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1. XL ®IZ

ARy TdH D L 2% B (mucopolysaccharide, MS) (X, 7V a$ =/ 7Y
71> (glycosaminoglycan, GAG) & b I L, B O A EZ P LITH D
DO, FFICHEAGHBPCIRY N EEBELIERETCH L e T AT
U %1~ (proteoglycan, PG) & L CFEET H, MS X2 D +NICRAKIEMAZH
THZEND, MMEEOMRS D L WX R OMBENZ AT 5, MS @ FEFR
(Meyer 1938) 134K, 77 V3D muco (KRS O KB M3 O E)
CHRT 208, BIIECIRT I V28T 22 EEERSINL TV D,

MS OEEIX—HZ2RE, “HEHMOBY R LEENS RIS DR VEH
Thy, TOFHMOERELRIMEAGDLEE LT, TI Ly U
(uronic acid, UA), 727 I /¥ & D-¥ 7 27 F— A (D-galactose, Gal) ® 2
MEANZSBOOND, MEHEOHE., 7 I /7 HICE D-7vay I v
(D-glucosamine, GIcN) & 5\ X D-4 7 7 ~# I » (D-galactosamine, GalN) .
UA L LTIED-Z7v7 v (D-glucuronic acid, GIuA) % 5 Wi L-A X1
% (L-iduronic acid, IdoA) F7-i1X Gal 7 I /I ET D, —FH. & D
BAa. 7 /7T GleN THY, Gal & GleN © M OREHEK O XA T
HMS & LT, MEMREEOMBICEARSND T T ¥ Uil (keratan sulfate,
KS) Wb TWnWd, ZTHUOLDERAMEICNA, HEREIIHEETL2TEFALED
LVIEHBEOH., AWM EOMBEIZLV A MS ORI EL., TR Eh
BEBoObLLAREELZZEL T D,

T¥MDD2WVIIMEEN MS OB ®BIIZ IO, EEAN. b S. iF



FHAREBIOEELE, Z<o0oHBICBWTHRAFTHRBEL TS, HikT
&0, MS ofEH I~ THY, Tt/ RIT -0 MEE b F
ZBEThd, bEVmMoh Ty, HEMOERZMS &, SHEEIR T
boHAF K, ETEHKEDLD VIR, FLFXHTEBEEF. £ LT, KE
BRTHLE, AW TIEHEFE, LVWIE/RIC, ThEfhoBHMIEIZAL
LEIEMICHET 2O REHEHD TWVWD,

L2vL. 2000 M AEICFEAE L 74 AWK MAE (bovine spongiform
encephalopathy, BSE) RIBE LI, 4=k O @IAE RS OF) HIZ K& SR S 2,
FHkO MS O S FARICE L < HlR S TWv D, 4 T3 (Kitagawa
5 1997) RMWMAEY (Matsuda 5 1992) KD MSICHOWTH | FE#HBEEDH 2
WITAEBEESA DA FICET 20 EEFErHBE SN TEY . MS HIEE O
HBEAm bR I N TS, REREZENETI2RERLOFEM. &5 WVIEEE
BRI % B E T A LR OFEM 2D MSE LT N-TEFA-D-HTF 7 b
3 > (N-acetyl-D-galactosamine, GalNAc) & UA ® "z EAFK L L=
¥ FuaA F i (chondroitin sulfate, CS), % L T GlcNAc & GluA & —ff
EEAREKE L 7be U (hyaluronic acid, HA) B IFoh b, LHEM
WIFLATE IR B LA D ORE . BEIHENPOREEIND Z LR Z 0,

BidH D5 WITEHEMOSEICEIT 2D MS ORAEIXE W, FEITEEDHIZ
BOWTAEYHROEREMLFERE L THBLTWDS MS b2\, il 21X, Ak L
72 CS 1. AR CITERE. BAHiHELS IR EMERE ORBOIRIFIE L
LT, 72, RBEHRTEIAKREERELZHINE LEBEEL L THEHINAT
Wb, —F, HA X, AR EBECEABERESES LOCES Y v~ FIcBi 5

ik B i R SF O R BRSO S Av . IR A TR AR IR R EE S OKRBICK T D



WEELLTHEHIATWS, FiI, BREANTO CS ofEHRITH <, 77 TIZ
WA 226 CS fREER OMFIER R b #E S TH Y (Soda & Egami 1938)

(CHUR S & L TR HE D DAv, BEEGL & LT HROE & AU 7 RR AR LR R

2. MERFBHRIETHEH I ND A~ &
~s%3Y » (heparin, HP) (. 312 GleN & UA © "% A Gk & L7 MS
Thy, ZomEEEMBIEEAPRS MO TWDS, £/, BSE MENFET
LHURENE, TOMEEELT, F KBLOEBETHWERXRR Sy —v v 7 G
DHIFBERE BT, BETLOINEYZEE LEBRICH SR L S0 2 BN KK
WA S TCELLRN, BETETEFEBRBMEEOAL B S TWD, HP X,
CSRHA L iFHRLy, BRHE/AESLE L TORBRIZIZEALEBBNN, EEY
BP T d W TR o3 AT R 1 7 & oo (RS Br 2 E A IR T d8 1 D i R [ oo B 1k o

IERHEND, MEENT EIXEHEOIK Tt TP ICERT 2 B
MEBLIOCBRAKSEEZNLHIZRETDI2BKEREROOGLES>THD , BAEMICI
FAT TAFEMRENDIBENMEEZ LB LA LTERNICIEKZ XD AR, FH
A ZRED LB Ky 2T 2B HIETH D, MK EHTRIEDERIZ
RAME BRI MR S EEE L 2R WK D2, BRi® 5 Wik HP @ X 95 R EMH ok
O I 9 e [ P AL A EH S 5,

AABHEFRICELD TEEENEEROHEBICEHT IMAE (HAEHTES
£ 2013) ] IZ & T, BAREAN @R EFE BT 2006 FEHE THEMN 15 A
FTOEML, 2011 £KIC 30 H A%E @2 (304,856 N), £/, NREFIENH
BEEGEOBBICE T 2MAE (HABITESS 2004) ) (2 Ld, miEEr. M

I8 I F AT F & ON Ml iR W A i AT 4 O B AT IR A O TR IS K B 9 HP B o £ A



WY EBZ VWD, BEOCBERLOLE . BHIEHA B0 10~15 BEIFTZAT
biv, ZoEICMREBBEAOFERANILEATHDL Z b, MKRENICH T
LM EEEIEA S LT HP®HE T2 RV EHETHEHAIALTWDS Z LI D,
HP 5 o FFE & 72 2 HP JRIEICIE, LTIl X5 K5 HP & K45+ HP 2
H D,

® K/yM HP (unfractionated heparin, UFH)

HP 1%, 1916 Fi2 A X256, MikEBEHFMHEM 2 oW E L L TRAS
AU (Mclean 1916), 0%, WAL P oFEIZ L 6T, FLPFBUADOEHEEICTH
1716 (Charles & Scott 1933) T2 Z LA HE I N/-, MKMERICE T 5% &
%C. HP oK EM (Murray H 1937, Murray 1940) 2372 S TLLk, [EE
7B TR A < B K U i ik 0% B By oo if 9% e [ BH Ik do T OV i A% ZE AR E T B
FOHBMTHEMHIATWS,

HP BEMH O EARBF KT GleNAec 250k N-A L7 =— h-D-Z a3 v
(N-sulfate-D-glucosamine, GIcNS) & UA (GluA & %\ iE IdoA) DV K
LIBECTHREh TS, HP X, A O MigER A > e X —D 0 ED2TH D
7vF hr v (antithrombindl, ATII) L #&3 22 L2k b, jtk AT
MBAET2MKEHEMEERZE LSBT I2EARNS L ER@E SN
(Damus » 1973), Z OMFAEMOARE T, fd o g & & K 5 o — 8 o
BRI (BEE A A7 —F) ICXoThl &SN MEEBKISOT T, £D
THHICfifET 5 XabkOlla (herbey) Irom#zramlET D LI
0. 1T (747 V=05 v) R¥Fo7 470 oMbzl +252&ThHD,

LTEMICIE. HP I ENE T 24 . KB L OXEEORBES RO AW b /G

SNAABEEME CTCHY, EITH., B XOBMEKE O S5 (Pearce



5 1968), FEARMICIT, KM A ML CHRE L IBEIK O REFRLEEZ 1T\,

W % | AL PR (Roden & Dorfman 1959) 12 X » T 5 7= # HP (crude heparin,
CHP) #/ VW T, W OO TEZR-HICKEHLLERD, L LKE
IZiE, ®WEA =D —I2L>T HP OREFIEEFTRL-TEBY, TOREFIED
I LD P ESCABITHENLH T2 L bEMEIiL T % (Coyne
1977), @ik > L B v BSE ML, EHEEFE & L To HP &2 0» T,

ZOMFERE L THWSEND CHP X, FERKIBHEH K TH 5, CHP X, HP
Wz, Fie~T7 Uil (heparan sulfate, HS) B X 0= v Fu A F iR
7 7 2 U — (chondroitin sulfate family, CSF) Z#&H L C\W5% (Griffin &
1995), HEWEA =TI — F7eflilx OREr vy MZEX-oTHETOERTH D H D
» . HP A FIZIE CHPICHKR T 22O MS A AHMmE LTHEEL T

WaoHrgEa bbb oz, HP (EAK % W HP (unfractionated heparin, UFH) &

LIRS TE 2 HS BEEH O LA FHKIL GleNAc & 2 W ik GleNS & UA(GluA

=3

B2\ L IdoA) DV L TR S, HP & B2 & Cdh 5 DS FilE i o
HOMANMEL HP L1 X ® 72V (Toida & Linhardt 1998). ifi ¥ %& [& FH & {E H
X HP X0 5502 &AM 54T 5 (Ishihara & Ono 1998), % 7=, CSF I,

FORKAME LT, EICHE>DA (CS-A, CS-B, CS-C, CS-D B L CS-E)
SEENTE 7= (Bernardi & 1957, Meyer & Chaffee 1941, Meyer & 1936,
Suzuki 1960, Kawai & 1966), £/, CS-B i&7 /v~ % »fif# (dermatan
sulfate, DS) & bR N TS, ZThUSD CSF L LT, iFETIEXZ U T
X H %k D CS-H (Akiyama & Seno 1973) 8L UOF 7 M =@k d CS-K (Seno
L Murakami 1982) HiEH I N TETW5, CSF Mo EAE K IL GalNAc

EUADOBDIERL FETHBcnTBY ., BIZ7 I/ FE2 GalNAc TH D Z &



N HP X HS LI RES B -oTWD, WBRES O HP LSt o MS X, £
HS. CS'B (DS) BLU CS-C Thd, i FIECLVEBHTLI OO, WH
CHP iz Fricm 2y MS & LT CS-B (DS) M 5~20%REEHFILTW

Bamngn, ok, CS-B (DS) &I LIZLIXIHP OB EDRIE L 72
L, Zhb CHPHICEA SN D HP LA MS & 72, i dH 5 Wik FE A
SNTEM, MFEARE, L5VWEFEERLRELLTAHPBAMHIATHS (B
s 1979), HP L ERICZEOT I/ FEM A2 12 GleNAe & % W id GIeNS T
D HS LRAY . 7T HMKSEIC GalNAc ThH D CSF ix, UFH #ich
L% O~5%miENEHE L TVWLZIEEINETICOLMBINLTWE, LaL,
CSF o ICER T 2 EERAEMNOHRENITD 72 T E TR B 7 xR 2
WMo Z ERCHBIRENINTEERENH D,
® X7 7 HP (Low molecular weight heparin, LMWH)

HP OERMEHRFICB T 28EH & LT, 2o MmikEHBEEHE WS EIE
PEEORMHICEY, HLFHOER, F2obbHMBEmOMENET LN D,
NI HP A L7 ATIHIC LY, MEERKFTHL2HEXallFB L OHEDI
a NFRBODICHAEINDGZLICIVESREINDI D TH D, WE., MKk
bt S HP TH—ME TER ., REY—R 0 FE0ME2AT 2L 08D

BThHorD, muoyFHEEICHMmT 5 HP X all7FiEM - FHTaXAFIE
PEDONWT N HIHEFEST D206 LTRSS FHEIC DM T 5 HP 3H Xa A7 % X
DIERAICHF L, Blla RFZ2HEETL2MFEMITAMELIDH LB L NI
7% > 7= (Andersson b 1976), & HLICHAENESL, AT EHA T DO ICHE
72 HP BESH OB D BT I TH D Z & BN EE Sz (Thunberg & 1982),

T, HiEMOBEZ2E 0722 < ORIEMAN HP O 4 & O FIZFE > TR



Behd ZEWERSATUR, HP 220, &5 WIEBENIC MBS 5 7k
D B 72 3 A K4y F HP (Low molecular weight heparin, LMWH) 2% B % &
hWic, TORE, FTEMESOHFTIETLHKETH 528 (Linhardt 5 1990) HAE,

HAEWNTHEL TWDMEENEIEDO LMWHIZOWT X7 XY v Y
7 A (dalteparin sodium, DN), L £ %Y > K U 7 A (reviparin sodium, RN)
AR i, Ny oY v U U A (parnaparin sodium, PN) (3 g1k
KFEEEZRH NI VNS MHRICE>T HP 2K T{bd 22 sickvflEasn

