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ABSTRACT

It has been proposed that oxidative modification of LDL (oxLDL) plays a significant role in the pathogenicity of
atherogenesis. We tested the hypothesis that chitin and chitosan may function as antioxidants with respect to 0.1 mg
cholesterol/ml LDL incubated with 5 #M Cu®" alone or in the P338D1 mouse macrophage system using L-ascorbic
acid as a standard classical antioxidant. The degree of oxLLDL formation was ascertained by the relative electrophoretic
mobility (fEM) in the combination of thiobarbituric acid reactive substances (TBARS) levels, and the cytotoxicity of
oxLDL was detected by macrophage viability. The oxLLDL uptake and foam cell formation of macrophages were measured
by Oil Red O staining. Incubation with Cu** and macrophages increased rEM of LDL and stimulated TBARS formation.
Culture of macrophages with LDL in the presence 5 1M Cu”** induced macrophage death. In cell-free system 200 ¢ g/ml
water-soluble chitosan and chitosan-oligosaccharide blocked oxLLDL formation. Water-soluble chitosan and chitosan-
oligosaccharide blocked oxLDL formation near-completely relative to L-ascorbic acid, whereas water-soluble chitin
and chitin-oligosaccharide had no measurable antioxidant effect. In macrophage system water-soluble chitosan and
chitosan-oligosaccharide blocked oxidation of LDL with a significant increase in cell viability, and decreased TBARS
in medium. As for the inhibitory effect on macrophage foam cell formation, chitosan and its oligosaccharide, but not
watersoluble chitin, revealed the effectiveness. The endothelial expression of lectin-like 0xLDL receptor-1 (LOX-1) was
tested by Western blot analysis, and chitosan, chitosan-oligosaccharide and chitin-oligosaccharide blocked LOX-1
expression. These results indicate that water-soluble chitosan and its oligosaccharide showed the inhibitory effect on
Cu*'-induced LDL oxidation of macrophages, and chitosan, chitosan-oligosaccharide and chitin-oligosaccharide had
blocking effect on oxLLDL receptor expression in the human umbilical vein endothelial system. Thus, water-soluble
chitosan and its oligosaccharides possess anti-atherogenic potentials possibly through the inhibition of macrophage
LDL oxidation or endothelial oxLDL receptor expression depending on chemical types. (Korean J Nutrition 36(9): 908
~917, 2003)
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o] & doZ ¥ opjet WHTHAZE v B2 d¥A
=814 Fok Oxysterols 59 LDL AEIEL Al
< UehiH, o]2 A3 MRS 715NE d
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E0] AT F Slvhs 7FeA S WA = gl Aotk
wtA, B AFoM e SRS JasAES 8
A 718, 71EAF 9l 71 &8]a1d (chito—oligosacchari-
des) & AlReH, f2l84 o]0 LDLS A= 7
ol 84 718, 7|BA W o] Ee3ugoe] LDL Ats}
g AAATIE A TFHste] o5 LDL tig 3atst
AlEAEE ZARERA 3tk AAIEE o] 83t LDL
o] xks}ar8-7} oxLDL Balol tist 84 7|9, 71EAF Y
ol &2|1Fe FF5WAS e viAe £AE ZARKITh
3 454 cytokineso|t A3} Aghile)] oJ5to] o
o] FUASE fash=t T 98 dgdshs 3
A9 oxLDL F£A<! lectin—like 0xLDL receptor—
1 LOX-D el digt 719 AE-59) ad= I S4=Uch

NE X g

1. NS 8% LDLY 22 R oxLDLY ZH)|

83 LDL2 Y% 289 AR ¥7-& sequential di-
scontinuous density gradient?] ZQ4%¥E S vt
Balo] 2=k ¢4, NaClE ARge] 83 458
1.063 g/mLE =A% ¥ Y4Eesto] (150,000 X g,
10T, 24X17b) &% chylomicron, very low density lipo-
protein (VLDL)® LDL fraction®® ¥2&3th LDL
fraction?] UEE 1.019 g/mlE thr] A sl d42el
(150,000 xg, 10, 24217H § Fof FSHE9Y chylo-
micron¥ VLDL fractiong AA%I:, Ux] 3552
Al NaClg2 UEE 1.063 g/ml2 Z43n 22 upio
2 9488t LDL fractions <% 3tk #2l¥
LDL2 4T9l|- 0.01% EDTA7} /¥ 0.154 M NaCl
SFd (pH 7.4) 02 16417 FA3I90 T} 2 gAwel3ld
¥& LDL2 Lowry W& ©]83le] 99 & A4s
Sot? AN, FZE2HE D AAAY] TS Ao
AleF (oA, da) 07 A5l DL FAdnl&EA
4 BYAEE Fgelslgit} 3l electrophoretic mobi-
lity, thiobarbituric acid reactive substances (TBARS)
2 conjugated dienes®] ¥4 T2 iAo E LDLY
RS AT ¥ej¥ LDL2 #83 AR F
4% oo A3ttt EDTAZ T80 9l LDLS
wjka ol A}g3sl7] Aol EDTA7F §1E 0.154 M NaCl
RO 7 12417 T3l EDTAE AT

