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H BN T58 22 3R 97 1 1 3 25 9. 9K i i R 18
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SSIad MY FE F B e Ep e i ™™ 1 IR
AT B/ LA ) A 2R T R 2 b i
FIAT b T % 88 B .

R SCABL A FH SST sk % 1) 46 970 8 Ttk i 1 e 4 )
KSR 5T BB ( AgSD-ACF) HI T 1 1 Uk F
5% SSI i T $/E 2 B0 0T 26 2 & 1 52 i, X AgSD-
ACF BURF A9 P AT 2 AE , W0 8¢ HG 78 A BUBZ Jik 1
1 4 i 7 T 4

1 KBS

1.1 SSIe#H

Staphlycoccus aureus ( ATCC 25923 ) #i
Pseudomonas aeruginosa( ATCC 27853 ) g H #i M K
AR W iR A BR 2 ) 5 5 SOME, B S BEJE 95%
B 186 mPa-s(25 °C 1% vk R /K 7 Wk , 55 B M
WRE 1% ) W B W7 VL4 e A W A e A IR W) 5 il
JHe WA WEAR (AgSD) , 4l B2 98% , W [ i1 b 248 1) 4k
AT R ) 5 g 155 E AR AT (AeSD 55 0.1 g/
g) Wy 8 ) 7R i 25 A R 2 5 oK R AR
A, oAl , W A [ 24 4 AL 2 3R AT BR A w5
CO,, B, 4l KT 99.9% , W A BT 4 T %
T SR R .
1.2 ZWH*E
1201 AN FR e R RSl

AT FR 5% B A K (asymmetric chitosan film,
ACF) 12 2 FE JZ ¥ n, Ho v 36 2 80U 7e B
W2 RE R Z AL RAEZ. Z AL BEE RN

HE1

HPP
o,

Fig. 1 SFE-500MR-2-FMC 10 system for SSI process

Stirrer

BE IV VR T 0 0k 1 45 G e BBV R E 1% (I
FUEG ) 9 UK I R /K 5 b, T ) 3% 1) 56 3R i
W3 T30 mL 72 BBEE WA A 90 mm K g ML,
TE 4 C K 20 mL ¥R A 2 mol/L il & & fL 4l
VS WLARI N B 3% LT 1k e 58 W O e 5 i FH & 8 1
KIE Ve e MBI 2 pH R R TR R £
FLAE T 2. B0 5T B OME 2 ) e TR A
2 AR B R R R K 30 mL 3 50 mL
1% B9 5% BB % W8 A 90 mm 85 35 I, 60 °C
T 6 h BIWT. 5 i il & Z4L2 8 TR R L
s 2 RS ,40 °C F 225 T4 12 h, 15 5]
AN KT R 7 B
1.2.2 HIG SRR B2

SSI 3 #2 5% | SFE-500MR-2-FMC 10 System
G S % B (Thar, ) & 1 R, ZRGEE
F&—A~ 100 mL /)5 R 48, HR AR I S 803k
TR, RS R £0.1 MPa, I8 R B R
+1 C. BRI AARA T 259 AgSD & T
FE48 VRHES, A 25 9 ik 5 i R 48 N SC-
CO, 1A, AKX FR7E TR ACF 8 40 (0 2 B
TriEE PR L, 52598 B M. CO, |
B HE A IAZS HEL B2 0 CAL , B mEHR
I B EAE R 7, FE e A28 HE2 Hii 2 S0 i
G, A S IR ZE VB ey 60 1/
min. 2 N (R B A I E n A, R i v R A
VAT R G0 B WU ) R S R — 2
it [E)fdi 25 4 78 SC-CO, F1 ACF 2 [A] 3k % 43 fic °F
i, 4T ¥ 48 T UE I B sh 2 JE I ABPR L 3
MPa/min B 830 . 52 50 45 05 HCH A 5 2 AT
PERERAE.

