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Abstract— Hirudin is a potent inhibitor of thrombin, which was originally obtained from the medicinal leech
(Hirudo medicinalis). Now it is being produced through the recombinant technology on a large scale. Recombi-
nant hirudin has been assayed for the anticoagulant activity by the measurement of clotting time and the
inhibition of thrombin actvity using a chromogenic substrate. The assay range of partial thromboplastin time
and thrombin time is within 0.2~1.0 yg/ml. Thrombin time is more sensitive to the measurement of clot.
Ex vivo study showed the level of hirudin in rat plasma was highest in 10 min and then it was eliminated
slowly. The half-life of r-hirudin was 80~—110 min depending on the assay methods. Intraveneous injection
of russel viper venom was used for thrombus induction combined with vena cava ligation. Inhibition of venous
thrombosis was observed with iv. hirudin. It was dependent on the concentration of hirudin.
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3| 2de FgeuAZ 30d™He Av ) (Hirudo
medicinalis) 258 3= A= ciMarkwardt, 1957).
6571 2] ojmlake® FAE g Az Zelsele|=
EHthrombind 1: 18 Aste] 713 7FHsln 5ol
= ql 2H4-A AR g 9l (Fenton, 1989) =tz
oz 23 Al diEyq AR @33 9 FEAA
249 =& 7P5AE ¥o3Fa g riReview, Markwardt,
1991 ; Seemuller =, 1986). 3]2x2] ofr]al A<de]
FHe g FHZe) So FHA AL £3 7]l o
A B FH(-5F) ] Hkgare] Z(Fortkamp 5,
1986 ; Harvey &, 1986)0] Eofxof mje} X5 eFe Z A
qAAE 2 EAQMFPHe] seslAl = 9ioiBichler 5,
1988). Akd ) 3 FedF r-5Fde] HHF Aol -3
2119 A% 63 94X 2] tyrosined]| sulfate”]7} $l= &
ojt}. £ 8-Bol= Aw(Raake =, 1991 ; Doutremepuich
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5 1990) 2 Feleo] P4 2(Kaiser 5, 1990), A9 =&
(extracorporeal circulation), 7]e} & 3H 4 Z(Kaiser =,
1990) Seolvh d]F¢-2 #si=lz}l= =h=] antithrombin
III(ATII) ] protease A # A5 83517 ¢kw AHHo=
thrombing A8 A|7)= 2r-8-& 37| v Eof HulAI& 3
-8- 3 Z(disseminated intravascular coagulation)sl] =
E23E 7|dg 4 9dcHNowak¥®} Markwardt, 1991 ;
Zawilska =, 1993).
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Bl® 78 HPLCel 93 AAZ A2z =37
ATY FAFEdTFAA Aot R-FFLLE 7
vjele] FAelt AHzZA wEhd o WA So]
WA el Scharf 5, 1989). A-FL 3|FHUL iso-
formo.2 r-HV2e|t} o©]zle] thrombin s 242
13000 ATU/mge]i=t 1 ATU unit¥E 1 NIH unit9] a-
thrombin-g Z3}X| 7)< 832 ool HA = FFd
2] 0.075~0083 ugdl A=l e|rHMarkwardt,
1970). Activated partial thromboplastin(aPTT)& =] kit,
thrombin time(TT) &3A kit, Chromozym TH(Tosyl-
Gly-Pro-Arg-pNA), aprotinin, PEG 6000, russel viper
venom(RVV, <38 %4)), thrombin, *1=-(Agikistrodon
piscivorus piscivorus) 5= Sigma 3|AlellA & &}
g HFTEo 249 recombinant 3]F%(10000 ATU/
mg)-& Accurate Chemical Co(USA)¢] A E-& AH2-31
t}. Urokinasex (F)=4lzbe] AlEel L ketamine-
frabokale) Ae A8tk Al AR Akl At
FeogBE AYFT AS MLt YA A
T Fhe] AME-E stk
AEHESE

