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ABSTRACT

A Study on Development of Ultra-Low-Molecular-Weight

Heparin Derivatives

Hwang Jinsu
Advisor : Prof. Seung Rim Hwang
Department of Medicine,

Graduate School of Chosun University

Heparin is a substance synthesized by animal’ s mast cells and widely used as
an anticoagulant. It is mainly used for the treatment of deep-vein thrombosis,
pulmonary embolism, arterial thromboembolism, heart failure and unstable angina.
Heparin has an anti-inflammatory effect besides anticoagulant effect. After the
several reports on heparin of which the effect of modulating the inflammatory
pattern has drawn more attention over it. However, since heparin is administered
to inflammatory diseases to control inflammation and side effect such as
hemorrhage occurs and due to which there is a limitation in clinical use.
However, Desulfation of heparin reduces the anticoagulant effect and turns into
heparin, which has anti—inflammatory properties. In this study, we aimed to
investigate the substances that can relieve and treat inflammation using
hepar in.

Ultra-low molecular weight heparin is a mixture with an average molecular
weight of less than 6000 Da, compared to unfractionated heparin. Smaller heparin
has some advantages such as higher bioavailability, longer half-life, wider

therapeutic range, and lower bleeding risk. In this present study, Bemiparin, a
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kind of ultra low molecular weight heparin, was more or less absorbable than
large molecular weight nonfraction heparin when administered orally. Bemiparin
used in this study is the smallest molecular weight heparin among currently
available ultra low molecular weight heparin. However, the molecular weight of
Bemiparin is not well absorbed in the body. The second bile acid is reabsorbed
in the intestine through bile acid transporter and go to the blood stream, so
that the drug can be absorbed into the intestines by oral administration of
deoxycholic acid and heparin, which is a kind of bile acid.

The reduction of anticoagulant activity of Bemiparin, which was desulfated
between experiments, was observed through experiments. Through the analysis of
NMR, the data of synthetic materials were changed and the binding with bile acid
was also confirmed. These results suggest that the anticoagulant effect can be
eliminated and the side effects can be suppressed, and thus By administering

orally it can be used as therapeutic agent for inflammation.
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2 AU A= Deoxycholic acid®t Bemiparin2 Z&
H 37 0 Al EUHOUA St JtsotAH ota A stCh.

1-5. Anti-Factor Xa assay
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Haor MIIA =, ol Qo g9 It dHECH oltele SEEt
pentasaccharide AIES Soff antithrombinOl Z&6tCt. oflItgl Z& 2 antithrombin
24 AXo HE RKREGHW  antithrombinel SSOH EHES  SIHAIZICH

antithrombin S0 20 dt= CSHEHZAOl serine proteases=2 HIZEASIAIZCEMN S

NE AHISCE. thrombinll 24 3t= dlltel-antithrombin S& A JF thrombinGl HI

|'

S0|M¥oz Z&otod Lot [16]

Y dutNoz AIES= Y-l HMet ZA8 (chromogenic assay) 2=, ZAHCH(|
HZE Factor Xa JIES AFEEHCH. 0 22 & 22 Factor Xa2t Antithrombins
ANZ0l &EOtotd, oflItel0l antithrombinidt HH =&ME S4H6tH Factor XaE =&
A3t AIZICH. 0l= HO0tJU= Factor Xalt 2 J|A0| ZEotl, SH2EE =JoH(
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2. Materials and Methods

2-1. Materials
Bemiparin sodium(Zibor Inj. 2500 IU AntiXa/0.2 mL),
aldrich. powder, 98.0 %), Sodium hydroxide(OClI

Hydrochloric acid(DAEJUNG Ltd. O.1N standard),
Ethanol (EMSURE ® ACS, 150,
®. NYLON 66 SYRINGE

standard),
filter (Whatman
crystalline),
%), Formamide(Sigma aldrich. =99.5 %(GC),
dialysis Kkit(Spectra/Por. Float-A-Lyzer
kit(CHROMOGENIX. COATEST® HEPARIN)
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Sodium borohydride(Sigma
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2-4. Desulfated bemiparinzt DOCA2l amine 27 Z¢&
& gtAd O|&™ Ol BemiparinOl deoxycholic acidet Z2& Jisst 220 U=AE &

