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Construction of Chitosan with Oriented Porous Structure for
Drug Carrier
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Abstract: Chitosan(CS) scaffolds(CS-RC) with radially gradient changes in pore size were prepared by modulating the ice
crystal growth process, based on the role of temperature changes on polymer conformation. Results show that the temperature
gradient difference in the outer edge region is larger than that in the inner core region at low temperatures, and thus,
modulation of the ice crystal growth process can achieve a regular, controlled morphology distribution of the internal pore
structure of the CS-RC scaffolds, with pore diameters ranging from 100 pm to 140 um. The physicochemical performance
evaluation results indicate that the CS-RC scaffolds possess good moisturizing properties and mechanical properties, stable
degradation properties, and a high porosity of about 88.8%. Additionally, compared to traditional low-temperature lyophilized
chitosan scaffold materials, the CS-RC scaffolds exhibit a significant increase in drug loading rates and encapsulation rates,

increasing by 8.4% and 15.9% for the hydrophilic drug alendronate, and 4.8% and 11.5% for the hydrophobic drug
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rifampicin, respectively. The drugs also show a stable sustained-release process and an effective, sustained release cycle
within the scaffolds.

Key words: chitosan; porous scaffold; freeze-drying; ice crystal growth; drug carrier
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Fig. 1 Mechanism of ice crystal growth process in CS solution under different freezing conditions
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152 o om oo T ¥ M 5538 %

SE R VR ST WA R e R S AR b 2 2 R R
22 RS

FEVK A R AL R, 52 SME 5% AR e Bz Bl 43 TR BELAONE 74 4628 K, 43 F 5 01 ) ) A A
BRI, XA —E TR L SECRE Y THEM M G & A28, & 54 ) s i BEAIL 53 A5 1) BE A 3 A
GARAS o TR, 40K b 78 5 BMEEE I 1A 2 rp A R, KRR AR A ol A rp 2 T LA — s HB ) ) [T £ s ], A
MAETHE)S BB T AN B FLEL . &l 3 fif 7R A CS-GC., CS-IP il CS-RC 3% 3 Rl Sz B IE B . 3 Fh CS SZ 40 E b,
FR A ILES) 2 PR B (K] 3(a~c)), SCAR PR E S B 2 FL Y = k45, LR Z A B . Hidh CS-GC X4l
TS PG IRDE LI, A8 b CS-RC SCBRAMA TEM I —, SCARAYFLIRES # R A S 0 e A R 09 2 A (B 3(d g4 )
CS-1P SZ B4R PR KR4 A — 1 2R S50 (K] 3(e. h. k). CS-RC 248 Py 52 B0 R /NAS 3 — i £L 3,
TSI S RO 3 B FLAIR HE B 55 S B850 G538 o0 BTN gi s, AR5 4 11 5 % o R b B AR Ak (181 3(FL L 1) 3X
JEH TGRS, AR S R, ERE LR T, 58 SRME SR I AS RIS AL 9 oK A A HE RS TR], A b
(8 300 253505 43 RE 3 T TP A3 BE T B bR, SCf AR SR R R OB R TV 2N R, AR ZRR, WOMTE L
O T4 N % U = T Y R N P o R R R (VA M B T £ 2/ N Q538 3T S Y 3 SR L N 4
Je I A R TR THAE VK, FE CS-RC SZZR I L T 48 1) FLAR S b B AR A I 254, FE AR 13l U SO AR 2%
P EBER A 1 A% FC S5 4, A T A A 25 W B8R b b B 4 b A 1 245 4 F

CS-GC

CS-IP

CS-RC

hg ¥
Exterior 100 pm Extefiot 7 < 100 1t

K3 CS-GC. CS-IP #l CS-RC 3R (a~c) KU HE 5 (d~1) B BT 5 (g~1) DOHE WAERIA 5 G~1) FHi L BEIA]
Fig.3 (a—-c) Digital photographs, (d—f) biomicroscope images, (g—i) Fluorescence phase contrast microscope images and (j—I1) SEM
images of CS-GC, CS-IP and CS-RC scaffolds
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Fig. 4 (a)Porosity of CS-GC, CS-IP and CS-RC scaffolds; (b)Pore size of CS-GC and CS-RC scaffolds; Pore size distribution of (¢) CS-GC
and (d) CS-RC scaffolds

