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ABSTRACT

Chitosan, a cationic polysaccharide, is widely employed as dietary supplement
and in pharmacological and biomedical applications. Although numerous studies
have focused on its applications as pharmaceutical excipients or bioactive
reagents, the relationships between molecular weight (MW) and biological
properties remains unclear. Therefore, this review describes the possible
antioxidant and free radical-scavenging properties of several different MW
chitosans in in vivo and in vitro studies. We also describe the relevance of the

MW of chitosans and their antioxidant activities.

1. #
Boll, NTF PRI FERER 2 EORSFHENT, BYE%EEGE LTEEShTEY,
BRI COEYOBRB LB EZTEEL TWA D, BWERA DO 2 Wah R 2 85240 & L
THEHENTVWE, FORTHF M rRENT—R RN T2EBCEBELRROESF
SEETH N, RAWERD D, BHWERI» D% (., BhizamFnst Ry, EE.
F M VRFFUORT EF VL (Fig. 1) #N-deacetylase (EC3.5.1.41) Iz & 2 ks
KXo TEESH, ZOYVF2ENO0 CERBAEN, bR, RN, TA74
AR—F - EOFALDFFIIBATHE SN TV S, 2, F I VREBEARELTY
FBSh, MFI VAT a—VET, BBEERIGOH, 0E S, BrR st
BREERTIEHNHESRTWE ™Y,

FTIORE, F MY YOINVTFRIEEOFTY, TOFBIR L L THBEMEH & LTk
PEBEN TV L @E EENTIBELFAET 2 8BICBWTEL DEHEEE (Reactive
Oxygen Species; ROS) PR LTV 5%, LA L. EHIZZDROSEHET L EDDTHAL
BEEIERE Z + 01T R TV B 7010, EBHEHT CIIBRERFORIEN THHROSP 7Y
—STVHNVE, BTLHIMALDOTIER V. L2 L, ROSOBELZERP, o THZLE
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Figure 1. Chitin deacetylation

W COERIZ, TORATOERLBEDNT VAERTILITRY, bW AR{LA
FMUABOREE 2D, TORBIZBWT, £ ORELOBERFRBRINTSEY, ¥
CBEAERARNLBEA P LVAKBRL LTHESITOhTB ), BHEDOEIIZ, ROSD
BEELEIER LB P LVASEEZREAERZL TV L ZLPEE S OBEPLHAL
PeERTWE M, 2ok, ThETOHMBLERE LTIRYS 3 VCh 2 W IFERHA %
B & LIZROSA IRV I x —DHFEIZE D, WHRICROSEERT 2L v ) MICBLIHE
FoTWw P L L, Thd 0B CREREDET LM T2 L v ) BRERTY
FUAIBOLNTELT, BETIRT LAROSOFELEEZIHT S L) 2Ly 4 7oK
MR ORREFEIN TS, THETIEF MY ICBIT2HBMEEROREL LT, 2D
7 F MRS FROBENTREATVE 00 " BB ZHREIE . TOFMIC
DWTRE LB EALRS L2, S5k bR E LB U/ER BT 287
LBV TIRBETHD, COLIBFROT, BLE, F I Y 0EREERVTHD
D-ZVa¥ I rHh b, 5FE1000kDaD ¥ b ¥ FTOFRBILIER %in vitro & Uin vivolff7g
KBV CHSTERICERM L, JIMLIER 2445 LBz 2 % M9 VAL E o ic o v TRE
L7zo BLF. EFFEF V7 ORBLER L 205 FROBERICH T 5205 ICOVWTER
EBLNIT— 7 EPLICERT 5,