OxLDL<2 LDL (1 mg/mh& 10 #M CuSO,7t &+
§F F-10 wix]*|| (Sigma Co., St. Louis, MO : 6.1 mM
glu-cose, 0.01 ¢M CuSQ,, 3.38 ¢#M FeS0,) 751
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37°ColA 24A13F Fet wjoksto] TH|H I wijeko] B
Fo 40 M EDTAE #H7Islq ALE $AA7]11 4T
o] Basi)

2. AN ES e

AF 2} FHHET (mouse monocytic cell line) 1 P388D1
< 100 U/ml penicillin®} 100 z#g/ml streptomycin, 71
23 10% fetal bovine serum (FBS)©] &-f¥ DMEM
Wi 2 5% CO,, 37 ColA] viFE T} M EE o] &5t
HFAEL 5% FBS7} &8 F—10 uix|ollA o] Fox
o} A ZE 849 71", 84 7IEAY, 719 Sl
83 7B Seluge A7 200 pg/mlE AA 3}
o 4AIZF FF Hjeket &, 5 4M CuSO,8 0.1 mg/ml
LDLE 37k 24A17F 52F widalsith 24417 Fof
40 ¢M EDTAE #7lslo] ©f o]4e] LDL A13ke 4]
Al71a i vixE BBET AR 7] BE BRe
AFE AFHlele A} (AFHPlL, AFE ol F
wEUOH, 84 FEA AELS e CEHell 835t
o AZHUL, 93% oF BokdE3t HAeH gluco-
samine #Fo] 50%°]t}, $84 719 WEL N-acetyl
glucosamine 0] 80%= AZHIL} 71VME tjale]
) FAR 02 [ —ascorbic acid® 50 Mz} 300 M2}
2 87 AAE st} wjtd el o185 3]c)

3 MEYES T™H

P388D12] YAAZE 71 WET oxLDLE &7 A
A8 S AT MERAEES A3 Hsked A+
& microplate reader spectrophotometerE ©]&3F 41
o] o]Fo] R}, o] BMHUL tetrazolium MTT salt (3—
(4, 5—dimethylthiazol—2—yl) —2, 5—diphenyltertrazo-
lium bromide, Sigma Co.) 7} F|EEZEg]o} §49) succi-
nate dehydrogenase®l| 2J3l 88799 formazan® 2 #
sk A S o] &3t 5433t Formazan®] 342 A
ol AE UMzt dojuln B8 € formazan®] %
Aoldle MEae vldEA @k MTT (1 mg/ml)7}

H7hE WA AAAEE 34 Rtk 77 o,

2—propanolS 718l ZAAHA £S5 FHA A
formazang §3A17] 2 560 nm FFoM FALE EH
sigick

4, TBARS &%

LDL9] 213} 3 £3= TBARSZEA S4 =9 * TBARSY
S AA Fiksare-9] A2 A4 TBARSE malondia-
Idehyde$} thiobarbituric acid’t Agste] == Fe

Aol ZFREE SATFOEA Fot)h AXujRdEes
2 239 ujx] 200 glol 2 ml®) TCA-TBA—-HCI A|¢k
(15% trichloroacetic acid, 0.375% thiobarbitric acid,
0.25 N HCl) & #7lsl] £33t o] £3]ES 1587
71g3to] 231 Fof) fEE (1,000 X g, 1083} B
ES AN o AEdE At 535 nmIPgelq &
P55 A3tk TBARSS A4S MDA Ak o
H)3l pg MDA/mIZ E7]=9th

5. Electrophoretic mobility 22

LDL3} oxLLDL9} electrophoretic mobility & £438}7]
Aste] o)n] Wi =M AMEEoR W o) %
3k3ith LDL2 Alslkde| we} S338} S71skA "t o)
et 5L o] &3] AIAEE S 4 ok By
Bk ¥l 2 pH 8.6 barbital €9 (Sigma Co.) ¢l 0.8%
agarose A oM A7|19%F Stk A7|1F9sS AN £ A
< 5% TCA £9oA 1A F 70% ethanol £Hell
A ARAANZA A7]9%3 A AFAL Polaroid Type 668
positive/negative YE& AME3lo] dAbslgith

