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Fig.1 Schematic  illustration of the preparation of glycol-split
glycosaminoglycan-stearylamine conjugate.
Glycol-split heparin stearylamine conjugate is illustrated as an example.
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Fig. 2. Chemical structure of native glycosaminoglycans (GAGs), glycol-split
GAGs, and glycol-split GAG-stearylamine conjugates.
(A-C) Disaccharide unit of heparin (HP) or low molecular weight heparin (LH),

chondroitin 6-sulfate (CS),

and hyaluronic acid (HA). (D-F) Glycol-split HP

(gs-HP) or LH (gs-LH), CS (gs-CS) and HA (gs-HA). (G-I) stearylamine conjugates
of gs-HP (gs-HPST) or gsLH (gs-LHST), gs-CS (gs-CSST), and gs-HA (gsHAST).
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Table 1. Physicochemical properties of nanoparticles comprised of self-assembling
glycol split glycosaminoglycan (GAG)-stearylamine conjugates®
Particle size (nm) pdI® Zeta potential (mV)

gs-HPSTC) 107.6 £ 3.4 0.19 £ 0.01 -33.4 £ 0.7
gs-LHST® 93.9 + 0.8 0.15+ 0.02 -39.9 + 2.0
gs-CSSTC) 147.3 £16.7 0.25 +0.03 -27.5+ 0.6
gs-HASTC) 153.4 £24.0 0.31 +£0.03 -20.7 £ 1.0

a) Data represent mean £ S.D.

b) Polydispersity index.

c) Stearylamine conjugates of glycol-split glycosaminoglycans: heparin (gs-HPST),

low-molecular-weight heparin (gs-LHST),

hyaluronic acid (gs-HAST).

chondroitin sulfate (gs-CSST), and
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RIBALVEE(CmO)ZHELZ, 339 nm THIEZ SN LD 371 nm IZHH 5
WHE =27 ()& 382 mmICHEHNDE—7 ()DLl (/InE, BV +oE»n D
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Table 2. Critical micelle concentration (c.m.c) of self-assembling glycol split
glycosaminoglycan (GAG)-stearylamine conjugates®

gs-HPST®  gs-LHST? gs-CSST*  gs-HAST?

c.m.c (mg/mL) 0.014 0.015 0.018 0.014

a) Stearylamine conjugates of glycol-split glycosaminoglycans: heparin (gs-HPST),
low-molecular-weight heparin (gs-LHST), chondroitin sulfate (gs-CSST), and
hyaluronic acid (gs-HAST).

W) aY I ) YA - AT TINANTIVREEEROEKIESDE
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in vitro L RIEZN R AR T DL - T, GAG, 7V =2 — VB % GAG., GAG-
ATTINT I VEEGHRO~ 7 a7y =PIk T % in vitro M a5 HE M % WST-1
Ty AEIZED ML 2 (Fig. 3) WTHD GAGEB XX Z0/EERIZEBWNTH
MG EEERRO LN, LML, BE DO GAG, 7V a— LK,
AT TINANT I VEGHROIBICHEEENRES R2EMARD b, GAG-A T
TUALT I VARSI BB R EEZ R L EIXEHHOE NS T
BMERERLMREOMAEFEHARE R LI EICLS2bDEEZbND, £
GAG-AT7T T UNT I UVFEAWERD LCso x B L7 & 2 A gs-HPST T 0.91 mg/mL,
gs-LHST T 2.12 mg/mL, gs-CSST T 1.32 mg/mL, gs-HAST T 3.50 mg/mL T& -
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Fig. 3. WST-1 cytotoxicity assay for (A) native glycosaminoglycans (GAGsS),
(B) glycol-split GAGs, and (C) glycol-split GAG-stearylamine conjugates in

mouse peritoneal macrophages.

Peritoneal macrophages isolated from ICR mice were seeded on 96-well plate at
density of 5.0 x 10* cells/well. Cells were treated with (A) native heparin (HP), or
low molecular weight heparin (LH), chondroitin 6-sulfate (CS), and hyaluronic
acid (HA), (B) glycol-split HP (gs-HP), or LH (gs-LH), CS (gs-CS), and HA
(gs-HA), or stearylamine conjugates of gs-HP (gs-HPST), or gs-LH (gs-LHST),
gs-CS(gs-CSST), and gs-HA (gs-HAST) at the concentration of 0.1—10 mg/mL for
24 h. After incubation, cell viability was estimated by WST-1 assay. Each value

represents the mean + S.E. (n = 4).

P <0.05P<0.01
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P& FEA L 72 (Fig. 5) B ONTHE-RKGHBENS ICog xHEHB LI EZ A,
gs-LHST Ta b 2R 28 & < (0.010 mg/mL), &k \» T gs-HPST (0.018 mg/mL), gs-CSST
(0.033 mg/mL), gs-HAST (0.113 mg/mL)DJId & 72 - 7=,
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Fig. 4. Effect of native glycosaminoglycans (GAGs), glycol-split GAGs, and
glycol-split GAG-stearylamine conjugates on TNF-a production in
lipopolysaccharide (LPS)-stimulated mouse peritoneal macrophages.

Isolated macrophages were seeded on a 96-well pate at a density of 1.0 x 10> cells
/well. The cells were treated with 0.5 mg/mL native GAGs, glycol-split GAGs, or
glycol-split GAG-stearylamine conjugates, together with 20 ng/mL LPS for 24 h.
Concentration of TNF-a in the culture medium was measured by ELISA. Each
value represents the mean + S.E. (n = 3). 'P < 0.01. N.D., not detected (<16
pg/mL).
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Fig. 5. Concentration-dependent effect of glycol-split glycosaminoglycan
(GAG)-stearylamine conjugates on TNF-a production from lipopolysaccharide
(LPS)-stimulated mouse peritoneal macrophages.

