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FAE RS FE FRAG IR IR AR 4 F BREG
FEMEE LR o Ae b X P AR C 0 BT }Ls\‘@’* Tt ET RO
PERBFLIE A DET c AEFREF > BT R IFHAHR 'HﬁTa
v B B (Mus formosanus) ~ # # if & (Apodemus agrarius) ~ -] % " &
(Rattuslosea) ~ % & (Bandicotalndlca) ~ /& & (Rattus norveglcus) - Z
‘@q -] & (Rattusexulans)e @ g B % iz i & § 5 &~ B8 &
(Rattus rattus) % #E&& (Mus musculus) % = 7@7_75 Ao BT S
oA CHF HRERIRTERFA » ARA 2 L2 LR PR
P& ﬂ—\le’%\;/i"‘l HB P LERBEY L R 7 8 @%ﬁ"}?sﬁ‘?%‘k >

FREREF BRI g2 A gl L ¢ HP g
1IEnEd] PR R R S R EREY  Bn g R o %
TAFhL e FIE REH P ERTBIAI TG ket s R B
Briv & (zinc phosphide & * = jx ¢ 3t 1996 & # | ,%) X % (endrin:
SN 1972 F ) B AFZ G F T o PR SR o BuE D BORH|
(anticoagulant rodenticides%i HIE* G ER > B ATFaF RED
FREFRIAR T2 d N HER EFR) > iR BAR Y o S
p 1950 & R 4s > A F (warfarin) 28 % - & aduste K kkvawjifaét
KR ZLehig* > PR BMEFITH W0 n 547 T 07 ) B
K IES R A o 2 RFRKEF € Prdla FlF it & i o

A FF Rt F BB B R §ehit

e 7R EIE Y %‘F_ﬂ_s\#ﬂmzﬁﬁ’ Raa B LN N A
Bethdev Fle S 30 F & UGB y-F0RM A F e T B R
Be HERL fe R (prothrombln) #a F]+ VII~IX 12 2 X (Furie and Furie,
1988)c y-5 tefik AL 25 1Y F Ol % BT BT IEE R i B R y- R
& Z v s (y-glutamyl-carboxylase, GGCX)Y § #-5d st % o F|+
VIESIX S 2 X engioviefis A pl4dzg it > ) & y-28 L 09 ps - Esmon and Suttie
(1976) #F R 2 i F TR E"f’JE‘E zii kp»BRisan & K (vitamin K
hydroquinone) s s it & & » A4 g itk & K (vitamin K
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2',.3-epoxide) i & {%ﬁd a4 K kiR REpF (vitamin-K-epoxide
reductase, VKOR){ #& % v B i i - Wallin < 3 115 88 F B2 S
B - A AEV AR EIF e VKOR Y 2/ - PI A EE 7 7 R &
Fralend §OpF A FulRs R4 ERE S EhRe & Ko p T
37 pF kR R AaE & K(Walling 1986; Wallin and Martin, 1987%)

LR RAE R E 2 VKOR > Jg ot e vitamin K 2',3-epoxide
iR B F i (Fascoet al., 1983; MacNicoll 1985; Thijssest al., 1986)- &
8 VKOR = H 5% & 1974 Efjf‘uéﬁt%ﬁ‘ﬁu (Zimmermann and Matschiner,
1974), e § H {6437 30 # » VKOR & BPrd-v — B /2 o # 4  iv &
#_o 3|7 2000-& f¥ » Kohn and Pelz (2000)g 7 4 #f &7 Bl #g et i B
7] 4 7 (Comparative ortholog mapping)® 43 VKOR # A 34 ¢ §8 1+ ch
=% o m Lietal. (2004) %+ Kohn and Pelzi~ 475% % » 1% RNA +
BHMTREA S 1654 ¢ F8 ¢ 13 B i VKOR shik T #3045 37 &
7 VKOR F el - A Flod 3tz BAF2EY ] > 7 it ¥ £ VKOR
- BEE LR T i complex 18 VKORCI-Li % + %4+ Z VKOR
e Sf9 R B e 23R A 5 VKORCL > & 7 i | 3] i B ¢F iR 2k Flen
VKOR # > B R E G i fadrd]H VKOR F o &5 =435 7
VKOR £ F]en2 42/ o

