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B E UREFRECHIRHNSEHBRYHHANES FEFEOWMWH), 4 FRSH X,
Bafu B, X EEI0 R MEL SH /N, 223857 BT (100 anti- X, TU/kg) AR 14 0 i 00467 (v 5 4 4 32
KRR, LMWH fEH B0 M) Chandler R MR TR R 38K 8, LMWH 7 100~ 200 anti-
X 1U/ke 5 B P9 BE 7 2000 3 400 85 K B 3- W B S I L K LB B Bk ol S4B v, so) IR S 350 1 Bk I R ARR
By M w55 B ah Fragmin & SH M 16 AL LMWH 72 ERBIRI 89 EDs 43 54 . 159,185
(iv),193(sc),91 anti- X, TU/kg; BB R B ,sc IMWH IR Z £, B4 F 3 h iRl S v R
10 min #H4, T SH WERS . & LMWH (£ 8 7 SH il {EH BT SH A gt .

X@E RERR; RO FRFX; ik

B4 FEFZEAMWHRAFE~AT M
RERF RGOS0 EBING FRER/M
FERE. ERE SHELZEH, U EH
BEINES I (AT D) E, 5% AT B X X, H
F(F X,) 8 K &, B 3 5 1 &5 69 % &
AN R MBE AR LY. B
X, LMWH RERE. RO AL . HBK
. MEEZ A HEM . MRREERLE L
BB 5 - 3 Rk A R4 | L B LW AR 4 89
B QG BRI XELE T
(VX XOBBOIFRGE, NS RiLeER.
ZER,FERRGEELERAARLREY.E
MTFRFEN™E S ME R, ERNHZE
FRES TR B RRIE MR REUD
RN ANHILF 28 . LMWH BB 5T RE
Ml PR ) M B IR R A BE R, A XEEFE
LMWH 3 % Il % 55 % 3 Bk L FE s 9 &
"1, 35 SH #iTHE .

1 BR5F%

1.1 ¥
%) Sprague-Dawley R AR, 1K 180

YR AR 1995-10-10 '1993 AR Y4

~250 g, MERE A s RARKE 1.5~2.5 kg,
WA, P EHRREHYERE,
R SH, FUEE AT 140 u/mg (IR 4
)Y, X B F (SIGMA 2 7]) ; Fragmin (B
B8 Kabi AR ; IREEE (R KERAG )5 A
Mg (RO s e R A sk,
LMWH L SH 25 [F8, 5k F I 56 BR 2 %
EHlERY BEAERMNEMCELEER
R LMWH 52 B GZHHER G899 T
& 5400 d,APTT % #t X 34 u/mg, Ll X, BHF
B M 2D, LMWH 5 X. BFBMA
158 anti- X, 1U/mg, {3 KBt D44 SRR KBS B
E—-EKE.
1.2 RBFk
1.2.1 23t o 405 & 569 % om(~"
WMEK K36 H HERERY,1.5~2.0 kg,
BENL BN, 2 B F AR B — WS gh Bk . 3
EmBKIEE . SAAHHZ v, RERED
%)% . LMWH 50, 100, 200 anti- X, 1U/ kg,
Fragmin 100 anti- X, IU/kg,SH 100 anti- X,
1U/kg,ZEH 5. 0 ml/kg A= PR 7K (B 251 1L
AR KEH, B HAERRK 5. 0 m/kg), 30
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min J5 , 31 3 bk B} € 4 ML EE BT E] (CT), 55
Bt 5 ml, A 3. 8% I BRGNS BE (1 = 9),
3000 r/min Z.0> 10 min, 43 B ME . REFTHE
B[R] (RT) . %% ML B8 JR B [8] (PT) | £E 1 8§ B (5]
(TT) . [ Mg 1 %64 % I 35 B Bf (8] (KPTT) (4F
HEAFRSEF).MREQ B @ E
(ELT) & E B BIE S (FA),
1.2.2 thsti st 4 DD