Bo ..
AR

e

HEL: heat exchanger, cooling bath; HPP: high pressure pump; HE2: heat exchanger, heating bath; V. high

pressure vessel; ABPR: automated back pressure regulating valve; P: pressure gauge and T: thermometer

1.3 GIEHAYANRERERER
1.3.1 AgSD-ACF JE 5 K 45 S itk

AgSD-ACF Wy JE i 0 1 # 2 T % B B2
(Sirion, FEI, #if 22) ¥ 47 R AE. 8 H i 2 417 K

AgSD-ACF iy [5 € T4 iy 5 1, BE 42 40 7 60 s
Ja BT T WA IR AL 45k
1 X5 4R A 5L (X Pert RPD, PANalvital, fif
) BEAT I %E . Nifiltered Cu Ny #L4F, R Al Kee %
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SO B 40 KV, L 40 mA L2060 ff 5
N 5°% 60°.
1.3.2 AgSD-ACF #Zh i

AgSD-ACF Y 2 24 5t i H] 43 D' 't 8 vk
¥ 50 mg () AgSD-ACF 12T 10 mL 10% ( JE# )
SR P, B AL BE 30 min, ffi 254 AgSD FE 4 H
AR AW B S T 264 nm AR I OB R AR
P b v i 2, 55 2 A0 AgSD iR 2=
(drug loading capacity, DLC) & X & 12k 19 AgSD
B BR L ACF &

1.3.3 AgSD-ACF W /K &

AgSD-ACF #:  FRE (W,) JFR % T pH 7.4
WETR #h 2% th il b, 159 A 58 A T K IS B, 1 P g
AKX BRI Z RAK D FFRE (W) A4 T X
T K & (water uptake, WU) .

(Wz _W])

WU (%) = x 100% (1)

1.3.4 AgSD-ACF /KZESBBEHER

AgSD-ACF /K € R % % # &K ( water vapor
transmission rate, WVTR) I8 ASTM E96-90 #5 i
2 . e SCRRARE ", AR B R 5 018 238 8 A
35 C, EBeha e b A R A T 22% ~49% =
[A]. 2 3C AgSD-ACF (/K7 LB 1B B AR AF (35
+ 1) CRFEAT, FFA8 P 0 58 A 8 V8 W A4 4 B
AHRS AR BE (35 £5) % . HAKHL, 10 % 35 T 1 2.8
em’ MBBEMRPIIA 6 ¢ LB T K, ¥ AgSD-ACF
B TBEMIT ARE . I E B B R &
B0 BN % AgSD-ACF /K 285 i f , o 1 52
I 15 9% 3 A 1 AR AL R AT 45 31 AgSD-ACF (Y
KRB BEEF. WVTR 1K (2) T84

24m
TR = ==& 2
WVTR AL (2)

2 K ] T 7495 32 46 0 025 A B ()
At I DD (h) A 326 AL (m®).
1.3.5  ZURAMRIOT M

AgSD-ACF Tk SN 1052 36 5 JH Frana 3 i i
VEFT. BEE AgSD-ACF B 1424 10 mm 3% H
3T Frang 8 3 Mt 45 % R BECS 2 06, BL B0
TR0 e 243 2 7L B L B
Job 0 28 25 0 B 2. Frans 1635 1 £ {628 55 P45
L1 I, B AT 6.5 mL pH 7. 4 B AR 28 v
VL PV 3 56 P AR E 5K 5 YA 4451
JEET 35 C K MR S5 o I — B
] 45 B 0 1A 19 2 i 4 T 4 A7 AeSD 1

o, I AR R O RO
1.3.6  BORHM G TERE

AgSD-ACF #)) B& P 66 3 4 M %2 Staphlycoccus
aureus F Pseudomonas aeruginosa A= & $E17T 7% 2%.
B P AP 40 R AE Luria-Bertani (LB) 534 vp 37 C
TSR 8 h 47 iE AL, 15 4k )5 7E Tryptic Soy Agar
(TSA) -l - 55 5% 45 21 B0 5 7. Pk IBCEA T v 4 b
T 5 mL LB ¥y g4k rp 37 CFEIRIE R 8 ho KA
W B 10 £, 200 L 9 A5 T TSA A, S8 5 K
HAEHN 10 mm [ AgSD-ACF & TPk |, F 37 C
R 24 h, Qi E AgSD-ACF 4R & /). [ i B
25 1 ACF VR B M XS BR.
L.3.7 kit

