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Research Progress in Functions of Bioactive Chitooligosaccharides in Prevention and Treatment of Alzheimer’s Disease
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disease, which is characterized by the loss of
neuronal cells, intracellular neurofibrillar tangles and extracellular senile plaques. Chitooligosaccharide, also termed f-1,4-
oligomerization-glucosamine, is the alkaline oligosaccharide with multiple biological activities. Chitooligosaccharide
plays an important role in the prevention and treatment of AD by protecting neuronal cells from death, suppressing
hyperphosphorylation of tau, reducing the activity of f-secretase, antioxidation, chelating copper ions, and suppressing
the activity of acetylcholinesterase. In this paper, we have reviewed the recent research progress of chitooligosaccharide
on prevention and treatment of AD, which will provide a theoretical reference for the development and utilization of
chitooligosaccharide in health foods.

Key words: chitooligosaccharide; Alzheimer’s disease; neuroprotective effects
PR S: QI89 SCHRARET: A
doi:10.7506/spkx1002-6630-201311067

LEHi'5: 1002-6630(2013)11-0316-05

PRI o I R E I L2 BE T AN WdiR < IAFIRE s A e
WAL, HH SR AT MEREIR, R INAEAT & lORS f
TAERFNAT A BEAG . ADA 3> B F 5 BE A2 R AE . fhe

7o S B (chitosan) & HH FY 5% 28 (chitin) 28 lid £ B A6 b 2
Wi 22 K Z WL S A R B 2 B . DL SR B A 5Ok}
22 K Mt J5 79 B (PG SR M AR g 72 SE 8 (chitooligosaccharide,,

COS), MR FEARIENE . 7o R L F AR FEME—r 1E L
B2, RAPUEA. B PUOBERE . PO S
P A= s AR Y, TR AR . W AR i
PEUL R BUR BE J) BIE T 7e 80, e ORAd i T R 7 T R
R ON NPk I LN p=e

Rl 7R 7% I ER 99 (Alzheimer’s disease, AD)s&—FL
FEUSAH SC IR HEAT R R (1 poRR A 23R AT PRI, XRRE 4
WA H Y 2012-03-03
FEGTH . EK ARFEIE S I H (31071512); dbiE

AT, A2 AN A 22 2T 4 9T 45 (neurofibrillar
tangles, NFTs)A K £ 41 i 5 &4 B (senile plaque, SP)
1. ADBFIURINL, SESERE A2 4 il Taudt A
p-77 UL (B-secretase) s WEVESRL. MM L SBEIHGR
Pl L S IR IR A I LA S R A AT e IR s
X BT IR R BRI IR B v A B o AL G BT R i
BRI SR B S 5C SERRR P £ 58 SRR ol 7K i 3R

e AR RN SR )2 N BB 55 H (PHR20090514)

YEE e KIB(1984—), L, WILATSEAE, BFFCO7 o fr iRl . B-mail: zhangjiao1204@163.com

FEAEEE . LHEA956—), T, #ER, W, BFSU5 O RS T T A K A B fE .

E-mail: zhaofeng@buu.edu.cn



XA ERA

E6mill=

2013, Vol.34, No.11 ~ 317

SIRMIBTEALE], 5 A T SRR AL DR AR B h I T R S
AR B ENZ%,

1 ADFRRHLEI

L1 B-TERFE R IR

B-VER FE [ (B-amyloid, AB)&—FH39~434
AR RIEA S Z K, B E R AR AT AR R 1 (amyloid
precursor protein, APP)ZEB-4 b i Flly- 731 B 24 i = T
o IE T ANAR P 0 APP 3 B HH o- 73 WA 1l 0 p- 73 W 1l 3 ik
ARV B A 38 A8 AR D mT S TR (R s APPocFl AN B AT B0 Pk
M p83 v Bt S R Ak vy Jv Br s 1M AD & %% fixi 'h () APP &
B EH B~ A T - 3 6 T 38 3k Vi K 0k A A i A T T
SAPPB. ABFIRELNG B . ABH BEHA BRI A R
PE, B SERAE R R AR SR ERT KRR
G, AL AT LT 4RI S W), a0 M (a3
B B B B-VE by R 1 BCAE U FH Hardy 55 77
19924F kAR th o % F UK, I APPIACH 1 i 4 4T
file, SIECABM T JAE, 1T 51 S 22 40 i P 200 B
RN, WSt . Tautk 9B RBER L . FHZETTIE
T, MEICYEgisess, FEOCHINEN D REREAT, /=
4= ADFEIR o
12 HHEE

