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Sustained Release Properties of Acid Resistant Carboxymethyl
Chitosan Gel Microspheres Loaded with Anthocyanins
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Abstract: This study was aimed at broadening the application range of chitosan hydrogels and constructing an edible
anthocyanins (ACNs) delivery system. The acid resistant carboxymethyl chitosan (CMCS) gel microspheres (ACNs/
CMCS-SA) loaded with ACNs were prepared by inversion-phase emulsion method. During the process, corn oil was used
as continuous phase and salicylaldehyde (SA) was used as crosslinking agent. The structure and morphology of
ACNs/CMCS-SA were characterized. And the stability, swelling ability and sustained release properties were studied. The
results showed that ACNs/CMCS-SA had a micron particle size with smooth and round surface. The gel microspheres
showed good acid resistance and pH responsiveness during swelling and sustained release experiments. The sustained
release behavior of ACNs conformed to Weibull model. In pH7 and pH9 media, the release process of ACNs was controlled
by a combination mechanism of diffusion and skeleton dissolution. In pH3 and 5 media, it was controlled by a combination
of Fick diffusion and Case II transport (order 0 grade-swelling dependent release). The preparation method of ACNs/
CMCS-SA was simple and green, and the sample exhibited good gastric acid protection and intestinal release performance
for ACNs. Therefore, this study lays a theoretical and experimental foundation for the development of environmentally

friendly drug encapsulation materials and the application of ACNs.
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1604 (anthocyanins, ACNs) 26 H = - SHE LU
LS ST R — RSB &4, B bk,
Jeg S 2R AR BRI REN T, AE R L RS M A R 2
SR EAA )RR N AT . ACNs 35 H/Mg g
A I, i T W R RS M, 3O ) 22 0
pH. &S R 5L, 78 B Akl R b P ),
N7 AeYa EE L N SR e U el AU S YN S L AW N o2 it
FH, LA 0.005%~1.2% 1 ACNs B W7 i 2] 1ML 7%
Halel, PR, ARIE ACNSs A8 T Ak A R i A B 32 /i 4
fitt, T HERS R St 2 il Hh AR Sk

P21t ACNs ZE Wbk AR 2R, WK BERLT) . BB BT
PRI fh e e ) A5 R v HoRR e MR A RO vk . B
JARA B RG e MR 2, RV A7 &) TR 4 | Tiiteg, A
Jigp il e e g g, B T R FHN Y SO HE PR REAZ
il S ks 2, O P s 55 TR AZ BT ACNs
PR e EN Y, ST SZ BT ACNs S5 BERS 43
FFK X 2 RE ST VL AL R, K &R HA — 4k
L5454, o YA A S BIE i, HAT K RE AN
Z LA, A ik e A MERRI R o KR ARk
TE MY Ik 2 FLAREE I RE S I 38 HE K ACNs 9 FasE 1k,
37 °C fifif¥ 30 d J& ACNs AR-TFEFRN 31%, MAHIE 25
R W P ACNs 3R B R0 2 5 504, —F
B A R Ik BE B AR 1% B 5 ACNs A [H] B8 3R 5%
K", Na'lA K Cu vt ks MEfE; HL7E & 2L 16
2 72 h, BEI P ACNs AR B K i /= N 81.69%+
1.71%, MW P IEES ACNs B EE FAUH 17.73%+
2.85%", IRIKBERAR R ERREHE = ACNs R
PERE, {H I £ o R v 24 0 7% 3R o Hb Al A VR SRR
N ZNESEPIITT, H TR 24 N 2 A AN A

PIAHZS P A& BESR, T A 4T 2 A i X A R %)
TAEOH RN R ICHE L, SERPEILT K BER
A VR 20 B 5 R R R G F) A B AR 2T, S SR
ACNs W RAR R, DA MR, HARME W2 &
ACNs [ #FEE PERE, JTREEL pH e R REN 7.
{HFE MR R 22, 30 5 AR 55 A Re
TR, BRI T 5E SROBE R I B 7K BE I i v 5 e Ah, SIE.
NESRAEPR PE ST N ANERE , pH<2 BV BB WY, &E
JREI e, PRI 1k 76 ROV 5 SV JHe I 8 JSE 0 12 TE 5 IR 2%
PE S

