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3p-/K R FL ik FEB% S, 3B-hydroxy steroid dehydrogenase
Cluster of differentiation

BRAIRT 7 2 > — U U, Cyclic adenosine monophosphate
C17 KEE(L/CL7-20 14K L) i 3,
17a-hydroxylase/17-20-lyase

T A N7 YA —/ L, Estradiol

KIH®, Escherichia coli

YN )% A L€ >, Follicle stimulating hormone

Y sfill i s V| v 32 251K, Follicle stimulating hormone receptor
PERRFG A V| Vi R L E v,
Gonadotropin-releasing hormone

YiZHd, Germinal vesicle

A4 % —uA x>, Interleukin

(K442, invitro fertilization

{A4b R Eh, in vitro maturation

URRI Yo BITA4 RiEGH X7,
Lipopolysaccharide binding protein

BRI R A /L& L, Luteinizing hormone
AR R R LV % 25K, Luteinizing hormone receptor
YRARY Y > 74 K, Lipopolysaccharide

B — A sy A 1, Metaphase |

B Wy E ], Metaphase |1



MD2
MPF
MtDNA
NF«B

P4
P450arom

P450scc

PGF,,
PMN
ROS

StAR

TLR

Myeloid differentiation factor-2
Ui pk PR HE[K] 7-, Maturation-promoting factor
I =2 F U7 DNA, Mitochondrial DNA
F WK+ «B, Nuclear factor-kappa B

7'v Y A7 1, Progesterone

7 u~XZ—+E, Aromatase

a L AT v — LY W% 5,

Cholesterol side-chain cleavage enzyme

IO AT T TV, Prostaglandin Fy,
%% A 1L EK, Polymorphonuclear leukocyte
IS PEREEFE, Reactive oxygen species

aL AT —)LHEIRZ R E,
Steroidogenic acute regulatory protein

Toll # L& 7% —, Toll-like receptor
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DX, IIRE EINTIEAE T E LT INBSAELE, FRR T — T
R —DNELHE s SAERL S D AFEN A ISRIC K D EICHAfi S h, SBIcTE%
TU O LT HAIBME OB E BIRSBRL T D, 2072, RIEMETER
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AR OIE Y, FRENTIZIRIEE, YO0, BB, F X OUEIKIRITA, @)
WyfE o L7 IR S o TRV IES TV D, FENERRESD 40% 128
WTC, I DFEE EIELHAR BT ETIA AR L T, ROFEAHNE Z 2 INjass
B - IR A 5 DR IR ) A H v D (Opsomer et al., 2000), = D X 9 72 =N
T R T, IR RS 20% I L, FHZER BE0E 30 HIERT %, £72,
T ENBERBEDATIE, FZBICEDMIREN 3% EATL2ZenmEINT
V% (Borsberry and Dobson, 1989; LeBlanc et al., 2002), E7EM: 1B NIEKIZB W
THERREREDIR FAMBE 2o TRV, ZHRBIZEFEFOKEFICETIRT
T 52 ERHE STV D (Kasimanickam et al., 2004),

ZIT, RIEMEFERE L BEREE & OBIRIZOWT, WIREERTT 4 —
v RB R Z =215 2012 4 10 A D 2014 4E 3 A o#IIC i LT
RV AL A CRERPEFLS 59 B X R L LICHREIC W TR ~%, itk 21
HANIZFE B & DR etk &R LTz B RAFICB T 230 L0220 B
L, RS LHESTHEITHEML, FERAPO 120 BN ORI
EHEARTHBITILT L7z (Table 1.1), 0¥t HEISK 4 Db 0ElE 2R L
AR EOITIC IR W TE, FE RV BRI A~F R Lz (Fig. 1.1).
—05, BRI EOEHIERZ RS T, Stk 21 B LRRICED D OREEE T o
PR R B B e FENER A CIE, b L7z X 5 RBIEREICBET 20T o
HAWZBWTY, [ESREOMICERRZITRD /-7 (Table 1.2 &
W Fig. 1.2), ZNHOREND, RIEMTERBIIFZFSAEELAEST S DD
Z7g > TWB EZZ LD, LTER-T, FEAEEEZLZTEIEDLT-DITIT,
RIEMETHERDAFOLIEIEEE EO LI ICHET 200 EMIL, 05
ER/ANRICMA D E R BT EF L ERT DL L NEETH D,



1—5 RIEMFERBICEET SRR ME

AR O Y, RIEVE T EREBZRIE L2 T o CIXBHEMEOEL 725 2 & 2V
HILTWER, ZOEEBHZRERICOWTIEABER SRS o2, T8, RIE
e Z LN OB HE 2, FAEVETE IR B B 4 2 Ml o
[FE 3 L OV itz OMIEERE D ZL S~ BN D K 5127z,

IR O ITERE R RE Th 503, itk 2 HEINITIE 90% Ll oy
T ENSMEN B S5 (Sheldon et al., 2004), ikt% 3 BLLKE, =70
SHIE DS D 7 L OFIEITD L, 754tk 31~45 HIZIE 50%, 46~60
HIZIE 9% ThD, VO FENLDEESNOME, £ o HBBER XUV
JFMEIZE D 3 oOA7 IV =2 S5 (Sheldonetal., 2002), T 72bH, 1
B OIRF MG, BRI OJRIA & 72 0 15 2RI VA Fn M E o 3
2T %, Escherichia coli (E. coli) 35 X T Trueperella pyogenes (T. pyogenes) (&4¢
FEMEFHPRIBIC I T D FERRIRMEEGE CTH D, i\ T Prevotella species
<> Fusobacterium necrophorum (F. necrophorum) 7 & OB EE 23 i WO BEE C
B &5 (Elliott et al., 1968; Griffin et al., 1974; Bonnett et al., 1991; Sheldon et al.,
2002; Williams et al., 2005), E. coli XMt LTS, iz kvl
DOEDEGENE Z VT < b eFE 26N TW5b, T pyogenes (=2 L AT 1
— VKGRI EE CTH 5 pyolysin 22— R 5 8Ix 1 (plo) L CTEY,
SRVNVHIIR R E IS K0 B IR & ik 5 (Silva et al., 2008), £7-, F
necrophorum [T HMER A MEET s @mAEAThHoO A a hF T U2 FEE L,
Prevotella species (ZHIMEKIC L2 BRBZHET 2ME L AT % (Olson et al,
1984), Z D& 91T, SIREOIAFOFE ISR 2 22 RGeS 575,
M OFEERIC K0 2 OIERLCHIN DO EIE LD 2 5,