2. Inviloll & 3 3B LFEF Y > OIRER{LIER

X M VIIREREARO—D L LTHEASNTBY, TO5FEYA XX VIERAPRRZ 5,
BOFF MY (SFEAPT3IFLL) i, HAERCBIT 2RI VAT - VET
Ve EORRETE S, —F, BEFF Y GFEFIFUT) IHEE»r RIS
HHERERTHZeh b, FEWEOBRESLRENOM LR EFPFTE S, £ THRLI,
LB, SEERACBITT L LELLNIESFFF MY~ (CTL; MW: 2.8 kDa)
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WKEE L, FOMENTORBILERICOWT, mMPERILy V%7 DEF )V E L THuman
serum albumin (HSA) OB LORERIBEL L, F MV OEEFETHHD-IVaY 3
v (D-Gle) RUZFDOFHEETH HN-Acetyl-Z VI ¥ I ¥ (NA-Gle) F7z, ikl e LT
FAIANEVENC) EEWVWT, B{LA P VAT —F—Tdh 5 H VR )VE UHydroperoxide
SEOUHBE IOV THERE Lz, ZOHER, WL DICF M YFEERTVCH
TRINBEER ICEFE L CHSADO B LI IH S 7z (Fig. 2AB) o 72, ZOFFRIEVC>CTI>D-
Gle>>NA-GleD JE CHEAL/ER P BE S hiz, $IC. CTIOHBRLER RVCITZRITZ WY
DD, F MY VHEERKOPTHVRBUERAEE TAIEFHL P ER o, T, F MY
VOERBEBMZTET 5 5 BBROCLIIN-7 £ F IV FE L EUNA-GleldiZ & A EHEIL
ERAATRS BV LB P E Lol RIMENLT VH VIEERETH H1,1-diphenyl-
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Figure 2. Effect of the presence of chitosan derivatize and VC on carbonyl (A) and HSA-OOH
(B) formation after AAPH oxidation on time-dependent manner. The concentration of HSA was
20 mM and AAPH concentartion was 40 mM. HSA only(H), VC (0.5 mg/mL) ((7J), CT1(&) (5
mg/mL), D-Glc (5 mg/mL) (7)), and NA-Glc (5 mg/mL) (&) * P < 005, * * P < 001, compared
with HSA only.

2-picrylhydrazyl (DPPH) 2V T, Z0 T VA NHEERREL M LR, F MY v HEA
R UVCOM BRI B 2B LIER A BIZE S hiz (Fig. 3) o TDEEICoiFVC>CT1>>D-Gle>>
NA-Glc(IC50=0.12, 0.87, 1.64, 10< mg/mL) DJE CHBMLIERPEBE S e TRIETOKERLD,

NA-Gloi3HiBLIER 2 RE 2V I L P S CTIDHBEAM Tdh 5 CALICHFLET HD-GIeND 7
3% (NH) PHEBALEICES LT A MRHEASRB SN P, FE, Pengb iz b
DEFHEHMTH S 5 BRDC2, C3, COMICHFET DT I/ ER L FOFR I VENTY
—SUANERIBT B EHELTWS W, F72, Fengbid. ¥ MV HRTIREN LT
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V=SV HNE LTEBRTROENRTI AN THLE FOFI VS UHNERELTEY,
ZOWERIIEICBIIRRELEDILTYE ¥, $72, ZOFEE% Cheng® BESRA Y ¥
FIYTEICLVHERLTWE P, LA Leds, ThLHIECHE SRS MY OsF
i3, BFRBEICB TR 225, RICKRAIF, L7 2FML0% L ETE b
FFEN1,000kDaE COZHFFEY A XDF 4 (SEEE LA-ESTFES M~ ol
IZ2WTTable 1IRT) IZ2WT, ZOMBLERZHUEL. FOHFE L OBERICD
VTRRET L 77,
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Figure 3. Relative effectiveness of different concentrations of the antioxidants in reducing
DPPH radicals. The activities are shown relative to fully reduced DPPH (100%). DPPH radical
concentration was measured at 517 nm. The symbols indicate Vit C (¢), CT1 (H), GIcN (A)
and GIcNAc (@).