W 3572 B HF (carboxymethyl chitosan, CMCS)
SETCRBHR P A=), KO T 7S 58 0, HA 2k
YIARZS R A W R f ), T rb o 2 R RE RS
S REAAG W K A T SRS SE R K BRI
CMCS 73§ BPRFEAER I E S B b 22 5t 71k, 731
HEAE P FERRNE A BT 1Ak, J T HEIcas 4t e
JRekS e e, AT B DR T MV B W 2R Y BE AN
RSB I, 7 REETERRTESRAT T RN HE . B
THOBR I K BEE I — AP IR TE 2, AN TR IRUBE rRRL
A, A ERLIRIAY T R e 2524517 FhRgs 245124
HAWETEN U, HAEARTR ST 55 2 g LA
WS, S eSS SRR KB 1 N VS S, A4 n]
EJHMY ACNs %A R, SR BUHZLIRIE, BEPEAEY)
LA PEREEIT1Y R SR /K 4% 1% (salicylaldehyde, SA)
TAEER, BN A IELEAH, il T2 ACNs BRI
FESEIRBEEEIR R (AL WA 1), IFX SR E
HE . Fo e P RE . T Ik BB HE AT PR, DA A
CMCS I PEPE BB = BEE I Fa e PERE, I 7R
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Assembly and swelling mechanism of ACNs/CSCM-SA
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1 MRlEREE
1.1 MRS5S

B SST R CREUE 80%) _ifgiiiEdy
B A R T; KAGEE(98%)  43Hrali, JbatBrHinsl
BIHA BRA R ToRIM HoARARIG T & B E A BRA
] AR BUA T (BB (4 B 25%, R4%
R-3-O-H A BT/ EK 6.5%)  PHLEERAEY) T
A PR BTAE A F 5 8 4 35 -3-O- 4] 25 B3 1 b o i
(>95%) ali, Ligbrhr T AR IO a BRAS
Hl; WER AR . TOK R VKESTR . STk . Jookak
BRAMN . WEIRAN . 7R 80 Afirall, R Ak KAbFik
FIA R E] B 4N Sirdrat, R a5
AN HRERIR AT, KRR A R ]

FA2004N UL TR Rk EREA A E R
25l PHST-3F #USEES == pH I LB ERRGANERT 5
RCT basic # IKA #S1m#gisles L ROM)HL
A RS is5 BUYE AR F LT /NG 38
PR RENHE P ED AR F]; UV-2600 BRI ELHAT
WA R TE Bl (P ED A R A
TM3030 B 5 FAHHEEE  H AR S HSr&#
Fe ARARFT I s TD3000 K X-FHERAFHHMY PI4R
A IA R BRAN T 5 SO0 BULN AL E K Zeta HE A {X

YEE T RS ER AR AT

1.2 EWHE
1.2.1 EERHEREIFS  RAHRAHZLIR LD #&5E
JEEAER

CMCS-SA Bl & B 15 mL K3, IIA 0.6 mL
iR 80, FE T #% J1 45 HE 8 min, 7% 1500 r/min.
A 15 mL 1.0wt% 19 ¥ 7 352 BHE (CMCS) /K%
W, TEINEREE 2 d/s, i imse s k2t 10 min, 4%
SERNA 0.6 mL 7KAZEE (SA), 2= 7R N wE S 18i 8 1.5 h,
FeHrACHR . SRIETE LR FLI I 70 mL JEK 2,
B, ZEVKOK IS % FL 30 min, 553 1500 r/min. .05,
PREBEEEIZ, FIOK CBEEGEU 3 IR, 1SR 5 R
M- 7KAGIE I FER (CMCS-SA) o