TWo,

3. HP AIFIZIH A L= AP I L D2 HERER

ZOEIIE, TOMBERLEEFREHCHEKRT 2 AMBIZOWVWTHEEEMTH Y |
Fho, HELRAMEHOREGELT, HRPTHILBHEH S TE HP T
b5, 2008 FHIEE, KE, FA Y7L T HP ®BAOSEGFERLGDEEK LA
PRLAETBLCMOBERICONT, 7A U D RHEEKRB» S BEHRE N
&t 7= (U.S. Food and Drug Administration, FDA 2008), ] &4 7= HP
WHBLORIEICHONT, oA LR, AREEFIZKEICERANT 57
REMEDN Wik =2 Fe A F B2 (over-sulfated chondroitin sulfate,
0SCS) M #fE#® & 7= (Guerrini & 2008, Beyer » 2008, Kishimoto & 2008),
FEWLSONOEBRBROMERNS, KW HERLOKFKIT 0SCS 12X 2
LOELHBIE N, BAENIZE W T HP A QI IT, X THESN» LA
SNTHEY, EBRNAEETITOA TR, BN LMK O O, HP Ol
ERBEL L OHRARESRF S (EHS 2008a, HH S 2008b, Hil b

2008, JIIIE 5 2008, #¢ 5 2009, & H 5 2010) R AME TH 5 OSCS &£ CS-B



(DS) OEFR/MERE L LT IH-NMR, 1 Ao R LRI e~ V777
4 —FEOEBMFERECESLS N EAETBHE 2008, EAETHE 2010) . &
B RREORHERARE L TEE ST O, FRIEA - — 13 Z O KRR
AT OREEARET 272010, A F CU RIC®/E/ ko R, £z
FLETOMEEHOMENEREORE L 2o T,
OV HP B AZM/ES 2 720100%, (4 TR THNNNE O 5L HEE

KREL, ERORBRICE > THEZITY, BELZPHAKZRIEICIBITT S
CENBROEERTETHLEEZONLDN, Ed OB RBRIEITHMETH 5 1,
HERBREIT oSG ET a2 X MR ELS 2D OV TR IEAME O &I IC b B2
LI ENBREIND, TO, KRIEA—H—T, HIFEE CThbD CHP O A
PO REK R HP REORAE LB E TOXETRERICEVT, 2AbL0RRE T
TEMTHZEFFELELRETHLE VR D, £/2, Figure 1 IZ3-3 7T &80,
MS #EA =N — FFIZ CHP @ X 5 R EE b RIET 2 A = —ITB W\ T,
1HEEOMSOAZRET L2 L EIHmTHY ., EARMIZ, 1) EFEAYH RO
JEOBE 2> & K E O MS & fE R &+ % (Figure 1A), & 5 Wik 2) MR D
MS %z 5 L T 220 MS # 8 E 3 2 45 & (Figure 1B) "%\, £ D72,
HEE D 2 W IEFHAEAORYER, FLRETLRIIBITL 74 0BLUOA#KS
DVWHEABREICEL > TIE, B ET 2 MS FIZHMI O MS BB AT % Al fEME
DEICHDLDZEEEHML2 TR IEI RO, FiIZ, HP L AERMDETH 5
LMWH (21X, BIfE EiR OB, 50T ENICR DD MHER/MERRIIRE S
FonnTnwhwnw, 2o enb, HP ER— L5, T bbb —4£ET 1 v &l
M 28ENES W LMWH IZ DWW T, HP L EERICZE2ELZHEK, H 2D 0iEm

LEEELZLEEOOMLPDO TRERDOFERENMLETH DL, LT, HP B LV



LMWH HIiZHBAD MS O 2R T 2 L 5 G/ oM 5k z2 i TRIC
MATAZLICLY  mMiEDO HP 3 L O LMWH % 2 E i T % 2 5% & Mk

AW THIEPRBEORBETH 5,

4. RWHIE O H HY

ARG TIE . B S E TR AR < K U, MR & AT IR o I ik EE [ B Uk d
LM ARERETHSEOBMNTHOYOLR TV HP B X O LMWH # & 0 %2 4 4
MR EZERBEZAME LTIV MERMEMRBEL L= Y/ — /1 (EtOH)

XN RO LI O OWTHHREZIT - 72,

FPTH2ETIT . AMEMS OMERRZMLT 2 AT, CHP.HP.LMWH,
BLOHP LRBIC, KA MO L THE S5 MS Th % CSF, KS B &
WM HS IZ2W T, 7L Ai HPLC ¥ % H v T 4% MS R O R 25 3T (refractive
index, RI) & 464X (ultra violet, UV) M E & 17>, & D 43 1 & 53 #i D He 78
F/,.RIE UV~ N7 T ARBKOKEBEZITo, £/, £ 5 O g
S RAL B 63 D BOGHE, T b b o A BRI T D4y F & oA D A AL & R
L7,

FIETIE, SMME HP 0o TENREE 2T 50T, BB LOM
¥ M HP U O EtOH 73 B A X 2 E#iEic > THF L7z, £72. EtOH
TEIWZCEVELNTABESIZOWT, gL/ 7 v A HPLC B8 LW
'H-NMR 5 #r 217> T, £ 6 OMEE &2 fEsd L7z,

BamETIE, mME LMWH o TEMNREELZERLTL2HAMT, HRET L
LMWH & L CE %+ DSEB LUE S T OSCS M L 728l DN & X OV ¥

M DN JF 30> EtOH 3y Wi AL B IC X 5 mal LI DWW THE Lz, £/, Fo6h
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Figure 1. Processing flow of MS products and OSCS contamination pathway to MS products.

(A), Products from specific raw-material. ; (B), Products from porcine intestinal mucosa.
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7o 45 oy & WA R 4y fR AL BR /7 v A HPLC 38 X OV tH-NMR 43 i L 0 \LMWH

O Tl BB 1B IE AR 2 S L7
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B2 E KraLPEonrESAB L OEMERDEICXT D
s M D He 3R

ST, ERAMICEDHKROZIEFHR CHLY , 2O IIHEVDOKRIK., £ 7213
BEHMBETICHEET D, WESh22 MSICLY, ZOTEMNERECHNLND
HIERHZRZY  WAEH TH 24, K, ERFBRFOREB LR, A VFED
KEW., T L TCHBZE, MEDBRKOLOETHZIKEIZAE> TS, T OHM
B S /g s e MSOH®ES ., Fiokkx T, BERMHOY T Y A v
Mo AbBES OWRMA, FERIE, 2L TEELEFCTCERG@AMEICAH I TV S,
MEAHT, B S VEZOBE L CHEEO MS 2A L7 0% BRIE
ELT, WEEED 2 VIO 2. NMR, COSY %% M\ Totr 17
STHREFITZ N, LorLaeRns, & MS ®E TREFOLMEER, 72bb,
BiES 5 MS BAEICBIT 5O MS OERBMOEAVWERRT 2HNTOSN )
BIHETIHEFIZTEALEESA TV ARV, & MS &R OME % ik o R 5
THERTHZLEAETHI Y, HETLRBICIZIALORBREERT HZ L 1X
D THMETHY  F-FHBEOFma X MUIZER LB ENH 5, L L Figure
LICRLIEEEBED, £2< O MS A —THTULE, BRI THLIEHAD
%<, BET D MS ® i ~ofio MS DIRAICK T 25U 27 FHIILATDH
D, ZHNEFTRTO MS FEREA - — £/, MS e 2 vzl
WE/IRITET DA = —ICE > THETHLEEZEZDLND,

MS O Fe S T T o f A ER AL BT 33 2 ZEEIC O W T, FriC, HP 0 S
NTEKS L, CSFidmofasnizrnwz epnmohnTtngd, 22T, Eikosy

kv b, MENSHRMLEE TRBOMEMRE L LT, 1) % MS O
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PERME N COMMBAIE, 2L T, 2) VL5 HPLCIEIC K22 b D55 &
NHEBO S ERAGDLDESLZ LI, & MS HICEHET Mo MS H 5
WIE AR 2R T 2 HERBETEL0TIRLEE LN,

Z ZCTARMFE T, HP B (HP #EE TH 5 CHP B L O HP) & 2D I&k4 -+
fE MS T&% %5 LMWH ## (DN, PN B LU RN), &b, /@ERM. L&, R
KB IOEELFEEE LTHERN SIS, FICHABYW L KEBMICHEKT D 7
FEFH O MS m#iEE s (CSF, KSHB LUV HS), #L T, X5 MS»Hho75b 2
Ho MSEAM (MS-TEBXWUMS-1I) (225WT, A HPLC 5% W T,
ETNOLDOh RS AW LT, £, LMWH#ZR<& MSIZ2W\WT, 7

At HPLC &2 W T 2 €0 o MG IR 50 fE & 2 ROSHE D RERE 2 1T - 72,

_13_



EERMOBE & T 1A

1. HE3HF K

HP B o CHP-T (KGRl >k, 72K MS & LT, CS-B(DS) ## 17.8%
At &A) B L0 HP-T (KRG BRE Ok, ol R R G (TR T RS
ttroviksEancboxfiH L7, £/, LMWH # CT& % DN, PN & L O' RN
R B LMWH B (W s KGR mk) 28 MH L7z, CSF ® A, B, C,
DB XWEH (CS-A,CS-B (DS) ,CS-C,CS-D,CS-E) ®» 5 (£ Z i,
7V IERE,. WER. BRE . BKE. A VIREHRR). KS (FAEHRK) B X
O HS (BBl H k) 3. A L¥E (K) 2ol AL (Ewmk, BERR
m)e £72. MSZHWE T (MS-1) 1%, K/ EH ko K>+ MS &, HS:
CS-B (DS) : CS-C=#J 8:1.5:0.5 (FH=&Ek) &2 koI L, MSZHRMWHE
I (MS-II) Z4FXAEHKEHRRkD MSIEGW (CS-A: CS-C=% 7:3) & Wi,
F O ORIITHIERFHZL ., HDO2WIEENAU Lo b o (FEMisE T3 (kk) ®)

ZRwic,

2. A2 %O A EE S iR AL B

H O UDESHRICED LA REBEIRIC, AL NaNO: O E &L 1 ¢
0.06 L7225 X 512 NaNO2 &l x T L7=%. 4mol/L HC1 T pH % 1.5 1
T L77-, 30 MM L7-%. 2mol/L NaOH T pH % 5.0 IZFHE L. 7L 5

HPLC okt & L7z, ZHH DB IT T XTK®H FTIToT,

3. 7/ A HPLC IZ X %4 + &5 4 O R

HPLC I L 2K WBWE O+ 85 M O MBI, 5 16 Wik HAKF Y (E



LA 2006) IR I N TWDLHEDODT 7 LK, A Z2HET L2828 LV
AEEANRSELY QL L FIETITo, oM. BEMHEICHEML -
BEREDOKBEDR 1% (wiv) 722 X5 CHRB L, BEEES (k) ®ooar
MBREMEALTCRIBIOUV Y ZF Az lE L, BRALEESRB X OO E
HIXL Fo@my Th s, EH L 27 4, LC solution ; &8 > 7, LC-10AV vp ; K
2R, S5 S (SPD-10AV vp ; I E W E, 234nm) I L O/R 28 9 3
(RID-10A) ; # T A B L O H — F# 5 &, TSKgel G-2000SWXL (54 m, 7.8mm
I.D.x300mm, TOSO # (#)) , TSKgel guardcolumn SWXL (5 m, 6.0mm
I.D.x40mm, TOSO # (#k)) ; 7 7 AR E, 40°C ; B & H, 0.2mol/L Na2S04

(pH5.0) ; ¥, 0.5mL/min ; & kB & A &, 25uL,

_15_



(R S =

T Uwic, ko RI & UVHIEICEX S HPLC 7 v~ b/ F 20— 7
REE L, o RICc>»W T, HP #fF X O LMWH #f % Figure 2 (2, CSF
% Figure 312, # L T HS. KS, MS-1 & X O MS-1I % Figure 4 ICZTh T Hh
~L 7,

HP# B X O LMWHHE ® RI 7 o~ 7 7 A0k H (Figure 2), +© X ToOR
EtC 24.0 pffariciEic kT2 -2 A&, £72. HP # o CHP-T
B ELOHP-T TIEEFFER 10.0~23.0 01 MS BES{ICH KT 2 EHEE — 7 N
HEnz, LML HP-T TIX 151 ST — 2 THAZ b D8 — 27 O BB
Enolcx LT, CHP-T TiX. 10.8 4Tt JHEHREZbO/ME—27 21
SO, FEE—27 L LT, 13.0 ofEBLY 14.7 LY —27HEE D 2
E— 7 PHERV G THHBEINTE, @mMECHERINZ HP-T o — 7 HANR
15.0 ffiIEChHHZ b, 108 2B LV 13.0 HftiEic Y —2HAEZHT 5
WEIXHP-T LV &S T+O MSHKROMETHY , Fic, 0 RI mAEME» S
CHP-T H12#) 17.8%FfE 3 % CS-B (DS) B ML oM MSIcH KT 25 D
ThodELHML T,

#% LMWH O & — 27 T8 £ I2 5V Tid, DN 1 19.5 45 £ 31 . PN (% 20.4 4 73
ZLTRNIZ 207 5tk CTholc, TOHnFESMINVITNGERLR > TR,
FARFEHRERD 2> 5 DN, PN, RN OJEICE S FHEBICBITL TW5D Z &R
Nz, 2% LMWH O EME, 25 WIEREHEOENICESZ LD EE X
b7, £7-.DN Tk 127 pftific e — 2 EREH T H/h M — 27 2R LT,
¥/, DN & RN TIEHWVWEROE — 273 10 §iE KR SN 728, PN Tl

7w — Rt —27BRThH-o72, Z#iE DN & RN NEME O HIEICEL > T
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m 1:-3
= 24.0 - 24.0
[ ] & oeimm | X 237

108 10-7\
CHP-T h

O 9.3
DN /\_/h 12.7 ‘A
204 ~A 218 —» S
PN /\J\_ /\\
RIN
2

L 1 1 1
0 10.0 0.0 30.0 1] 10.0 0.0 300

Retention time (min) Retention time (min)

:

Figure 2. Chromatograms of HP and LMWH analyzed on HPLC equipped with RI and UV
detectors.
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B TSN T RN OBEHEHNBEMBMICER L2 &, — . PN 2Vl kk
FHEER N MBI > THBK T v & DMK 76 S iz B8N &
L LICERT 2 EHRL 2,

