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Preparation of molybdenum disulfide
protein-chitosan composite film loaded with antibiotics

and its application for the treatment of burn infections
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Preparation of molybdenum disulfide protein-chitosan
composite film loaded with antibiotics and its application for the

treatment of burn infections
ABSTRACT

The purpose of this research is to develop a novel composite
membrane that employs molybdenum disulfide and multifunctional silk
fibroin-chitosan as matrices, with chlorogenic acid as an active ingredient,
and assess its prospective medical applications through evaluations of its
physical properties, antibacterial activity, and wound healing properties.

The composite membrane is synthesized by first developing
molybdenum disulfide nanospheres using a hydrothermal method and
then modifying the active ingredient chlorogenic acid onto nanospheres'

surfaces. The MoS;@CGA nanospheres are employed with chitosan and
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silk fibroin to form a MoS;@CGA-CS/SF (MCCS) hydrogel, which is
dried to produce the composite membrane.

The MoS, nanospheres are successfully prepared using the
hydrothermal method and chlorogenic acid modification. The
MoS@CGA nanospheres are then crosslinked with chitosan and silk
fibroin to produce the MoS@CGA-CS/SF (MCCS) composite
membrane. The physical properties are analyzed using various methods
like scanning electron microscopy (SEM) and Fourier transform infrared
spectroscopy (FTIR). Furthermore, the antibacterial performance and
wound healing ability are determined wusing in vitro wound
healing-promoting assays and in vivo mouse burn wound model
experiments.

The composite membrane exhibits excellent physical characteristics,
antibacterial traits, wound healing properties, and biocompatibility.
Characterization testing demonstrated that MCCS had a photothermal
conversion efficacy of 36.6% and a 95%/90% inhibition rate against
Staphylococcus aureus and Escherichia coli with high resistance,
respectively. The mouse burn wound nearly healed within 12 days of
treatment, emphasizing the potential of this material as a new effective
method for clinically treating burn wounds.

Dajun Wang (Biological Engineering)

Supervised by Yugui Tao
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KEY WORDS: silk fibroin-chitosan composite membrane, molybdenum
disulfide nanosphere, photothermal therapy, antibacterial activity, and

burn wound dressing.
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Figure 1-1 Structure and composition of skin
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Figure 1-2 The stages of wound repair and their major cellular components
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2RI AR 3R LR AR L- AR - & ISRk 7 1 F E A E R
PRI IR S AT (IR IGIR . R EEPIG IR TR IR HE AN 58 N=-J Y 2L 14
MBS o

1.4.1 BT RARSH FRIZKERE G OB

B ARA N v 7> AR AR A A7 A, EATIE DY B AR B 5 A7) BAE B
Di R R R AT o X8 01 AR AN S RN AL ) ) B RS
RO ERAE R BT HORH R B, EEEREN (SAD. SEERME (CS). WM. i&EWIJR
iR (HA) %5,

HEBERREN™ R M T 20, IR AR ISR, | L, 4 B -D-
HERREIRA 1, 4-HK45 o —L—l D IRIREEA B A R EL ] . 5855 4 & 7 B,
RETE BGR T /KBS o & B AR A A, T2 M T eI G . 1Rk,
A TREEAM AUk B R CIDTHORA 2RI, QKR . B 9K
2RYE. WA . WA PR YN RIR AL A Q0 A AR 2 . i,
TR i 7K RE I — FiL 475 22 3 A 40 9 A v e B T OB HB AR AR R

SRR UR—FRIERASHE, R T ZBMLK TR, AT A
RS SR A B B h SE . FLAEMIAR S L OB A« AT RR A DA K ki
PUATEREAIRIC R, It ERRAE A . (HH 3 2E LB pKa fE5 6. 3,
FERGIRIEA P EE LA, PR 7 . I8 5I R PR S M2 5L R, &
F PR TR MEAE PSR T IV R, 0S8R VE .