% VKORC1 iz i 3-v g Ho%7 3 + > Goodstadt and Ponting (2004)
445 VKORC1 A F1 R 7|3 . — i 18 kDad-v F s % > d B 7|3 P
Fin 3w B oo-di 5w 0 Ae 2005# Tie & A @E* Foo Hhs Kok
22 i 7 VKORCL 53p 4 B Bl 47 > % % & -+ Goodstadt and Ponting i¢|
hH ¢ - BT TFH (PRAR 75~97) F AT R EA AT ¥
FEF = B7OEE (%A 10~29~101~123~ 127~149) (Tieet al.,
2005) -

FLE 2 i iR 1 L 1 e 3 48 )

1950# R B 4nié * B FE (S > B h B 1958& gkt a4 % - 42
RE R (Boyle, 1960) SE 15 2 B 1% 5 ¥ B 3N AR A R F s
Moo BN A kRl = B * a0 > T RIRE  (monitoring graph)
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Z_Drummond and Rennison (1978%:i¢ * »tw e 2 > H Q12 g )
*om fFeng A2 PG g TG A kg A oa &b S ok /T E R
B> Ffd ERBIGERRERSE L ST R REOBB S G50
B H KT R FHE o M E2EREPTHFAGERE > T AR IAT I
EE T RFE PR VU4 E A BEF T2 Drummond and
Wilson (1968)74 * chh I - B R AME T » &b— TFFRE 7 3 48
FAMRE > FHFTFAL D FH e FELRL otz 2 HE A
A TWER REF] 0 A RS R4k s EE (lethal
feeding period, LFP - # 2E8 7 & % - S Fus B EH OH L F Bd R
S FA AT EORABRE o V- BR KRR AL AR
Je3# %2 (blood clotting response test, BCR test 2 % 5 7= @ &
BALE b skt PR F eng % (Martin et al., 1979; Gill et al.,
1993) o 4 A AR BB 0 F R B B gt ohd N EH K
FHRAFBT RN S KfEE 2 FREPREFET EE L EaS
WER o MEFRFTF A NREFR DI BEFT Y c RAL DAL F
R#g~ 2R &EH 437 F g BCR 5% 48* F (Buckle et al.,
1994)-

% % 1989-# Thijssen% 4 fj*u%? B REFFREPR L 5 VKOR E
Mg B B AR VKOR 77 2 o (B3 5 X DR & cndr
F1 F 4 7 i ELVKOR hfA FIR 7 g cnp e g &7 i eh
VKOR /& 1+ % & % 4 (Thijssenet al., 1989) - ® 7| Rostet al.
(2004) # e IR B o 0 & HEK293 Pz p £ 7 VKORC1 Y139C%
¥Hv 2R VKOR FHEF ¥4 4] VKORCL - L > (e H 5 kg
R B E G Ardrd] o N MBS IREM AT T ¢ 0§ Bl Fustn Al
#L# 2 VKORCl ek %3 B (Ishizukaetal., 2008) - 827X {% 5 3+ >
chin B B4R I VKORCL chk % > 2 i3 7 A% - @iz} chR %
et 5 B (Rostetal., 2009) - Lasseuet al. (2005) 3 . VKORC1
Y139F 75 ft B F B § ¥ M ek B H 9F3 VKOR & £ en Vmax/Km
WER A A faplieE YISF R ¥R 4L ik K R Tl
— o — BT FRA B R bl B RO R FREEF T
I fE M < BV g0 calumenintt g R A RE F (Wallin et
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al., 2001) - Calumenin Z_ ‘& & K iig it k5%e s BEEAEZ
(GGCX 2 VKOR) #hdrdp 39 » ¥ & £ %] 5 calumening VKOR 1%
& «f,g*}) VKOR } e Rl 5% & =% 7@ i3 2 &4 (Wajihet al., 2004,
Wallin and Hutson, 2004)
h# 4 T 7 1 Daly and Aithal (2003)3% 1 4 %8 % S B § <