ZIT, REMFERBICRT 2 EEREEME THD E.coli &ExDT R



F¥vy (NEHR) THD LPS IZOWTHRR%, E.coli 5T 7 ARatElEE
X, =V RIX T UREAT DI LT, BECAMEKOIGEMA, BT 3 >
VIR EBIT DI HEE LGSR T, =2 R R A3 T ARMEHTE O
FUBEDRERKR Y CTH Y, WIROMIEIC L - CilElEd 5 2 & THIRRICIER L, #
WaERT, ZOT R VORIKNVFRKRY YT 4 K (LPS) &FEEN
LVREHETHY, MORFIEFEWE L LTHOLATWD, LPS 1384 - 1k
FHNHEFICEERWETH Y, A — 7 L— T OB E CIEI R LS e
VN (Miyamoto et al., 2009), LPS OAEWIEMEF.0NE, LPS OIFEH S THDH U B
A THY, JUMMEZRZ720 0, BRGEERZRET 2, BAGREICBNT
Z® LPS OFFRIZEE L TWAZRAEEN, Toll kLt 7 % — (TLR) Th D,

TLR &, P ORERUR 5y % R BAOIC TR L B AR E R OTEMAL 23559 5,
BUEE TIZ 10 FHO TLR 77 IV =2 RESNLTVDN, £DH HDO—DT
H5 TLR 4 1%, LPS OFFKICH.LAYZREE ZH > T\ % (Beutler et al., 2003;
Takeuchi and Akira, 2010), 4=f&NC, LPS % LPS binding protein (LBP) & #&E4& L
THEAERZIA L, HilakE EICfF/E9 5, TLR4 / CD14 (cluster of differentiation 14)
/ MD2 (myeloid differentiation factor-2) 7>& k2 EEZFRIKIZ L VE#KR SN D, =
BARIZHEA L2 LPS 13 ERKL2 B8LTN p38 U vigfbz5I =2 L, NFcB
(nuclear factor xB) O&ENEATZH%T 5 = & T, Interleukin (IL)-1B, 1L-6, Tumor
necrosis factor o 72 EDRIEMET A FAA R IL-8 REDTEN A L DRELEE
584 % (Beutler et al., 2003; Takeuchi and Akira, 2010),

UTAE, DNHBEREICR T D E. coli X0 LPS DA FHI-ME St S Cn
%o FE~D E coli EHARZ L TND T T, oMkt OESIRh 0%
BRELETDHZ L, FLIRTAERSNEORBERLRIGERIUCEHD LT A T
VANV OMPRENMET T D Z ENHE I TS (Sheldon et al.,, 2002;



Williams et al., 2007), ANz T, E.coli B4 TITHINEMETT 5 & & b, HE
IR SN D EEN O WM ESN D 7 n Y = A7 v OMHPREMET L7,
6D Lb, E coli 1F, DBBRRIICFEORIELZGIESHE 7 TR
<, IPBOBERRIC bR LY KT T rREMESHEE S, RIEMETEIRBICBIT S
PHEEERERR E A2 LT, HERMME THL LA D, FERBERFICE
WTC, FENIFRBIEOAZ 26T, Mk XOYMeaEf T LPS 28 FET 52
&M STV A A (Mateus et al., 2003; Herath et al., 2007), LPS & A:5ififkhe
& DBIEMEIZ DWW TIIRIEARHZR AN L, £ ZTARIFETIE, 20 E.coli @
PEAET HNER TH D LPS ITESEH T, LPS NINEMERRICEZ 2L L
MZTHZ LT, HAFORIEMETFEREBICE T DINEEBEREDO A V=X L%
KRNI 5 2 L 2 B LT,

1—6 AFEMERRICKITT LPS DR

FLAEOATEMSREIZ RIE T LPS OREIZ OV T, T E THE Z2 OISR
PATPNTEY, LPS DTENBEORIELGI ST A =X LDV TOH
RAAHE SN TE 7, £, LPS 12N ML FI2F/E3 % TLR4/CD14
| MD2 BEZFIRIT L VRS, FEABENPSDOTA NI A R TrENA v
DEAZRIIRT 22 LT, REMREZIENR LT ZERPLNTR>TND
(Borges et al., 2012), & 512, LPS (T ENENS DT R 7502 D3k

Z PGFy, 706 PGE; (ZH)V % % (Herath et al., 2009), PGE, (futh#g 2 {F 5

EIERAE 2455, & B I RIBIEA A IIHIT B = & TFE ~OMERY %

T L, FEEICT S (Mateusetal, 2003), ZD X H A B =KX AL
D, LPS IC K> TEHEFLZ T FENR TIINSMERESZML, NIREL

1ol LTH, BT ORMELIROGRISEEL KT AIEERE L 5N D,
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LU s, AFORIEMNEFEREIZBWTIE, #EURBEIMTOIERE L

BTy, RUFHFENOEFFID bRESFTZRENET T2 L

(Borsberry and Dobson, 1989), & 7= 7B 2ME L L721% b INEAERE DR T 23589

HILDZ ENRREINTEY (Greenetal., 2011), LPS 2377217 Tra < IHHEA
Wb RETLEBEXBND,

LPS I FEMAENS D LH OV — RGBSV ZRGWZILETH 2 L, &
5T, LH Wz 240K T2 5O GnRH iz ET 52 Licky,
PR B LHEIN D BIE % & 72 59 Z & 2N S 7z (Battaglia et al., 1999;
Suzuki et al., 2001), ZAL5HOHIEIL, LPS MK Fi— FEARZ N L
ACIRBICIER L, T OMREZ K T S22 R LTS, L LR b,
LPS 2 IFELFEREIZ KX T BN B OV IR H 2072 5 T ey,