W B — bl i i S B KRS B RN ARG, BA YIS W]
EYREREARSTR Y, T S ORI TR . R, WA 5 2 oK 1
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UELE, AR TS S 5E . BT R A RN B R 4 1 B
G NBERIR A K BRI AR A R IRATC T T T B IRIEAR T 30°C Ak
W R, (LSRRI NS . BRI, IR/ Zn0 LR 4E(E N TG
PIBORE, X R B A0 45 €03 A BR B L SR P B VR P

BRI R — R TR T 20, BT R 2 iR 5. E
NNEEEEGH L A B, CAEHSUEE SR RIFEEER . T 8F
VP2 ABMRAL A, 1WA R WO I 054 . B S Nk [ A D IR EAT i M . BTN B
TR T — R BN (BECMD KERBAE B D Biort,  eh e TR 3% 1 o I+
FG R I A R T R AT H 3

H ORI VR = 0 7 WRE e R B SC IR L WIORIZ W ot R AE 1)) SR 4
HATZ BT o AV A A Py ] B e S5 1, e AfE QI & ol
FErORAE T 2 REEME . N T2 R BI0IGTT oK, SR 70 TARAS
Wi SCBE AN e, AR LR BEAE Ik o SR, AR AR L R ORI, 15
TR SRR E ST AEY) 2 A TEN A R 2 S R 2K, AR DR FLAE S B H]
FRENS IS BRI RO . LAk, MRS ARG R, B LG IE Y.
FARREAE L 2 27 P B 2 A U ) R, 3k — DR FE MR AE i P e 7 T RO PR R
sk FLAE G BEORH ISR 14 SE R HOME o Rl B Sy AR SR E i PR 16 v 14
RO, UENQIOHAT IRECEA R BRI R BEERBIABEEE,
WL EYIR RO FOROT AR 2 2 AL flan, BA HREE R IR AEDE
VERRL L ORI TE R L, XM RLRERSAE 32405 S B, Js/b BT I A (1 X
&, RIS . AN, AEWENE S TSR AE AR R, Wi
A INAE R 7 ST BUR AW EEE Y, TR T O E 2 iRy Th e,
eIt m A HIRCR .

N
N
e

Fa &S FRIZKER O BR

B 5 IR A AT 4 R R S A T BoRs A A, iR B e R, O
HIRBE kR ARG H AR Thge . B X LL & im0 1, FATTRERIAE & FE
IRIGTECRE, Lhnerge. S, S8, KBRS, DARIKE #-h AR 05 A a4
Yo BRI, B E TS R TARLL, B — RS AN BB . DRI,
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AT IR T TSR R RAR = TS s TR G RS T
QITECRE R KRR T G s o T2 Ak ok, B BRI FE i fE AT I PR
FIRT St e ARKRIIBTTF, FATAT LAt B AR S 0 ELBI AT RSy, DASEELE 4
AV AE . AV ERRIE M UERE . BEAh, B W] BLEE 5N KR T 40
R BT A S S AR s A 7, D R LR R T RCR o B T R K
> T RIRIR S 0 T IR G4 W SN SRR IR A R B 05 onst . 9l 4,
AR BORAENT AT U R S 1R Wk . KT 4E. 9Kk 1A
NAIKEBEI SR B BA S LER A RAF RV B A AP i, 7T A
FIAEDT VORI B A, R 258 A IR 755 a5 DR TCRIG L BRA, $2 e
DiR @ EE MR Aok, EYIENRISARAE A — R X i & 57k, [FIREED
AT ST B BRI 7o I8 I RS AR AL VAR A A A DA 125 4H )
FE I 02 18] o A T BRI 5 B PR RST A=A BRI A R BASI IR 1 15
BHOE R A sAh, EMENRIEAE T LS UL TR &, )% BA LY
RS R I R O AT CBoRt, Bt PR DA RCR .

BE B BHABOR B AN AR, B A0 VORI TR AN TS SR8, Dt 1
R MEE 2 AT U IR T ROR o« FEASKIIIT T, AT RS IR R E 2
A wA ERERD oL, LR IR RIA YT I /SR IF IR A AR R . 3
NS T3 ANENE, BATEE LRV IR B 4 (R, WIE 2 20 B
[LEEK( T