B R G, A E 2.0~2.5 kg, AR E
24 30 mg/kg B iv BREE, FRS B —M
WSS BKIEE . ORI ENE
eI (B 4 mm), mIESE KA R E L
7K 0.2 ml, ZhBk L 0. 8 ml, FHHM L I &1L
F,37°C F#3h 10 min, ¥ 3% b 16 r/min, 10
min 548 1§30, BUH M2, 3 DA R IR T
B ERNME . MRMRKE, RBUEBE,40C
fHE 24 h, KRTE, LEREAHARMLE
B,

L5 B4 58 :LMWH 1,0. 5,0. 25 an-

ti- X, I[U/ml, Fragmin 0. 5 anti- X, 1U/ml, SH
0.5 anti- X, U/ml, 22 HA N 0. 2 ml &
EREERK.
1.2.3 HAR et AR

2t K & F-#8RF 55 s A2 S Ak 49 ¥ 0k U0

BKR 60 H,220~250 g, BEE R 2K, B
PLor RS, ip KB L2454 30 me/ke BREE,
FARSBHENFE Sk, Z2 0 S ok, Lk
VB S RHE VR B - T DR IE 5 (B - R Bk #E i e 4
W H : Osh bk 5 em, H#2 1.5 mm; @
#rhkam 10 em, B2 1.5 mm; QLK E
0.5em, B2 1.5 mm; W4 5EFRLLK 6
em), & N WA TR £R0K L BBk imdE A A W3
BBk, 55 —aRE A ZZ MBS Rk R # ik 4
2,7 &4 5 & . LMWH 50,100,200 anti- X,
1U/kg, Fragmin 100 anti- X, 1U/kg, SH 100
anti- X, WU/kg, 2 E1 40 5. 0 mi/kg HEFEEL K,
10~15s PRk Stse B, FF ML 15 min, )5
B2, R, RE. LREAGAR
ML, it E MM R,

memEEL)=
ZEMBANEEE _SHAMBEE, |,
SENHALKEE ’

MR AHMARC ARG 22 B4 H
ofgl11)

BUKR 60 2 ,180~220 g, HEEE& 2, FA
Lo R4, ip B HZ 45 30 mg/ke FREE,
FAROBE—MBLEFEKL 1.5 em  J LB
1 Py I A 7B I S A H R B R AR P IR B AR Sk
TR L, BB KA 2, 3 B4 5%
LMWH 50,100, 200 anti- X, 1U/kg, Fragmin
100 anti- X, IU/kg, SH 100 anti- X, IU/kg, &5
H#H 5. 0 ml/kg A 38hsK,10~15s NE4F5E
H,10 min J5, ] 1. 5 mA §9 B I B Re S A
7.0min, X4 ZRK AT IR & ML #3503
B, Bh o LB oG o S 1R E 3R R T B NS
9 23R BE 3% AR T FE BT % B JE] B O 15 2 B ]
(occlusion time,OT), L& A I ENTE,IHF

THEMERMHEZECD.

MR mER (%) =

CEAE b E A =P . 101
EERL G E ) ’

A 36 AR, MERE R, BV BN
H,se, FIEF L,3 h FWEMEM, HF#IK
HHHITHE.

K R 215 K Bk S Ak 69 Fof U2

EURERRA 4 36 H, #EMER P . {KE 2.0
~2.5 kg, BEHLT BN . LA 3% B H 28
30 mg/kg EME-% iv BREE, TR B A W
B 1~2 em, FHM X, S A5 AN EWE
%iv, 10 min [, A EME% iv FI AL
# (1. 32 mi/kg, 3 A AEBE I AKFHEE] 5 ml,
37CHIMM 15 min), 156 s WS E,HE 10
~15 s P9, FI Bk 2 1 52 92 (£ 30 M i ik 90 34
RELMT I 3 10 min, 4R )5 B9 T X BR BRI - 12
HEMBRIFTH TR ERE 1. &5 5
% .LMWH 50,100, 200 anti- X, 1U/kg, Frag-
min 100 anti- X, 1U/kg, SH 100 anti- X, 1U/
kg, HA 5. 0 ml/kg £FEELK.

