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BIE.

1.1 AXMAROER

Mg EME - S EEZ R TEA LR T v MRS LR RE R L 2%
B2 AT, FTxldWn< oo REWREEEWE 2 H v 72 58 5 e BR 4 51 L
72. £® 1> & L T Phenylhydrazine (PHZ) %% L 7=, PHZ 25 K IR I £k % £
e LlemiksEtsmnd ZenfEInN T Thd, ZoEtERRICED
T, AT INETIC PHZ OFEMEE L TEME O 2 W AN m A iE ([ E#E L7z 2
EMD . KREOFAEA T =R L ERET DL & L,

1.2 Phenylhydrazine ® —#f&XF&FH

PHZ i3{t%#:X CcHsNHNH: TR 5 A b&®m < (Fig. 1-1). EIEML, &
WAL F LEOLS PR A s LTt R THEH STV SD (Cary et al,
2008), £/, PHZ 3t M2 G L@V TRWENL 25 S EZ T2 Lnmbh
TRy, EEEmo#EhmE T VIERS (Cristwell et al., 2000; Redondo et al.,
1995), & FIZB W THAMEKH ZIEOBRICHO LN TWIEERL H D

(Reinhardt and Brittelli, 1981), PHZ IZ X » CHI & Z SN A Mm%, HRilLEko
FEMREPENR S THLEA - U VIEE, ~E/r b2 BRIENICEET L LI
EKJ % (Jain, 1985; Bloom and Brandt, 2008), {55 I /=R ER I, <o
BoO~27m7 7 —VICBEREIND T L THELKET NG RRBICEREI N, £ OR
B, 2MEmMNARIETLHDTHD (Redondo et al., 1995), Z O M F /A M LA,
PHZ NnMEWN TOEMEZS R IFTLOWME L DH D5 (Magnani et al.,, 1986;
Adachi, 1977), 72, PHZ I3 EMKS 12 RAICHFET 2B VAR =1 ED-C=0 &
KHIST D, ARG TF~NEEKA L TEEZEZ T2, PHZ T 7
7 A P450 Ik o TR#EZ T BT T V=T D H AL, RIS E 2
FlEEZ SN ZENRHEEIN TS (Cary et al., 2008),

B O PHZ OREBEIZL > THI & SN2 HEFHIPTRIL, BiltEeE %
RS D~k (F7 0 —8), MkFFT A Rk, ~~ 27U vy b, ~FE
ryu bt OEME, @RARMLEKOEE, A hAAEZrE 0N Y IIMEDTE) I
MAZ . ZHICHEELZHEFPHTATH D, BARMIZIE, WIRFTA & L TR E
K. g oG 2, MR A & U THE - T - BlgiC B T 5 RIS &4,
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R, A EMITERETHD (Caryetal, 2008), ZNOHDFTRIZT v
Fe~vTUZX - AX - OB FELZHONZEME~ESMHEOBEERBRICBNTIREINT
BO, &EA, B, MADODWTNORKETHLEZVGDS, LALRBL, ZhAbD
BHERBROBETE HVEOVRELHAZ V2D, Bl Lpr AL S0 TIEH]
MTELHERITIFEAER Y, £, BEOLEEZEZH TH, PHZ IZ X 2 MARE D
FEAEIZ DWW TITMEN 2,

—FH. RonBERTIEH L0, RMEKEZIERKO B TR ELEINTZE M
BWTIE, BEM & LCHE, HRE, EK, RMRICIA, MARED®ERH
% (Reinhardt and Brittelli, 1981).

1.3 Jfi i #2 iE

T il A4 R VIR A ZERRE I B T 2R RECTH DA, b PO —REMIZE W
THREE - FHEERLHITEHEVLILERKED—>TH D (White, 2003; Cohen et
al., 2007), FilfA2IE DJRIK & 725 U 2 7 R+F13tkx ThH Y | SEFIN, MG
W OAERIE L Wolz b DT T, MRFHETE S TERRNFIZHALN
% (Anderson and Spencer, 2003), F£7-. SRR M EKE S B oo M I MEE
M & 572N ONORMMERETIE, £ < OHAICHLRLE & &MEZHF S Z
EnHEENTWwsd (Kato and Taylor, 2010),

1.4 —ENL2meFERF L EOREFHRFH

—EEIIZ . MRDBTEREND AT = A LITIERE ST T, DIENEEE,
2) 9 o MRPELYE 72 & O M BE5E . 3) ik D EEEMETTHE, o 3 DOR -2 HMbH 5\
FHEICEECES LT LEZXLNA TS (Mitchel, 2013), ZhbHD AN =
AXZFA LT, MR & MR E O IE /0 B TIEkk © 7 Lk iE £ 7 L 2N RAE -
FIH & Tvb (Suzuki, 2007), X« L—HF—TCMEHEZEEELT L LD, ik
WEVRNEEEL S oMz EZT 60, HELEkE oEflic kv & k2 v E
LZb07E, WEM - MLFHNABCEIVERTLIET AL LT,
Lipopolysaccharide (LPS)=° Tissue factor Z #5795 = & 12 L U R & [EH % TLiE <



HTERTIMBEET L H D, ZNALDOET/VITENRD D WITFIRIC AR % 55
HT M, TDAN=ALPERRDLTOICMmEDHERS R > TWnD,

LPS | MV M & N EEE SE e (DIC) ZiF% 7 5. I<HMboNIfbEWET
& % (Suzuki, 2007), LPS (ZFEHIM O &L THli - ITlE - BlEZ2 XD &7 2
WOWUNMEIZT 4 7Y & B E LM ZTERT 2 DR T, £ DJfEiEsE
AEOFERIZLPSIC X W IEMH b ENTHIEK-~ 7 v 7 7 — TR ENEMIBIZ LR
& 5 Tissue factor TH D &E 2 5L TW5 (Hara et al., 1997; Sueishi, 1994;
Kawamura et al., 1993), LPS A& T v F TiE, f/hkiEAd. 7w be vk
(PT) DIER, 747V /=5 O Lo 7o BEE S5 4 /23 2 Mk 5 B T 5
vz, MicnTIFMENC T M BRI ENIC, SO TERNICS, 7107
vEEERETIMANBOHNDL I ENHREIN TS (Hara et al., 1997),

2-Butoxyethanol (2-BE) (%, IM#&E Tl 72 < SRR M ERIE O €7 A AERIZF]
HATEXLHEINTVDELOREN, GElER TO MRk %z %% 3 5 (Nyska et al.,
1999; Ezov et al., 2002; Ramot et al., 2007), 2-BE |ZJR MLk Z 1L - & i =& %
EFMETH Y | RIER & /RO AEAER M S 5 Z &1 K- TR E Ak
SNDHATREMEDRIEIN TS (Lewis et al. 2006) . 12 134k & 22 (0% O 8k~ 724
A XOMEIZRD b, DS KBRMERTHY . ThicEbOT7 7Y~
R E N IRET D (Ghanayemetal 2001), 2-BE&L{EZ » FTix, hr»
vre7rFhrrerEARosEEREO N b 0D, 7 40TV =42 PT,
EYEALE Sy b AR T T 2F 2 (APTT) oZ#)T/ha <, BER~OEEIL~ A
NRThD, AERDOITRMLEKOBEBEE LHETHY, 2L L bITMTITFEIC
HR ~ R O L3 VISR R LER &2 R & L@ b T b,

ZOEIITAEFWEICEVFERINDMARIED A 1 = X LITLEENPSEHET

b5, LU, ALFEWEERG OO MEFH - MEFER T A B =X L% Rk
L2 RERNROONL720, GEMAiR T2 2 & TR b HERRK T & 72
STWEOINEHEMTHZ LN TH D,

EfEo X ol PHZ &, Wl/EA & ZICBET 2 ZREEMERT RIZ W T
ARZRERPN D00, MBEICET 2ERBETR Y, —FH b MW TIX
PHZ & MAAE, & 25 WXy mPER B & A2 iE & o BEEN R ST\ 5, 40
FTexlx, 7y M PHZ 2FMNEREG T2 2 &L THICAHREN R LRIELZFET D
ZEEFRLEOT, MKFH - MEFOICIREORMAEBI L, 85 BB
ZHOWCTZORERED A=A LZONTHIEZIT- T2,
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1.5 X

Fig. 1-1 Phenylhydrazine O b7k i&
NBUOKRFE1IDZE FTVCEATERLIMELZF O, WALV LHERADR
piy ECIFEAREZHFOTHROKEKE L THEET D,



$%52%. Phenylhydrazine #5-7 v MZFB® b 7z 2% it 2
ER L OFEBERORE

2.1 #E

I & D W TG I 2 R T EAAE M E 2 E T v MRS LR
DR FHEAEZEHET 5 A TS O OREN 2w MEYE 2 H v 7o MR
EM L7, B 1E TR LS, PHZ TR 25 2 Z 3w E L L
TE<HMmbENTEY, MY OKRE THRMEKR ~DEEL TR 2 1S LSS & 7”12
T WA HFFEL7e (Cary et al., 2008), = Z CHfx X, PHZ &7 v
MIEMRREREG L, WEZPHRELZERT L2 & & LT,

