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Changeable hawk eagle 2 25.3*+7.0 Y — FRF
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Brahminy Kite 4 17.5+4.6 et — hKF
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WZBIT2I907 7 ) X DVKORIEMEIX, 7A T I A TEHEBRAOGGIHMTHLT v b ERIEE
WHHEINASLTWIZ ERRALNC R o7, BT, 7ATIHADIn Vivolk 5-RBRITI T D Mk EEE
BRI OfENTICZ W, U7 7 ) 5% BRI W CMKEEEFFM 2N ER 325 2 2831 507
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THAHYTHIFIANK, AHYUTF )RV FHIUITHFaye), TH7IHATHITLHER
KD 3 FIZB T A MO EEZH 6T 5,

2. B E

VKORTEVERBR IS L O, U7 7 U 7 EOFRKFANC X 2 HEFRBRN O & EAUEN 72 F Oz MO E
EHONICT D, BT T =<1 EHETIHEET D In Vivok 5B L v | BEANC X 2 Mg EEE R~ %
BrWRONIT 5,
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WFZERT. (BR) >— 7 A « =R EOXWNIBBEEHE LT, THHTH T AN N, HHTF
JAV  FHV U I A Faux)  THUIHA, 73 AI 2 EOHEEFYOREAEHIE L T, &
REZREE SN BRIEAERE OREUTER L ORI E KFE~O LA 2 ML T 72,

4. BRREOBE

(2) -1:#BHRE (77—~ (1) ERehTdAn)

REEE CUNERARREEREIT) « DNERBREERT. BRREHEE 2 — = "A—=F 2T
4T 3 A F X —, KR LEMERE ., SIS TR S E AT, ZESMAR. (K A B U
BEANAFICET,  (BK) ¥ — T A « =R EDOKMIEE MR LT, 7T T T AN FH
PUZ RN AT TAEFavERY | TAUITA, IR A2 EOHEEY O IR B

T, R EFRRE SN BRERE R ORIkl L O E K7~ Ok (Kl 2 fesr Lz, =

NET.THHTHTANE (N=20) , AFVTF AU (N=2) , VT ITAFavE] (N=2)
THTIHA (N=11) 7% A3 (N=36) I[ZOWTHREIZEE LT,

(2) -2 :Z&RAER S+ (VKOR) OFEMERER I L O ERBR

RN TVKORTEMEZ L 0 EREICEIET 5 Z L A BRI E LT, FHEOVKORIEMERIE FiEZBH Lz, X
@Q-NUFIHEETHHIEX I VKRNIV NREZENMSGZBONSEEEZ 7oy NLEI DY ARV
TUWMETHD, TPBEIODITH T CTREFRI DY ARXA T BN TE 203, THPIEDTTIZ A E
WARVWEMEZ R Lc, ZHUEDTTIC X 23R R RBELREIC K D2 ETH D W REM N H D,

B(2)-2TiX, 50 MO EZ I VKT ARF L FIZK LIREAI TH LU ALT 7 U U &2ifmL, Vv7 7 U~
%E%%Méﬁm%$%wﬁbto%@%%\m%%(m%miﬁﬁ)’%Uﬁﬂﬁﬁfﬁ%&%
HOHNRMNoTz, RAERND, T 77 VX HERICBE LT, Tz 27 — &%m&
ELTHERATEEEZX LN,

