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Free Radical Scavenging Properties of Partially
Deacetylated Chitosan Oligosaccharides

Jae-Young Je

Depatrment of Chemistry, Graduate School,
Pukyong National University

ABSTRACT

In spite of various bioactivities of chitosan, its effects in vivo were still
ambiguous due to low uptake rate by organism. Therefore, converting
chitosan to oligosaccharides, which are having better absorption rate, is
necessary for an efficient utilization in vivo.

In this study, we have produced partially deacetylated chitosan
oligosaccharides (COSs) and have investigated the free radical scavenging
activities by 1,1-diphenyl-2-picrylhydrazyl (DPPH) and the electron spin
resonance (ESR) spin-trapping technique.

Deacetylation chitosan (degree of deacetylation : 90%, 75%, 50%) were
hydrolyzed by enzymatic hydrolysis, and the hydrolysates were separated into
three major types, COS 1, COS II and COS I, according to their relative

molecular weights, 10kDa, 5kDa and 1lkDa respectively as determined by



MWCO(molecular weight cut-off) of ultrafiltration membrane. Effect of 90%
deacetylated COS II on DPPH radical scavenging was stronger than that of
90% deacetylated COS I or @M. The 75% deacetylated COS II and 50%
deacetylated COS Il were stronger than that of 75% deacetylated COS 1 or
M, that of 50% deacetylated COS Ior II.

In hydroxyl radical scavenging activities of deacetylated COSs using the
Fenton reaction in the presence of H:O; and Fe*' by ESR. ESR results
showed that among the 90% deacetylated COSs, deacetylated COS II was
higher signal intensity reduction than that of the others. The 75%
deacetylated COS III and 50% deacetylated COS II were higher scavenging
effect than that of the other deacetylated COSs.

In superoxide anion radical scavenging activities of deacetylated COSs
using hypoxanthine-xanthine oxidase reaction by ESR. ESR resulted showed
that 90% deacetylated COS I, 75% deacetylated COS I and 50%
deacetylated COS I were higher signal intensity reduction than that of the

other deacetylated COSs.
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A3} A| (antioxidant) @ AFsHE JAISAY AAAE EFE M
(Halliwell &, 1989), ool tig R 1940:ddl 25 2t3}(autooxidation)ell ol s+
AF7E o] FolZ olf =z AFAst WA QY] kA FHOR ATt
Aol gkt ole 2 7T ALY dHHEE Aot AfEHUFd 4
A A (free radical scavenger), H}4t3E S HgtZZ Basleg BN 7
2+3LE B8 Al (peroxide decomposer), "l #FF49 A3t 288 oA 37 9
g 5% Al A Al (sequestrants), AgAkstel] QoA @ AsfA g FEA Fikst
248 Z7HA171E A5 Al(synergist) 2 singlet oxygen quencher S92 E&

"ol E3F Davies(1986)= A X Ao A 2] 2312 <l Wlo]7] A8 primary defense
system¥ secondary defense system2.2 WAt Primary defenset & 34t
3t wgo] AAA WAPHE AfrdZ(free radical) Fehe] A& B ¢4A
T AAHEE HEANZoEAN AHY dEAHY AFdE WA= 7Fe=
chain-breaking antioxidant®+ilX% 3}%, «a -tocopherol(vitamin E), ascorbic
acid(vitamin C), A8 -carotene, uric acid®} &4F3} &4 <2 superoxide
dismutase(SOD), catalase(CAT), glutathione peroxidase(GPx) &°l «7]d &3

t}t. o9+ 28 secondary defenset primary antioxidant defensed H®loju 4k
stA 2o d gkgo o3 &S 2 BAY Al MRS AAS

7] A% repair system® 2 &€ 2] Q12 A (phospholipid)& &3l d #od
st &A%l phopholipase Az$} fatty acid transferase, 4% @ &S E&A



7] catalytic/multifuntional proteinase complex(Rivett, 1989) = 2+3}2 el <A}
< <9< DNAE <83+t DNA glycosylase®t DNA ligase(Halliwell2}
Gutteridge, 1989) So] 2t}