B2 000 B A 2R N AR A e A
(), T4 BT R i B 70 P4 1) #2855 AT A
W HHELGE A RS, WK, MR
S, P g R K A M 2%, IR MR & T D Rg
T 2t e H R T o P AR IR BT A A ) ) 4 - 3R T A
(4-hydroxynonenal, HNE)F12-TA ¥ (2-propenal) il i 1
TSR0 N 5 5l B 1) e DR R 2 R R R
RIS EE G, mE A g NS, A TR AR
WERE G, 3 R 1 s M AN T BE ™ 4k, A
FURIA, NT2H0Z 0 - AR 1 3 I m] LLAE ABIK 235
W2 WEFCN D3R IR 2 1 B 4 A T HL 0, ATRe SO oK
FENT2HZ e M 2 K& WHNE,  ZEiAEF AL R
B RN, g e 2k wE bk
13 e PR RIS

BT AR R E VLA R, 40 M 9 4 B8 7K P He At
FHALE FHADR AN — AN KB 3, 40 A58 i
15 LS A0 LA P B P s A PR A 1R U S R R A S, T
PREETTIIVE 2 DY REHOB T 8515 5 I 5, B8 R N
PR TCAR I R S flnk 184 58 280 A7 A AR R, T A4S
S ICS b a] SR RO AL, A5 B IR S AR ]
IE R BHLE], AR ADI RS K. BB iR
(T A AR ABI = A 38 0, 1 AB DS K 5 A 45 B 1A
&, HHEOBPEE R,

L4 RIERN2EU

TEADEE KM, R8I 2 T R IEARICY), Wi
Fhol-Prigist ¥ & A M (alpha 1-antichymotrypsin)F1CJ V.
[ (C-reactive)/E N IS MEHA SR F1 . #MA . GRS
JECAN AR TR AN B R A AR, R, B N R
AN B 7= AR ) 980 R F-, - W A %5 -6(interleukin-6,
IL-6). I/t %-1(interleukin-1, TL-1)%5; B0 A 7 i
TN ML ZEAESP IR R, AR5 15 /)N T 41 i 5 A B Wk 11 [+
i, PEAERVEMIR, WIRTAIIRE . IL-125. JORE RV 2%
BEIA Ny, 3K 8 58 K1 5 2800 AH OC 1 8 1 R 48 RAE
N S B2 LB T
1.5 b

ADI AR IR HUH A 1k B URaPP 22 3. K6 DR 22 i A
Ji, HErRILI195 e tafk MR &R T EZE R (APOE
) 145 Qe ik B 2 R 1L (PSENTREN), 15
Yeti gk [ 52 2L (PSEN 235K, 125 4L fk |-
Mo, BERER FIE R (A2MIERD S IEH, 5T ADIKE R
FHH BRI, EHUEE R R AR, B
HE— R R, Taudk A 5% R ULIA N, AD
it Tautk kB SRR AL, SRAETE RS, A4
JRAN AN B SRR R, SRS SR LT
W, A2 A B I DR . BT R AR BN,
A G Taukk AR, 0 IS =R &1 (GTP) 45 &
£ i B BET S T SR, IR RENFT ISP TE Jl FF 258
SEAENFTHY BB 07 BNy, AD R JE i il
X ARG e oD, SRR IS T LTEHG%(Ach)
G G RBETBCRME AT 2D [R) I — L84 G B 28 WA &
W4 % B (ChAT) . SBEMHGREERG(AChE) ) Dh g th & A=A
FIFEE R EAE, HEmsiE —RIIADKIR R, M
PR EIEIR AU IN g, N R RO R B AR
(Glu) (PP EX A /E I 51 0 L fb, 43C1 . Na® ok
W, R FEA AR U Z FRR(GLuR) %, BETT 5 [ 41 i
BIEVEHRAMC KB NN, AWML ez,
T34, Glulf) R Ui B 1 15 Glufr S N- F 3L -D- R & (1R
(NMDA), 5l KEMSAR, SEEESE. B2,
ADIIRAEAE — AR — R Z8m g 8, M — A2 0
FHE AR A S R, D) R LA A ik —
I FCRIR R

