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JF % (Heparin) & & JH dnde B 3E 40 o] ¥ 4% fn 48 6k R J& (Blood clotting cascade) ¥
Mg B T8 A 0 RdudtiE o IRAE L3R B 2 In BB b 0 W R NG AR R R
oo RARRLRE IR A FABFER - TRESA P ZHRAT&EY
Y o dwALER & JE F(Dermatan sulfate, DS) & #E& #k ‘B % (Chondroitin sulfate, CS) * H b
AT & S WKL E & E & o 2008F 25 AL A AT X BT A AR DT F
e tER 0 A EE IR F % AR L HLER 3k B & (Oversulfated chondroitin sulfate,
OSCS)IL 24 i7 Jeik ik, o A BT HF BB TS A T RLZ BT LFTEAMLE 54
W2 B M T BB AR A 0 F AN 07 L AT R BUR A S
HAw BRGAE - SRR LAk T 38 & 2R AR G AT R I S AZ R L IR R A A AT & Bk
BT F R AR 44 H (AwOSCS DS %) » 3t 4 i 1L & 7% (Chromogenic assay) 4 #1 AT
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FR R BOT SR 4 ke e B T Xasillaz B o ShihAR4S AR EY

R G FE ST

B AR T B R EM R BT F R o dt  BREFE T EREE NRZHA

B 0 THEARB AR B A o

RARER - BT3R ~ MMREBISIE - MERKER - MERNER - BREBRCRBRTREE
SWRAERBTE - BELRE - MEIERFXa/laiEFENE %

[l

Al

JH- 3% (Heparin) By—TEEIZ B HE L &) - H
FHE 2 T = AR RS AL R AR A - SO RR R
1L 52 B (Sulfated glycosaminoglycan) * 1%
PR B RG 2 i BR B S T I AR 2 )
A B IR S (Blood clotting cascade) 1%
TEEEI R T4 - BRI EEY - HAH
5 FH 58 B0 A 155 R M mp 2 B R 1 i e 2
(Sulfated glycosaminoglycan).Z $REEHIGL - 3/
HEYERGE AR - BRIR AT AR IR ZE R
7 0 AR ZE ~ IHRREE - TR R TEPG (R

FRZE - RoUff ~ BEMEEATECIMRGE TG 2 Pkt
[MEEY) » SE Ry BRI R I BRI K PR A7 S e ST
BEEIm ] -

PRI+ BB N - InEK - EE -
B~ FAF ~ A FEEE - HAR - MR
B 2 10 B 5 8 122007 E 2008 FEFEH 5 A
BRI B AR B SR i S Bl 2 B 32 B L - T
AP E  EREREREDHB AT
LB o

FEA I 32 2 I 3R & 2 e i L 5 5 4
HZEE > B E LG SRR - R
BEHEEERY o RiLBRE TR ] fEXE I H
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YL BE AR Z KRR » a0E i =k
PHLEE 1 5 2 W R B 22 (Chondroitin sulfate,
CS)E & MR s S A 2 R g =
(Dermatan sulfate, DS) » [Tt B LA 8 0
ZZ(Oversulfated chondroitin sulfate, OSCS)HIJ;&
FH A B It P i B i B R A I 2. CS - —
fleka B RO R R B E R
(41"H NMRZ5 T i 7 -

H 20084 3578 B 1 < 3R TR Bl 4254
& » 20097 35 [ 22 L B B B B 22 A VA ]
FF 2 REE R T & OSCSE HA RN MiE 2
i BALEEYE T E 20104 51 4] B A FE R
P 2 R 32 & & H 0SCS K DS FAHH
YE TR - BRSNS MY E - (EEAR
P R A TR - W HA20165F HEEgE i
B \MNbE 2 BRAE - S5 ~ BOMER 2 gL Hi g
EIF RS2 2 M &S OkR T DUH NMREg
ISR - [F]HeF AR 0 75 e O R g A i R e
HIE T TRES < STF2K - R BIPR S I g
SRR RA T - A0 i E B SR BT I I
RFURIBE S BB 2 S E i~ ISR R 2E
PUEE ML A Xa Bl Ia i 14 P Bl K o5+ 6 g
#Ti%(Size exclusion chromatography, SEC)53#T
2 RS S & G 3R SR
AT E Z T B R R - BT 2 k) 2
B I BRI B &2 R T HECR ISR 2
2B R EB A MY EE B A
R+ B 5225 8 PR B2 H B A A R SRR T
JFORHEEE R B2 $ 1) ~ RieHl  E A5
M5 - LB b2 3R 2 el 7 2 8
FAE » BACE Ryt f8 he M 32 i B Ba I FE 2 4K
B - TetRBI AN HEEZ S -