6. Oil Red 0 ZuAA

AAEY IEAE S A7) $381e] Oil Red O
FAAE S AAEIATE Oil Red O EMAI2E (Sigma Co.)
2 AAE FA FHATE Alofelth £ Aol diy
A s BAE oxLDLE HMsle] TUAE HAS
AT AEujoFd oA U2 P388D1 UAAEE
X718 phosphate buffer saline (PBS) #8402 2 AH
3k of7)el) X7Re 4% formaldehyde £8& 715k A
2o 1AIZF 2AAIZY 23 Fof, PBSE Al¥sw 2-
propanol®l] %9 0.5% Oil Red O& A-&A 4A)7F <t
FAFRE? ZHAAHA A A 3, dnlAE vk
B LS vlsky didMEe] dAFEE FEdnFeR
T

7. ST O] Q¥

YA E (Human umbilical vein endothelial cells)
+ collagenase &4 (collagenase type I, Worthington
Biochemicals Co., Lakewood, NJ) & o] £3lo] 2al=5g]
1, 37Col 95% F719+ 5% CO, wikzZIoA AUxpujok
Aok dEusibEe] 19 82 DIl (1.1-diocta-
decyl—3, 3, 3, 3—tetramethylindocarbocyanine perch-
lorate, Molecular Probes Co., Eugene, OR) 2] ¥ 3&4
2 EXHE oiMdslel LDLY BAAPE F3lo] o]Fo
ﬁq‘az)



Axpfoko . Fald FUIAMEE 10% FBSS 2 mM
glutamine, 100 U/ml penicillin, 100 zg/ml streptomycin,
0.9 mg/m! bovine brain extract, 0.75 mg/ml human
epidermal growth factor, 21213 0.075 mg/ml hydro-
cortisone®| 7}F=lo] Q& 25 mM HEPES-M199 %]
o)A (Sigma Co.) HHF=ISAT}.

8. LOX-1 2% 229 Western blot 24

A2 e] LOX~-1 @id ddE S4sh] $sh
o] Western blot ¥4& A%31%th. Western blot £4
£ 35t A doF A 100% glycerol, 10%
SDS, 1% B -—glycerophosphate, 0.1 M Na,;VO,, 0.5 M
NaF -18]3! protease inhibitor cocktaile] -2 1.0 M
Tris—HCl (pH 6.8) lysis £ AME3lo] A|E extra-
ctsE #0315} FH"E M X extractse] WAL 10%
SDS-PAGE A Aolx A7]195& F3slisich. A el
ol AL pitrocellulose membrane 2.2 AolA 7t th
=, HI5elHl A WAst] et 5% skim milk 2}
A wjoFsSitt. Blot nitrocellulose membrane® LOX
—1 @Al AxeHA) (monoclonal mouse anti—human
LOX—1 antibody, ¥+ National Cardiovascular Center
Re-search Institute®] Sawamura TTZFE A3t
S5 50082 3]4]slo] mrkshHA] wjakst Fo|, horsera-
dish peroxidase—conjugated anti—mouse 1gG antibody
(1 : 1,000, Jackson ImmunoResearch Lab., West Grove,
PA) & o]x 1A= 1A k3t Nitrocellulose me-
mbrane®] 1= LOX—1 @8ELE X—ray LEol &4
# Supersignal West pico chemilumi-nescence®Z. (Pierce
Biotech. Inc., Rockford, IL) 7323} Konica X—ray ¥
o7 Y33t

9. FHNF
A¥ datat™ mean * standard error2 EAJESOH St-
atistical Analysis Systems statistical software package
version 6.12 (sas Institute Inc., Cary, NC) PC Z&71
HE o]t TFY zolE By 21859 A
olo]l tiaiA= one—way ANOVAE 53w, 727
o] 2ol Hol= 2Fel dldiA= Duncan’'s multiple ra-
nge test7} FHFE Tk
Ao %
1. MIESYO digt 84 B =M R °lg 228|039 2t
Fig. 1A%} 1B 84 714, 71EAS ol &2l
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Fig. 1. Cytotoxicity of 5~200 . g/mi soluble chifinous compounds
(panel A) and their oligosaccharides (panel B) within 24 h incu-
bation, as assessed by MTT. Data are expressed as percent cell
survival relative to the viability in chitinous compond-free incu-
bation (viability = 100%) .
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o] AE=A I3t dose responseo] dt AE Ko
F1 Aok 7)€, 71EAF @ b R ugEd 2447
o] v gelM ARSE BE FEoA diiMXe B4
YeRR) okott) o) AWE EUlR mEEoldM A¥%
A& YR g 200 pg/ml FEE 793 F1EA A
2] F5FA LDL A3tlAag-2 qiysly] 8 Al
HjeFd 3o o] g3t

