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Abstract: In this study, a novel oral drug delivery system based on linolenic acid-modified chitosan (CS-LA)
micelle was developed to improve the oral bioavailability of doxorubicin (DOX), which was proven by its in vivo
intestinal absorption in rats. The DOX-loaded CS-LA micelles (CS-LA@DOX) were prepared by the dialysis
method. The synthesized micelle material was identified by proton nuclear magnetic resonance spectroscopy
("H-NMR) and Fourier transform infrared spectroscopy (FT-IR). A series of the micelle properties, including
particle size distribution, zeta potential, encapsulation efficiency (EE), drug loading (DL), micromorphology,
polymorphy, and critical micelle concentration (CMC) were characterized or tested. The in vitro release of micelles
was observed by the dialysis method, and the absorption-promoting effect of micelles was investigated by intestinal
circulation experiments in rats. The animal welfare and experimental procedures were in accordance with the regulations
of the Animal Ethics Committee of Guilin Medical University. The results of '"H-NMR and FT-IR showed that CS
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and LA were covalently bound via an amide linkage. The DOX encapsulated in the micelle core was in an amorphous

state. The as-prepared micelles in the transmission electron microscope (TEM) image showed regular spherical

shapes and uniform sizes with a series of excellent characteristics including (119.2 &+ 2.1) nm of mean particle size
[polymer dispersity index (PDI), 0.190 + 0.08], +12.1 mV of zeta potential, (70.23 + 0.74) % of EE, (8.77 + 0.02) %
of DL and 51.75 ug-mL" of CMC. Compared with the reference, DOX hydrochloride, the proposed micelle drug

delivery system showed an obvious sustained-release effect in vitro release; and enhanced drug absorption in the

small intestine of rats.

Key words: linolenic acid; chitosan micelle; doxorubicin; in sifu single pass intestine perfusion model; absorption

% F L A (doxorubicin, DOX) & M EEER B 4 F=AX
W A B S 1 SRR SR TS P M R 24, T K
ZWUmRA LR . Bk R 2 LA
(DOX-HCI) Re 7= A4 7™ & (A RS, A8 45 B fE 40 1 |
a1 BN, S ™ B R O AR R, KR 2
S8 MO ) 2 ET: . DOX-HCLJE BCS 111
KL, BAKIENE RIF, (ABE M2, R SA
PRI, % T LI R L FH S B, m 34 5 245 4 11 il W
W, B8 BB 2R P, T 3 1 il i 7R B A S bR

R, RE VIR ARG KL 25 7 G0 0] 3w 3 25 IV i
PEFIISIE P, AT 1 5 O IR 0, S IR R Ak
. FoEHBE (chitosan, CS) 4 H 48 Fit A K i 77 £ F FH
HTREY, B RIG WAV 0T R R
TP, 2 — M EAERN AW E AL . WHKER (linolenic
acid, LA) & 2 3-9,12,15-+ )\ Bk =182, N AAE %
T R A BRI R, 2 EEZRE RN, B — &
FI) AR BEOE M, AR B R B0 A R T B
FUSEDI. NEARES LA, R AgiE & 4h 5 L.
F1AR 9 LA 3T i E R 40 B 6 8 5 R % iz iR &
Wt

ZiiEid B InE R E, Fid g, Za R
RV R B IZERG, BREREEES 5 REY
R = Bl iz 2 25 ol i = 5 A0, HoEn, B
SR CS BERAB AR W7 R O A BF 7Y, (E8 A AR b 75 B AS
PRI TR LA 8 T 70 5808, M@ R, 1T
e 1t 25 24 11 AR UL A 90 30 oK AR IE, TR, K CS-LA
TSR g 2 R 40, BH RN .

AR DL DOX A B 25 ), 14 CS-LA@DOX
R 45 245 Rt 25 S SRR R, I PAK RAE AR 7 16
TSI B0 DAk 3 24 I AR (R RO R, DA Sy 1 e R 28
ARG TR MERN S .

