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The preparation and study of mesoporous bioactive glass/chitosan

hemostatic material

Abstract
Every year, many people die due to excessive hemorrhage, especially in the battlefield.

Thus, the development of the hemostatic materials is a research hotspot in the field of biomedical
engineering. As a new hemostatic material, chitosan is used in clinic for its excellent biological
properties such as biodegradability, biocompatibility and wound healing activity. Owing to the
limitation of chitosan’s hemostatic effect, the hemostatic functional fillers are usually added.
Mesoporous bioactive glass ( MBG ) has uniform nanoscale mesoporous structure, high specific
surface area and good bioactivity. It could be also used as a hemostatic. However, it is
inconvenient to use the MBG as the hemostatic because it is powder. In this paper, a novel
composite material including mesoporous bioactive glass ( M58S ) and chitosan ( CS ) were
prepared by lyophilization technique. Morever, the structure and relative properties of films were
studied. The main research contents and results were listed as follows:

1. The preparation of mesoporous bioactive glass M58S and optimization of cross-linker.
Firstly, the mesoporous bioactive glass M58S was successfully prepared through one-step
method and the structure was characterized by TEM and small angel XRD. The results showed
that M58S had uniform mesoporous structure and the pore size was about 5-8nm. Secondly, the
vanillin was selected as the cross-linker. The tensile strength of chitosan film was improved with
different weight ration between chitoan and vanillin. The tensile strength was the best and the
value was 0.28 MPa when the ration was 4:1.

2. The preparation and study of the M58S/CS composite porous films.Firstly, the surface
morphology, porous structure of the M58S/CS composite porous films were investigated by
SEM. FTIR and XRD. All the films were highly porous with continuous structure of

well-interconnected pores. The M58S particles were dispersed as islands scattering in the
composite scaffolds homogenously, and the M58S played little effect on the schiff base reaction
between CS and vanillin. The interaction between M58S and CS could be found from the XRD
results of M58S and CS. Secondly, the swelling ration, density, water adsorption, porosity and
mechanical properties of M58S/CS composite porous films were studied. The effect of M58S
content on these properties were also discussed, the results had been studied as follows: the
water adsorption and porosity decreased with increasing of M58S content; the swelling property
could be modulated by varying ratio of M58S and CS; the density of pure chitosan was the
smallest, and the density of the composite films increased with increasing of M58S content.
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However, the tensile strength decreased.

3. The in vitro bioactivity and degradation of the M58S/CS composite porous films. The
results of in vitro bioactivity and degradation demonstrated that the amount of apatite on the
surface of the composite film increased with increasing of M58S content. The apatite could be
formed more efficiently on the composite films than that on the pure chitosan film, implying that
the bioactivity of composite films was improved by increasing of M38S content. In vitro
degradation behavior indicated that the composite films had good degradability.

4. Study of the hemostatic properties based on the animal experiments. Firstly, the
hemostatic properties and in vitro cytotoxicity of the composite films were evaluated. The M58S,
pure chitosan film and the composite films with different M58S/CS rations had hemostatic effect.
Nevertheless, the hemostatic effect had something to do with form of wound dressing and weight
ration between M58S and CS. The hemostatic effect of porous films was better than the powder.
With the increasing of M58S, the hemostatic time and amount of bleeding decreased. The
hemostatic property was the best when the weight percentage of M58S was 60%, the hemostatic
time was 90s and amount of bleeding was 0.4+0.02g. The in vitro cytotoxicity of the composite
films was studied through the observation of cell morphology and MTT assay. The results
indicated that the composite films had good biocompatibility and were non-cytotoxicity against
L929 cell. Secondly, the new hemostasis material was obtained through coating the composite
solution of M58S and CS on the medical gauze and absorbable gelatin sponge. The wound
dressing was characterized by SEM, FTIR. TG, and the hemostatic properties of gelatin sponge
hemostatic material was evaluated. The results showed that the wound dressing had good air
permeability because of its porous structure; the properties of the wound dressings could be
improved for the compatibility M58S, CS and cotton gauze. Increased with the MS58S content,
the weight loss decreased and the thermal stability improved. The hemostatic effect of gelatin
sponge was better when the composite solution of M58S and CS was coated on the gelatin
sponge.,

Above all, the M58S/CS composite porous films prepared by freeze-drying method showed
a good morphological structure. The mechanical properties, water adsorption and degradation
were affected by adding M58S, but the bioactivity and hemostatic of the composite films
improved. The prepared films were confirmed non-cytotoxicity against L929 cell. The
application fields of medical gauze and absorbable gelatin sponge were broadened by the
incoporation of M588 and CS. Thus, the composite films could be potentially applied as a new
wound dressing material.

Keywords: Mesoporous bioactive glass; Chitosan; Lyophilization; Wound dressing material
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Fig.1.1 Structure of Chitin

A 1.2 RS E
Fig.1.2 Structure of Chitosan
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WIERE, ERBSARREHEAEHOASTERRTIEN, EAREERE—BRHE
EREMEE RO, B E RSB NS TR, R R e
R FTHEARA T A MaE & ASAF 0, (EARAREN, SN TiEEET KT

3



HrLE T AF T+ P e X

ZRMEY, K FROSEETLUESEEFEATLAMEEND MMM, 7 DNA
{EM, T RNA REERAER, RS HERER, NnifaEmsk, 1
-,

(4) gmAEHRGO RS REBANRERFMLMERCEENEHOLE.
BOREXESH 2B KERNNBNFHANEBMER", ERERNNEERES
AT BADNGE 98 AE 40 B 0 RO I T AN £ D AT ). e N B, AR AT LA
R BE S A BB AT, £F 4 BHAN A s A LB B IR A 4 7=, T i D s, BN 1983
4 Malette WG 5% 07 B Wl aT LAME b ML AURASR, AATR$ 3 mpLIR T K BBFER. BF
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Fig.1.3 Bioactive area of the Ca-Si-Na-P glass
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EWEE A S A DERT I, B TRIXEFEESORE, FHTAMR. Eak
FRN, EREPRABEHBRRRER, BREHLENAEEES, BB=®20N
PSR G H R RERT, RERZIIEE B 70k T R ZWANTERIEA], ERERE. RS TR. BE
BB & 2 FORGKE R . SR8 e o 1 & 2 0% 1 et — AR B T
&SRB AR RE, BEHERMRZE (TEOS) BN _SILEAAIRGE, HK=
ZME (TEP) fEA LA B A a0 ik, ZELHIhEI&EDimti g2+, TEOS M TEP
EMUEAELER TEKBERER, REMAHKRETRENS, SEET/ RN
JEREEER, RESLTRABREBIEYFEERE: £4E8LH & 4EYiEH s
B 2% TEOS. TEP Me B AR RANAE, LKW, BEKL. T B
JE BN o] 8 2L VB '™ . I ORI S A A b L A0 A A B R
A, EEBBAR, BERRER, ARTES, #&dREHES, mWHNENFESESTF
BB T AP LS BIEAEA, ohT  E Ie i o 4% A 0 o B P4 L R RA A R,
FitBIRERD, B A EEBREH & TR AR E. &N iEtE
HRHEEHSENHEER ((CuTMA) Br. PEO-PPO B RYE) A L 80i% 1 B ol
fml& A RSP, BEdRPRREEAN B FEE &M% &SR AR ER
BRI, Sl miRge S48 RS F) LA s s,

1.2.4 EWiE B PR I R

(1) #HYEBHE

AILEMEERBAHTREDEEFHILESH, BANABTALEZDR, &6
ERPHADTURBEERILER, ARSNGB TER, B EDIEHE N
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AL TP AT X

EAY BB PR R E  ARHEOGA T AL E B MS8S ZiE B i,
FARBIEDFEKENRBYERATRE (EPD (#1k, MFLAEYE PR MS8S H 2
MR8 R R S R A IS T 58S M 3 %, AR TFEBMBHER, AN
It IR pH X EPI (OB IERFRAME M, pH [EBIE LIS B R ORI L
5EPL 4 FRRoA AR, MEBREEGBiR. REFRESYNAILEIESRELLE
FZAUEEERAANRAN, FEBRABENLTF HFERLIERRBTOTE E. A
IHBZFUAGREFMAMERIER, ERAEAEREMLEPAIANEFHT
W X255 T REFRORHE AT LUSCBUA 20 e ey T T 0% P B 4 F o
FEXBNREE, FARBENSBETUELRIER EohitEA, RAhiktx
B 52549 F 2 FIBR I E RIE R SO ARG RN e RS, AU
URBHAHECEHTREENERER; BAVATFEANILILYES, ToHHLR
1 F o U P SR S R A AR R A FLIE DT H B LR il BAEAAGE,
BRI T B A 2 M TLE PSS BT SN, IR,

(2) HATH

EYEHREAE RFOAYEE, AREASATESEEREZ, BLyimis
hompEE, BUREKRIRERROME, BELENROMEES, EEXEH
ENHEHHELERHEAGHAT), MARSHENEEE 2. £YiFtEBE LY
B IMHAT LG ERE, 2REA. RRBASAS TELEHEEEYEEN R
HAMSHHORE. BHEPHEERT 58 AMBR/=RBE AT LEMN, £
WL RREAE RIFOEMIENE, A RE M 7RETAMET 2R 5% S Ks 3
HEKRE, RRARNMAEDT, TRHHASMATAATEXEMHNERSNE. Li%
Pl OB S TLEDE BT A5 & NI EME . BFRRBNILAYIEE %A
MMARE T BILLEMEOF K, FRENESSBERKBNEMHEE LR
M, ZEMHEREOEDEE. BUXFAMLEDEoEn EA T EMERERE,
MAEXRREBERKATEFILBRY, AREHREESLATEMEEHIE
MEAMBOTRRS. STHMAEDE BB RERRILENSY, SHEE%
HILAYBBAN TRAESTEMN AR R+ B EM0.,

(3) ik dfbh AR

B T AN F 2B A TIRSUES, A%t BE aT LU F okt s,
AT HERIEHE . Todd A SNk A Wi vE e mT LR 0 —F BAF L b, Bt K&
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LI T CF i B X

e A ST LU Ca™, 45T bR Mg sk @, 3¢ B AEMistE B R 70
RN RE LML R . Stucky B AT LI LAY iE 1 B L 55 L iE it
BEAHBEFMAEmEE, XTFALEOMEENEEEAHR, EERELAREHES
TR AN LAY FEHEBORAF R ORI P ETERRAEH, S LRET A%
X B REPEEE & T A ILEEE TR, RAHE R L@,
13 ARBEMENSIETENE
13.1 BIRHE

B A L AR R R R, B i 0 DhRE 4 1 iR SRk b s S R T 1. R,
WfTERHAR RFIEMIIEAMEENES, #RF—ENFHERAFRFRNE
Bo ABFREMEIENTLEDEERE MBS 5ERBESSIBHBAT, BRIEAR
W RATFM R RE. AP AR LA R A TLAE WS B R AT O UOE LY RE, TR —FRER
513, trisfEE, (LmERR, EMABET. TEVRR, RREVTREEEREE
et S MR AR, R PR A EN RS ERBETES, BIRAA
R G R DR, REHFEFARARRWE. K. S5 kb E L% E SR
RANFER. Bl LEDFEENSERBE A SAT ML, HiHAHRMR
EIR . ARG S B A A5 R AR Lk b TR R B B
132 BARAE

HEEFEIEMERER, SFOZH0E00E ¥ EAERE, ¥EEA LB
b ki (740, T B TS A Yk R R AR A B A, REEANE, 178
PrsgE, XX AREBRE LA TN RN, TSNS
R E A AL O RN (E . IS M, S5 R i T 4 4%
Mt mbe, REARENGFELFE, BEARENTREN, AXTFEHFRNESD
R AT LANEB S

(1) LAY ETE R MS8S MBI & MRBEAINOME. MILEDEIEBE MSSS B4
HERKAMBENN: EXRBEATIATRROZHA, ERARTHEMNE %
W NEERATKERRR W, R AR & .