Isolated macrophages were seeded on a 96-well pate at a density of 1.0 x 10> cells
/well. Cells were treated with varying concentrations of glycol-split heparin
(gs-HPST), low-molecular-weight heparin (gs-LHST), chondroitin sulfate
(gs-CSST), and hyaluronic acid (gs-HAST) at the concentration of 0.001—2
mg/mL together with 20 ng/mL LPS for 24 h. Concentration of TNF-oa in the
culture medium was measured by ELISA. Each value represents the mean = S.E. (n
= 3) relative to the non-treated group.
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Fig. 6. Effect of glycol-split glycosaminoglycan (GAG)-stearylamine conjugates on
(A) TNF-a production from and (B) viability of macrophages stimulated by
agonists of various Toll-like receptors.

Isolated macrophages were seeded on a 96-well pate at a density of 1.0 x 10° cells
/well. Cells were incubated with 20 ng/mL LPS, 20 ng/mL Pam2CSK4, or 10 pg/mL
poly(I:C) in the absence or presence of glycol-split heparin (gs-HPST),
low-molecular-weight heparin (gs-LHST), chondroitin sulfate (gs-CSST), and
hyaluronic acid (gs-HAST) at 0.1 mg/mL for 24 h. Each value represents the mean +
SEM (n = 3). *P < 0.05. 'P < 0.01.
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KETHE, KV ROBVWHREDREF -7 GAG FEKRZBHK T ~< | HP
FEE I LPS BIPSicxt LHIRIESN R ZFF> LH, CS, BL VP HAICAT T U LT
VEMAG IETE GAG-A T T VLT I VAR EFHBICA K L 2 (Fig. 1,2), £7°,
BFohie GAG-AT T INAT I VHEGKROYEAFHNEBEIC OV TIMLEZ & Z
A, BTARKFTCHLHBILIZESA T 7 I BALERK L, £ OR 71X 100~150 nm
ThH DI LDPHER S, Babazada 52385 L72 NAHNP E[ARREORKE ETH D
ZENFEO LI (Table2), —F T, AEIAK L7 GAG-A T 7 U AT I UiEAK
® c.m.c | NAHNP L g LIEFICRE WELZ R L7, ZoOHEHME L L TIE, D-=
V2ABAT 4 A AT TINAT I VOMEORENICEDEZES, BEED
EHiBEOEWVWICLIIZEEREZOND D, BALZBEHHOMEHET D HIEN
LB RTEHFEMRERmINETH D,

VYT, in vitro TLPS R~ 7 v 77— ML OREMT A N A4 VEAEIC
T D GAG-AT T ULT I VAo RICOVWTHF 2T, BEO
GAG TIiX LH, HA 2’ ® GAG [T R T A TNF-0 OFEEZMEI L TWVWH Z &

NBLE S 7= (Fig. 4), HA X 4~8000 kDa & i Ji V™ 4y D EREL, TON =
Ki@%ﬁ%%ﬁiﬁé:&ﬁ%%ﬂfné“”“mo%ﬁ%%@HA@m%E
ERMmEHEMBIEREZ oM 2D —F TR T & HA ZREMES A b D

AYRTENA Y WHR TR EOELAZRT I EBMBNTND 0 K
ATTCIEARDE O HA Z> TW/EO T HA HERDBRIEMEAZRF> TR
L7mEt A, HA 2~ 707 7 —VICIRMLUEZEEDO EJEF O TNF-a Bl b e
— )L LA E CTH - 7= (Fig. 7).

3000 7 Fig. 7. Effect of native hyaluronic acid on TNF-a
production in mouse peritoneal macrophages.
Isolated macrophages were seeded on 96-well pate at
density of 1.0 x 10° cells /well. The cells were
treated with native 0.5 mg/mL hyaluronic acid (HA)
NS and 20 ng/mL lipopolysaccharide (LPS) for 24 h.
Concentration of TNF-a in the culture medium was
measured by ELISA. Each value represents the mean
+ S.E. (n = 3).

2000

TNF-o, pg/mL
=
=]
S

<

%M GAG ® TNF-a EAMBIZNRIT 7V a—ARALZETCIRIEEALLEE
BTGRP oln, AT TINANTIVEDORHAERICTLZ2IETEZOMENEEIC
WM IS5 &NH L MNITR 5 7 (Fig. 4), Babazada © 12 & 2 # 1& 18 M4 B © 1 5
TIlX. NAHNP O JEli#i % D-= V)V 20 A7 4 v I b AT T U AT I ICE
BLTH, RIEMEYA MV A OEAMBDREIEOND ZE2W LT TWY

10



N, ZONERD Y AR T 4T EZHWVWEEAEERAUNE D NIEAH
Thot-, SEEAMK LT gs-HPST @ ICso 1Z NAHNP O #45 S i1 7= 1Cso D ') &
FIE—HT2MEER L EnD, BEMICHE CLMiAeAT T INLT I T+
FD-m AR AT A ERETELER RSN, —HF T, EHERKIC
LH % A\ 72 gs-LHST TIL AR E O HP % A\ 7= gs-HPST K v & LPS #fil 412 *f 4
% TNF-a O PEAIH RN Em W2 & BNoR &7z (Fig. 4), LH X HP [AA&. LPS #i
Boiox LHRAREEM 274 2 &2 in vitro*?) & invivo' P O F THE SR TV 5,
S 5, LH XME S & N M % o B E &2 2 9 i & N R S G K 7 (vascular
endothelial growth factor: VEGF)X #f 2 1 #R # 2F M Jw #9 5E [K] 1 (basic fibroblast
growth factor: bBFGE)IZ®f L T HP £ W A Lo+ *9 ) KM ETH LH I

PICHANTHRABRED 3 »y HAFRZABICHET 22 LHAHLNIZESATY
54, zokd, ~EBICLHIZHP LV b & WAREMEEZALTHWD O TR
WhEHERE IR,

RIZCEHEKRDO GAGORBBFHICLL2E5HEKRMOFEOE VLKL E Z A,
HP Z# F#HEHK & LERICHEDODIRENEHS, CS° HA Z EHEHK E LIERFIZIEE
DMENETT D ERNBEINT(Fig. 5), ZOHERKELTIEET. £ GAG
BT LO2MBILEDEVWAZET bND, HP T @EICHEBIIN7 GAG TH Y 2
PEARD IR LM EDH 20 Y 2~3 it TnWbda, —JF ., CSIT HP &t