IR
—
() R A

1. USP dermatan sulfate reference standard

(RS) (Lot: GOMO092, Sigma, USA) ( N#

DS fEH#E

. USP heparin sodium identification RS,

16,000 Da » 50 mg (Lot: SLBK3464YV,
Sigma, USA) ('Ff#Heparin sodium 1Z#E

i)

. USP over-sulfated chondroitin sulfate RS

(Lot: R037XO0, Sigma, USA) ( FfBOSCS

L))

. USP heparin sodium molecular weight

calibrate RS (Lot: FOL483, Sigma, USA)
("~ Heparin calibratef&

. USP heparin sodium assays RS, 2144 1U/

9.5 mg (Lot: F0I487, Sigma, USA) (T
Heparin sodium i 5 T2 HE R,

(et - SRR 4st: - EEEREET41
AGIHEUT R L SR K T BT
F)HL R BE4TE -

()2 A B
1. Ammonium acetate (Merck, USA)

2. Biophen™ Anti - IIa (Hyphen BioMed,

France)

. Biophen™ Anti - Xa (Hyphen BioMed,

France)

4. Citric acid (Sigma, USA)
5. Deuterium oxide (Sigma, USA)
6. Heparinase I (EC 4.2.2.7) (Lot:

SLBK3464YV, Sigma, USA)

7. Sodium azide (Merck, USA)
. Sodium perchlorate monohydrate (Merck,

USA)

. Sodium phosphate monobasic dehydrate

(Merck, USA)

10. Trimethylsilylpropionic acid (Sigma,

USA)

(7 e s L 3
1.'H NMR (Bruker UltraShield Plus 600

MHz/ 54 mm Plus, Bruker, USA)
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2. EROEAEE AT 4387 R (Dionex UltiMate
3000, Thermo, USA)
(1)E RO AHE BT A B d 8 R (Dionex
UltiMate 3000 Pump, Thermo, USA)
(2)H #7F 5 2% (Dionex UltiMate 3000
Autosampler, Thermo, USA)
(3VE M (Dionex UltiMate 3000 Column
Compartment, Thermo, USA)
3T H R EHEE (RefractoMax521,
Thermo, USA)
4. BEZBE M (Synergy Mx, BioTek,
USA)
5. EEf 7k Bl5E A (Advantage A10, Merck
Millipore, USA)
—F&E
(EREFEIEEEE % ("H NMR spectrum) - [
387 @7 Rt R R Fe b = S R
AR LERE - TR EYEEZEET
VAROIR VLT
1 B EESY
(L= NMR, pulsed
(2)#8E: 500 MHz
(3)ifL: 20 -30°C
2. TR ELE
(1)Trimethylsilylpropionic acid (TSP)
VW 2 HUTSP 0.4 mgfill Adeuterium
oxide (D,0) 20 mLAC#L[£0.002% (w/
V). LIS
(2)FEHE AR« HGH S Heparin sodium
FEUE A A TSPIS TR » OB pIRE
20 mg/mL.Z AR °
(IRALATR + 73 Bl HGE &5 RO 2 e
73 BIETRTSP W » Bo S piRE20
mg/mL.Z AR °
()78 P TR N« BB B OSCSHR
HE VA R Heparin sodiumfS 48 i & 1R