(2) M58S/CS B & BILBH BB & F1RIE. MS8S/CS B A& B LM & R H 4 fewh
R A HAFILMOBNEHN; BIARILFEIGARRAS R M58S B E S BILHE
WP, RS EESSTUEMATAR, FLMELL R %S aE, bR
— B LR AR IKIE.
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LR T K+ T8 3

(3) M58S/CS HAZABMEDEEN LY BEMIEAETT. FiTARRLH M5S8S #n
M EEEEEEEAEYENE. EUREE. EhdEU AR EESHENEN.,

(4) T zhP L%k mAERERT R R A 40 R . 1 MSSS/CS & & ¥l 7 Bk T8 vE
fe TRt R i 8, EATEMAC R, WHIEDMRRITARET, WR
M58S/CS B & ZfLEFHA I m AT E R NA B

12



WL T KW+ 6 X
BF MLEYBIE MSSS 151 & RSB A48 2%

21 5|F

SRAFNMEDEEBBENE AT EHBNER BEEENHE S BE L BA% K
AEME, BRMNTERANRAZARMEK GERER BAEE—-REERALE,
—KBEROBE-RER) NERRD (BHFTE—R—BRAMBER 26 £6), FLR
MARRER, KAMLAED BN ETRAMES. KR —HERE & B
HYIEE B MSSS, FEIIERT B, HRRES AN XRD MA RN T E N
B 5% M58S T RAE

FRBEQ A FIERBE, HRUMIGH % AL 2B 7 5 R i % S 1 224
HE, BERIZEBRA R 8. MATmEHR—BREHNY, BERERTFNAESH
AELER, REBEHOAZHEFRAEEMN. AGEAMABEEOEFERU N THA, W
R T ARG & B 7 R 2 TLB e,
22 LRHMH
2.2.1 M EMEFH MSSS HF &

(1) EEiKH

E020-PO70- EO20 (P123): #[H BASF

EREMR A TEOS: 7hiiéd, Ll Eiamaa

BiMi=C B TEP: Z+Hvél, bl ibediamAs

RS Ca(NOs)y4H,0: 4HH72E, hEIEZ(HE) k2R M A 7

& HCl: 4, il mamaa

£HETFKH0: B

(2) M58S i & i F2

LA YIS B MS8S HI & RS E A 2.1 Biw,

AR ABRRRIE =A% (S 65 508K F, TEOS, TEP) %1% & Wit 5
B, WE 2.1 Fim, RRGSEWT: §5%, ¥ 120g P123 BME 15 L 2BTAP, 30T
KB RFT A TEBER: KK, ARRESTHEAN pH fIET 2 LT, RE&KKMN
A TEOS. TEP MIKHMSHLIEI 2B 6 BT, B 6 B SHEAERTE SSCTRE
72 /pif, TEOS FI TEP 7E thERAORELLAEF Tl T K MR, BN RME R BEHT
REHNEAER: BE, SASREHEEINHSRTE 24 M8, BITEyn st
HPHTF B2 LD S,
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HTILE TP fnig X

BRI IR R A iR BB £ b e F HUR A, B IRINT. BURa A 3
Bi: 250°CHORIRMILE 2 M/NEE; SSOCIRIBMEE 6 1M/ et: 650°CIRIGMELE 4 D, Bkt
B HLE®R N 1'C/min, EREFET R ZNHEFEEEF P123. BENEND. KaH
M, ENABEIMFL 58S £4hiEtEskng (MS8S): ¥k 500 BiF4, A,

4 $ A :
pisrrlsk | oot [ am | O e
TEOS
W
B [ — A |67
i
P 7 B 5
M58S , ¥
o ‘% E YR ‘ﬁﬁiﬁss*c 54 720 ———
F ®

B 2.0 AALESE TN MS8S il & i
Fig.2.1 The preparation flow chart of Mesoporous bioactive glass ( M58S )

2.2.2 M AAEYFE B MS8S RIE

(1) TEM ik

FA AP 2100F BUESH R gnt & A FL AW ia th s MS8S MTHM LR
Grit, DEFE A 200KV,

(2) 7pfl XRD W%

{£ F H & Rigaku 22 7 ) D/Max 2550V X § €& 785 003/ FL A8 5% MS8S #4T/M i
P4, R Cu ¥ Ka 14 (0=1.5406 A), TEHEBHS 4 40kV, 40mA, 35
Jul A 0.5-5°, HMAHR 0.02°
223 THAIGER

TR AERR 2 KK —RRUFLHK, Hi—KRWETEK. BT
REEOLZETBEAU—BNE, mz-BY, RoBME, —RARBEHRERMNS
HER, ERERPEFMARLCHBRARMERK, ReyfTEEREERN, E
ROEBRMFRMATES, RARGY, ATFEALHENERBEARENH TAMES
FE, Bk RERA A FIE A Mo A ST B
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HTLE T A7 70 i 3

EtAEAAM_BAFHAETRANFEREA TR, FEBXEEZERAL
FERfF—REE, REFEZFSRKBHDE, AFEETLPRRH S, BAMN
FHEENPIMEEEROEERD. RARTHE, MZeAEEHRHERNNES
BRRERGS, Wi, Wik, ORh. BR. BT, HEE. BEUREE. BEE
K. THE. BB, FKladh, Kb, WeEAHChSRPEMFENESFER. B2
FUARRATAFEADRGE, B ERERHERN. REF. BEaHEERN. S8LEm.
ENFIE IR SRMNE: #FBEEEES FCCIV i, BiiLBEHAXERELEN
AEHF.

2.2.4 B AR MEE

(1) FERH

FERE: EAERLFANERAR (RZBREY 80-95%, HiEH 50-800mPas)

UKEAE: CoHyOp: 7HT8l, MM E &R TAHR AR

BHEE CH0y: 218, KEMRERLEAFFRAR

B TKH,0: Bl

(2) EEBEHWRARCH

B —#RmARMATMAEREPENA—CRNEZETK, AHMK2% (wt)
M. N CAA I MEREREREARETMAZENTERR K, INERER
AR T EREERER PSR .

(3) AT H A ) 4%

B 20mL RERFEH, & 0CKEBHMAT, REANEEREREERARELH
12:1, 6:1, 4:1. 3:1 IMAFERE, BOHMH 8 B RERRITHETE.

2.2.5 A R A A P RE M AR AE

(1) Bk

15 Bing Yang EOM T EME A EBEEMRAE. BEELY W TRMMBAZ
BTK, —BEEEKS, MERRERRENK, FLHEEY W, BAEIHEDT:

7K = (W, — Wy ) Wox100% 2-(1)

(2) NFEHERE

A RSB A SRR B E FUEA R, AAPE B 10mm>40mm X/MEiREE, HTE
R LA F AL B A 5 A WG F B R 36 B Instron JE0745 B 22 = (4 17 RE#4 B 5543
R IG HLX AN R AT B e A ) 72 0 B AL AT HL A R, MR R D 10mm, *R
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WHLE T K424 X

(] (K36 2 20mm, MDD Smm/min, FEMEERNERAMN FRATLK . 450 ERN
SANARER M.

(3) £LoharHr

K H KBr JE J-#:A4% ] Nicolet5700 (3¢ [ ) i) B L4 YA M A RIS IR ) 5 B 7
EEsmEw, RLEH: 400~4000cm™ .
23 BRGiHe
2.3.1 M58S ) TEM 27

/] i)
i
.

I

A

S ¥
" pm—

B 2.2 M58S () TEM H
Fig.2.2 TEM image of M58S

B 2.2 B L4 s+ g M58S 9 TEM FE. B a] LLE BT H1 & ) M58S HEsfr

AT A LS.
2.3.2 M58S #1703 XRD #li,
( 100)
( 110)
' —— PR —
( 200)
I 2 3 4 5
20/ (C ° )
B 2.3 MS8S (/1 XRD il

Fig.2.3 Small angle XRD pattern of M58S

16



IR TR 73 57 {8 3T

B 2.3 & MS8S (/b XRD B M E AT LUE B M58S 1 = i bl 4 B A0 7 5,
B ERAH (Pomm) AAFAEE (100) « (110) + (200) 75 [EAREAERT ST,
5 R E M A FLE DR A IA TR XRD RS IS —B, R UL
AR AE ML,

2.3.3 5N K W

H 24 RATEEBRARFCER OO TERROEKR, NETTLUEY, SER
FERRE 10s WIBUKRIEH T 3572%, RPATRMBAORART, XFERFEHERES
FTRYSHRENGRAKERA; SARERCHRAMGRREIN 1221 0, BARY 2448%;
HFEEREAZRAPFARLS 6:1 0F, BKEH 1985%; HERMATEERG HREL Y 41
i, WKER 1486%; HTRMBATHAIM TR N 3:1 0, Bk D 985%. Ll LT
AT, BETHASEANS, AUTREORASE TR, XIERHTAEREM DS
RKEMELAFE, FAMHAFRROFKE: TABEAGIA, REETOHERAEE
MEPHERERETBRBEN, FREENEERD, FRETR, BETHENTRAE,

K

v I

N
o

.