2 SEERHEN B IR BRI B i 1R

2.1 WPRRZE TN B DR B SRt A AR

A28 U AN B T B 7R R BRI (10— K B
itz —, HRAWREMHAERMI KR LR ABKILE
FAE BEIR ST ARG BT PO 2 R AT
Ko Gong“FPWRFURIN, A JA F M2 AR G 43 T



318 2013, Vol.34, No.11

E6mill=

XA ERIb

kA e SERE 1.5 3mg/keln, JH FERRZ A0 M A e ) Y
BRUF, Ay AN R AL 1L.665F12.41% . TiangZ " H
KAV S 7T IR S8, 330 7RI E R, Xl
W 5 SR 0T J L 40 4 T R IR S Ak F AR AR
HIXFER SR EAREBOCR. YangZP 098 T 52 550
TERANKPC- 1240 AR Z T0 A 52 e, R IR e S0 Ak
S IPC-1240 g, o fuh A= K R0 4i M 3% ) 3445 21 T 1
P, PC-1241 M4 22 HA mRNA (B0 25 ) A5 2645 8 A
MRk B AR SR A M MR 1 2
Z 5%, AN B IR E TS, dEmgl K — RS
AR FAPL T [N . Zhou Songlin5PHF 5% K B, 585
B (53 7 T 800D) REAR 4 ¥ Ly i 48 T0 S 32 B 2 IR 2R 5 3
AR . &R SE SRR T Se A B S,
BRREE S S TR H T — RN ER;
[N, DRI 2 2k 5 RS 105 B8 IR B T s R e R e e
Fig-3(caspase-3)yh PEIG o B 32 2 740, M mTZEME T LA L
PR R BRI S e 2 e T
22 AW B- oy VA

S5 VA AT R 7R R 1 RO ) e AR R S v b A A
H, SETEREXTB-43 WA i A 1 4 HT 2 1897 AD I — AN 7 4
M, WTADIBIAATHE EE R . Byun 5P IR £
T P AN o3 e AN R () 5 S0, X B W I (R & A —
SEHDHIER, SR AL 5 7o SRR A Bk FE AN 41 i
Ko MIFNE S RE 7 TERE, v &5 51 I 1A ROR
el s AHIR 7 PR I e SRR, B I R A e PR A 28R
T, e JE R T R AE3~5kDZ 1A [190% Bt £ Tk 1%
952 S50 (90-MMWCOS) 5 7% Y 17 Jge 1 1 -0 Wb ke 61
TR, SR A AR A AR T A o
23 I Tauss A BERAL

NFT /2 B R 2 BRI (1) = KO0 B i 2 —, L=
W e Tausk 1. IEHEOLT, Taufk (Anf LgE & — x5
HBER Y 1 MAEADR Y, Taws 171000 & AR 1 5 i 1%
th, BRASEMEMMAIIET . M E 5K T R
BEGT X H P2 (O A) 55 I SDOK B it 1 41 48 0 Tau B 11 J
WERR AL (WA o K AN [RD 3 B 52 S0 T AL 41 5 O A 3%
P AR LGRS, R IR [) R 5 5 S 0 7 A 341 41 s 8 G 4
TEAB A PTE, FWoasS R BEOABR M4 &, 41
WUAEE R A BT ETE, 4N L35 P LDH A AT AT R
B RIS I, 50 SEHH TIUAL B 20 45 20 1 i 15 ph 48 0 4
o Tau-pSer396 B MR IEFOABMG LI BT F %, JFH.LA
b B b R Y DA SE SR B T R 20ng/mL A1 40pg/m L R
A . UL SESERE AR TRPTOA S I IISD K il it H il
28 U L R 005 30 Tau s 1) 58 B IR A . T 1)
HIE R AT e 5 e SERE LA AE A G, T ESU(ROS) S |
R 1465 2 2 VR ofF 7 A0 0 P 8 Rl R A6 R i 1 R
T, IR AT SO O RN A T R R I LA S, M