P d %2 P4501 & §_CYP2C9- CYP1A2¢: CYP3A4: # ¢ CYP2C9§
FTSHRFAT-HAL  ap AP FR EREGFRELDET R
% I 3 5 Cyp3a2> &1 PA50% fe 2 £ &5 CYP3A4EF iR 3t » @
X i * P d 4 PASOFr4 A proadifeng e MR F 3 M0 Ko § D
FLEM T i &2 Cyp3a23 B (Ishizukaet al., 2007) o »tigut 578 &2 5§
BB M B F L VKORCL Y139% % » cddifl p & L % B 78 & i
ZMHEd A RE ﬁﬂz@;&z%g—% L o W NP BEBF M TR LA
RF LD F BA S PG o 50 S PR RBRN L BT A S e g
# 4 2% (4-hydroxycoumaring % = & &% = fir #724 $ (indandione =
ow xR A B3 & ¢ 457 7+ & (brodifacoum) ~ # ;= & ( bromadiolone -
g Bl (difenacoum & - = @ & = fir 74 $ ¢ #2183 & (diphacinone ~
¥ & & (chlorophacinong % - 822X % = A e BRI ¥ RS 4%
TERPE o CEHFAPRASDIPF > FAT I RSB ENT
#ff 8¢ 3 Buga ¢ 3 (Petterino and Paolo, 2001; Valchetal, 2008)-
preb s d W RGER P RAFS S B AL ABHE FOATIRE 0 b
PR EE Aot A ARRBILE X R o ¥ - N Puia A B
WA E G4 A7 o kK Z 5 B A% (Greaves and Cullen-Ayres,
1988)- p = % 357 VKORC1 ~ calumeniny 11 % 'm¥® ¢ 4% PAS0% & %
FIR X 3 3 358 b4 2007 # Markussens 4 3 JLE # B FL#E 4 g
B 4% VKORC1 Y139C % % % H s ehin#Z 4] (Markussenet al.,
2007)e = & » s P enF Rl Ag T Cyp2els Cyp3a2> 14 2 Cyp3a3w i & 4
Bl 5 B (Markusseret al., 2008y & ® 2u 5 % e %] BUEE chd
FEP LR ED - Ewmed 3 PASOhARE 2 At A o B g R
FuE 2 Cyp2cl3eisf 4o B > @ 2 Bl Pl Cyp2aldy 4r 3
BE o
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£ & % L KVKORC14 Flig ipl

4 3% VKORCL # 4t B ehp £3s » AP Fa o % 9 &
VKORClz’ﬁ"é i3] o L % & 1 VKORCL %% % ’PCRsl—rw B
bt AR 0 A A FAE Y £ % B 1 mRNA (gi|116794880|)
z 3’;@,% B o d 24 F L E R VKORCL mRNA g 124
¥ B > F A PR 8 VKORCL (gil45827740() 3" ﬁk@:’%’p;{?
» 4% ] % 5L BFY 0 RNA &7 RT-PCR> DNA A % 5 f2 A 1
4 — 1% 483bpFthfs F o e F ) 161 B mfgﬁfrﬁa’éi BLASTp mﬁ
S o 5 T 100949 F > § 7 & VKORCLe 4 455126 & | § L& ¥ >
L7 854 VKORCL 5 4] (Bl-)- B¢ #HEE 287 § 1
PR HE6EY 428K H 11893 38 EEMF 28
B %5 &9 F 08 s VKORCL B ®a 5 o 7
5 L421 - 149V ~ S56P- T891~ T89A ~ L105P~ Y139H~ A143V ~ S149G:

: 106
HE )
: 106
: 106
: 1l0a
: 106
: 1l0a
jod - 106

Guangdeng
TYnS
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Cliln 1
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CWES
cYm3

Guangdeng
TYmS :
TCm5
TCfZ
Ciul
Clilt 2
CWER
CYm3

ILEELVEVAGSLY LAWILFEFVLYDECIVCITTYAINAGLMLLs fQKVPEHEVERD

Bl- =A@ AZVHT7 8 VKORCL G %2 ) § "L & - Guangdong
Bk o TY-%»E]OTC:““oCWij?jiL°CYi%'\;§§°%‘§vi
Bidag mafrud s adu g .