5l

[

7

N

E
[l ¥ 'l

Water adsorption(%6)
g

g

M 2.4 AFILH CS/Vanillin H 42 LB A GER: (1) 1000; (2) 12:13(3) 6:1; (4) 4:1; F(5) 3:1
Fig.2.4 Water adsorption charts of CS/Vanillin porous films with different rations: (1) 100/0;
(2) 12:1; (3) 6:1; (4) 4:1; and (5) 3:1

2.3.4 RN N FER

P 2.5 J4 7 JRR RS [ A ko 3 1) S SR A A0 i A L PR 0 0 20 O L
71 0.12MPa; HEREMZEAIC TR N 12:1 B, FRBEBATR S 0.16MPa; 4
REMMZBAEHEL A 6:1 Bf, TRMBAR IS 0.19MPa; %7 R B AZEL HIAY
TR A 4:1 B, RRBBORMES 0.28MPa; UEBHATEHAMGFRL A 310, &
R A AL 021MPa. LA EAHTAI SN, AFRFBMAHFERERE, BETHNE
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LI T 774 X

0.30 4

=
o
" 1 -

[=]

-

o
i

Tensile strength(Mpa)
E

= o
8 S
L L

3 4 s
Samples

M 2.5 AR A CS/Vanillin 54 EFLBM A R F7: (1) 10000 (2) 12:1; (3) 6:1; (4) 4:1; F(5)3:1
Fig.2.5 Tensile sirength curve of CS/Vanillin porous films with different rations: (1)100/0;
(2)12:1; (3)6:1; (4)4:1; and (5)3:1

R, SEENDFEHERE TE: BAE 25 Pili—Favima, TBHNEEE
E—TRHEERHEAS, SERBNFERAREIY 41 &, TEENHEEELEE
#, ZEBHEMEHAEN, TRBOONEHMETR. HAEN: TEBNFERSENR
BKLEGh 4:1, BN AHEERBRODEZRREIRE. .
23.5 FEEBRM FTIR #

B 2.6 RAKH FERTHEARBZILNAEERMLMEE. B 2.6(a)% 1655¢cm™
1 1597cm™ 2 14 FEREAOBER [ BB, 11HMR I, Bo6 (b) REERTHA
EWERLsrEE, WE 2.6 (b) PaTLIFHTE 1642em™ &N C=N MRz S, %
PAREFBIHNEENEERTHRERET B REEMN: FfME2.6 (b) PATLFHR
BV MBERG [ FpIEM I %, BERGER: | W8 mss, SRETARNBERETR
7. B 2.6 (¢) & 1665cm™ MBEEER) C=0 HEEIRS)IE, 1266cm™ hEY B EME iRz,
1589cm™, 1509cm™, 813cm™ by IR M7 SR MR GF Mg e zh ™). M 2.6 (b) ATLLF
W, —EfFEEpaEANESRETHENSE, HRRERANFERZFEGEESD
f1EH.

%]
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HHLE T8 70

Amid | Amid 11

C=0

L l L . L r r L
4000 3850 3000 2500 2000 1500 1000 E00
Wavenumber/ c:l-l

B 2.6 REW. FERTRTERSLBAEERMLTH A
Fig.2.6 FTIR spectrums of chitosan (a), chitosan-vanillin (b), vanillin (c)

2.3.6 ZHRHL RS

TR THAAEEERKRE: —LRLETHE, F—LRYHETE. %HTTHK
TEBRAETHRALU BN E, HARERRTHATOBERNZEREP A LETE
KR I MR —HENRERRERNPEGEE, EKBEPETMALEH
B e A, BT LR R R R, (BRBEYRBOYZTEN, RAEHM
., WFARAFHEOAEESIBENETEYELHE. Bk, —BEOHTBENR
I A UOh A U RSB

VETREEENARREEWEHEANERN, WAMHAEEHZKA, RFAER
AR EHE BTN BN, EXBREN X NNRTRTENERE. R ROEE
— RUBUCR T3 Y pka AR 4 RBIEHE Y pH &™), R HAY pka /20 6.5, Bl
PIEAZBEMY pH (ERGEE 6.5 T, pH EA®ME, REBMFIFNERTLSETM, TH
MEiEMEREER, BAREHEMIE", A, pHETEAK.

HTERBRMNTREZ O KEAN—BREREZRMERBL, #EB4H 06
HEHEFERTHERE, TURATREERTHESREFY. Bk mn A &L
EHNFEEREON TR TRR, ETRERETELTHK. SHETHMAL, HEgK
fEAAEE, B pH HILEER, MUBHAEKER. Eik, XRAAFLETERN S
%, BEdMEENSEZ R RE IR ETREN DS RS NREY.
2.4 KRG

1. R — PRI &l g H T A FLAE YIS BN MS8S, TEM RO & MM TLA:MiEtt

B M58S FLIEHS), FLBRRANN 5~8nm 2 [a); [FERA T /M XRD 3 LA i6 v B
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HTLE T RFI iR X

i MS8S BHAREAT T 4M4T, i — P RB T ikl &a0 MS8s LWEH B AR M ILLEH,

2. REFIAEEFRIMRML: HAZRASROAR, KTEBRBIMHENAEESR,
i PR SRREHEFRRMABLCA AR b0, RRENDZEREIIRE, HHE
Fbk 2 FLAR AL 7 90.28MPa, EITFTIRAMTAI 0, EERRET MAEFERLHHE,
BT AT C-NFFAEE, FOFHEZMRE T H RBRA,



HHLE T A B8 3
= MS8S/CS R & LRI H & IR

31 3|8

FERMSGTRIERIDGIE L T MS8S/CS &L, FRAO#EE (SEM). &
ShHEiE (FTIR). X $HEEATA (XRD) Sk 0 R RHE 4 i B L it M58S/CS HA L,
BERMGHRATRIE. HET T AFLEDIE 5 MSSS BN ST b B
WAKE., ILHESHENEN, UNREBEEMESTHYE &5,
3.2 M58S/CS 5 & B LRI Gl & RRHE
3.2.1 R 5 {8

(1) E#

ML EYFE B (MS8S): A%l

FERE: EREALFRNERAS

FHE CHOy T4, RETHERLERNERAF

VKM CoHaOp: AP HT4L, WM B R KSR THBR 2 7

XK ZEE CHCHOH: 7r74t, BUMKIE R 7H R 2 A

ZB K H,0: 8%

(2) {ig8

B K Sartorius B[ BS110S BB FRE, a3 0.001g

BB 78-1 R OB, THESI=HIT R

DF-101S SB35, LA ESImmiTm s

¥ UL % Labconco 27

H{KEIKH: %E New Brunswick Scientific

frif%bl: Instron 5543, Instron 2 )

AMETEHE (SEM): JSM-5610LV, H&MF (JEOL) A#

{@ALH LA 6B (FTIR): Thermo Nicolet 5700 (¥ [H)

X-H LA (XRD): Thermo ARL-X’TRA (3%[H)
3.22 M58S/CS HA B LM H &

EXRARETRIEEE SIS, A5 TRER-AFHNHESAMEEH
%, HEBNT: BAGIRES, KESKERMSRBEERELE, MEDESR
H MS8S SRR FRIRRBE RS 5K E, BRESH, EETRET, YK
FHER, MERTEAZIM. \ERASIUBILARMEALRETM, SILENLERER
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HHLE TR A 4rie X

MARAKROEERIEL, AR R ARAKENEEES, H42ILEMILEE
B ALRRARPNRT ORI KA, B RR P A KRB R, W2 T TR
BRI E & ZEMILEREK.

ARRABBLR- S HTRAEHEHEGEAR, RESEIEDT: Bk, &H
B_EPFEHEM T ERETEEEE, ERNREETRKEND 3% (w), BER 20mL
REEBERAE SOCKIBEEMMA 0.15g FEBMEHTRAR, Xk, 25iHE
m(M58S)/m(CS)=0:100. 20:80. 40:60 A 60:40 A M58S, M5 E, EAKFEL S,
TEN-80CRIB KA 7 8 i BUE, BAAGTRIPAETEHEHE SN,
32.3 GHaRtkaERIE

(1) BEANE

BU—ERSTOEILE, RTEHREERiICH M, RERBRERS IR R
KE. WEMER, HEHMEESRY v, MEOEER: BE-MV, SH%IEA 3
MR T ME.

(2) Wk Z=:HIE

{45 Bing Yang ¥V M b EME A BIBMABRAKE, BFR D Wo NTRMEEA
ZBETK, —BEBEENE, AERREILREAK BERESD W, BKETEDT.
M 7K 2= ( W,— W) )Wy x100% 3-(1)
(3) HRkEBAHIE
B 6emxlem W& Z LB, EMBATRTE, HEICH Wo BRBTEETKPE
fic 1 /b EECH, FERRERTREMEHRE, KEH Ww.
Y e dB= ((Wy— W /W, x100% 3-(2)
(4) FLEREMNE
{479 Jian Yang F VR MR H A& SILBAOTLERE . R A R : 6= (Wa— W3— Ws)(W,
—W3), P W,k 25mL MELERERLKZEENER, W, b TEREILMSETKZH
EUMRZEHGELERF MBELKZEAEHE, W AR HAEE, LERNE R LK
ZEMERE, Ws hTRSIBAAR. MnNEHEM ETPEE R ELELE
MRS, MEABMEPEEEK L.
(5) SEM 44
A KK KA A& JEOL 227 ) ISM-5610LV A, F434 riy 5 4 5 4ok 76 3 B A0S 7] EL 4
) MS8S/CS H&ZILMMHILMES W ERE R A. TKHIFER L@ 4.

22



NS N T s A58

(6) FTIR 417
K H KBr B R % Nicolet 5700 (2H) 18 B M40 5 8404 M58S 5 CS KR
LLfil % MS8S/ICS HAZ LM M Em, FiRXEHE: 400~4000cm™.
(7) XRD i
KAARL-X TRARIX-5F BRTHAL, FECu¥Kaft 2 (1.54 nm) FHETER, EhE4S
kV. EHH40mA, FEERE A2%min, HETEN10~70°
(8) Hrfiik
- BAREBIME &2 LR R, AHE L 10mmx<40mm K/MEHARE, HEREL
EAARFLLER S AR R . FAEE Instron JEWF 12 5 M7 EMR 5543 B
KL A FIEL 519 MS8S/CS B & B LM TH M ER, MRETER 10mm, IR0 HE
B 20mm, HMHEEN Smm/min, EERERFETHT. SALRERR =M AEEMN
FIE.
33 SR 51
3.3.1 M58S &% M58S/CS HA B HEHE LW

0.12
0.10 4

0.08 - 7

D-:nsily{gf:m}}

0.04 ~

0.2 -

ﬂ'.m' - T T ¥ 1 ¥ I
1 2 3 4

Samples

M 3.1 AE A MsssiCS HEFTLRMERE: (1) AREFR; (2) 20% MS8S/CS HEF1LIK;
(3) 40% M58S/CS & FALIK; (4) 60% MSSS/ICS HE T AR
Fig.3.1 Density of M585/CS composite porous films porous films with different rations: (1) pure

chitosan porous films; (2) composite porous films with 20% M588; (3) composite porous films
with 40% M58S; (4) composite porous films with 60% MS8S