Zo@mMERBRICENT, B Lk 2lifFsh 2R ELoENC,
ME TS O Wik iE O ARG AR S e, AE T, ZEE&SOMEL
A B O W TEFEM RN B R O R 2B 5,



2.2 ¥EEFE
2.2.1 RBRTVFA v (B9 - R YE - #E5FHHE)

5 i s D 1 @ Sprague-Dawley(SD) 7 » b (Charles River Laboratories Japan
Inc. Tsukuba, Japan) A L7=, 8T AT o LA —C 3E~5LF DN
AL, LE 23+20C, MEZ 55+115%, WA 12 KM CTHIBE S NIZANY T 2T
LOEYRETEHE Lz, fE M oEE X CRF-1 (Oriental Yeast Co., Ltd., Tokyo,
Japan) ., KITZ/KEAKOBHBEBEIE Lz, 1 EMOBRE - Bk 4 FEh L 72k, 7RI
50 mg/kg/day @ PHZ (Sigma—Aldrich Inc., St. Louis, MO, USA) % 3 H R XEIE
PERN#F G LT, PHZ IZAMEERICEM L, 10 mL/kg D& TKRE Lz, £k,
PO TIEZ XL LTREL, REOFECTAEMERERZ &L U, & mfigH )
WT Akt 5% 24 W ORERUCRRIE L, MU 223858 S 70, SETEW T T I A
B NTHBE SRR E I I N, ZoEBRITHL = EWERASHOEBY
M EZERIC L2 KREZ T, EREYOMEHICET 5 MmBLHE 2 IH LTS
iz,

2.2.2 JREEIZHRE

L L7z, 2D WIS -8 o, TP, Bk, Ok, M2 /L L.
AR B %= FEha L 7=,

2.2.3 REMBRFHORE CLFEMERE)

i L7z es 2 RIRE R %, LT 10% FHEEE R L~ U IR IEE E L
oo BIELWHSTRI 70 2ullL, B4 ym OU R Z/ER L7, Z OfE&Y)
Rie~~hxv V-4 vy (HE) ta, ~v Yo Y Z7u—2h (MT) 4t
BLRV Y H U T AT U ~~ XUy (PTAH) Y% fi L CRFLBEME T
TEIR L, £, RRIFEREAZEEU AR 2T, R ~—ECLD57 47
U DR EMBIEERREEER L, —RKCEZT7 a7V, 747V =5
Y.BEXOT 4TV =TI A D EIZHTLHZUYYXORY Fr—F v
ik (DAKO Japan Co., Ltd., Kyoto, Japan) % 7 R{% =R 1000 fZ CHEH L 7=, 7F
MIZL T LB TH D,

a) WiXT7 7 ¢ LB



b) WEPESL A F 2 7 —8 O REL
0.1%H202 /0 A % 7 — /LVALEL 30 4
c) proteinase K 4LEL  36°C5 4y
d) FEFFRAIEDOT a0y F T
AFXLINT 3047
e) —kFLIk 4C—Hk
f) EH#HAY ~— (PR L BEFE DR Y ~— ; Histofine Simple Stain
MAX-PO (MULTI), Nichirei Biosciences Inc., Tokyo, Japan) 30 %5
g)
Diaminobenzidine tetrahydrochloride (DAB) JE&EK 1~3 %
h) ~~ hbX U L DR
1) Wik - EHA

2.2.4 BETHEHBERE

A~V UEESNTEMAEMY L, 1%ME b4 A I U7 A THREE LT, EIEIZ
Mo TRFUBIRICUM L, BEOUFZMER L, ZoBEOO N ICERY 7
Voo s T VRSO ZEYE A G L, EBEMSE T CBZ L. (JEOL-1210; JEOL,
Tokyo, Japan),
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2.3 WER
2.3.1 HLTBIO—RINE

PHZ # 57 v MZHBW T, fIEIE 5% 6 KD EEOE A - IRERKDOAR e &
O MLAE R 23 e R S ZOFERITIE G L B U, A 54 IR B
PEDOIK T35l CEOERICBIER Sz, PHZ & EEE 760 5 B, 2 BN e #k & 5%
BEERH T, B 2 BINEMEEEGH 28 ETREL LD, T b 0@z >N T
VLB 138 LA IR S0 D i BRAR R R MR A B X OB ER ORI A2 1T - 72, &0 @ 3 fillX
& P G- 1% 24 IR CRHEARE L 72,

2.8.2 JRBETZHETR

93 BRAR S RO A X B O Il JFRE. BB, DML PRIRIC oW T ERE L7z,

PHZ 57 v b OilZ &3 ICb o> TRA~RRAHZZ L, CPER L TV
oo El-. FEMBEH LB OMICIEAL< ) CEERISD S 2R A AR S
k(ﬁg?ﬂo%@m\ﬁm%iU%M®ﬁﬁ T ik D il K 23 58D B AT,

2.3.3 FHEMEBRFHIET R

T ERARL AR R A T e o . ITRE. BRI, OB, PRI > TERE L7,

2o PHZ %57 >~ FOfiT, 299 BV RE ~ 0 4F BRI E O T E D3RR
b HNTe (Fig. 2-2A,B), 2O OFRBEITHETH L 0 FHEMAFI TLVEETHD
WIRAICFED BN ABIEE —~FH LT\, ZRICMA T, JLFA D ol & B E D
KIENRO LTz,

R fBE ISR L 7o e tE B 1. MT Qe TRl v (Fig. 2-20) .
PTAH Y& ClE etk ~ 5 o Yefa S /e (Fig. 2-2D), safE kb 2 Yt <l
747V = Uit E R LT (Fig. 2-2E),

ZOMOIEFRICB W TIE, WILICBEET 2 L EX oD RMmEKE RS (TR -
JELNE) . RSN U (N - M) . B R E (N - M - B 2 &I
RO LT, M T, RO ZE AL - B2, &N O R A1 0 BE5E 78 i B EE 1238
o, £, ETEYMO S D 34 &L EFHEMETEIY O S5 B 1 IO H N
RO b T,
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2.3.4 MoOBTHEBER

BB R AL FT S S e PHZ 57 v O flc oW TER L7z,

PHZ %57 v b OB MM E 1 ZIEE L, WEIZIZER LR MmER, 1 & #i g
DOWr A, HIFRMED BN bivle (Fig. 2-3). 2 O MR AE 1 I3 H (8 B HY 22 B AL
NHLI, TRNONES - MRELEFFEOGVRRKELEZ L 2B VRO LN,
INLORBITT7 4 7Y MR RIRT DL D ThH o7z, MMKET L &I b
W2V > THER S Lo, e B/ I E O N BRI IZZEZ TR O b o T,
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2.4 £

ARFETIE, PHZ O EERBRICB O TR D Sz iiiaiE, 8L OF oo
FE R BT DB PR AT OV THER L7,

PHZ %5 7 v b Tix, SETHI - FHEIAES IO WFRIc 0 Th | e BE L 4 1
PEME ORE PR O b, MT Gef, Gk gl L OE 7 BMETHm A
o ZnniiREMRLENCERESNTZ 77V e Thd I EBREH SN,
MARIT BN T 4 7 U VBHEOEEDLDLRY , BRI TH DL Z LRI
oo —J. PTAH ik, @ 7« 7V vz R T 527-DICH O D @
DL A ENII R GER PR CEX e hoT, Tk, PTAH &R L7 7 o
TV EGEERT O L, BEERTFOORRGRT 47V Uik RIS 5 2
EVRTERVWEDTHDL EBE 2 b (Kawasaki et al., 1987),

fiTH7 47V kAESD DV IFmARTEK L, LR OLE(EE L TR L
NHZENHHN, FHEMRHHMICEBOTHRENIVEFZFICRDLNZI LD,
ARTICER SN bDEERZ N, —FF, ELHFkeEEnioksbic kv it
TAHZERNmOLNTWAN (Yoshizawa et al., 2005), S ENIETEY T L v BHE
TholcZ &ML S L WITREZEOENTHLAREELE X bR, ETDJR
ik, fiLDEOmMEE NS KV IFEEOEMRE TS D EHELZ I, —BREE
DAL I KON LS D iR 12 36 1F 2 W BAR R T X v b PHZ I X 2 8 i Sk
MWEETH T EOMBEEREOKTZRL TS,