1—7 WEREOBHB LHE

AR D L B0, RIEMEFEREITATESE OWEZ IR TS E 5 2 L RS
NTW5, ZOXD eRENFEEBICERT 2SO ETHKEEDIK T X, K
MEF JOWCK 7 EI23) DR E A TE T 2 EEARMEE LTl BiF b
NTW5, —J, RIEMEFEREBNEDO LD 2852 L CONESRE 2 FLE
DDOINIDNTIE, RIERHRENBZ,

INHOYFERE 2, ABIIECIL L) RIEME 75 R EREE O R FHfRAT,
TR BRIENE T EREE B> L LFOREMIROBRECHIEIC E D XL 5 R Z
LA T 2 0h, 2) JRatsRe DB AT, 7205 LPS AIPIaNIK 1 D%
HENIECIN FARRE R LD L D ICELESE D00, BT+ 52 ek Y, KIE
PEF BRI L 2 A FE R T ORIEZE R 2B 60T L &L D & L,

1 OBBEIZONWT, RIEMTERENHEEREIC L > TRIET 5709, 4
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RN LPS JRFEEBIRESS J OVuE MR EEIZ DN T, S0 imii ORI HERS % 3
ROVENRD D, Thbb, el 2 Hr500% 6 1% Tl EOBRmE
K OVEPRSIR ORI 21TV, RIEMEFEREBORIES L OULH LPS R JE DR
MHERS 207 (56 2 =55 1 fh), \RIZ, RIEM T EREFORMIM A fMEkD
A2 b—a B LXOUFHERICI T D IRMERRFRFEERRIC OV T, ifai# O
TR A Z AT 2 & & BT, BB OFLA0 LPS 1Tk 5 4FHEROTEME
WRsRIE/ERE A UG L7 (BF 2 &5 2 ),

% 2 OB TS D INNaMERE O LB ERIRRATIC OV TIE, RIEME T BRI
BUTEASOINRE I D LPS ODFEORBENEREICR D720, £7, —
EFITIEH D0, FEROFFICTET IS LPS BERS L TEN LPS
BEAZRET L2 LICLY, Zo0BERELZRTF L (B 3 =5E 1 fi), %
72, TEICRIENGED SNIAFITBWT, Il LPS REZHET S &
EBHIZ, IREFZA NI VA= RE, Tel AT e RERBIOIND
AT A RRE CEABERGFORREMBT T2 L1280, FEORIE
&, JPRRiRH LPS JREEIRER L OWRarkRE & ORIRIEIC OV TRE L. (B 3
B 2 Hi), HIZ, IR LPS JRE LMD AT A RR /e U EA L
OB EZ R 5 & &bl (8 4 ®E 1 8), IRNICHFEET 20RO
FREIZ LPS R ED L D ITHET 20O T, RARAEEEZITV, IR
RO RE RS K O E AU TS LPS OB AR L (5 4 B4 2
i), WNT, LPS JEME S IR O3 AEREZ I 52N 5 BT, Ko%=
Rt JOMRSME AR R AT VR LTe (55 4 %258 3 fi), 7vds, AMFEICET
LT AW B FERRIL, A S E R FENY) ER BRI IS RO X kR A %
e,
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Table 1.1 Reproductive performance of cows without fever (n = 46) and with
fever (n = 13) during the first 3 weeks postpartum.

No fever Fever P -value
Lactation number 29+17 3.0+18 NS
Days to first Al 83.7+£23.9 93.3+325 NS
Al number 20+£11 29117 <0.05
Days open 119.1+51.9 175.8 + 63.6 <0.05
First Al conception rate, % 41.3 (19/46) 30.8 (4/13) NS

Pregnancy rate at 120 DIM, % 60.9 (28/46) 15.4 (2/11) <0.01

13
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Fever —
No fever =

0.87

0.6
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0.0

50
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Fig. 1.1 Kaplan-Meier survival curves for proportion of open cows and days after
calving. The solid line indicates cows with no fever (n = 46) and the dotted line
indicates cows with fever (n = 13) during the first 3 weeks after calving. Cows
without fever became pregnant at a faster rate than cows with fever (P < 0.01). Cows
that showed fever associated with mastitis were excluded.
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Table 1.2 Reproductive performance of cows with vaginal discharge score <3 (n
= 34) and cows with vaginal discharge score >3 (n = 24) from 3 to 6 weeks after
calving.

Score < 3 Score >3 P -value
Lactation number 31+17 27+18 NS
Days to first Al 80.4£17.7 90.1+30.7 NS
Al number 24+14 20+1.2 NS
Days open 133.3 +58.3 127.8 + 61.9 NS
First Al conception rate, % 32.3 (11/34) 45.8 (11/24) NS
Pregnancy rate at 120 DIM, % 52.9 (18/34) 50.0 (12/24) NS

15
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Fig. 1.2 Kaplan-Meier survival curves for proportion of open cows and days after
calving. The solid line indicates cows with vaginal discharge score < 3 (n = 34) and
the dotted line indicates cows with vaginal discharge score >3 (n = 24) from 3 to 6
weeks after calving. There was no significant difference between groups (P > 0.05).
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%0 =
25 ORBISEICRIETRIERTFERBORE

® 1
FERFIZBITAMF LPS IREDEIRE

2-1-1 HEY
1 BT LB, HRERICRIET 2 IRERC 7 E KB KO E AR
RIp EDRIEVEF BHHEIE, VI B O B IEC R IE R 7r E IR B OREIC
TWEE RET, AFORENTEREBOFERELEMETH S E coli 56
LPS Mt &2 Z L b, KIGBRICD ~7= LPS NI ~FE L, INEGE
ICHBELTWAHZ ENBEXOND, T TARERTIX, TERFICBT DM
DI LPS JEE DHERS 2 RRIFRIICARIT 35 Z LI L0, AADORIEMTH
R L LPS L OB EMEEZ O T A2 L2 ERE LT,