3.1 & M58S/CS H AL EM MssS & RMZL. WNETTLURM, AER
BRI ER D 0.061g/em’s %4 MS8S &N 20%M, MSSS/ICS HA&BILMMEE N
0.068g/cm’; %4 M58S & it b 40%HT, M58S/CS B4 ZILH B H 0.079g/cm’; 4 MS8S
&% 60%BY, M58S/ICS BALILMMBER 0.1025/em’s LA LS4, GARBNE
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R M 2 s U

BN, BEMNLEDIEIESTE MSsS SEAMM, HEBILBAE/EHM.
3.3.2 M58S 4B % MS8S/CS 42 ILER AR LW
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A4

Samples

B 3.2 AR M58S/CS E4EAMRMWAE: (1) 4R (2) 20% M58S/CS F &£ LE;
(3) 40% M58S/CS H &£ 7.M; (4) 60% MS8S/CS B &% fLA4;

(5) B4rfLA D iE 55 MS8S
Fig.3.2 Water adsorption of M585/CScomposite porous films porous films with different rations: (1)
pure chitosan porous films; (2) composite porous films with 20% M58S; (3) composite porous
films with 40% MS8S; (4) composite porous films with 60% M58S;
(5) pure mesoporous bioactive glass M5§S

B (TR K 3R BB EEON B F A i b e — A BE BB A1, 5 o R K 3R BT b T TR M
th OR M M b, R2Z &m0 0 R MK MR Y 8 1 bk b )i
TR W R—EN EE, BERKERTESZABMA BRI~ EER4. B 3.2
B AR B M58S/CS & LA 10s WIOBK R, hiE w5, A5EERBER 10s p3pk k=
J1 1486%; 20% MS58S/CS B & £ TLIK 10s MK %% 987.5%: 40% MS8S/ICS BAE 1L
Rt 10s AT ZE K 708.5%: 60% MS8S/CS HAFTLAE 10s AHITIKER K 554.9%; MS8S
£ 10s WARAKER 165%. HILAT &, s R ek 30 28 T A FLA4 Vi vk al
M58S, XEMT CS HXNT MS8S SHEXKEMFAKER, FHEBRKEMRLT Ms8S; [
b, FEAARNERZILRAORKEEE CS FRAMDOMMEE, X—HEEHT M58S &
AKERERE, FAARTRER M58S FRIEE T CS I K9-NH2 R EVE TS TR HmoK
1. g
3.3.3M58S S B MS8S/CS HAB MR EE K

% 3.0 RAMH MS8S/CS RE B ILMMMEIKE, NRPATLIFH, A7RKHEEILM
XS RN 0%HFAMELRTKFRIE 1 ME, BT CS RAREMFKMERN
BENER, CSTLAMMER, SEHMERENE, da L CS S RERMNTEE
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BROGERETEMNEAERA; %5CS &RK 60%M 20%k, HA&FLBRIE 1 /NS Mk
FRIAELEETFRRE 10s BHRAER, ENBELESIBIEEAFETHE, $8 CS
HEHBE BAMRBLATEIEBLG, &332 MWt SIMAORKEMFHEDSS CS
M ERR. B, ATLURIEAM ¥ M RiEH &S EBACE CS M MSSS fLtfl.

% 3.1 REHH msss/cs ERRMHEKE
Table3.1 Swelling rate of CS/M58S porous films with different rations

MS58S/CS HHEE (1h)
0/100 TR
20/80 i s
40/60 1378%
60/40 459%

334 M58S S BN M58S/ICS H S ZAEARELW

Porosity(%)

BT »=

g5 . . . .
(1] 1 ] | 4
Samples

M 33 FRLHA MS8S/CS B &£ FLBMAALRE: (1) SiF TR (2) 20% M58S/CS H 42 TLM;
(3) 40% MS8S/CS 5 & S 1LIK; (4) 60% M5SS/ICS REFAM
Fig.3.3 Porosity of mesoporous bioactive glass/chitosan composite porous films porous films with
different rations: (1) pure chitosan porous films; (2) composite porous films with 20% M58S;
(3) composite porous films with 40% M58S; (4) composite porous films with 60% M58S

A 3.3 & M58S/CS B & ZfLIRHIFLAR B MS8S & B b ithsk. MEPRATLLEH,
REBEBATILEY 96.16%; 20% MSSS/CS HAZHLEMILBEE N 93.46%; 40%
MS8S/CS 5 & £ ILAAIFLERE K 90.06%; 60% MS8S/CS H& L ILBIAILEEE Y. 88.41%.
o4, BB ILIREREE 8% L, EHF MS8S &M, FHLMMTLERM,
Ay REERSTILBRZHKEFETA™, MSsS gyt Ak &% B3 WO BH LB
BTR. B, IREMEHOTKERT —EMEH, N 332 44774, BEE MS8S
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FEMMEBTKETR, M4EERLTAREN TR, EHEEKENTR, #imHR
KFERT —ERZR™, G EMT, SENBILEER/mOTLEE, X0k kR
B4 EEN. BamfFLET LR L9882 MRG0 RER H A MK, 3# B0
ALEYEERIE MS8S AR RAMELRER, sJURAZLBEME AR EAR , WaREH
FHA 1B 0 i R —E BT TEA

3.3.5M58S % M5SS/ICS HE A hF#H R W

e

=
&n

e o

Tensile strength{ MPa)
=
-

| 4

i 3.4 AR MSSS/CS B & F AR IR iR R0 E: (1) SRR (2) 20% MS8S/CS H & £7L1:
(3) 40% MS8S/CS H & ALAR; (4) 60% MSSS/ICS H &K
Fig.3.4 Tensile strength figures of M58S/CS composite porous films porous films with different rations:

(1) pure chitosan porous films; (2) composite porous films with 20% MS58S; (3) composite porous films
with 40% MO38S; (4) compaosite porous films with 60% MS58S

B 3.4 BAFILLH MS8S/CS H &L LM HE M. NERTUEM, dRRER
g R 2k 0.28MPa; MS8S & B b 20%0) MS8S/CS & £ FLARAIHL MR 17 4 0.22MPa;
BN 40%0) M58S/CS HAZ LB B MRE 1 % 0.17MPa; & &5 60%H) MS8S/ICS H&
ZABRIBL MR A 4 0.14MPa. HAEFERERIAEL, BT TLA DS BE MS8S A B
#fn, M58S/CS B &MLAT R H7E T M. — 2R N ENAFLA PSR M58S 1)
MAEH SR EEEN: 5—AEEUEEHTEEFILRNILEE KGR, M SEM
Bich AT LA B AF MSSS & B A9, EILBMILEH K.

3.3.6 M58S/CS H & £ LK K SEM RIE

A 3.5 B T AREH M58S/CS B& SILMMMMNE A, AEPATLIEYE, AR
fil M58S/CS HE&ZILBH KIS 2MEIL RGN, LIRS 4BES. B35 () RAFE
BRI KA SEM B, RILBAHXED, LR M S, bF MSSS A RiHmM, X
B ZABRNILE T AB N, ARREHEA (B35 (b-d). XEERMTHEAEMN
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P URRLRERS et (0K 8 FH BT B T (R FLBRIR AN . (R MSBS g U s net, {8788
LB 01 o R0 5 A NS i 48, 5085 AR o /K e 0K S el v B0 R P T RN P2 T Dok
Bl 1) O KA AT LA KUK F o 1 52 R P B AL 4% SUBOR T OB T B K
A, BV TR BT AR KRR, WP M Z AR K . X T 2B ILE

ATELE CS A1 MS8S ik bR, [, BfiAF MSSS K& Baiin, HAFUR T hE
B 7EFLEE b X5 4, iﬂﬁiﬁﬂi@‘tﬂﬁﬁ&ﬁ&ﬁ%ﬂ CS F1 M58S E‘]iﬂﬂﬁﬁ,
B)g" "-ifa."., ‘i'.‘“.tiﬂ"

;,- ~ ”"a!l" "“*

M 3.5 AR LA M58S/CS AWM SEM M: (a) SFERMBL; (b) 20% MSSS/CS B &L ALM;
() 40% MS8S/CS A& LIK; (d) 60% MS8S/CS H A& E LM
Fig.3.5 SEM images of M58S/CS composite porous films porous films with different rations: (a) pure

chitosan porous films; (b) composite porous films with 20% M58S; (c) composite porous films
with 40% MS58S; (d) composite porous films with 60% M58S

3.3.7 M58S/CS H &£ LB FTIR 44

il 3.6 & CS, CS-Villian A [A] LL | M58S/CS 8 & £ ALBALL MK E. B 3.6 (a) &
1655cm™ 1 1597cm’™ 43 51 b 76 SERE MR 1 7RG 11 R 0™ %), B 36 (b) R ERME
RRTERB G MO LLoh it P, AP 3.6 (b) s a] LATT I 7E 16420m™ A2k C=N {4 ik 5l ®7#9),
A TEIRBE R R T BN P MR RE T 8 KB . [ AP 3.6 (b) it — ik
BLTC B O 1] 45 AEOR I K, MR [ AP SO SR AE S5, #BIRAE T BOEAIRE LR 4
TR, B 3.6 (c-e) " 466cm™ . 802cm™ A1 1082em™ 4bM) Si-O-Si 2§ i iz, Si-O-H
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RSB K Si-O-Si fhgE{Rz) i H MSSS M IER e, TR E & S ILB+ R
LT CS F1 M58S RIFR{EM &, F9Y CS 1 M58S EH SRIERE W EMEL, HE
MS8S & BV, 5 Ak oo i 35 A0 6 B E B4k, 466em™ A1 802cm™ bAY
Si-O-H f#Emz1¥ R Si-0-Si {4z BX B Amsiik, RiET MILETF MS8S MImAR

A, ME 3.6 (c-e) Ailn] LLE B C=N M4 RahEHKRTFE, F0H MSSS BIART
FEARELY () fE RH RN RS .