Table 1 Characterization of seven molecular weight chitosans

Samples * MW (kDa)®
CT1 2.8

CT2 17.0

CT3 33.5

CT4 62.6

CT5 87.7

CT6 604

CT7 931

2 All samples and DDA (90 <) were obtained from Wako co.
Ltd. and Dainichiseika co. Ltd.(Japan). ® Calculated from
intrinsic viscosity.
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U ICESTFES M v OB L/ER #DPPHT ¥ % VIHEREIC X 1 5/ L 726 R., &
BFOX VR, BERKEHICRLBVIBRILERZER L. TOICHER. ThTh,
0.87, 3.28, 4.68, 8.15, 9.34mg/mL% 7| L7zo —%. £ F&1,000kDall LOCT6TDOFSF ¥ b
F LT LA CHEBLER 2R E 2 o7z (Fig. 4, Table 2) o T/, FRICHRS 2T
£ T T H NVIEERIETH HABTS (2,2 -azinobis (3-ethylbenzothiazoline-6-sulfonic acid) )
SUNNIEBWTHAMOERERL, SHIT, Thbd MY STROMAL HBILLE
HOKESOMICRFRAMEBE L2225, ¥ MY YFFROBRIHEN, HBILAE
BOETT2Z LB tizor (Fig 5) Po TROHBMLEAERT 10027 =X
AX LT, BE. ¥ MY oEFBERMTHS 5 BROC2, C3, CHAICHFLETELT I/
EoL FOF Y VEFT IANVEHEL, HBRILER ERTEEILONDY, FIYVOFH
STk AEET IR, TROBREORBHOBETIRBEENL P 44, £5TR
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Figure 4. Relative effectiveness of different concentrations of the antioxidants in reducing
DPPH radicals. The activities are shown relative to fully reduced DPPH (100%). DPPH
radical concentration was measured at 517 nm. CT1 (—), CT2 (—), CT3(—), CT4 (---), CT5(--)
,CT6 (--),and CT7 ).

Table 2 Scavenging of DPPH radical

Antioxidant DPPH
ICso (mg/mL)®
CT1 0.87
CT2 ' : 3.28
CT3 4.68
CT4 8.15
CT5 9.34
CT6 >10
CT7 >10

a Relative radical trapping ability was calculated using 0.5 mM DPPH.
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Figure 5. Relationship between MW and antioxidant activity of low MW chitosans. The
correlation coefficient (r) between low MW of chitosans and antioxidant activity was significant
at the indicated p value.

F R VICBWT, NMREOHMEBERITICL VBEOMICTINEN DL bOEEL L
Noo Tlz, EOMDRAA=ZXL L LT, ¥ M VOBRBEHETHEF L — MEBOBED
TREND, BE, L FUF VTV I VORECHET 58 (1) O% L — FEF %£Peng
LIRFELTVEIL2b, 4%, BEEEOF L - MIRCOVWTLESFEF MV IC
BIIBRRPUETHLEEIOND Y, 22T, #4 1k, TNLSFROEEEREYE
WEEPTHZINT 7YY (WF) . BEERCERTIREEDETH Y, EEREL
REZREFDA ¥ FXVVEEE (IS) 2HVT, Z0OSFREEN L F 9> ORERE
KOWTHRET L7zo DR, WE, ISEHIC, ¥ MU SFRORKIC ., FOEEME
RIAL7: (Fig.6) o LA L, ZOWEERAOHAIR, 5iT LHBILIER THE S -,
FELRIBESNT, HATHL0%BETH o772, & 5IHFRI0kDaL T OCTI T,
FaERAEERZRE 7o ze TNETITHREBRAR L LTOF M3, BLED S OF
BN HEREE LT, FFREIIFULEOESFF MY E3FUTOESFF M >n—o
WKRBIEN D, —RICESF DT FBVEEEDDTS Y., BTIELEE. 21 250—0
BTERAZ EOBE2EE 2475 b DOARICEINLIZ L ., LSRR TH 5
EVDbRTVE, —F, ESTFF MV RETF. BHFENIETT2 00, PRI
NRFTVBeD, BLECBITAERICL, SEFERRTCORBOERAIHBEIAL TV,
CNITORRLL, BEARE LTOMAYERTIHE. HBEOSFRLEOES
F¥ MY OBESFHESRTH 2 0BER AN LW EN AR EELOND, L
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Figure 6. Binding capacity on WF and IS. Results are expressed as the mean = SEM.