1.2.4 #8B%%k RAAE KR,
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FHL,LMWH & 7| & (200 anti- X, IU/kg) 5§
SH ¥ 8 %E & £ It %% @ 6 [/] (P < 0. 01);
LMWH & B A X ZEi MHFHR 8 EFH

large thrombi B0 (P<<0. 01, M H B T SH XS
0 N 5 . ’ i {B] Y 5 & 1 A BB 38 (P<<0. 05) ; LMWH {§

B 4H (50 anti- X, 1U/kg) X ¥ M1 B JR B 18] .
Bt BFAS B LA B, Hh . S A E4A
(100,200 anti- X, IU/kg) X+ P & # A L 1E

Fig 1. Evaluation of the antithrombotic effect of LMWH in rab-
bit thrombus mode!
A ;score of one; B.score of two; C;score of three; D;score of

four Fi, R %7 & 5 Fragmin {E FI 4848, i SH 4E
2 % B Fi 5% ; LMWH X} KPTT 545 & B & B4, SH

RERI R K KPTT(RFE 1. AU EERTF
.EE, R lﬂ%?ﬂ]ﬁ(anti— Xa IU/kg)‘Iﬁ‘{‘j""F,LMWH
X %E ML 2R 55 A9 B MR 2 SH /D,

Tab 1. Effect of LMWH iv on coagulation system in rabbits(z+s, n=6)

2.1 %&by Eoh
LMWH i 7 & (50, 100 anti- X, 1U/kg)

Drugs, CcT, RT, PT, TT, KPTT,
anti- X, 1U/kg min min s s s
LMWH 50 18.540.5 4.940.7*" 11.8+1.2 19.644.3 4]1.24+2.3
100 19.540. 4%5* 7.611.3%% 13. 010. 6 8%® 39. 0413, 1 =»=e&# 42,247.6%#%%
200 26.314.5%* 12.042. 9" 14.2+1.1**" 77.01£22.0*"" 48.6+7.0
Fragmin 100 19. 94 1. 7#%= 8.5+1.3%" 13.340, gru-num 61. 5115, 4*=8%® 45.74+3.4
SH 100 28.547.0"" 11.24-2. 9"+ 17.44:2. 4+ 132. 04+32.9*** 54.01+£3.6**"
Saline 19.041.9 3.640.4 11.541. 0 17.2+2.2 43.1+1. 4

*** P<0.01, vssaline, **P<C0. 05, ¥**P<0.01, vs SH

Tab 2. Effect of LMWH iv on fibrinolytic system in rabbits

2.2 *MHE LGN Yk

(zts, n=6)
g57] B (100 anti- X, 1U/ kg) LMWH, Drugs, Fe, ELT, FA*,
anti- X, 1U/kg mg% h A

Fragmin £l SH ¥ [ R RAFEFH RSB (P

LMWH 50 287.2441.2 2.84+0.9 0.7540.14

<0. &), K LMWH {EH 5 (»>0. 05), 100 278.2+422.0"*##% 2,541, 1 0.76+0.12
) 200 276, 0+52. 2+ 2.741.3 0.7340.10

EfE LMWH A4 EHESEREMR. Y Fragmin 100 256.3443.4***  2.741.4 0.78+0. 06
. SH 100 228.9425.0***  2.941.1 0.80+0.09
BESPHEMAL B M EERBERKP= Saline 328. 9431, 5 3.5+1.5 0.80+0.08
0. 05) . %gﬂxﬂ- ELT ﬁg:‘:?gﬁj]%?éumd\ ,& ** P<Z0. 01, vssaline, ®*P<C0. 01, vs SH, *FA ;Fibrinolytic

activities
HRI LMWH (BB HER (LE 2). 2 4
2.3 IR

LMWH £ 7l 4 f1 Fragmin J SH &4

Rk & -4k F R ik 4 ¥ ok
LMWH £& 7| & 41 #] Fragmin & SH ¥ fE
R b A ) O AR AR B IR T AR (P<<0. 01),

BRI E RS M ERP<.01),
LMWH E B3| 8 K\, F %S5 25 LMWH
0 Fragmin £ f #18l (P<<0. 05) , {HF & #F Lt
SH {EF 55 (P<C0. 05) (.5 3),

