3
&
&>
o

P72 R e b e HH U Ra i PR Vi

F oA, F e, EZb, KR, TRTL OF K, FERY Lz
(1. VLR K2 252888, Y1095 J08) 214122;2. N B 24 BB By A BRA R, Y195 J Il 225601 ;3. Y18 K24
AW TR BE VLT o8 214122)

WE: AR —F oM T BB B ERERLNG, KRB X5 & T LRI 5 FWeg o7,
RACEE 5 A B fERT 1) 4 h AnB 8 120 Ulg, 54 LR BERNERAG T LRFRS
B 2~4 0 e FHE , WHEGRN  FAER AL 5 T B R B A T 3 AR A B e e e A R K P AE A &
A B B4 AU R MDA-MB-231 & 28 it £ A R F84K 20% ., A e T4 i fe gt L R B 5
MrBUH) 43 % R T 4 ) MDA-MB-231 %m e it A SHR it T B E A, W stl, & s T3
3% MDA-MB-231 %1 o5} I & % a9 SO 1

SRR & F A R TR A i A

HENES:R96 XEHS:1673-1689(2021)06-0093-07  DOI:10.3969/j.issn. 1673-1689.2021.06.012

Preparation of Chitosan Oligosaccharides by Enzymatic Hydrolysis and
Evaluation of Antitumor Activities
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Abstract: To further analyze the antitumor activities and mechanism of chitosan oligosaccharides,
enzymatic hydrolysis method was applied to obtain chitosan oligosaccharides with clear composition.
The optimized enzymatic hydrolysis conditions were 4 h of reaction time and 120 U/g for the ratio of
enzyme and substrate dosage. Chitosan oligosaccharides with degree of polymerization 2 to 4 were
obtained by ethanol precipitation, ultrafiltration and nanofiltration. Comparative evaluation of
inhibitory effect on three tumor cell lines was conducted with chitosan oligosaccharides and its
combination with doxorubicin. The most significant effect was observed on the cell viability of
human breast cancer MDA-MB-231 with 20% reduction. Cell migration assay and confocal laser
scanning microscopy (CLSM) were used for mechanism analysis, which showed that chitosan
oligosaccharides could inhibit cell migration and facilitate doxorubicin to enter the nucleusin
MDA-MB-231 cells. The results implied chitosan oligosaccharides could enhance the sensitivity of
MDA-MB-231 cells to doxorubicin.

Keywords: chitosan oligosaccharides, enzymatic hydrolysis, antitumor, doxorubicin, cell migration

W #s B H#A: 2020-03-25

EETH.: EERBETHAS TR—FER A FRE R E (LITE2018-18) ; Hp e i AL AR L 45 %% L 10 9% 4% Bh35 H (JUSRP 22047) 5
7B 36 KRR 7 AR i T RET A BRI (kji201701)

*EBEEE . 2 H(1983—), &, Wi+ B A2 0058 A= S0 58 07 18] SR S RE AR 1 5 P 0F 9% E-mail : liheng@jiangnan.edu.cn

ARSt R A SR 2021 FE 4055 6



RESEARCH ARTICLE

JI Ke,et al: Preparation of Chitosan Oligosaccharides by Enzymatic

Hydrolysis and Evaluation of Antitumor Activities

5T 5E B (chitosan oligosaccharides, COS) j& —
TR IR BRI XS 73 B & /N T 3 000 1R ME . H
B, o SRR AR A2 vk (48 W2 Ml ik R A AL
) BRI LL R T A 0 (2T 4 2R Pl 5T R )
FEffAT 2], 3T 7c MR Y L — 1k 5 maletd ,
BTN T HAA R A 3R e v 10,

COS FHXS 3 ¥ B B AR A RR AN B B 1 50}
K 22 W Tl [R] I A B A T (A Y D ae Al
FEPUARM PURS P BN S kg 4E AR
ok EEXS COS B R i M B 5 12 7 R R