Wavenumbm’cm'I

M 3.6 AR A MS8S/ICS B & Z LR 4B E: (a) S (b) CS/Vanillin 27108
(c) 20% MS8S/CS B & £ 1LIH; (d) 40% MS8S/CS H&H L
(e) 60% MSSSICS H& LM

Fig.3.6 FTIR spectrums of M58S/CS composite porous films porous films with different rations:
(a) pure chitosan porous films; (b) CS/Vanillin perous films; (¢) composite porous films
with 20% MS58S; (d) composite porous films with 40% M58S;

(e) composite porous films with 60% M58S

3.3.8 M58S/CS H A ETLIER XRD 447

& 3.7 & CS, M58S MIARLLH MS8S/CS B4 ZILIA XRD iEE. B3.7 (a) &7
LLE Bl 20=20°FHE AT 1R CS A4SEME, M58S 7 18°~40°F —A T i fir 41 161,
W 3.7 (e) fim. B 3.7 (b-d) & CSFIMS8S HAEH XRD #E, MWEEHATLIEH
PARFFEEESE—E, %9 CS M MSSS FEF—EMMILIER, XiEELTF CS
h S AR MS8S FRY Si-OH A HRIEALENH, 5 Ca* R EAHERP®. Bip4
M58S FRMMM, HARP CS MFHERT ARk, ERABNMAERY (B 3.7

(b-d)), FHBIET MLKEFE RN,
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#0585

" 30 @ %
20/°)

M 3.7 FELHA M38S/CS MASTLEN XRD H: (a) MAFMM; (b) 20% MSSS/CS EAZTLH.
(c) 40% M58S/CS IR & Z AL (d) 60% MS8S/CS MEAHTLE;

() SAFLEWIEHETH MSsS
Fig.3.7 XRD patterns of MS85/CS composite porous films porous films with different rations: (a) pure
chitosan porous films; (b) composite porous films with 20% MS8S; (¢) composite porous films
with 40% MS58S; (d) composite porous films with 60% M358S:
(e) pure mesoporous bioactive glass M58S

34 XN

1. SEM REAF AW TR EH &6 MSSS/ICS B L TLEMHERNESNBILEN
BABaHEES . MENMILEDEEES MSSS S RTINS M, SILHS FMNTLa
TR, BEFLE LA4MSY, RVELHGTERE TULRERERNTAMNLE
WiEtEu T MSsS e E S,

2. 8 FTIR. XRD MiA%M:. REBAOEFEEERE, AT C=N g, ®HEX
RETHNEENFERTOREERETRAWRE: S/ 7LAYiE 5 MS8S A,
AEMPRANHRT BEMOHTE RAFHEETAUEEAELL; CSRMSSS BEE,
AER XRD RN ERERE—E, £ CS 1 M58S FEF—EMHEEA.

3. BEKESNRY: AREERBTAFARAOFAHER, AREZETKFBE
Ik, SEAREER, FASILEMHNREEEES. EBETUREHE A&
A EEERM LAY EEBE MSSS AXRBHOLA,. CSERBEMEBILEHHUSEE
et E A fEA,

4. BESNERR: ARRERNTER), BEENILED SR MSSS & Ba8m,
HEZIMMEEM 8.

5. NEMRESNEYN: SHRRBEILBIGH, MEEM LA S EHE MSSS 4R
MM, M58S/CS HEBILBMI RN AF—EREN TR, —FETREBAITNNILE
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FEANBEFOKIEREDE, BAERAEETMAEEERS Msss, BMENLEY
B MS8S TR, HEBILEOBAEETR. BTFBLMPHERELTFRET
EREMAN, BEEABRMLREEORNISKEEBENZ P, BTFMEDFEE
M58S Z I, (E7F0kaE% B XD, ERILERTR,
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SEIUE MS8S/CS HA LALLM Y 54 ) Bk it

41 3|§

TRBEE-MRFOEVERME, RARFHEYEME. 4 WHRANHSMHRA, I
ZINHTHATE. EOM &SR, B RAFEBOEDEHRE™, @
HMAWET—emmEl. B, REREEnLadymtromRas, Raley
. MLAEMENEEAE R EDEE, EERRHERE, AEETULEDIAET
B H B IR, B A SR A R T RER A AL A DS B EMSSS A 7R Bl 5 & 4
&#HEE I,

BEENEWEAME, MiZREREOEMETE RSO R, £PiEt—
RUR AM RS 2 SR TR B B KRS, RAAGERIAM (SBF) RHERHE M
Pt AR IHEMSSS/CSE & B ILIE YA ME v LA R A M ARYE , 5 5% T WAl
FIMS8S/ICSH A& ZFLBMELE T ABERUSH (SBF) RHL FIPBSE rhil MLk,
BEXH A4 (XRD) |\ HEHAHEENRE (FESEM) . EDSHEEM. FTIRA4T
SE L LM EESBF P EIRTR B MUY, REEEPBSE M 54 BB R
MRS, BRRAILA IS BMSSS S & & % FLAE B0 VRS 5 o R LT PR AR 1 RE Y B
.
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4.2.1 ERENE

(1) EH

CS/MS8S H&£IL: Bl

HREE #00%, XH

FALHNaCL: i, BEARALERAERAF

KA ZLH) NaHCO;: 4hirédl, EAKMUERAAERAR

A —# KHPO,3H,0: Jr#rdt, B#EALERAAFRAR

#ALB MgCly6H,0: 7+¥rél, EZGs AL 2 EHH R 7

T KCl: iral, RAREAKEANERLA

#LHS CaCly: Ar¥rdll, BZAEHLERANERAH

BB B NaySOy: 7HH74E, BEZEALKERMNERAR

ERFEETEF K C4H ) NOy(Tris): 44k, 3 [E Amresco

ERER: MUk, RiEmiak THRAA
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(2) {3k

@40 464 (FTIR): Thermo Nicolet 5700, %M

X-HEHTEH{X (XRD): Thermo ARL-X' TRA, %

RS AKHAE (FESEM): Hitachi S-4800, A&
4.2.2 £YiEtE

KA BIRIER TS MR A 5, 40 SCRR1102)0F /7 R A S AL otk
REFHRES A HAE FREMEL (L&D  B—ERTHEEKZBERLEE
HIZECSBLA AR LB AIMSSS/CSE & B IR B EEF RN BT . AEEHR
FHHEOEREBAICHERBKERTFBRIR, TREHMERYE, BB KinikE
EiRSETE, RERARZTERESTHSM,. XAFESEMEM B RE ML, KA
FTIRFMIXRDK AL ® & 5 fLEM B0 £ stk

F Al BRUEHERAKDEGEFHKRE (mmol/L)
Tabled.1 lon concentrations of SBF and human blood plasma (mmol/L)

- Na K Mg~ Ca CF HCOy _ HPOy
B ol 1420 5.0 1.5 25 148.8 42 10
I 3% % 1R 142.0 5.0 1.5 25 103.0 27.0 1.0

4.2.3 £ViEREtE

EYEMERAEESEF—EREN S AR ENETRE—E/EE, Bk
EORW R ERRARE, HARHIMEREE M (PBS), HSTERHM A MAE RIS
B B AC I A 10000U/mL B3 BT . 45 — & R~F B8 B K Z B R il A 38 s () 5 75
AR L6 ) MS8S/CS B & ZILRR B ERA B M E AN BEES . REESB A HE
RSB 3TCIERAGERTRR 1. 2, 3, 4, 5. 6. TR, —EE]EHHE
ZETFKEMHREEL TS, RERARZTRE®TREH.

(1) e R 0

e A e S B SR Pl s L, AR
Fek 38 %= ((Wo— W, /W, x100% 4-(1)

P Wo hZFLBBRRAIMTREAR, W, AZILEMEN | FRENTE, SH%
Wk 3 AT AT HE.
4.2.4 HERERIE

(1) XRD ik

KA ARL-X'TRA & X-BFRHTHI 0, 248 ish 00440 3 32 60 ) 44t 75 3 B R R A ] L 490
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M58S/CS B & ZFLBB T 447, EHRIE 45kV, BRI 40mA, FF3HEE N 2°min, fEFHE
[ % 10~70°.

(2) FESEM 447

EHFARA B A HitachiS-4800 e FHA BN EA AT EE AT R 4 &
MS8S/CS R &b HERMGB R @AM REHEEL. BR S R b 2 EH
&.

(3) FTIR 447

SRAI KBr E A28 A Nicolet5700 (£ E) 8 B rH40 5k He i {3 £ 58 45 44 308 s iy
FRRBBRAF L f g M58S/CS H A LT 247,
43 &R 518
4.3.1 EWiEH

# 4.1 2L SBF 1M 7 REH XRD B (a) 60% M58S/CS HA LT (b) 40% M58S/CS X

EEAM; () 20% MSSS/CS HA BT, (d) SiFeRmM
Fig.4.1 XRD patterns of composite porous films after soaking in SBF for 7days: (a) composite porous

films with 60% MS58S; (b) composite porous films with 40% M58S; (c) composite porous films
with 20% M358S; (d) pure chitosan porous films

& 4.1 BAZFUEHEIE SBF PRE 7 XEH XRD BH. MNERTUFE, TR
PIRH & ZFLAEF RLZE SBF PRl 7 KRG HITE 20=31.8°4b IR T IR 08 K L 7 augl'™,
RAPARANE S SIRAE—EEDEE. BRM 41 () BPTUFE, 4AF
BREARYOMHEBERE RPLARRESILBRERAEDRD, SPEHE, M
EMLEDEERH MSSS S RAVES, 318 HHEITHENSE LM 88, HNiLey
AT MS8S M1 RIEE] 40%EF, 7E 27°. 45°. S6°MHE LM T Havaistie, BHLI
REVEDEEME. “AFLAEDEERT MSSS B8 RiEE 60%E, 27°, 45°. S6°MHE

33



LB T AW+ 5

RIRTS U RSREINGR, AT ILEMIG S MS8S S BME, FIMRAMARYB B
4 HTE R

4.2 W ZILIEH B 7E SBF R W 7 KJGH) FESEM BH. ME 4.2 (a) #142 (b)
FA[LIE B SBF ¥R T KfG, AREMESSIBXEHNT MY, RVNAEHA
B —EMAEYEYE, ERAATRKERRIOITRYRD, BHLEERE, BENTLAEY
LB MSSS & BAVE M, HA B ILEH R R B E T HRES HITRY(E 4.20c,e8)):
i 4.2 (dfh) MEERMETUEY, SBERHIMTRYRLEERREHR, &
MR E B RE A LAY A B MS3S & BN 818 £ B4 T s, @ 4.2
(i) Ry EDS B, MEFTLIE BB EERS HEF, FiditEaela
H PSRRI R EREE R0 4 1.65, HRPREBEKANS. BiEFRE/RE.

A 4.3 RAETEMZ ILEA AR MS8S/ICS B4 £ILB4A FITE SBF P81 71 K5
f) FTIR B, NESTLUEH 608cm”, 565cm” BA BT POSERAMS thiRmk, 7
1462cm™ . 1419cm™ BHEMIHE CO% HHEAMMAE RSB, B 43 (a-d) FEHERT
LRRFUE M, 509407 RBER AR LL 6 49 MS8S/CS B & S ILEEAE EMiEtE: Ll
BEGF 608cm™. 565em™ BN RT PO, E AEEH 0925 i 5 ) e B 3 11 7L A A i 1 B
MS8S &AM, WHREE —EHIE, RB MSSS MmARM T M f L giEtt.