MRS 7E
(028 B PN IR A (SCIENTZ-TID, T 38

ZHEMBE A IR A A, B2 A% TEPL (LC-10N-
50A, i) R AVEAL R BB PR A w); 20451
[Nicolet iS 10, FE Bk & /R BHE (Fh E) AR A A
T 35 4% % 1% 1% [Bruker Ascend 500 MHz AVANCE 111
HD, i & % (b 30) BHE A R A 7); 37 5 i+ B s
(transmission electron microscope, TEM) [HT7700, H
SERFEACES (AEE) AR AR XS ATH (X-ray dif-
fraction, XRD) 1 (Ultima IV, H A B 22k & 4); &
0 FH 3 (high performance liquid chromatography,
HPLC) 1% [LC-20AT, & & (b E) H R A ;
24 K KL B K zeta HE A2 AX (Nano ZS90, 3 [E &y /R SC 24
7)), 266 (F97pro) 15 % ¢ YA A (At M
RAFL 2=/ A R A F]); 2 D) aeBEbR X [Spark, 7 H
Tecan ( i) 2 7 A R A F]]; #3128 (LEAD-2, fR5E %
ARTRA R AR, S 3L (DDS-11A, iR
WAHMRAF]).

RFNSFEM TN (9 T & <1000 Da, i &
M B 92.3%, & NE 18 35 A= M B A PR 37 A1 A w)); T JBR
R (A1 = 90%, Fi - RAEMHEARE R AF]); N-3-
FR BTN 55)-N- 2 3 b — Wi R BR £k (EDC, F [H _EifF
BiT 57 T 570 B i A R A 7)), DOX-HCI (BT i 8 A=
YIRS A TR A 71); To/K B AR /K HEE AR (74
Bl Rk 2 14 7 BR A w1); FH B (Fisher) (3 4l (BT 4z T
RANE R A F]); HIEE O (MWCO 10 000 Da, % 2
1 E A R A A); T [MWCO 8 000~10 000 Da,
gl 5 (L) AR AF].

TN MEME 7 A BE SD (Sprague-Dawley) K BR, 74
H 200 + 20 g, 1P 7 35 v sk SEEG S A R 4\ 42
A, VFATHE S SCXK () 2019-0004 . Zh 448 F) Fil 52 56
i TR X5 A R K I 2 B S A B 2 O 2 (R E

CS-LABIHI& 1 g7 &M (< 1 000 Da), 4li7K
AR, A PRURBERAE (SR 75 73 B, ) VA 1; HIULA 0.255 mL,
EDC 0.777 8 g (LA:EDC = 1:5, mol/mol), Jo/K Z. B3 %
filt, 45 °CHit FEI5 AL [ B 30 min, 5 BV 2; B 1
RIS N R 2, 60 CCHEFE, RFER M 7 he S &5
W, IBEHTAS (MWCO 8 000~ 14 000 Da) i% #1 48 h, Fr 2=



P 3R S IRRIR 7 M 32 32 U A2 100 IR SRR o) e R ALE B KR BU7E % W e © 2859 -

A B EDC Je H A /K P, 0.45 pm SR BR R E
JEE S8, SR VR T, 19 BIVR TR M Bl . B s 2k
LKL,

CS-LA BIZRAE

{8 B 121 4h 56 1% (Fourier transform infrared spec-
troscopy, FT-IR) 73 B FREL CS.CS-LA i& &, & F ikl
% W, I AT AN RE s LA SR B R BRI .