WF5E A BT A 22 1k b Jed 200 J 65 200 JHE Y s A
JH o 20 B LR s A B N 25 P i A A5 ) v, COS
TRV B SV €Y @A Ve S DU S 1 1|
T 85 5 ) LAt Jiee 8 3% P ELARRAE X 43 T 3R B
SR B i ROCRY, AR IALHI R ZR 7 1, COS 7l jd
1755 HeLa A1 A549 4 [ ) 17 1 P4 52 1 100 460 1 24
G FE X A549 i, COS i m] W i R A1k 40 g 2k
AR JEE P57 7K T 2 200 B ] 700 e Ak, COS AT i
iof B p21, T8 PCNA (cyclin A Fl edk-2 AN
il HepG2 4 il i) DNA & Jig ok 52, 410 i 40 g 48 12
i o 175 5 SWAS0 4l Mg BELHE 7E G2/M 1 it 410 1) 2 fg
FEFE ) AT L, COS b AN ] g 4 A i) 4 FH AL
il 5 AN 58 AR [, JHOGT e 240 i 1) 4 3 A A i —
HATE

Y0 T COS W TER BT E I, B ok
Le 5 W i I A 02 F AT R 48 COS, - N7 5 T3 g Ak
FEAY COS Akl 4 T 28 B 3145 A AR AR XS 3 ¥ o it
COS 771y %55 A [m] Jifr 96 248 B 1) 70 B 9 355 1 4 47 V7 A
W, T AEARE SR A ) N LR MDA-MB-
231 A0 b AT B ROC R P W AL AL AR

ML
L1 ##E 5

FCRWENG . AR & T Si s A T EA
& E. coli Rosetta—gami (DE3)/ChiE & ¥ 7= Bif® , 28 4l
e 46 Jo 45 21 72 RAE R, WIS O 2 260 U/ml;
COS |2 i %) B L JCK B WA R A A A AL
B AR BT AN 3,5- A E KR VKSR | Tris
NS TR S E MR f A= =s7 ol AT PN A T =& Y )
T b 22 MK AR AL RE A R 2 W] DMEM RPMI
1640 JEfil 5 F7 5 FBS AL . BUAE R | R
Dulbecco’s Phosphate Buffered Saline (DPBS): 4§ T

1 #R57HE

K E Gibeo 23 Fl 5 AN UG E . W T 36 [ B [C AL 2% A vl
Transwell /N % Cell Counting Kit-8 (CCK-8) izl
& T 35 [E Thermo Fisher 23 A] .

S B 1% IR COS IR B 1 g COS #
AMA & KB KK, A 30 mL #9 0.4 mol/L
1) RIS W FE 2 COS My K 58 2V, T LA 2 mol/LL
f) NaOH #8747 pH £ 6.0, /K & 2 £ 100 mL,

DNS K7 . HERIFRI 244.4 o T8 A1 R B0 40 fin 21
500 mL Z Wk 0 22 oK TR R, SRS RO A
3,5-HHFIK R 6.3 ¢ NaOH 21 ¢ &K Epy 5 ¢ M
WA S ¢, WM RE MG ERE 1 L AT
W A7, — R JE Tl
1.2 NRE5iE#E

pH it . 1 Mettler—Toledo 23 ] 7= i 5 48 4h 73
SR g I e WAL R AT RS w7 B0 1E
TRV B 2 4 30 DR L B A B A7 A
TR0 HZR H S 2 6] 0 88 S S0 A 60 5
E DU AR AT AT B ] B3 356 R AN . 58 IR AR A D
i AR AN . b VA R AR A PR | 5 4
¥ FE 46 . 2 [H Thermo Fisher 247 7= & ;4 H 3 3] &
P U (LR AR 7 BE R R 4E) : H A Nikon
NN T
1.3 Ak
1.3.1 COS 9B &5 & TR 5T WA B 1] XoF 7 Ak 2%
S R R R 4S5 A 1%
COS ¥ 10 mL( L PRENZZ M ,pH 6.0) A1 0.3 mL
B, 50 °C T A 8 h, [ F 1 h BUREIN G 18 SR 75