2-1-:2 MEts L O\FHk
(1) HEEE

WIRGHERFPEET A — IV FE®E 2 —I2BWT, 2012 4£ 10 A5
2014 4F 3 HIZT T LImR VA X A VR EAL 26t & Lz, HEpESC
WA, BT T AE, 7 h— A, BEEILERE X OB & OJREE R
L7 PIE B G b0 Uiz, REEREAND 280 HE 2ol TER & L,
T EH O 60 HAENCBAGHEEFLIVE 21T > 72, FHITESN DRy 7 fF
ET7V =A== PELLULRNT 7 0 =X —fFEETHREL, ST EH
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D 2 EHATNOEIEZNE L, FESLOZB B LIz, b DIk
DOTMRIERT T S LW LIZ FITBRAN D ME~EBEI L, BEROT TolhzelT
ol % 1 BB OIS E LR CENDOZ A A F—/VICTEREL, £
DEITBIN D7V — A b= g~ BB S, FERBIF b ORI E H
A D 2 BT,

(2) TExROZE

EGRORER, /72iie 1 BRI EH, 2t 2—3 @FEITE 3 BliT-o72,
F7o, BARROBREUL, /it 8 METHE 1 A, BEMEERE (A M) F=
> 7 Frontier International Ltd., Kawasaki, Japan) %\ \T1iT-o7=, #ELL7ZEHN
R DFHMIE, McDougall et al. (2007) OFHEIZHEDSNT, AaT7 1 b A7) 5
ETO S5 BPECHBE L . Tbb, 237 1 = GHRKR, 27 2 =
BRIV RO, 227 3 = 50% RO, 227 4 = 50% LLE
D, 237 5 = 50% LLEDIRIS LIUMER, O 5 BFEL Lz, EOHEIC
#EVN (Cai et al., 1994; Hammon et al., 2006), 3% 21 HLAPNIZHMEES s & R
ZE D R ERBEDPEE RO B, S 61T 39.5°C LLEDFEDN L LIz,
BETEREZHI LI (n=5, FHREREK 28+16), FHKLZESLIfEk
(ZR DIRIRIIAT O o7z, itk 3 ELNIC 39.5°C L LEDOFERED &
T, itk 8 HLUNDENKRA 2728 2 LN Th oo filffk 2 g & L
7 (n=5, FHRERE 3.8+1.2),

(3) ik DELHR
A LPS BEZNET D7D, oWai 2 #5000k 6 W FE T, Mgk

F~RY AN BEZ2Erin 4 (5 ml BRI, VP-HO50K; Terumo, Tokyo, Japan) %
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WTEFHIRN BERM AT o 72, 7272 UERIILE, Z08niid@ 1 [\, itgidE 2
BT > 7z, BRE L 72 MiIZE Hlokm L, Bt 1 KefILANIZ 1,750 x g, 4°C,
15 SEEOSDEE L CiifEo sz = Rhx o7 —Dv ) atbf A RF

— 7% L, LPS HIEE T -30°C CTRIFELT-.

(4) LPS IREEDHIE

A LPS O #IEIX, QCL-1000 Chromogenic Limulus Amebocyte Lysate
(LAL) assay kit (Lonza Walkersville, Inc., Walkersville, MD, USA) % AW TiT- 7=,
IR DORIIZ LD LAL KISOEZ RNELT 572912, Petsch et al., (1998)
DIFEIZHE> T Proteinase K V(LI X A AT Z T o7z, T72bH, = R b
F 2 B TK TR U7z i ds K OWRIekIs, RA&IREDY 0.4 mgiml & 72 %
X 912 Proteinase K (Sigma-Aldrich Japan Inc., Tokyo, Japan) % /ii%x, 37°C T 18
FFfA o F aX—va v Lie, 4% a— 9 1%, Proteinase K % AE{L
L2z, e—h7ayv 7 ZHWT 80 °C T 10 /MM AZ1T > 7=, A
BT 7o MRIRIS LAL R E BB ZINZ, e— b7 ry 7 Z2HnT37°C
THNEL, MnSE, ¥y ML TS R Fd v 28R (E. coli
O111: B4) #= > F FF T U ABH/KTHRL T 01, 025 05 BLW 1.0
endotoxin units (EU)/ml (1 EU =0.1-ng LPS) ® 2 % » Z— FIFiR L L, ki a1
U7z, BITALERIZ X2 PAEISORNE L ZMERT D701, MIEZBEmEE (1
EUMI) D= RhHF o TANRL T L, AL 77 LORIKELE BT vEA
AT ole, MBOEEIN/TZT Y R MRV AEDEDR, BEFED AL 7D +
20% LINTH D Z & ozt Lz,
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(5) HEAIAEAT

Shapiro-Wilk ® W BEIZ L W EMMEOREEZIT 728, ST A MY v 7 BE
(2 X DML A Fefi U7, A & TERAFICRT St LPS R DORERFRY
AT A RN E -4y B driE (Repeated-measures ANOVA) % FVY, ¥R 7 10—
T (BERRA & FERA), W (M), 7 v—7 LR OZBE/ERICS
WTHE LTz, 72, F—0O0hBREEICE T SKRE 7 V—7HOE Nz
Unpaired t-test (2 X 0V E L7z, #EHFAIMENTIZIE Stat View 5.0 (SAS Institute
Inc., Cary, USA) ¥ J O JMP 5.1 (SAS Institute Inc., Cary, USA) % 7z, P <0.05

DRI HEEZLY L LT, 2 TOF —X (I mean+SEM TRrL7-,
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2-1-3 fER