&H, 22 Z(free radical)¥} superoxide anion(O: ), hydroxyl radical

("OH), nitrogen oxide(NO ", NO "), lipid radicals(RO", ROO", R")&} %<& &
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(reactive oxygen species) vj-¢ B¢kl AAUe e 1§ =
A3 FA] ukgs)
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b, ol AEL ¢(Muramatsu %, 1995), % 72 5}(Steinberg

AoiA F8g 4&E It T3 AF-F oL (free radical) e =3t FHI 7B
do] lth. Harman(1981)2 vitamin C, a -tocopherol, glutathione, cysteine %
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, Bender &(1970)2 ol FAASFAES vhs2
of F4sde W, w29 FFFHo] 10~20% EF=HE A7 Jddm B3
At =3tol] #EdE M FAAM Ak fdd@de] ge AXE @xn e,
ole #ddlel AAHE wEAol A BN 3t AEy FAHo=

S-S B o] 2L &Y FHOoE AX VIFA 2YgdAYdE Rolth
pIk=d

N
2
¢
=
N
=
1o
2

gydael Y Sesk HAT AaT TENES AA 2

AE Wwol B2 HE A3 ADPY AEF Aitze] me BAHoz FuiHn

Y

A, &5 ARL3  xanthine oxidase, tryptophan dioxygenase,
diamine oxidase, prostaglandin synthase, guanyl cyclase®} glucose oxidaseZt<

BY a4 Fdoz A oY 7] G404 Fold o FHAE A4

o

(Winsten &, 1997). o]x§ A{Fadz 9 @440 aFo] AW 2 Ay #



ot

AE SH7] mEel A2 old did A7t 3 AYH 1 Yo

|- FEde A EAse PR 429 A FES

i

rir

s

ar

o
=l

A7V AEAZACT A1d2 A, AS 59 #AF AR, AAF BaAn

THel, 2R 2FF, WAR 2 AT AXY S gaHo glen, A7
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T FHEE o8 A-AGAY F5% F3A(Gordon %, 1983 ; Landes
¢} Bough, 1976) % &4 133 Ay Z2rtEady9 & 2 (Luong %, 1987
Muzzarelli 5, 1976)¢F 22 122 2A2A 9] ol&=o4A o a2y JF
= 108 My 79 - 71E4 R I FEAZ &F #8(Sudarshan F, 1992),
T8 24 AL (Okuda &, 197) 2 ZH2HE A3 FE(Maezaki 5, 1993)
B 22 7T AFoEAY o g a1 WY A9 BE YXE T FE
o 9% FgAZMe o]& 5(Z 5, 1997 ; Nishimura 5, 1986 ; Suzuki 5,
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ZbrEdEert Fdg4o] o

st et AAY 28 ns & O FFE0] £V A& FAYAZA o] &

& o+ & FHolt
HId+= 5842 719 - 71 EAS 84 EFAE F=AE FAstd kst
o g3t A7 &dsit. Xie 5(2001)2 =84 71E4FS hydroxypropyl

chitosan®} carboxymethyl chitosan §& W&o} FAHNALFE FolA 71A v A

o] & hydroxyl radicaldl W3 AAFTEL HId}HNL, Xue ¥(1998)

AL B3, & hexanoyl chitin® N-benzoylhexanoyl chitosane Al sl
A A Htstel dig = BusA.

oy 719 - 71 EANY] AE S AElgddx £, 25 AAY 2 A
F w1 AAELE A& AEY Fd FF 9FE AYG AR E FEY F
A, 53] AIEY AslEdd e FIEAY f-glucosidic 23S F3lE +F U
chitosanase Z& E2& 7IA3 YA Lot in vivodll A £ HA 2 1&EA
FIEAE F571 oley A8 $dol q4H3 Be EAR FobdH(Weiner,
1992).

gAY 7EA &gk 719 - JIEANAYE F4EAH(Suzuki F, 1986
Tsukada 5, 1990), ®E 2 F7 &3 (Tokoro T, 1988), < ¢l fojA of
W HAA ] Zgd g Wolas FAH(Yamada 5, 1993; Tokoro %, 1989), &
+%30°] @4 (Hirano®} Nagao, 1989, Kendra &, 1989), ¢ &4(Hirano%
Nagao, 1989; Uchida %, 1989; Jeon %, 2001)5 < ©4e Aol muxy
AT

gy, o} AR FIEA elnge] ol Esire wE g A5t



&3 ZAlo ZH-2ho] ZHfree radical) scavenging &3Ol i3k AFE o] Fo
A A gtk wElAd, B Ao golAEd sy gE 7|EANS st s
o FolodFutg o] gt FE3 J|EA 2P S A A Ao P(free

radica)2] ~A ®3& HEIFHC
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1. 4%