PR G I Tt 5t % S 2050 SR 1140 5% W) B i) O o K
1% 1) COS ¥ W 43 5 m A 72 B B i 60.90.,120
150,180 Ulg, ¥R ZAE 50 C T HfE 4 h, V25K 5
I 3 D 5
1.3.2 DNS &l 2 & RER TR E URIEHH
Wi AR FE VR AR M M 4 HERR AR 10 mg 2 5L
Y VAREAR R 100 mL, FE4r 9% B 0.1.0.2.0.3,
0.4.0.5.0.6.0.7.0.8.0.9.1.0 mL, LI LB F/K =
I mL, £ IA 1 mL DNS, # 7K 5 min, ¥ H A =
5 mL, T 540 nm &0 W & WO BE A5 1 2 Dy [A) R 2D
BT mL 251K,

31T mL BEA# ), AT 1 mL DNS %,
WA R 5 min, BB EEE, 7F 540 nm
AR RO KB OKAE R ZS IR IE
133 COS®#l & ¥ mEMMATTHERN

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 6 2021



EECE N S E S V&N R

FEIEWEEAR I, 25 100 C/KIE 15 min J5 10 000 r/min
B EREE . EIE RO AR 70% L BEE 4 Cit
o B WA Y b3 AR R 2 A0 BE AR X A T
3 000 FY M58 U8 FE OB LV, 28 A BR AR X O3 i i
300 Y RE AR U O B W I, R AR TR T 1% 3] COS
FE il

1.34 &ARE#E-R#EIRA & (liquid chromatography—
mass spectrometry , LC-MS) M & COS # o= &%~ W
A 25 - (3% {1 Waters acquity UPLC , A Il #%
Waters acquity PDA , #£ 245 °C, #ii & 0.3 mL/min,
PEREHE 10 pl, BUilk 451 . Ao mE 55 WL 2 (ESIY) , B 1
JEIRE 100 °C, B AR BE 400 °C, 41575 Bl . m/z
20~2 000,

1.3.5 @3z  HepG2 4l Al PATU-8988 41 jitd
B SR B R R0 B 90% RPMI1640 LRl B 52 5 A
U EL 10% Ji 2R 1L 100 U/mL 7 % 2% (100 wg/L
R RS IR L N ; MDA-MB-231 41 i SE 7k 1% 5% 5k
4 DMEM, HiAth 2R W) b T 37 C AR08 5%
CO, 1) 41 R 55 7240 v BE RS 5% 85 3 d f&—1X,

1.3.6 CCK-8 &l = amfe £ A% HUILAE 90%
AR, 5x10° A /mlL 11 200 i e B2 4l il 25 96 FLAl . %
£2 1~1 000 wg/mL T & Mk B2 [l N COS X 3 #k i
M AE ] 24 h AEAF R, COS 5P & R
(DOX) & & 4 251t | 15 Je i i DOX J i 1k 15 o0 40
JiL A= £E 2 50% i X B 19 BT Wk B (ICs), RPF 2.5
wg/mL, DL A 1.10,100.1 000 pg/mL [y
COS1EMH 6 h J5 4525 DOX & 24 h, ZJma:fLn
10 wL CCK=8, M8 1.5 h 5 A 4500 FHPEXT HEZH
DOX, % A MG F b R dn A e, AT .

V:flp‘ﬂxm()%

c/1B

AV M AL R % A N AE 450 nm
ARG RE Ay R AE AL TE 450 nm A WG RE A
X} HE 20 7E 450 nm AW

137 whed# %k &K 90%M MDA-MB-
231 ZHMLIE AR S, DAL S SR B R LR AL 1x10°
AR T 24 FLARIG/NE N . LS A I BE JS A
500 pg/mL COS 1537 24 h, W F: 15353 2 B
[ % 30 min, DPBS ¥t 3 i , 4% fh 5 44 (4 30 min,
K o AL TG A B N E O 8 O RIS TS
FIEIE  Z R INE A 24 FLARH, BEFLIN 1 mL
ﬁgfﬂﬁﬁ 33%?*@%@& . EHL:?E . EX 200 }LL {@iﬁi@ﬂ A 570nmo