A3 TauE A0 ) T 5 5 BEIR AL Bh4h, ROSTRAEME L)
il fig & AQ 45 Tau & N (TPK) 1) M A ——Ff o &
JR A -3(GSK-3) AR A2 M 3G, HET e 0 T Taus (11K
SRR . SEEPHERROSIME, 15 Tausk (1554
R L2 2 T .
24 PrEMIEH

AR FCR I, Se 3 B A B M E A,
Al A R AR, AN TR A A 3 R 1
% TG} 5 SEREEAR M B AE R SU R B, 52 S p
XA 3k, EEBTE T H,0,. DPPH [ HIE25 4471
LFIERRRe 7y, Hs AT Re st 7 SRR - —NH 1S
IS A, A IR A e Y i, ol T
SAVARPs - U EYARSEZ L UPSE ¥ 1iP

Je 50TV L5 SR R I £ T 155 0 43 1 I 1 K /N o)
bR A I RE R R B Joe AR, B RSR A
H 37 Bk A8 0 1) 02 g K W 5 1) v 46 43 T 11 7 2R
Bl o AR08 50 281 I 56 SE RS BRDPPH B Eh 5 (1 Rk ) B 5
0 T W A V0T VAR R TR B NI M 5 o TR A SO T
FOIRME AT R . SRR DL SR WAL e A R A
M RE ST, RILIX L) I B A b g 0 A8 — e i vk
JEE 5 Pl P 347 ot 0 e 58 186 it 349K, R o 2% S B A
W 0.32mg/mLIN BEIL $97.81% 172 B 1 HET B %
Huang Ronghua %530 I I 16 9k 32 1) 50 S 0 AT 2= P 1
H H 56T B fE 77 B A FC U IR 3 0y B AIG, AR o
TR 1) 58 SEREAT AR A R IR E S bk Re 2 )
MIRFR . BREVIREESL, B IE R Rt 1 bl 23 Bk fig
A —E W . HAHFURIEY, LSRRG FRROSH e
D 55E5E oy TR KA KRR, MM G T T 5%
SERETT T, AR TR IR SR SO R B R I RE D) B
i, LA TT RE S A A O

11 22 T 58 SEWHE AR N I P AR R R B, 52
SERE R B AR R AL SCEE BRI A
ARG D380, N R P b r, BROGAFBR IR,
T 1 TR (1 SR SRR P R AD AR T 41 i ——swe LA
A9/sweRIN2aZi] Ji i 1 4 K 7K 1A BH S R 4 a4
A3 IAE 55 SR A 1 S5 48D 240 H B W S4B A8 R, ik F
U AR ) 7 SRR IR B N 0.1~ Img/mL . 5K 75 4509
WE T S SRR 4l b X DPPH A HiJ& . H,O, 1% A i
FE 100375 BRAE T DA KOG i 22 5375 3 (N /N e 5 4 B 1) i 7
YER, RIL5ESERE BE 20E FRDPPH H B 3EAEE H B3,
BB BRH,0,;  [FJIN & I g BRAC I 22 0 75 3 N9 4l
W BE TR TTNOIK Y, BRI ML WROS /KT, Jik />4 i 9
T, HEMTXNG/IN BT AN ke 20 R4 76
25 EAWET