Mg ENERS 2RV X LEELZY FHO~20 FL2MEB{bInTE 6T,
HA&iM@Jtémxcwﬁw\”%>GAG@MN&MF‘&GAGJ:&>v<7&oﬂﬂﬁﬁﬁﬁ
BT EBHLNCEINTEBY CSRHAD N T VAT 4 — I v 7 HERA
¥ (transforming growth factor- 1 B: TGF-1B)IC kT A2 /& H1XT 2T b GAG O it & 1t
ERERTZCoTHRT @R ESR TS Y, AEOKRFTH LPS
R X9 2 GAG-A T 7 U VT I Uiia K0 TNF-a PEA M 2 R 1%L . GAG D it
BALE & XISHIELTWVWD Z EN@BO LN, —FH T, GAG ITEB T 5 kit B2t O fir
BEH GAG ODAEBIEMHAZRET H2EELR FLE BN TW5S, Babazada & [Tz
ERRA ISP ERL L7z HP S8 RIS+ 2 My MBI L v . HP B k& T
D 6NMNDOFEEIEZ BB LEZBICEZORENBHTL2IEE2HonICLTH
émo:@&#Jﬂ@6M®m%%#LitiPﬁvﬂ?/®mi HEHET
HHZEbHLENZENRTWS *M, HAZ 6o ELFHE->Tho+., 20
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72 o 7= 23 (Fig. 6). 21U B #EA K2 LPS I & Bl 425 2 7 = X A2 2\ TILBLIF
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EAMITIHEHICEH T VX ALERFE S L TV D AT, Eritoran & CRX-526, U v
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A UCEAMBI DR EFE > GAGHERNE LT,
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@%%kﬁg@@ﬁ%ﬁ%%k&ofwé”&ﬁ$\4V7U#y77%7ﬁU
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BNTWVWLHN, ThALORFMTIBDLRDRPFTOND —T7 T, &5 MO R
EMICE 2 AMARESLEHBERERENREL 25 57,

B SR DN BIET HHEMARA D =R NIFTEKRELTARBEHTHDLI N, D —
# T TLR <> Nod #£ 5% & {K (nucleotide-binding oligomerization domain-like receptor:
NLR)72 & & I L 72 BARAE OIE AL & | 2 IS 5 RIE KIS O B 5 233 4 O #F 5%
MBIRE SN TS S 3800 HKEYZ X, TLR4 U &> R THh 5 LPS R =
vy BN I RN E S S 2 LR 00 0P il i Rk & 5
TRIITRENRERTCHDL=v 7Lt O TLR4 Z EHRIK T2 2 L @5
EnTEE Y, £, TLR ORIIC LV EA S D TNF-o ®° IL-1p 72 £ © &K JE
P A M Ak, BEMEEERICB O CTALMEOBEES TMEORMEIZES
THZEBRHLMIER TV Y 20, TLR ¥ 7 FLRKZ2ENT 5 2
ETCRIEMWEY A DU A OEAZMEI L BRI R E R K D RIE KR Z Ml
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AR T, £ GAGIZAT T IUNAT IV EEATLHIET, BHDO GAG LV
&R /) LPSHI I IZ X D TNF-a D EA X MG+ 5 2 & % invitro TH HNIT LT,
o T AMBR L GAG-A T 7 U LT 2 U AR TLR4 ¥ 7 F )UK & 5 b7
THZ L THMERBROIBFRIZCAD TCOIARBERNZ XA ONZ, £ TARET
X AE CROMREDREDE LR T EANY U -AT T I AT I UFEAE
(gs-LHST)IZ K % #2 fil 1k 5 i & O IR & 3 A 7o, 2 Al ME 2§ & TlEoN 7 7 o 12 2 fil
LB RIS RENEZ D0, BIIEAREBOBANEEX TLREFKRE T
EOREBEEGNLEELY, 2O, RETIE gs-LHSTZ pis ¥/~ 7 v d—
VB ZRBL, T OBEMMERBERICKH T 2HBBED ROV TR ZAT > 7,
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H#OMEI S EZHREF LI (Fig. 8) DNFBZ & 72 W7 by o AU —7H4:1)
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Fig. 8 Inhibitory effect of glycol-split low molecular weight heparin conjugate
(gs-LHST) ointment on the 2,4-dinitrofluorebenzen (DNFB)-induced increase
in ear thickness in mice.

Mouse pinnae were treated with (left) 0.2% or 0.5% gs-LHST ointment, (right)
0.2% gs-LHST or 0.5 % prednisolone ointment. The vehicle group was treated with
the drug-free ointment base. After 2 h, mouse pinnae were stimulated with solution
containing 0.3 % DNFB. After 24 h, the increase in ear thickness was measured
with thickness gage. Each value represents the mean = S.E. (n = 7-8). "P < 0.01.
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WA AR F O mRNA 8L & & FEAE (S 3 Al U 72, B2 Ml M 5 & TIERIEMES A b
AAVOEEANEETHY, "TTUrORBICEVAEMBEST 7 vy 2
fo7p EM S FEA SN D TNF-0° IL-1pIC LV, THICHEAIER 0 RE. A1
DHE /e EOFRT HAR bEJERIFT RO TS 2 0D F7z,
DNFB (2 X 2 i S & Tl ~ X —1 B (ThDMBREM O T L L X —RNiE Z 5
ENHEENATEY Y Th EMOT LAF— TIEHFEERMEN S IL-12 23
EASH TMBEOSMEATHIE IS TS 'Y, 22T, b RIESETF A b I A
> mRNA O3 BLA gs-LHSTIZ L W Ml SN2 et &2 17 - 70, B O #5 R . TNF-a
O MRNA BB K L gs-LHSTH BB AAEICB T 28 BIRGFMN 2 BEAME LB D 5
U7z (Fig. 9A), [AERIC IL-1B OB & & gs-LHST #HEB M TH RICHE & b
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Fig. 9 Effect of glycol-split low molecular weight heparin conjugate (gs-LHST)
on (A) TNF-a, (B) IL-1B, and (C) 1IL-12 mRNA expression in
2,4-dinitrofluorebenzene (DNFB) stimulated mouse pinnae.