1.3.8 b £ 40 a st DOX 63 E Xt
B KA MDA-MB-231 40 g L 1x10* 4~/mL (¥
20 e v R AR O R R AR T R SR, B A
A 500 pg/mL COS 1 mL, ¥EH] 4 h JFH#A 1 mL
TA 2 AR DOX B53R3E, X R4k DOX
BPR ARG KRR TP AR SR E 1.3.5 he W LB
3£ DPBS ¥k 136, 2825 HE[E 5 1 DAPL 4L 845
20 min & ,DPBS ¥t 3 i, (L2 A 4R, #EOGHIE
139 %itF o4 B R P Y E bR 25 %
TN PR RO R S 22 Ak e, M
2 5 RN *#P<0.05,%%P<0.01,*P<0.001,
GraphPad Prism #4537

LR

2.1 COS HBgE S &

ST RN IR e S e 5 OWH N A Y 5
Wi o AN 1 BT 3 JEORE AR A i R A I 1] 2 T
LT M 4 D PN R OB S RO R, 4 h Z )R
TR A AR ) E 4 he HIE 2 AT A
AR 3 JEURE A i B T 0 T g T 3 T 4
Ko TEMEA 120 Ulg B, 380 J5OE A= i i e (B
JERGSE o ARSI NG R RE G0 JSURE o Bk R
s, EAURE RN 120 Ulg,

e
W

W
o
T

N
W
T

JEJEURRE PTHER I/ (mg/mL)
—

o
W
T

56 7 8 9
t/h
E 1 EEEEX COS KENRNEMm

Fig. 1 Effect of time on chitosan hydrolysis

12 3 4

S

55|

ISR T R /(mg/mL)
38}

Il 1 1 1 1
60 90 120 150 180
i/ (U/g)

B2 mEgExt COS KEMRI 0

Fig. 2 Effect of ratio of enzyme and substrate dosage on

chitosan hydrolysis

ARSt R A SR 2021 FE 4055 6




RESEARCH ARTICLE

JI Ke,et al:

Preparation of Chitosan Oligosaccharides by Enzymatic
Hydrolysis and Evaluation of Antitumor Activities

Ko il A 3% A K T S B DT TE BB IE AN g VEAT
DROE L ARBENAE 3, 2455 COS F=9) , 15
T 41%,

AR B HE R4y
70%Z, FCES3 000) L
IR 1 B bww oo g
Ui W
YN PE XTI T
BT JFH300)
COS WA

3 CoOSmHETE
Fig. 3 Protocol of COS preparation
22 COS @t
K HI LC-MS 531 COS F=¥4in, B €3

6.90
i
hrzzo
) 1
® 521 |l oo
=

L i ———
2.50 5.00 7.50 10.0 12.5015.00 17.50 20.00
#/min

(@)

AHXS 2%

AHR /%

Pl 3 A~ B A ) A T Wi 0 (DL 1R 4 () ), 4 )
J&5.21.6.90.8.36 min, 43 5% H 47 B o3 A, 78
ESIHE T |, AT e m/z 341.1 .363.1(WLIE 4(b)) X
R[5 ZBE+H] 72 M+ Na] i 2 T8 1%, 502.2
5242 (WLIE 4 ()X R [5E = HE+H]" [5¢ = B +Na]* 1)
43T T 663.3 .685.3 (LA 4(d) )X L[5 DU A +
HI* [5€ PUME+Na] 19 73 85 706, M I8 i COS
FEY B Sy kot g e RN SE DB, i —
A3 2ok W T AR B AR THSRRT R, Ir A COS 4 3 e —
Wi 5T = BRI ST DU A X 5 & 0 e 298 3:5:2,
i QTR R e AR R A, L) S 295 b
LT A5 TARAEXT 73 F it 19 COS, A 5 St g
TR AT SR 1 T A o A T 2R A 4 R A

363.1
341.1

100 162.1

180.1
323.1
379.1
266.1
oo o] | |f
50 100 150 200 250 300 350 400 450 500
m/z
(b)
100 663.3
685.3
62.1 484, 86.3791.2
0 a2l 3331 48022 [P
400 600 800 1000

m/z

(d)

Bl 4 COSHHHEBIE-FREE
Fig. 4 Liquid chromatography—mass spectrometry profile of COS

100 502.1
S
)
.pr
= 323.1 5242
=
162.1 |3/41.1421741 ‘5/40.2
. L . L i
100 200 300 400 500 600 700
m/z
(c)
2.3 COS M E/EREM