B 1257 5 5 AR R AT AU E b B B L B TR L
G, FAEZERNDO. — 7, XFAB-Cul &




R B85

= 2013, Vol.34, No.11 319

A adith, S8 od 742 =4 d 4k
A, EHEALUTR: i T71H, ABTEMEAG R NARER T,
AT Cu(IDHIEJF R Cu( 1),  [FIIFIFH O F AR IR A
IR A A A, B S . ST TR,
70 LW B AT B W PR, O EL R 4 H
e s BRI AR . VR pHAE « VA RO P IR R A IR 2%
A RP . HHLEE ] e ST IR T RE P ISR . IR K
A P S 0T LUJE B0 R AR G506 IR JE T 4, 0 A s
TRIFMECAIER, e EMESY . 54h, Xu
Wei IR ORI, FESERE (S T U 1500D, it L
I 90%) fie A7 A8 HUGS Bt K Bl BT 28 40 i b A
TFolErphasEtt, JF R 2,7 - P LR
(DCFH-DA)GIN, 5 I 56 SE 0 RE4 1 — 4 4 2 15 DS 1)
B TR 40 i TS K T
2.6 I L WEIEGREREE . M0 B INFE AR A R

FCENE R A E QB GRERNG 0 B R IR A
FE R IIVER o ST PRI A 444 i P P A 2036 Jo——
TR NB K A R RGN SRR IR /K A, Re ik e oh 22 70
BN, AR YRR B tH IR L. JF HL,  SIENR BRI
5 ABZ AT AR FLAR R IR A T [RI T 2 IR Rk 5
TP AD B VA BB R S TSR I, L
T e SERE RAT A=) QIETEIENE . ST SERR —
LHEFETERERT BN R i P E S SR E R, HasiK
PRI — SRS SEMEHIRE 8K, R e A A%
A% SAMIURI,  SESEE I B R AN 4 i i
5 TR0 QIR NRRRNERG 1 e AT KR, I SRR
B~ oy 1 U fE T I e SRR RO AT

1M B K SR % AL i (angiotensin converting enzyme,
ACE) s i A 1L B B 5K IR T %% Ak M S8k ik 10 i —
filg, 171 P 3R (renin) JU) RIS S8 B 6 AR e A SR KA T
KPR BTG I, AR T L K, S R EUR A
TR PRI D AT S e i OB RARE (e #EADI) R R
5 BRSSO 1 N- L 7 5 5 (V-acety]
chitooligosaccharide, NA-COS). %{#:7¢ 5 M (aminoethyl
chitooligosaccharide, AE-COS)X| b i P47 Jit (¥ P A7 410
HIER, JF H BB SRR LR 2190%,  Hh 4543 1 i & 1H)
FEHRE AR N Bt

3 & &

Bl R e BR 2 H 19064F F ke LUK, 247 1
ZAEI DL, SEBUR AL B 6 18 I AR5 2 B
B2 B )2 R0, BE N D 2R AR RN e, 8
FBE S AL I A ORGSR i BRI BN 32
FUTEML . 7 T8 Bl A ME— (41 1 B AT PR R AR PE S0, A
RS PORIR 2, SRFEE, RAAZRMEESsy. b

H SRR I AL BRI AN T R i, 52 SRS R4 A
U H 2 A RO T . B DR i B I 17 2 T 20803 W]
T A P WL 28 0 58 — AR AR S 5 1) R i, AR
LRI 58 SEREAE B 2R e BRI 1R B 96 I R v P A4 f A
I T 2 P AT AL, 5 AE R ZR B R S BRI 1 Bl ¥
T, (RIS Sy 2 ) o e SRR A DR AR £t IR
ARt BB LA

Z% 3CHR -

[1]  YUAN Wenpeng, LIU Bing, LIU Changheng, et al. Antioxidant
activity of chito-oligosaccharides on pancreatic islet cells in
streptozotocin-induced diabetes in rats[J]. World Journal of
Gastroenterology, 2009, 25(11): 1339-1345.

[2] WANG Yan, ZHOU Peigen, YU Jianxing, et al. Antimicrobial effect
of chitooligosaccharides produced by chitosanase from pseudomonas
CUYS[J]. Asia Pac J Clin Nutr, 2007, 16 (Suppl 1): 174-177.

[3] LIU Bing, LIU Wanshun, HAN Baogqin, et al. Antidiabetic effects
of chitooligosaccharides on pancreatic islet cells in streptozotocin-
induced diabetes rats[J]. World Journal of Gastroenterology, 2007,
13(5): 725-731.

[4] SHEN K T, CHEN M H, CHAN H Y, et al. Inhibitory effects of
chitooligosaccharides on tumor growth and metastasis[J]. Food Chem
Toxicol, 2009, 47: 1864-1871.