2. Cu* ©[2°] 248t oxLDLL) MIE=/S°f thigt J[EREe] Bt

LDL Absh= Maghelaf ubagst satst|de) oste] o
ofd 4= glow, LDL9] zA7Piksh= AlEe] =)oy} Cu®
59| transition F&ole) 23t xaHH F4Is] WA
¥ FHA3 oA dojid 4 QUok™ ojzdt LDL At
3= LDLY 1/ AEE HsAAAM dAAEY scave-
nger receptortt oxLDLS QA= =249 LOX-1&
55 A AZE AA Aok’ OxLDLE Alxe] g3t =
’do] 74t aldehyde 59 AA AteEe §3tal T,
AEzAe] GAatslo] 54E& vehd Bt ofet Al U
o 4F5& FEspIs ek

Fig. 2+ 7] 393851 F28 S-S sh= P388D1
QAMNEE $84 719 71EA 9 o5 gEude 4
7} AAIZE AAE] 7 Fefl, 7]l 5 ¢M Cu’'$} 0.1 mg
cholesterol/ml LDL¥} 8HA] wfokslod 24417k oJuje) o
AAES MEAAEES A AFHE Q% Aot &
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Control 5#MCU” DL DL+ Cu® Chitin  Chitosan  Chitin

0.1 mg/mi DL

140 - .
5 uMCU’ Fig. 2. Effect of water-soluble chi-
120+ finous compounds on 24 h cell via-
bility induced by Cu™*-oxidized LDL.
® 100 - ) P388D1 macrophages were pretr-
Z el ** o ‘T_‘ eated with 200 £ g/mi chitin and
2 x * N chitosan for 4 h and exposed to
B LDL at 0.1 mg cholesterol/mi in the
8 presence of 5 uM CuSQOa. Affer 24
- h cel viability was assessed by
MTT. The viability data were expre-
20 ssed as percent cell survival relative
. . ‘ . l 1 1 ) ! . | to controls without LDL and CU™ (vi-

ability = 100%). *: p <0.05, relative

Chitosan 50 #M to control. *+: p < 0.05, relative to

300 «M

oligosa- oligosa- L-ascorbic L-ascorbic . . R
ccharide ccharide  acid acid bogb control and incubation with
Cu™ and LOL.
@ 0.1 mg/mL LDL
:é 15 5 uMCU%
< 12
% 0o L * * * * .
X ) Fig. 3. Bar showing effects of chiti-
é 06 nous compounds on LDL lipid pero-
< 03 k- xidation in cell-free system (panel
=, ], ,—l—‘ ‘ ‘ L Ml = A) and in incubations with P388D1
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E 5 h *
St R ]
S
o 09 | N
3 06 T
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minl

macrophages induced by CU*-oxi-
dized LDL (panel B). Chitin, chito-
san and their oligosaccharides, or
L-ascorbic acid was incubated in
Hams F-10 medium and LDL at 0.1
mg cholesterol/ml was added in
the presence of 5 ¢ M CuSO.. Me-
dium TBARS was measured and
expressed as g malondialdehyde

Ilp

o

Control 5x2MCuU”  LDL DL+ Cu”  Chitn  Chitosan  Chitin

oligosa-
ccharide

(MDA/m). = p < 0.05, relative to
control. *+: p <0.05, relative to both
confrol and incubation with Cu®
and LDL.