231 COS *F R B M G 2 oy ¥ 41 5 BF5TE
COS Xt A9 40 2 HepG2 . A FL AR JE 40 it MDA -
MB-231 1A fig g 98 40 B2 PATU-899 A= K 11 5 1
(WL S), TELA 25 R EWRIE 0~1 000 we/mL LT,
ARULEEH] 3 bk s A A A KA I 4, v LA
IG5 B VR BE Y COS XoF i Je 200 Jf A= 4 5% i L 43
D 1 5 SR AE BT 0] AS49 F HCT-116 40 i iy
A HGE . 4 FORIEAS R 1Y COS 1E I, &
Jo AR e P (1.25~20 mg/mlL ) W {0 ) 400 i 054 4 i A
JF R (0.078 125~1.25 mg/mlL) 5 81 G 300 il 4 S

HoA A X 2 F R AE 1 500~2 000 [ COS A 5 B
1 76 785 B R (1.25~20 mg/mL) F XF A549 41 fifg
WARTCAN M TR . £ 00 8 38 i 0T 9 45 31, S 80
TE T I A A0 A K R A e T COS R i
W B A JORE X 43 7 A 1 000~3 000 ) COS #£
Jo 5.0 mg/mlL B X MDA-MB-231 4 jitd 717 il
B AEM; 2~5 mg/ml () COS X} HepG2 41 g #17 il
KA TR R, COS A I sga 41 i 15 1k 9 1 &
FARE 43 F i it | 25 245 I E{M“u&ﬂimﬁﬁéﬂiﬂw%
(AN TR) I 45 5, DR b A b 200 A5 T Sy 400 550 i %5 58
30T

BERE JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 6 2021



EECE N S E S V&N R

140 1 == HepG2
== MDA-MB-231
120 | == PATU-8988
100 }— - N =
= I g F
i % ‘ :
land
I
40 | ,
|
20| ‘ :
li i
0 10 100 1000
COS iV /(ug/mL)

5 COS %t B8 40 B 4 77 R 19 % i
Fig. 5 Effect of COS administrated against various tumor
cell lines

232 COS ¥4 DOX R B & 20 e 64 49 ) & &
IR R B, fEZ B WAt , HEs
DOX s BTEF 15 ] Al 3 i3 & 98 Bel-2 KK AY Mel-1
I Bel =X, £ i 2 38 7K - 1M 15 56 [ 53 48 JHd 1A 1 O
TR AR, S m BRI, DOX 2Ry 7 I T
88 A S AR B — i AR 2517, DOX AR HE m)
AT T H 20 R A a1 PR T R D S8 AT
55 F A 25 4y 58 0K 9K 7 W BRI A 245 4 DA o /b
RIVERM, Z IR 7R f COS 5 DOX & A 425 LAY
HARCR . A 6 TR AT DOX 21509 1 21 i
HEAF AR, COS ALAE A FL IR 46 s MDA-MB-231 I
T NG 58 DOX A HI VR AR, HAR B
Vi BE T 20 B A AF R ] T R 20%~30% o 1 UL 3
MDA-MB-231 4 g Ay Je £ 5 90 i B Y, i — AP 4R
AL RO AL

—— HepG2
70 - ~O~ MDA-MB-231
= 3
6 - PATU-8988
50 |-

AR %
(%) e
(=) (=)
[] ]

[
(=}
]

1 1 1 1 L 1
0 1 10 100 1000
COST ¢ B/ (ug/mL)