1.5 FEIKEER A OB 3E
1.5.1 BSHENRREOHK

SR (CS) A2 —PE /KT h BAT AR IR 1 A7 SR, AAAE TR
BEHARYIBH . BT I EREEY AN PURTEYE . BUREEE TR A AT AR
P, CSERMmBAE. GITECRE. FUm g, Kb 29WHmis. kK fid A
AR IR SR BRI IS 77 fESIRVEAR ST, eI 1 L)
FRAL AR AT TG, TR I AT R 5, B Ut 7o S0 S AT AR Y
2 PRBH P TR A0 2 22 PR B VE TR R A B ACR 1M X W L sh 0 4 ) 2 eI
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AW, 7E pH 5.5 [ 0. 5% 1%7¢ SRARER R AL 2 KRG, RIGFFRE #7645 K
R, 0. 1%F) 7 SEMH IR FEAE M R A R AR K o AN [E] SRR BE 153 S0, it
HRCR A £, 4B EELE 7. 5% 15%, RESURESF. SR, CS fEH
VEBIRIE 6 N AR MRS, BRI T HAE AR H SRS 2 R . Rk,
B0 CS ATAEMIIPURRIE 1  AKVEAE J ik b B BONBI FU R . BHE KA i 5 5
ANPUHERSY, WZEEEE (QAS) ™™ ZREIRE: (QPS) ™. BHEERR . Pk
AR (N0 AT SRR ARG, R T CS ATAEIM
PURIETE . Hodr, el CS AR BA W EMBURBEERE . DUBIENE. KIS
PEFIE U (AP T B, B2 O A T E R 2 R .

Zou %5 N B LT B AR e B K 1 R F R AR ZR B B (1QAS—Cn, n
=8, 10 8{ 12) MR HERNE R AR 80 (ISB). #d, il SLAnae o il
IQAS 5 CS 1) C,-NH, B, C6-OH &, il & 1 HA AR HUR EE R Z= 840 N 3R ¢S
T4 (N-QCS) AT 0 HRAC CS 744 (0-QCS), MIeks 1 e 1Bt s A1k
V. BEJG, 76 NH/OH fR37F, K ISB 524tk CS Tt &, Hil# 7 X EK
M CS ATA4EY) (QBCS 1 BQCS), PARRILAMME M. X T TAE NIt ARG HE 2
pH S FH i B FH B A A= AR 28 1 (V) CS 7 A AL 1 MBI 20 7 0T SR

Viorica Patrulea % A\ i it i s — 5 Kk W0 S oA 72 R BT B 5 B
ANTE) Gy SCREFEAN Gy 7 B BT RAOIR K 237 (AMPDs) #8& . SeniiIm Fa & i,
K¢ AMPDs {7 B Hb iR N SR A 40 /K B 2 5 B B I 1 e %, [T 18 ot nl AL h A 4
MR - (EFUEW] 1R AMPDs 5 772 SR BE AT A 048 & P A AL & W B i R A
Ho JERIUKE AMPD G55 N ST AP RS YIBCTT H, AngoRATRL . BRI
A, PURTEVESF CAOR R ol H T R RN AL B R B T AR AL, IR
AMPD— 715 52 SR M 45 5 D 153193 22 9 1 40 A 1) ISR P 5 e 9 Ao (R, B
T AMPD 25 & Wt i FLEh AN A B . X —EERRT & T H T IF R B B
RAMLIR IRVR T T, LTS BR S A 0 11 v 10 A

LL-37 Bk NRPUE R R 5L, CM e sE {2t i 4Rif, T
15 R BE R R o A PEAG, JLI AR R 32 B BR 1 Yang % AN "™°K LL-37
FETE CS /KR (2.5%w/v) Ho K IF= S 7ERE 71K NIH3T3 Fl 2T 24 4 i H 1) 40 it
BRI RAW 264. 7 ELWRAN MR 57 T 2 0 SR R SR AE R - o
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CTNF—a ) SRA I G5 25 (R o 1) FH 46 B0 €00 380 46 BR TR VP Al P i s o /DN B
R RV 7E R B SR o B TU4S SRR, JR i LL-37/CS ZKHEIR AT LAY
SRR 2 2 R0 45 11 R0 2 REAE I A8 A RS A L AT 10 = A, e R4 1 3R v
H LISk ARE A EFRAS B o) . LL-37/CS 7K B B A R LL-37 fikfiik
BIGITHABAL, 7= AR R AR A A v

ol i
1QAs ) -
Ny 10\ (
HAc, 40°C, 4h Niln o @uss
e

Ac, 40°C,
K,
Path 1
(P Qe CS6-Cs QBACSh-Ca
Ry B
Y "
(1) CH3SO41, 25 °C, 3h 0 - ISB o -
e— HOJ .- HOL £
(2) IQAS/SnOct, 70 °C, 12h NH, n  DMEF, 40°C, 4h R _NH n
(Path 3) 0-QiCSb-Cn (Path 4) Ba(QCS)»-Ciro

- - s

[T

I <]
“Qé\ |5 Qé\ i
N, J'S Ne_ Br H @/ <)
Ry, or [N H.or N N SO;
1 Y NI O \‘ o Ry-H, o \[( \HK,/\/I\/\