Mouse pinnae were treated daily for three days with (upper) 0.2% or 0.5%
gs-LHST ointment, (lower) 0.2% gs-LHST or 0.5 % prednisolone ointment. The
vehicle group was treated with the drug-free ointment base. After 2 h mouse
pinnae were stimulated with solution containing 0.3 % DNFB. At 24 h post the last
stimulation with DNFB, mRNA in mouse pinna was extracted and analyzed by
quantitative reverse transcription PCR. Each value represents the mean + S.E. (n
=7-8). *P < 0.05. '"P < 0.01.

l-c ~URENMFOBILRAFLVRAGEEMEEBRLRTO mRNA ZREMHE DR D
B2 i

INT T ORI KV PEAE S LD IE MRl (Reactive oxygen species: ROS)IE .
fefb 2 b L 2 @ JL & 5 E B # 4 1 (Damage associated molecular patterns:
DAMPS)DFEA # L T, HfMERER COREZEITIEDL LR RBINT
W5 0D ROSICEVEA SN DAMPs IE TLR DO U H > R &L THL Z &
MHNTHBY, ~HTROSOEAIXTLR NflH SN L ThLEIND Z &
WHBLMCENRTWD ', 207, gs-LHST IZ & Y TLR4 ¥ 7 F /L # % % i iy
THZILETROSICEDMILA PV ADEMMATE 50 TIHLWVWMNESZ X, ROS
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WX Db A b LRI T 2P & L Tl Nrf2/Keapl # O &ML %
ML BEERFTHD N2 BENBITT 52 L THxOHEBILY VX7 BEORE
BFEShLZenmbhTng ™7, 22T, AR TIEBIELA ML X~ —
Z— & LT, Nrf2 (& XY 5 EMED G S D~ Loy fif % 3% (Heme oxygenase-1:
HO-1)#% X ", NAD(P)H * / & Jc B# 3 (NAD(P)H: quinone oxidoreductase-1:
NQO-1)® mRNA BHEIZSOW T L7z, TORE, 0.5% gs-LHST ¥R E % B i
T5HZ L TEHMTH 22 AEIC DNFB RO~ v 2 HJHfd HO-1 mRNA O %
BSME b2 &EnRD iz (Fig. 10A), L2 L, NQO-1 (22 Tld gs-LHST
WMBBAMICEL DA ELRMENILRD 5720 - 7= (Fig. 10B),
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Fig. 10 Effect of glycol-split low molecular weight heparin conjugate
(gs-LHST) on (A) hemeoxganase-1 (HO-1) and (B) NAD(P)H quinone
dehydrogenase (NQO-1) mRNA expression in 2,4-dinitrofluorebenzen
(DNFB)-stimulated mouse pinnae.

Mouse pinnae were treated daily for three days with (upper) 0.2% or 0.5%
gs-LHST ointment, (lower) 0.2% gs-LHST or 0.5 % prednisolone ointment. The
vehicle group was treated with the drug-free ointment base. After 2 h, mouse
pinnae were stimulated with solution containing 0.3 % DNFB. At 24 h post the last
stimulation with DNFB, mRNA in mouse pinna was extracted and analyzed by
quantitative reverse transcription PCR. Each value represents the mean = S.E. (n

=7-8). 'P < 0.01.
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1-d LPS ## DC2.4 MMICX T % in vitro BB{L X + L 2 I %) £ 0 F Al

AT OBRFICB W T, gs-LHST 8@t A bV 22l 52 E R "I,

ZZT, MIETORBEZEMNT D =7 ZBRHM AR DC2.4 #i a2 H v T in
vitro 12 X D HEFRFEBR A 1T > 7=, £ 3. LPS #liE K DC2.4 MR iZ B} %5 TNF-a
O mRNA FEHBEBIZOWTHMLEZEZ A, gs-LHST B XWX N-7EF L-L-> AT
AVNAORBEIZLX DV AEICEORBEAZIMH SN D Z &R S - (Fig 11A),
W T, BiEA MLV RAIEEKRTTH D HO-1 3 X O NQO-1 @ mRNA ¥ BLIZ % §

WEBAFMLIZEZ A, HO-1 I L CIHEEFRBEDAEICME S iz as,
NQO-1 ® mRNA B XMl & 47 .in vivo BB & %9 5 FE R & 72 - 72 (Fig. 11B,
C).
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Fig. 11 Effect of low molecular weight heparin conjugate (gs-LHST) and
N-acetyl-L-cysteine (NAC) on (A) TNF-a, (B) hemeoxganase-1 (HO-1), and (C)
NAD(P)H quinone dehydrogenase (NQO-1) mRNA  expression in
lipopolysaccharide (LPS) stimulated DC2.4 cells.

DC2.4 cells were seeded on a 24-well pate at a density of 2.5 x 10° cells /well.
Cells were incubated with 20 ng/mL LPS in the absence or presence of 0.1
mg/mL gs-LHST or 10 mM NAC for 24 h. After incubation, the mRNAs were
extracted and analyzed by quantitative reverse transcription PCR. Each value
represents the mean = S.E. (n = 3). *P < 0.05. P<0.01.
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B ER R EOT VAX —RBROE TREKREHE N, TONKRER T L
LOEMMmErsmtshse 24 I N EELREE ZH-> TS, BEAX IV
T 2F PV UMRBEEZEMDOICLIVERAF U NLAKEN 52, HDC 1% &K IJE
A b4 vickvFEESALsEnmbAT WS P77 22T gs-LHST
725 HDC @ mRNA B RIZx LEBEL L XTI EInmidaiToln & 2 A,
gs-LHST KB O 512 X U Vehicle HBEBAAH ICH X THMEE AR O b b
OO, HEHFOITIEIAEEZITR D LR o 72 (Fig. 12),
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Fig. 12 Effect of prednisolone and glycol-split low molecular weight heparin
conjugate (gs-LHST) on histidine decarboxylase (HDC) mRNA expression in
2,4-dinitrofluorebenzen (DNFB) stimulated mouse pinnae.