BERRT L FE RAITHR T 2 0% om S LPS IR EDRIFIZE(L % Fig.
2.1.1 1T Lo, e oA i LPS BEIE, 0.3 725 1.6 EU/mI
DO THA LT\, FEREOMF LPS AL, fFE L L CaEICHE
VM CHERS L7 (BEFE vs. 775 7%;05 £ 0.01 EU/mlvs 0.8 = 0.03 EU/mI, P<
0.01) ., A LT ERFICKT D oMk (FH) 12X 5 LPS RED
EEN XA BRBITR D SN ho7z (P>0.05), £7-, 7L —7 (BEEL
EFERA) LR (0i%RIER) L ORICAERZAEMTRD bileno
7z (P > 0.05), iR EBUZIIT DHWE 7 —TRIOFEICOWNWTAHATHD &,
TERPICRT S0 LPS JREITHHE 0, 1, 2 BLY 3 BIZBWTHEIS

m< (P<0.05), ik 6 WICBWTEWER (P<0.1) 25~ L7-,
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2-1-4 HE

(1) FERFCET DM LPS REOERE

RETOFEBRTIL, DRtk ORERS OB RAEOMP LPS JRE DL
DUVWTHET L7z, LIS LPS RO LN LKA L LT, FHE, FHMEARRX
BEON—=ART 7T h—=VRERHIT HLDH (Hakogi et al.,, 1989; Motoi et
al., 1993; Mateus et al., 2003; Herath et al., 2007) 23, AHi CHW/=HETIL, HLE
RON— A BFEDOIERDBBD N0l Enh, TERPFICET S 0T
LPS BED LRI T EOREICHKT 20 L HiE S5, Mateus et al. (2003)
X, EEOFENREEFOMFELOFENIFREIERT 25 LPS it L7,
Mateus et al. (2003) 1%, FEEFIZEBIT S M LPS R X ORI 228 E 217
STV, TENEREOMmF LPS X 0.08 — 9.14 EU/ml TH D L#i
HLTRBY, RERTHONZ FERAFOMT LPS RE L IZZFEE CTH -7,
AFHICTHWE 5 BHOFERPFITEWT, I LPS BEIXZENZEN/Si%E 0.5
o 3 HOMICHRKEZ R LTIz, —J7, 2TOMKIZENT, BEL SOy
FEIRD A BT DT 1 BEUNTH o7, EFEREE O SrERIER]IC
I LPS JEEMNRKNEZ RS-t Z &2, LPS & &HEk E oficix
BEEMEDS 2R W ATREME DS R S U7,

(2) Mt~ LPS ZEfED RENE

BRINIC G- S 7z LPS 1, AFlEC Tl SR S, 1HLT 2 (Mori et
al., 1973; Maxie et al., 1974; Mathison and Ulevitch, 1979) , ¥~ 7 AB LT HF|Z
BWT, BIRNICHE S L7z LPS O FEENIE 30 2N TH 5 Z & (Mathison
and Ulevitch, 1979), £7- 7 & T, RN G- L7z LPS 138 5% 3 7»5 30 7

DINIZIERT 2 Z & BRHE STV 5 (Maxie et al., 1974; Andersen et al., 1996),
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IHHOWHREE, P~ LPS OFMITE LW agEEZmE L T, Lo
L5, 260 LPS ORIE, EEDOEREICRE S ZBRIND I L
23 & M2 o Tuvb, Andersen et al. (1996) %, LPS ZEARMNIRS- L7=5H4,
B 72 3L A TIdH G4 30 A LAPNIZI 725 LPS 23K L7y, felilit 2 =
LTWDIFTIEL LPS OHEAN RS EZ 6T, BETHEENND Z & 2l
LTW5, FERICEE LIS TIIABMEREOIFREEIRE L, A TH
W RRBARIZRBW TS, BNV X 2 RERREE SR AE L TW e ietEr & 5,
ZOID, TERFETIE, SR+ E CTEA SR LPS MR THRE# S
NFICTMPICHER L TR aicEx o, £z, mhnso LPS
DRI, LPS L RERBEREILKLT D LPS-binding protein (LBP) DIFEIC
HLikfFT 5, LBP O—2>Thd HDL &G L7z LPS 1%, LPS HAloHA &
Fei UC iR s & O WS S5 B 3 il <, LBP LA E T S 2 & T,

LPS A HIZEFE T 5 AIREME S /"2 X 41TV % (Freundenberg and Galanos,
2000), & MZHBWT, MH LBP JREIIAMERIEICFEN 10 275 50 fFIZHY
MT5ZENFESINTWD Z ED (Zweigner et al., 2001), AL CTHV =T
HRPICBWTS, FEORIEICKLVEALASNT LBP & LPS &3 EGIKEY
BT 5 2SI R0 M ~OFERRA Uz waetEiTm v,

@)

Srth BN T E R 2 RIE LA T, o> LPS RN iz R
2o TERLTWD ZERMALNTR o7, EENIZBWT, LPS (T HIMEKA
SORIEMEY A NIA 0T A LV OFEEEFET L L LB, AMEROE
SECIEMAL 2 L35 (Beutler et al., 2003; Takeuchi and Akira, 2010), = D 7=,
IS ET D LPS 23 AMEROESERZ LS ED Z LIicky, 200
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PEINEITE L FIT L CWDAREMENHER I NS, £ Z TRETIE, FBE&4F
2B 5 AMER OIS X OMAEENAE 2 R RFR0ICfiNT 5 & & I, ik ORF

Il D LPS ~DEZMEDE NI HOW TR 21T 77,
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2-1-5 MBIUE

1.2 -
*
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Fig. 2.1.1 The changes of plasma lipopolysaccharide (LPS) concentration in healthy
cows (open squares, n =5) and cows with metritis (solid circles, n = 5). All values
are shown as means = SEM. Values with asterisks are different between diseases
within the same sampling day (f: P < 0.1, *: P <0.05, **: P < 0.01).
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% 2 &
FERFIZBITAHAMLEKAE 2L — 3 yBXOW