PHZ & 58I W T, BT MRENR AT D52 LTI E TITRENZR
X, ZFOREAT=ALIAHATHS, LrLans, KRBRORONTZT—4F
FOBEDOILEME RN OV ONOAREENHER SN H1IETLER L L SIS
— MR MARTE R A B = X BZIERE L T DB N EE. 2)90Jf]l'?°EL¥;m
22 EOMmEEE ., DMK OEEEMETLE, O 3 SDORFHRET L, £ bREMH
HVIIHAEICEE LTS EEX b TS (Mitchel, 2013), 2095 6, MEN
FGEFEITINRR - SRR OW A A7 — NICEMET 2BAORMABTEEERTHY b
TOREED MEREKICENT 5 (Kumar, et al., 2013), Z O ME N EEEOE 5
WZOWTIE, EFEMBERE ISV THERGEFREZE A DN o 22 W REM
FERWEZZ BN, LALRRLAENIALVY Y VEEZOMEZH WS &L
B LR TERpolled, FFMRENT —F 777 MLV ~R2A75hT
WD ATREYEDN B D, F 7o~ LITILIME N E AL 2 5 5F L RIE KL X Tissue factor
DHRBEZFNEEITRT vy BB DT LD in vivo 5 \W X in vitro D R T
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HiE XN TWD (Wagener et al., 2001; Setty et al., 2008), AR IZEB N TH,
PHZ I[Z XV IEMR L2 RIS Z & DO ~LBNMPIZHEHIR TWD I R TR
o, SO CTMENRICKEZ RITL, BENELLZFERL WL AEREDLE
Z BTz, I, MK OEEEVETCHEIC DWW T8, AR T Mg i A RS 328
ROb DD, WL ONDOERAEA (PHZ 2 &Te) & HAW 7 REBHE 26 € O A RENED
M EEDLz, B 1 ETHRA7 L 91T, PHZ IEAR I EK D IR 55 2 Fe (b A2 45 5
% H (Jain, 1985; Bloom and Brandt, 2008), Z il K> TA L AEDOEN (JBE
i, U U HEE D externalization) MR O EEEVEA TLHET 5 Z & A in vivo
& B\ in vitro ® EER TRE I LTV 5 (Jain, 1985; Ramot and Nyska., 2007),
F 7o, R AR I X0 A NE LS E Z o 72 BRI oo R E R - L L 3
M3 sz EnEpyee h THRE I TWS (Hardaway et al., 1956; Mannucci et
al., 1969), &2, MIKEFEICOWTER, AR CIEFIEMHNBMICE N TH
FilZEmED S slBNBH BTN Z &b IjE > > 2 A2 E I 5 LA
BRMENZZ DN, LA LRBRLMERNEN 5 sMBENTONVTITIAHATH -
726

14



2.5 /R

PHZ # 50 mg/kg/day DH&ETT v M 3 AMIKEEENE G Lizk 2 A,
IhETICHEO R WAIMARE (FilEROLENO T 7 U i) BED LI
o ZOMARIEDIAEA D =X Lz, —fRRIMARTEKA T =X L KRB ORK
R BEHOBEHREMOLLELETEREST L, DRENKEE, 2MikEE. 3)
MK O EEFE T, O 3 BROETHELE LTV D ARENRE X b,

ARBCTEHEGENESIECHNE N2 &, BEBEEROBFEFZNMRAE
LMT R o Te 2 &b, MillARIE DIEE A T = X L EHRET 212130 0 R
THA U EHREL RENICEVEFEMRARELE M T I2LERN DL EZZ O,
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2.6 X

Left lobe

-

lllllllllll“llllllllllliillllIlall‘lllllllllllllllll-lll

I 2 3 a 5

O
Fig. 2-1 PHZ 57 v FOMiORAIREL (K~ V EE - 90 HLK)
iz 2O CTHERHTHY ., AEBEK (KIE) NERLIND,
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Fig. 2

17



(A) HE Y& AR5 G, 2 BRI MBMEMEOLE, 5 o, KIERRBD LN D,
Bar = 1000 pm,

(B) HE Y&t | {5514, Bl hal BE (2 AF BRVE M S (R 8H) 28k 25 L T\ 5, Bar = 100 pm,
(C) MT Yeta, Bk D 4F Mt B 1T RGBS N TWD (KFH), Bar =100 pm,
(D) PTAH 4:fa, Ll o b BRI B X e 1 ~ 55 B3 M & = 9~ (5K 8H) . Bar = 100 pm,
(B) 747V rofuEia, LikofmBikyEixmt: Baicdka) 273 (K
§8), Bar =100 pum,
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Fig. 2-3. PHZ #5457 v b Olili o BHIEEFOZ b
PLRAE L 72 Wi M B NI AR R ILER (B) B X OB (F) oFEFEARD LN
5. FRRAEIC XA MR B O NS (FAK), Bar =100 nm,
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%5 3%. Phenylhydrazine # 57 v N ORI 2R MEFER « &
HAHBR L

3.1 #E

B2ET . RATEMMEAMEZFHE RIS Tch<{mbind PHZ %7 v M
EWIER G Uk, MREMnE cr « 70 2 Ems s+ 2 MmNk
NicZ LaWE Lz, PHZ I MBREZF R T D2 L0 & D WV ITE A O & 52
B B ICHUN R 2R T D E Vo ) B EIX IR ETIZARNn I b,
KIFBOFBMEZHRT 2L LB, WEBEREDA N =L ERWET L L L L
77

ARE T, BRICR_ e — e MR EROER CTH L DENKEE. 2)i
TR 3) MK DEEEMETLED 3 IR AZE &, PHZ %57 v M & R RFRYIC ML
WHH - EFICRET 22 TERNETNOERBEORRTED L D ITHEE
LTWD0E L,
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3.2 MEtLFHIE
3.2.1 RR7¥VA v (8% - HBWHE - &55)

5 s OKED SD 7 »~ b (Charles River Laboratories Japan Inc. Tsukuba,
Japan) ZHA L, BIMIZAT VLA — U2 3 E~5 L DAL, RE
23+2 oC, WJE 55+ 15%., WIKFEH 12 K CHIE S N7 Y 7T X T A0
ECB L, EHE T DX CRF-1 (Oriental Yeast Co., Ltd., Tokyo,
Japan) ., KiF/KEKDOHBHEIRE LT,

1AM OBmE - B2 FEli L= ICHED T 21T/, #1% 6 ILT > 8 #fiC
. 96 4 BEITIE 40 mg/kg/day @ PHZ (Sigma-Aldrich Inc., St. Louis, MO,
USA) z= 1. 2, 3 HDW\IF 4 HHEEREENEKEG Lz, PHZ T AR REHEIZE
fEL, 5mL/kg DHETHREG Lz, £/, BlO 42T T DRSO EE L
LTREL., RO FETERREKEZERE Lz, BIWITRE&EERG% 24 RO
A (Zhzzh€h Day 1~4 &£ 95) THEL., BERENR2?SEHM L 72&IC
B 22558 S W7z, BRAM S Ao iR, BEs XM AR A LB E R A, B
FEAMEBERAEICH SN, ZOFERITHY ZEMNERNSHOBMmIEERSIC
KDoA ZZ T, EREYOMLMICET M RE LA L TRl S 7,

3.2.2 MEZEHBRE

MR TR NI CHZERMEIZ X > TERIRL 72, RiLEkE (RBC), ~E 7 1
Y (Hb), ~~ k27 U » b (Ht) 225\ TiZ EDTA-2K ALBE U 7= 8- 1% % F V.
PRl fg 1 RFRIDINICHIE L7c, BER NI A—ZIZOoWTIE 7 =BT MU U A
JLER U 7o B 2 AV B iz c 0 LTSy B LI E £ T-80°C TR AFE L T2,
RBC & Hb i34 H 8y ERHl 2% #E (ADVIA120; Sysmex Corp., Hyogo, Japan)
T, HtixI7m~~r 27Uy METHELZ, PT, APTT, 747U =57 %
4 B Bh I % % [ eSS (CA-7000;5 Sysmex Corp.) THIE L., i ho v -
TrF hrrErEAER (TAT) X1k ELISA ¥ » b (Enzygnost TAT micro,
Dade Behring Marburg GmbH, Marburg, Germany) THlE L7, Z ® ELISA
v MIT7y P ToOMREEBMETTEREZBRET20ICAMTHLZ LB RESN
TuW% (Ravanat et al., 1995), T4 6 OMKRFHIMREIZESEW IV THENE L
728, RBCBLXUOHbIZ Day 1 TOHDHIEE Lz, Zhidk PHZ B E/H TOE
MAEET, HEHEEE COERRMENRNEZ 772D TH D,
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3.2.3 REHMEBRFENRE

LRI S E W6 M, I, BAZmML L, rBEmsmamic, «
NENOgER % 10% THFERE AL~ U SCRIBEE L, BIEICE->TRT 7 14 v
WL, ES4 um 0O 2ER L, ZoBO I~ Ry =Y
¥ (HE) ¥eta, RY ~—EICE D7 47V v ORBEMEBICFOYREE LKL,
TR TR EICHWTEIRB L OFIEEE 2 HEFAETH DL, HE i X
DR IE, T O ROBRESCHPAIC L0+ (BE, RBEME) ., ++ (FEE, ZHHE
PE) . +++ (EHE, JR#PH) @ 3BEMO s L— FoEE iz,

Flo, BETHEMERAERIC, MO/MRF%E2 25%FR VAT VT B RICERERE L
7ot 1%MBR LA A I U A THREE L, EIECHE> TmARF: UBFICEIE L, &
WO R A ER LT, ZoBEUSAICERY 70y = R0 ERE L L,
BB T CEEZ L7 (H-7000; Hitachi High-Tech Fieldings Corp., Tokyo,
Japan),

3.2.4 ME FROMENT

MR FHIRET — X TR FHRIT 217> 72, FEHR 1T mean®=SD TH/R L=, %
7o AW O PHZ B 5-8E & xFBEE L O 71T, Student ® tFEIC LD pED 0.05
To/hsnborFEEHE L,
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3.3 MR
3.3.1 MEBLICEBRNNTA—FOLEHE)

