A B c D E F
E

K 3-8 AGMENIK AR TIEL
Fig. 3-8 WVTR of drug-loaded nanofiber membranes

3.3.9 WEMRERSI
HAS-g-P(HBA-co-ADTAC)# 2[5 71 A RE A& 3-9 Pz . #ER 51 N ADTAC
i), AW AL GE A H 4.14 MPa (A) RF£% 2.65MPa (B) , WK=K H
11.36% ETHZ 16.48%. X J& T 51 N HUAEE AT AT HLiE M 7 1 [ 52 2k 1) 4 5
T ARTE R T B A Pk, R Rt — e A S 2B, AT TR 3 B8 i 1 M7 2R
KR, SINEANRIER HBA, BUR TIERH 70 7B o i gk, ikss 1 e
B R I3 F BN, (VR Ko IR VR F J00 s, BT DA% 7 288 ek FE A .
TESINBIE F ADTAC J5, g5 22 Wl om i 8 i, (R KR E &2
DR FE#S, Fah C. Dy E BIWESREE 7375004 3.16 MPa. 4.79 MPa. 5.49 MPa,
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WK R A 13.69% 9.33% 8.42%. X —HL G A] AL PR T s P 4> 14k 1]
M EAER 172846 . ADTAC 1951 NAE AR5 75 (8] 1 i B/ FH 5, X g o
(P A ELAE B3 US04 (] 25 6 0 I, PR B A 25 1 A0 49 SE I S s A
P, AT e T R BB A . R SR R, (IR B ) 43 1R AH AR
FAR 3 BUIB ¥ 73 7 BT R A R e 7 52 BUBRH), 40 1 BRI Rtk o T REMI
BB GG A AL LRI TOVE G AR AR B i, R B2
(RIFEA

18

15

—_
[\

WrZdssZ (MPa)
Wr KR (%)

M
Bl 39 24 MK ) 17 5 8 JEE AT T 2411 I3

Fig. 3-9 Tensile strength and breaking elongation of drug-loaded nanofiber membranes

3.3.10 AYIERER D

—IRIME, N TIRIT — LM A — IR PEAR BRI P05 O MU i
BEPRI S, B2 K I R, DA SRR RG24, BT BURGE R A (144
DKL 5 ) 2 i A 06 5% o 5 P 24 JEE PR 0T ) DT PR 24590 3R T R TE0H 22 1 18] 3-8 s o
AL, HAS #ZGMEAE 2 /NN RTPBETBOE 20N 33%, B C PALAE 12h Rtk
R 7504 80.1%- 89.7%, HTH: AN ADTAC MR/, FHETHHED,
i C VS IR SAH LR S B 3K, ARZG MO B A58, Nt T 2370 BRI,
R4 it C (R FLBRAAR LURE i B 36K, FLER A b e 43 24 I £ 4t 15 7K B i i AR
B, ik T 2R D AL E PIAL 24 h BiHROEGEF 53 50N 79.8%, 75.6%,
XM THE R, XM, FHE THHEE %, HAS-g-P(HBA-co-ADTAC) R A K&
Al IE HLAr BB 7, W LA S B A I 2 0 R AR R BV E R, ANTFT RS 24540 AS
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IR GER 2 1 FELASAE R o 0T 8 24 I R RE It 2243 3l 3847 1 &2 —Z%. Higuchi.
Ritger-Peppas # 5 A BU A &, To Bl 4 24 I 1) T 40 & 07 B AH 58 R 80 0l 2
0.98682. 0.93069. 0.86436. 0.98565. 0.98339; —ZJUh& 7 FEAHIE R ¥ il 2
0.99707. 0.9912. 0.99544. 0.98885. 0.98419; Higuchi 14 5 FEAH < R ¥4 7l
& 0.90071. 0.97906. 0.96862. 0.93532. 0.93626; Ritger-Peppas fl & 5 FEH %
FZH A 0.99463. 0.99076. 0.96827. 0.99224. 0.99003; R4 Ritger-Peppas
RIS 25 R T L BEAT 0 M, 7R 3R ZG R U 26 8L & 11 Ritger-Peppas /72 HT,
HAERZER n (T EERED 73518 0.87. 0.64. 0.58. 0.83. 0.81, 7E 0.45~0.89
TG N . AR Ritger-Peppas AN 25 B BN HIEAT 204, AE 22 IR il th 2
LA Ritger-Peppas FHEF, 24 0.45<n<0.89 i, 254 AR BUR 3L T 5 BOR B 42

P

RN o

100

80

60 -

40 |

RIPRER (%)

0 5 10 15 20 25
Isf ] Ch)

3-10 #ZgMEd AS FRRE i Hh 2

Fig. 3-10 The release curves of AS in the drug-loaded nanofiber membranes

33.11 MEMREER T

M R FRIPT R M REAAT: it R T A — € B TS R, PR AR ) LU e =R
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Fig. 3-13 Porosities of drug-loaded membranes
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Fig. 3-14 Swelling abilities of drug-loaded nanofiber membranes
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Fig. 3-17 Tensile strength and breaking elongation of drug-loaded nanofiber membranes
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Fig. 3-18 Cumulative release curve of aspirin in drug-loaded membranes
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Fig. 4-1 FTIR spectra of HAS and HAS-g-P(HBA-co-ADTAC)/CS drug-loaded membranes
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Fig. 4-5 Swelling abilities of drug-loaded nanofiber membranes
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Fig. 4-8 The release curves of AS in the drug-loaded nanofiber membranes
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Fig. 4-11 The antibacterial effect of drug-loaded nanofiber membranes on S.aureus
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Fig. 4-12 Porosies of drug-loaded nanofiber membranes after cross-linking
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Fig. 4-13 Swelling abilities of drug-loaded nanofiber membranes afier cross-linking
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Fig. 4-15 Contact angles of drug-loaded nanofiber membranes after cross-linking
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Fig. 4-17 The release curves of AS in the drug-loaded nanofiber membranes after cross-linking
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