> BUELER0.3% (wWiw) 2 IBTR
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(IR T2 M= RO AH G AT 125 (Strong anion -
exchange HPLC, SAX - HPLC)
1. TSR
(DFRHESLAR © BGE & Heparin sodium
EHE A DL ROKEC 820 mg/mLZ
heparin sodiumfEYE AR
(2)5% e F P R ¢ 0. 1% (w/w)
OSCS fZ#E [ Ei10.5% (w/w) DS 1%
I AGE & R 2 Heparin sodium 12
i DL ROKEC 820 mg/mL.Z
Heparin sodium$0.1% (w/w) OSCS
810.5% (w/w) DS.Z %78 A 1 H
T
(At - [REHBEDL — ROKBc SRR
FER520 mg/mLZ AR » FEETE AL
ZROKFRRERL 1000 TU/mL# i FH -
2. BB E R
(D& S
a. ZHEIFHA : HlSodium phosphate
monobasic dihydrate 0.8 giAHA K
7K1900 mL * DAH,PO,Fi%&pHIE ZE
3.0£0.1 LA RKERE2L
#8045 pm B FE fFL U A i R it
R
b. £ E)fHB : HlSodium phosphate
monobasic dihydrate 0.8 gElSodium
perchlorate monohydrate 280 giAfA
—%7K1900 mL » DAH,PO, i %pH
EE3.0 £ 0.1 FULEIOKERE
2 L #0.45 um/ERE L IR I E R
KRR B -
QT ERE
a. Guard column : Dionex lonPac
AG11,2 mm x5 cm (Thermo)
b. Column : Dionex IonPac AS11 - HC,
2 mm % 25 cm (Thermo)
(3)i# : 0.22 mL/min
(4VEREFER © 40°C
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(B)EAIER - UV 202 nm [ERETAFLIBIREE -

(6) Bt bR — 2. [ENTERE
1)Guard column: TSK SWXL, 6 x 40
£ BT RSB R : (T‘;Zhjo umn ©Avmm
B Az 0, 0,
H““FEEJ(? &) %MSOA(A’) Ll 1;@013(4) (2)Column : TSK G4000SWXL, 7.8 x
300 mm (Tosoh)
30 10 90
(3)TSK G3000SWXL, 7.8 x 300 mm
31 80 20
(Tosoh)
45 80 20 i
3. HE
3. IE U IEWR ~ H i s s s P T R,
IUHeparin sodiumfZ#E VAR © faiiia W&£520 ul - 4B AEATE R T
WA520 uL o s FEA G E T - % 2 R EE 0.6 mL/min » EREHER

R LT - R - 30°C + SRS RS04 » A BT
SRS T 45 04 - AT = R 2RI -
B (o) F70 5 [11L A T~ X a B T 6 [11L R 7~ 10 a 5 4 I 22
B T i g ik (Size-exclusion % (Anti-factor Xa and Anti-factor Ila Assay)

(1)1 M Ammonium acetate solution : HY
Ammonium acetate 77.1 gi5 A1 Lz —
ToKH o

(2)1% Sodium azide solution : F{NaNj 1
gL 100 mLZ Z 2Rk o

()L EFRET] © Bl Ammonium acetate
solution 100 mLEZSodium azide
solution 20 mLLA —R/KEAKZELL »
PL0.22 um /2 BE il FL Ui FEE 8 i R it R
R

(4)BIEWE © HY5E fHeparin calibratefZi#
i ARG Bl A VA B BC B R R 5 mg/
mLZVEW  PA0.22 pm[EFREFLIENE

(5)7 #ft8 F PR I« BB & Heparin
sodiumfR4E iy DURS Bl A VA B B Al iR
55 mg/mLZYAHR » LL0.22 umfERE
AL E -

(OfanA - BUF R G oL A B iR VA
A B AR RS mg/mL » £A0.22 um

chromatography, SEC)#E(i5 77T & 1. Biophen anti-Ila B2Biophen anti-Xa 155
1. AR B ER WL