R T2 WIS A2 OB X 11 A A
VER AR 5256 b i ) 300 ~ 350 g 9 SD ( Sprague-
Dawley) K BZEATsh Wi, 203 6 4, Horh 4
A3 HEH 1.5 mL 3% % I H 22 400k R BRURR IR
PRI E L, B LA HA 10 mm 272, M5
B g A S T 0 D Ab T2 A AT AL
AgSD-ACF F£ 5 B 42 10 mm , 25 [ % 1R g 3% 38 A
b XS BB ACE, FH PR % B8 Dy 1T B AgSD 24
BT ARIEH 3 R, 7 KA 14 KWEE KB
J A 1 A A AL, O IR (3) I A A
% (wound contraction) :

o =S,

x 100%

wound contraction (% ) =
0

(3)
2 S, K BT IA 15 1 1A (em®) LS, 5 n R
ol 005 10T AR (em® ) T A7 52 38 35T 0488 4 22 i VT
KA 3Py v 0 1 A% AL HE , I 78 i T4 3)
Wy S B 0 B M 2 o MR AT

2 #RE5iTR

SSI jf 2 # H SC-CO, 24 Y MBS =3
Z M EAEF A A ZBN RS R A
SCLAFE M N R AW LT, BEHE AgSD 241y, % 4%
T SSI g A8 rp B 4 S5 10 X 2k 2 5 0 52 ), X B 2
Tl fle s W R ) AN T R 7 3R R R S AT T RS
PRT T AR BORE 7 18 A g
2.1 SSIRBUEESGHXNBEHENEIT

SSI i # Hh 25 ¥ 75 SC-CO, v i % i & . CO,
TER A i I DL K 259 5 R A W A EAE
5 BREAE R A B H VR R, 8 o B o
TR B ERAE S H0T DUV 95 25 W 18 3R 6 25 0T vh 1 1
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B, DT A2 45 24 Y 5 SR . AR S0 SR AN (] 56 28
BE &L (30 mL A1 50 mL) , & J6 il #1521 1 8U%
JEJEEE 530 R 65 wm (ACF, ) A1 125 pm (ACF,) 1Y
PR AN FR e SRM RS 5T, i ) SST i F2 K AgSD
TR B, H 8RB R ERAE S BT 2 =
S

HAEME T ACF, 45253 B Y = 5t B A,
Kl 2 Fr7R. 7 20 MPa,50 °C 18 MPa,40 °C 4 {4
T ,AgSD-ACF, 2y &AE 1 ~3 h [N Z kA
KLU AE SST s #2 i, AgSD By Zr LKA 76 1 h
23R B, 4k B2 A8 KR T3 I [R) R 23 48 i 420 o
R T ARIE AgSD FE SSI i #2 v 38 43 35 B 43 Bl V-
JE LR R BEFE 2 h. S AN S T R
AR 4R AE 25 F T AgSD-ACF, 5 AgSD-ACF, #;
2y FEARAH TR , 28 W B B0 2 J5E B X 2K 2Y i 52 )
K.

8
—0—20 MPa 50 °C
P —— 8 MPa40°C
L0
2
.g o— 4;\); %
o
8 4+
o
5
k]
1=
o 21
=
A — 5 e
0 1 1 L 1
1.0 1.5 2.0 2.5 3.0
Time (h)

Fig. 2 Determination of impregnation time for ACF; matrix

TEMC RS b, %6 T 72 )% 40 ~70 C k)
8 ~30 MPa i [l Y, 24 12t B IR 5 A g 1 22 k.
H T 3 AT UL 7 R T, 2y BB R D O o
B, SRR > 1 20 MPa I 3K B R K. X T
TEAA TR I 2 T, TR 3 B AR, BB TR ) T
AgSD fE SC-CO, % i & 34 i, [ Tiif B SC-CO,
PEA 7 R ME Y AgSD M £, fr A K 25 e
S SR B A D 03— A T 8 SO I
BEE AgSD 35 B 40 A, ik i, T O B,
AgSD H 5 CO, kit & TF 5 & ¥y 3k Bt , M\ i 3
JILT R A BRI S A 2 (1 B e e
Z&. —J5 I, i Tl SC-CO, BT Fe, 33
VA T AR R R B 5 O — D T it JBE T v A A T
P8 LRI 28 7 T e 9 R O O EL TR TR R 2
SR SR 0 R T X T A R S R o A SR W