Figure 1. VKORC1 amino acid alignments of seven ated individuals
from Rattus losea. TY: Taoyuan. TC: Taichung. CW: Changhua.
CY: Chiayi. Followings are gender codes (m for matal f for
female) and number codes for individuals.
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Table 1. Protein sequence analysis of vitamin-Kxejase reductase C1
from Rattus losea in Taiwan.

Source Number of Type of VKORC1 diversities Number of
rats tested occurrence

Taoyuan 2 149V, S56P, L105P, S149G 1
Taichung 6 Y139H, F150L 1

T89I 1
Changhua 11 A143V 1

L42] 2
Chiayi 2 T89A 1
Penghu 5 none -

¥ FS I SE6PE §5 1 N Al43Vie s A% R Ale 4 B
(Pelzet al., 2005; Rostt al., 2009)- v;‘&v‘ ”T’?Rmi Ylsg%ﬂﬂ']a
# Y139C~ Y139F: 2 Y139S: & ’;\ AP E T FEEDERED
Y139H - Rost % + 2009 & th sk it % &1 » Ti¢ 3 4p% 5 ¢ VKORC1
RBANFEREL AR > & YIBI ORIV A EFREPFH - 57 4
i# 8# e VKORC1 Y139% £ M efe B » 24 i3k 3+ 7 PCR-RFLP:#z i
=k B % ka7 Ndel 7 2 2] 4 A0 Y139, (e &5 7 2] R 84 0
Y139 (Bl=) o Fiu M BAF L [ P~ w2 7 DNA feiR] » 300 B 2 40
£ BT VKORCL R 7 H#F 9iet g «c XA A GH K AEFZ D 3 5
BB H AT FEEFERENL -

BRI A T B mil{#ﬁé{;%’zg"fa’”ﬁp;ﬁ Baggig i
3t EHd Fi bS] T EE RN R R KR Fa A RBIE
UL o e - R i 1 b’ﬁé’ B engewid F 7 1% R R e
#d % Db (Cyt b) k3% PCRe A/ &g g p # NiXed 8~ 7EER -
fiTE' R~ A& g AP » pPwividd o] f LT Cyt b A7)

TR Ft AP R o RERE R EFTEREDPCR E® | F
”,& {17 0.3 kb PCRAE Y » X (2R v $H#FIRE Cytbg R Ap i - Zéf‘f"“fi

Al ROEERT R Cyt b A AT o APt A T IR E:Mp g7l
AR Cyth K FWHA B S 51 F PCRM K #w sy o

551% PCRenip ) 24 5 82 bp (£ &)~ 148 bp (& &) ~ 172 bp (-
L&) ~204 bp () & "L &) > 204 bp% 113 bp E "E &) > Lane 1~5 » %] ¢
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Ndle | e !
M Y139 Y139C Y139H

Bl- - PCR-RFLP# #] VKORC1 1 Y139 % % - Nde | -k ja 22 -k & 1
F1PCRA 4+ 11 A% 7% T A A 3t -

Figure 2. The VKORC1 Y139 mutation analysis by PRR:-P. The PCR
products were resolved on a 4% agarose gel befaterNde |
digestion.