UVZua~ k27 ATiE, CHP-T T 10.7 S fHiTic e — 27 THA 2 b D/h B —
7, FEREY—27 L LT 1230 BICEY—2VHA 2 bSO T 0 — R —7 %
LT23. 7T iR IC k@MW E — 2 HRZ O — 270, T 1 2T DO
#WEAn7 (Figure 2), RI L UV 2o~ 75 A& 8EMICkELZ85E4E. RI
L UVobr—72mEBELSLIOE—7mIHBEEERNWEBZ XN, RTE
DENWICED O =27 BHROERIZHOWTIL, CHP-T O JRE T b 5 WK Ik i
WCHKT 2774270 B0k UV ORRAEML THWE L0 EE BN
oo FRIC, PRFFIFR 15.0~24.0 D IEOE— 271220 Tid, AKX MS OHEZE%
Rik3 2% RIOHEBEHEB IO =27 BIREEHBAERER TE RN &b,
[HP IZf & . H D WITHAKETRE L TWEHERBEEOEKSY FOXTF KT Y
BRI, D20VIE_TF R, B, ZTOMORSICI D UV O WU A HE 0
LicEEEx bR,

HP-T IZ 2\ T, fRFEFIFR 10.0~20.0 /312 MS #ESHIC kT 5 T HEY — 7 R
s, TOE—27HKIT 156.0 2 THY . RIDHEENRVIEVE —
IR E/, Tl HP-T PIChMEwrmo ThRanl b, S0 RT
BICBWTHEOBILE CRBENHFEIT/ITOATNDLIIED EE X bR,

% LMWH © UV 7 e~ F7 7512810 25FER2E—27HMIZ, DN X 19.3 4
i, PN (X 21.8 s5ffit. # L T RN X 214 SffficfER SNz, T bl
Rl Z7u~ 77 ATO% LMWH O — 7 HBRIZHBEHNTWETH 722 &

MmH, MERBICEBEWTHEIIE Y FEBOBILE CLUHEE N TR H DL
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Zzbhi, L2L, DNIZOWTIERI THRBENE L IIT, 12.7 i
— PR INTZLNH MSICHRT 2MERFLET DI EEZONTZ, 2O
KHEWEIL. DN OJFEETH L HPICH KR T 2 @m0 FOXTF K7 U, Ky
TALE e o7 HP & 5 ik CSF% @ HP LSk MS Th 5 & #HEll & hviz,
Fo, WTHhO LMWHIZBWTH RIE UVOVEr—7 HEESLIOE—7HI
DAHBEMERER N & £/, RITMS FEHAER SN2 WREFERHICENTDH
UVIRIREZ AT HE— 7 BRSNS Z &5, CHP-T & FEIC MS F5843 &
CZOREHEKICHRLAVWHE ORI LE 2N, Tabb, K
HY L EE D ARV MS IZ oW T, MS B SHU A DM 2T 258 1213, WHEE
(%) 23T UVIEFANTHL2, HPHEH 5 WIZ LMWH # D L 5 el s
TeMSIZoWTHio MS MM ZHRA L LS T84 . UVRHETHLNLD
U7 TS T LLRMEST D MS S AGOERAZKMIT 56 O TEHARW
EEZHIL, UVTO MSHESHAKROHRIINETH L B X HNLT,
CSFORIZu~ k7T AIC20TiEk, ¥ XTORE T 24.0 5 fHiFIC IS
Hk+ 5 —27 B8 &hnk (Figure 3), CS-A, CS-B (DS), CS-C, CS-D
BELOCS-EDOWNT G REFRFH 10.0~15.0 4312 MS FESHICH KT 2 FH v —
sBRmHIh, ThEho ERE—27HAIE, TA£h 13.1, 13.5, 12.4, 12.4
BLO 121 HffETHY, E—2 R bEBNHETH-7-, LrL. CS-B
(DS) BL W CS-EicoWnTid, T —2 Li3jlic, CS-B (DS) I 11.5 4,
CS-E ¥ 11.0 AftricfEne ¥ —s RS, £/, UV Irr~ 7T 4
(Figure 3) T, CS-A, CS-B (DS). CS-C. CS- DB LUV CS-EnVFhd
TR FFRF[E 10.0~15.0 01 MSHESHICHI kT2 & b 2 FEE — 7 B H S 4L,

FNEFENOEREY—J7ELSZ., TN 13.1, 13.7, 12.4, 125 B8 LM 12.1
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o
13.1 —»
CS-A /\
" 135
CS-B 115y
<+ 124
cs-C
Y124
CS-D
44— 12.1
CS-E 110y
L 1 1 L
0 10.0 20.0 30.0 1} 10.0 20.0 30.0
Retention time (min) Retention time (min)

Figure 3. Chromatograms of CSF analyzed on HPLC equipped with RI and UV detectors.
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S TH o=, L L CS-B(DS) I 2 W TIX 11.4 N iIcfEn/e ¥ — 27 %, CS-E
ZOWTIH 1050 I EEEY—7 LIFERKEOY — 7 WL LOE—7 &
EELOE - RHEREN, EHIC 15050 UKBICHLTe— R 2 —27 (17.4
B R 23.83 i) BRI, CS'B (DS) BLXUCS-EZhZTho,
M 11408 EI 1055 TOE =215 TiE, WFhb RIZ e~ b
77 LA THERINTEMRFREER 116 28 L0 11.0 o EOoE— 27 IZHY T2 %
DThHHEBEZLIL, ZNHIEEZTTO MSHXOMETHY ., CS-B (DS) &
DOWTIEHEKKE . CS-EICOWTEHAIREDOT T A7) I ORBICERT S
LtortEzLNTE, LN ->T, CSFIZBWTH, CSFH Do MS O fig iR
WO HMIZEWT . UV THLNDEIZLT LS MSHEHAKOEEZ KMT 5
HLOTIERNEEZLN .UV TO MSHEHAKOHERIZINETH 2 LKL,
KS, HS, MS- I B XU MS- IO RIZu~< 7 JF L2250 ThH, T XTOR
BF T 24.0 oI BICH R T 2 ¥ — 7 R S 7z (Figure 4, RI), KS,
HS MS-1 B XU MS-TDOWFh & frFFREHE 10.0~23.0 7712 MS 812 H ok
LHEEEC—I7ABRESh, ERE—27HAIZ, TA L 13.8, 13.0, 21.7 B &
W13 5 e TH -7, T LTMS-TICHoNTIE, TEE—27 L 35lic, 22.8
SR — 27 THAEZAT A7 e — R =7 REREIN. UV Ir~< 7 F
2 (Figure 4, UV) 20Tk, #FEELE -7 LS, KS TRFEELE -7 L H
hH 7 m— R —2%, HS Tk 224 pftificE—27HA 2 b 08wy —7
Z . MS-1 Tl 23.8 43 ftir JHERZbD, FEE—27 ERLI T —F
BME—27% L TMS-TICDOWNTIX 224 fHLICEEY —7 LIZIEFEEOE
—JHBESINE - B2 b 28— BNEZ > THERINTL, 2T b MS

O a. HP S LMWH 05 & &38R | FEEY— 27 XV AioREFEH T
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1
1
]
I
I
1

0 10.0 200 30.0 0 10.0 0.0 300

Retention time (min) Retention time (min)

Figure 4. Chromatograms of HS, KS and MS analyzed on HPLC equipped with RI and UV
detectors.
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BEZ UV RN EZ L OMENERIN e holol b, @afr7us 47
Ny DRMEZDRNDN RS T OXTFRITVAD W HDWVIEXTTF R, B
B, TOMDOESNRE MS IZHEA. HDOWITHAETHRMEL TV LITkb,
K5y o UV ORI AEM Lz L sz, Lz2->T, KS. HS, MS-

I BXUOMS-TICEWTS REHIZKRMET 2 MSOMERE L WVI AMIZRE W T,
UV THLALMEIFLT LS MS H#EHAKOEEZRKIT 2D TEARVWES
b, UV TO MSHEHAKOHEFIIRNETCHL B2 b, £, CSF,
KSBXOHSD UVZu~ 77 A28\ T, HREFFRH 26.0 0 ffiTic/h &7
E— 7 2R LN, Thb s MS iR ICH AR EEICHRkRT 20
EHER =T,

Wz, LMWH B % B < % K oo Gl i85y ff AL PR 2 17 > 7= % . HPLC 4 & 17
ST, SRALEZIT, S5, UVTO MSHRANEEICZR DL PREND Z &
mH, RIZm~ 77808 — 7 BIRESMAEF%Z Tl L, SHfRIC
ST, HP #t % Figure 51, CSF, KS & X ' HS # Figure 6 ic, ¥ L T
MS-1 & MS-II{Z> W T Figure7 2" L7, CHP-T. HP-T ® W & %
WUBR I T RE S U 7- R FFREMN 10.0~23.0 0 > MSHESHICH kT2 FEHE — 27 0
#A L7 (Figure 5), T7%bb, CHP-TOEE 2 — 27 Th »7= 13.0 Hftir
BLXOMUMTI MBIV HAZLDERV G- 2E—27 D5 b 14.7 55 ff
EOE— 7 XIFEMWER L, £, 18000 —2Fnfand, zor
— JTHE NG RAEZIZ 131 o Eicy 7 FLiEbo B bNRE, £, &
fR ALERRTICHERR S 72 10.8 AL D v — 7 b 43 iR AL BR#£ 12 10.9 45 5 3T 1T e 72
Ehte, IO RSO E— 271X, CHP-T Hi2H 17.8%71E 3 5 CS-B (DS)

BXOMokHE MSICHEkT 20 THD RSN, — 5, HP-TIZ>W T
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Intact De-polymerization

0 100 200 300 1] 10.0 0.0 30.0

Retention time (min} Retention time (min)

Figure 5. Molecular weight shift of HP preparations de-polymerized with nitrous acid.
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% CHP-T & %720 [ 13.0 /5 i — IR IN R0l Flo, REFE
# 18.0~24.0 5y D[ ic, CHP-T 3 X O HP-T T, T hZh 23.3 4.8 L 22.9
ST ENENE -V HREATDHIC FEHENOE—27 > 7 N &S DRI
FViESs s HP oA R SN, 2O Z b, CS-B (DS) Dff
FEICE 6T HP FHMEyMABIC Lo TRy Flbsh b B2, £,
24.0 pAPITICHBICHE T 5 B — 27 ST, 26.0 0TI 7272 ©— 7 D3RR
SNTB, ZHIERKIED NaNO: FICH KT 28 —27 LB bl
CSFBIXOVOKSDRIZnu~ 2772085 (Figure 6), WP oRE TH
Oy R AVER I fERR S AU R FERER] 10.0~15.0 0l — 7 HMEZH T 5 EHEE —
7 OE—7BRIE, BIELHES. CHP-TEB X O HP-TOHAD L Hic “fFH
Lo —27 v 7 MEgER SR>z, Lo T, CSF B XU KS (I Hfilf i& 55 i
K ThsrZ LRSI, £/, CS-B (DS) BLXUVCS-EDFHLE—7
DRNCHER SN/ E— 2712 20nW Tk, REFRMIZOWTIE CS-B (DS) Tk
11.5 53225 11.2 o fFiric . CS-E X 11.0 oL TEAL2 < . ZOE— 7 BRI
bREQREBHIER SN Lo, DRLHEATO UVIZnx 77 LAOK K%
fFECHEZDE, CNOLOE =BT T T4 7Y B 0RkET CS-B (DS)
BROCS-EHICEMAL TWD (MY MEIIED MS Th 2 L HEW S i,
F7HS Tk, OMAEFTIOEY — 7 THRIX 18.0 0 Tho 7o, DLEZO
—ZHHMIT 1956 3ICv 7 ML, £, REFFRHE 12.0~24.0 212 “HFHEMZ O E
— 77 MEMEIHMICEI VRS b 7c HS OF AR Sz (Figure
6), 2O b, HP L FAIERIC, HS T H A ML X > TR TS
LEEZONT,

Flo. MSIEAEWTHDL MS- I BLXURMS-TIZHO>NT, MS- 1 ® RI 7 v~ |
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GalN-containing MS GlcN-containing MS

CS-A CS-B (DS) Ccs-C CSs-D CS-E KS HS

Intactms

13.0
= ¥
11.5 110 A/L L
y

De-polymerized vs
195
z k y
11.2 110
A _/\M
I { | { | i | | | | i | {
24 10 2 24 10 2410 4 10 24 10 24

Retention time (mmin)

Figure 6. Molecular weight shift of CSF, KS and HS de-polymerized with nitrous acid.