ACNSs/CMCS-SA il £: FREL 0.0700 g WzsHe
B T-85, %A T 15 mL 1.0wt% Y CMCS 7K %
W, HIF55 A ACNs 1 CMCS K. B 15 mL =
Ky, A 0.6 mL 8 80, =R N &% 1 HE+E 8 min,
F%3# 1500 r/min. ¥ A &1 ACNs 1 CMCS H K,
TEINEEEE 2 d/s, WINSE USRS FE 10 min, 4ksk
JIA 0.6 mL SA, =il LS 1.5 h, 843388,
SRIGHE FIRFLIK TP INA 70 mL Je/K 2B, TEVKK I
i EL 30 min, #5533 1500 r/min. 250, 5B EEKR)Z,
FHTC/K RS 3 UK, 159 23R A6 (0 1 F HH 3L 52 TR -
TR EEEE R IR (ACNs/CMCS-SA)
1.2.2 ACNs fHRAGMIE 3% 1.2.1 Rk, frEE
HAh il 85 SRS, AR Eb (viv) 4351 0.5: 1,
1:1, 1.5:1, 2:1, 2.5:1 iy ACNs/CMCS-SA, % =,
(1)314 ACNs 3P

CLXVL)xloo £ (1D

B (%) = (1 -—
mXn

o C LB — Tl B0 5 EIiE R
3 -3-O- 2 Wi E M BE, mg/mL; V | 5E— IRl
FL. BOJE B9 _EIERAARL, mL; m SRR T
BN aE, mg; n SRR EUIVR TR Th AR 4285 -3-
O-H A B T 53 5K(6.5%); Hodh C R FHbnfiEfh
LRME o

FRERRZR B2 7 B 0.005 g BURLE35-3-0-

R RIS T IOK OB, AT 25 mL 558, 47
FFEFER] 0.02. 0.04. 0.08, 0.12. 0.20 mg/mL. {#iJH
AT T AT WG, 158K 43 -
3-O-Hj 2 Wi B RO 536 nm; ZEMLIEHS T
TR HE R Z ] o BRuERRZR T R y=
—0.20976+20.33876x, R>=0.99965 ,
1.2.3 FAEJ57E  SEM FAE: 35| G AN [R]d K
L) ACNs/CMCS-SA Y55 To/K LB, {8
Tk 43 S it B SR e AR ARE i, 1 SR T, Al 58]
SR L, B4 60 s, MEIES

Wi M Zata FEAY I 22 : BXAE 5 ACNs/CMCS-
SA Y54 EUTEZE K H, DU S ki A D Zata R
57, MHRIREE 25 °C, S8R (FTETER 1.33), 464
Feih | 3hE 3 .

FT-IR FAF: 43 B BGE & CMCS-SA 1 ACNs/
CMCS-SA, AR IOK 28, A ik asiifl =
PSS BIA SR ISR R EL, SR T st s
} ACNs. CMCS. SA 5355 KBr =R LA 1:100 19
i PRI G TS R 5P oK, RAREHL, 15 MPa &
1 30 s JTEA T F o #E 4000~500 cm™' 715 B PN 4
IR 4 om!, M FIREET Y FT-IR Bl .

UV-Vis F&Aik: 43 5 BLE 5 CMCS-SA. ACNs/
CMCS-SA #HA 0.1 mm AJEEIL; B 2 mL ACNs
KB T 1 ecm AFE AL, 7E3E 1S 200~700 nm
VEFEIZ: Fiee s UV-Vis Eli.

XRD £ iF : 47 51 BU3E & CMCS-SA. ACNs/
CMCS-SA, /i 2R ¥)5) T3 A b, AR T AL
JEUS) BYGE 3 CMCS Fu o3t EE . J R >R Cu-ka
(1=1.54 A) @&, HITERE 3°~50°, )& 30 kV, B
W 20 mA, I K 0.01%%s, M2 iR AL 5 XRD
E3pr
1.2.4 FOEPEREMIE 7k 433 BGE &= CMCS-SA
1 ACNs/CMCS-SA Y55 BE 28K b, wiE. B
HOCHB AL, GHEIRE 5 d SRR RN Zata HLAV o
1.2.5 #KHEBENE ik B ACNs/CMCS-SA &
FEEFEM A, H 4R T4 48 h, #i]15 ACNs/CMCS-SA
THEWE . 43 SIEL 20 mL pH3. 5. 7. 9 B T-Hepr
A, HETR AR I — % BT B 19 ACNs/CMCS-SA T HEEAT,
SR LIRS F] pH B, BB — BeE [a] B,
FHEACHE TR K 43, FREE, #:0(2) 1R KR
SR.
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m, —m,