JR YT R AR LT T N R B EAE R 32
i YL 2 ) 78 et A7 7 B AR A

Drug loading capacity (mg/g)
W

5 10 15 20 25 30
Pressure (MPa)

Fig. 3 Effect of operating pressure and temperature on

DLC of AgSD-ACF, with the impregnation time of 2 h

2.2 AgSD-ACF MgeERAE

25 R R Rl 2 1T 2 5 6 45 ok
FERUK B B R . 0, WS T 5 F R G
R i JBE £ T8 57, 5 56 BT ACF 1L R ¥ 3 U (20
MPa,50 °C ) #8254 0 B 75 BB I8 7 SEM 1 P
4 B AT LR B, 22 FLIE o T2 4 M T
SSI jot T 4b B 22 I , 5% T MBI 550 G 99 4 4k, {1
T 2 I B TR SST 7k o) 4 2 2
OB 3 B2 o, ORH A0 B 45 R 25 3 7 T 1 4 9F
HEAT 38 3ot S0 R 1 45 7 2k T AR — A5 7
A 24 BOR 00 P B AT 843 4 30 Bl

AgSD JEURHZ4 FI 2 24 B 72 BORE I XRD 3% 4]
AP S . S P R (a) BT (b) AT L% B, 28 SC-
CO, AbBIJG , ACF, 45 & 1 6 W) 8 745 fk , 152 9] SC-
CO, M FETAHLE BAER AR K. 254 (b) . (c) A
(d) 785 AgSD H 2 # # F) ACF, )i , % W]
SSI it it th SC-CO, Vit 3 HEAF AgSD ] L JL 3
Wi ACK [ A0 P35, AT 52 B0 28 R 10 L g 2224

¥4 2 B BRI 19 B RS T 1L AR
OB 2 R R 80T B K FKZE S8 B
FAR 1 95 . W % B0 IR IR BE [ RO, oK B
We 3 i T 2 ALIZ I0FL IR R T 80% 2 M R
7 TR 7L R WOk T i T o R
4 2 50 J2 0 L 1 0 K B T e 5 T
FF i 2 0 2T B, A0 ) B ] g 7K 25
BB R KIS E R AR WL,
A5 ACF % J2 5L 1 7T L 8 26 1 % /K 4k 1L 3%
KR I 3B R AT 7 19 4
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Fig. 4 SEM images for cross-section of asymmetric chitosan film before and after SSI process: (a) ACF,, (b) AgSD-ACF, processed at 20

MPa and 50 °C, (c¢) ACF, and (d) AgSD-ACF, processed at 20 MPa and 50 C

‘ ‘ l ' ' l l | d) AgSD

¢) AgSD-ACF, (20 MPa 50 °C)|
b) ACF| processed by
SC-CO; (20 MPa 50 °C)

1 1 1 1 1

10 20 30 40 50 60
20(°)

Intensity

a) ACF,

Fig. 5 The XRD spectra for different samples: (a) ACF,
film, (b) ACF, film processed by SC-CO, at 20 MPa and
50 C, (c) cross-section of AgSD-ACF, processed at 20 MPa
and 50 °C and (d) AgSD powders

Table 1
MPa and 50 C

Physical properties of AgSD-ACF produced by SSI at 20

Thickness of dense wu WVTR
Sample
layer (wm) (% ) (kg'd_lm_z)
AgSD-ACF, 65 736 2.5+0.2
AgSD-ACF, 125 531 2.0+0.2
2.3 B

T WSR2 e OB R AR A BEAT S, AR S
K H Franz 3838 WAL B kA5 1. 40 &1 6 BT, 7
AHTF] A A R EE TR (50 °C) ,20 MPa T il £ 1) 25
2 5.0 mg/g 1Y AgSD-ACF, Bk % ,1E 10
h P AT R 2. 7 mg AgSD ;i 8 MPa ¥ il 45 10 4 24
1.0 mg/g () AgSD-ACF, BEHOH X 87> ,10 h