Mouse pinnae were treated daily for three days with (upper) 0.2% or 0.5%
gs-LHST ointment, (lower) 0.2% gs-LHST or 0.5 % prednisolone ointment. The
vehicle group was treated with the drug-free ointment base. After 2 h, mouse
pinnae were stimulated with solution containing 0.3 % DNFB. At 24 h, post the
last stimulation with DNFB, mRNA in mouse pinna was extracted and analyzed by
quantitative reverse transcription PCR. Each value represents the mean = S.E. (n

= 7-8).
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U ZENOMBFOTMETOZOIC. 8 HADO Y ZHENM MM L AT 7
A AR EERLE, oz~~~ FX V) v =4 Y U (H&E) R A
L, BNz Blg L2 A, DNFB CTREIETHZ LIk -o T, £E - EHXKOD
JEHPHE L, MidoRBEARBD B, —FH . 0.2% gs-LHST #KF & Al & 5 L 72 #f
T, 0.5% 7 L F=Y o VIREBRAR L R, DNFB (T X 2 #5025 2%
S5 Z &R Sz (Fig. 13),

Fig. 13 Histological assessment of prednisolone and glycol-split low molecular
weight heparin conjugate (gs-LHST) on 2,4-dinitrofluorebenzen(DNFB)
stimulated mouse pinnae.

At 24 h post the last DNFB stimulation, mouse pinnae were excised and fixed with
10 % formalin neutral buffer solution and embedded in paraffin.
Paraffin-embedded pinnae were sectioned at 5 pm and stained with hematoxylin
and eosin. Images were displayed as (A) Control (stimulate with solvent without
DNFB), (B) DNFB plus drug-free ointment base, (C) DNFB plus 0.5%
prednisolone, and (D) DNFB plus 0.2% gs-LHST.
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Fig. 14 Inhibitory effect of glycol-split low molecular weight heparin conjugate
(gs-LHST) ointment on the 2,4-dinitrofluorebenzen (DNFB)-induced increase
in ear thickness in C3H/HeN (left) and C3H/HeJ (right) mice.

Mouse pinnae were treated with 0.5% gs-LHST ointment. The vehicle group was
treated with the drug-free ointment base. After 2 h, mouse pinnae were stimulated
with solution containing 0.3 % DNFB. After 24 h, the increase in ear thickness was
measured by thickness gage. Each value represents the mean + S.E. (n = 8). 'P <
0.01.
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Fig. 15 Effect of glycol-split low molecular weight heparin conjugate (gs-LHST)
on (A) TNF-a, (B) IL-1B and (C) hemeoxyganase-1 (HO-1) mRNA expression of
2,4-dinitrofluorebenzen (DNFB) stimulated mouse pinnae.

Mouse pinnae of (left) C3H/HeN and (right) C3H/Hel were treated with 0.5%
gs-LHST ointment. Vehicle group was treated with ointment without adding any drug.
After 2 h, mouse pinnae were stimulated solution with or without 0.3 % DNFB. After
24 h from the last DNFB stimulation, mRNA in mouse pinna was extracted. Each
value represents the mean £ S.E. (n =8). P <0.01.
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Fig. 16 Ear thickness following the prepared ointments.

Mouse pinnae were treated with the ointment base, 0.2 or 0.5% gs-LHST ointment, or
0.5% prednisolone ointment. After 24 h, the increase in ear thickness was measured
by thickness gage. Each value represents the mean = S.E. (n = 7-8).

%N T, DNFBih BiEMMELERETT L~ 2Tk T 5 gs-LHST B O HT K JE
R EFFM LT, ZTORE, DNFBIZ X 2 FHIEIED 2 FEfAiiZ gs-LHST #E % ~
UAHMIZBAMAT HZ LICLY, DNFB fIlIIC RV F RSN HENIEEL LK
JEES A4 B A > TH D TNF-o X IL-1p Bz AV A ZICWME SN D 2 &N H
EW&&OK@@X&L&%%%Ti\&E¢@ﬁEEﬁ&%¢A&EAL\HR
RNLRICEV B SN2 L TRIELZGESH T LN RTBRIN TN D, FE,
NC/Nga ~ U A XWHEMHE TIET PE—HERAZBRRBIET 220, BERE CTIX
FOERPMBES AN ERFEESR TS Y —% T, Martin 5% DNFB
RTINCBREDNT T R K Dt JE RITEERET CORIET LI L
MH . ANTT ORI VAEARINDIE S FRET VR iR EDOWNLEM TLR
VA RRRIEICEGT S22k TW0ns %) s TLR U > Fick %
F72 2N L CEASNDRIESEYT A MU A X, AR OEESS, 4 FER
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DR T MO & 3 7 8k R A T o RE K SIS 3B\ CE B e
ERELTVWDIEEZLNRTNS 8D g TNF-a X° IL-1p D R~ 7 %
AT T I VRSN BAR <~ 20 THIK ZBAE LT b 8k R g xR
BEEHINLWZ R0, "N T UKD BIEERNIICRIE.RET A P A e+ 5 F
ik a28E5ET 52T, AT T UrORRICE D BAIEENMEI S 52 &0
mERTWS 828489 R EIC B T gs-LHST O ¢ 512 X v . DNFB (T &
STHERINDHENFORIEMNES A NI A 8BS F O mRNAZE BL O #1123 g 58 T
T, IR AENMEREOMEICEBE LTI b0 LHERINT, S BT, £
OB R TLREZEM ~ 7 A ThH D C3H/Hel ¥V ATEHRBRDO LN o7z 2
&b (Fig. 14, 15), TLRADOHEZ N L2 OTH L Z ERHELERINT, LrL
724 6, Marin 5% Di Nardo ®#5 & [k * %) DNFB IC X % K g IEE < & i
G C3H/Hel ~ 7 A THE L I N TW5, DNFB fil#{ (21X, TLR2 ®» U 4F v~