SO K AR o X A] REJE T CS-RC LR TR R 100 ¢

AL AT K S8 T WA ELAT B 0 5

WA A, T L 6 0 B 2 R — 5 55 fd——
HE— 28] T £ R 2k KR R HE ) CS-RC = csp
SRR R I R HERE < f

25 SR z

CS-GC. CS-IP il CS-RC 37 52 ()37 J3- I3 A5 H1 25 | 0 5 10 . 15 20 25
L F 38 I 0 ECHE 23 39 40T 6, b, ©) B . CS- ’ e
GC. CS-IP Al CS-RC 3 5L b KL F 45 55 50% I 4 . % 5 CS-G(?\ CS-IP Fl CS-RC SZZREII K %
" Fig. 5 Water absorption rate of CS-GC, CS-IP and CS-RC
P38 JE 43 o0 213 166, 202 kPa, 7 F& A5 & 43 51 scaffolds
#7383, 284, 363 kPa, I EFAFEKN EEREH T
N FRZE R AN A . CS-GC S22 (1 FLBR Z5 ¥ HEF B I35 — , A2 2K 32 H1 J1 B N 7 43 A 2 35157, DT 2 80 H o 1y
FBT 0 5 PN 5 B RS M R CS-TP SZ 2R, 78 12438 1, AN 39— B9 LB ] B8 5 200 1 45 v T FE LB X 4,

400 [ (a) 250  (b) 400  (c) ok

< 53 <

%300- 2200 2300}

9 o E

g 2150 E

Z 200 £ 2 200}

2 %100 @

< L =

S100f £ 50 5 100}

S 1S) I >

Q @)

. . . 0 0
0 20 60 80 CS-GC  CS-IP  CS-RC CS-GC  CS-IP  CS-RC

40
Strain/%
6 CS-GC. CS-IP FIl CS-RC 3ZZ2AY (a) Dh1ml Fe 4 b - AR FHER, 50% JR 45 M AR X R 1 (b) HTHESREEFT (c) DA o &

Fig. 6 (a) Axial compression stress-strain curves, (b) compressive stress at 50% strain and (c) axial Young’s modulus of CS-GC, CS-IP,
and CS-RC scaffolds



154 U ofe o=

538 %

B 32758 BE R I CS-RC AR T AR B0 W] LUAT RCHRGT AN I T , 100 PN #8445 K49 DU A ) 323 OVE

A L SN TR = 2 LN AT
2.6 {RINBEREIERE

CS-GC, CS-IP #ll CS-RC 37 Z21F PBS HiZ il —
A A N RSN R AN 7 s o 3 Fh S SR RE S A
951 AR T MR, B A B R Y 20%.
b5 3 JH, CS-GC LR it A8 fbita V-, CS-RC L4
(R A 1 R it R B 1k CS-GC 4, 22 J S 2R A o
WA T 2%« HEMRAERI LG B B, AR 5 R fi
A0 T 5, A B ) P A RN S A S
PR TR, $%, CS-RC SZ A T Hh 45
LRI, ARFF B R A T3 5 FIVE H, I
TR A3 2 R R A 1 R M A X — Y B
1) RS SRS IR T CS-GC S48, 1656 2 J8 2 Ja R A
JBi % iR S B8R 4Y, CS-RC S HR () H B 4y
LR R K, W Mg R bR, 3t 5 A I 4 i

30 CS-IP

[33
(=]
T

—_
W
T

—_
(=)
T

Degradation rate/%

W
T

CS-RC(t=0)

CS-RC(t=28d)

0 7 1.4 21 2.8
t/d
[#17 CS-GC. CS-IP Fl CS-RC X Z27F PBS T HIIASIMAR R

Fig. 7 In vitro degradation rate of CS-GC, CS-IP and CS-RC
scaffolds in PBS
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