ARIZE Y BBEAOEN YT T D VKORIZE T 2 4AEEWNTO EMRIEENE O 2% 5 2
EMTE Tz, [EfME72VKORE L OVWKORFE EFFRBRS F 1L, ZRBRAOEN o T EZMEEFMET 5 ECTEETH
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IR OTHP & W 7 BB L &2 WO T VKORTEMEBRE R 2T L7, Vv 7 7 U v 2RI L CTIEM
RBRAEEMLIZE A, 7 ~F A TIEVKORIEMEIZIFIERE TE 9, EFIT9.2% THDHDITHKL
T THHTT 5T A N DOVKORIEMEIZ60%FEE DL ERTHY ., Ty MTHRXTT O T H T AN
FOREZ IR ERTFREINEZ (FQ)-1D) , 2NHOERIT, KNV EHAWEY T T—< 1128
F5In VivorkBROFER A2 LT 20 TH D, / AVITBEIT DVKORPLERIZ W T, 1C501EB L%
0.30 MCTH Y, 7 h?D0.26 MERIFRETH 72 (K(2)-3) , / AVHEDVKORIEME (VO) (X K7 %
AIRHTFNE « THHT T AN &L TIERY (0.49~0. 74 pmol/min/mg protein) siiZ
LEETONEND D0, AKIC50, {RVKORTE M 3R RANC T 2 @ O Rt Z2 2T 255D T
bHobH, —HTEHENRE S I UKV A 7 LV TVKORIZ KT DR IFHEDMEWTTRENE S & 5 2 & ICH E N
BEChb, £1o. AFETHWEERFAODoselzBWWTIE, AV, BLO=U kU ICHBIT 5 ik
BERFHOLERIZIHEICE W TRO o7 (K (©2)-4) bOD/ ZVITHEEANC LD T L X
SEEROHET 2 AERENIFEFICEVRE . T v b ERIRE O RAER S TVKORDOFLE O S o3
XEEBEEL, ARAGERE - VA ERBTLZEE3EELEZILNLD,

X (2)-51%, MiEEERMORRH#EEZ =Ty o b—ky b AavE) & Ty MEkEELE
FERTHD, 7 v MIFKGHT2RHRREE b BE R OLER BB O biv, HIEHIEO LRI (8.0) L
EERLEOIEx LT, 2 7Y TIEM30RERI#% 2 D REEMRMoORIENSBIZE S, BEomb v
77 U UBREOHR, B X O LR U7 i g E R O E O RIEREFE] OGNS, =27 vy vb—
Ty hAFaTEVIIT Y REIVBTIALT 7 U REA T 72 ) U ~OEPMENH D Z L BHEH &
Nic, —hHT, g 7 vy — L& AW HERBRICI WD TIXVKORFEE FR D 105003 3F L £0. 39 pMT&H
D, v hEeRBETHST-, UEXD, avxVET7y FEDKW, H5WVIERBEOEZETH
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SDZ7 v b (K HUFNRKN ThhHy TAUS UNT 7y

TERI) Zh T A Favs U G%
AR N FRAD 5
Ptk <
A3
IN7 7V IEFIET O 5.9%+0.5 15.4+4.2  11.4=+
£ pmol/min/nmol mg 11.6
protein
Icm:5o%ﬁ§ﬂtﬁ%E§(UM> 0.26+0. 19 3.2+1.8 22.7+4.5 177 5.3
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(2) -3 :VKORD & fm1 B A i
TATTHTANNDYT ) LR e Loy — 7 = 0 AT OFE R~ 6 . VKORCIL1EL S A3 [F]
EINT /ORI ZLFEDO AT TN NI LA, 7 I 7 BESMIZIE—F L7z (K(©2)-
7) o VKORCIELHNIZ DWW TIERIE SN oTe, 7 AR LN > TWDHIERREO T 7 /3 MZDW
THVKORCUTHE SN TWARWZ 0D, THH T T AN MIIIVKORCI A FFIE L2 W A[REME © 5 %
HiLd,

Red-headed_Wood-Pigeon_VKORCILT ~ —--———- ?SLF YRWGRGFGLL GSIFGKDSAI NOQSNSVFGLY FYILOMLLG? GWTASAVAAL ILMTSSIVSY VGSLYLAYIL
Rock-Pigeon_YKORCIL1 WLPPLYISLF YRWGRGFGLL GSIFGKDSAI NOSNSYFGLY FYILQWLL-- GHTASAVAAL ITLMTSSIVSY VGSLYLAYIL
Red-headed_Wood-Pigeon_YKORCTL1 YEYLKEFCIY CVITYLLNFI LFIINYKRLY YLNEAWKRQL QPKQEx
Rock-Pigeon_YKORCIL1 YFYLKEFCIV CVITYLLNFI LFIINYKRLY YLNEAWKRQOL QPKQEx

X (2)-7 : THATLTHT AN KNENTZ ] MIEBI D VKORCILIE A D b5t

NCBI T — & RX— 2 |2k TWbe b, v b, =URNY Hx), 77 =VTvx o —tky
F44 =2 7Y (Rousettus aegyptiacus) . 7 A4 =2V (Pteropus alecto) ., ¥ UA A av
£ U (Pteropus vampyrus) . = EF T a2 7E U (Miniopterus natalensis) . AV h 77 auxEl