B AN ASE 7 EHGRNILE  90%, T0%, 50%)e F7E Feol

2 (F)71EetelZolA 71dE TUS JIEANSR vhEo] AHEsiAH. 7

tlo

EAS 7tEEEE7] el AE3  Chitosanase(694 unit (U)/g protein)&
Bacillus pumilus BN-2622 %8 #8313 ZHAS2 Wake Chemical Industrial,
Ltd(Tyoko, Japan)olA T4ttt 71 EAF L8 13S ABAslr] A& ALEsE &
] o %} 9}4-%] (Millipore MinitanTM)& Millipore Co.(Bedford, MA)el A ¢} 3t
ARt BAREE Egsr] fs AHEE He AR 9 =(molecular
weight cut-off : MWCO)E ZZ 10 kDa, 5 kDa, 1 kDag AM&3tsidh
Hypoxanthine, xanthine oxidase, DPPH(1,1-diphenyl-2-picrylhydrazyl), spin
trap reagent$! DMPO(5,5-dimethyl-1-pyrroline N-oxide)= Sigma Chemical
Co.(St. Louis, MO)I A F13te] ARg3tdth. awtel ©& Alek2 248 S5
< Ab&3tx T

- 2-1. golHE FEMN AX
golA e FIEAS] AXZE ") 40% NaOH €48 ¥ 110ColA st

AER stdete] Az olFA A Roj "FetdE TRl Al



Toei®t Kohara(1976)9] e weh ZAsATh &, 7184 #9109 5gol 5%
acetic acid® 718 100ml= THE L 2A1ZHE o wukst oS o] £ Imld =#F

& 30mlE 7hshe] wwkstn A A ko2 0.1% Toluidine blueE 73kt o 7]
ol N/400 polyvinyl sulfate potassium solution(f=1.006)°. & Z A 3la] ofgje] 24

< ol &3t "olMds g ALl
Degree of deacetylation(%) = — 16l __ x 100

X=1/400X1/1000 X f X 161 X V
Y=(0.5%1/100)-X
V=N/400 polyviny! sulfate potassium solution® 2 & X](ml)

f= N/400 polyvinyl sulfate potassium solution® factor

N
N
A}
ft

2
S‘.-'.
o,n.
o
2

F1EA EE]ade AZE JeonH Kim(2000)9] ol Fato A=xstAd. F,
&4 ukgora RRAHoz dPopdHEsztd 1% JIEA &A4(PH 553
chitosanase Sunits® 7138t 45CAA 71EAS 43 ZleElE Al 9&
ArweE RS BodRAIAS o] Fetol ¥AF 10~5 kDa
1 kDaol3te] 71EAF Selndoz Rt 28€ 7IEA S2ugd

Azsle] B ol AH8sdc

o

!
—
5
»

2-3. 849 4

AEA 22awe] 98 ZAE Oyaizu(1986)9] el we Aastact



Z, 71E4t &89S F/FSF 1lmlol Zolir of7]o| phosphate buffer (2.5ml,
0.2M, pH 6.6), potassium ferricyanide (25ml, 1%)& Yol 431, E¢EE 50T
o 4 2083t incubate Al T 1 th& trichloroacetic acid (TCA, 10%)& 2.5ml
H7F & EFES JAREHA500xg, 1083 ARt Evan AEA
25mlE #H3ld o7lol FH5(25mh)9 FeCls (0.5ml, 0.1%)& %< ¥ 700nmel

A %= 2459

2-4. Radical scavenging activity(RSA) &A

2-4-1 DPPH %4

DPPH %< Hatano 5(1983)¢] W] &3t Aldstfitt. =, 242ze £
Hoz wolAdstd JIEA 2AnYE BAF AVEe B $=7 =
Z§% Imlel Zoln ¢f7)o] MeOH 3mi¢t 15x10 ‘M DPPH/MeOH £ 1ml

T o d20A 308 BT F, 51melA FHE FFE G2E

il

g 48 o4t} RSA e Tt RSA 7 38 ANl FFs.