Upper charts show molecular distribution of intact MS and lower ones show that of de-
polymerized MS.
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77 L0 FR, HP R, HE B X ORKISO NaNO FICH KT 2 v — 7 Mk
W&z (Figure 7), £7-. MAEATNICHERE S - RFRRH 21.7 2012
E—VHRZATH2EEE—7 BB L, REFFFH 12.0~24.0 5712, 23.6 47 £
W — 27 HREZBET D RN OEY—27 7 MEES DRI VKD b &
Nz HS OER AR S iz, £/, 18.5 i ftiric, MS- 1 FBEFICIRM L 7=
CS-B (DS) BL U CS-CRRAMORECHBI N, 0 &b, HSII
fltd> MS fF7E TIZHB W TH HS KD & & [F AR (A B2 o0 fif AL BRI K » TR
mFlbInsEFERAbNT, Flo, FRERETH KD CS-AB KLUV CS-CIRAED
THHMS- IO RIZu~ 7T A5THE, B XLV NaNO ICH KT B8 —2 %
brE . BE— 27 THA (13.0 0fHE) BLOE =7 BRICEDHDHER IR Do 7,
INbLDZENG, AaZPEORITH 2 B W FE LB M ORI R &

SEBLREWIZ LR RBRINT,
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Intact De-polymerization

<— 240
21.7

MS- 1

MS-II < 135
L L L [} E> L I L ']
1} 10.0 20.0 30.0 1} 10.0 200 30.0

Retention time (min) Retention time (min)

Figure 7. Molecular weight shift of reference substances of MS de-polymerized with nitrous

acid.
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2K

HP # (CHP-T & X ' HP-T) & LMWH # (DN,PN B X RN), £/, i
ko ¥ip % 5 FEHD CSF (CS-A, CS-B (DS) , CS-C,CS-D,CS-E) & KS& &
N HS, &5 MS & E CTdh %5 MS-I (HS:CS-B: CS-C=#J 8:1.5:0.5),
MS-T (CS-A:CS-C=# 7:3) 2\ TH /Al HPLCIEIZ LY, 205 T &
Az RIBELO UV WIEICE VR L, HP-T 2BR< X CoOREK T, RI
UV Zu~x 77 AMICHBERMEEBAERTIRO N7, 7 VA HPLC
BB, UVHIEICE Y MSHOZOMO MS KM 2R+ 58546, KR
WA+ 538 %0k MS U4k UV IR E O A7 T o854, UV JIE TiE MS HE
HAKROHBIZINETHY , MSHHAKDOEELZ KRR I KBTS S5 RIMEIZ
LoMERBAEMTHD EEZ LT, LMWH B % Bk < & B & o 85 6l 1 5y g 4L 21
ZiTo7-1% . HPLC 98 Z24T\w, RIZ u~ K7 F LD — 7 Ik & 4 fift 4L PR i
BTHEL L,

ARG EE oy MR ALERIC XY, BMERES THD HP-T 70 HP I T R THMS
e, WAEER o RIRBUIE MS IXfER S e odo, £, KHEME & LT, CS-B
(DS) ## 17.8% & A9 5 CHP-T Tix. WFQLEIZ X > T HP O H N5y fif S
v, By R MS ©°Hh D CS-B (DS) EofEsnd, v—27 &L TH
MAEThHolc, 2O b, HP X, HEH 2 Wit o MS 777E FitkB W T
b, B MAHICE > TR b, ZHEMOE—7 7 M E2ffEo Tz
K5 b HP # E/ T2 2 L BRIz, CSF O T X ToRE KO KS (L
BB A RALERIC L D 3R L7 ookt L HS Tk MO —27 v 7 b
EHEIOMEKS TN ERINTZ, - MSIEA®W TH D MS- 1 £ 1O MS-

DIZHoWT, MS-THICEA SN D HS (&, HAE S MOEICL Y | ZHHRENO
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B— 2 v 7 bEMES B ERg IR SN, o CS-B (DS) BLW
CS-ClEmManihoic, ZOIZ &b, HSIFMd MSIETE FIZH W T H il
MR RIS E 0 M sh, TORISHEIT HS BEOB & EEb LRI & 23R
SNz, EHE, FREWEHKD CS-A B LY CS-CEAYD MS-TIZ2W
T, E—27BREIEBHET, BHEmoMERLENAER SN, Chbn L
NH, AaZPEOERFE CHLLIEMEITHEMB Y MORZIEICRESEEL LN
TENERBINT,
UbkoZ &b, HP oo MS ~#fi#, il 21X CSF & 2 Wik KS % %4 fifE 58

D% A, HEEEBR YA LRSI W T, LAl HPLC % v RI A

ATV, SFESMOHER ., TR0 L MRS RESE MS O f % 2 il

it

LZEDANTHLEE DN,
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¥3E X )LSEAHICLA~ARY ok B L
RS sy iR & 7L Al HPLC % # A & 1 7= fll & fk

IR O e E

=P

I

&

H2ETOMMIZBWT, CHP 1 HP & HP H{k, £/, HS/CSFIEAEW
& HS B IZ R AR 0 R AL PRIC K » C AL TS L. £ LMK L T CSF,
F7- KS FHME oIt L TamnWikiitEEz S 2RI N, 2. B
fEio CHP THER I Nz L o112, A HPLC &I L 0 | i F2 5y g #K
pitE MS A fEICHRINTE2 2 bR INT,

2008 FEICHE &7 OSCSIBAHPIC L2 A EHEZORADK, EHRME L
THEH IS HP A O E & 722 HP FIE R O R B3 2 8l & 13X &b
I, ZOMmD MS OKFREOMRZ '"H-NMRE, A 4Rl L OWiMHE 7 m
~ N T 74— EFILEoTITW, FEEREZ 7 VT TR BHE ST O
7=

INET, HP P AWM OSH HIEICHEL TEEZ < HmE SN TN D2, £
ODHETRICEIT S HP OMEZM LI L2120 OMFFIZHONT, 13L& A EH
HIhTwRy, ZOHHEE LT, EAMIC HP WG o RE HETRE A —D
—HTER-STHEY, TOREFHIETEFEA D —OREFHL > TWVWIHA
NEZW, Lo T, o ELFEL L TEENMT LI EPRETHY . &
WEA =D —nENTHIE L2 T b2l B Fohd, £, Ak
DERBIT . O ETTHEKOZ2HPREETCORBRRETH Y HP O & T M,

TROLHEBNPLOETHEDOEEBE TRAT 25 GICEFMBO THMETH V|
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Flo, TREHLEOIZAMNEFIZOLRERNILS, LT, (b0 B T HP
RETRBICAMBPBEALEZSSETH, &l E~DF v ) —F— =N K
BT&25 HP ol 5k, F-ARETRICEB W THMEICAMY O N T
LR BEOWNNVLETHDL LEZOND,

ZITAETIT. HPHORMY 2z REBRET L2 HEL LT, =22/ —
(LLF EtOH) /5 EAEIC I A2 FERICHOVWTHRFT L, 62, O 7R
i 7iE L LT, % 2 TR LIS MS OB 7 R 12 x93 2 BOGHE D v %
FMALEHE, $hbb Mo e 75 HPLC 2l A8 b2 HIED

SO HEIZOWT LB Lz,
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FRM OB & T ik
I

OSCS ## 4 (OSCS-STD) 1* (W) EHRMEREHRL X227 ) —HF 1=
AL VDEEALT, OSCS & CSF 0iRAM T 54 0SCS (CSMS-CE1 kB LW
CSMS-CE2) 1. BAS LY (K) »offih SR8 H 0SCS %A UFH Na
&Ky %I (EtOH) THM&EEL., HP B X O HS 2BRELLEL D%
A L7, £7-. HP, HS. CS-B (DS) B XU 12.5%D OSCS 2 & H T+ %
#AB A UFH Na #f (OSHP-SH) 3. CBC (#) kvftGahzb ozl L
7=, ¥72. @4 CS-B (DS) ¥ (CS-B (DS) -STD) 1. HERARL =
AR EmR kD MS IRAaMEs R LEZ 0 H W, SEABR TCHWE A
UFH 12>\ Tix, 500g A7 — L ToOMB I LB M UFH Na #
(UFN-SP; £k & LT HP #, f/fioo MS & L T HS, CS-B (DS) B &
W CS-CxH&EFH) 1T CBC (#) »ovoffthfzHnwik, £/, 1g A7 — L TO
AUBRIZ i L 7= Na # 5 # & (UFN1, UFN2, UFN3, UFN4, UFN5) # L 8 Ca
#1 Bk (UFC) 1&filk HP AN S TW 22 HP JRE 2 vz,
B, O OREERN HP FEEIZ T X T H-HMR #IC L 2 EfMERARICE W
T OSCS R TH - T EFHAKB X OCABEEAKIZAARIER G EE ML,
F72. EtOH 252 oo EITHER KL, 2 0WiEEnU Eob o (Fn

M TR (k) B) ZHW,

2. &= ZPE O AR B o i AL B

bH o COEHMKICEN LIZHERERERIS, ks NaNO: O E &L 1 ¢

0.06 725 X 9512 NaNO:Z Mz THEH L7=%. 4mol/L HC1 T pH # 1.5 12
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TR L 7o, 30 B L7, 2mol/L NaOH T pH % 5.0 IZFHE L. 7L Al

HPLC okt E Lz, 2RO DO IT T XTKEG F TIro 7z,

3. v A HPLC 2 X % 43 1 & 45 Aii O 78

HPLCIEIZ L 2 %5 BRME O 4 B0 M OMERRIE. 25 15 WIE A AT (JF
L 2006) ICHEHMENTWDLHEDON T LA, A2 BT 28 LW
AEEANRSE G ELEZFIETITo, oA, BEHICEML -
BB OREBEEDN 1% (wiv) (ZRD LI ICHFHAR L, BEEET () ®onr
B EFAHLTCRIBLEO UV A E2HE L, EHLZESERE XSS
I FO®Y Th 5, @B 25 4, LC solution ; &> 7, LC-10AV vp ; #
H#R, SN E R (SPD-10AV vp ; HIE K K, 234nm) B L OUR 28 1 &
(RID-10A) ; # 7 5B L OH — FH F A, TSKgel G-2000SWXL (54 m, 7.8mm
I.D.x300mm, TOSO % (#)) , TSKgel guardcolumn SWXL (5x m, 6.0mm
[.D.x40mm, TOSO # (¥k)) ; # 7 AiRE, 40C ; BEIfH, 0.2mol/L Na2S04

(pH5.0) ; ¥, 0.5mL/min ; & B & A &, 25uL,

4. 'TH-NMR B2 X 2 & =2 20 0 i 7%

'H-NMREIC X 2 5B E O MR IT. EA 5 W E & B 4175 (L5710
4 2008) ICRRBMENTVWD HIED, REHBES 2 A L TKROEMETIT-
Too HTEEHZ. S (25mg) &, 3-hURXAF AT I AT rE A UEST Y
7 & (TSP) -ds® BRI (1-510000) 0.50mLICEM L CHE L, 7Y L~
FT 7 mY— (BR) OoESRZ N L To~8ppmd ¥ 7 F vz I E L,

FHLEESRBB X O EFH T T LB TH S, NMRA K
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(VNMRS-500PS) , #3#rY 7 b7 =7 (Vnmrd2.2C) ; iLJE, 25C ; At =
YT, AT TR A M, 32768 ; ALY hVEiIH, DHOOD v 7 L&
LMZ£ 6.0 ppm ; 7NV A, 90°; VDI L ANV AFELERERM, 2000 ; ¥ I — A F ¢
v, 4l BEE AR, HPON-TEFLED T o D 7 F 0 OSNH 210008k

EEONDEE, A KB, F5%E9% (Line broadening factor = 0.2Hz) .

5. = & J — )L 4y [ AL BH

UFN-SP @ EtOH Zy M8 %, (J\EH & A H 2002) O FiEOEEIC X
W4F -7, UFN-SP500g % 10LA—w—% 7 |Z&VE]Y, AHBEKE
Mz T 5L & L7k, EtOH25LZMx TWM LB L, ABLEZZ &
FHER L%, BR C24BMHEBELCEE (S1) BLXUOTREOar A RIRK
kY (P1) o —“J@izsfd L7 (Figure 8A, B), MM L7 S1 #3l» 30L
A—wm—X 7B L, EHICEOH20L M, LB LE, — .
P1iZplo 30L A—wm—% 27 B L AHEHEK BLEZMA THR#ELLEE.
ME, EtOH20LAZ#Mx TH LB LE, WTFHLOEZIZOWVWTH 24 K
M#EE LR, Py 7Bk LB rsentnr 75 —ue— b L
TR L, EtOH T¥H#E Lictk, LMk — U U fF(E T, LI TRIELE L
m, WBRBICHELN L AR KL HPLC 3 L O NMR o4 ic it L 7=,

UFN1~5 B8 X UFCIZH>W\TH, MAICL T EtOH B AR 247, A
R & I L 72 (Figure 8C), 72 %, UFN1~5 8 X O* UFC 2>\ Tld 1g
DODWEMENLHE ATV, 2LEE 1/600ICA X —A XY L THEMEL

7"7
)

_85_



Figure 8. Fractionation of UFH by means of EtOH precipitation.