PHZ # GRECIXAMAE M AR D 572, RBC.Hb IX Day 1 THZFIZHA L,

t I G A > TR 2 12 L7z (Figd-1), — 5., BER/XT A —X DO

B HET Day4 TORBED ST, Day 4 OxtBEICHE LT, PHZ %58 T

X PT. APTT IZ#EE L (£ Zh p <0.01, p <0.05), TAT i 10 fELL E O fE %

w~ L7 (p<0.001) (Fig3-1), £7-. [ LC< Day 428\ T PHZ & 58 TIIH
FEMICIEAETRVWLOD, 7 47 Y )= O RRD bz (Fig 3-1),

3.3.2 WHMEBRFIRE OLEBEMERE)

2EOM (GRS IOERE) . i, BRIC oW TER L7z, Mfk7Fam i
BLOZEOHMHEE X Table 3 127177,

PHZ # G5-# Ol CiX Day 2 I8 W Tl B ICHFEED 5 > MRRD 5
. THNIEKERGICfFE> TR VBEE 2> (Fig3-2B~D), £7= Day3i:i5
WT RIEME D il BE~ D i IR YEME L E DS 6 B 3 lE PHZ &5 7 » MR
o (Fig 3-2C), ZOEbiX Day 4127225 & BN - REHE 20 | £
THOPHZ#HZ v hTHRA SN (Figd-2D), M TKRENRBD LN LHAEDL
Wiz, ZOHBEDEIET 07V =7 kT D MRk L R Y s B &
RLUTET® (Figd3-2E), 747V i Thdr EEZEL2bNZ, IO 47V
VIMARITATE - EEOBMMENIZT VX AR STV, g, i
B VX KA O M ERARIMLE N IS D - et & v o 72 B kid & ORFIZEB W T
LBLIE SN T,

JFlE L OERICB W T, 2 E TIZI 72 L 5 ARiE kg IR0 5
NHMMFENTHD LD RMERE G, AFELE, B ERLE WS T2fT AR D
b7, Day 4 IZBWTHIi T b BEE 2 MARIENRD biv7e 1 EIKR T B R EK
RIZIRBH e 7 4 7V il 2RO 72, MOFEETIES oifd 2 Vi & v
STEEAT EDORERICBWTHLEE SR o T2,

3.3.3 EFHEMERE
L3 HI ORI DWW TERE L 7=,
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PHZ # 5-#£ @ fifi ClX Day 212 3 W\ TJili el & # E NI R IETE & 2 WX FERLIR

DEBEFHEEDOMNME (A Y IME) ZROERRMEKDER L Tz (Fig.
3-3A), MA T, MIEOETFELENHD LT —Z MRIZQR S 72RMERS B S
iz, Day 3275 &, T L DOHRMEK, FRIZT—ZX MRO b DT L0 BHEFIZFE
o 4L (Fig. 3-3B). MMM NICIXME MOy RO b d Ko icko
oo TOXEI BT =2 MRORMERITRM M OB M ZRES 26O T, MENT
~NEZ B EYRERL TS EE X B TWAD (Adachi, 1977) Jifi il £ M4 o
TN DT D 7 BRI Fo U T A PN BRI oD 8 g ME S AN RAE L T ey, Bl
L7oIE & A8 ORBEIE TN BRI ZE IS 380 U, Bsz3 2 M) L 34 e i
MEICL-THEELTEY, EXORELZRFFL Tz, Day 4 TiX, ZHOR
BIEEOMEVHBMEOR . DFV 7 07V vilnfed BMMENIZERD b,
AR T ML O 25 AL T, LIZLIRMENEZAZE L Tz (Fig.
3-3C), M N EMIRR L IR R FIiF O, MifnE o —fH 2 & L it R m % &
S TW e, ZTHFmENEMOTEECIKEEZ RET 5, £—FH T, RWEIF
HEL. A7 0 70 R IET 2B 8B b (Fig. 3-3C),
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3.4 EE

PHZ # 7 v MIEMKER G Lok R, i £ & 2 32 & U7z iR iE 25 &
BEICRO LN, H2ETHE LW EOHHAMPHR TS, ZOMEBRAER
N=ALHBRT L7720, A I TREFAIC MR ) - AR E 2 e L7z,

AR PR A OSSR B Day 3 1235 W\ T A i & i & 12 BB R4 12 A2 23 2
ENIEC®, Day 4 F TICREITHENIERT HZ LW LN E oo, MR
WIS D X vaioZ (Aipr R zFr<) X Day 2 T b1 7- BMLE O
DoMDHThoTe, ZOWRBRIILEWRMEKOERETH D Z & NEFHMERE
THER Sz, PHZ AR MEKR DB 2 5s S . MUNMERICE T 5RO
a5 X< b5 TWw5 (Bloom and Brandt, 2008), ARERIZ IV
Tb PHZ X VWAL K-> RFIBRER L R TR /T Lt o il 2 51 &
LRI, ZUPMBIEDRINDORERA N P THD LEEZ DN,
—7J. WAC< Day 2 6 MENEMEZRET LD T — A2 MRORMEKPHR ST
LB WIRARMER B~ LN EERE L . fLE NI & 5 E H D WV ITTE ML L
TlEERZMIE L TWDAEEMN S & 2 btz (Wagener et al., 2001; Setty et al.,
2008), WML D& E 2 "2 2 BB B EIZEL L L TR, PR o & e
MIE WA ELSEINT S DRI 2 o —HaE AN m - T2
T 5 MBI DE Sy BRI I NN SR E O B S L IR s & 0 e
EWVWo AT RAZE T 55 (Ramot and Nyska, 2007) 23, ARk O E 7B
BMECBWTIZZENL 2R T 2 REFNZ({LIT Day 4 T TROLNARNST,
Day 4 TIEI AL S U7z ML (2 k472 P9 BRI O 15 PR Ab SO <0 BE JE IR 70~ © 0D Jlid 3% 73
wobhTWalzw, Ll tb ZoRATIILBERICHGE LTS EEXDL
e, £7-. Day 4 TIZIMEFIMRAEIZE W T TAT O &EfE. PT B8 L O APTT @
SR, 747V = OEDE VST RARD HAv, A M R e E R
DARTE (BEEPERTTHE L TV DI DO T REE 2N EIE L TWHIREE) THDZ
EDRRENTZ, 2D KD REERE RN T A — 2 OB DIC O Mg S HIFT R &
HT260THY, MifteDREIZRERIZE < & & biT, mAeIz XD BRI
HEZLTWDARER S B 2 b vz, T OEEE B I r021E PHZ 23R8 Bk
Y CIRE 2RI T D 2 Lick o TRE TV LHEZE S D (Jain, 1985; Ramot
and Nyska., 2007),

UbxzEelwsn s, PHZEEG 7 v P TROONUDLMiMAEIED MY T —I%, &
TE AR I BK 23 il il =&/l I NI 282 35 2 & TA U D RATMIED 5 > Th b & &
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Z bz, £, ZhICH &< S5 Mo ke E R E NEEES, Mk
EOHREZHEL TV EZ bR,

AR TIE. WLUAMTTIE « B IBIC W T b B 2Rk M A & FE M L
e, D o MR & vy o 7oA RIS I B IR CThole, 2O XD
I 1 8Tl Lo REmomiiEer v ETR > TnWa, 72 PHZ
Pe 5 Z oy b TR R B LA I R R IS IR AN TR & D DT O W TIEH B
TRV i TIEEBMME S FEFICEMEICE S LT g 2 & RMmEN T
el REFER - AMFEHERN/EEL TS EE X BN S (Barrett et al.,
2010),
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3.5 /N¥E

AKETIT PHZ %57 v FTHOLN D MMARIEDER DO WL DB 60 &
hole, b E DMENEES, 2 MiEkEE, )Mk OEEMETLEICKS LE
b, BE LRS2BET 5, 2)0 M il FEE S i b B 2o AR ki % A
CTEESN TR, HEQRERAEERN THL LE2 N, DOMENKE
F.OB IO ) ik E T, RO AR R AR K < TR I e
MRS NIZRERTELTEY, WEZELAIEL2BERICME ST b, L
LAEnbmENREFICOWTIE, RETRHBEFNEMOARNLEZLLIZICT
T, NWEMEOBWEMNELOFESLZDOEEIZOWT LB T 5L EN D D
EE N,
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3.6 KRB LUK

Table 3. PHZ %57 > b OJifi « Tt - B ik o 8 Ip 1Y 70 L ik =2 O ZE 4B

Compound PH7Z
Dosing period (Day) 1 2 3 4
Number of animals 6 6 6 6
Grades e s I i I e I e
Organ/findings
Lung
Congestion 6 0 0 O 0 3 3 0 0o 0 3 3 0O 0 1 5
Thrombus 6 0 0 O 6 0 0 O 3 3 0 O 0 2 3 1
Edema 6 0 0 O 6 0 0 O 5 1 0 0 31 1 1
Liver
Erythrophagia/pigmentation 1 5 0 O 0 0 6 0 0 0 6 0 0 0 6 0
Extramedullary hematopoiesis 6 0 0 O 4 2 0 O 0 6 0 O 0 6 0 O
Degeneration/necrosis of hepatocyte 6 0 0 O 6 0 0 O 6 0 0 O 3 3 0 O
Kidney
Pigmentation 6 0 0 O 6 0 0 O 1 5 0 O 0 1 5 0
Degeneration/necrosis of renal tubule 6 0 0 O 6 0 0 O 6 0 0 O 5 1 0 0
Thrombus 6 0 0 O 6 0 0 0 6 0 0 0 5 1 0 0