(1)Reagent,Z it %4

a. Reagent 1 (R1) @ JIA1 mLZR7K
ZERUBH - FHLIRIEERS (12 4).2
LEBNE &5 - AT HREF
37C -

b. Reagent 2 (R2) : I A1l mLZR7K
ZR2JEH - FFLAR2EARS (1 : 4).2
LEBNRE &5 - BRI AT HREF
37C »

c. Reagent 3 (R3) : A5 mL=X
KER3MAF - 6 AT HRFF
37°C -

d. Reagent 4 (R4) : J%R1 - R3 K/ fH
IR

e. bl C B BRR - BEAIRTE

(CHRE B

a. HWHeparin sodiumi&{4: 53 H7 i 4E 5L
S A 40 nLEI6FLEE - IR
040 uL R1ZERFLH » A37°CLfE
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297§ o
b. 7S IIR2 (Anti-factor Xa or ITa) 40 uL
BEFLF - R37TCIE2S 7§

c. #NJIR3 (Chromogenic substrate) 40
pLEFFLA - R37°C 257 5 -
d. 7’12% Citric acid 80 uLZE&FFLH
F IR SE » NI P B 3R R 43 i i

JR 405 nm NI E B IE -

TR EETER
— » IRENEZ ZELIRES T
AWFFE2HEE] - BoNEL L 11

HARE(H NMR)AAOE AR E - RS 5
U AR E S DT (B —) (AR S R AR
BIRT22 JFORHEE F ANy - #8 M - Bl 4R
FHEE > B nlE 488 B £ Heparin sodium,Z PY{E
{LEATFEENHR » 5.42 ppm (Signal 1) » 5.21 ppm
(signal 2) * 3.28 ppm (Signal 3 doublet)22.05
ppm (signal 4) - i ElHeparin sodiumfZ%E L,
B EE— 2B =) - HiR2.12 - 3.00 ppmfz
(Region 212 G{EAIHENHT » Br4FRain i
fEOSCS - 57 - EEIEE I Heparin sodium:Z /.
WL HE » 20.10 - 2.00 ~ 2.10 - 3.20/%5.70 - 8.00
ppm NEE RE R R - HEFGFAERR
Signal 18dSignal 2/ SEEH 2 4% @ #H—F

4

Signal 1 | ' Signal 3

Signal 2 ’

Signal 4

4

L k
| “‘j .'I ..-‘f"l\-L;
4 ) A -
T T T T T T T T T T T T T T T ]
6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0 ppm
[ ] | ||
'ﬂ-Lr |-=r :>| !
S h S g g
e~ o - =]

B— * 'H NMR Heparin SodiumiZ# @247 2 #&58
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JFORFHEE RS S (20 — - #5B)FA1.18 ppm ~ 3.66
ppmEil5.48 ppmiHEfAHeparin sodiumfSE%E A
MR BNGE - E—FLREGEEZ
Heparin sodium 5 i E(THLES - B8 E Z 3
B B T AE 2 FHER(CH,) ~ BE FH L (CH,) BEFS
F(OH) ZEGR (R AR ZH) - #GEE I
HAttg AR S WRERY - EEBREE T
AR R B EE - AL SRR E Al R
IS B G Rl E B S BRI e -
Z - FEENERIEE R TR

e XUE T4

RN 52 5 2 (E B T 2 BRI TR - BT B
FH BB A2 = i AH g A 5 (SAX - HPLC)
AR - BT RS RIR R A AN -
KFe 25 EE -~ BOMNELFHELEL 7 Rt T2

WS RO R G AT A P PR - (R A
YA 18 (Heparin sodiumPE4E 78 1100.5% (w/w) DS
Ei10.1% (w/w) OSCSFT{S.Z @& 7L  Heparin
sodium ¥ it B D SHFEYE i & i i KR 1 - Bl
OSCSHRUE 7 B HTERTA1.5 » FF &
#i#i - DS » Heparin sodiumE2OSCSIFHE
TR B R 15.70 ~ 20.86 52.27.2047 5% ([&l
=)