(A), appearance of UFN-SP after EtOH precipitation ; (B),
magnified view of the interface between the supernatant and the
precipitate ; (C), appearances of UFN1-5 and UFC after EtOH
precipitation.
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[ S =

TL®HIZ, OSCS 2 & H T 2K MIEHELN B L O RYWE O i 8 5 fif 40 21 A
%OHPLC /7 n~ 27700 —27BREZHE L, DFLBRICXT25EH%
e#R L 7= # B % Figure 9 (278 L 7=, OSCS-STD o i i Be 4y i AL B AT % D &7 — 7
HAZ, T kFFRRH 145 BB LG 146 ot EThH -T2, £, &
figflitc T, TOE—ZRBRIZTIFIEFEHL TV RN b, KOMEMETIE
OSCS-STD [Tk Tk 9, WMo MIcd L TEETH LI Z e r"an
(Figure 9, 0SCS-STD), Z#H %t L. K 12.5 %D OSCS # & A+ % OSHP-SH
([>T (Figure 9, OSHP-SH) . 7 fi# AL BEATIZ, %5 2 % TR L7 HP-T &
WLeLGe, 2o —7BREEY—ZHAORFRMIZ, BIERHKETH >,
SYFRAL PR RFFRERM 225 pFRIC Y~V HRAERT 2 ZHHMOE — 7 v
T hEMES ORI HP OFBEMPER STz, L2 LR s, 2o —27 L
RN, PRFFRER] 11.8 3, BEI N 148 pftiflic Y — 2V HREAT H 28—
R LI, TORDMEOE—2 056 Fid&ix, # 2 =0 CHP-T [k, UFH
HIiZ LIELIEEGFET 5 CS-B (DS) LMLz, £/, EOE— 2 BRIX
OSCS-STD »Zxh &l TH v, KRuyfmo v —2r o RI HEEE I 5 #F 60K
121% TohH o7 Z L H OSHP-SH #1273 25 OSCS Th 5 L Ex bz,
@z, OSCS X, CSF X KS LRI, o> MS IRTE F T & i fif 1 55 fif X
A RL, bORECTENICHREATE LI EEZONT, ZTO/MEIT. &
fg FiEOMBLDES T ~%U v 0SCS OEAEICO >V THRA L @S
(Zhang © 2008) & —H L7z,

72, B 0SCS 2>\ T, CSMS-CE1 & £ ' CSMS-CE2 @\ 3} ¢, ifi i {2

DR PETH L 2 LR MR IR, HPLC ICBT 2R MHH O — 7 1%
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CS-B (DS) -STD IcifWarEEZ b L, rESMAHZH LB TV (Figure
9, CS-B (DS) -STD), Zh b &b, M OSCS HoxRSMHE—7 OF
R orik, LIELIE UFH IS < B AET 5. WK IR i % o & 4 1 CS-B (DS) T
boEHEMEShT, £/, 250K 0SCS i 79 % 0SCS iX CS-B (DS)
EHEL THMMEChoTeled, =27 & LTHERTERhom bR I,
EtOHy B R LB O UFN-SP, LR IC/F b7z BiE (S1) BXT=m A FRR
W (P1) . £7-S12HEEOH Y E L CH-ILEY (P2) 2T ik
i LT Al RICo0TOHPLCE X 'NMR4Y #T #f & % Figure 101Z7% L
2o MK DOHPLCH HT O fE R (Figure 10, HPLC) | 3 X T @ 3R C £~ £F RF [
2.0 i ICHBEICH R T o v —s it s e, RFEFRFH10-2001C 8 — 72
HAZATHOMSHESHbB ko —7 " Sz, RELBEOUFN-SPE kL T,
FTHEHEY—ZEHRLIVEGESTFUMTOEY =27 DNSH BB T —1U 7 O
DR ST, — 5. S1E 2y Tid, frEFRFH18.5650 8 L TN16.05 L 225D
= NER I N, £ P2l TlE, REFRH12.90M18 0 E— 27 O HRB
e s S 72, UFN-SP® NMR/ A @ #% 5 (Figure 10, NMR) . 2.04ppm & 2.08ppm
D2V T F N EMEHRE LI, PLE S TiE2.04ppmD 1y 7 F L DO HBHER ST,
F 7. S1TIEL2.04ppm & 2.08ppmD 2> 7 F L &R L=, UFN-SP & i L
T, 2.04ppm® ¥ 7 F LK T 52.08ppm®D ¥ 7 FIOVBRE NN LT, & 51
W7y TlE, 2.04ppm®D ¥ 7 F BN KE WA L, 2.08ppmMB EHEH R F )L
7o i, ABIONMRY M &M TlE, 2.04ppmfF T ICHPIZH KT 5 > 7 F R
B oHiv, 2.08ppmfFiLiZEDSICH KT H > 7 F v, £ L T2.15ppmftific
OSCSICH KT v 7 aAinfFons Z tnfEIhTnsd (FBH 5 2008a),

DOz, UFN-SPOEtOHA B ALFRIC LW, HPUASAOWME % < 1XS1IZ
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OSCS-STD Crude OSCS
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(@ & T < 130
E <— 146
_— . ©
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Figure 9. Molecular weight shift of OSCS standard, OSCS-containing UFH and crude OSCS
resulting from nitrous acid de-polymerization.

(a), OSCS-STD ; (b), de-polymerized OSCS-STD ; (c), OSHP-SH ; (d), de-polymerized OSHP-
SH ; (e), de-polymerized CSMS-CEI ; (f), de-polymerized CSMS-CE2 ; (g), CS-B (DS) -STD.
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HPLC NMR
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Figure 10. HPLC and NMR analysis of UFN-SP fractionated with EtOH precipitation.

(a), UFN-SP ; (b), colloidal precipitate (P1) ; (c), supernatant (S1) ; (d), purified supernatant
after re-fractionation using EtOH of the supernatant fraction shown in (c).
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BITL., PL~OEBITENCTHDL EEZ LN,

&5z, EtOH4 Wi RWF O UFN-SP, LHE B ICHE LN BiF (S1) BL =
7oA RRWEY (P1) | £7-S12 HEEOH M L THLILEY (P2) #Z%h
ENHMESH L CHLEAGHRKEZZNZNEMER YL L ZREICONTO
HPLCH L O'NMR #7 % & % Figure 111278 Lo, T X TORE T, REFFRH O
F13.00 (2 oy fRARPTEMS O v — 7 iR S 7= (Figure 11, HPLC) . L
L. UFN-SP: it LT, PIB D ICBIT 5 Z O — 27 (38D TH > D%t
L. S1E )y T — 27 mEOHEMA MR Iz, P24 Tk, o EHEMS
DODE—7 N, LoBAE I cHRINEZ, 25 REONMRY 7 F v i32.04ppm B
K O2.08ppmMAETH D HEAHEEL 7 MEARLB O KW 53 07 — % (Figure 10) &
FEHULTWE, ThALDORENDL, WS MAE % T, £ MSONMRS
FriZB T oA 7T VIIEREREHTRWEHN ST, £, S1ES
B E D HRY R RIS HIMEMS D . 0~6ppmiZ BT ANMR> 7 F /1%, CS-B
(DS) -STDE: RO 7 F AR EZRLE (T —FR3T) , 2O &b,
UFN-SPH o #ifi§ g o3 fR Kt B 13/ 7> CS-B (DS) Th H LRI N,

SMSIZ 5 2 H Y B RIS EMS O v — 7 O RIE A EI1E. UFN-SPTIZ %
fE AT O HEAEM D 1.16% CThH > 7= DIZxt L EtOH B A #2557 P1H O 4
fREPIPEMS ©— 7 ORI B (3. 53 i /il O H A E D £ 0.09% TdH > 7= (Table
1) . 202 &b, EtOH WA X Y HPO M E 2N KIEIZ & £ - 72 2 & 2
BNz, £72. 500g® UFN-SP%Z EtOH4y il AL ¥ L C A4 L 7= P11 4y &
b/ L CHE LA RO ERIT418.2g ([FIULFE 83.6%) Th o
ZlbED, SEMKRFLEHPOELOHy MW ALBL X, EREIZH W TH AR

i GETh L LS LT,
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Figure 11. HPLC and NMR analysis of nitrous acid de-polymerized fractions of UFN-SP.

(a), UFN-SP ; (b), colloidal precipitate (P1) ; (c), supernatant (S1) ; (d), purified supernatant
after re-fractionation using EtOH of the supernatant fraction shown in (c).
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Table 1. Changes of RI area of MS" contained in the UFN-SP fractionated with ethanol

Ethanol
precipitation

Nitrous acid de-polymerization

Treated ®

Composition of
un-degraded MS

Ratio of
un-degraded

Un-treated * (B/A) MS ¢
(A) (B)
Un-treatment ) 949 810 + 1,624 34,064 + 711 116x10°2 1.00
(intact)
Supernatant 3,145,815+ 1,954 152,882 + 260 4.86x10° 4.20
Colloidal 3.056.740 + 1,647 2,831 £ 137 9.26x10°4 8.00x10

precipitate

Values are means = SD (n=6).

TMS, mucopolysaccharides.

a, Total area of MS without nitrous acid de-polymerization.

b, RI area of un-degraded MS with NaNO, eluted from 10.0 to 20.0 min on HPLC.

c, Ratio of un-degraded MS in fractionated UFN-SP to that in the intact material.
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UFN1~5 5 LU UFC (T DWW T, &Mk o Hli il i oy i % ek L 72 HPLC %2
Hr it B % Figure 12 (278 L 72, EtOH 4y B AL FE Fif 0 % UFH % #i g g 5 g 3 2 & .
W ORETYH . B MEPYE MS o —7 PRI N, EFERB LW
v A RRIEEMICERTIND MSO Sy &AM D/ N% — 1%, & b2 UFN-SP
DHFAH LR P TV (F—2RET) , £, 2o A FRILEYD % # 5 S
fRALER G 5 &, FHERE =7 Kol mM Lz, Lol frEFEFH 13.0 59 1T
WAy MS O —7 6 ErRNOHERINT,

EtOH 74y 18 4L B {ijf #% T D % # K o NMR 2y #7 #& £ % Figure 13 (278 L 72, EtOH
LRI T R T OMRMKIZEB VT, 2.08ppm FFir D ¥ 7 F VSR E N A L=,
F72. UFN4 2B W T, 2.09ppm [T ICKREL UV FANERINTEZD, Zh
HHRE TRICEWTEHERNE - ~ o T B ) v ATk BEHNINT,

HPLC/Z n~ F 77 A BT 5 — 7 mBOFAEMENL, UFN1~56 L O
UFCIC X HE Y B8 o R IR E O R 23, B L £0.01%~0.35%ZHINLTWVD
Zenaran (Table2) . 7. 206 ¥ — 7 sy O RIE FEME X, 4 Al O
JFEFUFH O RITH R E D 10% ~30% F2 £ & Tl L Tuw7z (Table 3)

WEHENENENRRL6RET XTI W T, Iy KT EDE O3
ERAETFTLTWEZ END, SEMF L7CEOHS BIXHPO # [ LI H %) T
boEEBEZx LN,

LEo X502, A CTIEHPRE TRICHE W THPUSN O MSIL MY B % Ik %=
T 55k LT, EtOHELENEH THH I L 2B LI, ZOFIETHDL
N UHPIZ, HPRA O A 26T AWK DEINSB X O R&RGH~D
A HgIx—vara®BLz. I E O S WEHT R HP (LA %S LMWHO i

e BGoeBEAONTE, TOHEIZTEEMNETOEETS 0 oBERE
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Intact product

Purified product

UFN1

Retention time (min)

15.0
Retention time (min)

Figure 12. HPLC chromatogram of nitrous acid de-polymerized colloidal precipitate from the
sodium and calcium salts of UFH products.
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Figure 13. NMR spectrum of sodium and calcium salts of UFH products purified by EtOH
precipitation.
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Table 2. RI area of nitrous acid de-polymerization-resistant MS' in drug substances

Nitrous acid de-polymerization
Composition of

Products’® un-degraded MS
Un-treated * Treated ® (B/A)
(A) (B)
UFN 1 3,139,209 + 2,372 8,714 + 228 2.78x10°3
UFN 2 3,225,737 + 2,988 11,122 + 145 3.45x10°3
UFN 3 3,167,162 + 3,880 303 + 48 9.57x10°°
UFN 4 3,191,825 + 1,933 607 £ 66 1.90x10°*
UFN 5 3,223,922 + 2,427 2,275 + 41 7.06x10°*
UFC 3,218,608 + 1,363 2,528 + 128 7.85x10°*

Values are means = SD (n=3).

TMS, mucopolysaccharides.

§ UFN, un-fractionated heparin sodium salt; UFC, un-fractionated heparin calcium salt.
a, Total area of MS without nitrous acid de-polymerization.

b, RI area of un-degraded MS with NaNO, eluted from 10.0 to 20.0 min on HPLC.
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Table 3. RI area of nitrous acid de-polymerization-resistant MS™ in colloidal precipitate

resulting from ethanol precipitation of drug substances

Nitrous acid de-polymerization

Composition of Ratio of
Products® un-degraded MS un-degraded

Un-treated * Treated ® (B/A) MS ¢

(A) (B)

4 -1

UFN 1 3,331,957 + 3,447 2,723 + 236 8.17x10 2.94x10
-4 -2

UFN 2 3,265,393 + 4,494 1,039 + 87 3.18x10 9.23x10
-5 -1

UFN 3 3,248,345 £ 2,006 98 = 37 3.02x10 3.15x10
-5 -1

UFN 4 3,341,219 + 2,229 152 + 25 4.55x10 2.39x10
_4 -1

UFN 5 3,437,141 £ 2,585 479 + 31 1.39%x10 1.97x10
4 -1

UFC 3,386,020 = 3,052 486 + 59 1.44%x10 1.83x10

Values are means = SD (n=3).

TMS, mucopolysaccharides.

§ Abbreviations are the same as shown in Table 2.

a, Total area of MS without nitrous acid de-polymerization.

b, RI area of un-degraded MS with NaNO, eluted from 10.0 to 20.0 min on HPLC.