6 ESHRANMEAREFERNIN

Effect of combination treatment on tumor cell

Fig. 6
viability

2.3.3  COS & /A B 18 2+ 2 B 4 DOX 47 4] MDA -

MB-231 %m fig £ A & 69 % »a £ MDA-MB-231 4l

JfLrbr, 3k — 243 BT COS A T [8] %5 240 AR A 32 1 52
w7 BTN, SRR RS 09 40 A A7 SR A L
(VLB 7 (a)),COS B[R4 S 20 i A= £ 5 1 25
i, 22 P 18 5 40 i %) DOX BURERYBE 11, Hid,
IR 4 h 2R (UL 7(b)),COS i ik 7E
0~125 pwg/mL W 40 i A5 77 38 5 50 ik J2 AR i 1 T
F%,250~1 000 pg/mlL B FFA, 5 HA%E 254 DOX
YR L B B K R S M 25 5 (R P<0.001) s 1E
8 h(WL.E7(c)),COS i ik B 7E 0~125 wg/mL B 4f
A AF R TR 20%, 5 DOX A LA Bk B %
PEZE S (F*P<0.01) 4 R TR EE7E 250~1 000 pg/mL
B A 22 5 (%P<0.05), kSR K AT a2 12 h
JERBEREMRA ML A7 (W7 (d)), COS 7E
MDA-MB-231 2t Jifi v 344 5 I 6T By 25 28 0% M 1 1L
il ik — 255317

nor 2 (I

DOX 24 h
COS 0 h+DOX 24 h

by &9

I

90

70 |

ONNNNNNNNY

0 0 63 125 250 500 1000

COSJi ik £ /(ug/mL)
(a) COSTEHI0 h

o I AR
o | @2 DOX 24 h
== COS 4 h+DOX 24 h

e ¥ o

&
4§gso—
g

il

0 0 63 125 250500 1000
COSJit B /(ug/mL)
(b) COSTEfil4 h

NN\

1o
T C FE A
o0 L DOX 24 h

=1 COS 8 h+DOX 24 h

70 F

50 H

30 | ** = B
Z |
10 H ¢ '\

0 0 63 125 250500 1000
COSJi i i/ (ug/mL)
(c) COSTEMI8 h

AR %

ARSt R A SR 2021 FE 4055 6




RESEARCH ARTICLE

JI Ke,et al: Preparation of Chitosan Oligosaccharides by Enzymatic

Hydrolysis and Evaluation of Antitumor Activities

110
= 3 xRl
DOX 24 h

i @ COS 12 h+DOX 24 h

70 |

50 H

AR /%

30

10 |

0 0 63 125 250500 1000
COS it ¢ i /(ng/mL)
(d) COSfEH12 h

FHEETF BHAEXT BRZH | #P<0.05 , ##P<0.01 , #*#*%P<0.001 ,

B 7 COS {£ ARt A% MDA-MB-231 415 4 7 2 4 8 I
Fig. 7 Effect of COS treated time on MDA-MB-231 cells

viability

24 COS B & DOX #4 MDA-MB-231 4R A8 4
FERHH IR
2.4.1 COS * MDA-MB-231 1 it it # &t 77 44 % R
% J& 5] MDA-MB-231 4 i ity = iE B e 1, B SE A
INE IR SRR RSN S COS BE 75 400 i 5 20 w4
B, i 8 fras,500 pg/mL COS YER )G, AH#E T a8
FHXFHRZL (NC),COS 41 11 40 fif i B %5 B o />
(*#P<0.01), i8] COS 7T A7 & M i MDA-MB-231
TS, iX 5 Nam SEPHRE W HFRRE —5, I
Ah,COS 46 ek 968 4t B i 78 1) B 2 A7 7E T L &7 4
HT1080 41l 21 MCF-10A FLAR b Rz 4™, itk
BN T COS 6 it Je 40 a3 7% 19 46 o

160 -

b2 S 120
B
H80 F
=
wn jg 40 | e sk
- (1
L NC oS
(a) 4B Z2 (R 200£%) (b) TR A T o Hr

AR T 25 FXT IR % P<0.01
8 COS #l #l MDA-MB-231 AR /NEEB 57
Fig. 8 Transwell migration assay of MDA -MB-231 cells
with COS

2.4.2 COS *F DOX A e %%  DOX T g
211NN (S AN ol | RV R AN 1 O 3
P DNA &2l A 45 /E HIY, A B DOX H 47 2L 8,5%
JE R A R ORI R BB AR Z A COS 4
2B, MDA-MB-231 4 ffg %t DOX [ £% HURCR |, 45