Sprague-Dawley# 4] 180 goll4] 250¢g o)
AL 15 oAk FTEAA ARg3le] Afo] AMS-3tH
APAERNALE) R B 83 FEEkoh
In vitroo| M SE2TEES| EH

Activated partial thromboplastin time(aPTT) . 0.02 M
CaCl; 245} 100 we] aPTTAIeke vl&) 37C o zH2t
187} wiekaldc) 100 49 A (-39 F3HE $2
aPTTA kol Y AF38] 387F wjoFd o3 100 we
CaClyg-g Az 7}ekAwla} loopZ= AlH# HE A}
2 FHA 238 d 7ize] A7k 7)Esck

Thrombin time(TT) : A&7} £33 &4 2004S 2
B 7} 37C o A wlj<kgt th€ 1004 thrombin timeA]<FE
P loopE AP AL AT FHA S1d o 71X 2
Azre FAHA.

gt 7 Zlof| 2|5t thrombin &4 &8 . 9% 75 mM
EDTAE =%3 0.05M Tris-HC18kE2A(pH="7.8) 400 i,
oFE-S- A7Igk &R 100 W& 37C ol A 3E:2F v akst
thrombin 50 w2 7}8 th& 30 Fof WA 714 Chro-
mozym TH(0.75 mM) 200 dE 78t 33F Fel 50%
(V/V) Wlz4kg o] ube-2 £x]A]7]3 405 nmef A
45 g &As4c) -3 5dE
B2 HE r-F]FAdE ¢
sigick.
Ex vivooll A 2=t ol £H

ZA) 200~230 g Sprague-Dawley#] 71 313l 0.25
mg/kgd] EEZ r-3FHE we] HAer Folaeich
o] & oAg Azt 7HEg e & (0. 5, 10. 15, 30, 60, 120
By AlAd A AEsted 38% TAAIEF SHo] AFH
3] 91 1¢] HA S 3,000 rpmel A 10F-7F A1) 3t

Yavo] ¢l dAH(platelet poor plasma)E A F stk
olA-& ABE e aPTT, TT, 28|z #H71A-E ¢
4% thrombin #A-& ZFAslgc). 473l &3
thrombin 84 &A1) 9459(0.2 M Tris-HC], 0.025 M
NaCl, pH 8.1)¢l] urea 0.833 M, aprotinin 0.7 TIU/mi®]
552 2592 thrombinT polybrene-s $3-<fej 3|
A x)A “EZX|2F (thrombin 0.31 NIH unit/ml/, poly-
brene 100 ng/mi)-& A Zslgich “E3A)eF o A8 20
WE Fhetal 182k 37C oA WAF o L4 71H(Ch-
romozym TH) 200 @(0.75 mM)E 7}l 387 Hk-&
A7) F 50%((V/V) W &24H-8 do] vb-&-& FAA7] 3 405
nmell A FFEE A3t 2Tl ds|A throm-
binoll W& A& A4bste] aPTT, TT ZA7e} 4
AL A=stsich
In vivo B @HDA CiEt &5

B9 uhygg pAsiel Ay 2dg {oEA3
tH(Fareed, J. S, 1985 ; Hladovec, 1986). 73] 7143}
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100 mg/kge & 28 ojAF ) H F5F-2 ANG
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Foj e 3% 025 mg/kegs 2 FASIEL 5% F
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HEg T QAgeR A 24A7 A F
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E3} urokinase?] A= w2 d &AWl RVV 0.01
UE Fosled dA4& f2A7]a 108 F 82 §Fo
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AgS ¥lE FA ek
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aPTTZHE : R-3]Fd& 0 U/mielA] 20 U/miE 34
AA 99 AR 24 & A} Fig 1o el
otk 9] M9 el A semi-logdt stel-e = HA37}
o] Fo)H 3 2 o)A M T FAlo] A9 o]Feix]A]
oottt thzT o2 A28 Accurate Co A E-9] 51544
FAHA A 79 Ape)7} g AE & 4 UAAHFig D).
aPTTE WA Szeixtd 71918 &4 w2 spt
de] AHEE AT 9l whelch