15Dl <ol Benedict’ s reactionS SZoll EQIot¥CHFigure. 4]. Benedict ‘s

M0

reagent= Anhydrous sodium carbonate 10g, Sodium citrate monobasic 17.3g,
Copper (1) sulfate pentahydrate 1.8 g2 E&O0l2= 100mL0l =CICt. OIIH sodium
carbonate®?t sodium ciatrateE E0l2+ 85 mLOl =0l1, copper sulfate
pentahydrateE E0l2= 15 L0l =0 S BtE SH0| WEolH =34 20 =L,
HMZEOt 225 4 COHA AFZENX S2t6tCH. Benedict’ s reagentJt =HIEEH Bt

£ 2018 22ds, 22 AWM= Glucose, Bemiparin, O-desulfated bemiparin,

% = — n
Bemipar in-EtDOCAS 2+2+ 10 mg/100 plL =2Ho =2 OFS 1), Benedict’ s reagent 100
uLE AOI8t § 75~95 TZ JtLstlt. 522t Jigst 5 ™ HEE &0lgtn, Mz

=]
ZHESICH, BFE2 = ice bathOl Xt

Dimethylformamide &0 5 mL =0l defulfation Al2! Bemiparin 100 mg2 <f 70
HEZ JI26tH =0=0H 0l S &20| S0HHl & sAl L=0Y% FormamidesS
MPLXI &SIt =Ch. Ol= ice bath ot0lA EDC-HCI 26 mgS &EDJtotD, wBtotH &

i
m o

0x

3t AIHAZCEH. 0 X0l Ethyl deoxycholic acid(EtDOCA) 50 mg=2 Dimethylformamide
EM 5 mLol =0 stirringot ®&3| dropping oHECH. &I 22 & H SHE 4
20lM overnight AIHAZO EBHSAIZICEH. overnightOl 22T ™ XtJHE2 ethanol Ol &
£ &Hot==d 0l A0l & &HoIX L=CH acetone2 & RIUIS 30 A0HE
Ct. &0 MI|H FXM2E Ethanol 2 washing =0 15000rpm2 2 15&2F /& =2
E 33 3% Aot EF2E2 2 2010, JHE EBN2S2 2ol20 S4HAIFA

Collection @ chosun



=240 X

o=2t L

AIRICH

2-5. Anti-Factor Xa assay

Bemipar indt Bemiparin <M 22 1 mg= &&=+ 10 mLOl =0l1) buffer stock 3l
MAMOoZ 2t ZHZS 10080 SIS AIZICH. O0l= 2 Bemiparindt Bemiparin S 3 &M
o s£E =2lotH standardEH= M Z8HCH. standard S8HE ollItel s/&% 100,
300, 500, 700uL , buffer stock &&= 700, 500, 300, 100 pl, Human Plasma
100 pL, Antithrombin 100 pLE 228 40 XMIZSHCH

2t X499l standard ¢ 200 pLA=S 37+0.2 T2 W<
2t incubate AIZIC}H. OH(| FXa &

JF =20 HE
S

100 pL= Jtotdd

St heating blockOl 3~4=2
x H S-2222

ROH=

200 pL Otstth. 322t CHJl = acetic acid 20 % £= citric acid 2 %S 300 pLA
Jlotd gtSS EEZ2AIZICH Ol 2 S22 Bt38 A2tE2 2F 2ot ai=I| fI5tH
2t E80 229 £ 2AZ2 HEF| 522 UECEH 0lF 405 nmUlA EZEE 5F
ot JI1E SE W 48 SE 22 X0IE EQISHL. SHO| M2 4AIZ2H)HK] CHE GHAl
SANEH O etol &2 =Z S offOF &tCf.
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3. Results and discussion
3-1. NEXE oflotele sisg 8BS
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3-3 Anti-Factor Xa assay
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desul fation AIHAZE B Factor Xalt BrSatAl 20t E0tJU= Factor Xalt EI| =

ol EZ2% X0t HOl glelz s2140| ZAMSES &0Is & UL [Figure. 4.