(Hipposideros armiger) . ¥ 27 <+ Z 227 %F 1V (Rhinolophus sinicus) . 7 I F A A a2 7E U (Desmodus
rotundus) . Z ¥ U aE Y (Eptesicus fuscus) . hEAuRArauElBLUOUEHEME (Myotis
lucifugus, Myotis davidii. Myotis brandtii) 28I} AVKORO B FEAZ b+ (L, =2 oY O
BT 57 I /BRESOMEFREEZE < (3(@2)-8) . Lk (1) -3i2BiF HIn Vivoft 53k D5
FEREBGDETERT DL, ATV U T A A2 EVICBIT DA EITRWE PRI,

1

humanVEORC1 MGSTWGSPGW VRLALCLTGL VLSLYALHVK AARARDRDYR ALCDVGTAIS CSRVFSSREWG RGFGLVEHVL GQDSILNQSN SIFGCIFYTL QLLLGCLRTR
ratVKORCL MGTTWRSPGR LRLALCLAGL ALSLYALHVK AARARNEDYR ALCDVGTAIS CSRVFSSEWG RGFGLVEHVL GADSILNQSN SIFGCMFYTI QLLLGCLRGR
chickenVKORC1 ~  ———————-] MA ARAALCAVGL ALAGYALHVE RAHERDPTYR ASCDLGPSVS CTRVFASREWG RGLGLLEAFV GRDSAINVPN SVIGIAFYSL QHCSAQCRAR
frogVKORC1 —MAVPGWERA VRLLLCGVGI ALSVYAYHVE TSRERDANYT ALCDINPSIS CSKVFTSRWG RGFGLVEQIL GRQSFLNQPN SVFGILFYGL QVLLGFSGSV
fuguvKORC1 —-MAIPTWERK VRIFLCVFGL LLSVYALEVE LSRERNPDYR AMCDLGESVS CSKVFSSRWG RGFGLVQYFV DKDSPLNQPN SVLGIIFYTL QMCLGLSLSR
RousettusVKORC1 MDAILCSPRW VRLALCLAGL VLSFYAQHVK EARARDQNYR ALCDVGTAIS CSRVFSSEWG QGFGLVEHVL GPNSIFNQSN SIFGCIFYTL QLLFGCLRGR
PteropusVKORC1 MGATWGSPGW VRLALCLAGL VLSLYAMHVK EARARDQNYR ALCDVGTAIS CSRVFSSEWG QGFGLVEQVL GPNSIFNQSN SIFGCIFYTL QLLFGCLRGR
JawaVKORC1 MGATWGSPGW VRLALCLAGL VLSLYAMHVK EARARDQNYR ALCDVGTAIS CSRVFSSEWG QGFGLVEQVL GPNSIFNQSN SIFGCIFYTL QLLFGCLRGR

MiniopterusVKORC1 MGLTWGSPGA VRLALCLAGL VLSLYALHVK AARARDQDYR ALCDVGTAIS CSRVFSSEWG QGFGLVEQVL GRDSIFNQSN SIFGCIFYTL QLLLGCLRGR
HipposiderosVKORC1 MGATWRSPGW VRLALCLAGL VLSLYALHVK AARARDQDYR ALCDVGTAIS CSRVFSSRWG QGFGLVEHVL GRDSLFNQSN SIFGCIFYTV QLLLGCLRGH
RhinolophusVKORC1 MGATWRGPGW ARLALCLAGL VLSLYAMHVK AARARDKDYR ALCDVGTAIS CSRVFSSEWG QGFGLVEPLL GREDSVFNQSN SIFGCVFYTL QLLLSCLRAR