SR(%)=T><IOO & 2

ot my S T BERS BT &L, g5 m, VA K Z S BERR
JiThEL, go
1.2.6  EREVERBINE J5 18 R 8h 1240158 4350
B2y ACNs/CMCS-SA THES, FRE; T HEEIE 57
B¥ZTF 50 mL pH3. 5. 7. 9 B, B 2 mL
FAAYE LA LA, I BT A 2 0~1440 min Y7
W SCRE, IR bR (LR 1), TS me
B, #%20(3) 11 ACNs EiRiCE Q.

c, XV

Q(%) = —— x 100 X3
m

H: o, N n IR ACNs FYHE, mg/mL;
V AR ML R AR, mL; m A BER f R b 3 i
ACNSs JiiH, mg.

® 1 bR ARG

Table 1 Standard curve and linear correlation

pH PRk R?
3 y=34.7385x+0.0321 0.99927
5 y=3.189x+0.0320 0.99938
7 y=4.437x+0.0146 0.99903
9 y=5.841x+0.0129 0.99959

B sh 12 5 BRI G 43 A A [R5 R L
E R, W (4)~(8), WFFEANIE pH X ACNs/
CMCS-SA 1 ACNs BtAT IS0,

We—iFh 107 In(1-Q/Q) = —kt 3R (4)
t 1 t

Y 4 7 A o, - - L

HE B 1 TT R SRR S E))

Higuchi /7 #2: Q=kt"*+b X (6)

Weibull 5F2: Q/Q. = 1 —exp(~kt?) X (D

Pepaas /7 #2: Q=kt" X (8

. Q A t IF %] ACNs 1 Z2iHRi%R; Q, I F
M ACNs 14 ST HREICR; ¢ SR R], min; k S 3))
J12H G b NSHG d IR ARSEG n S RAEY L
HFE%L
1.3 HIELIE

PEREI 2 S2 B0 A2 3 R, BUPE A5 R A <Yy
(B AR UEZE” Fe7; il SPSS 27 BRI =5 He i
Duncan IEZEH TR )7 2555087, P<0.05, A 2257 1
;X Origin 2018 Ffh4:&

2 GREHH
2.1 SHKEESTEAR SRR RSN

K EE X ACNs AL SR A SE i an & 2 fr s, v
JK EEXT ACNs A3 3 A7 g 35 52 0 (P<0.004) o BTt
JK EE3E N, ACNs AL ISR SIS g Ea$s, il
JKEE 1:1 B} ACNs tuH 55, 2 46.84%+1.46%.

a
a a
45t ’/
b

30 L L L L L
0.5:1 1:1 1.5:1 2:1 2.5:1

K (viv)

&2 7K HEAT ACNs fHE SR A0
Fig.2 Effect of oil-water ratio on the embedding rate of ACNs
T B PSR NG FREFOR 25 5 35 (P<0.05), & 4 [ 8 [l
2.2 HKEERTEARIER L S RS2

ARFEIHZK e ACNs/CMCS-SA HITE SR 45 51

mE 3. & 4 Fras. Bl 3 F ACNs/CMCS-SA 12
BLRIERIE A, RATECHE5], KL 101, 1.5:1, 2:1
A ACNs/CMCS-SA FRIHEFE NG . . HIE 4 7]
LI Y, 7K FEXT ACNs/CMCS-SA Rida w3
F2m(P<0.001) . 7K EEA 0.5: 1 B, B Il AR
BN, TCIR IR /K ARG AR A0 78 s oK Fe>1: 1
B, BETHARAARFR 3 0, B K ARG AR ]S, 7K ARG
il P R APl 2tk /P8 gk EE 101 B ACNs/
CMCS-SA Fifff K, HiX/l 931.80+61.67 nm, A
B> ACNs A IERAL T By As [a], 1E4n 2.1 il
JKEE 1:1 Bf ACNs/CMCS-SA B f s A3