(b)JOil M= BemiparinOl deoxycholic acidE A2 [ Bemiparinl &3S1D4&0= 2

ML 82 & & UCH. [Figure. 4. (c)]OIA O-desulfation Al2! BemiparinOil
}

IIIOII

fa—

deoxycholic acidE 2SS e ()2 DIEIIKZR s50 2 &sZ2<2 st AKX
USS BERY £ QOO Z SH2NAH0| ZAMSES & £ UL

3-4. FT-IR

A T3 ZME SIS 2ZM bemiparinOl desulfationOl T R=X 0HED]
fIoi FT-IR 2AS &AIGIR LD [Figure. 510t 22 ZUE ZACH. 49 I2A=
1200, 1400 cm™' OIAN S 2 UCH. [Figure. 5 (a)] bemiparin ZE EEH 1200,

)
1400 cm ' OlAl Eolsh & QUUE HI=3AD desulfated Bemipar in-DOCA Z ol & 1|
f

3-5 Nuclear Magnetic Resonance(NMR)

Bemiparin® desulfation, Bemiparinit Deoxycholic acidl Z&sS &0QI5tJ| {6t
NVREA S AAIGHH D [Figure. 6]2 Z 1t GIOIEHE 2LACH. [Figure. 6] (a)2t (b)E

HlwotRES O, dXAE2Z Hixol 20IX2 S 220AM CE O30t 2ELHES=2
A NEE Sol SEU Hat MARASS A = UCH [Figure. 6] ()2t (c),
()E HluaE M, (c) deoxycholic acid2l NMROIA 12 ppm 2122 carboxy! group2l
O3 = = UCL. (d) 48 S2E2 NMRUIA= 12 ppm 2122 T3 Atet&l XS
OISO ZM bemiparinidt deoxycholic acidll ZEOl AUE carboxyl groupOl AtctE
c8z £ SH0 ZEgHSS A £ JCh. 02D UHX 220 Haldes (a)

Bemiparin2 NMRZ (c) Deoxycholicll NMRS ZHXMH EUS W (d) S22 NWR Z2 1t

=
o Hel EXlietlie B22 40l etz ddMSS =elotALt.
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4. Conclusion
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Low-Molecular-Weight Heparin Average molecular weight(Da)
Bemiparin 3600
Nadroparin 4300
Reviparin 4400
Enoxapar in 4500
Parnaparin 5000
Certoparin 5400
Dalteparin 5000
Tinzaparin 6500

Table. 1. SXH AlEZQI
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material average molecular weight(Da)
Enoxapar in 3156 4242
Enoxapar in fragment 4226 3240
Fraxiparine 8966 5788
Fraxiparine fragment 4716 4471

Table. 2. MEAE olIiel 2 oi=& data

_’]9_

Collection @ chosun



or W S
. mw o =
- d TR S 8 3

a0 Horodm N =Rz L BT
- Qo o L BHwet B ROk B S
W oo™ T 2. A=
&l w P Ag__gax_oDOﬁoT _zm%__a|a%
- ..ﬁ.n_. _.._.A1|,_|U_J_A.Em_“_uno E_Eﬂé %OM o|.mﬂ._aro_.A
0. 5 awo_o_ﬁrmoo____m:ﬁ HWE@@H%
A t o 25w a.u___%.ﬂ _zgm_maz_ﬂ
_ S(E ] 5 KO m____jmu_am_x %@%_WPHE
S P4 5 ﬂND@__Mo 0o - M __pgo_.xtj_zmo