¥ g 3% R A 3% ('H nuclear magnetic resonance
spectra, 'H-NMR) FREUCS.LA.CS-LA i@ &, 5 %
fi# 7 D,0.CDCLD,0 ™, i £ % i & v 14T 500 MHz
LR R 0

CS-LA@DOX Wl #& K% #F & 18 mg CS-LA,
ali7K 10 mL iR, $7L 7% 10 min, I\ DOX-HCI 2 mg,
WG, ¥ B R (DOX-HCL: =2l = 1:3) It A =2
Ji&Z, 300 W iR 75 2 min, 30 °CIEE 454 M 12 h, 1 0.45 pm
PRI, RIASAR 2 IR AR R

B (entrapment efficiency, EE) FI3(Z52 (drug
loading, DL) JUE  HUEL 24 i oV WL, 3 BT 48 38 % %
#1 2 h, HPLC V& 7€ 32 A7 Ji5 iife 25 ¥ A 1 DOX R JiZ ; L
FENTIE 13245 A VR, T 10 000 Da i 38 25 0
6 500 r-min” & > 5 min, HPLC ¥ 5€ J€ ¥ h DOX ik
FE, 4% 4 (1)~(2) 2> %It 5 EE /1 DL.

EE (%) = (C, - C, - C)/C, x 100% (1)

DL (%) = W,/W, x 100% ()

Horb, C: IRAER A S AW B C,: 1B T i
BAIREE; C: BT B 9DIR FE; W CS-LAJR
W E & W, PEEAWNER.

RES zeta BALNE HUCS-LA@DOX R Wi
W, G 4MREE 0.2 mgmL, FHIE Hoki 12 K zeta FEAT .

TEM W 2SI CS-LA@DOX fi # & i 46
AKOE YR G, R M AR b, TS, R TEM

XRD 36 H#H L AR5 50, X DOX.CS-LA
5 DOX ¥R A% .CS-LA.CS-LA@DOX ¥ T
H#H4T XRD 23047

% 5% BX 3R iR & (critical micelle concentration,
CMC) BIME 7o JRBEAT A TRV T b 2 i IE FELAT 1

Figure 1 Synthesis of linolenic acid (LA) grafted with chitosan (CS)
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Figure 2 A: Fourier transform infrared spectroscopy (FT-IR) spectra of CS (a), LA (b) and CS-LA (c). B: Proton nuclear magnetic reso-
nance spectroscopy ('H-NMR) of CS, LA and CS-LA. C: X-ray diffraction (XRD) of doxorubicin (DOX)-HCI (a), physical mixture of CS-LA

and DOX-HCI (b), CS-LA (c) and CS-LA@DOX (d)
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Figure 3  A: Particle size distribution of drug-loading micelle. B: Transmission electron microscope (TEM) image of CS-LA@DOX. Scale

bar: 100 nm
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Figure 4 Electrical conductivity of CS-LA
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Figure 5 Cumulative release curve of DOX-HCI (a), LA+CS-

LA@DOX (b) and CS-LA@DOX (c) micelle

Table 1 In vitro release model and soluble equation (n = 5)

Preparation Soluble equation R
DOX-HCl Weibull equation: Inln[1/(1-F(£))] = 0.966 1
1.372Int - 4.021 2
CS-LA@DOX  Weibull equation: Inln[1/(1-F(¢))] = 09578
0.827 4Inz - 5.383 1
LA+CS- Higuchi equation: 0 =-3.205 3¢,,- 0.9796
LA@DOX 3.109 4

(3)(4) R 3FERI K A0 P, BB W 1, (R 2).
45 R 87R, CS-LA@DOX ZAU ) K A1 P, H5 8] 5 KT
£ ) DOX-HCI #l 7 (P < 0.05), H CS-LA@DOX Al
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iz RV A A5k SR B 4, AR LA AR 1 0 N R T # ] T
AT o

Table 2 Absorption parameters of different preparations by using
rat single pass intestine perfusion (n = 3, ¥ = 5). "P < 0.05 vs DOX-HCI

Preparation K/x10%s" P /x10" cm's” 1,,/8
DOX-HCI 1.53 +0.20 0.55+0.11 4529+5.92
CS-LA@DOX 2.40+0.10" 1.52+£0.13°  28.87+1.20
LA+CS-LA@DOX  2.00+0.21 0.92+0.12 34.65 +3.63
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