[51  BRMEG, SRALE, Wi, 20 7 ALY 24 M. Lt S5 H R AL,
2006: 172-174.

[6] GENTILE M T, VECCHIONE C, MAFFEI A, et al. Mechanisms
of soluble beta-amyloid impairment of endothelial function[J]. The
Journal of Biological Chemistry, 2004, 279(46): 48135-48142.

[7] HARDY J A, HIGGINS G A. Alzheimer’s disease: the amyloid
cascade hypothesis[J]. Science, 1992, 256: 184-185.

[8]  BUTTERFIELD D A, CASTEGNA A, LAUDERBACK C M, et al.
Evidence that amyloid beta-peptide-induced lipid peroxidation and its
sequelae in Alzheimer’s disease brain contribute to neuronal death[J].
Neurobiol Aging, 2002, 23: 655-664.

[9] KHODAGHOLI F, EFTEKHARZADEH B, MAGHSOUDI N, et al.
Chitosan prevents oxidative stress-induced amyloid £ formation and
cytotoxicity in NT2 neurons: involvement of transcription factors Nrf2
and NF-kB[J]. Mol Cell Biochem, 2010, 337(1/2): 39-51.

[10] TR Efl, EAERIR G A R R G g )], 2%
i, 1993, 28(9): 641-646.

[11]  BOJARSKI L, HERMS J, KUZNICKI J. Calcium dysregulation in
Alzheimer’s disease[J]. Neurochemistry International, 2008, 52(4/5):
621-633.

[12] HULL M, STRAUSS S, BERGER M. Imflammatory mechanisms in
Alzheimer’s disease[J]. European Archives of Psychiatry and Clinical,
1996, 246(3): 124-128.

[13] AKIYAMA H, BARGER S, BARNUM 8§, et al. Inflammation and
Alzheimer’s disease[J]. Neurobiology Aging, 2000, 21(3): 383-421.

[14]  HEE, A, AR, BRI IEERIR I 5 ECAOm HLEI AT 5E ]
ARG B2, 2011, 9(1): 37-39.

[15] e, B IR S B 3 IR SR LRI Tt R (3. 9 e 5 3%,
2006, 13(18): 3304-3305.

[16]  FES2, WRA. B 7R 5t BRI 8 B R0 LRI 9k e D). 75 RS 24
2 b2, 2008, 29(2): 101-104.

[17] S, R, TR S B I AL e JERIE 7t Je (7], o B i
PRERAL, 2004, 8(4): 693-695.



320 2013, Vol.34, No.11

E6oill=

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

RELLHE, 117, B IR SR BRI R L B if oy ot
BERZ2AR, 2010, 33(12): 1455-1457.

MEDA L, BARON P, SCARLATO G. Glial activation in Alzheimer’s
disease: the role of Af and its associated proteins[J]. Neurobiol Aging,
2001, 22(6): 885-893.

MIGLIORE L, FONTANA I, COLOGNATO R, et al. Searching
for the role and the most suitable biomarkers of oxidative stress in

JEFELI]. B et e

Alzheimer’s disease and in other neurodegenerative diseases[J].
Neurobiol Aging, 2005, 26(5): 587-595.

GONG Y P, GONG L L, GU X S, et al. Chitooligosaccharides
promote peripheral nerve regeneration in a rabbit common peroneal
nerve crush injury model[J]. Microsurgery, 2009, 29(8): 650-656.
JIANG M, ZHUGE X, YANG Y, et al. The promotion of peripheral
nerve regeneration by chitooligosaccharides in the rat nerve crush
injury model[J]. Neurosci Lett, 2009, 454(3): 239-243.

YANG Y, LIU M, GU Y, et al. Effect of chitooligosaccharide on
neuronal differentiation of PC-12 cells[J]. Cell Biol Int, 2009, 33(3):
352-356.

ZHOU Songlin, YANG Yumin,
Chitooligosaccharides protect cultured hippocampal neurons against
glutamate-induced neurotoxicity[J]. Neurosci Lett, 2008, 444(3):
270-274.