-, nofindings; +, slight/focal; ++, moderate/multi focal; +++, severe/widespread.
No noteworthly changes were observed in the control animals.
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Fig. 3-1.
PHZ 457 v b (), xtBEE (O), 7 — X L FH£SD, % K T O kf BB %t
THHEZ%L Student D tREIC LYV HIH L72*p<0.05,**p<0.01,***p<0.001
TR,

PHZ # 45 7 v b Tli%, Day 1i(c RBC & Hb 2AEAF ICHA L, Ht (35 4 %@
CTHRAIZHAD LTS, Day4 128\ T, PT. APTT Ot . TAT O &3 %
HEMNAEEZZ Lo THFIIRDODOND, 747U/ —4 % Day 4 TEREIZHK

RBEC
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Fig. 3-2.
SHREEE(A)B X O PHZ # 58 (B~E), HE Y4 (A~D) BL O 7 4 7V v Db
Y tt(E), Bar =100 um,
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(A) xf BB,

(B) Day 2., fififafg (e BMMAE) ([ZPEED I >MARD LN D,

(CO)Day 3, 9 ~MIFLVEEF LD, REMRGBRIEMEOLE (KRE) BB
55,

(D) Day 4. 4FEMEWEIZIREFICFRD Hivd (KEH), Iz CTHliiE Py 7K E 23 58
5D,

(E) Day 4, if BRHEWEIZ 7 « 7 U v OB I MRS (BB &I i) 2R,
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0

3. PHZ X5 5 v ko RI% Y 72 I 00 8 BT HE 22 B0 25k

Fig. 3-
(A) Day 2, S FHEEOHR N ZA T 2ATERMEKEC)D EMMLENICKET 5,
Bar =2 uym,

(B) Day 3, Z— A MROEME L 7=k IMEK2 H >, Bar =2 pm,

(C) Day 4. KEDO 7 47 U it (FF) DNEELEMMENELREST D, WK
AR S A 2 P (RH) o, HBEL I~ 7 0 7V s (KREH) iR
HHiLbH, Bar =4 um,
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$%54%. Phenylhydrazine #5-7 v M Ol BT 5 BFH R E
=T R BT

4.1 H#=

INETOERICEWT HAIIPHZ AT v MCAMEFILREZ S| S 232
&L TORAEKF S LT RPTomiEkEE (ZMERMERABMMLE ZMAES L2 LI
£29o1) WY=Ly glEke< b Mok ik E R A YL & (2
LTWDZEEHOMNI LI, 72, BEPREIWVWEEZ LA TV S ME N B
DGE OEEBFEIAL) IOV TIEHMBREREY bRICELTHD Z ERERIN
oo LU 6, MEWNEMOBERNEIZCOWVWTIEIREAHTH S, MEN
Bl faiE, MiREEE OB FHANT A ERE T2 EERKFZEAT HZ L Tl
HREEE R OFIENIZ o - TR 0 | M8 PN B e O B8 RE AN 42 13 %R [ 15 1 & SRS TEME o
ARG U AR ERITIELIERD, TOX) RBERITMRMERED FHEK LZ
ZHNTHEY (Margetic, 2012; Gresele et al., 2010) . 1% PN Bl ia o £ e /Y [ 5
DAEBITMBRIEOHRBIRAEALZZEZD ETRNERVWEZZOND, £ TARMET
. PHZ %57 v F O T, & PR (38 813 2 BE %N o i 4 iE B i A
TORBEHZHRT L& L, £, MENERFBITICLY ., ZEEKE T
DO AEWFEN IR B HEZT 5 (Gene ontology f#HT 2 9 5) Z & Tl iE o ¥ &
FAEZLVFEMICHEST L Z L alAhl,
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4.2 ¥EE FE
4.2.1 RBRTVA v (B9 - HBEWHE - &5 FHIE)

FI3ELFEMKICT v FalEA - H LT,

BWE 4 IBF o 4 BICHT. 95 3 BEICIE 40 mgkg/day © PHZ
(Sigma—Aldrich Inc., St. Louis, MO, USA) % 1, 2. 3 HREIEEENKE L
7o PHZ IZAEFREBEEICIEMR L., 5 mLikg D HETHRG Lz, &K% 5#% 24 i
MORFR (ZhZZTh 2 Day 1~3 &4 2) THEEL, ML ZEIES RIS
Wz tbf Ui, 380 @ 1 FRIIRRAES L, AEROFIRTABBE KEZHEE LT
Day 1 TLELL L ORM 2 El L7z, ZOERITIHI =ZE/EKRAZtoEHY
M LZ BRI LD KR L2, EREYOMEMICET 2 B E ZIET L TEh
I,

4.2.2 REEBRFZORE

BEWOLEMZBRILL., 10% ) VEEERL~ U VIRICEIEEE Lz, TIEICHE
STNRTZ T4 L, B4 um DU Z/ER L7, Z oMU I HE 26
i L. JEREEREL T B LT,

4.2.83 BRI

K EW) O 2 I L . RNA ZE (L3 (RNAlater, QIAGEN Co. Ltd., Tokyo,
Japan) 2 4°C T—WpiziE L7=%. RNA IH{E¥ %2175 % ©T-20°C THREFELE,
Mixer Mill (Retsch GmbH, Haan, Germany) % H W CHfLHR 2 ¥ L. MHE
figi#k (RLT buffer, QIAGEN Co. Ltd.) (Z¥f# L7z, RNA |3 B Bz Ee#h 4L &

(QIAcube, QIAGEN Co. Ltd.) ¥ X T8 RNeasy Mini QIA cube Kit (QIAGEN Co.
Ltd) #HWTHREA =D —D 7 v b a— /Wi Lz, fiil L7z RNA ©
SnE 1L 6 E F (NanoDrop ND-1000, Asahi Glass Co., Ltd., Tokyo, Japan)
ZMWT 260 nm & 280 nm OWIEEEI (A260/A280) TRHliT 2 & & biC
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) (ZXk v HEE IS
RNA integrity number (RIN) (2 X ¥ i L 7=, A260/A280 7% 1.8 %, 7> RIN
W6 xR LRBHIMEREEZR 2T O LWL MTIcERT22 8 Lk,
R, BB 4o 2K O RNA BB 2 fEATICfE Lz,
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RNA k% 12, GeneChip® 3’ IVT Express Kit (Affymetrix Inc.,
Santa Clara, CA, USA) ZH W TEAFTF ik L7z cRNA Z &8k L7z, HiEiEH#
WA—H—DT 0 ba—ilitole, NI A7 YT F—NEITICIET v R
BB FRET LA TdH 5 GeneChip® Rat Genome 230 2.0 Array (Affymetrix
Inc.) ZHWIe, "A TV HEAB— 3, B, 8LOYEAT Fluidics Station
450 (Affymetrix Inc.) # >, GeneChip® Hybridization, Wash and Stain Kit

(Affymetrix Inc.) ICL->TEE L, "M 7 IV XA =T a D7 F i
GeneChip® Scanner 3000 (AffymetrixInc.) XV BH L7, AFx ¥ A A —
VhkiElsRBEMN Y 7 FU =27 T D Expression Console Ver.1.1

(Affymetrix Inc.) TE L7, "NTAF—E U TEBIaD1>THs GAPDH
D 3 I T FNEBBFRAT X OREOEEE L, FOoRE L EDOHE
N3 EBAVWHEHTHD Z L 2R L7-, GeneChip 7 — # IZ GeneSpring Gx

(Agilent Technologies) W T MAS5.0 7 /L3 Y X ALY EHLLTE, &
BEHEOXERE (Day 1) (ZxF9 % Fold change IZIEfb SN/ B L FRHAT —
ZIZHESETHH L7, Fold change OEMNXHEOFLE LV & 1.5 {5 L0 EmW,
HHWNT0.67TELEVIELS . 2D Mas 5.0 k> THEH &35 detection call 23,
IEHE (Day 1) BLOHEGHO I H, LV REIEREWVIE) OO TOY
YINVTPELZIMTHLbOEEHERFLEELE L, PHZ &K E5IZL Y %R
e 5 WIEFEBUL T L 72 E /s 71X DAVID 6.7 (http://david.abece.nciferf.gov/)
Z M 72 Gene Ontology (GO) fEricfit =7z, GO fEHTIZ. MEHTICHE L 722
g Y A MRS EEENREV GO HEE (EEEEe V7 3) —) 28 L.
LENERF DL EMTFHREELHET M TH 2,

4.2.4 HEFEHEYT

GO f# #r i B vw T ., DAVID 7 /J ¥ — ¥ a v ¥ A T A
(http://david.abee.nciferf.cov/) % AU 7- Fisher O IFHETE R E %2 E M L 7=,
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4.3 R
4.3.1 REHEMBFEHRE

Jifi o #HL ik 7 B9 P AL 6 KOV o B IX Table 4-1 12777,

PHZ %5 7 v F TiZ Day LIZHB W THild BAMAE ([CBEE D 95 > AR D S,
R I VHE L o7, £72. Day 3 THild &M & IZRBMED 2 W iZ
o EPE O MARTZ RN TR DAL, BEOKEZ > T,