Y n=8,10,12 \ / 0 \

Solubility & Antibacterial activity Biocompatibility

Figure 1-3 Synthetic routes of CS derivatives. a and b denoted the feed molar ratio of

antimicrobials (IQAS-Cn, ISB) and CS or CS derivatives
1.5.2 GAginE KA B O Bkt

EREA, BlnELEE (Zn0) ™™ A (Cud) ™™ Z&bEK (Ti0)
S BRI . X EGRRARL AT LUK SRR BB R 2K
R SRANDIPELE 2 S S BYUREURLE BT AE, BRI RGN
AR AT B A (PRSI SE Bl 3L ), 3 40 T 4 9 i 2R
JF AN DNA 38 B A AL

WL E Qe 2 MORER PRV T &R EAL RN - B0, F A eerghk
UKL (ZnONPs) HRAFIRAIEER (PAA) /KR, SZEG R IR R K B K
P AT T A < B 0] B TR L B PRSP 0 L, Zn0 NPs RIS INIE RERS $2
TRKBE R TR RE . SEALHR (Cu0) GKRITRL th T LK EER A5 &, T RPiE
IR E SRR BEFEN GO CuO NPs IR A ST I MK B, T RCRA U Rk
IR ERRE, X R AT T R < o (o 4 BR T H AT R IR IR

TR (Ti0,) GKBURLAE /K B BEATT 1A ML 7 T AS 21 12 Wt 5. i,
B Ti0, NPs HERZMGEE (PVA) KEERAS &, REAHUEE R E G KB .
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X PR K BRI AE S A I T BA BRI BT BAE R, B R AT i A4 5 6
R BRE B AR o B R 9K UL AN <6 & A 9 K UKL AE K BRI Hh BT T2 1
N o R I KA R I KBRS, P PAS I G2 BEHUIR R ORI 2
KB A TERE . RO RE T, BR T SR HU R RSOR AR R ] % T4, 3K
AT 75 ORI X 6 45 o 4 K UL A1 <63 a8 S0 A W) R DK TR 7 7K U R o 8 22 4 PR A
AR . TESCBRI A R, R £E ST R AR F I [RTI, BRAG TR R 1 B
RS, R 5T A R R ORI )

Cao %5 Nl B B T A ) B AL AN AL 22 A8 M 7 SRR & BT 72 JRME - AL 4
(CS-NoS,) AKEF &), 1 CSMoS, BA T m R A W E . HFFTAI, CS-MoS,
XL RS B O A ERTE (S, aureus) AL KFATE KA E (E. coli)
BABENRIAER S, REBRICTMEFIER.

T AR KRR R AN K SR RN 4 S A 4N K BURE 14 22 4 1 R AR A AH
ANk, BTN AT LIS IS DUR LR O SR B KB 1 T R BRI
TR 42 8 R BURL AN  J8 B AR BTRL . Biltn, AR (Zn0) AT T4k
R (AgNPs) HABURAITEME, FULERLER T, nTAH R Zn0 NPs B4X
AgNPs o F5 il 4 J A K BIORL AN & J& S M 9K FORL B R T 28 sl P Ak /K R
(RIS AR, AT DASEIN 4 4 K SO AN 4 8 SR A 9 K UKL IR 1B R T, AN
171 R ARG L B RS o TR AL R AR IR A ek o 0 285 T DAl i 53 7K R PR A 2
SRS, Wit A B E R A A AR E M I BB K BERR . il
FIRFEY) (RS, MR REGHEREY, LRI KB A4
YRR . FIH 2 DIRedi s KBS o A FIF R PTRE AL A A, 7T USEB e
[FIHU TR 0N, AT BeAIG B — 0 T 7 R e R BE AN B o A ST K BRI S5 4 . 221
FNAD A AR TR o B IR T 84 8 9K FIURL AN 42 J8 S ) 40 K UKL E 7K sk
R B AEIRSE, AT DU B K BRI I B A S AR B 5. B2, &
& AN KSR AN 45 J8 AL P oK UL 7E K B e o L T2 B B R AR
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MoS, nanosheet MoS,-COOH

2 Mo ® S #»  Chitosan

(4]

Lot IIS\._,.J'\ @ Bacteria

on

Figure 1-4 Schematic illustration of preparation and synergistic antibacterial activity of