RERDESFRET AR VBAEASNIZEbMONT NS D 25 LEH
B A T = X ) DNFB i e B2 fE R ICHB W TE < 729, C3H/Hel ¥ 7 %
TOLRIENBEINTZL DO EEZILND, F£7-, gs-LHST O KIJE il 20 & 23 R E
K ThHho7Z LIk L TiE, TLR4 (ZxF L TEIRMEDN &G W & —EBEMA L TW
LHZboEBEbns,

ROSICE D2 LA DLV AITRIEMEY A NI A VRAKICHEMERERICE W THE
LARARNFTHHEEZLNTERE Y Y Esser 51X ROSHREAICL Y AT T v
ORPICEVFRSINIENEERIMBE TELLEZREL TS P, ohET
DHE T COTIE, ROSICE - THALDIMILA P L AICEVE Y 3 v 7 &Ry
B AL E 72 £ O DAMPs 28 FE 4 S 41U, DAMPs 7% TLR4 % #l#4 L F O ROS 2 &
BT DHEVIRIEF A7 AR|EEIN TS, £ Z T, DNFB Hll K o H S i
BiF 5 HO-1 B X NQO-1 ® mRNA FEH X3 2% gs-LHST O &R 2 74l L 7= &
Z A, HO-1 #15 1 O AHFE BN AH Bl & #U(Fig. 10), in vitro T % [ 4 O R0
BFohd I &ENMER Iz (Fig. 11), NQO-1 2% L gs-LHST 2" H %) T/ WE B
DOWTITBREATARP TH DA, gs-LHST IIMILA ML XX LTH —HART
HDHAREMEN R I, £7. C3H/Hel] ~ U7 A TIEHAM O TLR4 XK BT 5
C3H/HeN = 7 A |2 .~ DNFB I & % HO-1 /5 O B F E 8K < . gs-LHST I
I FE RO Mo &5, DNFB HI#IC X 2k A M L 2IZ TLR4
DG LTWDZ &, gs-LHST (X OfR B 28l LEg{b 2 b L 2820 R &2 x 7
eI N,

ML EARZE TIL, gs-LHST 2 DNFBHIIC Lo THERINHDHENEE L L O HA
FORIEMEY A MU A mRNADO I 2 M 52 2 & THefili M 5 R I LR R
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MEPRBFEONDZEEHOMNIC L, £/, TLR4 ZEM O~ 7 XA TlL gs-LHST
DHMRIEDERBD N> 72Z LB, gs-LHST X TLR4 2/ 5 RIE % R
EHICIH L TWDZ RSN, KBRHF T gs-LHSTIZ XA~ 7 oA
— VEBIC L D DRl 4T > 7225, gs-LHST XM B IEMEME TH H720, 10—
va vl s ) LB R ERBEOREBIZEDE THOABIZLAESZIEHTE 5,
Flo, KEHEMAUATEIMOEMZEST L2 THDY . gs-LHST & (T £
BROEFEFOEDEOHFHICL > THERIREZEDDLI I LLAREREEZLOLNLD,
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PLbE, Z2F 13 " ZlcbiE, & GAG-AT T I AT IVESEKEASR L., #
® in vitro 2B T A HLRIER) B % O DNFB # i B R lcxt T 21804 BB L
THREZEITW, LTOoM@mE &,

E—E ZKBIVaYI )TV —RTTIANTIVEEEDODERE
in vitro HFLRME 2R 0 M

HP R ARIZ LPS RIS T 2 MRIEDREFHOLCSRLHAIL AT T U VT I~
A IETZ GAG-AT 7T VLT I UAEREZ AL invitto T RIED R IT DN T
Mt EiTole, AT TIATIVEMAESEDLZ & TRIEMY A MBI A VEAR
FZREAHEET 20T HPICR O LTl o GAG THRE® b5 3
BOBETHLZ L2 RHLEZ, L2AL, TODRITEHBTHKDO GAG OFEHIC
Ko THEZLRY EHA HP L LERICEBE <, CS. HA 2 EH#HEHK & LRI
ZOMPENNE o, ZOMEMIE GAG OFMLE L3 IE L TEY ., BEDOR
FIICBWT HP @ 6 (il L2 At LB ICHRIED RN WH L2 & & Of
HTEZDELE.GAG OMBAALEN R ZIENROBHICE G+ 5 W REMEN RSz,
Fl . LHEZEFHITHWESGEAE, ROBEO HP Z WXL D b @ WRIEME YT 1 K
A VELEMBDENELNRTEZZ DO . GAGON TELHRICEEL TWVWDH A
BRENEZ X b,

B_E BEMUERBRETAVITACBITZESTFEANSY V-
ATTIUNT IVREEEOIBRDYR O

MMECTKROLYPA NI A VEENBDROE P TEEKS TE~NNY V=TT
DT I U A R (gs-LHST)Z A W THEf M 2 JE RIBE ~ OIS AT 3 2 E@0
RMIEE AT o 7o, gs-LHST R 2 R & 572 2 LI Kb, DNFB HIIC L » T

FHHREINDLDYUAHEFNEEL L, HiHH O TNF-a X IL-1p #EE F RN A E I
P & dv7e, £72, gs-LHST (X TLR4 £ R > C3H/He] v 7 A TH#E S5 DNFB
R R I L TR RIEDRERST. BNARES RIEEY A4 I A
> mRNA BEH G IH Lo, it o C DNFB #5 % # fil M 2 i % 121X TLR4 21
ST S T2, £, gs-LHST IR Z ORKICH L CoORMEI R E2RT 2
ERHER I N,
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Uk, BFEIAE 7)) a2 70z LACHBILT 2ENBET I Lo
T EE~OFEIZLDRRIEDROERICONWT, MEEEMHBENE AL DR
fre& T DBISHEZAT>7c, AR THO NI AT, TLR4 254 5 RE M
FHEA~D GAG FEHEEOEBHFEIGMICHONT, A Ek#nmERzRZET 500 L
E XD,
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Flo, RInEBERLIEEL, BEELB Y F L2 R RSB ERER
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KB O