Thrombin Time Z£H : R-3] 392 QoA 25 U/mlZ
XA 24L& § A7} Fig 20 z2eizich H2Ew)
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Fig. 1. In vitro response of recombinant hirudin by activated
partial thromboplastin time assay (n=3). ®—®: homemadc
r-hirudin: O—0: commercial r-hirudin.
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Fig. 2. In vitro response of recombinant hirudin by thrombin
time assay (n=3). ®—e&: homemade r-hirudin; O—7: com-
mercial r-hirudin.

vl Zald e o r-3]Fde] FEs} 25 Uml 049 o
300%= O]Ag-o] HO-"E 237} ®5=R) O"?gll fﬂ-x—if% -
Zd(Accurate Co)e& 2.5 U/mie) o)A TT =3
7Esstein). APTTS vlmshel S o Ao 10v) e
FEAA &3 AIZHE FAT ¢ sle] 3FDY A4S
7V § Sl o' AxE F glsln =g 8)F
8] thrombin® Eo]& AsiAldL o 4= ik
Thrombin X{aiZ8 £ . Thrombin 2t4-& FA4 5=
o g whl7]del Chromozym THE o]43te] &4
ik 3)FHY FEE 80 U/ml WellA Aaubgel
shx AAskch Fig 32 s12dY exg iKY
A thrombin &4 Xiﬁﬂi-l}a 387} uke A7l & o)
Z27(r-hirudin®) ¢& wWY EFx)7 vgsle FRE
A2 e Ao 3Fde] 27ME4E dlzTe o

£

o

—_—

flo

- HO|E - 2FE - F oY - 047

P

]

YR SN (DU SN SR Y NN SHUN SR SN SO ST SR NN NS Y T T

0.3 T T |T T Iﬁ T— 7T T ’ T T 17] T T I1
0.25 E 3
Lz C y
o C 4
£ o2 | .
w
< : |
:,5;5 0.15 F— :
5 ]
43 0.1 E .
]
Y

0 2 4 6 8 10
Concentration of r-hirudin (U/ml)

Fig. 3. In vitro response of recombinant hirudin by chromo-
genic substrate, The absorbance corresponding to each con-
centraion was substracted from that of control,
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Fig. 4. Ex vivo effects of recombinant hirudin in the aPTT,
TT and chromogenic assay. Results represent a mean® 5D
(n=6 or 7).

Percent inhibition=

Aus (control) — Ays (sample)
Ay (control) X100

(O—(: activated partial thromboplastin time; ®—®: thrombin
time; A—a: chromogenic assay.
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Table I. Inhibition of venous thrombus formation by hiru-
din

Concentration Number Thrombus weight

% Inhibition

(mg/kg)  of Animals  (mean* SD.)

Control 6 0.035% 0.005
0.13 mg/kg 6 0.017+ 0.003* 52
0.25 mg/kg 6 0.012% 0.005* 66
0.5 mg/kg 6 0.007£ 0.001* 80

*Significantly different from the control group (p<0.01).

Table 1L Inhibition of venous thrombus formation in rats

Thrombus weight in mg

Treatment Number of Animals (mean+ SD)
Control 7 0.0429+ 0,017
Hirudin 7 0.0268x 0.006*
(0.25 mg/kg)

Heparin 7 0.0347+ 0.012*
(1.0 mg/kg)

Control 6 0.0459+ 0.018
Snake Venom 6 0.0402* 0.007
(1.25 mg/ke)

Urokinase 6 0.0258+ 0.007

(2000 U/kg)

*Significantly different from the control group (p<0.05).
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l HellA B ARy} HEHGCE HEHY Zo] &
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