{5 FH BB T2 s RO A R AT 2 A A 4 14
TESTR » Hof SR B/ R Heparin H B 2 B T 246
B EDSEOSCS

{LlHeparin sodiumiZ#& 5,

AHPIFAE ©

= IRRHEZ D FEEH O

P 3R Ry B 112 T+ 5 25 TS TR ) 5 1 R
TR o BRI 1B R AT A AT 3R ROk

Signal 1 Signal 2 Signal 3 Signal 4

i i i -
1 1 1 1
1 1 1 1
1 1 1 1 |
po i i D
1 1 1 1
1 1 1 1 |
1 1 1 1
: : : : FLA.07272018 7 1 d:\data\baby\mr o
bt ' ' scale : 1.00 [— @
1 1 1 1 1'
[ b oaa A ! ! C

_ﬁ..AI‘\ /:\_,_/‘ k..‘/"“""‘"‘AJJ \_A/{\_ JL
1 1 1 1
o LU EE T 12 T R S T B
1 1 1 1
1 1 1 1
o W (S48pPMm) o (3166 ppm) ! (1.18 ppm) B =
o L M i of o

A e AV o~ 1 [}
[ 1 | — O
b ' ! FLR.07272018 3 1 d:\data\baby\mr N
vt ! ! scale : 1.05 |-
1 1 1 1
o , . i i A

A A Mg A I
. 1 1 FDA.07272008 1 1 d:\data\baby\mr |
. | H H Scale : 1.0398
1 1 1 1
[ [ A 1 o — o
S Mo S\ l Heparin :STD

A i LA ) 1

| f ¥ ¥ | f f i f ; ; ; f
6 4 2 0 [ppm]
T T
Region 3 Region 2 Region 1

B= - FERAEGRS
#f : Heparin STD: Heparin sodiumiZ
A - D: 4153 2 AT RRE R ZER &

H NMROHTZ#E8R
pi-3

=]
Z=AR
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|mAU

%]

- Hepann - 20.860

WWL:202 nm

—(A)_
—(A) |
-100 T T T T T T D -n-“n
0.0 5.0 10.0 15.0 20.0 250 300 35.0 40.0 45,0
No. Ret.Time Peak Name Height Area Rel.Area Amount Type
min mAU mAU*min %
1 15.70 Ds 12.052 21.288 7.21 n.a. BMB*
2 20.86 Heparin 112273 271.128  91.82 n.a. BMB*
3 27.20 0sSCcs 2.398 2.867 0.97 n.a. BMB*
Total: 126.723  205.283 100.00 0.000

B= - FF=ZSAX-HPLCA#ER
% * Heparin sodium 1Z# 3,
&5 3.0.1% 0SCS » —&E#

2o TFEAERERN ks Kifez
35 [ BE B 2 = RO R TR T R A SR o FE
FR#G > {# FHHeparin calibrantfZ ¥4 FiF A =54
WA T 2M - AR E 202407 815
1R - AR F A IE 5 EAE%E SR (Broad
standard table » 2% ) Z A A R A& IE 2
ISEE IR RE - BE A 1S{E S AL 2 57T 25
{H(log MW)TERyylill » K &5 EHHIR B2 B IR Y
R ] Rox Bl (E 7 T 2R EH AR > AE =X
ZoIE S o HH A M AR R R R AR AR R
TARN20.99 » MfE AARTTERS Z iR A
Y = 0.0002X° — 0.0167X” + 0.5413X — 2.3884 *

P TEERGEAMIAR | &1.0.5% DS ; 2. 20 mg/mL Heparin sodiumiZ#

5542 T AR i Heparin sodium/iZ % {9 B2 ¥ 5l
B (M RERENEENS%)  stEFGZ S T&
S S F (B + 500 Da o [ A ES T
Heparin sodiumf4E il 2 455 F515,700 Da » #
HAEUE AR & 816,000 Da » iR HERE
SRS 0 P 14 KA

{5 FH 43 B g AT 32 B A B P 44 B 22 T e
BT RE  BEEBEEER Y - HH
AR » 53 T2 AH1224,000 Da S5 A H220%
&S THA8,000 - 16,000 Daki16,000 - 24,000
DaB 73 thZ FLEFER KR 1.0 » KSE55 T
EESTHA15,000% 19,000 Da - {5 AT 26
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rR= - BERENFEIFER