¢, Ratio of un-degraded MS in precipitate to that in each intact material shown in Table 2.
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fEfrCcCxBr 2D, Ny TFEIETCOHPHINAES THDH, LIeBn->T, 44
VR BH DV NAREDO T A N T T o —EEL LT, E¥
NEOMENRIAENDLZ &b, WEaAFORBICHFLG TE D LM
Nie, FiIo, AR AELZRETRORKER TERT L. 4R ET
e CHfi AR R /HPLCIEIC L A MIEMREZ1T O 2 & T, MM E R HPRE L 2 F
MlicHBlcEx L PHISNE, 4%, COMAEZIEMAL, Kx 2HPRE G IZEK T
HAMERBREITV IBRAMSOBRENR AR THDLI I LAHBBT HOLEN S DL LE

Z bz,

_49_



2K

Kogw~Y > (UFH) OfERRIE, 3L O UFH o~ > (HP) DL
Db PEE (MS) KM O TENBREFEZO>DWTHF L, 5. =
% 7 — v (EtOH) ZyE X% UFN-SP L O R % ffifEr >8R B < BrE
T5FEERBET L7720, HP O#EIC EtOH B AN R IXT T B L2 KR L
oo Wi = Fe A F g (OSCS) . HP LSt MS, B L UOZh b DR
HAMimAE & A+ 5 UFH Na #i (OSHP-SH) . HP & & % (K L 72 OSCS
(CSMS-CE1 3 & 18 CSMS-CE2) 125\ T i fi§ fg 4y fig 4L L %4 47\~ . HPLC 3512
L0 R D5y B4 &2 [ E Lz, OSCS-STD I3 /) i LB RiT 4 C 0 1 & 45 A
DEL 2L, DRI TH > 72, OSHP-SH 1 o i fi§ {2 75 fe Kt & o
oy By Al OSCS-STD LI 72r» 722, Ml OSCS o oy i #5 fi 1 0 H 1%
CSMS-CE1 3 X8 CSMS-CE2 O T ENAilL oy Nu A F Uik B KU
(CS-B (DS) -STD) (A ~>7=, —J . UFH Na i (UFN-SP) | s Mo
UFH Na ¥ 56 L O Ca 122\ T, EtOH 4y WAL EE 2 1T - 7=, 4547 i ¥ % HPLC
& TH-NMRIEIZ K D o L7efi /. T X TOMK THMER S MBEMEYE I
EVWEICBAT L, HP ldam g RRILEYW E LTRSS hTZ, LEORELS
UFHO R TRICEB W THEES M 752 HPLC EIC K DMEREZT
W, 52, EtOH S EAHZ Efi+ 25 2 & T, miE HP FEE 2L &/ ICHl

HTxsreERALNL,
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o4 E o x = VO EAEIC K DE S TF AT oL
BXOEM®ByMEE 7V AEHPLCAZ M A G DY
fill B2 e 58 B R oD B R

[

&
FH3ETOMFICHEWT, EtOH b B AZH N5 Z L2 LV, HP T O ARl
W. %12 CS-B(DS) 2/ KRB BRETDILENRWRETHL I LRERSI N,
Flo, ZOFM A IEE LT, HASEE 57 v A HPLC 5 25 8 i [ 5 fig K 5t ik
WE TéH % CS-B (DS) & 5\ ik OSCS #flifflcmiti 5 HELE LTHEDTH

HZEbLMRINT, Bk LB, HP OMERR, 720 H HP 1O MS R
MBS 2R RBRE LT KE BN I OCRARDEFERF S T H-NMR &%,
AF R m~ NEERFREINTND, L2rLAaRs, EIZ HP 21
BelLTiEsND LMWHIZOW T, 26 0RBRIIRE I L TR, B
£ % T2, HP/LMWH o @B RFEICE T 2 B >k EU = 3 5 5 5E o = BE 2 5%
(International Conference on Harmonisation of Technical Requirements
for Registration of Pharmaceuticals for Human Use, ICH) IZH W\ Tb,
HP/LMWH O#MEMZBE OO OBF, 4B OKRFHBIZOWTHEwmN 2R
EnTWwWs (FHSH 2011), £/, OSCS B LW CSF D MS ICHT 5 &
Mz, HP E# & (FH 5 2011), HP W oK/ ¥ > X7 BORERBRE S
BEtiE s Tcnwd (BH S 2012), L2rL HP FWAk., LMWH (&5 T #
mOMER LA LEREFEORBEL, o, FEETROMEE ML
HE) L L7 MS Ao ilBICEL T, Feal@mEsntnin, £

DOEFMmEL T AARNIZ HP 3 X0 LMWH # & 0o G i T E A —H — R T
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B7poTBY, ZOMEHEFEA D —OMEFHL > TWHILAENRZ N,
L7leBo T, doREFELE L TEENLT L2 LLPARETHY, HFRE A —
=N EBTHIE LR TNERRN ERETF oD, LMWH IZHEARBICK
HRFORBRIZEHK L HP ZJREE LT, (LFLH D 2 W\ ITEER QLB 1% IZ 7
E L TR S 55 A 2%\ (Linhardt & Gunay 1999), £ ® 7%, [LMWH
(2 MS AR ERE T 2 BMHEITIERV] &Fx b6, o MS OIRAICET
ERRBRIZCOVWTIEHBKE L LTREIALTVRVEENRZ ., LLRDB DL,
HP L MERICHE /NGB P IZF/ET 5 CSF O X H I — o MREFEEHCH KT 5
SIZHT 5 HEY 227 L, 08SCS DX I HP LIS D MS (b FEf L-¥6
s> MS DIEAY A7 13, F72oMEE LTRALINE ThH D, FEBE.
AIZFEWVWT, OSCSIEA HP o X5, T HFHZ2 G LA EFRZORE TH N
N, LMWH®»® —>T®Hsbx /%8 F U 7 A (enoxaparin sodium, EN)
AN ST, ' H-NMRIEIWCE DM ORER, < MED OSCS D > 7 F L
DR S Z &R HE SN TH Y (UK. Medicines and Healthcare products
Regulatory Agency, MHRA 2008), RAlIEANICB T 2 U X 7 &8 i1x HP & [
FRIZE 2 HRX&ETh H, 8K TIE LMWH 0 MS Rl s HkaR & L TiRE
ENTVWARWNWZ ELEARA ZOMEEHILT LMWH % 83 TP CHEICIT D
VEND D,

T IZTARETIE, LMWHHTOAMBZNRBREIBRETLHEEL LT, F 3 ®
THEE L7z HP © EtOH /B I X 2R HE, £/, 2O ERERED

AP G & LT, 3 2 EBXUH 3 ETHE L HP O MMy /7 L 5 ik
J&

5

HPLC /A X 2 M EfERRVEIC DWW T, LMWH ~D S O fTEEMEIC DWW TG L

7=
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EERMOBE & T 1A

1. HE3H B

DN #E ¥ 5 (DN-W; i il 8 50 R SR BUE B 0 & &% 0.01%LA T) &, KK
ok HP # i oM L b oz MEEHE LT /R LEb 0 2 ] v,
BRBRFAICH &S T DS © Na i (DSH) 1%, B/ HEH ko MS &
EWr ORI 02, KRBT M &S 7 0SCS @ Na i (OSH)
T (AR S 1999) 2 — A L, ZWAbhi #b &% 2 M TR Bk o CSF
Mg L TR L, S 62, KRR DN (DN-C) X DN-W (2,
DSH % X ' OSH % DN-W:DSH:0SH=198.5:1.0:0.5 (FE &) L7225 X 5 IR
SR L7, Mo DN MK (DNG 1~3) (Zlillk DN ®ANZ A & 4T 2053
M DN JF# a2 M wic, BHEAKTIEAERFEAGMEZ, £, HE. ARELK
HEOZOMOREITRER/RZLS, 20 FEU Lo b0 (FXMMIE T (8))
R,

73|
T

k=1

2. 75 HPLC IZ £ % & 2 25D 5y 1 & 55 Ai O ke
HPLCIEIZ K 2 & RBME O 4 By OMRIL. # 16 KIEEH AR S (&
AT A 2011) ICRHREIN T HIEOD T 2R, K2 HET 28288 L0
HEEARSEL MG E L HIETITo 7z, HralkEhx, £ MK 50mg & &V
BY., ZhZnz2B@H 1.omLICEML CRE L, BEMMER () "oy
A EHEHALCRIBIOUV Y ZF v E2E L, HHLEHEES X OO
HIXL Fo@my Th s, H L 27 A, LC solution ; & > 7, LC-10AV vp ;
s, SWANROEEEE (SPD-10AV vp ; HIE ¥ &, 234nm) I L OUREH T 5

(RID-10A) ; # 7 2B XX HT— RH Z7 &, TSKgel G-2000SWXL (5 ¢ m, 7.8mm
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I.D.x300mm, TOSO & (#k)) , TSKgel guardcolumn SWXL (5u m, 6.0mm
[.D.x40mm, TOSO # (¥k)) ; # 7 LR E, 40°C ; BE M, 0.2mol/L Na:SO4

(pH5.0) ; ¥, 0.5mL/min ; & B & A &, 25uL,

3. 'TH-NMR VLI K 5 & 2 25D iR
TH-NMRIEIC L 2 %R B EOMRIL., HI6K EHARER L (BAETBHAE
201D ISR SN TV DL HiEDO A RESEEZ —HMEIEL TROEMETIT- 12,
SHTEREHT . A MIK (20mg) &, 3-FMUAFALT Y AT oA @S MY UL
(TSP) -ds® HEAKEHK (1—-10000) 0.60mLICEML CHB L, 7V L T
7 mav— (BR) O %sHEHAL CO~8ppmd v 7 F L 2WE L,
LB IO &I TOLEBY Th o, NMRAKR (VNMRS-500PS)
STy 7 b =7 (Vnmrd2.2C) ; RE, 25C; A =v7, &7, 5 —X%K
A4 M, 32768 AXY ROV#ELPH, DHOOD ¥ 7 v & H L2+ 6.0 ppm ; 73L&
f, 90°; MEVIR L NV AFFLIER, 2000 ; ¥ I —AF ¥ o, ; BRI,
HPON-7 2 F LD T b oD 7 F I OSNEN10008L B 55 E % 7 A

v R o B, $5%E8% (Line broadening factor = 0.2Hz) ,

4, =X J — )V ELEIZ XD XV T XY v MY T AR (TERF)
FRIEOFEIL, £ DN-W, DSH £ £ (N OSH # & EE 2N 10% (w/v) |
% & 912 0.2mol/L NaCl ¥k ICiAfig L 7=, %I DN-W/DSH & & 1X. DN-W
IZxfLC DSH NE&KE T 5% (DN-W:DSH=95.0:5.0), 1.0% (DN-W:DSH=
99.0:1.0) B X 0.1% (DN-W:DSH=99.9:0.1) 2D Lo, ThZThEE

Bl LU /~, 7. DN-W/OSH iR & i%1Z. DN-WIZ% L T OSH REEL T 0.5%
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(DN-W:0SH = 99.5:0.5) . 0.1% (DN-W:OSH = 99.9:0.1) & X O® 0.01%
(DN-W:0SH=199.99:0.01) {22 K22, ThZFhiREMBE L, 2L T,
INOHWHED 0.5 % & (viv) 12725 X H5ICEtOH #i{mL ., ML LE

bOxmikE LT, TOMHRZMERL T,

& 52, EtOH A& o #n7 DN-W/DSH B4 @ EtOH 12 X % DN & %
DSOS WICKIFT B LA T H7-O . DN-WIZk L CDSH 2 & & (w/w)
T 1.0% (DN-W:DSH=99.0:1.0) 2725 X 5 ZF# L7 DN-W/DSH E &K
DT, &M 7 EtOH IRIN& 2% 0.525, 0.575, 0.625 35 L O 0.675 % & (v/v)
27559 EtOH Z HIZHML T, WML HE#E%, EERBLOT4LCTERLEN

24 FFHEHFE L-bD 2K E LT, ToMmKREmE L,

5. =X J — VWM IZ XA XNV T N v R g AR (KRKREH)

DN-C @ EtOH 7y B ix, (V% &AM HE 2002) 2 —HKEL, 2 BEO
MERZA{T o7, % 1 EPE L LT, DN-C 50g % 1000mL A h L — YR F Vi &
DIV . 0.2mol/L. NaCl & # M 2 T 500mL & L7=#% . EtOH 250mL % il 2
TWMLLS B LE, ABLEZ L 2B L% (Figure 14, 5H A), #EILEIC
BLT=ERCT24FFMEELZ%L, BOOEE (2,000Xg, 10min) (C XV, EE
(S1) BLXUOTHEO oA FRRILEY (P1) © ZJgiZs i L7z (Figure 14, %
B B), S1E8® 1000mL A L — YR b LZEIUL L 7=,

2O ETIE, B L7 ST XL, &N EtOH RN & N 0.625 &

i

W27 b ko, 61.5mL @ EtOH Z2 5124z, LB L~ (Figure 14,

e

HC), HB LI L 2B LEEZ., BLEICBE L, 4CT 24 FF#EFE L 7=,

A

D%, mEOSEE (2,000Xg, 10min) 12XV EE (S2) BIXOTFTEOan A R
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Witk (P2) o ZJglZskd L7z (Figure 14, 5 X D),

FHE 3 IZ 2T O HPLCEH K O'NMR o ik Bt O A RIT L T o K 5 1217 - 72,
PlLicoWTiE, 2 u A RREEY % 0.2mol/L NaCl ¥ i 10mL ( FFiAfiR L 7= % |
90mL @ EtOH # /M Ax T L < L TEHIR T 24 R #HE L. D ALEY 2 /&
W sw7-, S1ico2VWTix, AL —YARML2AS TmL % 50mL # k& 2
fRE L., 43mL @ EtOH /A T#M L <, RIE T 24 FHFHE L. B A
WaERE STz, S22 20Tk, sLoF 7 Ay —n—i1cB L, 4L ® EtOH
AMA BB LTEET 24RFMHBEL. OALBRYZ LRI T, £2.
P2 1% 0.2mol/L NaCl K IZ¥ 7 L T 500mL & L 72 %K IZ 4.5L ® EtOH % jN
AWML HBEHBLTREET 24 FHEEL., ABGULBYEHILEIEL, 20 b
D H LY & 0w LA EE (2,000X g, 10min) T A FE L, EtOH T
L%, H{b VU CHFAET, ERICTHELZE L, RZBIIHEOLEAA
¥y k% HPLC 8 £ ' NMR /s #ricfit L7z, —# o TREOMKE R X OO0 o
% Figure 14 IZ/ R L 72,

DNG 1~3 oW Tt [FAAEICL T EtOH 75 WAL 217V, HEKH K Z B
L7, 2B DNG1~3IC O\ TIL 1gDHEMENL B ATV, & L% 1/50

A —)Z 7y LTCHEML T,

6. X7 RXY v F NI T AOTHZ ) — ) Vo EY O Y S iR LR

DN-W &, DN-C, DNG 1~3 B X2 b O EtOH AL [ 4y o Hi i 8 4y ff 4L
L, 6 3 ECHEMULEMBEYMUIED Hikzd MU EL {772, Thb
B, EHHKICEN LS BRIEERIZ, 256% NaNO wK (w/v) % 100uL/g #&

e o20mMx THEHBLEZE., Imol/LHCI TpH 28 1.5 KL, &5
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Fractionation

DN-C EtOH

Centrifugation

2000 ¥ g 10min

Incubate for
24hr at room

temp.