DesmodusVKORC1 MGATWGSPGW ARLALCLTGL VLSLYALHVK AARARDRDYR ALCDVGTAIS CSRVFSSEWG QGFGLVEQVL GPGSVFNQSN SVFGCIFYTL QLLLGCLRGR
EptesicusVKORCL MGSTWRSPGR VRLALCLSGL VLSLYALHVK AARARDQDYR ALCDVGTAIS CSRVFSSREWG RGFGLVEPVL GADSVFNQSN SIFGCIFYTL QLLLGCLRGR
MyotisVKORC1 MGATWGSPGW VRLALCLAGL VLSLYALHVK AARARDRDYR ALCDVGTAIS CSRVFSSEWG QGFGLVEQVL GPDSVFNQSN SIFGCIFYSL QLLLGCLRGR
M.davidiiVKORC1 MGTTWGSPGW VRLALCLAGL VLSLYALHVK AARARDRDYR ALCDVGTAIS CSRVFSSEWG QGFGLVEPVL GPDSVFNQSN SIFGCIFYTL QLLLGCLRGR
M.brandtiiVKORC1 ——————XPGW VRLALCLSGL VLSLYALEVK AARARDRDYR ALCDVGTAIS CSRVFSSRWG QGFGLVEQVL GPDSVFNQSN SIFGCIFYSL QLLLGCLWGR
101
humanVEORC1 WASVILMLLSS LVSLAGSVYL AWILFEVLYD FCIVCITTYA INVSLMWLSF REVQEPQGKA
ratVKORCL WASILLILSS LVSVAGSLYL AWILFEVLYD FCIVCITTYA INAGLMLLSF QEKVPEHKVEEK
chickenVKORC1 ASSAALLVTS VTSVLASLYL ALVLAFGLHD LCLVCLSTYV VNAALLFLNW RRWRRCGQTA
frogVKORC1 GAAAALLGTS LVSIAGSLYL AYILFYVLED FCVICVTTYA LNFCLLLLNL KRLASLRAPP
fuguvKORC1 KAALFLVFSS WVSVAGSLYL ASILAFVLGD FCMVCVSTYL VNFVLLFTNL KRRRATEGLK
RousettusVKORCL WASILLVLSS LVSLIGSVYL AWILFEVLYD FCIVCLTTYA INVGLMVLNV RDVQGPQDEV
PteropusVKORC1 WASTILLVLSS LVSLTGSVYL AWILFEVLYD FCIVCITTYA INVGLMVLNV RDVQGPQDKV

JawavVEKORC1 WASILLVLSS LVSLTGSVYL AWILFFVLYD FCIVCITTYA INVGLMVLNV RDVQGPQDKV
MiniopterusVKORC1 WVSVLLLLSS LVSLAGSVYL AWILFFVLYD FCIVCITTYA INVGLMVLSF REVQGPQGKV
HipposiderosVKORC1 WASVLLVLSS LVSLVGSVYL AWILFEVLYD FCIVCITTYA INVGLMALSI REVSGPQGKV
RhinolophusVKORC1 WASVLLVLSS LVSLAGSVYL AWILFFVLYD FCFVCVTTYA INVGLMMLSF REVRGPQSKV
DesmodusVKORC1 WVSILLLLSS LVSLAGSVYL AWILFFVLYD FCIVCITTYA VNVGLMVLSF WEVQGPQNKV
EptesicusVKORC1 WVSVLLLLSS LLSLAGSVYL AWILLEVLYD FCIVCITTYA INVGLLVLSF REAQRPQGKV
MyotisVKORCL WVSALLLLSS LVSLVGSVYL AWILFFVLHD FCIVCITTYA INVGLMVLSF RDIQRPQGKV
M.davidiiVKORC1 WVSTLLLLSS LVSLAGSVYL AWILFEVLHD FCIVCITTYA INVGLMALSF REVRRPQGKV
M.brandtiiVKORC1 WVSALLLLSS LVSLVGSVYL AWILFFVLHD FCIVCITTYA INVGLMVLSF RDVQRPQGKV

B@2)-8: &, vy h, =V LI, AT, Z7BLOaUEVIZET HVKORY X/ FEES O LLHE

28



4RF-1802

(2) —4 :VKORD 37K & T3

RNA-seqf AT DFE RIS T I H T 715 A8 FTIEVKORCINMFELE LR 2 & 3RIg S, L& s+
T& HVKORCILI &G A MR EEE Z B B AlREME N ZE X DT, TATY T AT AN LELNTZ
VKORCIL1# {5 1-Bl %l % #£1ZAlphaFold2 % W, SifkM§iEZE TR L7, TORR. VA7 7 U U nfEad
% EEZ DD EEE I OGS IXRFE SN TWD — T, VKORCINE A 4R Bl 3 215 TH D DT xt
L. BB AMNSIET IH LT H T AN FOVKOCILLIZ B k72 EDVKORCILL L 0 HEA 23 H L 72 -
THBH, BT T/NEDOVKORCILLE & HIZ3RIEAE@BACTHLZ s ank (M@)-9) ., —FT
VKORCILI D FRINLAAREE XD T TN ET AT H T AN N THUMENMEWER Y, v—7 =
VADKER EIFAMERD D E L BT, HRANC L AVKRELERBRICBWT AT I RN SN LT Y
VT HT AN SOHNMEIITEENLETH DL EE XL,