Ladh, SRETCKESFEOF M VERICL 2 ¢ MBI 2 HBMLER 2 b Lk
FHRREZL2WIERL, RICBEL L, TTREFRIATY 3 5FEH200kDaD &5 F
¥ MY (IMC) RUGFE#H1,000kDa (HMC) OBSFF b4 #FH LT, BEALO
PIMHRE LT, E4OFEF M VIRAICHE MEEPEBEX b LV ADOEB IcOWT, 4k
EOLEE) L TRELIT 2770

3. nvivolc B T3 EHSFEX MY > OB EER

LMCRUHMCE 12, BIETY A Y IHMEDF -7V SXVRERE LT, 4 BEOX
— A5 4 VOBER%, EROEFFEF MY (LMC; MW: #200kDa, HMC; MW: #
1,000kDa, 1 BRI & & L T540mg) DRA%Z. FNEIEEANI0BENR L LT 7,
- ERFFIRFECENERURTEORBEE OEEIXEIC TR 2%, REEELN-HEE
DHIRMEAT o720 REBHBPITBITBEMENT X -5 OEBZHE L ER, LMCR
UEMCE B T, I VAT -V R MEEIIRBEETERZR Lz, $7HDLIX
FEL2LEAERL, ¥ M UVRAIICE 2 MESEDEIBE SN (Table3) o F7z. HIC
BRARLTWRWHKLMCRUHMCE B ICA VY Y ARV VBB EREHITBE S L,
Polze RICLMCRUTHMCD £GP RIZTRRILA P LA DEEBITOWTIRET L7z, &4
FEEA P LR ICRBE SR, L) OBLERICB VT, HSAICHE —ERERETHE
ET RO AT AL VERE (MCys) OBYLIME SR TWS P, BTHHSA (Human
Nonmercapt Albumin; HNA) 1% DSHEIC & o THEA W HE LA, B, BELLETR



Table 3 Effect of chitosan treatment of normal volunteers

LMC HMC
0—4 weeks (% of0 week) 0—4 weeks (% of0 week)

SBP(mmHg) 96.4% 96.3%
DBP(mmHg) 99.4% 97.8%
BMI 99.5% 99.2%
TC(mg/dL) 86.3% 81.1%
LDL(mg/dL) 94.2% 92.0%
HDL(mg/dL) 125.2% 118.2%

SBP: systolic blood pressure, DBP: diastolic blood pressure, BMI: body-mass
index, TC: total cholesterol, LDL: low-density lipoproteins, HDL: high-density
lipoprotein cholesterol.

S TWVBEEZLNTWVS, EELIXINTITIC, BUBRLEZCBI2BLA ML AR
ST BBONA =D — L LT, BILHSADR UM ZHEL TEL ™, £Z T, LMC
B UBMCIRAE LD MMEH OBMEA P VADEE %2 707 3 YEBMEEIC X b ARERIICHRE
L7zo FDfER, LMCRUHMCE bICHRE 4 BHRICT VT I VBLEOFEE R ETFHE
N7 (Fig. 7) o ¥720 ZOWRIFIMCICBWT, HMCEL ) bFEER TNV T I VEBMLED