EtOH

2000 X g, 10min

Centrifugation

Incubate for
24hr at4'C

Figure 14. Schematic diagram for remove and analysis of impurities in DN-C by means of EtOH

precipitation.

Photographs: (A) appearances of DN-C solution at 1st EtOH precipitation, (B) separated fraction after
centrifugation, (C) appearances of S1 fraction at 2nd EtOH precipitation and (D) separated fraction

after centrifugation.
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I 60 ¥ L7z, D%, lmol/L NaOH % H W% 5.0 ~ pH & 217 - 7=,
Z OREHRIKIZ 2mol/L Na2S04 (pH5.0) % 100pL inx. HPLC icf: L 7=, 7

Fo. WA MEALBL T T N TORKMm T TIT o 72,
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it R & B 22

DN-W. DSH £ &£ O* OSH » HPLC & NMR /5 #1#& % % (Figure 15, HPLC)
(2R L7, 4% MS @ HPLC 3t O R T X TORE T 24.0 75 (L IZHEHIC H
kTorv—7r B siic, S 61T, REFRFH 10~23 012 MS B ICH KT 2
TEE—7 ARz, DN-W TiE, RN 19.8 Hffiic e — 7 HA %
bobv—7 (L&, =727 A) oL@ S, DSH 5 L OSH Tix, ks
KEfE] 12.5 43 22 5 13 43 T —JHREbOE—7 (%, ©—27 B) OH
WHER Iz, 4O NMR 58 & CTiEk. 2.05ppm T2 HP 2k 7 % v
TFURNELN,. 2.08ppm (I IE DS ICHEKT ST 7L, LT 2.15ppm
P OSCS ICHRT DV 7T ANRBFOLALZ LA mESNATHD (FEHDL
2008a), 4% MS ® 'H-NMR T® 1.9~2.2ppm D > 7 F v Z Ml E L 7= f 5.
DN-W, DSH 5 L O OSH TH [AERIZ, TN EFNFEHA 7L 2.052ppm, 2.077ppm
BELO2.153ppm D 7V F R T H Z L&A TE 7 (Figure 15, NMR),

W12 DN-W, 5 £ O DN-W #10 DSH % L ' OSH @ EtOH (%3 % K& 12
SWT P E %17 - 72 # B % Figure 16 3 L 8 Figure 17 I L7=, DN-W
Ay hber—LERTIE., BATEYB IO a4 FRRIEEWITAEC 2o T,
DSH IR IZ > W T HAERIC, 0.1~5% (w/v) ODWTHROREEICBNTHHA
BT L O ae £ RRIEEWITAEC o7, —F . OSH IRIMKIEK TIE4S
B EEBR A2 1T o T /DB 0.01% (w/v) IBWTH A MNAE LT (Figure
16), OGO HYIT, BEKFHICHEMLTVWSEZ ENAERTHERRBTEL
b, 0.5 FEO EtOH A THH L2ERIC DN FEIZCA AT Y A4 L
%A iE, OSH T bbb iE - OSCSDEH EHETEDLI EEZ LN, Kk

W72 FEBLXOHPLC 7 n~ N7 7 A% A3 % DSH & OSH (Figure 15,
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Figure 15. Typical HPLC chromatogram and NMR chart of DN-W and references of DSH
and OSH.
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HPLC) (2B WT EtOH I2xf T 2@ N R 2HMBIX, 2N OREHICHEA
TOHOMBERDOENCEIS DT AWV ST, L2 -> T, DN JF3E
FICE T OSCS WIRALLELGIX., BRICE 2R L OHKRNEAES RRE
MAREE B 2 bz,

KIZ DN-W & DSH O3 BElC 2\ CiB I L TIT » 2R aT ks 8 % Figure 17 I
ARLUEZDNW > ba— KRB L 1% DSH mIMBRIEO WFhic >0 Th,
0.525 HE CIEALITA LN o722,0.575 F &L Lo EtOHEE CTIEIAA
itk LOae g RREE®H N AE T 7z (Figure 17 A), 0.525, 0.575 8 L O
0.626 ¥ CHALTHFan A FRIEBEWAZEINRL CEAENLHMESE L. GFOE
HEHmRIZHOWT HPLC IZ X 2R %17 > 72, EtOH RIM&EN 0.575 B LW
0.625 SR TIIE—2 ADALBHERIN, 0675 F&TIIE—27 ABLOE—
7 BARERINTE (F—4xR&F), ZnbofERS, DN-W (T EtOH RN
B2 0.525~0.575 % & TH A B4 L. DSH (X EtOH RN & 2% 0.625~0.675
EERTHHEZHEBT I EEZONT, £/, 0.625 & O EtOH ZiRML TR
B L7 1% DSH Wi 2 mL (DN-W & & &% 198.0mg) 7S L 7= HE
MR OEZEIL 55.7Tmg (FIULE ; 28.1%) TH Y., 0.675 % & D EtOH # ML
TR LSS, MAFICLTERLEZAGH KO E®EIT 115.5 mg Th - 72 ([H
IR 53.83%), 2N HDEMETFTIEZDN-WoOHEHERRFSTHY ., 22>, DSH
b LTV b, KV RNRSHEEERFT T 2LEENRD 1
7=

— RIS, KIAREREBEEERT O MS OEME T, RIROE T, TELS 22D
TENMmLNTWS, £Z T, DN-W & DSH @ %y B iC R E 3 45 Bl 16 £ o 22

SWTHF LI, EDEAE LREEIC,0.5256~0.675 % & ® EtOH 2L 7= 1%
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10% DN-W solution : EtOH = 1.0: 0.5 (v/v)

DN-W+DSH DN-W+ OSH

Figure 16. Appearances of DN-W contaminated with several ratio of DSH or OSH after EtOH
precipitation.

DN-W + DSH treated with same concentrations of EtOH.
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DSH MBIk EZM LS L%, 4°C T 24 Rl @E L7, ZOFRMFETICE
WTIE, A RRILED O ALK % R T& 72 (Figure 17B) 720, iLEY %
HN, HiEA L, oA RICHOWT HPLCIC X 2R AT, =D
fER . EtOH IR & A 0.525~0.625 R TIXE—7 A OA BRI, DSH
THERINILE—7 BEIEREN e» o/ (F—¥5R-3F), £/, 0.625 F &
O EtOH Z MM L CTHLE L 72 1% DSH IR MK K 2mL(DN-W & A &% 198.0mg)
MHEN L7-HBMAOEREIX, 163.2 mg (HIILFE ; 82.4%) Tho7w I &
5. DN-W & DSH #5H+ 54 41% 4°C T EtOH BN AFH TH 5 &
Exzbobhlc, 260 &6, DN-W 1o DSH B X O OSH # k£ 3 % 5
FHikE LT, $F=RETFTO EtOH LB T OSH Z 20 A RIREBE L LTHREL,
KWT, o EiEIC EtOH 2B L T 4°C THE®RIC DSH BNFEET 5 |
BrbrE, 2o/ FMRILEWE L TCDN-WZREIINT 5 2EBORMFENLEE
LWweEZ2X oM,

UEORERNS, Figure 14 127 L7z &8 Y, DN-CIZ2>\WT 2 Bl EtOH
DELEAEEmT L L, TR EhOERBETCHE LA BI§F (S1, S2) B
FOaw A FRIEE®D(PLP2) Z2FHa L. SO AGHKL 2 HEAFTO DN-C
IZ 2T O HPLC B X O NMR 73 #7 #t  % Figure 18 IZ/8 L 7=,

DN-W & OSH, DSH ®iEA M TH % DN-C 2>\ T, HPLC TiZ DN-W T
RSN —27 Az, OSHB X DSH TR SNzt —7 B bR
Nz, =7 Atv—7 BoBlzovr—7mAEk (B/A) 135 1.30x102 TH
572, NMR 3 T8, TN ZFNICHREA 72 2.05ppm, 2.08ppm ¥ L ' 2.15ppm
D 3 v 7T ANERTE, £72 DN-CBLXOT X TOMES O NMR 5547

TIX 2.10ppm FITIC T 7 F AR HER I LN, 23 ®E TRICE T 5 BIbiE
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@)

575 0625 0675

Ratio of EtOH 0.525 0.

Appearances

DN-W = +
Results of

HPLC DSH % =

(B) @

Ratio of EtOH 0525 0575 0.625 0675
| — | — e |
Appearances
W 4 ++ s g
Results of L
HPLC DSH _ _ - s

Figure 17. Appearances of DN-W contaminated with DSH after EtOH precipitation.
DN-W + DSH treated at RT with different concentrations of EtOH. (B) DN-W + DSH
treated at 4°C with different concentration of EtOH.
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T L BN I N, PLHES TiE, DN-C & FHf£IC, HPLC It W
TE—Z7 AtV —7 BRWMRINLLEN, TOE— 7 ®WELITH 1.03 &, ©—
J BOmMBMARBIZHML W, £/, =27 AoTEAIEZE S I 7 b
LTEY DN-WoOELDFHaNPLESIZEINE A DEEZ DN, £
NMR <Tix., 2.15ppm I HR K ¥ 7 T BN fER S, 2.05ppm T 2072
I FARR I, U EDORRNL, PLESDOEKSIFZ OSH THY | f#
DIZE D TODNWREENTNDL EB X LN, S1E 4 Tk, HPLC Tk v
—Z7 ALt —7 BAEERIN, TOEMEITHN 9.08x103 TH Y, DN-C iZkt
R, E—7 BREMIHEDS LTV, £72, NMR TiE 2.05ppm., 2.08ppm fF
W2V 7T iR LA, OSH ICH A2 2.15ppm O > 7 F VTR
kg hole, UEORRNG, BB O EtOH LW TH LN D a1 A RIRIL
B 4y (P1) I OSH BBAT/EM S <k, ki (S1) ik DN-W & DSH
MEENTWVWD Z EMRERINT,
S2 WA IZHOWTIE, HPLC ICBWTE—27 AL b —27 BRERENLT, L
NDLE—7 ADOTERORFFREMIX 20.56 47 & DN-W O£ FFRffH] 19.8 4 LV b E
VIR I 7 B LTWiEZ Eh, S2 |4y Tk DN-W O AR 43 758 40 A3 [|]
WEn7zEHNINE, ©—27 AL BOHERMBEIZH 2.36x101TH DV, S1Ick
L CE—27 BA#EML TW/, £72, NMR TiZ 2.05ppm £ £ O 2.08ppm fF
D2V T FANHERTEIZ, —F, P2H 4 Tk, HPLC Tiiv¥—27 BDOtE —
IF LA CHEREE KT, NMRIZEBWTH 2.05ppm N EHER Y 7Lk
70, 2.08ppm (LD — V7 IXERBCTCERL o, U EORRNG ., & 2 B

® EtOH L T/ H 2 BiF (S2) I DSH A& L., = v A FIRILEE 5 (P2)

™

DN-W 2 EHMMETRMINIZEEZ b, K&MIZ, DN-C 50g (DN-W
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Figure 18. HPLC and NMR analyses of DN-C fractionated with EtOH precipitation.
Charts in each figure show the results of DN-W, DN-C, P1, S1, S2 and P2.

66-



49.25g) % EtOH ZpHE L THA 672 P1, P2 B X OS2 By 2 Hfsidh L T2 A
B ROERIL, TN EFIN 0.54g & 43.62g B L N 3.15g Th » 7=, & b HEN
BV P2 E BT HEINEIL 87T.2% Th o722 &b, DN FIE O EHE~0
ICHb S ARETH D EEZEZ LI,

LMWH O #iE#ERRABRICOVWT, % 3% Tk, DS < OSCS I M il ik 4y fif 12
LU TEBMEZ R T OICK L HP THEMEBOMFICEY ZEHEMoE—27 27 |
AN ERY FILERT 2 LIS X, WM MRICE %< HPLC 247
LD MSOMEBBNLAETCHLZ EE2WE LI, £ 2T, AU CIL A AH
B2 5y g /HPLC V4 LMWH ICH# H L AL E L Cof AEEZ B LI,

DN-C., S1 B XU P2 Zn N Dl » L H 217, HPLC i B L O
NMR #rzair-7-, S5/ HPLC e~ hF v — h&2 7 )V A7 — )L Cidif
Liehe, ¥ —27 BT 52 EnRNEETHL, £ 2 T, Figure 19 TiE 7~
VA —VERFBICMZ T, £ HPLC 7~ b F v —h kic, ©—27 B&HERL
RTWIRFFRME (10.56~15.5 4r) Ot kK7 e~ hFv¥— & T 5., HPLC

(Figure 19, HPLC) TiE, ¥ X ToOMRAETEY—27 AT oM., HEL, ©—7
B 3 i A e iR BR BT MS & L TR Sz, LAl DN-C, S1 &bk L T,
P2ov—7 BIZELTHo7e, —J. NMR GHrofERICES8 VT, DN-C Tl
2.04ppm.2.08ppm B X N 2. 15ppm i D ¥ 7 F VDI ICHE S =28 . OSH
DR E Iz S1 Tl 2.15ppm, DSH BNfrE & #v72 P2 TlX 2.08ppm ® ¥ 7 F
NMNFEFICIEL 72 o 7= (Figure 19, NMR), HPLC SAro#E R~ 5., & MS I
G D HEEE Yy i MS O —27 @ RI mEECHAEEZHELEZEZ A,
DN-C TIXfai O mEE O 1.52% Th o7z DiZxt L, S1 H o5 ikt MS

E— 27 O RIFEHEMIE1.06% . P2H Oyt MS Y — 27 @O RImMAEMEIE 0.04%
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Figure 19. HPLC and NMR analyses of fractions of DN-C de-polymerized with nitrous acid.