AYEHEREREY: AAREYEHNERNEREROMN LSS RE
M58S 5IEREEH & /5 SBF P, WA 5EEN 0N NI % HA flioy. Hit,
Ut A FLA W0iE HE B MS8S B, (R R AT THENN LIS,
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L=
1 T T ¥ =N 5
1.00 208 2.090 4,0 500 [ ¥ ]
Energy - ke

(D)

H4.2 ZABESBFRRMIRXEHRTEEAERE: (a,b) AEREEL(c, d) 20% MSSS/CSHE
FALIR; (e, 1) 40% MS8S/CSH & LI (g, h ) 60%M58S/CSH A £ FLI;
(i) MSBS/CSH & S LA % A
Fig.4.2 FESEM images of the porous films surface after soaking in SBF for 7 days: ( a, b ) pure
chitosan porous films; (c, d) composite porous films with 20% M58S; (e, ) composite porous
films with 40% M58S; ( g, h ) composite porous films with 60% M58S;
( i) DES of M58S/CS composite porous films

o
R
4y

L) 1 L] 1 I L r ] L [ | L
1800 1800 1400 1200 1000 B0OO 600 400

Wavenumber/cm )

M43 FSBFH®RRTXEESRN FTIR B: (a) AREER; (b) 20% M58S/CS H4M;
(c) 40% MS8S/CS 5 /R; (d) 60% MS8S/CS H &l
Fig.4.3 FTIR spectrums of the composite films after immersion in SBF for 7 days: (a) pure chitosan
porous films; (b) composite porous films with 20% M58S; (c) composite porous lilms
with 40% MS58S; (d) composite porous films with 60% M58S

432 EWEmE
EAEMED, 7R EE AT EEE MR ESEREND TR RMN /S
Fo TIARE S 3 il 0 1 P s & S AR LRI, B i G A KRR, AR T
P Z BRI E B AR SR, SRR ET CURO R BT 1 P B e A £
Sbhe Hit, HESILMPRRESRNFICES Kb 04 P ae k.
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Al4.4 AT RBEBRAARR LHIMIMSSS/ICSH & £ HLBE & 4 B S M PBS S il &
BN (8] fo HOPRAE MR e PRIATAN, 4 E B LA S (R L 49 BMS8S/CS 5 4 R i e R
FAbA R RIAER, BIHEHHAMES. ATFEROMEEERR, 3RGHMER
#519.68%, SKIGREMEN12.82%, TRIEHMEMEETT17.9%; S0 FLEWE N
MSBSHI & BiARI60%ES, B&BILEIREMBRBEN646%, SKIEMREN8.77%, TR
RIS RER12.12%. HEHRESE: BEHEMSSSETRNMN, T2 2LBENMEREE
£, REERHMTHEEZIBPREBSEMAMRDS, NEFTLUE—SBY, BREE
MS8S{ R, MBER —EREN TR, BEXMEOSILEMEHTAY RIFHLEY
W 1

& -

0.5 q—
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2 3 4 3
Time/days

o =
Sl

4.4 MS8S/CS & ETLIAZE PBS B rbHi-h iR M 1 S () e AR
Fig.4.4 Degradation ratio of theM58S/CS composite porous films after soaking in PBS for 1week
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L 97 ALY ATREEMRFLTIM MSSS/CS HASILBFAL RS
CHA MRES . BRARAIHEIE SBF PRI 7RG, MHREAH CHA FEMMHI,
{B R 467 R BRRF 3 ) MS8S/CS HAEILIIES CHA & Hh AR, RHESit SBF
PRIE TR, BARREREIMOITRN CHA 8/, TMEMASERRANANILLYE
PEBTH MS8S JR, HTRIRTEITINA CHA BOREE . M FESEM B aTLUEMMES], 44
FLEVITEYEM MSSS & BiAE| 60%fE, HABIBREE—EREOEY. His
REH: MLEDIEEBIA MBS MIMARIE T CHA EARBRENIR, RETHE
R oEtE.

2. EYIRRMIETT AR, ARRBREEARSETERERER, 7 RENBHE
37



HHLE T A+ 7 i

21 17.9%; M58S 7 24 20%0) M58S/CS HALTLIE, 7 RGHIMAEE Y 15.5%; 48 40%
f MS8S/CS B HILE, 7 RIGHMRBEER. 13.9%; &8 60%49 M58S/CS B4 LILMH, 7
FIEHI RN 12.12%; BB LIS MsSS & RN, M58S/CS H& LU
RIRE R R —E A TR, (ERAFHFIR M58S/CS B4 SRS B IFH4E e
.
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BEREFLEAMARTAMLYS, XEAREEEDEER, #d, hEKE,
HKKE. FRAPEFRABURKERRINHSHM. FHRFE, S0%METTRRLT
i FE, FElXFiEnHEORR—ERESZ EH—AHA.

rALFEHE R IE M AP BT R A, BEF AT 20 48 80 448, Francis X. Hursey
ERAMBA A7 EE BAFAEf R RiEER, 2002 FENEEUBASTFRHIE
{KH) Z-Medica AR R, 4017 H %K Quikelot®, FELERMAT (G HIRE KNS,
R b AR M AR R IRSFEERE TSR TSR, BEfEfiE2%E
K FDA fithE Eli. %2005 F£5 B KERADEBERE NI AEWEE B EAR RN
IEMARHFFEEFRBER; MG 2006 FLRBTHRENEHIZRE T ILERET
R R A R A b f I P E AR R LR, BAM LA EHE St I h e85 IR
BT —E MR, EMMEELDERTETRAFESS o @Rtk wNrLha
SFHEEATES B AARE, MEETERBANE D FRLDETE,
EERL R RSB, WASHXBRMEM LR R EE DA, S0
FA R SRR A A

REBEAREF RO —FHE L mAE, dFHEx ARy, aemrsee.
e AR A PV T A A TR . 7 1983 4F Malette WG SRR AR R BWAE
BamEnhik, HHFER. MEARENZRERLOHERTTREHN, W
Klokkevold PR BV /e 6 & EHATFE R LMt AEBFIT, 76 0 o 43 St 5 0 91 5F 28 01
AR EhRE, sk R RS MR ER R A L Th A, (R T bk i A A A
Fil/§; Malette WG, Fukasawa M %R T4 %85 M BIEOIS, KB IE OIS
ARERKET mMARNE T, MREEL MR, FLRERM, MiiED L
mAR. BTFREEAELOERER, FFrZadheimbnyErERE, %
B A H Ak 25 gk m B F 500, okl B %491k m A AEF RSB, HER
fE, EEIEREA, X300 7R R kb1 i 578 R PELAS

AT HETRESMLEDEERE M AIEEBEREENESE—R, BT
MAMEYRAE R LmERE, BZESMEEEEL—FHLE s, ZEEE
X1 & MREEEAT T 3 Mk i W50 R0 i F AL, MR F LB MS8S/CS B4 H 7L
) ok e e F i DA R 1929 A ARERRLLLAIE S BILBRENARLH L LI
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BAREHPRERRER. Bk, ATHEBLNAR, H07LE st mE Msss AR
WOV RS0 50195 ARk e 3 8 B A PR &0 A RO B R 4 b TS PR A R T
LB & T HEM LM S, FH SEM. FTIR. TG 28 fikaf (ki 2417 T &
GEF R AR E & AT T 340k e
52 KRN
521 ERENE

(1) B

A IR MS8S/CS HABILE: AH

MR SD KR ERKIEERLREP DL

L929 NEUREF AL o BRI LA R T

AW NaCl: 2riTal, BEIZEBLERAERLR

AL KCl: 4rbrst, BAHEBALZARNERAH

BEA S — ) NaHPO, 12H,0: 43478, EZGEMLE AR LA

WM —E W KHPO,: 072, EZyERALERFARAT

RPMI1640 3% #: GIBICO 247, %M

fad-ifui%: FBS, GIBICO 247, %H

BFRE: NNFFEDIEMHERAR

BEE: HEESHUAT

BeEEM: GIBICOAd, £E

—HETEW: DMSO, PEEHER EHLERAGRAF

“HREmEM R IME . MTT, Sigama 247, %£E

Triton X-100: Sigama 247, ¥£HE

(2) {28

CO, #3748: NAPCO, XH

DSH-RFIEPITIES: YI-875SA, EliFiet e

MfukksEiR: 96 Fl Coring, %[H

Bi#5{¢: CLINIBIO 18C-400, # A7

BL.L#Hl: KR4I, #E

WEABEE: 1000ul, 200uL, EPPENDORF 2], %A

v EeE: P
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WA HE: MH-2, T Rk LR (A B PR A A
522 HEEZAEMERFOIEmALR -

HX R SD KB 18 R, AE % 180£10g, BEKLAM AL 64, HA3IH, Al @hik
Fil, A2 ANANTLEMBIRR, A3 HAMRRBESILE. Ad 4K 20% M58S/CS 54
FILI. AS 4% 40% MS8S/CS HE&ZFLERE, A6 4% 60% M58S/CS B4 I, RH 3%
REHERH (1mg/100g) X SD KRMTEEKES AR, MOMRINE, ¥ SD KR
BrEE TR E L, FRBRREEIEE. REENS THEERPL—UTT0, K
%) 2em, WEAZEEKAE, REREMIBEREIITHRN, FEETHATEMS,
RRFLMN, FrrADLEsE, EReLRGIT P, AXESART AT
B, AREFRLERNEESARTHPINT, REVBRFTH, 42 H T
ULk 2em. RS2 EARERE EFPE, HABRE, EEHMOELE, 2 TFHib
Fffa). it EARMMNEESTER, SZaHFUEARLOANERAEMHE. LRAGH
iR =30 U
523 MRFEHLR

(1) AFIAE

MR (PBS): HFALM 8.0g. SILH 0.2g. BME 4 2.88g, WM -8
0.2g BT 1000mL A B FAKS, 3 pH iHGEHA pH EIRER 74, BEKHE, BA
ACTHF T AR,

0.25%RE S FOUBE A58 0.5g, MAZ| 100mL PBS ¥, MG 022um
VIR I £ RS OB, 4CIRIE T AR

MTT ##: M MTT ¥ H0KE Smg/mL, B—E &M MTT $2 KA PBS #ili+AL
SHEH, REA 0.22um BRI EREETOME, 4CHETHRAER.

(2) HMERERRRENEE

A PR AR e 1929 /) B R AT 4E 40 ) PR 7E 40 Mo B 559 RPMI1640 (Roswell Park
Memorial Institute 1640) P3F3E, HIFHF N 10%/0 4 ik (FCS), HEE 100UMmL
FF 100ug/mL. #BH 1929 /R 4 40 K 435 57 MURUE 78 37°C, 5%C02 1 95%:F &
(B f4) HFHFHEE 83 KEBHE.