4.3.2 ANEMRICHEIRT 5 LRERERECFOXEALE

UTICARTIENRZICHEIT 22 ERMLATWDERE - BRIERK . #5550
¥, MEREEAT = —F —IZHER LT,
tissue factor pathway inhibitor (TFPI), thrombomodulin (TM), endothelial cell
protein C receptor (EPCR), heparan sulfate, dermatan sulfate, tissue
plasminogen activator (t-PA), urokinase-type plasminogen activator,
plasminogen activator inhibitor, tissue factor (TF), von Willebrand factor,
E-selectin, P-selectin, intercellular adhesion molecule-1 (ICAM-1), vascular
cell adhesion molecule-l (VCAM-1), platelet endothelial cell adhesion
molecule-1, endothelial nitric oxide synthase, prostacyclin ¥ £ O
endothelin-1
INDIFREPFTOMRFERZGHIE L THD, &2 WITMmaeEac R EICHE: L T8
WRRBOLND, EWMEINTWARE T ThH S (Kleinegris et al., 2012; Gresele
et al., 2010), ZH 5 DEIEFDIHEBLZLE Z Table 4-2 1237,

Day 2 7» 5 Day 3 122 C. protein C receptor, endothelial (Procr). selectin
E (Sele) £ X O selectin P(Selp) 1T B L CTWi=, % CT.Day 3 Tl tissue

A/

factor pathway inhibitor (lipoprotein-associated coagulation inhibitor) (Tfpi)
B L O thrombomodulin (Thbd) (3% BK T L, plasminogen activator, tissue
(Plat) . coagulation factor III (thromboplastin, tissue factor) (F3) .
prostaglandin 12 (prostacyclin) synthase (Ptgis) ¥ X O\ endothelin 1 (Ednl)
IFEBHEIML T,

BEE - BRIERICBEET 2 BB TFOLE#HICOVWTE 21X, EPCREZ=—RFLTW
% Procr [ 3% BN L T2, ™M (EPCR Eo 7 a7 1> C #iGH{L L Tht
BEEHZM 53 2) 23— RFLTWS Thhd ITRIBE T L T\, /o, 4K
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REEEREEOEHERNFTHD TF 22— R4 25 FRIIREIEML, £OMERT
Za— T Tl ZRBUKT L Tz, —FH, MERKEFTHD t-PAZa— R
95 Plat T3 BHEM L CTWi=, Dermatan sulfate epimerase-like (Dsel .
plasminogen activator, urokinase (Plau) ¥ X O\ von Willebrand factor (VwkF)
ILEENRBO LN o T2, serpin peptidase inhibitor, clade E (nexin,
plasminogen activator inhibitor type 1), member 3 3 X O\ heparan sulfate
(glucosamine) 3-O-sulfotransferase 5 OZZENTIFIET X TORE T detection
call R“A” L 720 | FHEMEMER W &M S T2 T2 D IRITIC W e dr o T2,

BEESTICHETIERFOLEHICONTIE, Ao —U 72l b b
Sele B XN Selp IZHBWEML CWie—FH, AMEROEES LEEICED S Tcaml
R Veaml IEEZRI 2o T,

& VEENC B # - 2 B in + DB L #IL., Ptgis B L O Ednl OFEBLIENN % 8
F DI, PRI KOG DM G ~DEEHNRE X b/, Lo LR bR
BEHLHRAE M 2 7”F nitric oxide (NO) OEKICITHBETRNL S Th o1z,

4.3.3 PHZ#EIZL W EBL=ELETFD GO T

PHZ # 512 X 0 38BN L7~ (Fold change 728 1.5 LW K& Mho7z), HDH W
ILHBUK T L7z (Fold change 7% 0.67 XV /& o 72) BisafiE, Dayl itk
TiEEhZi 291 BB T, 93 B FdhoTe, NERGICEL Y ZEHERFEITHYE
L. Day 3 (28 TiL 1179 = 72 FE BN L 1005 B BT L7z,
INLOEHBIE T AR T LI GO T L7z, BERERW &l Sz
b4 20 OB§RE 7 2 Y — % Table 4-3 1277,
FEBEMLULEZEE O 7T T Y — 1220 Tlix., Response to wounding
(G0O:0009611) ., Defence response (GO:0006952) & % \»|E Inflammatory
response (GO:0006954) 72 & DR « RIEKISIZEHES S5 7 Y —7 Day 1
N Day 3 IZMIFTYU XA D EMIZHLE L TV, Blood coagulation
(GO:0007596) <° Hemostasis (GO:0007599) (% Day 2 {28\ T pfi<0.001
DHEEZZb> TV ANIT I TFEnT, VAN oZEALSNDO AT AT —
7R =R - fAEICEE TS5 O (Day 1), ZRET 5 H O (Day 2)
Th o7,
BT L8 E 7220 Tid, Day 3 (238 T M phase of mitotic cell cycle
(G0:0000087) < Mitosis (GO:0007067) 7¢ &, iAWl 207 2V
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—BY A RNOEAIZT 7T Sz, Dayl B8 LU Day 2 I8\ TCIIZHEE
IBFEN Dotz VARMIT U I7MITFENTZDT T —I—EDMHEN %
RHTZ N TE 2D -7~ (data not shown),
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4.4 =

ZHNETOEREFEMHEIC PHZ 237 v b O EM & 12 Sk i iE 2 5] & i 2
TL, ZOMBIEICHEA LT, MBEFHICEMMLEND > smBABDHND Z
EEMER L, ZAICMZA T, KRETOBMKEFHRBMITICE Y BEF O M2 jE R
HEAR T2, BICMARTERERINIC B W THEICAH L TWDL 2 ERMLNERoT,
EEE - BIARICBE T 2 BB FOEBNT, MR K L TRERMIZ b I
BIEML TS Z L Z2am LT, BEETEMAL 2RI 25 K8 L, PrEtH
EEDH D WITRIRIEE Z R T 2 EEBIIRMT 205 0VEDOTHY, 2RO NRT
AL L CIIBEREREREICEYTWEEEX SN,

S 62, EH L AeEREE S - O T, Sele X Selp &> 7= Ml la 25 1<
b2 EEFOEHHNRBBEECTHoT, MENEMRICE T ELZ T - 7
7V —FHEMER EOV T R —@\EICHEEAT D ET, MENKIZH-
THIMERDO e —V 7 (EfE) &7V 7 (Efit) 250 %k 23 (Lasky, 1992)
B, ZORFIFRIELT TRMEEBKICICBENTHEER O LA INT
W5 (Margetic, 2012), —J7. Icaml1=° Veaml 3R TITEE N 5780
272, ICAMs X VCAMs & #JE ML ik BE [E SO0G . FFIC A M ER D EEAE L lEED AT
—VICEbANFTH D (Kumaret al.,, 2013), KRB THALNTZZNH DERE
FTOEHOERICOWVWTIEWHL L TIERWS, 272 s PHZ 57 > RO
ZEWT, MENEMIRNRIEEDOIREIZSH D Z LI TH 5, FHEEIZ, Day 3
TR BTz i 1F B B & R - o 28 Bh 1 B N RN & ISR LT D AT RE
Wb, 20K 52, WENEMKEICE T D MmARIERE RGO RRLES L PHZ
57 v b O T ILE PN AR A BE AR EE DO RIEMEDIRETH D Z & 2R
LTHEY, ZOX)BERNELIZILEERICES LT, EEX LN,

RAE & MEEE R 1, REEAEBRZNR2RBICEVW TAEWCERZICEDLY AVHEA
WHBWEBE N EZR-SZ L, £, FIZIEEEY v~ FOoREMEMIEE R S 72
RIEMERBIZB W T UIX LIFMRERJF T 5 2 & nmbin T2 (Margetic,
2012; Aksu et al., 2012), RIEIZ K > THF I D MARIEOFHBIEAIZ DOV T
BHETEMD IR VD RIEMET A M A TR & 70 o THIE NI O B EE A~
BHEEULRARAN = AL TMKERROBEZIEEHEILTNDHLEEZXLNT
W% (Margetic, 2012), AW THEN L 7= GO fiffriciksvw<T, PHZ& 57 v b
O fitiTiE Day 1 2> 5 Day 3 (223 TRIAE « $ufE SR B 2 Dk I FHE S
TWAHZ ERmREaNT, RIS, RIEICIVFERIND ESND TM G5O FEBL
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KT TF OB D 517z (Kleinegris et al., 2012), Z D X 92, K
FUBRIZ 3 W) ToR & AU 72 1 & P9 B2 e o 4 RE B 28 Al 13 AR E PR I L 2 IR 9 % T RE
DRI ST, ORI, W LRI DR L e~ ~E S e,
TN EHWSBILA P LVARRERKICZESEIFTZILERLTND
(Wagener et al., 1997; Setty et al., 2008; Jeney et al., 2002), Z 5 Di L T
X, invitro TE L 7 F 2, CAMs, TF ORBEM, BLXOENO XA 4T XA F
EUTADETAREINT WD, E7o, BEHES LG PERIEMEALSCY A A v
PEA T E VW) HiE2H D (Kumar and Bandyopadhyay, 2005), Z+h 605
— 2T D & AR B W T b~ AGEFR % = — N7 2 heme oxigenase
-17% Day 2 75 Day 3127210 THI 3~5 fEICHBUEML TV D Z &b, BREA
FLADEERMb->TWDH EEZ BN, £lo. 4 XEZ MW PHZ O @R
BRI W CRM M R ERE O N (Cary et al., 2008) . B2t A b L 2 F DR M ER
XD A N A UPELEDOENM (Liese et al., 2001) N#E I TW5, AR
TR 2 A 72 SRAE SOUES° CAMs O FEBUEINTFR O L e > 72 b OO &N
BB DWONBREE 2 BEEL T2 OIS IT - R RIEMRIE A o T b D LHER S T,
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4.5 /N¥E