Absorbance of control-Absorbance of sample % 100
Absorbance of control

RSA(%)=

2-4-2 554 RSA &34

DPPH @02 RSAE 243 3 Z golAgsiLolr 71 &Ao] F&
Ay 3s8z2 52 b2/ std RSAE A3t F, sampled] FEE
gz & ZFF Imlel Eolm d7ldl MeOH 3migt 15x10*M
DPPH/MeOH &9 1ImlE &3¢ thg ALolA 3083+ B3 ¥, 517nmelA

=A% EP5 o= RSAE F3tgrh

_10_



2-4-3 X718 RSA &4

DPPH %28 RSAE &A% ¥ ZF 2oldEsizoA 718 &XHo] £
A A7 E $5E a2 sto] Aztel wet 33T &, sampled] ¥
=5 Y24 89 FFF Imlel Foliz 7o) MeOH 3migt 15x10 ‘M

DPPH/MeOH €< ImlE £33 o3& A20M 132, 3%, 5%, 10%, 20%, 40%,

-

IAIZE, 2A12Y, 412 EF BT ¥ 517nmoll A S FF = o2 RSAE

s,

2-4-4 ECso &9 &7
FEHoE "olddstd JEAL &2ude] EAF Av|dE 4o 7

[]
T2

1EA4 &899 58 05~5mg/ml T2 HA F/FF Imlol =olx

Ay

oj7]e] MeOH 3ml¢} 15%10 ‘M DPPH/MeOH 4 ImlE &% o9& AL

A 308 HAT F, 517TnmollA EAT FFE GSE RSA @& T dET

d dE 50% F3: ZFA2E UedE FAAY FEECoHE EAISAT. ECxo @
2 33 HAlst] HastAt

2-5. Hydroxyl radical scavenging activity =

ok
i
dfu
>
k)
o
s

g4 skx(oxygen radicals)FoAlA M Aol A3
(hydroxyl radical)> Rosen §(1984)¢] WHel &3l FAH3IAT =, FEHS
Z golEstd 714 g s EAF A7EE AT $x7F HA 0.2ml
ZFF Holm 7)o 0.3M 55-dimethyl-1-pyrroline N-oxide(DMPO) 0.2ml,

10mM FeSOsE 0.2ml, 10mM H>0./0.1M phosphate buffer(pH 7.4) 0.2ml &3t

_11_



g Alox 258 H9X3 Fo quartz capillary tubedl %7 electron spin
resonance(ESR) spectrometer® A3t 2HEHLE scan time : 200s, field
1 3461.3 £ 50 G, time constant : 0.5s, power : 1mW, amplitude : 1X2008 =
o2 7|E3IAtKShi 5, 1991). otgle] A& o]&3td hydroxyl radical

scavenging activityZ A4t 4o},

Hydroxyl radical scavenging activity, % =100 - (ESR signal intensity for
medium containing the additives of concern/ESR signal intensity for the

control medium) X 100.

2-6. Superoxide radical scavenging activity &%

Superoxide radical & Janzen 5(1986)¢] i o) 9] 3}
hypoxanthine(HPX)-xanthine oxidase(XOD) systemO 288 TS0 A}33A
t}. &, 4mM HPX 504, 30z phosphate buffer saline(PBS), 50 H-EZHo=2
golAEsld 71E4A 2813 894 45M DMPO 209t 5044 XOD(0.4uw/ml)E
E3e ¥, E3g £948 quartz capillary tubed] &3 ¥ 45s ¥o| ESRE F
Aetgct. ~2AEHL field ¢ 337.1%5 mT, power : 4mW, scan time : 2min,
amplitude : 1x500, time constant : 0.3s9 ZHo=Z 7|E84d. otefid A&

o] -3} superoxide anionl radical scavenging activityE Al4Fst ).

Superoxide anionl radical scavenging activity, % =100 - (ESR signal
intensity for medium containing the additives of concern/ESR signal intensity

for the control medium) X 100.