WE 9 s, B DOX A HI I ] By SE K | To it & A5
2525 COS, ZHAIN DOX %¢ S0 FE 35 52 1o i) 49 61 1k
Wk, S 5EAHME, 1 h i, P AR ER
N2 DOX AR, H2ZE R AW JMi7E 3 h B,
COS 5 DOX & & 4 25 41 %% DOX Hih 45 245 21 /R
W SR A AZ N ZL 96, 5 h B AL G 20 A% PN 41
e Y38 A Bl i a0 0 W 25 . Ui, COS
HA R #F DOX TR # & 4 T MDA-MB-231 4f il #%
MIVERS . DX — 3 BT B S COS Y IE L far A ¢,
P T P A S ) e T i gRg A i R R T 7 1) PR
T, NS {5 5 1% 3 B, 4, COS iy X
B9 DOX 5 40t 0 T 9 4E AL 7E £ 3R DOX 1)
T COS GHK Akt gl S0 AN 1B,

SVEE DL EZE AT DIHEDY . 7F MDA-MB-231 4
fiiHr,COS 5 DOX B A 4 24 38 2k 417 i Jieb 92 4 ftd
T8, FHIEDE 258 DOX A9 AR T K& 4 4T il e
WP, A EA — & RIS RUER .

1h 3h S5h 1h 3h 5h
DAPI--. --.
DOX
B
DOX

DOX+ COS
e R A 50 m,
9 MDA-MB-231 #iaxt DOX AR EX
Fig. 9 Uptake of DOX incubation with MDA-MB-231 cells

| 3 i

COS B4 RAF W AE YA S PER 2 W AR W) =
TP, COS WP IR 1R &0t 5% i 44k (R LA
5 R DB B4 4L A L B 20 B o 2 A T 45 5 A L B
2 R E A AR COS B4R S AL,

F T H 0 7E 40 K S & B R S 1k T 25 4 B
FHAR 5 20 300 I 9 245 S0 AR 5 b A I T 4 1S
FI WA 2~4 MACAHIRT 4> F B COS My3Lml %
FH COS 5 DOX & & 45 2519 75 UPFE 4 COS bt ik
JAVEF o RSB e 36 1k PE ¢ 45 S o, sk 45 24
BTk FE COS X Fr ik Y 3 i e 4t e O G &
FIMHRA; M5 DOX B AL 2ynt, IRk E
COS Rp o] & 3 B N FLIR % MDA-MB-231 4ii ffg
FE3%, dE— 25 WHLE A AT 4 T COS Al 38 1 1 i A

BEEN JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 40 Issue 6 2021



F I E, BER AR FBR LR EREN

g

FLIRE A ML A% (Al (2 1k DOX A T 4 5 firh 8 AR B 3 LR 2 M R 52 I SR, R SRR T COS b
?HEIH@XTHGF?E’J’&JIMfé,?if’mlﬁlhﬂflﬂﬁ.?%‘fio X T T TR A BT i A7 T R B B 45 4 5 2
o T REME S5 IR kb SE N S ALY A IR T BRI O MOAE T BB AT AT BE R W B4 S B S PR A 5 B A
FARME TR Z 5 M EE ST Or TR — A0 B RN SR I

1T COS AL HI S AL B 52 0%, 52

S 3Tk

[1]XINGR,LIU Y L,LI K C,et al. Monomer composition of chitooligosaccharides obtained by different degradation methods and
their effects on immunomodulatory activities[J]. Carbohydrate Polymers,2017,157:1288-1297.

[2] TEGL G,OHLKNECHT C,VIELNASCHER R,et al. Commercial cellulases from Trichoderma longibrachiatum enable a
large-scale production of chito-oligosaccharides[J]. Pure and Applied Chemistry,2016,88(9):865-872.

[3] Peft 4510 SRENMN A5, T 20 S R 21 2 5 IRWE G428 B 52 (7). 2 5 3R B8 2E W% 41, 2014,20(4) : 597-601.

[4 ] AZUMA K,OSAKI T,MINAMI S, et al. Anticancer and anti-inflammatory properties of chitin and chitosan oligosaccharides[J].
Journal of Functional Biomaterials,2015,6(1) :33-49.

[5 ] DUTTA J,TRIPATHI S,DUTTA P K. Progress in antimicrobial activities of chitin,chitosan and its oligosaccharides:a
systematic study needs for food applications[J]. Food Science and Technology International,2012,18(1):3-34.

[ 6 ] NGO D H,KIM S K. Antioxidant effects of chitin, chitosan,and their derivatives[J]. Advances in Food and Nutrition Research,
2014,73:15-31.