Chitosan 50 ¢M 300 M
oligosa- L-ascorbic L-ascorbic
ccharide  acid acid

Aol AMEE 7| EAN} 7| BEA SElu-2 44938 4
dlo] jep) C £ gai=o] AxHUT mEkA, gz
wloko 24 50 pM F= 300 #ME] L—ascorbic acid&
alsigdet gAMESE 5 M Cu® ¥+ 0.1 mg chole-
sterol/ml LDL3} 8= 1S s 1 A AEAYEE
FoHQ PGS vlXR] WROY, 5 «M Cu®" A tell
LDL3} §H7 wjokslol LDL AHlE f53F 5ol di2lA
Zo AZPEES 35% 74431930}, L—ascorbic acid
250 pM=2 AE 39 10%, 281 300 oME A
& Apolle AEATES A2 s] S| EAZTh 3,
F84 71939 719 gelnge HEd Aele Cu™ o]
2o 9% LDLY Atstapgold Bgsh= AlE=4S A%
AFIA Zatdch, zeiu, 84 71EA el A widkd A
Qo MEZAEES A 3] FR/FHAL, JEA 81
Fo] H71EQS e AFEYEES 20% BT FHoR

A=

Z7V813it) olg} Zo|, 843 IRk 28 784 B
AR Cu*t o] 2ol ot ¥ oxLDLA 28t ME=AE
AN GAEAEA S B3 AshA Vet A
< & 4 itk 53], 200 pg/mle] 849 71BANE T)E
of "ot gtztAlz delA Q=
acidE AME3IS wieh 22 A

o] oxLDLel 93t MESAS A7 A= ¢ o+ A
t} oledt APAI= FNEARS TSt sk #delA
71EAo] HlER] C §-98of &= U7] Wil 2o Bl
th T84 7)1EAY WSS EE 50 pg/mllE WS
o o} Ad3] AZEAL 20% o1 HAEAFIER (data not
shown), 71EAF 2kl LDL A4S AAAZ & Q= &
Abgbsol &A%tk & 4 ok 2Eu, 84 71 EAN
F1EA Se)mge) kst a3l digt s 7]He o

A3| vsiA|A] gt Ak

[e]
ke
yd

1529 L—ascorbic
g gaksl g4ds vel
1

A

=
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Fig. 3& F84 718, 71BAF 4 ol gejugde] it
3} A4 et s ZAS Aolt). Fig. 3AIA
LDLe] A #F3lae-& 784 7IhdwEel AA
AAA 5 Y= AE dotr 12} stk JAME} 9
Aejold 5 uM Cu® o]} 24A)7F wijekgl LDL At
3} 7oA e TBARS A 433tk Cu** o] 8l
o] 0.1 mg cholesterol/ml LDL 3+& ujeks}sis of, 4
A" TBARSE 0.14 pg/mlAE olgor) 5 u4M Cu®
olgoz LDL AHgE #%3 7390 44¥ TBARS7}
074 pg/mlz FHoz Zrkshs AL & + ATk
F84 7199 719 gelage] 4 =S o, ol
£ TBARS A84& #F2A71A Z3gidh aev, 84
718AM} 718A 2EludS LDL 3telags fode
2 AT FE8A TEAT 7|EA S8luge) b
3} AL 300 #MoA L—ascorbic acid®] #Mit3}
Az} v3IT) o|2A, 843 71EAN &ej1d
2 Cu™ o]l 9J& A<l LDLS XA ibslag-&
AGAZIThE AE & 5 Ut

P388D1 thaA| L7} 7 wljofgl 7ol dutd o= of
AAE glo] LDL ufeksled A3/d¥ TBARS Er} TBARS
Fx7} =9t} (Fig. 3B). Cu** ©]& glo] 0.1 mg/ml LDL
8 ujersll S m), MAE TBARSE 047 pg/ml ©I%]
I,5 #M Cu* ojl2e® LDL AEE #53 A9 1.07
rg/mlZ TBARSS] Aol 433 3oz S8
t}. o)A Cu* o2} A ¥e 2J5te] LDL A& %
Abshargo] A2 27 Zojety Fer) AR o
AMNZ 7 Al 9§ TBARS AL SAHHA] UYA
ok, 7 zjo)7F MR wiko g A" TBARS ¢ 2
oln} tiMES LDL #AF #ikslzg-4] A7y Aolct
84 F|EARS 300 #M L-ascorbic acid®] dHiFsHA|
9} o] Cu?* o] 9J% LDL 3iteze-8 fodoes
FEAZE B oie}, =84 J|BA S8l1d s LDL
RS AAX AT, PR 7R FIgich
F44 7184 28jnae) A% 50 #M L—ascorbic
acid®] 23} B]53%), o]¢} o), =84 F|EARS T4
AZo &gt LDL A3 st 5 AAAIZIchs 2]
1Y) 2 QoA polycation ALE 71 71EAE
& o7 ATE Bl in vivo AElel Fakst a3E e
e Aoz rusy 9k’ oledt 71 ALY dilst &
FH= olu)wle] oJ&f AAAFoY fejEitiZe] AA
Ho] Jehts Zoz Bugw Qv =3 ojul &Rl
F\EAR] F&E o) 23] wekddEed A" Cu” ol