CS-MoS>

1.6 EBKESEEMRAR

1. 6.1 ETIKIE

BN BRI E B RN R —TE R R, 2 AR
[ B JRAR 0 7T e 25 N AR AR R ) M6 55 o 4 Lokl 2 — Rl T it 1 i
g T Ik, IV, B DBoRt Sk 1 RFA S SGE . BAR ) 1 EoRHY,
B REFHVEMMBTE . EIERMRTE . WoKBED . REFTE. TRk, ARSI
VA ST R o IR IO AT AT O DG SRVF AR i B REr 2 R
Kt B YRR 05 D R B K 7, AntR G5 D @& k. Rk, JFR—F1E
BFIE @R BATUEDIRERET LA OB VE T 40 A (1 B2 H bR
—o GUREIEAIRBR " RAG A B IAEGIARL T, DU R R EIRTT A
G SBERR BRI SR A AR 2B R G A OV AE I
ARIKREERJETTENZ o MoS, PHKER I F G FA R AL 22 R i s HLi] Rl %4 T
MBS ) TRA T IZ KR /T .

AR R ST B SR R I T — 25 RSB . 7E S SRR R,
MoS, 5 H ALK < J AIOGHEAL AR LE B R LER AR L #Ai 78 77 LA R AT
FEDARASIE™ ™ o BEAh, MoS, GUKER B UL ANRICRE J), RR AR SRS IR
VEME, R AT BRI SE SRR AR SRTIT, MoS, 4K IR R Y
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=

R, S BN AR R, H kR, 5 FIRARE, X RS T H
WA o 8 A i R A MLBT B A R AT LA MoS, 1) 43 Hict: ,  HCRH
BRI AT Lod s i R SR A A, MR MosS, 1 inl B AL TR T &
MTTEE R T MoS, IR IV . B PPFRL P, MoS, S H NP MBI &, 1F
— R AR T PR B, TERRERR S, AR E TR
iE, MRIATRES VA, BRICS A ndefh, SIS suivEE. Bk, & Mos,
WAE D ReA AL T H MU I 2 G MR R S IERE 13877 10 6

BT UL AT, ASCE ST T R MoS, VR NI ERIE ML 71T ThAg
T £ 1) MoS, F: E A KA R T . 9 T 3858 MoS, S4B MEE & 71, 4 MoS, 5
BH &5 F-HUrE 77 CS I8 i F fAH BLAE RN 256 v T 32 MoS, otk  FIFSE
KM ZE R (SF) 5 MoS, 456, HMmEAEMEDSHFRE k. AT S Mos,
B S GLE B AR, N T BUmE RO )RR (CGAD, FJ%E 1 MoS,/CS/CGA/SF
SEUUKMEL, iR T MoS, EBT AU M . S, ABFFREIH& T BA
BB TCR SR 8 MoS, B A AKA R, B IS BRI B J5 B, R R
vim A 25 24 U L VB LE K S A A

1.6.2 EEMRAR

AT EARDS T MoS, AN KAA 245 4 B A 485 717 470 BT 0 28 24 00 1 ) % DA B LA
) S 245 200 TR AR 0 S T T R R o AT ST R, K HAGE S R MoS2
GOKIR, SRIGTEFERT FABMG b 2578 PR o SR R R o 4 4P K ORI 1) 7 SR A
YFEAT, FRAZHEKE MoS,@CGA-CS/SF (MCCS), THREHERIE A, it
SOMEHT T HARME, AR T RE . B 5 BT BT R E AR e ar
SIS T, DA E AR .

BEAk, X 2R R G AT TR, FEBEAT TR 24 20 B i PR AR
FIMLEIRIETE, AR A P /N B VRSERRY f) 2 SRR A5 1 & B PR AR i 9 L
PRSEI NN
(1) ] &AL MoS,@4% R R 22 3%t B —5C SR ME E IR A UM K %, H%
W ZIKEHBRANA TKH, N L2 BN LIt i fe i, 6 1E =il
JE NI 24 /I, 433 MoS, PR BRTTIE, B /K. ZREAZ B e M 60°C 1)k
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AEFE, 133 MoS, PIKER. I IEAIRE, #E —mEH. R, ZREA.
ZR SRS TPy B LA, e AR AR B L o AESESd AR, 7R 2L
FIERIEREER, IS ARG HETT S, Hla& B ARG E SR, R
FAMBEROR . SR JE 0 S50 45 R AT B Gt F0 o i, DARA 8 % D8 3 S HOAH LA
SR AR B REA, B 2 S G EL A A

(2) MoS,@%% J5 % 22 3 1 - 53 SEWE 2 6 IRAR SN R 5256 S/ R sEge s,
7t 7 PBS. CGA. MoS, Al MoS,@CGA-CS (MCC) i 24 K Ji AT T 1 245 4 4 €60 7 25
BRI B G . TEAR N SEEG B /N R DAY, B T MoS,.
MoS,+NIR. MCCS+NTR 45 2H & i 24 40 240 €60 76 46 BR T SR L HRVE T 808 o sk 17V
REAR . A FORSPRITIR R, IFAE FDE G A s XIS AR . 5
Xf B RZHZABEAT HGE Be o, 1A S MR 4G IR TT RUR .