S R ERTE PR SR PE AL RE D RRRFHI AL

2-2-1 H®

SMRRTR DML LPS IR B DRERFI) 2L 2 e A & 15 kA & TR~ T RiTEd
DFERND, FERAPTIIMF D LPS IRESERFICH NG ERP L
Rot, ZORERIL, MERT D LPS BNEHGOMEINEEEETHZ LITLY,
KAUERE OMHEICE L KT T ATREM 2 R L T\ 5, RIEM T EREORA
RFFREIZIE, PRI 2 B R O ED AN HE 2B E 2 H - T D
(Hussain, 1989), % Z CAHITIE, FERFICB T HIRBEMAMEKORNE = 1 —
¥ g U F OV R ERTE R R PE AR RE A RIS 2 2 LT kY, AimEko
BB KOMREIC RIZ T RIEN T EREBEOREZHA LT L L2 ANE LT,
F70, KEHITIEIAES 1 SiCHONTR >R LPS BEEBIE L Abt
T 24T 9 2 LT kY, RIEMETFEREBRIZEIT S LPS L2 DREISE L D
B0 2 MREE LT,

2-2-2 MERIB X OB
(1) HEE
FERRITH L7V A X A FERREFLAE, 5B 2 =5 1 8l Rk E L,

FERODWNL, & 2 HHE 1 HLRKROFIETIT 72, AMERAE 2 L—
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g B KO ERTE MERE 3R PE AL RE O MIE I IZBERR T 11 B (CFHPEREL 3.8 +
1.3) BLOTERA 5 80 CFERE 28 £1.6) ZHW -, U kb7 Re
o L—va YORIEIZIE, AR OEBRTHWE 110D 5 HREFEEA 6 50 (CFE

WE28+11) BLOFERA 3 8 (CFHERE 20+0.0) z iz,

(3) EDTA HEZEHMAE DO/FR

WY L2 B = —I(Z 111.7 g @ Titriplex 1l 3 X 10g @ Acetylsalicylic Acid
Z AFL 800 ml DMK THA Lo, Kfke> NaOH T pH 7.0 () (ZFH%E
L 72, iRfi##%,5N @ NaOH T pH7.4 [ZFR¥L,1000ml £ TARAT v 7 Lz,
ThE 20 pl FoT LA CEZERME (10 ml BRI, VP-P100K; TERUMO,

Tokyo, Japan) (Z737F L, FERT 2 & THOL, MsfRAF L7,

(4) A F Bk o> B R

fHEFIZRBWT, AT 2 W50 8 I E TH 1 B, EDTA &EZELR
M4 %2 MW CTREFIR) bR Z1T > 7o, BRI L7ZMKITE HIOKEG L, 2EHE)
MmEREHEES (B/v % » 27 o; Nihon Kohden Corporation, Tokyo, Japan) % F T
FERE A RE Lz, £z, Sl 1 BFEUNICLLTOFIRIC L > THIMERZ
HEEL 72, £79°, 100 pl o421z 1 ml OyEimAl (BD Pharm Lyse; BD Bioscience,
Franklin Lakes, NJ, USA) Z Nz, #xfiEF1 L7 D Gl (500 x g, 4°C, 5 57
M) #17-7, RIEZEBRELEE, BO 1ml OFEMAZMA TREL, =EO
AT T 10 RFRE Lz, £0%, HouE.0o8E (500 x g, 4°C, 5 4rf) 217
VW, EEEFREL, 1 ml @ MACS buffer (autoMACS Running Buffer; Miltenyl
Biotec, Cologne, Germany) % 1z CHIFE~L v b & ¥ L=, w0508 (500 x

g, 4°C, 573[#]) &17-7=, <L v FZfEE L, MACS buffer Z &z L T, 500 pl

27



@ MACS buffer %12 7 A MLERRREWE 2 F MER H 43 L OBE It L7,

(5) HIMLERE S/ ELOHIE

HmEE otk oflE 7 a—4% 4 A U (COULTER EPICS XL Flow
Cytometer; Beckman Coulter Inc., Brea, CA, USA) % FH\T47-72,5,000 fE#® H 1.
ERA2MEAH L, mifEGELE (FS: Forward scattered light) (2 & Y fifgo K& X%, ]
JFHELYE (SS: Side scattered light) 12 & 0 MIfR NSO HE S 2 ]7E L (Fig. 2.2.1),
HERIER (FHER), U U RERB X OHEROEIG 2 ZNENE N L, 2B BhimEk
FHAIRIC Ko TR bR A EREB IO 7 e — A4 P A RVICKDEHAIL 72
FIMEKE 5y b2 LU T OF RN Z VT, JERIER (AFHER), U o/ Bkds JOMHRER
DR EFEH LT,
A BRIEREL [cells/ul] = ¥ MEkE [cells/ul] x (FERIERDEIS [%] x 100)

6) VI REKYTARE 2L — g OHIE

U mERY 7R 2 Lb—a COMIEIR, AR U7z TR A fER o HEE
DIETHEEL 72 B ERZ AW TIT - 72, 10 pl o 3 M ERERERIZ, AR L7z 10 pl
D~ AHLY > CD4 Hifk (AbD serotec, Oxford, UK) B LW~ A v v
CDS8 #ifi (Gene Tex Inc., San Antonio, TX, USA) Z iz (Table 2.2.1), K E
T 30 SO /7=, G, 500 ul @ MACS buffer % iz TP L7-1%,

S7HfE (500 x g, 4°C, 5 77fA]) Z1T->7z, ~ L v b &k, MACS buffer %

FrZE L, 500 ul @ MACS buffer %01z 7= AIMEREEIRZ 72— A X hUIC
fit L7z,

VYRR 7 RE 2 b= g CORGEICIE 50,000 f#D Y o RERZ L,

FITC (FL1; T CD4 HU{AIZHES) B XL RPE (FL2; 1 CD8 HiiAIZHESR) Dt
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FEmHET D izl (Fig 22.2), UV 38k CD4 BX O CD8 FatEAA