2

e
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o] AASS] ek astebnE 2 4 ok

4, 28/ A8 ¥E9 LDL L9} YXAG

OxLDL %4 LDL¥ ulwspe] chefst T334 Wizt
fakg) LDLo| ARIEE E9te] FHAHES] A3t &
7}€] 11, apoprotein BS] ©H3/F dojuie, 343 FAol
&21%] Bl olu]g} scavenger receptorol] 23 oxLDL
9] gao] Z719}* o] LDLY XA a3l dAd
#&Eo] vhar s}, Wb, electrophoretic mobility &
AFE F31 LDL ARskE 784 719 AEEo) oud 4
& U)X = R 2ARBIGI AF8HER] ¢ 8431 LDL
¢} mobilityE 7122 3l 5 M Cu** ©]23} diaA)
%9} 37 wiekg LDL mobilityE -3k, o371 484
719l %3} A28 LDL mobilityS ZAFISiTh Fig. 4
ol 4-Eele e A & 4742191 LDL mobility &
1.00.2 o] Z4zke] mobility ©lol digh A&l 4]
2 Yehigith, OxLDLE #71%9% 3ol 4431 LDL
o v)wate] 28 ©]4+e] mobilityE YERATT (lane 2).
Cu®* o] glo] 24717 LDLS #9813 e A% mo-
bility 1.62.2 F7FI3{ct (lane 3). Cu®” ©]23 LDL
& FA] wjekst A9l LDL mobility 7} A43] $718151
=4, o] W2 LDL mobility= oxLDL2] mobility o]4+S
25 M Cu” 7 24217 LDL& wjafgho 229 LDLo] ¢
&3] AslE ks Aol AN #8449 7197 7|9
22313 LDL mobility & Z4A171A X3 (lane 5
g} lane 7). WHHell, 84 7I1BAT 7IEAY RIS
A7Vt 7399 LDL mobility= 1.623 1.6624 F3
Ql ZAE Jehigleng oj&& LDL AEE AN
th= Zlo] #1533t} (lane 63} lane 8). ©]2]3t X5
L—ascorbic acide] 300 «M=Z 719 F$-9 LDL mo-
bility 2} AAFSIS] Cu** o)&ell 2% LDL ArskE A<l ¢
3] A Ao wyEth #¥E, LDL& P388D1
A AE glo] Cu?* o]l 93t LDLY electrophoretic
mobility & ZAFE21=H| (data not shown), LDL mobility
£ Az A wika A-gel ARk 22 mobility 7}
ZERk 84 F1EE 71" SE]lug Cu®t Ao
o]k LDL Aksle]l ot shatslAl a#rt AR, 48
A N\EAN F1EAY SEludE A g FAsksS Y
ERfgich

5. CHAINIZES) TEUNIXE ) Tt -84 TIE WE S AR}
A AEA = Ats 522 WHE LDL T2 A4

Q4%
Q= A9 scavenger receptorE 7FA 1 glojA WY

e r
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LDL culture protocols

Lanes Addition of Cu™ LDL (0.1 mg/mi) Conditions
1 - LDL -
2 - oxLDL -
3 - + -
4 5 M + -
5 5 M + 200 #g chitin
6 5 M + 200 g chitosan
7 5 M + 200 # g chitin-oligosaccharide
8 5 M + 200 ¢ g chitosan-oligosaccharide
9 5 M + 50 M L-ascorbic acid
10 5 M + 300 #M L-oscorbi.c acid

Fig. 4. Effect of chitinous compounds on relative electrophoretic mobility of Cu**-oxidized LDL in P388D1 macrophages. Macrophages
were incubated with LDL (0.1 mg cholesterol/ml) in F-10 medium containing chitinous compounds and L-ascorbic acid in the
presence of CU”. The electrophoretic mobility of medium LDL was determined on agarose gels. The legends of each lane on the
electrophoretic photo were described in the bottom table. Native LDL is one not treated with Cu* or chitinous compounds. * : p <
0.05, relative to control (mobility =1.0). == p<0.05, relative to both control and incubation with Cu* and LDL (mobility = 2.33).