BF—E EROW
% —
[1] B3

~/N U v (HP) (E¥sr & 15,0000, = Foa A F Ui (CS) (CEF¥ 1
i 15,000)i% Nacalai Tesque fE X VHEA L7, 7 r 8 (HA) (CE¥HF&
20,000)(% Lifecore fE X VA L7z, K FE~/NU » (LH) (CE¥4 F& 5,000)
XX v AL VBEALEZ, AT T7IAT IV, 1-2FNV3-B-VAFALT )T
HEL) ANVARYA I NEEREDC), B3 vHEBRST NI LA KB THET Y
7 A, KA T X R(Sigma), BLAKT T Fur T T meMEE NS LD
AL 72,

(2] &7V a VI ) 70D —ZATTIUAT I UEAEDAK

EF 7Y aV 70 (GAG) Ig 2 0.1 M i3 vEERS NI U LARIK
(pH=5.0, 0.05M FF & #E B k)20 mL IZ% M L 4 CT 72 KRG S, v e Vg
BUIDC2-C3FBHEOTA— NVEMEBIRARE I YL, MGKRICHF&ED VY £
—LEMZ DI ET, RRIEOBaI vERFT NI VL ERIESELE, KISKZ
AEAKP T2 AMEN LEMEZBE L, Bon-Aeh K%z 02 MAHEIF VR
T rU U ALK (pH=9.5,0.25 M KEEEE )T 4 CT 72 KHET L, KiH
BTHRICEAET D2KFBIFIYFET MY U AT pH ZBIME(MH=5.00ICT 5 2 LI &
Doy Lic, RIS ZZRBEKRT T2 HMEH Lck, LRI LI XK@Y
Ua— VA GAG 2 &7, 72— VA GAG20mg #7447 2 F 1.5mL (Z
WL, EDC10mg Z i1 % 25 CT30 MRS SEDLZ LIZLY . GAG T oIV
RE VNV EEZEHILSERE, TIRCATTIAT IV 5mgaEELIZT FT ¢k
Fr7 2 1 mLA ZMA25 CT4MRMRICSEL, ISHK TR, KISKIZER
LT — L 10 mL Z# M2 B ELE ST, 4 C. 15,000xg T 10 43 [
WLOT A ETCHEYERINL, BEZZ ) — VBB T R GEEL 3E/BEY
BT ZETRIIGDAT T I AT IVEBRLOEDCERELLE, =¥/ —IiZ LD
Wr#t, 75— —HhTChERWEGZBEIE, KTHEBBLELZIC, AEAKFT
2 HMBEN T 522 LICE D S ICAERDERR L, BM&ETH., BELZERT D
LT, FEGAG-AT T I NANT I VAR ERT,
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[4] i+ RRBLXOE— X ENLMOHE

FH GAG-A 7T 7 U AT I UfEAEHRZKIZ 0.0l mg/mL & 7225 K5 IZHML. As
one fLf D NN 2H Y = — & — 2T 37 CTS5HyM, 42 KHz OB EF W 2 BH T 2
LT b ELIT o, KRB XY — X EALIE Malvern (R O — 2 — Y o
P—TF 7 ZS EHWTHEL T,

[5] BE A X B VB E (c.m.c)D J| &

K GAG-AT T U AT IUVHEERD cme FE LI EDEET v —T IR
EOBELE, £ GAG-AT T U AT I UEAKROKRKIEE% 6.25%x10" mg/mL
M 3.20x10" mg/mL 12725 X2 E L UIRIEIRTI LIz, B L v O R R
7.5x10° M & 725 KO I L, BABITEE 12 R AT 20§ & L FEM L.
WM @I L2, ®YE A2 FJLX Horiba #£ 8 @ Fluoremax-4 &t A X7 kb
A== ZTHEBIORELERITEZNEI 339 nm, 390 nm T. FE5KH A 1
nm/s O THIE L 72,

B EBROM

[1] & -~ =

~ U AT 5 o ICR Rt~ Y R T ARARAZ 2z L —4 X DAL,
lipopolysaccharide (LPS)IZ Escherichia coli 0111:B4(Sigama)id Fn ) i 3K T3¢ X v [
AN LT,

(2] ~v R~ 7 v 77— VOEIRE X OHE

5O ICR RV~ D R 2.9%F 47V a2 b — MM KEBKRLSSE)%E
ImL JEERN S L., 4 H#%IZ RPMI1640 541 (H KRS kX & H)5 mL 2 B v TH
MLz, BlRSN7ZEKE~ 7277 —Y0F 10% FBS, penicillin G (100 U/mL),
streptomycin (100 pg/mL), 2mM L-glutamine & A RPMI1640 &% H1 (2 75 &% L 7= 1% .
96well v A 77 L— MIEEREL 37 C. 5% CO,DEMETHRRELE, 2KMKZIC
B Az D 2 LT, FEHEAA MR A ERY BRuv T,

(3] # A = 2 5F Af
B1EB2HEROE [2] AT, SHEEO ICR Rk~ v A b lilE~ 7 7
77—V EFER L% .5.0x10ME /well 12725 K 9 ICHI NG 2 FEFE L 7,24 BRI 1% |
B: M 2 OptiMEM (Life Technologies #£) IZAZ# L, &£ GAG-ZA 7 7 U V7T I~
AN ERKBEEN 0.1 mg/mL 75 10 mg/mL (2722 X 5 I MICHEM L, 24 K
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M Lz, M EME oML WST-1 3 38 (Roche #h)IC X v 34 L 7=,

(4] VA kDA > 5y WB il
B1EH2HEROM [2] IKIELT ., SEE O ICR ffftE~ v AN b EE~ 7 1
Ty = VERBRLEEZ, 96 K~ A7 v L— hIZ 1.0x10° il /well 1272 % X 5 1T #l
faZz M L7-, 2 RHEBICEMAAH| T 52T, FEEFMBPZMOEBENTHLL S
HIZ 24 KEf]# . Ki i A OptiMEM IC&RZHA L, & F GAG-A 7T 7 U L7 I UfE& K
ZRAEEEN 0. 5mg/mL b L<IZ0.lmg/mLIiCRbXHICRML, £ZICZLPS®D
BB EE A 20 ng/mL 12725 KO ICIRM LTz, 24 B8 %, B+ O TNF-a &
% murine TNF-a ELISA Kit(Peprotech L)% H W T & & L 7=,