LMWH £ 3 7 B 4K M (P<<0. 01), [F] % )
BHHEE.ZHEEALEERHRER P>
0.05), LAMKE 4P H| 2+ H LMWH EDs,
S 159 anti- X, IU/kg( 3% 4).
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Tab 3. Effect of LMWH in thrombosis in vitro(z s, n=10)

Drugs, Thrombus length, Thrombus weight, mg
anti- X, 1U/ml mm Wet Dry

LMWH 0. 25 10.944.6""" 58.52422. 24" 12.214+4.85%"*
0.5 4,610, 8% 23.0444.93 %% 5.38%1.24" %%
1.0 4.240.6°"* 17.6145. 44+ 4.19+1.54* "

Fragmin 0.5 4.640, 9 %= 27.5346.34-+58% 6.28+1.26" 58"

SH 0.5 3.6+0.8*"" 14.77+8.33""* 3.63+2.25

Saline 36.8+7.3 163. 98+ 24. 05 38.4145. 80

sue P 0. 01, vssaline; ¥#P<0.05, ###P<0.01, vs SH

Tab 4. Effect of LMWH iv on the thrombasis of arteriovenous
shunt in rats(z+s, a=10)

Inhibition,
mg/cm %

Drugs, Thrombus weight,
anti- X . 1U/kg

EDso,
anti- X . 1U/kg

LMWH 50
100
200
Fragmin 100

3.55+0.47** 21.34110.38
2.76+0.50"*" 38.871+11.10
1.86+0.53** 58.92+11.82
2.944+0.52*"* 34.98111.58
SH 100 2.65+0.39**" 41.41+8.56
Saline 4.52+0. 48

159

*** p<0. 01, vs saline

EREAERBELERP<0.05), AEH B
& F,LMWH, Fragmin } SH 3 & & & i 4
neEs,.FA=FEEHLEREP>0.05),
LMWH % | BHRI LR BKAE. DL
B4 R+ 8 ,LMWH EDs 4 185 anti- X,
WU/kg, T 3% o B[R] B, LA B 408 5
Wi gEetE, SREXH:. 5THALE,
LMWH J Fragmin £ %4 £ il 09 8] T B &2

2.5 XK RAM LI Y0 R(P>0.05), SH ERBFER (P
BEKAHEFEAESZSHAMEL. ¥ 0. 0D(RES).
Tab 5. Effect of LMWH iv on carotid thrombosis in rats(its, a=10)
Drugs, CT, oT, Inhibition , EDsyg,
anti- X, 1U/kg min min % anti- X, 1U/kg
LMWH 50 1.2+0.4 18.3+£1.4* 11.84+8. 48
100 1.240.2 20.4+1.1*" 24.8716.41
200 1.340.3 25.242.3"* 54.43+14. 22 185
Fragmin 100 1.240.2 21.0+1.6"* 28.50+9.63
SH 100 10.24+2.6""* 21.142.4"* 28.98+ 14. 86
Saline 1.2+0.2 16.3+0.9
** P<0. 05, *** P<C0. 01 vs saline

Tab 6. Effect of LMWH sc on carotid thrombosis in rats(¢+s,
n=6)

Drugs, oT, Inhibition, EDso,
anti- X. 1U/kg min % anti- X, 1U/kg
LMWH 50 17.24+1.5** 11.68+48.77

100 20.0+2.2*"* 29.29+14.16
200 23.44:2.1*** 50.91413.31 193
Fragmin 100 20.0+1.1"** 29.04+47.22
SH 100 17.6+1.9°* 13.89%+11.06
Saline 15.54+0.9
** P<{0. 05, **" P<0.01, vssaline

sc J§ 3 h,LMWH &F| B 4H f Fragmin 44
HERALANRER. STAALBEFEF
£ R (P<0.05,P<<0.01), T SH #/E B
3, 5% %8 LMWH (50 anti- X, 1U/kg) #1141

(P>0.05), Lifife®E 7 MR+ H,LMWH
EDso %y 193 anti- X. 1U/kg( L% 6) ,sc 5 iv 1H
., LMWH £ 5 B 41 J Fragmin HH T 8 3%
HEERP>0.05),M SHANF R EHER
(P<C0.05), gL EFERITFL, LMWH f
Fragmin sc F{E# SH &,