LR A R AR, MoS, AR R 2 W Bk 28 G $10 il i 24 40 o A ie k45
A HTEA RN TR JLFR 2 MoS, 4K k5 v 24 75 14 i 4y 4% 5 1
GEAR, ATEEEREPURTEE . LAk, O MoS, QKRR S 8 S ME AN 22 3 R 1 45
BEME AN, BRReRmPTEBOR, R G, P AR T A PR
SRS T T B o AT U R G SRR TR S b, e T R
BL AT 40 B S PR R4S 1 A AR A MoS, @4 JR iR 22 R -7 M S A . iX —AJF
FE IR N KA AL 245 WA A 28 G A 400 ) T 245 20 B R (2 07 10 o5 77 T 2 4
BT A i R AR HE RIS R 5
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EE HE MSORFERLEZEA-TRESAES&

2.1 5185

Rl — R W B i, Aegeia sy Jns s UL RE L), BRI
ZE ML, MORIBET A v 1 NXHX ARG DL, 2E PR SRR IR N T
T8 S SRTE MR TT T S8 PRI, SR BRAE AR N 25 5y B A i K, PR T Ll PR
RHY o UEEER, GURARE AR A EH D 3 R RS @ VRO AR o 42
THEABUMRRIT ™ . WERRY, B B S AR RIS B AT LA AL
UM 2 T IR, IROVARIA TR 25 AL (MG ROV . WA BH RERS 5 2 S 2 1 A R
PERSENE, RIS T LI I e AR R BRI IRS 24 1 (X 20 MO B AT, 8 4% B iR
LB R,

T RTINS, ORI G5 2R T BRI MR SR S B AP AR L, A
XA et G i &S . ARGNIRTT AR RO REON . ROIZE . K
BN 25 B HUD A o 'R a1 2 5 SR Kt I 22 IR W AE 0 1 O XA 7 v 2 B
Y ELRR RO, 00T e R G T e R B, LR E AR M RRE DT
e E, BRI Ege, B 2 N T & AR AR R, T3
RPEM L ZE AN EAME, e UG RE SR, X aeR A ERE L
PR ATE B E MR DA A ROR . Rk, X AR A AT RE RO IR T R A5 0
T 18— T RV o ORA5F R A0 G T ()R 1 A S5 A0 52 (I3 L RO A B R T R D 1%
B, 0SS SR KRR 22 2 1 R A AT RE RSO 3 B IR AT RO k. X
HIG T 7R T Re = IR A5 R B (O R S PR P SIS TR

AW T G AEAR T 22 3 8 AN 70 SRBE AN [R] B A9 il 28 1) B2 Jxt T 2 475 okt
B TVEREAT /1A VERE MU RE M . eid — R PSR Xt LE, e 15 RME: 4R EH
LBy 9: 1 I, Bl &% (K R G R RAT S i g VB REA A MR RE . AL EH S 5
SRR 5 N AR AT IR T7 A oK 1B T R, R 52 KB ML A B &
FRAE A5 B I FR)IR 7 B AT R4 1 BT ATt IX e AR T 7 iR 3R R ia T RCR
fre 2t 2 0 B i A LS S e R St 1 B 22 3k % o
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2.2 R 518

2.2.1 SLRa#AHRY

ERHIEE S

EFTR

ABH KA
LB

BaIRL T £ R BRAE)
B T AR R A F)

ZRIRER BaIRL T £ AR BRAE)
B Z 10 n& b B B T AR R E)
“EREH FIEFREUEREERRAE)

CS (=99.8%)
HCL

SRALER (KBr)
—FRTH (DMSO)
B-H BB T

B T AR R A E)
BaIHL T £ AR BRAE)
B T AR R A E)
BaIRL T £ AR BRAE)
B T AR R E)

Tk REE EAKBANF AT BRAE]
TKZ B2 EAKBALAAFIBRAE
s AR EAHKANF AT BRAE]