1 pm

& 3 R[ER#HK L ACNs/CMCS-SA 1Y SEM FAF
Fig.3 SEM characterization results of ACNs/CMCS-SA with
different oil-water ratio
i a~e 2 BHK R 0.5:1,1:1,1.5:1,2:1.2.5: 1 fJ ACNS/
CMCS-SA,

1000

800+ b

g 600 7 %
g 400 % %
n

200

0.5:1 1:1 1.5:1 2:1 2.5:1
WK (viv)
Bl 4 7K H4S ACNS/CMCS-SA L [ 52
Fig.4 Effect of oil-water ratio on particle size of ACNs/CMCS-SA
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2.3 FT-IR &KAE

SA .CMCS.CMCS-SA . ACNs/CMCS-SA . ACNs
By FT-IR LA 5. & 5a v 2847 cm™ A1 2750 cm ™ 4b
S SA BESRE C-H f4idRaNE, H CMCS-SA. ACNs/
CMCS-SA 1Y FT-IR FAE (& Sc. d) AT A0, JB BEE R
ERIE, AL C-H M ga R 3NETE 22, 1627 em™ 4bH
BV R C=N iR ahé, Uil SA 5 CMCS %7k
45 G RN AER T W R . B 5d 1275 cm™ F
1152 em™" AMARFAENEE S35V 1  5% PN 25 PR 34
{EWERNT ACNs _E C-O-C Xt R 45 PR sh RFAE 1412, 156
A ACNs # A AL YE CMCS-SA F ., IILAR A 5b.
c.d 1 1410 cm™ Ab¥R3E O-H i N 25 #h YR s r i
BV /DS, 2 i TR ORI B FT ACNs Y 171 3%
{FR R PRI & B D 4R .

B (%)

4000 3500 3000 1500 1000
WEL (em™)
K5 SA,CMCS.CMCS-SA, ACNs/CMCS-SA Fll
ACNs [ FT-IR #AE
Fig.5 FT-IR spectra of SA, CMCS, CSCS-SA, ACNs/CMCS-
SA, and ACNs
A : a: SA; b: CMCS; c¢: CMCS-SA; d: ACNs/CMCS-SA;
e: ACNs,

2.4 UV-Vis RIE

El 6a H1, ACNs ZEJ K 537 nm 4b H B £ 352 3
WS A A P RO R SO B 6b Ht CMCS-SA
£ 322 nm AR VTR T 585K, 392 nm Ab T 50l
)8 F SA-WALAIRARE . 18] 6c Hr L iRERhEIgEy H B
21, i CMCS-SA f#k ACNs it 21, SA 4514
HH BRI ACNs B ISR A 0 A1 CHEH Fid 3% A& (A [41)
FENTTATHEAR, B4 T J-SREEM,

Abs

300 400 500 600 700

K (nm)
Kl 6 ACNs, CMCS-SA Fll ACNs/CMCS-SA 7
UV-Vis #/F

Fig.6
¥: a: ACNs; b: CMCS-SA; c: ACNs/CMCS-SA.

UV-Vis spectra of ACNs, CMCS-SA, and ACNs/CMCS-SA

2.5 XRD MZE

FH CMCS 19 XRD Eli& (&l 7a) A] Hl, 260=20.2°
AbA77 St B AH SR BE R HEAT . i CMCS-SA
) XRD &3 (& 7b) AT A1, EERSIAERTE i )5, SA 19
IRERPE AN, B0 T CMCS 43 THEHEA, firgfis
5, B ACNs/CMCS-SA 11 XRD E 3% (& 7¢) A
1, A3 ACNs J5, 7£ 20=17.9°4b 1 BT 19 AH SIS %
i, 302 FAE O REAZ IR A 5 SA 12K
WA FS A T HEAG, H. ACNs B4 (S 15045 (0] 19 FE
BESHAC, IEUN UV-Vis RAE(E 6) &8, SA g5+ iy
RIS ACNs BFEER R R AT J-R4E.