AR BRTEE R EER LR 2 REEEZ n % DNA i PCRHE
¥ (Bz) 87 %3513 PCRV P &3 h v BRI - &
PREA s F AP = BRIEFTEL B4 0 lane 1~5°6~10- 11
~15PCRA & * = B % 4.2 ¥ if DNA 1% PCR¥H#, (Blw) > %
A RKP AT DL THRSATERT - c RPIET UFERT L5 - B
& DNA S anicdd 1 ¢ § &t PCRA 4 % 38 (4 3, 5, 15504 &)
e S (ngz 9,10, 13546 5) » 7 DNA £+ A R F 3 48 &
ARG o RA Py FERET R ERRD 2 LT 1,45 (82 bp
HE) S 6~8E5 (204 bpz 113 bp: &7 &)~ 11,122 1435 (172 bp %o
BE)e p AP § T PCR-RFLPRRI? - H ¢ REEEE T
M3 VKORC1Y139E ¥l 2% H T A% %47 27 YI39CH% £ 4.
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M1 2 3 4 5

bp
500
400
300
bp
200 «— 204
- 172
— 148
100 «— 113
«— 82

Bl= - Rk M ¢ % behs 515 PCRe 758 24 5 82 bp (5 &) - 148 bp
(% £)~172 bp GEE &)~ 204 bp (| ¥ % &) 204 bpz 113 bp (78 &)

Figure 3. Multiplex PCR of rodent mitochondrial aghrome b. The expected DNA
sizes are 82 bpR( norvegicus), 148 bp B. indica), 172 bp M. musculus),
204 bp R losea), and 204 bp along with 113 bR. (rattus).

bp M1 2 3 4 5 6 7 8 9 10 1112 13 14 15

Ble ~ 1% 2 sklme d % bend sl 3 PCREW A Q4L i{ - Lane 1~5- 6
~10> 11~157PCRA B # * = B % 2 £ i{ DNA it 5 PCR# 4 -

Figure 4. Differentiation of rodents feces by npléx PCR of mitochondria
cytochrome b. Fecal DNA in lanes 1-5, 6-10, and.&Wwere from three
partitioned areas of the barn.
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A e § LR VKORCLf2 A FAL Bt VKORCL 1% 3]
B¢ MG 2 ped £ R S56P2 Al43V % B -Pelzet al. (2005) i %
B SHOP R %A\ enfE 2 B AMEF T AT ST FEE 3
WP S56P fiE 4 B - Rostet al. (2009) <% 7 & Al43V % %
A £ B ER FGFrd et T w4 4] & Y139Cs Y139F -~ 2 Y139SH| i
IR 3-8 F XTI L vg & VKORC1 &1 Y139H EI'J - B AT
A AFEREN I HBFTE-HTTY o h P RH B BAR
#1VKORC1 Y139% 8 & yi, h‘%ﬁ%%‘\ (MBS AR H L

A ) A R K kKR E zsp'm VKORC1 > ¥ if & 23
MM Cyt b eh% - PCR k#gw &4 %k » £ &7 PCR-RFLP B
VKORCL %R » BBl S5 % 2 REPEFREKRAERBEA - AP
* KRR E 4 che i 24 B h VKORCL » 4 L 38% 8 <0 Y139C %
RAAER-2 32 LR Y139CE - BF LB LR % (Pelzetal,,
2005)c & kB 7 & s MAE iR R T AL $E3T VKORCL ¥ £ & 45
L el gl R

Pk B N R A e B B E D FLE 2 A
#BF\? FEPBH T UL L ES P R g2 TR ATFIAR

A e R NP A D A ks R W E
'3514 FE R ST ETIA A o MERDTE o B ipl RER ]
P - AcER o B3 AR By AR o R BRR B

BWH ey AR 238 G §F L5 i Bile-gam -

* ehiF
R

“J

5l é)}%

Boyle CM. 1960. Case of apparent resistanceRaftus norvegicus to
anticoagulant poisons. Nature 188: 517.

Buckle AP, Prescott CV, Ward KJ. 1994. Resistamcéhe first and second
generation anticoagulant rodenticides-a new petissgecpp 138-144. In:
Halverson WS & Crabb AC (eds). Proceedings of ikeesnth vertebrate



PUBRMA I IR 47

pest conference. Univ. of Calif., Davis.

Daly AK, Aithal GP. 2003. Genetic regulation of i&ain metabolism and
response. Semin Vasc Med 3: 231-8.