No. Mw (Da) % below Mw
1 6,000 3.238
2 8,000 10.549
3 10,000 19.588
4 12,000 31.002
5 14,000 43.079
6 16,000 55.803
7 18,000 66.282
8 20,000 74.289
9 22,000 80.243
10 24,000 84.599
11 26,000 87.724
12 28,000 89.914
13 32,000 93.522
14 36,000 95.609
15 40,000 96.971

WIS  BIN4ET SRR 0T &R
15,500 - 15,900 Da(£ =) °
« FFEz g EFXatlllaiEE

FHT 5% 52 PH A o1y BIEL B 1L 5 O 2 I .2 1 e
MBS & - FFEE R A 7 Xaflaf pl =5

= D FERBEIANMMITRENE SR D FEZER

e - R B B AT Xakd HajE (b - #0758
IS > o SR 2 BRI IRl F-1ar” B & TT K
FABRIL A F-Xa""™ » DR L BT 68 1ML AT - 1T i 1 Fy
2253 E i 2 A5 - HPTEEITLIA T Xabid]la
TETE LHE IR AT R I 22 BB ) ke —
It A2 {6 F T EE I Rl T~ XaBd Ia v P e B
A HIRE 3 AT 45 b L DUBE LA T XaBid I Ta: 2 6
M+ 3l 22 7 S B FE B FRE =R A 72 T (slope
ratio assay)a T PUEE LR 5 4 -

ST R PUERITL A FMalE ME(E By 2 IRk
EEF(GITAE - AR SE B SRR o - AR
JE R R FEIO - 110% » (K55 FEMF R G
JE R ALE20 - 35% » FREIBEER1G/ MR 180
1U/mg © [ AHFFERG RS - 39 5T il ks
PUEEIMAF a2 JEMERLE » 43 ITAs R T AR
1E90.40 — 109.69% » 2fFAKs> T EIFFHEHT
BEMLAF a2 IEHERUE - 53 HURIERBEZ
29.9% (2,991 TU/mg)£d30.9% (3,085 TU/mg) (5%
M(a)) » 4R FERHEEGTEEMR FUa: 2 G ESUE S T
f£210.70 - 302.50 IU/mg (£VU(b)) » EFfF & 5L
B ICERYEE -

S 2R B I SR T B R e A R
Heparin sodium 43 A5 4E L HTEE I Al Xalf 1
53 31R510,443 ~ 10,980 TU/mg (£ Ti(a)) » M4

Mw Mw Mioo0-16000 Mig000-24000 M=24000 ¢ L.
Sample - - M.uiio Criteria
(Da) (Da) (%) (%) (%)
Heparin calibrate  15,723.0 15,700.0  45.8 36.4 159 1.3 1.M>24,000 is NMT 20%
0 it ¢ 2. Mw is between 15,000 Da and
JFURHEA 15,714.6 15,7000  45.6 33 165 14 1T?1=000t.Dan o
o] 2 - 1he ratio of Mg ggo-16,000 1O Mi6,000-
JFEHEEB 15,8105 15,800.0  44.4 356 171 13 NLT 1.0
JRAEEEC 15,882.7 15,900.0 454 28.2 189 1.6
JFRIEED 15,517.9 15,500.0  47.4 32.1 150 1.5

* Weight-average molecular weight

* Mw round to the nearest 100 Da

“ The ratio of M 01,000 t0 Mi5,000-24.000
¢ The mean of duplication injection, Mw within 500 Da of the labeled value as stated in the USP Certificate for USP Heparin So-
dium Identification RS. Mw of duplication does not differ by more than 5% of the upper value.
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B HIRT 7T

=M ~ K07 B RIRMERERNERRNE Fllad DT ER

(ES T ETFENR
Sample Slope ratio g(l);éllcg}; Percentagfia(;ill)otency on Criteria (%)
BT EESTIRA 0.299 2,991 29.9 2035
E5FEESTIB 0.309 3,085 30.9
(b) 5k 5
Sample Slope Slope ratio Potency (IU/mg) Criteria
Heparin sodium {4 53 AT H54E i, -8.57 1.00 225.86
JFRHEEA -7.99 0.93 210.70 _
k4B 801 0.98 220.40 Qﬁﬂf@%ﬁ({}?ﬂ’gy not less
JFRHEEC -10.90 1.27 287.40
JEHEED -11.48 1.34 302.50