Charts in each figure show the results of DN-W, DN-C, S1, and P2. Charts of “Peak B (RT: 10.5
~15.5 min)” are magnified to show the peak clearly.
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Table 4. Changes of RI area of MS' contained in the DN-C fractionated with ethanol

Nitrous acid de-polymerization Composition of Ratio of

Ethanol

Lo . un-degraded MS un-degraded
precipitation Un-treated ® Treated ° (B/A) MS ¢

(A) (B)
Un-treatment 15,465,799 + 4,561 235,567 + 395 1.52%x10°2 1.00
(intact)
(1;;)5“?“““"“” 15,835,359 + 6,530 167,362 + 96 1.06x10"2 0.69
Lo -2

(ZI‘:S)P”’C‘P‘“‘"‘ 15,296,567 + 4,821 6.388 + 82 4.18x10°" 2.71x10

Values are means = SD (n=3).

tMS, mucopolysaccharides.

a, Total area of MS without nitrous acid de-polymerization.

b, RI area of un-degraded MS with NaNO, eluted from 10.0 to 20.0 min on HPLC.

c, Ratio of un-degraded MS in fractionated DN-C to that in the intact material.
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&L BRI LTz (Table 4), ThHDOFMEENL, 2 BB O EtOH 4
B LFIZ LY, DN-C o @O MS R bRE S, SN KIEICE £
Sl Z PRI N, £, HHBE DM/ v A HPLC #1013 LMWH F1 0 &
SyF MS X OSCS OfFfEZ EER <ML TWD Z &b, AjklZ LMWH O
FHETEREOMEEHRIZB T OMEMRBRBREL L CEHMATRETH D Z L HR
Iz,

—HT.OSHAREINTWVD SIBLTP2ESOMAICIHEW TS, i #2
Oy IRALEERTIZ IXFR O B ivie o 72 2.15ppm fFUT D > 7 LS | RY R Oy fi AL B
®IZHEE =z (Figure 19, NMR), 72, £y 7 F oA L & b2, &
L7 2.18ppm FHEIC A LN D RFEY V7 F NV OREOHD bR I N, =
NIX.HE 28O UFH O BB MEI%O > 7 F LB EREOEEH TH > -,
L7 OSHEB LU DSH CIEZoBEITMABINR o (F—2RET)
ZEnb. oV TR HP BEEH, H5WIiE, TOREICH S Lo
MEIZHKRTHHDLEEZX LN HPICM L 2O(LFELEE Lz E .2 05N,
Bl zZ X pH, IRE, RED L VWVIILAZICEE T IVWEICLI-TAELLDIbDOLEE
bz, UbEoZ b bFEAEONRFIC X > Tk, HP/LMWH % NMR %
MrL=8%4A. 2.16ppm AT > 7 F i 49 L OSCS IZHFE M Tid7e v Al g
PEA RSNz, HP 3D NMR 5 #ric ki 5, 2.12~3.00ppm D RI[FE > 7 F
VORRNTHE S S FE 2 (Lee b 2011), T DY 7 FAHBOEEHIZONT
X, A%FMRRFABLETH DI EEZ DN,

F7o. WEM DN FHRORKBMUKERIZOWNT, DNG 1~3 12250 T 2 BEfED
EtOH 7y BiALEL % 47\, Wi ALEE RT3 L O 2 BEfE H o EtOH 2y BiALBE 4 1215 5

Nl P2HEIpZHMESHLTHELATZACRKHKRIZOWVWT, TR ENHMEES R L.
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HPLC %3 #r3& X O NMR o #F CHliE %2 fgs8 L7245 £ % Figure 20 2R L7z,
HPLC |2 X 29 o # 5 (Figure 20, HPLC). EtOH %y E 4L B fif © 4% DNG %
MRS 5L, DN-C OB & LFEMEIC, WTFhoRETHE—2 BIZHY
THE—I Ry I oI nNeholz, ThHE—7DONH ERDESO AT —
THRRF S MRAETSE TEL L TRl b, INHOE—7 X DN OJH
BHCH kT 2 KMo HP Tl <, @By MEREE MS oY —27 Th b &
Ez bz,

— 7. NMR 2 X 55 D fEH (Figure 20, NMR). EtOH 45 [ 4L B fif » 4~
TOBEKIZEBWT DN ICHKT S 2.056ppm O 7 F A NHR S, DNG 1 T
1% 2.08ppm FIr DY 7 F L BHERTEL, LH»L, DNG2 B L P DNG3Ic»
WTIZ DN HKD GleNAc > 7 vt EAR Y, 2.08ppm D ¥ 7 F )L % B HEIZ
R Cc&ahole, £/, 2.10ppm FiLICY 7 F A NFER SR, L
ELRICBT2BLECOUBICIIEELHN I,

EtOH 4y WAL B #T > DNG I2>W\WT®» HPLC 7 u~ h 7 5 LA2E T 5% MS
ODE—7EHBEOFE/BERENS ., 26 ORI AR > MK TEO Ry
0.2%~0.8%FEEEZHINTWVWDZ &AM SN (Table 5), =L T, EtOH
STHEVLEERE T, FNHE— 2700 RI @AEMEIE. SEETO RI mEMEO 4%
~10% (DN #oo&&EE LT 0.02~0.04%FE) F ThH A LT/ (Table 6),
DNG 1~3 DRHE R K 1gnbHAHMRE L THLNL P2ESOEEIL., £
£ 0.834,0.852 5 L 11 0.827g ThH VY  WEFEN TN TN R D 3 I T,
TRTEOWULDOEWINERFEOLNL, 26D &b, 4K L7z EtOH
Sy ENE LMWH OMER EICHZTh D 2 & B3R I,

Lk, ApF7ETIE DN 8 E TRIZE W T, DN USO MS R#EVME A RET D
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HPLC NMR
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Figure 20. HPLC and NMR analyses of commercial DN products (above) and the purified DN
with EtOH precipitation (below).

Samples of HPLC are de-polymerized with nitrous acid. Charts in each figure show the results of
DNG1, DNG2, and DNGS3 respectively.
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Table 5. RI area of nitrous acid de-polymerization-resistant MS' in drug substances

Nitrous acid de-polymerization

Composition of

Products un-degraded MS
Un-treated ° Treated ° (B/A)
(A) (B)
DNG1 15,267,154 + 7,415 108,920 = 739 7.13x10°3
DNG2 15,318,865 + 1,015 34,722 £ 645 2.27x1073
DNG3 15,585,305 + 2,178 120,381 = 1,231 7.72x10°°

Values are means £ SD (n=3).

TMS, mucopolysaccharides.

a, Total area of MS without nitrous acid de-polymerization.

b, RI area of un-degraded MS with NaNO, eluted from 10.0 to 20.0 min on HPLC.
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Table 6. RI area of nitrous acid de-polymerization-resistant MS' in 2nd colloidal

precipitate (P2) resulting from ethanol precipitation of drug substances

Nitrous acid de-polymerization Composition .
Ratio of
. of un-degraded
Products? un-degraded
MS .
Un-treated * Treated ° MS
(B/A)
(A) (B)
-4 -2
DNG 1 15,492,070 + 5,294 5,249 + 195 3.34%x10 4.82x10
4 -2
DNG 2 15,039,313 £ 17,551 3,143 + 95 2.09x10 9.05x10
-4 -2
DNG 3 15,415,894 = 10,082 5,386 = 218 3.48x10 4.46x10

Values are means £ SD (n=3).

+MS, mucopolysaccharides.

§ Abbreviations are the same as shown in Table 5.

a, Total area of MS without nitrous acid de-polymerization.

b, RI area of un-degraded MS with NaNO, eluted from 10.0 to 20.0 min on HPLC.

c, Ratio of un-degraded MS in precipitate to that in each intact material shown in Table 5.
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R I N EtOH M A Z M x 5 2 LI X MG TERENSEMT 200,
AFRBITFNVABH T LG MSORET A Lo HHEELMZ D
nNa2EnDH, kvarvrix—varziELE, &% DN 242
TEBAETHLEE R LN,

F 7o, HHEE RIS v Al HPLC 12 & 2 MS fEB R BRIEIC > W TR, Kk
X NMR & ERIZEOFEM A A7 LMWH & ik R0  ERRENT,
FFiZ 4 DNG OB W T R T 5 S8 0 IR TUIE B O R — 23R &
NeZé, BLXOZOHRIIEBWTRAERNMEDOY G HPLC & TIIH MR
DEETIEDE L L CHRBAIRBTH L2, NMR CldER P KNETHL Z L 2R
BT LD THD, Ko T, HFEE»LHEME ToO—H# O TR OEFIC
BWT, ZOFETHREXEMT HZ LT, NMR/A A v R/ 7 a2~ Mk
BHELEN TS HP & A0 MERHRKE CE b0 EE 2 b5, HPLC
BN LMWH 04y T8 EEE L THELS 2O FEOHERFICRE S, BN T
Z DFRE/MAA =D —ICHLERLTVWDIHNMFEDLS>THD (Dedem &
Nielsen 1991) Z &, HP & [A#kic, LMWH FEIE/S A0 TREHICE W

T RSP O MSHBEFTEZEM T2 LT HKNELS THLLEEZALND,
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FI¥MH DN O &S+ MS Afiid . FiZmao+ DS Thd I ERERINT,
LLEO#ER NS, LMWH O F 8 TR 123\ Tl iy ik iR HPLC 12 X 5
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LT, EREICI W T MK E AT & Ol oo (K541 B 25 & 68 I o 1 K e [E o B
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Summary

From the viewpoint of the resources recycling, it is important to use
by-products of meat production and processing such as offal and bone as
recycled resources.

MSs (Mucopolysaccharides) are biopolymers that are found in
animal tissues and organs, and it is involved 1in variety biological
activities in vivo. Specifically, MS would play important roles in cell
proliferation, differentiation, and adhesion of cells to matrices. There
are various kinds of MS products in market, and those raw materials are
also from various kinds of animal carcass. MSs are used as health foods,
cosmetics, chemical reagents and pharmaceutical agents all over the
world. Heparin (HP) and low molecular weight heparin (LMWH) are
made mainly from crude heparin (CHP) prepared from porcine intestinal
mucosa. Both HP and LMWH are widely used as injectable
anticoagulant agents.

In early 2008, side effects of intravenous HP product, including
dead cases, were reported from the United States and Germany. Then, a
semi-synthetic oversulfated chondroitin sulfate (OSCS) was found in the
HP products, and it was concluded that the OSCS would cause the side
effect of the HP products through the severe anaphylactic reaction.
Afterwards, analytical methods of OSCS to confirm identification and

purity of HP products were examined in the major countries of the world,
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and specification tests using 'H-NMR and ion exchange chromatography
and reversed phase chromatography were made obligatory. However
these tests are difficult to do by each step of HP manufacturing because
those methods are expensive and troublesome. Moreover there is little
information about industrial purification method of HP to remove
contaminants from the bulk. Therefore the objective of this study was
(1) to establish an analytical method for detecting MS contaminants such
as OSCS and chondroitin sulfate family (CSF) in HP and LMWH, and (2)
to develop a low-cost purifying processing of bulks of HP and LMWH to
enable to supply high-quality HP products continuously. I focused on
the reactive property of OSCS and CSF to de-polymerization with nitrous
acid and the difference of solubility of each MS in organic solvent to solve
these problems.

In the chapter 2, I investigated the reactive property of various MS
to de-polymerization with nitrous acid. HP, LMWH, OSCS, CSF (type-A,
B, C, D and E), keratan sulfate (KS) and heparin sulfate (HS) were
de-polymerized with nitrous acid. Then molecular weight distributions of
intact MSs and those degraded products were measured and compared by
use of a gel permeation high performance liquid chromatograph equipped
with a differential refractive index detector. As a result, HP, LMWH
and HS were degraded with the accumulation of disaccharide units. On
the other hand, OSCS, all types of CSF and KS were resistant to

de-polymerization with nitrous acid. Furthermore the nitrous acid
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de-polymerization / gel permeation HPLC method was able to detect
contaminants at 0.01% level of HP, whereas the detection limit of
IH-NMR method was 0.1% or more. This method is quite simple,
economical and sensitive. Therefore I concluded that the proposed
method, i.e., nitrous acid de-polymerization of MS followed by gel
permeation HPLC, is the best method for detecting MS contaminated the
bulks of HP and LMWH at each stages of manufacturing process of MS
products.

In the chapter 3, I tried to develop a purification method for
industrial manufacturing of HP products from HP bulk based on ethanol
precipitation (EtOH). Finally, purified HP was precipitated from HP
bulk after EtOH precipitation at final EtOH concentration of 33%. The
recovery ratio of purified HP was 83.6% of total HP bulk, and the content
of impurities decreased to about 0.09% from 1.16% through this
purification process.

In the chapter 4, I also tried to develop a purification method for
LMWH from model LMWH bulks contaminated with OSCS and dermatan
sulfate (DS). It was shown that the two-step processing of EtOH
fractionation was necessary to purify LMWH, i1.e., OSCS was removed as
colloidal precipitate at first EtOH fractionation and DS was removed in
supernatant at the second fractionation. The content of impurities in
the purified LMWH decreased to about 0.04% from about 1.52% in this

process. Moreover, the recovery ratio of the purified LMWH was 87.2%.
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The EtOH fractionation processing, followed by purity analysis by
gel permeation HPLC after nitrous acid de-polymerization of MSs, is
quite simple and low-cost. In addition, this method does not need to
install any specialized equipment. Therefore I concluded that the
methods developed in this study could be an effective way to produce
high-quality HP products from bulks of HP and LMWH in the industrial
manufacturing. In addition, this manufacturing process also could be
applicable to production of other MS such as CSF. Producing highly
purified MS products would result in supplying not only safer medical
agents to medical front but also safer cosmetics and health foods to
general consumers. Continuous consumption of high-quality MS
products could ensure the sustainable utilization of by-products from

animal carcass.
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