DENE ZHIE LT,

(7)  AFrPERTEMEER SR PEAEBE D TIE

HEERATINT, iRl 2 WAL e% 8 E T 1 A, MAESEEH A~
Vg aEZERnE (5ml 1A, VP-HO50K; TERUMO, Tokyo, Japan) % FVWTJ&
RN B AT o 72, BB L 72 MR IXE HIZ 25°C ORIRAIC AL THER=E
BT, VR — VR A B R LR OEIC L0, BRifig 30 4B
P IEPERR SR PE AL BE D IE %247 - 7=, PBS (Sigma-Aldrich Japan Inc., Tokyo, Japan)
IZEV 5 AR L 100 wl O4Mmic 10 ul @ 3mM L2/ — b (5-amino-2,
3-dihydro-1, 4-phthalazinedione; Sigma-Aldrich Japan Inc., Tokyo, Japan) ¥ X O 10
ul @ 25 mg/ml 47"V = AbH¥F A EH > (Zymosan A; Wako Pure Chemical
Industries Ltd., Osaka, Japan) #/x, ¥ L7T-OL, v~/ 77 L— LI )
A —24 — (AB-2350 Phelios; Atto Corporation, Tokyo, Japan) Z H\ T, 37°C T 30
DEBIEEIT o T, BEEOREITET 3 HTITY, FEHEZHW, 30 4
MOBPEIZ L > TH LN EDZAL (relative light unit/s) % area under the
curve (AUC) & L CHIH L7z, (bFstiElcB W Tam it & Lcha, a4
EROB OIS U THGMENEINT 5 Z &6 (FKIL et al., 2012),
Mehrzad et al. (2001) D HFIEIZHEVY, LU T OFHRAAE AW ThF Bk X 2 HE

T 7,

B

CLpmn (/cell) = CLunole blood / [Total leukocyte number (cells/ul) x %PMN x 20 (ul)]
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ZZ T, Clpmn &IFAFHFEREIC & U HIIE L7258, Clwhole blood & 1E AL
EC KGO FEE, WPMN LITAMERIZH T 24 EROEIETH D, 20
W X 1 v=AbizvclHLEZEMo®RE2ET, MECL-THELNATE
Clpmn DI, GFHERIEMEEESRPEARE & L CHWE, HMERIZIS T 247 ERDE
B, Bk U7z TAMmERE S HEORIE] OB & FEO FIEIC K HIE L,

(8) LFHER~D LPS 4LEE

LPS A3 HER DTG MRS R iE A BRI RIET B E R D201, EF (n =
27) MHEREL L7420z 0, 0.1, 1, 10 EU/ml & 7¢% X 512 LPS (E.coli O111: B4;
Sigma-Aldrich Japan Inc., Tokyo, Japan) %/l C 37°C T 2 Kffi]A > F 22— |
L7 BRI 72 LPS ORENE, AEE 1 HiThonEFERFICBTD
KMo LPS JREZSHIZ LT, LPS X TA v Fax— |k L2,
PBS T 5 AR L, AR L7z T4FPERTEMEER SR pEAEREOWIE ] DI & AR D
FHEIC XD, ALFRICERIE LTz, W% ORINC KD LPS ~DFUGEDEN
FIR DT, LPS MBI W=, R 21T o 7254 O itk ik

T

FV 350 FN—=TIZHEL T &1t~ 7c, 3725, AT 1-2 3 (n=

8), itk 0-3 # (n=11), ¥tk 4-8 1 (n=8) TH 2,

(9) HERHEHT

Shapiro-Wilk @ W BEIZ L W IEFMEOREEIT 7%, T A MY v 7 RE
IZ KD HEHLER A S LT, R L FERFICBIT S AMEKAE 2 L — g
v, VURERY TR 2 b— g B XU RO E ORI 1T AE R
TE-Sy AT (Repeated-measures ANOVA) Z VS, 595 70— 7 (R &
FERE), B (OMBIEE), RS —7 L & OZEAEFICOWTRE

30



BiTo72, F12, FR—O0i%EEIZBST 5 7 V—T7MOE % Unpaired t-test
EHWTREEIT -7, LPS DFHERDOIEERE T IEAREIC KIE T B DT T
X, [Fl—OREN (kB (S THHUIITE (ANOVA) Z1TV0, HEXR
FHEAER AR =54, 0EU/MI @ LPS fiiz 2> hr— L& LT Dunnett’s
test Z HWTHRIEZIT 72, M FAUMATIZIZ Stat View 5.0 (SAS Institute Inc.,
Cary, USA) ¥ T JMP 5.1 (SAS Institute Inc., Cary, USA) #Hu 7=, P<0.05 ®

BHAICAEEZHY L LT, &2 THOF—Z I mean+SEM T L7,
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2-2-3 fEHR

(1) BAMERRE = L—3 a3 o ORIFZA L

ST IRETE OREFEA R KONV E RIS T S KM A M ERE ORI 2L %
Fig. 2.2.3 IZ/R L7c, #BE MBI L OUFHFERIIZ W T, BESAB L FE X
£ L OMICHERERZITRD SRS 1278, iR EEES X OV & ) ik i
BEORHEERICB O THRRENRD L (P <0.05 BXLW P <0.01, Fig.
2238 BLY b), TERFICBITD UV EREIARICEVETHRE L, ok
BEBIZ XD EBERZENRBEO Lz (P <0.05 Fig. 2.2.3c), TERFICBITHH
HEUE, AREICEWETHRS L, SitkiEEos L OWR & ok e o7 h
TERICE B 222030 b vz (P <0.01, Fig. 2.2.3d),

SRR B IIT IR 7 — T RO I W T, @RI
ERPTIIE 0 BLO 1 BIHHEREAEREICRT L, £/, 5
AR E R TIE AT 18, 2 BB IO m% 5, 6B L 08 #IC
U U SEREN <, ittt 00, 2 3 L OV6 EICHERINZ o 7,