< < U l o 20 ol = IH A0 <
oll _ 4 ,EOOU_A_.MN@ o W <5 =
= oK K M ogo 2 KOO =B w R s
~ = b & 0% S o ML Mo K =
il . I_I_Llp
Hr = ﬂﬁ_a_lmm_&qu__ﬁ :xmm___ﬂmmm
1K ol m_oaamu__ra_:lg O_Ea@ _ &
= __oox;m&o____ﬂmm_ aojm___WM+
b U - mN;__ﬁ_w@m mLan;_m
&:uaar_rm__o H_Imf__%wm =
J— - _|LI f ||I.I
= = @ O rmw.oMo____ I.x%%%.mm
= 404903__3_=$m o o - O - g U
S T LY D S = allzlsr
__glAf_aooM e B
= Lom J 5 S 0 ol < @ ©®
0 %,w%m@mx_r %m_a.am%owm
4 E_g%ur,wwmmﬁﬁ:_a.%,tj_:fM%
nN._u._lOMa._ﬂﬁwJ'I._uA._LlO_.__E_L. . ™

IH RIS +|xegm6 Ko S
- .n_r._aaﬂm_ﬂ_m.ﬂ;:x_o:__o._ @ol_LioMo_e
» mmmoﬂd%wmmmmﬂm_no_e%:@ao
1Kq ol.m_ﬁ.u%}ﬁxa.&d__ooﬁoﬂ H_Wgtmm 7
%_é_;._Eogﬁo:moﬁﬁ_uwwmoﬁgng_%
W}:I_A_or__o+ rHlﬂlr.o__
%E%ﬂ?%%%%gmamwoga
o KR m_ilo%:mwdo____a#o_e.ﬂ+
uJ fulJ X o — X o w83 KIr — 1o KO
oo o 1) i) S X o W o 1/ =

=2 U E}%umﬁomu[nx__ool.l,&%
=5 043 wz$|§m:_oA.mgg
Dg_gu|§googw.ﬂuﬂmmﬂw
R ™ ol o xa_z_u.MoETB =
O R i <+ Ko

_d._OI__l_I N
Wk Wl

Ho10Il 2XF H&at2 & LHOIA
S, T

OLICt.
- 20 -

HAL AL Ol A

0l

2t
Collection @ chosun



HAM LU

Moz

oft

deoxycholic acid2t oIl 2l

==
=]

I
Uk
il

H

<
il

37 S0 A BU B

= S

b

28

]
gl

1o

40

o
il
2

]I

2An

Es

Bemiparinl &s

=<
(L

FOIl desulfation AlA

jild

9]

M=,

PF HHEO 2EE0I

ni

o

oll
o)
o

ot ALCt.

HIAl

_21_

Collection @ chosun



	1.Introduction
	1-1 Heparin
	1-2 초저분자량 헤파린
	1-3 항응고성이 없는 헤파린
	1-4 헤파린-담즙산 화합물
	1-5 Anti-Factor Xa assay

	2. Materials and Methods
	2-1 Materials
	2-2 저분자량 헤파린의 해중합 반응
	2-3 O-desulfation of bemiparin
	2-4 Desulfated bemiparin과 DOCA의 amine 공유결합
	2-5 Anti-Factor Xa assay

	3. Results and discussion
	3-1 저분자량 헤파린의 해중합 반응
	3-2 Benedict’s reaction 실험
	3-3 Anti-Factor Xa assay
	3-4. FT-IR
	3-5 Nuclear Magnetic Resonance

	4. Conclusion
	5. References


<startpage>12
1.Introduction 1
 1-1 Heparin 1
 1-2 초저분자량 헤파린 1
 1-3 항응고성이 없는 헤파린 2
 1-4 헤파린-담즙산 화합물 2
 1-5 Anti-Factor Xa assay 3
2. Materials and Methods 4
 2-1 Materials 4
 2-2 저분자량 헤파린의 해중합 반응 4
 2-3 O-desulfation of bemiparin 4
 2-4 Desulfated bemiparin과 DOCA의 amine 공유결합 5
 2-5 Anti-Factor Xa assay 6
3. Results and discussion 7
 3-1 저분자량 헤파린의 해중합 반응 7
 3-2 Benedict’s reaction 실험 7
 3-3 Anti-Factor Xa assay 7
 3-4. FT-IR 8
 3-5 Nuclear Magnetic Resonance 8
4. Conclusion 9
5. References 10
</body>