BYUN H G, KIM Y T, PARK P J, et al. Chitooligosaccharides as
a novel f-secretase inhibitor[J]. Carbohydrate Polymers, 2005, 61:
198-202.

FESEH, ABJEL. SEEEREN I RS T K BUHE T M 22 st Tau 2 (I &
WERRAG M LRI (D], R RIEBEFRLR, 2009.

JEJY, PARK P J, KIM S K. Free radical scavenging properties of
hetero-chitooligosaccharides using an ESR spectroscopy[J]. Food
Chem Toxicol, 2004, 42(3): 381-387.

AEig . FURE PS5 SEROG AT R AR, S 1 B4k
FERIESZIA D). b5t HE AR K22, 2007.

KA, GERW, SR, A5 SESRME ST AR A d sk he

£ 52500, 2008, 10(7): 23-24.

HUANG Ronghua, RAJAPAKSE N, KIM S K. Structural factors
affecting radical scavenging activity of chitooligosaccharides(COS)
and its derivatives[J]. Carbohydrate Polymers, 2006, 63(1): 122-129.
NGO D N, LEE S H, KIM M M, et al. Production of chitin
oligosaccharides with different molecular weights and their antioxidant
effect in RAW 264.7 cells[J]. Journal of Functional Foods, 2009, 1(2):

GU Xiaosong, et al.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

188-198.
VK. 5% T S ELFC A A6 B PRI AR TR X D). 75 &0 Hh
K2, 2007.

SUPK, TR, 58655 7, 5. 5% 55 HI X I % BAN I ¥ £ K B Ak Bt
AALTEH-IMWTFR ], BB iR, 2007, 17(9): 968-973.

gk, BKRT5 DT, AHTIE. 5% S0 T BRI R 2 BROREAS R A i Py v
PRI, A EL AR, 2009, 25(2): 77-82.

R, XA, 2R, A SESERDNT A AR KT R SORNO /A
R D). ﬁ-luuﬂja, 2010, 31(7): 81-85.
SUN Shengling, WANG Qin, WANG Aiqin. Adsorption properties
of Cu (II') ions onto Nsuccinyl-chitosan and cross linked N- succinyl-
chitosan template resin[J]. Biochemical Engineering Journal, 2007,
36(2): 131-138.

M}b W%, L, S se B IN  Cu(ID) AL A S PERT ST
[3]. A 162, 2008, 28(4): 500-503.
XU Wei, HANG Hanchang, LIN Changjun,
Chitooligosaccharides protect rat cortical neurons against copper

et al.

induced damage by attenuating intracellular level of reactive oxygen
species[J]. Bioorg Med Chem Lett, 2010, 20(10): 3084-3088.
SBERNA G, SAEZ-VALERO J, BEYREUTHER K, et al.
The amyloid beta-protein of Alzheimer’s disease increases
acetylcholinesterase expression by increasing intracellular calcium
in embryonal carcinoma P19 cells[J]. J Neurochem, 1997, 69(3):
1177-1184.

HARDY J, SELKOE D J. The amyloid hypothesis of Alzheimer’s
disease: progress and problems on the road to therapeutics[J]. Science,
2002, 297: 353-356.

YOON N Y, NGO D N, KIM S K. Acetylcholinesterase inhibitory
activity of novel chitooligosaccharide derivatives[J]. Carbohydrate
Ploymers, 2009, 78(4): 869-872.

LEE S H, PARK J S, KIM S K, et al. Chitooligosaccharides suppress
the level of protein expression and acetylcholinesterase activity
induced by Ab25-35 in PC12 cells[J]. Bioorg Med Chem Lett, 2009,
19(3): 860-862.

HUANG R, MENDIS E, KIM S K. Improvement of ACE inhibitory
activity of chitooligosaccharides(COS) by carboxyl modification[J].
Bioorg Med Chem, 2005, 13(11): 3649-3655.

NGO D N, QIAN Z J, JEJ Y, et al. Aminoethy] chitooligosaccharides
inhibit the activity of angiotensin converting enzyme[J]. Process
Biochemistry, 2008, 43(1): 119-123.