2.2.2 SL{LES

R BFR TR

RETIEHL FD8-3 %E SIM AT
BRI = SZCL-2 EBIRERERRAE]
Eoh o Wt it UV-3600 HARRAT

I IEHELT RF-5301PC AASE/AT
HEMLIIMEREAY IRPrestige-21 HALERAE

P 2R S-4800 HAHBMAE
FEETEEE JEM-2010(HR) AARFHASH
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IR EAY Mastersizer 3000 #E Malvern A5

R B DM2500 LED EEEEAT
SEAHEBOH Z 326k TEE N 5
BETIES BJ-2CD EEENETEYERAS

2.3 LWL

2.3.1 fAE MoS LR [RER £ ZEH-ZREE SIEHI & NRIE

(1) ZERACEAKIRIEIE  TEARSLIOH, FRATRA/KIIES B MoS, 41K ER .
e, HLO.25 g SHIREN —/KVET 25 mL /KA, IR PHAEIASE 6.5, LUA
FIBIE A RIS, B, 0. 5gl— BB A 50mL AN _EiREw+, If
TRAT, DMEAE RN H A MoS, KRBT &% RV . tb4h, FRATEMA T 0.025 ¢
B OIS BEE, X — R R R, AT R R . RS,
KR SR E iR E RN T, 78 200°C HRAE b RS 24 b, DURR AR SRS 43
e RMEERIG, FATKUTEICEE, JFRK. CBERUK=IRA50E, A2 BRAe
MFIREI o 5, 1E 60 CHRIZA T X Wb+, A3 BI405 5 Mos,
KR
(2) T8k MoS R FRE £ R EF-FTRIES SIEHIE B 58H 0.2 301 MoS, 1 0. 2
To ISR E IR (CGA) TR A B 30 =THMK AT, FFAE SRR A K AR 4 2 6 /NI,
XA BRA B T8 MoS, 1 CGA ¥ 5 /r K. AR5, B0ar B HUIvE, W H
Pl =k, FAEMAR P, XFEEAA ST MoS,e@C6A HEW). MoS, & —Fhil R
IRATRE, B LR AR 57 10 B Ak 2V BB, 17 CGA L& —Fh R AR KT 1A
e

B oR, 2 WA EME (CS) I 100 =7+ 0. 2 BE/R/THEEEE (HC1) ¥,
FHTE DI A A P 6 AN/NET . SRR — PR m 0 TR BA R
FERR AR A AT AR, R E AR B AR e R RIS
EWE SRR AR, TERKERFEYI . ¥4 115 B MoS,@CCA B & 11H4
LEAIII N KB 03 FE AR 2304 6 A /NI, (IR AP P40 T BT i, B
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T4 C UKFERURIER,  BIAH MCCS 7KBE . H BT 15 /K RE I B T 40°C 1H iR 14
6 12h K15 7 52 S

(3) MEBYERLRAE

N T IRNETT MoS, PIKER KB A HRHAE, 15 5644 MoS, B 1AM RiE T &
BEVER, FRZnl 10 A3 Bh i s AL EE USEEL 78 40 4 B X —3dFE, A
TR MoS, ¥y RAE LBEVER L BN 51 34, AR T J5 B i 1] 48 R0 i LT S 5k
i (SEM) W%E. TR, @R RIS, FERcEeBEREESH
TP, DA & 3E R bt o BEJS, BFEA BT SEM B & BT R I E A
RSP AEE, BT XL, BT LARATA MoS, G KR M . (HAFTEZ IR, MoS, 45k
BRESMTEMEAL . HACERDG R T TR H 0, A2 MR AT Z N

TESEBG TR Z 11, Tk MoS, Q4% JF iR 22 3 B (- 50 SR WHFE M i) 2% SE O R B T8
Ah=RT WU A AT W & o A5 i (R RSO G 1 18 5 78 200-800 nm Y [ A 12 AT U &
AT B AT AR 75 SR o G Jp AR AR A [T BRSO, AT AR sE
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2.3.2 TaEi MoS R [RER 22 RE R -TREHFRN