Drummond DC, Rennison BD. 1973. The detection aferd resistance to
anticoagulants. Bull World Health Organ 48: 239-242

Drummond DC, Wilson EJ. 1968. Laboratory invesimad of resistance to
warfarin of Rattus norvegicus Berk. In Montgome norvegicus Berk. in
Montgomeryshire and Shropshire. Ann Appl Biol 603312.

Esmon CT, Suttie JW. 1976. Vitamin K-dependent aaytase solubilization
and properties. J Biol Chem 251: 6238-6243.

Fasco MJ, Principe LM, Walsh WA, Friedman PA. 1988rfarin inhibition
of vitamin K 2,3-epoxide reductase in rat liver mgomes. Biochemistry
22: 5655-5660.

Furie B, Furie BC. 1988. The molecular basis ofbbl@oagulation. Cell 53:
505-518.

Gill JE, Kerins GM, Langton SD, MacNicoll AD. 1998he development of a
blood clotting response test for discriminatingwesn difenacoum-resistant
and susceptible Norway rat&attus norvegicus, Berk.). Comp Biochem
Physiol C 104: 29-36.

Goodstadt L, Ponting CP. 2004. Vitamin K epoxidduaase: homology,
active site and catalytic mechanism. Trends BiocBenR9: 289-292.

Greaves JH, Cullen-Ayres PB. 1988. Genetics ohdideum resistance in the
rat. pp 389-397. In: Suttie JW (ed). Current adeann vitamin K research.
Elsevier, Amsterdam.

Ishizuka M, Okajima F, Tanikawa T, Min H, Tanaka KBakamoto KQ,
Fujita S. 2007. Elevated warfarin metabolism infan-resistant roof rats
(Rattusrattus) in Tokyo. Drug Metab Dispos 35: 62-66.

Ishizuka M, Tanikawa T, Tanaka KD, Heewon M, Okajifa, Sakamoto KQ,
Fujita S. 2008. Pesticide resistance in wild mansmadechanisms of
anticoagulant resistance in wild rodents. J Tox®al33: 283-291.

Kohn MH, Pelz HJ. 2000. A gene-anchored map positad the rat



48 HEEVIGEE T e

warfarin-resistance locus, Rw, and its orthologaine and humans. Blood
96: 1996-1998.

Lasseur R, Longin-Sauvageon C, Videmann B, BillsteBerny P, Benoit E.
2005. Warfarin resistance in a French strain of. rdtBiochem Mol Toxicol
19: 379-385.

Li T, Chang CY, Jin DY, Lin PJ, Khvorova A, StaftbrDW. 2004.
Identification of the gene for vitamin K epoxidedustase. Nature 427:
541-544.

MacNicoll AD. 1985. A comparison of warfarin resiste and liver
microsomal vitamin K epoxide reductase activityras. Biochim Biophys
Acta 840:13-20.

Markussen MD, Heiberg AC, Fredholm M, Kristensen N2007.
Characterization of bromadiolone resistance in r@isthastrain of Norway
rats, Rattus norvegicus, by hepatic gene expression profiling of genes
involved in vitamin K-dependent gamma-carboxylatidnBiochem Mol
Toxicol 21: 373-381.

Markussen MD, Heiberg AC, Fredholm M, Kristensen 2008. Differential
expression of cytochrome P450 genes between brotoadiresistant and
anticoagulant-susceptible Norway rats: a possitle for pharmacokinetics
in bromadiolone resistance. Pest Manag Sci 64:220-

Martin AD, Steed LC, Redfern R, Gill JE, Huson LWI1979.
Warfarin-resistance genotype determination in therwdy rat, Rattus
norvegicus. Lab Anim 13: 209-214.

Pelz HJ, Rost S, Hunerberg M, Fregin A, Heiberg Baert K, MacNicoll
AD, Prescott CV, Walker AS, Oldenburg J, Muller CRO05. The genetic
basis of resistance to anticoagulants in rodergse@cs 170:1839-1847.

Petterino C, Paolo B. 2001. Toxicology of variomsi@agulant rodenticides
in animals. Vet Hum Toxicol 43: 353-360.