[ 7 1 KARADENIZ F,KIM S K. Antidiabetic activities of chitosan and its derivatives:a mini review [J]. Advances in Food and
Nutrition Research,2014,73.33-44.

[8 ] PAN Z,XIN Y,YANXIN Z,et al. Antitumor effects of orally and intraperitoneally administered chitosan oligosaccharides
(COSs) on S180-bearing/residual mouse[J]. Journal of Food Science,2016,81(12):H3035-H3042.

[9 ] PARK J K,CHUNG M J,CHOI H N,et al. Effects of the molecular weight and the degree of deacetylation of chitosan
oligosaccharides on antitumor activity[J]. International Journal of Molecular Sciences,2011,12(1):266-277.

[10] JEHa 2% w2005 kAl 46, FeSEWEXT HeLa 203 A1 AS49 400 11 Wbk SE T- 1 i [J]. B8R 5 T8 ,2015,15(7) :24-29.

[11] Z=%t R A, t@#ﬁ 85 ST SENR I R AR LR R I e 467 A1 1F AS49 AR T[T, DU REAF R, 2011,42(4) . 635-638.

[12] SHEN K T,CHEN M H,CHAN H Y et al. Inhibitory effects of chitooligosaccharides on tumor growth and metastasis[J]. Food
and Chemical Toxicology,2009,47(8).1864-1871.

[13] HAN F S,YANG S J,LIN M B, et al. Chitooligosaccharides promote radiosensitivity in colon cancer line SW480[J]. World
Journal of Gastroenterology,2016,22(22):5193-5200.

[14] NAM K S,SHON Y H. Effect of chitosan oligosaccharides on proliferation of breast cancer cells, aromatase activity,,and nitric
oxide production[J]. Journal of Chitin and Chitosan,2008,13(4):215-218.

[15] HAN F S,CUI B H,YOU X F,et al. Anti-proliferation and radiosensitization effects of chitooligosaccharides on human lung
cancer line HepG2[J]. Asian Pacific Journal of Tropical Medicine,2015,8(9) :742-746.

[16] GONZALEZ P S,O'PREY J,CARDACI S, et al. Mannose impairs tumour growth and enhances chemotherapy[J]. Nature ,2018,
563(7733):719-723.

[17] BISHT S,MAITRA A. Dextran-doxorubicin/chitosan nanoparticles for solid tumor therapy[J]. Wiley Interdisciplinary Reviews—
Nanomedicine and Nanobiotechnology,2009,1(4) .415-425.

(18] XM, HF J7 T , Wk % Jt . Bl a5 22470 I 98 43 1 WL 04 AF 9 adE e ). P [ B 2521 45 K, 2012,7(5) :373-375.

[19] PRSA P,KARADEMIR B,BICIM G,et al. The potential use of natural products to negate hepatic,renal and neuronal toxicity
induced by cancer therapeutics[J]. Biochemical pharmacology,2020,173.113551.

[20] NAM K S,SHON Y H. Suppression of metastasis of human breast cancer cells by chitosan oligosaccharides[J]. Journal of Micro-
biology and Biotechnology,2009,19(6):629-633.

[21] VAN TA Q,KIM M M, KIM S K. Inhibitory effect of chitooligosaccharides on matrix metalloproteinase-9 in human fibrosarcoma
cells(HT1080)[J]. Marine Biotechnology,2006,8(6) :593-599.

[22] XU Q S,WANG W J,QU C,et al. Chitosan oligosaccharides inhibit epithelial cell migration through blockade of
N-acetylglucosaminyltransferase V and branched GlcNAc structure[J]. Carbohydrate Polymers,2017,170.241-246.

[23] HUANG R,MENDIS E,RAJAPAKSE N,et al. Strong electronic charge as an important factor for anticancer activity of
chitooligosaccharides (COS)[J]. Life Sciences,2006,78(20) :2399-2408.

[24] XU, VLFEHG , T 22, 55 B 32570 S8 0 A8 KORE 18 ) 45 S AR ST AT 0], o0 A= Ak 25 9 2% 35, 2015,35(1) :25-29.

SRSt A3k 2021 £g 405268 IEEH