[5] & &k i i A
A B Z= B E X GraphPad prism 5,0 {Z X Y Analysis of variance(ANOVA) % 1T - 7=,
RARNT A NI Dunett’siEx HOWBREEZ T 72, WMl pMEICLYFMT D L&
L. p<0.05 Z#atFWICABETH D L LT,
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BE RO

5 — i

(1] R - ~v =

RYZF L7 U a—)4000, RKYUZF L7 U a— L4000, FutbL 7Y
a—)b, L F=YnorSigm)TMmtMmBEKAASHIVBEALREL, 6 i
BALB/c ZMEE~ 7 X C3H/HeN RiMfftt~ v A, C3H/Hel] RMitE~ 7 R T H AT
ATy —t X DEALT,

[2] 7V a—nABZLH- 2T 7 U A7 I kS K (gs-LHST)#R F o 3
gs-LHST /X% 1 = 181 [2] LD HFIETAHAM L, gs-LHSTHREILAY =
FLor 7 )a—4000: R = F L7 a— 4007 LT Y a—biKE
4:4:1:1 OFEETERALAETY ST AT —THB LA OHRAIIHA T LHZ LI
DERELL 7o,

[3] 2,4-dinitrofluorobenzen(DNFB)#E M #E il E  EX E T v~ 7 2D ERK
DNFB 7 & bt F ) —TF 4 A% 4:1 OFEE TIEASLZ(AOO)E IR IZ 1A iR
L7, 0. lHBIZKRELZ~YY AEHIZ 0.5%DNFBIAKR 25 uL 28 A4 5 Z & T
BIEL72, SHE®S 3 HMIZHE > T 0.3%DNFB A 10 uL 2~ 7 2O 4 H A I
WA H I & TRIEX A E S W7, Control # 1% DNFB % & &£ 72\ AOO &R D A
WAL,

[4] DNFB MMM R ET LV~ U A ~DEY KL

B [3)] SRR~ U A AER L. 0.3%DNFB # # 2 5
RIS, & “ =8 [3] VR L7z 02%b L< i 0.5% gs-LHST 8K 10 2
U7 7 5,05%7 v F=ynnrsikEr~y A4LHFMICEBA LI, Vehicle BEIZ#E
RO B A B LT,

[5] ~v 2 HMEOWE

B (3] e VMR~ U R EZA/ER L. 0.3%DNFB #il # 24 K fH
BOBENREZ6,7.8 HEIZT VX VY vy 7 X A4S — Y (PEACOCK )iz X v #Hl &
L7,
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[6] ~ U X H A o i& s+ 38 B A Af

B (3] VMR E R~ T A2 ER L, 8 HE OHENEDMHE
B~ AHENMERHBE L, REVFTAF TV AFNTOMBET A — F % H
# L . GeneElute® Mammalian Total RNA Miniprep Kit(Sigma )% i\ T H /-t o
4 RNA Z i i L. PrimeScript® RT reagent Kit(# 7 T /XA A )2 X v ifi #i5 5 K&
%47 o 7=, % mRNA &|X SYBR" Premix Ex Taq(¥ # 7 /N A A th)& v T,
Lightcycler®2.0(Roche diagnostics )1 kX 2 E &AM PCRIC K WV JlE L=, ™., E&
B PCRICBIT D27 I7A~—ZTFTROKDOBEBYD TH D,

gene sequence

B-actin sense TGCTGACAGGATGCAGAAGG
antisense ACAGTGAGGCCAGGATGGAG

TNF-a sense CCTCCCTCTCATCAGTTCTA
antisense ACTTGGTGGTTTGCTACGAC

IL-1PB sense CAACCAACAAGTGATATTCTCCATC
antisense GATCCACACTCTCCAGCTGCA

IL-12 sense ACTCTGCGCCAGAAACCTC
antisense CACCCTGTTGATGGTCACGAC

HO-1 sense TCCCTGTGTTTCCTTTCTCTG
antisense TGGATGTGCTTTTGGTGAGG

NQO1 sense TTCTGTGGCTTCCAGGTCTT
antisense AGGCTGCTTGGAGCAAAATA

HDC sense  GATCAGATTTCTACCTGTGG
antisense GTGTACCATCATCCACTTGG

(7] itk

<~ U A RHRH L DC2.4 M@ 1X 10% FBS, penicillin G (100 U/mL), streptomycin
(100 pg/mL), L-glutamine(2 mM), 1%3E #4287 I / [ (Nacalai Tesque f), 1%E /
FA 7V alb— NREMBEKEXSHA)EZ IR L 72 RPMI1640 £ H1C 37 C. 5% CO
CHEMET TR L,
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[8] DC2.4 Mifu iz F5 1) % i 15 1 % Bl 3F Aff

24 X7 L — M2 DC2.4 ML % 1.0x10° fll /well 12725 X 5 ICHIA A2 FE L 7=, 24
R % . H5 2 OptiMEM (2 A& #i L gs-LHST % & E 2% 0.1 mg/mL & 725 X 9
iwmLie, =, BIEA LR TLIARYT 47 arbre—LE LTN-TE&
FN-L-VAT A V(NAO)Z KB EN 10mM 725 KoLz, £ 212 LPS
MEAEPRE L LT 20 ng/mLIZ722 X HICIRIM L7z, 24 FEfEE5 & % . DC2.4 Mg
HOBAR T REBETMITE ZE - [6] LRKDHIETIT -,

(9] H2fih ik fZ i &k~ 7 2 H I @ #L k5 09 8l 52

B (3] VMR R~ T A EER L, 8 HE OHENEDMHE
%, v~ AENERHE L, 10%F AL~ VEEBKT BT, 4 CTHEEZ%
frofth, N7 4 vABYO FEERLE, X774 8 EI 78 b— 4K
e T EM S TS Sum 1725 X H 10U L, H&E e 2 17 - 7=, MR8l
I Biozero Bz-8000(F — = > A tE#) A& H W\ CTAT - 7=,

[10] #E&k=2 i gt
AEABRTIEIE —=H & [5] LREOLETIT- L,
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