ARE TR E N B ORERERI R LIC A B L, & NS EET 5 2 & 23 a
51T % AR B E S s OB BALE 2 M L, € ofR, Mk Mo
RN HER SN LSRR Z ERE L THEEEFORALHNBDO LN, TA LD
EENIEEENEEDIZ I ICAT UV APEHNTWD EEZ B, TD XKD R E
X PHZ AR T 2 MREDHREBEAICTES L TWD EEX b, £z, MHERN
BARFMMTICE Y, PHZ 57 v PO T ez ARKREZ BT LIE 2
By RIE « REPUSHE G R EH N SHEP OMFERIICHFES N TND ZEPRRS
A, b U 7o i A P BRI e o0 B RE B R F & & T AR AE AR ~ D B BN R IR S Tz,
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Table 4-1 PHZ 5 7 v b OJili ©ffk 502 1L

Compound PHZ

Dosing period 1 2 3

Number of animals 4 4 4

Grades - + ++ +++ - + ++ +++ - + ++ +++

Organ/findings

Lung
Congestion 0 4 0 0 0 0 4 0 0 0 0 4
Thrombus 4 0 0 0 4 0 0 0 1 1 2 0
Edema 4 0 0 0 4 0 0 0 2 2 0 0

Grades: -, no findings; +, focal; ++, multifocal; +++, widespread.
No noteworthy changes were observed in the control animals.
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Table 4-2 1 & PN B (C 8 B3 2 ifn A2 e BE i 38 s - 0D S8 B AL )

Fold change®

Functional Affymetrix Gene PHZ
category ID symbol Gene Title day1l day2 day3
Coagulation/  1389780_at Tfpi tissue factor pathway inhibitor (lipoprotein-associated coagulation inhibitor) ~ 0.77  0.76  0.66
fibrinolysis 1368901_at Thbd thrombomodulin 0.90 0.72 0.62
1372729 _at Procr protein C receptor, endothelial 1.10 1.63 2.16
1385481_at Dsel dermatan sulfate epimerase-like 0.78 0.83 1.13
1367800_at Plat plasminogen activator, tissue 1.36 1.30 2.04
1387675_at Plau plasminogen activator, urokinase 0.89 091 0.83
1369182_at  F3 coagulation factor III (thromboplastin, tissue factor) 091 087 1.92
1389234_at Vwf von Willebrand factor 1.09 1.32 1.44
Cell adhesion  1388018_at Sele selectin E 0.83 1.80 3.98
1391946_at Selp selectin P 1.14 2.05 4.74
1387202_at Icam1 intercellular adhesion molecule 1 0.96 0.97 0.99
1368474 _at Vcaml vascular cell adhesion molecule 1 092 096 091
1371545_at Pecaml  platelet/endothelial cell adhesion molecule 1 1.28 1.10 1.20
Vascular 1371166_at Nos3 nitric oxide synthase 3, endothelial cell 1.10 0.85 1.02
activation 1370012_at Ptgis prostaglandin 12 (prostacyclin) synthase 1.16  1.04 175
1369519 _at Ednl endothelin 1 1.15 0.90 1.54

* Comparison with control group on day 1.
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Table 4-3 FHLIEM L7281 D E{L 20 ® Gene Ontology 77 U —

Gene
Category ID Category name No. p-value
day 1 GO0O:0009611 Response to wounding 15 2.34E-03
GO0:0006952 Defense response 13 2.81E-03
GO0:0006954 Inflammatory response 9 1.03E-02
GO:0009617 Response to bacterium 8 1.28E-02
G0:0008624 Induction of apoptosis by extracellular signals 4  2.41E-02
G0:0060348 Bone development 6  2.99E-02
G0:0048468 Cell development 16 3.22E-02
GO0:0019058 Viral infectious cycle 3 3.82E-02
G0:0043065 Positive regulation of apoptosis 10 4.10E-02
G0:0043068 Positive regulation of programmed cell death 10 4.17E-02
GO0:0042742 Defense response to bacterium 4  4.17E-02
GO0:0030182 Neuron differentiation 12 4.23E-02
GO0:0010942 Positive regulation of cell death 10 4.38E-02
GO0:0031915 Positive regulation of synaptic plasticity 2 4.39E-02
GO0:0045113 Regulation of integrin biosynthetic process 2 4.39E-02
G0:0048666 Neuron development 10 4.61E-02
GO:0051789 Response to protein stimulus 5 4.77E-02
GO0:0016079 Synaptic vesicle exocytosis 3 4.88E-02
G0:0012502 Induction of programmed cell death 7  4.90E-02
G0:0006917 Induction of apoptosis 7 4.90E-02
day 2 GO0:0006952 Defense response 29  4.62E-06
GO0O:0009611 Response to wounding 31 4.06E-05
GO0:0030097 Hemopoiesis 20 8.59E-05
G0:0048534 Hemopoietic or lymphoid organ development 21 1.12E-04
G0:0006935 Chemotaxis 11 2.22E-04
GO0:0006954 Inflammatory response 18 5.60E-04
GO0:0009617 Response to bacterium 16  6.77E-04
GO:0050776 Regulation of immune response 17  7.17E-04
GO0:0050778 Positive regulation of immune response 13 8.13E-04
GO0:0007596 Blood coagulation 9  9.40E-04
GO0:0007599 Hemostasis 9 1.05E-03
GO0:0030595 Leukocyte chemotaxis 7  1.08E-03
G0:0060326 Cell chemotaxis 7  1.69E-03
GO:0007626 Locomotory behavior 16  1.89E-03
GO:0006778 Porphyrin metabolic process 6 1.98E-03
GO0:0033013 Tetrapyrrole metabolic process 6 1.98E-03
G0:0051188 Cofactor biosynthetic process 10 3.08E-03
GO:0032945 Negative regulation of mononuclear cell proliferation 6 3.22E-03
GO0:0070664 Negative regulation of leukocyte proliferation 6 3.22E-03
GO:0050672 Negative regulation of lymphocyte proliferation 6 3.22E-03
day3  GO:0009611 Response to wounding 71 1.85E-15
GO0:0006954 Inflammatory response 42 1.54E-11
GO0:0006952 Defense response 55 1.86E-11
GO0:0002526  Acute inflammatory response 22  3.55E-08
G0:0042060 Wound healing 30 3.64E-07
GO0:0055072 Iron ion homeostasis 11  1.26E-05
GO:0007599 Hemostasis 15 1.99E-05
GO0:0033013 Tetrapyrrole metabolic process 10 2.56E-05
GO:0006778 Porphyrin metabolic process 10 2.56E-05
G0:0051188 Cofactor biosynthetic process 18 2.98E-05
GO0:0006959 Humoral immune response 12 3.27E-05
GO0:0045087 Innate immune response 16 3.46E-05
GO:0030099 Myeloid cell differentiation 17 3.83E-05
GO0:0033014 Tetrapyrrole biosynthetic process 8 4.36E-05
GO:0006779 Porphyrin biosynthetic process 8 4.36E-05
G0:0007596 Blood coagulation 14 7.46E-05
GO0:0002541 Activation of plasma proteins involved in acute inflammatory response 10 8.75E-05
G0:0048821 Erythrocyte development 7 1.21E-04
GO0:0019724 B cell mediated immunity 12 1.27E-04
G0:0018130 Heterocycle biosynthetic process 12 1.56E-04
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HEE. RIE

PHZ 1%, E#&. BEFOFHTHEL LTHAPTHENSIATH 2 A
LEW T, £ F2E0DEMICE WV CRMERZBIEICEET D Z LICERN LR
Mz EEIFTZENMOENT WS, PHZ OFEMEE LTIE, ZOBEMICEET %
T2 O MKW - EEHELLSRE SN TS, I E, RLERBES~EF 7 1
B ORE, MO, EiRilcl i 2 RMKABBIBEARELE L Vo T
R THD, —FH., MBRIEDOREAEICONTIX, R ZIERBED B TR G &
nice NORIERE L TOTRICRERNHDLDOAT, FERT—F THHTEZ 51
WD ZORAERFIZOVTIIANHTH 5,

AW TIE, BRICH PHZ 27 > MZEHMEET L2220, ZhET

WCHEDO R WEAMERIMARENFERINDG I EE2RBA LTI b, ZOHERA
AN = A L% HITT D720 O MIKTH - MLk PR E(bR R, BRI BMT
ERWTE AW PRI~ BOEZE LT o7,