17.9°

R (a.u.)
=

20.2°

10 20 30 40 50
20(°)

17 CMCS. CMCS-SA Fil ACNs/CMCS-SA [#) XRD Ak
Fig.7 X-ray diffraction patterns of CMCS, CMCS-SA, and
ACNs/CMCS-SA

7E: a: CMCS; b: CMCS-SA; ¢c: ACNs/CMCS-SA,

2.6 RRiIAFEEMRE
CMCS-SA F1 ACNs/CMCS-SA 11 Zeta-Fi, {57 Fl1
WA REfEAT R T AR AR L ULIE] 8, HHIE] 8 AT, Bfifik

=S O X\

7% 2

W,

b S a E§s
ab a
60 7777 CMCS-SA
S ACNs/CMCS-SA
780 L 1 1 1
0 5 10 15
fAFASTE] (d)
1000 a CMCS-SA
ACNs/CMCS-SA
800 |
g o
£ 600
& 400 F Z
200 W
Z
7%

0 5
FEAEIA] (d)
%1 8 CMCS-SA F1 ACNs/CMCS-SA 1) Zeta-Fifii (A).
A% (B) BERT A AR 1175 Dl

Fig.8 Changes in Zeta-potential (A) and particle size (B) of
CMCS-SA and ACNs/CMCS-SA over time
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TSR TN, S HEZE 17K ) CMCS-SA 1 ACNs/
CMCS-SA Zeta-H (48 SHE R hite 4 2 30 F [
e, Bl 8A FI A, Hrifil CMCS-SA 1 ACNs/
CMCS-SA [ Zeta-H, {37 43 B v —41.1£0.4 mV Fl
—50.3+1.9 mV; 15 dJ5 [ K 28 —37.7+£0.86 mV Fl
—45.1+£1.90 mV, 2 AR, UhHEE R iERAE K
PR B e Horady sy, & 8B Wl A1, JFidil CMCS-
SA Fll ACNs/CMCS-SA HJFHRiF253 50 758.57+
75.37 nm F1 931.80+61.67 nm, i fF 15 d J5 B FFFE
{I(P<0.05)K 360.07+30.25 nm F 278.60+49.21 nm,
X AT e TR ERAE /KIS A AR Ik e 24 . 1tk
Ak, CMCS-SA TEfifrid f %A B BB a4 1k, 2
FLE (A, {0 ACNs/CMCS-SA AIEI (L EREAERT a3 0
TR, SIS EBERRE AR, X T REHH T
ACNSs FEIGRSERAF FARRGE, BERCTHIERAE /K H B
24 ACNs £RPVE H 18 55, 530 ACNs & ¥ 4 fit
i G
2.7 ABKMERE

BEI Ik s ik e 5 H AR e PR RE U AR G,
HUR N F & 2540k iy e g P e R b =2 — o 7E
pH3. 5. 7. 9 /- i HBE % ACNs/CMCS-SA #E47
HCEREIN 2, ULIEI 9. AHI&] 9 A%, ACNs/CMCS-
SA Py K MR R E pH M W M, ACNs/CMCS-SA
TE pH3. 5. 7. 9 A BEEAEEH 132 min AU K535
A 20.16%+8.08% .. 26.68%+3.71%. 46.85%+10.08%
1 350.96%+79.76% ., ACNs/CMCS-SA HIIENKPERE
2V pH M RBAPEFT CMCS B P HAE FH R [E] 52
. BEEA B (pHO) H, SRR BRI R S H A
R, CMCS 4T H 1R IE K T 1h, BRI P45 1 Bk,
IR A SR A P s s PR A BT (pH3) H, SV JJe S
Sy W, fH CMCS 43 F R E T 14, 43 T 85 I%
45, BiKAVEA & =5, CRISFEERMER O ESAERE, It
KT B /Ny HEA BT (pH7) H, S R i PR,
H CMCS 43T AR FEMELL B & & Bs 7, Rk, b
A AR s R, AR/ N

500 -
400
e
_300F i
s = pHO
& 200 I e pH7
100 i +— pH3
oF . * =
0 28 56 84 112 140
HH I (min)

&9 RE pH A BiH ACNs/CMCS-SA B IkEfE
Fig.9 Swelling performance of ACNs/CMCS-SA with
different pH

2.8 ZEFEMEE
ACNs/CMCS-SA 2% BPEREIR i ACNs [y 22
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Table 2  Fitting of release kinetics of ACNs/CMCS-SA in

different pH media
AL pH DAy R
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