- 12 -



A% 2 w3

71dE ZLstd 2 AEste ZotAE 71EAE vE § 2o HAd o

EE SASAY. 40% NaOHE %1 443 50%S 7HEsta <
o oA EsteE 50£067%°l 3L, 6A1ZF 10¥ 7HEEAS WE 7510.82%, 74
F7tEEt e W golME s EE 90+0.36% % o

2. @obAld F|ER &3 Ax

gotdg FEA &899 AZE Jeond Kim(2000)9] Wgel Fslo] 49
At &, FEFOE DolAdE JIEA 100gE 9450ml ol €2 o, o7]
IN lactic acid 550ml& Wi ugtete] 1% 71EA §d4.& wEQT 1% 1 EA
g chitosanase SunitsS ¥ 3 pH 55, 45TelA 3AF A7 g, 39
Aet FAE o] &dte] EAF ZAVIEE £83A. F, MWCO 10,000~5,000
Da2] o] oafjix EFE 7|EA 813 COS 122, MWCO 5,000~1,000
Da®l #3E& COS I, 2831 MWCO 1,000 Daol 2% 3" AL COS I

2 ZEAsH .

3. goldg RN 28T B
ol 9s e} UE NEde 5oz Basd I C0Ssel B 2
37 9814 2 COSE 100~5000u& Iml $H4 9 o 249 292

Fig. 1, 2, 39 Ye At 4= & absorbance 700nmolA] 2434957 E3 &

..13_
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Fig. 1. Reducing power of 90% deacetylated COS on potassium

ferricyanide.

COS 1: bkDa~10kDa
COS II: 1kDa~5kDa
COS II: below 1kDa
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Fig. 2. Reducing power of 75% deacetylated COS on potassium

ferricyanide.

COS [1: 5kDa~10kDa
COS II: 1kDa~5kDa
COS II: below 1kDa
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—e— COS |
-0 COS || N
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0.18 A
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Absorbance at 700nm
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0 1000 2000 3000 4000 5000 6000

Concentration (,g)

Fig. 3. Reducing power of 50% deacetylated COS on potassium

ferricyanide.

COS 1I: b5kDa~10kDa
COS H: 1kDa~5kDa
COS II: below 1kDa
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gol S7HEFE Aol AXE AL ATt 5000ug AA FAHLS 0%
obMEstE COSFAA COS Mo Aol 7 Egka, 75% weolAEsid
COSollA = COS I, 50% Beotddstd COSellAl= COS I 7+ #dgo] 713

otk B98e] Bt AL AAFA ol 2 AL ovatd, oRe A

>\l

Febt Bfree radicals)? W5tl 152 9% AW AU BEAY g7
AHHES FAAY F dvks AL Ju @

4. Radical scavenging activity(RSA)

4-1 BotAgstd COSY #A%F 27|¥ DPPH 47

H

Zyzre] ol Esike] mat Bx% 3782 DPPH radical 24% &4 2
€ Fig. 4, 5, 69 Yehfiict. 90% golddsd COSelA= COS Mo &A%
o] 53.05%E 7t F%1, 5% ZotAEstd COSAAE COS M7t 28.38%,
50% gotAlEst®E COSIlAE COS M7t 20.34%E A2A%°] 7HE F3doh

ME1988)2 71E4te] HolAdste o Aolol Wt F. solanioll W &%

o2t

o B4 AEAN YAPHET ¥255 3, 49 olvlwslt BE4E

olf

F%o] G4ol Zsthe A¢ nusy B AFIME DPPH radical 27
o] golAgstEst ARl wet Byol L Aoz vehych
4-2 %9 4& DPPH &A%

A AN 7} Lol sz B s Byo] T BAY AvE= ¥
Lo W& DPPH £274%<S A Z24EZ Fig. 7, 8, 9o Yet it 90% 2ot
A 2A%0] 27t

ol

Adstd COS NolAe 8139 27t 02% 74+ 34
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COS | COS |1 COS i Toco BHT

Fig. 4. Free radical scavenging effect of 90% deacetylated COS
on DPPH radical.
COS 1 dkDa~10kDa
COS II: 1kDa~5kDa
COS II: below 1kDa
Toco : @ -tocopherol.
BHT : 2,6-Di-tert-butyl-p-cresol.
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Q
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20 -
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COS | COs || COs i Toco BHT

Fig. 5. Free radical scavenging effect of 75% deacetylated COS
on DPPH radical.
COS 1: 5kDa~10kDa
COS 1II: 1kDa~bkDa
COS I: below 1kDa
Toco ' a —tocopherol.
BHT : 2,6-Di-tert-butyl-p-cresol.
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COS | COs || COSs Toco BHT