KA BN FEFRISNREFERFZEHEME 7 Xalllaig L EZ F5R

Sample Anti Xa Potency Anti IIa Potency Xa/ Ila ratio Criteria

()BT EEER

B T2EEHRA 10,443.0 2,991.0 3.5 33.53

Ko F RSB 10,980.0 3,085.0 3.6
(b) Rt EE

JFRHEEA 213.50 210.70 1.01

JFRHEEB 200.40 220.40 0.91 0.9-1.1

JRHEEC 283.10 287.40 0.99

JFEHEED 289.60 302.50 0.96

JFUEHBEAH # A Heparin sodium 73471

Y
L%DD

Lt

IMEAF-XalE M /12200.40 - 289.60 TU/mg (F T
(b)) - 2E B FREEE B2 S EAE - (KT
BT EES R 2 Xabd  Ta % (G L (B FE /1 HR3.3 -
5.3 (F£Ti(a)) » FFREURHEEGTEE ML AT Xakilla
UG LLEER0.9 - 1.1 (FTFU(b)) @ TAFEH
HIFORHEEE R - H I (E R R S 38 2 R IR
B2

i

7 SEEFASIREN - DB T A O
Aok B SR IR (R 1 SR R AT SR S
EAHIYE (AN0SCSEIDS ) » A H ik
TR SR IFCRHSE R R B Bl LB LA T X a Bl ITa
ZIETE > FAE FE T £ 9 B B rh e S SR B AR
TE IR Toh B 2 e I P T SR R B R S
B o JRBEE R E R e e SR L E AT R AR
Z2%  DMRIEE A (R fHEE 2 & -

ZER

I. Feinstein D.I. 1982. Diagnosis and
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Quality Inspection of Heparin in Taiwan
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ABSTRACT

Heparin, a kind of the sulfated glycosaminoglycan (GAG), which is the most widely used
anticoagulant drug in the world. In vivo, heparin exerts anticoagulant activity by binding to coagulation
factors in the blood clotting cascade. It is either used as an anticoagulant for evacuated blood collection
tube or to treat blood clot symptoms, for instance, thrombophilia, pulmonary embolism, et al. In addition,
heparin is also used to prevent postoperative embolization. Because the main source of heparin is from
the intestinal mucosa or other suitable tissues of domestic mammals, formulations of the processed
heparin can contain low level of natural contaminants, such as dermatan sulfate (DS) or chondroitin
sulfate (CS). DS could induce allergic reactions in human. In 2008, many people died due to the allergy
to heparin contaminated with over-sulfated chondroitin sulfate (OSCS) in the United States. OSCS is a
substance hard to differentiate from heparin by traditional analytical process (e.g., sheep plasma assay),
owing to their similar structure. Therefore, new analytical methods, such as high performance liquid
chromatography (HPLC) and Nuclear Magnetic Resonance Spectroscopy (NMR), could help to detect
OSCS. In view of heparin containing active pharmaceutical ingredients which do harm human health,
we established the SAX-HPLC, 'H-NMR, size-exclusion chromatography (SEC) analytical methods
and anti - coagulation factor Xa and Ila activity assays to identify and to measure the potency of heparin
by referring to heparin sodium and injection monographs of the national pharmacopoeias and other
relevant references. Forty-five samples (including 41 injections and 4 drug substances) were collected
and analyzed; all of them were in compliance with the specification of Chinese Pharmacopeia. Overall,
these established methods can be employed in the post-market surveillance for quality control of heparin
preparation and for identification of heparin of the unknown sample to ensure the public health.

Key words: heparin, blood clotting cascade, dermatan sulfate, chondroitin sulfate, oversulfated
chondroitin sulfate, HPLC, nuclear magnetic resonance spectroscopy, anti-
coagulation factor Xa and lla activity assays