)
/ég
X (2)-9: T HT 75T AN KRVKORCILL (/£) BEL WA U Z 3 RVKORCILL (FF) @ T RINLARHEE

RNA-seqfE b B oA H VU T 44 a3 vE Y OVKORCIAELHZ & & 12 AlphaFold2% v TIrff
EE TR AT, =20 v o —ty A4 wE Y OVKORCL FRISLIEFEE & O E T o7, %
DOfER, ATV U I A A a3 OVKORCUTARIREBE RO EZ 0 (K (2)-10) , =TV 7T ¥ b
—t% v hA A =27 E UVKORCL & bhilg U C1635% K H1 14558 53T 7 A4 A > B SHURMSD230. 152 & 72 5 3F
WICHBI LS 2 L D ERRBENT, 2O ENLENNGE LSRR & HEE. VKORC1 DB
ERBRIZONWTZ I Ty b—ty hAFTaTEYDREENOA YT T FFavEY ~DHFIT
AEETHD EEZ LN,
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X (2)-10: FHY T FF A= 7F UVKORCID T RIS (EHEE (L)

By —Fy b A
A =7 F U VKORC1 D F i ST A E ()

5. B3t HEDOERRI

VKORTEMERBR IS L O, U7 7 U 2 EORKRBANC X 2HERBRN O K BEAEN 2 F OREZ MO~

RO T A ENTEE, W77 —~1 A TEMIT SIn Vivok 5B L 0 . ZEANC L 5 ik
BEE R ~DHBEPALNNIT DI ENTEZ, 6, InVivoRrBRIZHOWTIE RA R, v BIO
TIHTACEBWTHEMLIZZEnD, MEEEU EOREEZERTH I EN T,

6. BlFACER
BRI+ & FIHEIT A,
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[Abstract]

Key Words: Wildlife, rodenticide, susceptibility, Ogasawara Islands, animal species

difference, endemic species, rare species

Although anticoagulant rodenticides (ARs) are effectively used for the control of
invasive rodents, nontarget species are also frequently exposed to ARs and secondary
poisonings occur widely. However, little data is available on the effects of ARs,
especially on wildlife. In this study, we evaluated the anti-coagulant rodenticides
sensitivity in four main species in the Ogasawara Islands: the red-faced wood pigeon, the
Ogasawara Buzzard, the Bonin flying fox, and the green sea turtle, to provide data for
policy decisions related to rodenticides use. In Vitro metabolism studies suggested that
pigeon rapidly metabolized warfarin in the liver and are less susceptible to its effects
whereas green turtles have a lower capacity to metabolize warfarin in the liver and are
more susceptible to warfarin. Compared to rats, bats showed a rapid decrease in blood
warfarin and diphacinone. In Vivo studies showed that warfarin metabolism and excretion
was higher in buzzard and pigeons than in chickens. In Vivo studies of warfarin in green
sea turtles showed that warfarin remained in the blood for a long period of time. The
inhibition rate of VKOR activity in the black rat, the target species for rodenticides,
was 99.2%, whereas the inhibition rate of VKOR activity in the pigeon was about 60%,
indicating that the pigeon is expected to be less sensitive to warfarin than the rat. The
low IC50 and low VKOR activity of buzzard suggests that they may be susceptible to
rodenticides. In Vivo study using Egyptian bats suggested that bat would be more resistant
to warfarin and diphacinone than rats. In Vitro VKOR activity inhibition by diphacinone
showed comparable inhibition rate in bats compared to rat. These results suggest that
bats are lower or comparative sensitivity with rats. In Vitro VKOR activity inhibition
by warfarin suggested that sea turtles would be more sensitive to rodenticides compared
to rats. Furthermore, analysis of blood coagulation time in sea turtles in In Vivo
administration study revealed that blood coagulation time was prolonged even long after
of warfarin administration. The risk of exposure of rodenticides from the marine

environment may be higher in green turtles

35