Fig. 6. Free radical scavenging effect of 50% deacetylated COS
on DPPH radical.
COS 1: 5kDa—~10kDa
COS II: 1kDa~5kDa
COS II: below 1kDa
Toco : a -tocopherol.
BHT : 2,6-Di-tert-butyl-p-cresol.
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Fig. 7. Free radical scavenging effect of 909 deacetylated COS II
on DPPH radical.
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Fig. 8. Free radical scavenging effect of 75% deacetylated COS N
on DPPH radical.
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Fig. 9. Free radical scavenging effect of 50% deacetylated COS I
on DPPH radical.
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Table 1. Free radical scavenging effect of deacetylated COSs

Deacetylated COSs ECso’(mg/ml)
90% deacetylated COS I 0.94
75% deacetylated COS 11 1.76
50% deacetylated COS I 245

aAmount required for 50% reduction of DPPH radical after 30min.
Values are means of three experiments.

. =24 -



41, 03%LlE 2750l 96.75%%2 DPPH radical$ A9 o &7sRAH. 1
W, 75% gotqdstd COS HolMe 2axn2e w57t 05%7HA &detA £
Aol Zrtstgon od AASL 8652%A 1, 50% ZolAEstd COS M
N A genwde FE7F 05%7HA] 2AFol futstA FrhatAdew o
A% L 7313%

aelm 90% geldEst® COS I9 ECs #& 0.94mg/ml, 75% &ohAld 3
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Fig. 10. Free radical scavenging effect of time of 90% deacetylated
COS @I on DPPH radical.
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Fig. 11. Free radical scavenging effect of time of 75% deacetylated
COS I on DPPH radical.

- 27 -



100

80

60 -

40 -

% of remaining DPPH radical

20 1

0 50 100 150 200 250

Time ( min)

Fig. 12. Free radical scavenging effect of time of 50% deacetylated
COS 1 on DPPH radical.
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5. Hydroxyl radical scavenging acitivity

ol A" alE COSs9 hydroxyl radical £4%& ESRE 54 3 A¥E Fig.
13, 14, 159 Table. 29l vebu el 90% gotAEstd COSelAM = 0.05mg/ml¢]
=59 w COS M7 7021%<] signal intensity #a&E E L, 75% elol A e 3t
9 COSIlM = 005mg/mle) =Y @ COS M7t 76.60%9] signal intensity Fds
AE, 50% golAgdse COSolA= 0.05mg/ml¢] %Y = COS M7+ 80.81%
o] 7}% B< signal intensity Z4AE YERAAT.

Ztzte] golMd 7EA 2@ne] ¥AF AvEE JPF 40 F2 Rl

Qe s AASS 23§ AFHE Fig 16, 17, 18% Table 3ol JEFHAT

B3, 5% gotAddste COS Mol 4 80.85%, 50% BotAgstd COS Il
AE 100%9 A2ATS BRI Xie =(2001) 84 JNEA F TAE e
o] hydroxyl radical 271%€ RI&AEU carboxymethyl chitosan sodium$]

ECxatol 246ug/miolgtx R syt 7| EAbe] 72l OH &= NH7 7} 2t
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(a) Control (b) 90% deacetylated COS I
(c) 90% deacetylated COS II (d) 90% deacetylated COS III

Fig. 13. ESR spectrum of 90% deacetylated COS on hydroxyl

radical.
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(a) Control (b) 75% deacetylated COS 1
(c) 75% deacetylated COS II (d) 75% deacetylated COS III

Fig. 14. ESR spectrum of 75% deacetylated COS on hydroxyl
radical.
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(a) Control (b) 50% deacetylated COS I

i

(c) 50% deacetylated COS 1I (d) 50% deacetylated COS III

Fig. 15. ESR spectrum of 50% deacetylated COS on hydroxyl
radical.
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(a) Control (b) 0.025mg/ml
AP ARt e Al g rPoverfin
(c) 0.05mg/ml (d) 0.1mg/ml