LDLE M 27} ghjsto g STAER Agd) F
@A g o] 2ololl= d# et RRMEE HslE o
AAFE T AEe a2 AES v e 8443t
o] UFofl dante g whdEn ™ B Ao e iy
A)ES] oxLDLE] 2oz Qg IUAE H4dE Oil Red

Z o]&3lo] A3 LDLS AaEslx] S tiAA
= A da5A kot 5 M Cu* ¢ 0.1 mg cho-
lesterol/ml LDL7} EA] A2|E M EE= o] HA
A4 HJ} (Fig. 5). o371 84 71907 7|19 &l
2o] A HRE wi= dAAEE FA EN=E%0E, 2
T o] AR EL XTAXE AL TR Fdiths A
o] Fely)gict w3 50 M L—ascorbic acid® Z'A|
X FAell it AAEFH7 il 22jv 300 4M L-
ascorbic acid®} 484 71EAT 9 71EAF S0 Cu™*
o} iAol 25t LDL Atslg dAlste] T2AE 3P4

£ JAAT = ROE VERTH

Fig. 62 o|u] &3] Atstd LDL]! oxLDL A1 df
A Al Hrtsled YA A T84 719 o] TUAE
Aol AT FTE UXE= XS AR Zoltt o]
Ae 584 F1EA] bste e EEE GAA T
receptorg F3 ©A2H-& 784 F1EA] AN
RE A& T3ET) LDL Atglel] st 483 ditsteg
Bl 44 7|BA 71EA S8lug 12]3 300 #M
L-ascorbic acids AAE 3 ZE FAME dAZE
A @At diksls s AR 84 F1EAN &
g AELe] =84 dAA o]u] 4k3tE oxLDL
9] gAL AAAFR] Fdivhke Ho] ERIHh o) st
A= 7843 71EAN] diaMxe] TTAE FPE %
scavenger receptorsolls o dt F3FL n|x]7] ok= A
o2 e
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Control cu®+ oL Chitin

Chitosan

o ) .

Fig. 5. Effects of chitinous compo-
unds on foam cell formation of

Chitin-oligosaccharide Chitosan-oligosaccharide

50 #M L-ascorbic acid

P388D1 macrophages induced by

300 uML-oscodic acid | (1) in the presence of Cu®'. Ma-

g

crophages were pre-treated with
200 pxg/ml chitinous compounds
and L-ascorbic acid, and then in-
cubated with LDL ot 0.1 mg cho-
lesterol/ml in the presence of Cu™.
Cells were stained with Oil Red O
and microphotographs were obta-
ined. Magnification x 400-fold.

]

Control Ox-LDL Chitin

Chitosan

;!

Ny

Fig. 6. Effects of chitinous compo-

Chitin-oligosaccharide Chitosan-oligosaccharide

50 M L-ascorbic acid

unds on pre-prepared oxLDL-indu-

300 uML-ascodicacid | o fogm cell formation of P388D1

. macrophages. Macrophages were

b pre-treated with 200 zg/ml chiti-
nous compounds and L-ascorbic
acid, and then incubated with
oxLDL at 0.1 mg cholesterol/ml. Ce-
lls were stained with Qil Red O and
microphotographs were obtained.

6. LOX-1 S gioio] ofist 284 B M2 R[22t
LOX-12 EFAUIMEE] oxLDLS F8AE FeiA
At} LOX—1& oxLDLe Agst] A JE S0}
A ZEEcE? o]Ae] o7 AFEelr LOX-1 ©aa gt
"L oxLDL, angiotensin I, TNF— a8 22 7494
cytokines 9 shear stressel] 23l &7lEitiy Hi5
QTk* 2 gl LOX-12 84std oy SAUY+
of thdt adhesion molecule® 2Hg-3lx FAAMEAT 4
g A4 9] rolling®} transmigrations EE3 &
w35 27)9A Bty R g4, LOX-1

v @A 71549 HelE sRsty, HEAl A
EfollA A3 TS 7] A Fo.

2 dFoMdE oxLDLE sl {fE2% LOX-1 &
A dEE 784 718 ARo] AN F e AE
ApEtsit) olF $18le LOX-1 ©izd) Eo)gt %ﬂ]i

3}¢] Western blot ¥40] A|=H%11, oxLDLZ ¢l
3 LOX-19) 2HAEE vwslr] sl TNF-a7} o

40 pg/mloxLDL 80 zg/mtoxlDL

24 h

Magnification x 400-fold.