1. Phenylhydrazine ¥# 57 v FMZR D b2 EMMRER L OEERBEF DR
E (F28)

i - & f B OB FNEEZ BT LHM T, HMoED SD 7 v MiC
PHZ % BRI B 5 L. F= B lkas 0 93 BRARR] 22 00 b A . 93 BRREL A 52 P B A 2 92 Jte
L7, WREMHZHREICBOT, MIZEENRO~KEHEZE L. AOKNRE
LTWe, iV TITREAEE —% L T7 ¢ 7 U v s A3 i i =&/ i &
WNIZTE R S LTz,

T OMITHRAEZ FEhE L7 TN, B, O, R CIE mIcEE T 5 B XD
NAHRMEREREG, B EMTTHE, AR E L Vo EB RO LN, F
7o, FETHIZ RO, DO LENICIENRBO bz, LA LR b, b
142 D F BTl AS O g 12 1338 @ & v, PHZ 73 ili Bl if 8 12 R 509 12 2k i
BIEZHEEZT I LERDMhoT,
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2. Phenylhydrazine # 5 7 v M O K2R MKFEH - REHEEFENENL (B 3 &)

PHZ #% 57 v MI@E® b BPEMM AR AE O REIEE A I = X L E T 5
e, RERFRIC IR E R R A, WEARR R A 2 B L, £ ORR, A ML
S b BB o MARTE I e A C TR O b 3 il EMimE N o 5 - i
(EERMEKDER) ThoTo, o, MMFAIC IR R#H P IZFED b iy
RASB W T, MIREEE R NT A —Z OFHE . BREHY 72 i 8 PR o 455 25 g 58
SNTe, ZHbE—REZRMARTEROER & S5 DI N EE. 2) Mk kEE#
(9 o, &IE) . DMEROEEFEETTEICES LEDED L, 2)0 Mk E 2 i
FEANCBEREE 2RI L TWDIEn. DOMENBEGE. 3)0o ik % E M7 E
DIRBOEALICE D> TV EE X BT,

3. Phenylhydrazine #5-7 v b OIC BT 2R IGHN R ELTRBAMBHT (5B 4 E)

AT ClE PHZ %57 v MBI 2 20 M+ 5E 0 95 58 Ak 12 (il & PN B R o
BENEG LTV Z RO E o7, &N OBEIERE 22>\ T
FIRPATHD, £ZTHAxIZ, PHZ KRG T v FOMIZIB W T, M8 N EGH D2 5
Bl 2B o fu ke i B AR F O R BB 2 il Lo, E7o. MRS M
¥ X O Gene ontology fi##TIZ L 0 . IMARIEDIRRER AL LV M HEiET 52 &
ErBTo, ZORER, Tax BT L7 2 BV D20 MR EBEEEBE 23, &
WA RIS W CBEHZFICEB L TB 0, BEF - MIEO N7 v 2L EEFE R EIC
HhTWwWs EEx NI, £, MENEBEEFRBMTICEIY, PHZ &S5 Z v b
DO CTIERIE « S B BN DBEZE N OMBEMNICHE R SN TVD Z EPRRS
Mo, RIEVEROSIZMAE NEMIEOMEMEEFRET LI L0, MREER &
WHABEGAHRE SN THEY PHZ &5 7 v MW T H RIAERED M4 E O 7
REFE/E - BALICHE G LTWD Z ENRB ST,

ARWFTEDOFES LA O BE kA 5. PHZ 57 » M IT 2 2VE A2 iE o
AH=ZALEITFTRO LS ICHELZEIND, 2F 0, PHZ ITRMEK A HHE L, Rl ek
DEFRETE R LFERRTE 2670 T2, TN RITMEOEE . 25 Mo ik
[ 58 (Mg e E P TCHE) . M NGO REREE 25 2K 23, iz TR
B 6 B S D RIENE D RSN 8 NS O RERE B IC B2 MIFLTWD
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AREMERH D, TNOLDOEROA X7 NOBARFAZE A DI, PHZ &S T v
MZEBWTIE, PIHOMEMOLENOMTEEN MY T -0 5l &< mE
PN B e oD B RE S (R [ AR B ) | ifi 0% 46 1 4 0D T A 28 if A iE oD i B & AL
HTW5 &f%i%ﬂf:o

PHZ

Peroxidation of RBC membrane
- Loss of deformability
- Externalization of inner layer ~|_
- Lysing---, ~< s ;
Free heme/ 3 Hemostatic dlsrupt!on
- hypercoagulability
N

hemoglobin
|

~—Lung v \
- Pro-inflammatory response - y

Capillary V
- Occlusion by damaged.RBC —> Throm bosis

congestion A
- Endothelial dysfunction \!r

coagulation > anti-coagulation/fibrinolysis

- Endothelial damage €
2 -/
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Phenylhydrazine (PHZ) is used worldwide, mainly as a chemical
intermediate in the pharmaceutical, agrochemical, and chemical
industries. PHZ i1s well known for its ability to induce hemolysis via
auto-oxidation of erythrocyte in animals including human. Several
toxicities of PHZ has been reported in hematology and histopathology,
e.g. decreased erythrocyte and hemoglobin, splenomegaly,
erythrophagia and blown pigment deposition in various organs. On
the other hand, thrombosis caused by PHZ has not been reported in
the animal experiments. We could see a few cases of thrombosis in
the patients treated with PHZ for polycythemia; however, the
mechanism is unknown.

We found that a short-term administration of PHZ caused acute
thrombosis in rat lung. In this study, we determined the
hematological and histological changes of PHZ-treated rats to reveal
the pathogenesis of the pulmonary thrombosis. In addition, we used
gene expression profiling to provide a better understanding of

biofunctional changes in lungs of PHZ-treated rats.

1. Acute pulmonary thrombosis and other histopathological findings
in major organs of PHZ-treated rats (Second chapter)

To obtain the pathological reference data for blood or
hematopoietic toxicity, we conducted a short-term repeated
administration study of PHZ in young male SD rat. Macroscopically,
PHZ-treated rats showed red or dark discoloration in all lobes of
lungs and small white lesions are scattered. Microscopically,
fibrinous thrombi were formed in alveolar capillaries coincided with
the white lesions macroscopically observed. In the other organs,
hemolysis-related changes such as erythrophagia, extramedullary
hematopoiesis and brown pigment deposition were observed in the
liver, kidney, heart and spleen. Thrombi were observed in the left
cardiac auricle mainly in dead animals; however, no microthrombosis

were observed in the organs except for the lung. Therefore, it is
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considered that PHZ caused acute thrombosis specific to the alveolar

capillaries in rats.

2. The hematological and histopathological time course of change in

PHZ-treated rats (Third chapter)

To 1investigate the pathogenesis of the acute pulmonary
thrombosis in PHZ-treated rats, we evaluated the hematological and
histopathological time course. As a result, the earliest change except
anemia that preceded thrombus formation was congestion (.e.
accumulation of deformed erythrocyte). In addition, abnormality in
coagulation parameters and limited endothelial injury in the
alveolar capillaries were also observed accompanied by diffuse
thrombus formation. Applying these changes to the three major
causes of thrombus formation as follows: 1) endothelial injury, 2)
stasis or turbulence of blood flow, and 3) blood hypercoagulability;
the trigger for acute pulmonary thrombosis in PHZ-treated rats was
considered to be regional stasis (Factor 2). Endothelial injury (Factor
1) and blood hypercoagulability (Factor 3) was considered to

accelerate thrombus formation.

3. The time course change of mRNA in the lungs of PHZ-treated rats

(Forth chapter)

As mentioned above, it was revealed that endothelial injury
contributed to acceleration of thrombosis; however, the potential of
endothelial dysfunction remains unclear. Therefore, we evaluated
the expression changes of well-known thrombosis-related genes in
endothelium in the lungs of PHZ-treated rats. In addition, we used
gene expression profiling and Gene ontology analysis to provide a
better understanding of the pathogenesis of the thrombosis. As a
result, some of the thrombosis-related genes we examined were

significantly changed mainly during thrombus formation and the
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balance between coagulation and fibrinolysis was considered to be
inclined to pro-coagulant force. This change would be contribute to
the development of the pulmonary thrombosis in PHZ-treated rats.
The gene expression analysis showed that inflammation/immune
response was significantly and continuously induced in the lungs of
PHZ-treated rats from the early phase of treatment. It has been
reported that inflammatory response causes endothelial dysfunction
and interact with blood coagulation. Therefore, inflammatory
condition in lungs of PHZ-treated rats would be play a role in acute

thrombosis.

To summarize the findings of our studies and other relevant
reports, we propose a putative mechanism for acute pulmonary
thrombosis in PHZ-treated rats (figure below). PHZ affected
erythrocytes and might cause various types of disruption, including
loss of deformability and morphological alteration, which are
attributable to regional stasis, endothelial dysfunction and systemic
hemostatic disruption (i.e. blood hypercoagulability). Inflammatory
condition in the lung provoked from early phase might induce the
endothelial dysfunction. Considering the impact and the onset of the
events observed in our study, regional stasis could serve as a trigger,
and subsequent endothelial dysfunction in the lungs and blood

hypercoagulability would be important contributors to acute

thrombosis in the lungs of PHZ-treated rats.
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