Fig. 16. ESR spectrum of 90% deacetylated COS O on hydroxyl

radical at various concentrations.
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(a) Control (b) 0.025mg/ml

a e

(c) 0.05mg/ml (d) 0.1mg/ml

Fig. 17. ESR spectrum of 75% deacetylated COS I on hydroxyl

radical at various concentrations.
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(a) Control (b) 0.025mg/ml

e e

(c) 0.05mg/ml (d) 0.1mg/ml

Fig. 18. ESR spectrum of 50% deacetylated COS I on hydroxyl

radical at various concentration.
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Table. 2. Effect of various deacetylated COS on ESR
signal intensity of DMPO-OH spin adduct®

Deacetylated COSs Relative aEtZSOP.{() ;::Zlm intensity
90% deacetylated COS 1 57.45
90% deacetylated COS I 29.79
90% deacetylated COS Il 4255
75% deacetylated COS 1 38.30
75% deacetylated COS I 27.66
75% deacetylated COS I 23.40
50% deacetylated COS 1 63.83
50% deacetylated COS II 19.19
50% deacetylated COS III 4894

®Treantment and other details are the same
as in the legend of Fig. 13, 14, 15.
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Table. 3. Effect of various concentration deacetylated COS on
ESR signal intensity of DMPO-OH spin adduct®

Relative ESR signal intensity

Deacetylated COS
90% deacetylated 75% deacetylated 50% deacetylated

(mg/ml)

COS 1I COS I COS II
0.000 100 100 100
0.025 35.11 65.96 91.49
0.050 29.79 23.40 19.19
0.100 0.00 19.15 0.00

aTreantment and other details are the same
as in the legend of Fig. 16, 17, 18.
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6. Superoxide anion radical scavenging activity

gol 4 "8l® COSse superoxide anion radical 2A%< 4% 234E Fig.
19, 20, 213 Table. 491 YEFAATH 90% ZotAlEdstd COS Img/mle] 5=
W COS M7} 77%9l signal intensity A4S, 75% golh ezl COSA e
COS M7} 80%9 signal intensity #4E, 50% BotAdstd COSdl A= COS
17} 87.1%<) 7} 2L signal intensity ZaE WERHIH

7t7be] golME F1EA Ludd BAF AvEE s @40l F& A
g =5 AASS 23% Z%E Table 5ol YeEhidT ZopAd 7B
egnd FolA 50% DACOS I 7M& ®& &£A%E RIS hydroxyl
radical® wR7IR 2 ol Es AA2TFE S 2ATE BAH oA B

5 o}#|¥ 7|7} superoxide anion radicalel 71EAF &Eln@d g o active

hydrogen® #4371 47 st gAY Adies Sozs 4T
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(a) Control (b) 90% deacetylated COS 1

v A

(c) 90% deacetylated COS 1I (d) 90% deacetylated COS 11

Fig. 19. ESR spectrum of 90% deacetylated COS on superoxide

anion radical.
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liras A

(a) Control (b) 75% deacetylated COS 1

el et

(c) 75% deacetylated COS 1I (d) 75% deacetylated COS I

Fig. 20. ESR spectrum of 75% deacetylated COS on superoxide

anion radical.
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(a) Control (b) 50% deacetylated COS 1

ot Al

(c) 50% deacetylated COS 1I (d) 50% deacetylated COS Il

Fig. 21. ESR spectrum of 50% deacetylated COS on superoxide

anion radical.
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Table. 4. Effect of various deacetylated COS on ESR
signal intensity of DMPO-O = spin adduct®

Relative ESR signal intensity
Deacetylated COSs
at 1mg/ml
90% deacetylated COS 1 77.42
90% deacetylated COS 1I 23.00
909 deacetylated COS 1 26.20
75% deacetylated COS I 34.15
75% deacetylated COS 1I 32.26
75% deacetylated COS 1 20.00
50% deacetylated COS 1 1290
509% deacetylated COS O 1850
509% deacetylated COS I 24.25

aTreantment and other details are the same

as in the legend of Fig. 19, 20, 21.
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Table. 5. Effect of various concentration deacetylated COS on
ESR signal intensity of DMPO-O2 = spin adduct

Relative ESR signal intensity
90% deacetylated 75% deacetylated 50% deacetylated

Deacetylated COS
(mg/ml)

COS I COS COS 1
0.00 100 100 100
0.25 38.00 31.60 27.00
1.00 23.00 20.00 12.90
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