HEZIMMRERNHES: BARLFAMHEERSEPET R TR 24 /)
i, BETFERKP, SMEERSRIEEY 2em?mL 8 HH AT E RPMI1640 K e,
£ 37°C, 5%CO; Mk bR | 24 /et , )5 £ K _Eik L 1000rmp 3.0 10min, A 0.22um
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R IEERERP AR, 4CHRETABMSR.
(3) MM AN B E

WEEIF 72 /DR 1929 RRAF 40 MUAEAT 4k, T2 R RPMI1640 85383, F 37°CH PBS
TR 2 I INANERE) 0.25% B E A BHETN L, REWEREE CO, Bt
5 iR R R BB A R, 3 R E AR I BT B I\ B o Ak,
MAE 10%/ 4= 7 ) RPMI1640 35 06 AT 41 R 3T A R, BmAERS
10%/I4- 175 ) RPMI1640 5 S HIAL 1x10° N/mL #9418 . 7R L4 MS8S/CS &
EEBEMEALRE, BERANSHEEINSHEMEREZE. #5L0 4UR0 A b
AR SKRHERE A BB RM S, BEEFDMA 10*4/mL #0929 &4 4
B SmL. 73 8 —41 A 0ulie AR g0 BAtE R R AL . B A MEHR 37°C, & 5%C0,
FEFE R PR SR, 72 B R AR E A E BN R R S M4 A R

(4) MTT tfa i

MTT ik, £—FRNERAFERERN TS, 00 RE LSRR LR & a5
MR A SR RE (B SMETE MTT ‘B AKNEHM R EL RFHM (Formazan) HHIFESR
i, MAEMRELIhAE. —FRETH (DMSO) RN T HPM, PR SERN
{XTE 490nm ¥ A B ER W U(E, BEtrRERBEARER. E—EDREEEA,
MTT ST B S5 B R EL,

2 e R O B T O A IR 2 OB B T A R RS A B 10 /mL B 4 R
BTN, HILMAGRBBI00uL, R REEBE—ILAEMARLEE
XEIR . REMA3ITC, E5%COMEFEFHERE24/ 0, FABGE, 2 5HEELAR
HMIEIRHEL, FI3TCPBSEMPHPEIR2IK, 3040 A B HE B AR 4 B A\ A 10%06 4 7 A9
AR 00L& 10%06 4 M 15 A BT EFE SR 100uL, PAYERTE (Cul+) H&10%064: %
F0.2%Triton X-100f955 5 100ul (34 A BRI FHAER ). BEERFRAPITC,
5%CO, M195%3i% AL M1 & T 2 RIHEFFLL IRTR. 5 REILMASORLO. SmymLAIMTTEH
WA ETERFEGEEGTRFNN . EEMBREEFRLPOERFRE B
100uLDMSO, HME!RHERE10minfS, F AR H R K A490nmiE#0D (Optical
Density) {&.

§.2.4 1k Ao &
(1) R¥
ERBIERD A HIETRRETBMERAR
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AL E TR P WP hie X

Rt S METHBEEFSHAMRAR
MS8S/CS B-EHMl: /8 3.2.2 & MS8S/CS EAMEHI PN EH & E &
(2) 1kt b4 EHE )&

B3I 4 3R 10cmx10em K/MEIE M, FREFEMRIEIR L, #R/EHCRF B H MS8S/CS 1Y
R 10mL SR KED A L, BRBHA-80CIKEFAE 3 NI RS %
FARILA S T 1 24 /it B AT 78 B 1k il

B4 R R, ARG R R L4189 MS8S/CS BB & ¥ SmL 4 511951 ik
WIEVRIBRNRE, RERN-S0CHKEFEIE 3 NMIEBERASETEIL DS % T %
24 /B J5 BN o) 73 3] 5 08 B ok bt )

(3) FIE
@ SEM 434t

ALK KA A A JEOL 24 A fY ISM-5610LV B FHERBNEIFMFNEERS. N

T TBl B R T &
@ FTIR 47
KH ATR ¥£{EH Nicolet 5700 (F[EH) 18 2 20 Sh il (O 1k i 45 1745 ¥ 04T o
@ TG 4+

K F%E PE 228 Pyris Diamond TGA Xf1Eifl # i T E 447 WREM: N, £47,
FHif#E# 20°C/min, FHETEHE A 50~700C.

@) 57 5 I b R R A ke i s B

IBLEERNEE SD KR 15 5, R E 4 180£10g, BaMLZ AL S 4, B4 3 B, A1 4 5 CS/Gelatin
ik tk, A2 4% 20% M58S/CS/Gelatin 1k i #Hk}, A3 4% 40% M58S/CS/Gelatin 1 1 #f
. A4 4% 60% MS8S/CS/Gelatin L1}, AS 44 EH S iR il B B4
)b 8 i B A &R 5.2.3 P, Wi B E R e L 60s.

538 R5iT#
5.3.1 N [B) 1k o b4 sk £ b o 4 B 41

5.1 RRA AL YERE R MS8S B ARF tfl MS8S/CS &4 5 LA AY i ifn A
(B) et &, B 5.0 BEA, MFLADSEIEDHE MS8S BAARLH MS8S/CS B4 B LI
Bk s MR 5.1 TTLAE t, B0 80 00 1 o & ) B d ol B O K, o o B ) 2 270
B, Hm&ER 1.13:0.04g; RERANFLEYEE B M58S 8, (blue /IR 230 ¥, H
MR 094+0.04g; MG RATEMEM, 1bfuetalh 130 #, HmER 0.8£0.03g; 20%
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A5 AS[R)FA R 0 e o i) Bt o
Table5.1 The hemostatic time and amount of bleeding of different materials

EmAE (s) i (g)

w4 270 1.13+0.04
AT LA WiE v B 230 0.940,04
Sl E 130 0.8+0.03

20% MS58S/CSH & £ fLI 120 0.60+0.02
40% MS8S/CSHL & £ FLA 105 0.50+0.02
60% MSBS/CSH & £ FL 90 0.40£0.02

(1) 40% M58S/CS Hi

B 5.1 A 1HE e Lkl 23 00
Fig.5.1 The observation of hemostastic effect in different materials
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MS8S/CSE & ZALILIL Mo (6] 12080, M & R0.6+0.02g; 40% MSSS/CSE & LI |-
MU ] 1058, Hi B R0.560.02g; 249714 WiE B BMSSS Y A& B 4 El60%8 1k i i
(B M B AP RAR, 25 h9085H10.4£0.02g. B E4MT4D: MR I MAEAEAR B A FLA: Yy
TE I EMS8S 4 A 1k 0 SRS B 35 FLAB A ok 058« 7 LB A FLAL 905 18 B FEMIS 8S
EHSRTIE RS M, bR,

I AU V08 PR B MS8S 19 1k 1 2 B 4T T B A X AT B8R oy FAM AL 1 e
MSSSHHILH A HE B LRI, FHRGBE S, BESSUEBI RS AL, 5
DEFREGLEER Ef ¥R, SAMMEMMEEFTHAN, —HHELFHENES
ZIABRAREOILIRE, MATBKEEELT: B— & b T8 LI 0 D87 s
A, BuEmBAE, TRHERASHEOMESHE.

532 E4LFBME KA K Bt r

52 REFIRGEHBMERUBE TOAMBARN . NEFTLUESY, A4
bk % FUBURZS R b 1) MS8S/CS 54 B FURELLR BI#E RS BRI R 0 1929 /b §LAk 45 46 41 fu 24
BxZ. HPPEs AR e, e, MREMETaR, 4 5 4
Z[EHFVEE, RERKBBAZLK. LRARHENEE, FORANER, EAHR
ERRARL, EAEESIMAEMHAEIL, MHNERE. TR EES 1929 M
RETEAMBBRD, ANEEZEY, BES, AR LR AR RS
D,

B 5.3 R4 MR R B MS8S/CS B4 % TSR P A9 MR M E D BT LB W,
HRSEFREHT, 24 DBJE 1929 FHZERFILH MS8S/ICS B4 EILER T4 K R
¥, BAHRARARETHOME. NEPETTLI RAE S, BEERRERERR
HEB MS8S/CS B & £ fLIBR IR M A MM AT B A AU, 2% 7 RENANEE R
FERRTEI 1 KIEH; AFILH MS8S/CS 84 % FLE 32 b 0041 RIS 40 S5 R ¢ 7
RAMLRAHEER, K EAAREEERNESR, 3 LA ET 5 S Tk #a,
BT L) 2 7S ] EL 49 ) MS8S/CS B4 B TLIERT 1929 LT 4 it 5 bt .

45



ATILEE T 7047 3L

a 7 = " N it
i i e Vi B At ]
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(b) Al Rk

& Do
a% T REae,
(d) 40%MS8S/CS i

-':‘lulll.-l *!,r‘ = '-r-ﬂ- 1I
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e, O AT
e
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- ¢ i
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(e) 60%MS8S/CS 4

5.2 IR FAREEESE (x100)
Fig.5.2 The change of celluar morphology in 3day after modeling

10 -
r |14
09t T34
gp, (EEETO
o7l
E 08 b
-4
& 00
=)
o 04}
03 o
02}
01 =
3
oo LEE =
PEap S 200MSRS  AUPMSES G0%MSRES [T1HE 4 e

5.3 AFEHEN MTT 8
Fig.5.3 The MTT test of different materials
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—

533 1L SEM 247

r [4 "|==_ 1 -..‘HI" "-{r" . -.-:r A 'I'.L‘ ‘i‘.:".ih i:..
] b ,

w8
v L '
N2, L&\f"ﬁ L1

Ao
: h i}f'r

F5.4 MS8S/CSH A 1L L HF AISEMB: (a) £UTERM LM HF; (b) 20% MSSS/CSEL A 1k M HF;
() 40% MS8S/CSH & 1ML ; (d) 60%MS8S/CSE A 1k 4
Fig.5.4 SEM images of different M58S/CS composite wound dressing: (a) pure chitosan composite
wound dressing; (b) composite wound dressing with 20% MS58S; (c) composite wound dressing
with 40% M358S; (d) composite wound dressing with 60% M58S

B 5.4 RAFEFIM MS8S/ICS BA LM REEE. MEPTLUEY, RRLEM
M58S/CS REHHBMNRBESHRIMERETRE, €S0 RETURBAHREILS
¥, BEAmEE%5. 54 () RAFEEMEMAe SEM B, o LLF B2 HaE
i, FLERAES, LR E. MR AEYE s MSsS S RMME, LR
Flep iR mpfrfURFEREE, BB, LB (E 54 (be)).
PR MR L R RIFEESHE, hTH&MOMERER 2 L4 BB M4 2 5
LA, & R A PR BAOCH —Fh i B0 1k dbt g
534 1M FTIR 747

Bl 5.5 RAFME CSMSSS M1t fLrshiE. ME 5.5 (a-d) *afLLF BI7E
1642em™ 4B C=N fthasheah ™™™, i w7 Jemhep MO QAL & SRS P AORE IR /K T 1% K
BeRE, (R ANPE Ca) o] U 3150 00 0 B 11 WMk RG | PR e mobome il &, sk T &
Z IR M RBR MR A L, AW 5.5 (a) 7% 1028em™ . 1070cm™ 435
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% C-0 HgE{REM R C-0-C MM, /7L A& ¥E BT M58S INAJE, MS8S/CS
HA& LA E 1028cm™ L0#9 C-O MEERSIEFIER M2 M55, XH T RER ML A B
ZHH-OH RE T SRERE 2 ISIRMKRIT. 1070cm™ AbAY TR Wobd AR R R 3R, X
FTRER 1082cm™ 4009 Si-0-Si 45 Rz A C-0-C MM E T 2 RIEABRE—E,
BRI BAF Si-0-Si MAERANEMNE MK TG TRMBS. dbl b9
A] CS/MSSS REFRME 4B RFOMANE, FRTH—PodE b mafhties.