AT BN ER RS, FEE e IR R R KT XM,
R R RPN 2 EA NI, KPR 9A, 43708 10:04 9:1. 8:2, 6:4,
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A5 FERELLL “REAGLL
1 10 0
2 9 1
3 8 2
4 6 4
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6 4 6
7 2 8
8 1 9
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*®2-1 SERME 2R EARMHE
Table 2-1 Chitosan: Silk Fibroin Ratio
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2-1 MCCS RALZERE  (A) MoS, B HRE, (B) MCCS KEERAIFHBHRE, (C)
M E R THRASNEERE, (D) MEIEVEIN-T I EE
Figure 2-1: Characterization results of MCCS. (A) Scanning electron microscopy image of MoS2;
(B) Scanning electron microscopy image of MCCS hydrogel; (C) Fourier-transform infrared
spectroscopy of the material; (D) Ultraviolet-visible absorption spectra of the material.
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IR B 2-A Bon TIE T AMNER S (808 nms 2W/cm®) 3 F[1) MoS,@4% 57 R
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& 334 I, MoS,@4R JRIR 22 3t H -5 M DOC R AR (n) Jy 36. 6%. Rk
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B, AT DM — B T 400 40 5 AR A R DG B oK AR
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C Time (min) D Time(min) 5
2000 a
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K2-2 MCCSHe M RESE I (A AS[AIKFEMCCS AT HE I 2R (B) A BT L0 44k
PAMCCSHI TR M Z: (C) MCCSHIEIAAREE#iZk; (D) MCCSHIEIRZR A M H i 2k (Ot
FERR): (B AR FEEMCCSEIT 41 /M A 3 5 1) #4 %

Figure 2-2 MCCS thermophysical properties results (A) Photothermal heating curves of MCCS at
different concentrations; (B) Photothermal heating curves of MCCS under different near-infrared
power; (C) Photothermal stability curve of MCCS; (D) Linear regression curve of MCCS
photothermal conversion efficiency; (E) Thermal images of MCCS at different concentrations

after near-infrared light treatment.
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2.4.2 HiE NS R RIR L RER-TREE AR N F1HRE

A AN R A I 77 A PERE M SE R 25 2R, RIUTIIA 109 23R B ]
DL e i B A B F A RE o AEIXANSEAR T, W AR M AR A 55 P 2 i > 2
ZLHIINBIE bR o WK SR SR AEM R T2 2 BT R i AR 5 TR K B 2 TR
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IR AR 2-3A, B RoR, R EANBRMIKAEY 6. 6%, MR5E
RS2 3 E AL 9: 1 HBNR S IEBOK B, B A B W R Ak 2] 28. 4%,
et EE. FFEH, 7 R R SN AR 11,4 MPa, 1R 52 S pE
SR EAL 9:1 WPRR G RRE GG, fffsmZias 15.2 WPa, RN
e IXRIIIIN 10%H) 22 32 B FN 58 IR B 5 IR b AT oSk vl DU 2 1 5 2 5 i

g5 e 15k Re -

éso EB ]%\30 TS
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$2s S 25,
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F1s € 15-
k=]
g ]
£ 10 =10
20 z
= % &
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CS 9:1 8:2 6:4 5:5 4:6 2:8 1:9 SF CS 9:1 8:2 6:4 5:5 4:6 2:8 1:9 SF
CS:SF CS:SF

Bl2-3 ANFLLGICS : SFE R 5 LRI R A (A) AIHLIFaRE (B)
Figure 2-3. Elongation at break (A) and tensile strength (B) of composite films formed with

different ratios of CS:SF.
2.4.3 TAF MoS R R 2 R EH-TRIEE S EAIES M

B A AR 3 5N L A M AR br . I, ER A
JR & I FE e, E AR R B i 2-4 B, 7E 300 ZER P,
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ZERRW], CS 5 SF LL9:1 HLBvR & i 5 X = & R B B 4 (13 R fE o

1.4

~1.2
S
o

§0.8

1.0

20
0.6

§0.4
0.2

CS 9:1 8:2 6:4 5:5 4:6 2:8 1:9 SF
CS:SF
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Figure 2-4 Water vapor permeability of composite membranes formed by different ratios of CS:SF
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Figure 2-5 Swelling ratio of composite films formed by different ratios of CS:SF.
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Figure 2-6 Water retention of composite films formed by different ratios of CS:SF
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Figure 3-1. MCC bacteriostatic activity against MDR E.coli shown in the CFU results (A) and
their statistical analysis (C); CFU results of MCC against MDR S. aureus (B) and their statistical

analysis (D)
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Figure 3-4. Confocal fluorescence microscopy of MDR S. aureus Scale bar =15 um
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treatment; (E) Curve of the mouse wound area changes during treatment.
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site of injury.
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