ALK 0.7 mg AgSD. 454 4 2 1t 43 1T, & BBl
LR, AgSD-ACF, (9 B o AH REHE A
LR T 6] S . 55 A, A ) 458 A 45 1 R A 4
AgSD-ACF, I AgSD-ACF, #fl [t, th T 2% 24 & A
AT, B G W R 22 5, {3 AgSD-ACF, gk &
R Rc18 . iX 2t T AgSD e 8UH JZ P 9P &R
o /N T AEZ ALZ I B8R 2, 78 B 90 4R
BrBL, ZALIEH Y AgSD Rl B L B T, B A 2
IR AgSD ¥ HLE Z LR — B B
T L B S R i A
6 TJ A1, AgSD-ACF {AR ) B ik v I 4 38 K 28 ¢ B
G855 XRD 45 R0 H, 254 F 500 A fE AgSD-
ACF WHR, HAE ACF REUHE K Z ALIZ 210
Aii . AR S 25 AT ) o B 28 24 e SR I B T iy
BE 10 h DAL 3 A 4 H 0K D7 T A

—>— AgSD-ACF (8 MPa 50 °C)
—A— AgSD-ACF (15 MPa 50 °C)
% 3 | —8—AgSD-ACF, (20 MPa 50 °C)
E 7| —o—AgSD-ACF, (20 MPa 50 °C) .
o ~V—AgSD-ACF; (30 MPa 50 °C) ___ gm0
& ==
2 .
(5]
w 2r A
5 /B/
< = - e
B /’/ P e
3 v ————B
S | JaFF —b—
—
@f': ol
0 L . . .

0 2 4 6 8 10
Time (h)

Fig. 6 Cumulative drug release profiles of AgSD-ACF

produced by SSI under different operating conditions
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2.4 {ESMIE

M PERE 2 0 1 BORHPEBE Y =R AR 2 —.
AR 250 SR FH A0 T P8l 1 28 8 1 4 2h 52 SRR IO P b
WL RS A IR i B0 TR A R OO, 25 R
2 PR, B2 5 BOME N & i A A R A
( Staphlycoccus aureus) Fll &g J #T B ( Pseudomonas
aeruginosa ) YA B 5m B9 HIAE . —fm 5, AH [H]
R SR 5 W L 5, 30 T L B 24 W) B R Y
MR X 22 2 v A 6] 250 % 2 )5 B2 9 1S ( AgSD-
ACF, B¢ AgSD-ACF,) , M & Bl & DLC 840 4
R T T A ) B0 2 )5 B2 B i, AgSD-ACF, f 410

T B B AgSD-ACF, kX 2 [N oy 3 % 2 82 % 19
ACF, JBE B¢ 5 , 76 DLC AH R B9 1 00 F , 206 10
YRR L. T LUE Y, 22558 SO SR AT
940 B R W A T A S A A R, X R
Tl e 5 e 245 25 90 X 2 9 A 4 o A
TH LR . AN, X S IR 7 R
B E 4 B 000 25 BR A Y- M 3 B AR T R A
10. 5 mm, [ 76 43 e AT B AR 1 0 R0 B 42, 5
VI 3R 5 W 56 ot A B X6 4 00 4 2 3K AT () A s 2L
ARV 3 R T BB A Y P B T R
i 35 ki

Table 2 Inhibition zone diameters of AgSD-ACF produced by SSI at 50 °C and different pressures

Staphlycoccus aureus (mm)

Pseudomonas aeruginosa ( mm)

Pressure of SSI ( MPa) DLC (mg/g)
AgSD-ACF, AgSD-ACF, AgSD-ACF, AgSD-ACF,
8 1.0 11.0 11.5 11.2 11.5
10 1.6 11.5 11.8 12.0 12.5
15 2.7 12.0 12.8 14.0 14.0
20 5.0 14. 8 15.5 15.2 15.8
25 3.4 13.2 13.5 13.8 14.2
30 2.0 12.0 12.5 12.5 13.0

2.5 ik

AR SCH) FH 4 9 9720 AgSD I A X R 52 2R A
i 2 58 7 1 sl W e Bk A A el R R A A
FH. BEBEHETE SD K BRAE A B R Zh ), 5 58 i 20
FUME R 2s (X IR ACE, 4 FLAE g B i R, 7l
AgSD 28 4b BEAE b A XS B 40 7 B R, M T
G IR P P 2 24 58 R O LA s 1
(IR e Sun S R RS R T E R D (W ORI S )
A8 2 52 JROBE X 45 O A A B — 2 AR AR
FH.20 MPa 50 C Fifil s 2k 2554 5.0 mg/g Y
AgSD-ACF, SR £ 0 @ A R E T 8 MPa