P <0.05

l |
P<0.05

| p<0.0s

Oxidized albumin ratio

0 week 4 weeks

Figure 7. The effects of chitosan treatment on indices of oxidative stress. LMC (ll) and BMC ((J)
was administered at 540 mg to 10 subjects, respectively. Results are expressed as the mean + SE.
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EBETERL, TORFHRTH 2EERAGERIIKE ZHEIBRE SN2 ro7b 00, #
BALER BV THEE 2RI BE SN EDin viro DIRFHER 2 IXHTHIDE 2o 77,
BHE, RICEREEWH, LMCERUHBMCODPPHT ¥ 7 ViEEEE% 57 L /-8R, %£Din
vitroDRE THEHE SN E5FEF MY OKREFRK, IMCIKBWTHRBEVWHIBILER
ZRLAEDDD, HMCTRFORIIFALBE SN e o, ULEOKEREI Y, LMCIZE
FORERECERICIMZ -ERENLHBRILER 2R T 00, HMCIRE#EROSEBRET 5
DTIRZE L, HEERCBVW TERHBLEEDE L LTORESCREBEDE L BAEL., #
FICHRET 22 Lick ), MENLIBILERE2RL-b0LELONE, BEOMR LY,
BEZELHHRE LT, LIMCRUBMCOIMBEFRILZ P VAICRIZTHEL, fimEt—7
VSRVBEETo 7’:%%\ IMCERUBMCE b ITEREA P LA 25 Z & ®in vivol
RVTHADOTHLPII L, $-Z08FIE. IMCTHEFOREERICMAZS AV
AARY TV x—L LTOEHENZROSBEEEHICL DD THL—F, HMCTIIEEN 2
FBMLIER T2 (IR ERREEWE D & ) 2EEHBILEED E OBAEIER T X 5 THEM
AR & hiz ™,

4. £

InvitrolZ BT B EDFEF MY VI L DHBRILIER ¢ LBARE LR, BHFF by
BEBOWHBILEREZR LY. 20X 32X LT MY OBREMTH 2
D-GIcND 7 3 /# (NH2) RUe FuF ¥ VENFTEBLERICES LT A TEEMEISRR
ANz, —F, EHTFEF MY OREERIZ, BSFF M UE, BUBEERER L,
T2, in vivolFEICBWT, BEEZHRL LT, SSFESMEFBRILX L AICRIZT
HEYRE LR, BIEA PLAERHRT A T L %in vivoL XV THIDTHL M L7,
BIESFF P VBV TEHYHBILERE2R L. $LZ0BFOVDLDLLT, 5V
HWVAIRY T v —b LTOBEHERNLZROSBEEZT T2 (BAUVEEMETH 2 BE. REE
WHEOBERNTCORFIC L 2BREOTREM 2 R Lz, BIE, £LOBEOEREFL L
TEBLA P VADEFHFEE STV 5, 2. BALBEZEIIBVWT, BMELX P LAOETN
BB REDOETL BECHoTWAE I EHb, BYLX LA RHIHT 52 L5, BRE
HAT O FEHIC DA LG ENTWS, LELEM6, HBMLYyIVEO LI
BFFDROSA AR Y TV % —TRAF L ERDEPB LN TV WD, ROSDIH % 3
2L 2B LHBMHOREFE T TV S, AR TIHESFF M P BREORIRIC
BWT, EERORERREEDE L Vo LBIUEEYH 2 B S, £F5BRRICBNT
BALA P VAT 5757 TR, TOEENLHBRLIER RO 2 L &in vivoORETIC
XoT, WD TR L, ZOZHEHLRIABILER MiOMBILF TH oMLYy I 4%
LY, IfEIEZ L2, ZRLEROREDLVIEINOEN EOFHADTRETH Y,
BREHZIILD L LA b VAMEERICH L TR - 2B Liasmmes L 20 5 27
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BEMEZROTWS, 72, FIHVEIRRARTHLI DL, TROEBYLA b L ABMEE
BT 5 BHIEERD 5 VIETFRHOLDICAVS Z E SRS Ltk ZhbDMRIL,
ESFF MY OBOHBMEREBEL 2T 221 T, 4%, BEARICBITSF T
FrOFIBCERL, fiBMEH E LTONEBES 2Bt s L L dic, EHFFAXF Y
CHTFYVAVIOBEFHEZTBL T L COFRAZERERIC25b0LEZLNE,

5. HE

FRFFERICEE L, F b ERELTEE ¥ LKBRBEIERRSHTIE IC BALE T
= FHERSHIC L L DEILR LETE ¢, T2, RBIRICRL, EREBH RS EL
TeARBIEEMBTF, BB T L., DEMTAE, BAREL, REFELEZRCD, B
RERED WA WECEMAEZ OHERITLP OEH 2 LET,

»
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