2.6

K & 2T A K AR A A 49 Fof
LMWH 7 B B 0947 i Bk ML 4 4 A 5 B

Fl B A B AN TG 3R . 55 Fragmin #H L, (7] 7
BETHORERLEZFER(P>0.05),M
5 SH A8 b LMWH 7 Ifl # /5 A Feal (R 3%
.
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Tab 7. Effect of LMWH iv on venous thrombosis in rabbits(Z+s, =6)

Drugs, Thrombus score Mean score Inhibition, EDso,
anti- X . 1U/kg 1 2 3 4 5 6 % anti- X. IU/kg

LMWH 50 4 3 2 4 4 3 3.3+0.8 10. 8

100 1 ¢ 1 1 1 ¢ 0.74£0.5°"* 81.9

200 60 0 0 o0 0 1 0.24-0. 4= 8%% 95. 4 91
Fragmin 100 o 0 1 1 1 0 0.54+0.5%=* 86.5
SH 200 2 2 2 2 2 2 2.0+0.0°*" 45.9
Saline 4 4 3 4 3 {4 3.7+0.5
** P<0. 01, vs saline, *** P<{0.01, vs SH

3 i AR EEMTRILRFE.
X XK

HANRRU,SH K B RY R o gE R {3
AEBFEMIEDORER, A\TMIEFERE.
EAXHBEEEAN, BE B/R SH Ml LMWH
NAERRA R .

MR RIS K L3 LA ERR, AN
SLE M4 IE AL D6 MR
M. EXRTRITRAMEEYSIYETER
R 4 T HLBF ST LMWH XU E=fE AR
B L R, 45 SRR EH, LMWH 8875 3 #th
& R IE R GR 4,5,6,7),

LMWH 7EK B3 - % Bk 3% % . K L3 3
Bk B 3 45 Giv, se) F1 R G 391 i Bk O 22 485 7Y
FH R BRI AT B KA ED« 5 F 8
159,185Civ), 193(sc), 91 anti- X, lU/kg, TF
KES-#HkEH ROl P EEERER
W, ZHA M AL, 75 MR
B, IR L6, BT LU CH A 25 48 I AR 41 240 B F0
AEEONSEREK, FEHI/MRAR. BN
LMWH 75 B8 B B 0 1 I /MR R R E RS, (B
AR B MBS X AT R QR VER , 0 il
FHEOFMEL. LMWH BEE 33004 &
Rk i ¥ 59 7B B, 3F L EDso /N, B, ZE B B
mRER IR, EOBHRIEREERE
Z—,HF LMWH F1RIEM B F X. fER . &
15 5% 10 B8 A0 BRI 32 304 81 DA T 470 ) . 422 TS
M. EHRRPELI sc L(MWH IR TS, 5
vEIEFBEEREMN TSHHERB. 8
Z B SH # 4 #) LMWH RE% & By Ik 1 42
T B X B ML 7R G5 69 B2 /S , R o B A O — o
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Effect of Low Molecular Weight Heparin on Coagulation
System and Thrombosis

Li Xiaoxiang, Zhao Ting, Li Naisan
Department of Pharmacology, China Pharmaceutical University, Nanjing 210009

Abstract Low molecular weight haprin (LMWH) was obtained by controlled nitrous acid degradation

of standard heparin (SH). It was demonstrated that 1) LMWH has less effect on coagulation system

than SH; 2)The anti-thrombotic potency of LMWH was weaker, compared to that of SH, in vitro;

3)The effects of LMWH and Fragmin and SH on thrombosis in vivo were similar to one another. The

ED;o of LMWH in models of the arterovenous shunt, carotid thrombosis(iv, s¢) and vein thrombosis
were 159, 185(iv), 193(sc) and 91 X,IU/kg, respectively. It was found that LMWH injected in

vein and subcutaneousely had the same effect on carotid thrombosis model, but not to standard hep-
arin. The findings suggest that LMWH remains the anti-thrombotic effect of SH, decreases the side ef-
fect of SH, and is a potential anti-thrombotic agent.

Key words Standard heparin; Low molecular weight heparin; Anti-thrombosis
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