4000 3500 3000 250 2000 1800 1000
Wivennmhﬂfmll

Fl5.5 MS8S/CSH & 1Ll A MIFTIRA: (a) LEFRM LM H; (b) 20% MS8S/ICSH A 1k il 4
(c) 40%MS8S/CST o 1L il #7; (d) 60% MS8S/CSH & 1k ifn Hf
Fig.5.5 FTIR spectrums of different M385/CS composite wound dressing: (a) pure chitosan composite
wound dressing; (b) composite wound dressing with 20% M58S; (c) composite wound dressing
with 40% MS58S; (d) composite wound dressing with 60% MS58S

53.5 kMm% K TG 2+#r

E5.6 (A) ATRBREWLEDFNTCAMZEE. AEFATLLEY, #200CZH, &
Rt BIMSSS/ICSE & ILM MR ERE10%AL, ZEERMHPRAIERFEN.
BEAIRE AT, fE300450CHEA, ItmMHEHHNERZBITE: 4FEFEREHH
R B RKEI60% LR, MASFLADE B BMSSSHIIRE M RIBE & M LKF & A8
m, ERHKERD, 60% M58S/CSIRZE b BAR A HS0%AE. ES.6 (B) Hik
M #HDTGH &R . WESRATLUE Y, 300CEA, AFEHMSSS/ICSHE 1L il #H —
PMRRE, XHURRILOTPRAD AL, MERENAS, F00CEEH
MEFBRAAKRE, SIBFBHTREFEEZFWAMIIERN. 5007 LLUE AR HH
M58S/CSIRELL M ERF M E EXHR T MEAE, XTHREERGTHINMLEDEY
B BAMSBS th o R BY 45 iy e 45 R AR S AN
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100

B0 -
§.
2 w0
g |
5 -
§}1 d
20
c
1 b
0= a
W 00 M0 0 N0 &0 700
Temperature/ C
(A)
a
b
g8 [ .
I’F
§ | .
= Y
0 20 %0 400 S0 80
Temperature/'C
(B)

5.6 MSBS/ICSHE & 1EM M TG B (A) M DTG M (B):(a) #E7E 8 M@ #; (b) 20% MS8S/CS
A 1L H; (c) 40% MS8S/CSH & 1k ML #; (d) 60% MSSS/CSH &1k ifn #f
Fig.5.6 (A) TG and (B) DTG curves of M58S/CS composite wound dressing: (a) pure chitosan composite

wound dressing; (b) composite wound dressing with 20% MS58S; (¢) composite wound dressing
with40%MS58S; (d) composite wound dressing with 60% M58S

5.3.6 3T BBE 0 )3 0 0k i S

FS2RAFEmATE60s A Y H d & BS. 7R EiAE a4k 5. MRS 20781
A, TEARRE ] R B AT A B BK, i B R0.2248g; MRJE B CS/Gelatinit
¥}, i B R0.1153g; FHJE R&20% MS8S/CS/Gelatinik- fu#t %}, Hif & &0.0891g; 40%
M58S/CS/Gelatin 1L 1fl #4 %4 &} f & 2 0.0543g; 60% MS58S/CS/Gelatin 1 i #1 ¥}t i B %
0.0413g. H4LAE5rHran Rei My M RER 2, ZEARRIR )yl B B K. “NERRE
i LA R FIAMSSS/CSHAMME, HMBERD. ZTRUTFHEFATRIFMIEMYE
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5.2 ANk bR 60s P ) L ifn
Table5.2 The amount of bleeding of different materials in 60s

i C(g)

W WA IR g 44 0.2248

CS/Gelatin 1 i #4 ¥ 0.1153
20% MS58S/CS/ Gelatin - il #4 ¥ 0.0891
40% MS8S/CS/ Gelatin |- i #4 % 0.0543
60% MS8S/CS/ GelatiniF ifn #1 ¥} 0.0413

| | a il
(a) CS/Gelatin 1} i+ $ (b) 20% MS8S/CS/Gelatin 1t il ¥4 ¥}

.

.

' [

(c) 40% M58S/CS/Gelatin |EF K (d) 60% MS8S/CS/Gelatin 11 i1 #1 ¥

o ey
= L

(e) WRUCYEWReilg 4

B 5.7 AFFFIE LR R
Fig.5.7 The observation of hemostastic effect in different materials
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IS N v A

e BT AL A YEEBEMSSSH R A M LR, FEIRHMRINAES, et T
M HIK S, RIS, B pEE ML PiEE BEMS8S & B A, i B %
@, HUL BT A A R I BIMS8S/CS B &8 U A1 1 5 7 W RC e 40 Y R T B B 1
# Kbt Rg.
54 KENG

L Wbt E . MY MSSS 8, 45 5B AR R H il i
MS58S/CS B & £ fLIRMA —E /) Ll RE, (HiE iR MR B A UL R A T A 0I5 #E 3
 M58S MR EMLLHIA X, BERAMELRRRREIM: 842U R
B ALAE IS A B MS8S By AN, (b B (B R0 o REARE AN . 4P E
3 M58S & &4 60%HT, 1Emaffa) X 90 £, & K 0.4+0.02¢.

2. JEILH A A AR MTT L 65 5 b 7 i nd 60 75 BB RO 7] Ho ) MS8S/CS B
B EZIRHTARBENA, &RREAMBAEDHEEYELT, 1929 A4 41 Ml LUE G 6 15 R
EMERE, BERCRREE: 1929 pldF 4 M7e AR LB M58S/CS 54 % LI AT 32
PAKRE, BRSEEEAOEKARERBERES. BRHRRTERAREE YR
M., |

3. FFMS8S FOTTIRME O B B 20 ) o 7 I S S 400 20 A R o A B 4 1
sk mstel. KA SEM, FTIR. TG FRAE 7 i:xt bl #5447 R AF 301578 B g
Gt M EHEATEI L MBS, SRFN: BlEMEmHEH BRI ETLEH, T
FB A MSBS/CS BRI E A4 RFMAAY, BT —sE - mey 4 G,
AR BRI FLALF MS8S TR, ERMAERD, HHEOBEEHERS: 3
P B AL E DR B MS8S RAERBME Sl NERRESRE, B8 TH
i@ tioliod kg3
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WHIE TR H+ 2R X
BAE &XER5RE

6.1 FELL

AU LA REE MS8S MARBRAEAFRELME MRS, NMETH
EENEDERMENORA, FANEEREELNEOEEEN 2R, HhTRARE
g R LM RE, H—PELRGTRERFHENOESTE—8, SI&HTEHHE
PR FUARAR R, BT —RIEMUHAMET, BHNEELRE.

1. REF— B hibl & T A FL A0 4 8 MS8S, TEM REAHI &M A FL A iRT
BB M58S FLiE 35, FLB KA 5~8nm. BT KA T /M i XRD R 4714 4035 4 9 58 MS8S
PHEBAT T A, ROHHEFEMILEH.

2. R B, EAIFEREATEBOZER, X0 T ARTEN G ' TR
BOEMREAER. Y5RENEERNRBLAEE 0400, RN ZERLER
£, HERRESILMOR NS 2028MPa; FTIRHT M, EREHEPMAFTERY
BAE, FEEPHILT R T C=NEHEE, RUEFEZERE TR RN,

3. XA SEM. XRD. FTIR %A F B3 M58S/CS M AL TLHME WL, WHE
HATRIE. BRWOTF |

(1) SEM ¥ R F ¥ o T8 5 i1 & 49 MS8S/ICS B A TLEH K 2ILERM L LS
BB S . BHE A FLA S 1 Bl MS8S A BN MM, SILEEE EAATL
HFaokaRr, BELE Eahins, REBSAETERE TULAREBERTIAA
A ETE B MSSS IS E 4.

(2) d FTIR, XRD MiA%XM: REWMNEFERERGR, HIAT C=N L, R
B 2B BT RN, SAFLAEY SIS MS8S MA G, HAMPRN LI TR
FHRER, RAMEERSHEEHELW:; MSSSHICS HAF, MAM XRD i#EM
R ERE—E, L8 MSSS 1 CS FEEF —ERIHTLIER.

4. MS8S/CS H& LI RERN L. M EEZILIMAIFIKE., BE, TokE, FLEERN
HESHERTTT o8, Hid T AILETF MS8S X EibtERER M. £ REW: HHEML
LY M58S SRATMM, HEBILMATAKEMILRETR, dFMLET MSSS &
A, BETREEBROREE, TUREMENAEGHREERENLEYIEH A
M58S MFERMALLY); TRBMME B DMEHFHRERLT, BENILEDE T B
MS8S HIIAN, EEBILEMERENMM, HEERETE.

5. M58S/CS B & & LI Yy 1 A0 R AR PERRF 5 AL TR B LR A R L 7 Y MS8S/CS
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H &% ILBTE SBF il R 7 KE, HREMH CHA AWML, REMEHBASE
TWEE. EREEE ML WIEE B MS8S SR, ME XML CHA ki
%, R MS8S M, BESEIMIMPIRAAEDIEYE: AWRRE LR R, AXRERE
AR B P MR R AR, BARBEE M ILAEYE g M58S 4 Ay in, MS8S/ICS B
BRLBENMFREE — SRS TR, BRARLFR M58S/CS E4BILESAE BIFN
Rt

6. MS8S/CS H & ZALBMEATEIY L MAMMRFHFN, TELEMT.

(1) BNkl LR MALAEMBBIN MSSS, MR BIRARR 6
MS58S/CS R & ZAMBA —E H MRS, B 1M BRAARIAE AL RA LD iS5
4 MS8S MFERBM LA R, MERANIEOMRERR I, F4 HTLB00 R
b A LA A B MSSS S RO AN, 1k of B i b 0 AR . A TLAE SRR
B M38S BB h 60%E, 1h-fnfd i)k 90 ¥, Wi A 0.4£0.02¢.

(2) 381 4 B A LB M MTT L B R R 7 vt 4l 72 SR LA I EL 4 MS8S/CS
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