Rost S, Fregin A, Ivaskevicius V, Conzelmann E, tHagel K, Pelz HJ,
Lappegard K, Seifried E, Scharrer |, Tuddenham EGljer CR, Strom TM,
Oldenburg J. 2004. Mutations in VKORC1 cause warfaesistance and



PUEMA I IR AR 49

multiple coagulation factor deficiency type 2. Na&td27: 537-541.

Rost S, Pelz HJ, Menzel S, MacNicoll AD, Leén V,n§oKJ, Jakel T,
Oldenburg J, Muller CR. 2009. Novel mutations ie MKORC1 gene of
wild rats and mice--a response to 50 years of Belepressure by warfarin?
BMC Genet 10.

Thijssen HH, Janssen CA, Dirittij-Reijnders MJ. 198bhe effect of
S-warfarin administration on vitamin K 2,3-epoxideductase activity in
liver, kidney and testis of the rat. Biochem Pharah&5: 3277-3282.

Thijssen HH, Janssen CA, Mosterd JJ. 1989. Warfasgistance: biochemical
evaluation of a warfarin-resistant wild brown rBiochem Pharmacol 38:
3129-3132.

Tie JK, Nicchitta C, von HG, Stafford DW. 2005. Merane topology
mapping of vitamin K epoxide reductase by in vittcanslation/
cotranslocation. J Biol Chem 280: 16410-16416.

Valchev |, Binev R, Yordanova V, Nikolov Y. 2008. nficoagulant
rodenticide intoxication in animals - a review. Kul Vet Anim Sci 32:
237-243

Wajih N, Sane DC, Hutson SM, Wallin R. 2004. Théilmtory effect of
calumenin on the vitamin K-dependent gamma-carlation system.
Characterization of the system in normal and warfegsistant rats. J Biol
Chem 279: 25276-25283.

Wallin R. 1986. Vitamin K antagonism of coumarintiaoagulation. A
dehydrogenase pathway in rat liver is responsiniéhfe antagonistic effect.
Biochem J 236: 685-693.

Wallin R, Hutson SM. 2004. Warfarin and the vitamkdependent
gamma-carboxylation system. Trends Mol Med 10: 202-

Wallin R, Martin LF. 1987. Warfarin poisoning andamin K antagonism in
rat and human liver. Design of a system in vitrat ttnimics the situation in
vivo. Biochem J 241: 389-396.

Wallin R, Hutson SM, Cain D, Sweatt A, Sane DC. 20@& molecular
mechanism for genetic warfarin resistance in the FBASEB J 15:



S0 HEEVHEEGETI

2542-2544.,
Zimmermann A, Matschiner JT. 1974. Biochemical ®aef hereditary
resistance to warfarin in the rat. Biochem Pharrh2801033-1040.



PUBMA I - IR Es. 51

Resear ch prospects of the M echanisms of Anticoagulant
Rodenticide Resistance
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Abstract

Domestic and wild rodents are detrimental to hoasdhhygiene and
agricultural production, respectively. Anticoagulamdenticides are most
commonly used to control the rodent pests, maimgahnse of their slow
action and safety, and less impact to the enviromm@/arfarin, a first
generation anticoagulant, has been used worldwinlee s1950s. Just like
insecticide-resistance, warfarin-resistance hasiroed all over the world
since the first report from Scotland in 1958. Inrdpe, many studies have
provided evidences supporting the idea that muté)o on
vitamin-K-epoxide reductase (VKOR) is the main @useading to the
warfarin resistance. The second generation antidaats, also called
superwarfarins, are very toxic to rodents and liesge to metabolism. Even
so, bromadiolone-resistance has already been foRodents resisted to
anticoagulants mainly by two mechanisms. Mutationdenticide binding
site may reduce the effect of rodenticide. In addijt overexpression of
metabolizing P450 proteins sometimes lead to deeckaeffect of
rodenticide. This article will review the recentsearches about the
anticoagulant resistance in the wild rodent pests..
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reductase (VKOR), cytochrome P450
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