LOX-1

4 8 12 24 4 8 12

B-actin

40 pg/m Chitin Chitosan

Control  TNF-a  &ypt Ch”lh Chlfoscnm
4 i LOX-1
T Y PN S | octin

Fig. 7. Induction of lectin-like oxLDL receptor-1 (LOX-1) by TNF-a
and oxLDL (panel A) and inhibition of the pro-inflammatory cy-
tokine TNF-a - or oxLDL-induced LOX-1 expression by chifinous
compounds (pane! B). In panel A, human umbilical vein endo-
thelial cells (HUVEC) were treated with 10 ng/ml TNF-« for 6 h,
and with 40 ¢ g protein/ml or 80 g protein/ml oxLDL for various
periods within 24 h. In panel B, HUVEC were pre-treated with
chitinous compounds for 4 h and incubated with 40 ¢ g protein/
mi oxtDL for 6 h. Subsequently, Western blot analysis was pe-
rformed using total cell extract proteins (100 Q) and primary
antibody against LOX-1. 3-Actin protein was used as an internal
control,
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z2E42 AHHYk Fig. 7A¥ LOX-1 iz w0
ol oxLDLS 52 AlzPE WeE 3% Aol
LDL ®& TNF-e & A3 A=A ¢ FigAx
HloFAlolls LOX -1 @izl o] o} weksiA|gl, 10
ng/ml TNF- e & A& we LOX-1 @eze] o
o] IA Z7HE ) OxLDLE 40 pg protein/ml® 80
(g protein/ml EEZ 4, 8, 12, 24A)7F A&3l9ie o),
LOX-19 2&L ujk T 427 oA 8AIZF Alo]of wg
o] Hzoll £ZEIP o 12417} ol Fell= A} wdo] 7
%9t} Fig. 7BolAE 40 pg protein/ml oxLDLS 44
Zb wjekst 9o AxE @ 484 719 AREC) LOX-
1 3dE AN ks Ag BoFa ok 84
718AH} 719l Selugd a3 F1BAF S3]13e oxLDL
o 2% LOX~19 HdE Al 3] At =3t
S84 7199 AM T dAH LOX-19 Bde 7
AAIZTE 0|2A, 84 FEAL FIEA S2uE 4
A 719 gelud dHUlAEe] oxLDLe 3 FEH
£ LOX-19) 2d$ ARNA EAstd Favolt) g
T 23 59 gPgHEe 7] TS A
Al F e 2ARA EgHee 2o
20 ! U2

B AFe a0 FHEAR $84 79y
F)EARS ARSI, in vitro *FEOIAS] LDL vl E-S F
3lod 0|5 TR EAT ] LDL A A LS FHstnAt
3Gk dAAE vl ES fEle] 7)€ln 7|EARY] B4
A BA3E vlER] C &8 g3l 8490 A3l
ol g=qlth. 784 7IEA 71BAL ERjudS Cu®' o]
2] o5t Alste LDL =225 8 tAAEe] AES
& $7FA17]3, LDL Akske} A& sibelatg-& JAlsh=
Zog vepgth wbdel, 84 7k 239 gEud
2 Cu** o] 93t LDL A3k ARA7]1R] Z&i3ich
F8A 71EAN 71EAF 28] Cu?t o)Ll 93t LDL
ALLE Ao 2R AN FTAE AL AN
the o] ERIEQTh T8, 84 71EA Y 7|BA &
e kst Fyjel it Fee 719 o3| g
)R 91 QU}. 84 71EALY o]2dt LDL AkslelA =}
£ 584 AR elM AR 221 vlEN] Co] A7
7} ZAgERE Aeg FAL st e Fev)He
2 olux7el] g8 feElgitige] AAF] Yeh = 30
obdz} Aztal B S vk EF o] U F)EARY] &
& AT o3 vl AR FElo)o] AAES]

Uehs a38uE & 5 Qi

3, od3] Atsle LDLE thlME e} wiekst 73-$-¢l
84 71BAN 7)BA S8l A A E2] oxL.DLY
ga1zhg-e AAAFNA] 3t oleler Ak 84 7]
Bito] tAAIEe] XDME AL ¥ scavenger re-
ceptorsell Mg 2 n|X]x] Feths A HAF
Aok 22, 84 719 AR oxLDLe 93t =
oM ZS] LOX-19] HdE IAAA B3 34
W7ol Y]z o)A rolling™ transmigration2]
FUAE 27|dAE AN F Avke Aol FRAFNA

mUAS 2
2 A7 g GEHME A DAL S
gt A7 ISATAE L] dog =it
T84 719 2 71BA AFAES AFE dEele 74
AN FEHRL, GUEE human LOX-1 A=
£ T. Sawamura 5 (National Cardiovascular Center
Research Institute, Osaka, Japan) 2% A5 3ich
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