100

Il Cotton
I ACF,
B AgSD ACF, (8 MPa 50 °C)
80 - mm AgSD ACF, (20 MPa 50 °C)
[l AgSD ACF, (20 MPa 50 °C)
[ AgSD ointment

60

40

Wound contraction (%)

20 -

0

3 7 10 14
Time (day)

Fig. 7 Wound contraction of SD rats using AgSD-ACF

produced by SSI under different conditions

50 °CF #il 4 25 1.0 mg/ ) AgSD-ACF,
Okt , 72 W13 2505 11 A 2R TR [
N ,20 MPa 50 °C |l %5 19 AgSD-ACF, 5 AgSD-
ACF, i T 2024 B AT X 05 11 A 2 00 412 1 40 i
AT 7545 th 12,20 MPa S0 °C F 4l 4 19 4%
R 5.0 me/g (1B 25 5% B X 3 1 45 10
JRAEAE T T 7l AgSD 2575 , % 5] AgSD 24
B E U, IR L AgSD 255 v B , K it
A TR Tl 2 003 1 4 80 A,
TR AR R B 07 11 Ok U AR A 19
FWE .

3 #ig

FIH] SST it F 0] LLKs AgSD i 4 %] ACF K5
b, 38 I Y R 2 B A B AN [ A2
AgSD-ACF UL, I Hf i sk 28 ACF i 80% )2 1)
JEE BT DA SE R T WK AR 728 KB E R R B
(4. AR ST TR 1) 245 40 e i 3 R TR Tk e X S 3
2y i UIM OC, AgSD-ACE UKL XS 2 i AT T4 7Y 41
VR a8 1 4 i e A BRI il b &g
KEY AgSD-ACF BRI 4 11 A A %R 0 4, o] 3k )
Fi Mk AgSD 257 iy R8CR . A SR SST J7 i il % 111
A AgSD N X Bk 7 2 Wl B MORL, i 78 v oA 8K
LT AT ALV SR R R e AR A 2% 1, AgSD-
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Preparation of Drug-loaded Asymmetric Chitosan Films towards
Wound Dressing Using Supercritical Solution Impregnation

Chuan Tang, Yi-xin Guan® , Shan-jing Yao, Zi-qiang Zhu

( Department of Chemical and Biological Engineering , Zhejiang University, Hangzhou 310027)

Abstract Supercritical solution impregnation ( SSI) process was applied to prepare asymmetric chitosan films
(ACFs) loaded with silver sulfadiazine ( AgSD) suitable for wound dressing. ACFs with different dense layers
(65 pm and 125 pm) and porous layers were first prepared using solvent casting and lyophilization method
respectively,and then AgSD was loaded into ACFs using SSI process. The effects of impregnation pressure
(from 8 MPa to 30 MPa) and temperature (40,50 and 60 °C) on drug loading capacity ( DLC) were
investigated in detail,, and the properties of AgSD-ACF were characterized such as morphology, water uptake
(WU) , water vapor transmission rate ( WVTR) , in wvitro release, antibacterial and animal tests. The results
showed that DLC of the AgSD-ACF increased with the elevation of the pressure and decreased when the
pressure increased further; while the temperature affected the DLC in a complex manner, and the maximum
DLC was achieved to be 5.0 mg/g at 20 MPa and 50 °C. The in vitro release study indicated that the AgSD-
ACF could prolong the release of AgSD to beyond 10 h under a sustained manner. The water uptake and water
vapor transmission rate of AgSD-ACFs could be well adjusted by changing the thickness of the dense layer.
AgSD-ACFs had a remarkable antibacterial activity against Staphylococcus aureus and Pseudomonas
aeruginosa. The result of animal test showed that AgSD-ACFs could promote the healing of the wounds in SD
rats. The supercritical solution impregnation method makes it possible to fabricate drug loaded polymer matrix
without using organic solvents and high temperature, which provide a promising way to prepare drug loaded
films for potential applications in wound dressing.

Keywords Supercritical solution impregnation, Wound dressing, Silver sulfadiazine, Asymmetric chitosan

film
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