(2) VI RERY T AR 2 L— a3 v ORRRZ L

STIRETSE DI R L O E RSB DR Y R T AR 2 L—
a2 ORI LA Fig. 224 (TR LTz, KIEM Y >/ Bk CD4 [l o
EIBNE, BRI N — T CHBRRAENRO DR 20, ik
HERENRD BN (P<0.05 Fig. 2.2.4a), —7J7, CD8 [EMEMImDEl&IX, f
FEFICHA_RFE R CTEEZ 7 L (P <0.05 Fig. 2.2.4b), CD4+/CD8+ (CD8 %
PRI IC %95 CD4 Bt o El5) oM RELA 7~ L7 (P < 0.05, Fig.
2.2.4¢),

[l — D5 IEEIC BT DEIF 7 LV — T RO I BW T, FERFICBIT
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% CD8 [GPERIN DOFIG I, /0 WAl 1 3 KOVt 0, 138, 2B KOt 4 @

IZRBW TR & e_EEICHE D> 7 (P <0.05, Fig. 2.2.4b),

(3) AFHPERTE MR PE AR BE DR ZE AL

fEFE I L O E R FICB T 2 PR EORRFIL(L A Fig. 225 (TR L
7o TERFICET DUHPEROMER S EIT, EHA LR THRBICHVWMET
HB L (P<0.05), /%% 038, 1L, 2 B L0 7 BICKBWTHERENRD b
iz (P <0.05), £7z, IR L 0BBEEE ORIZZBEERAPRO b (P <

0.01),

(4) LPS 23FERTEMERE R PEAEREIC G R D s
bR 1-2 08, etk 0-3 BB XOVHE 4 -8 HOFFHEILE
AIMIZ LPS ZMATA »F aX— N LIALFRIEEDOE( % Fig. 226 1T L
7= 10EU/mI @ LPS Z4LEE L 7= &Ml 2L PR EIE, /iRt 1-2 @,
IDiE% 0 — 3 B L OIEE 4 - 8 MO FICBWTAHRICHEMLE (P <
0.05), —77, LEU/mI @ LPS % LB L 7=4ifiZds T 2L PRI EIL, itk 0
HOFILFIZB N TOREE RN D Sz (P <0.05),
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2-2-4 B

AFITIX, RIEM FEREBOILFITE T D 0 Mhaitk O RN M H ek O EhREZ
{bZFRD7-DIT, RIFMHPOLFHER, VU ok KOHERO ENENL O D
IR AL 2 fRAT LT, T ORER, 1B RETIXOWMER IR R OWD
FOHERE O bivle, AT O FE RAICIB T 2 KM U o]
ERET, MR L IR THEBEICEVE CTHER L, 451 CD8 ka4 735
U7, &5I2, FERFETIIFDEROTEERRSZERENSHIML TB Y, KH
MANZAET D LPS 23 2 OVEMERE R FEAREFE N BE L T\ 2 & B 2 b,

(1) BEREICRET FEROZE

ISP T o L A 72 EDIRIEEY DR ANITKES 2 0582 1E, I 0 EYLR;
PNB) < ASRAf o 72 H ARG GEFERAIBLERARE) &, i RoiRic X 2 Rl
PRI GL B 2 $0 O MRS CRRERAOBHAEIEERS) (oSN D, BRGED TR L
RDDIFLFHER, w7 v Ty —VB IO EoRMilTH D, —T7,
BRREDERL R DDIXY VR TH D, RIRICK T D AEEBI#E D 7= D1z
X, BRGE EEEREPHIL TE ZERRARTHL, LnLaens,
H R LD RIEVEF BRI 1T 2 RERERE DB L 2 i~ Tt 7Eix b 72 <, B
EISEDERLEL 2 D0HEK, ~ 7w 77— (HER) BIOY U/ EBRe 8O
M AMERA ED XS 2B EZR~T O (AIEKORNE 2 L—3 3 DZql) (2
DV TIE AR EBZLZ U,

AFHERIZ, TR L 6T 2 B ARG 2 W THLLH) Ze e 22 R
72 LC\W% (Hussain, 1989), AHilZBW T, EEFB L OFERFOWTHICE
WTh, GFPEREIIOMERTICHEM L, SiER IS Uiz, T ORMIML B fmER

BoBhreZbix, wmEOHRE L —F T2 (Caietal, 1994; Mateus et al., 2002; Kim
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etal., 2005), ILH /LT — )V EREIC S 5 Z LSRG S TWA 2 b
235 (Preisler et al., 2000), Z0WAlT 1 FIZERBVTERD BT 4 R ERER D —FFAY 72
HINE, SIS P anFy — VREOHINCE 26D THL LEX BN
Do —J, iDL PERE OB ECHE R ESDIFHEROIEEIC L D
LD EEZ HILD (Guidryetal., 1976), £7=, itk 0 HEB LD 1 HO =
RAEOIFPEREUL, RS L A THEIZED LTz, Cai et al. (1994) &K
MR &[RRI, TERPICRT D0 Mtk ORI LA R ERE O 2 8E LT
b, LTEENR-T, THHOMERREIE, T8 ORKEICHE 7B ~OUF FERDE
EMNMERES LD LB L TV D AfRErE 2 R LT 5,

TERAETIE, % 0 BIZH W THEREOA B INNGE b7z, Caiet
al. (1994) X" Kimetal. (2005) & [FIERIZ, RIEME B HEAITIIT 5004
DOHERBOEMEZH|E L TWD, FERAFICIT 2 HEREIE MO FAILHA S 20
(2725 TWRWDS, S IRIER DRRARIFIE 3B 5- L TV 2 O TIE W L HEZ S
D, AR TRG L LI TFERFITET, BTOBRH OB OPENE T 12
RFRICL EA B L TR, BB TH L L2 Sz, RiFmf o REKIL, i
MICBITL Cvrn 7y —=U~L0bd %, IFE, BRFOFE~O<7 07
7 =V OEBMRRE SN TEY (Oliveiraand Hansen, 2008), ~ 7 11 7 7 — UMk
BOPEH B L O REOFEREIRICEEG LTS Z ERRB I TND Z &
O, FERFTIIFEDORIEICKET D720, HEROBEIADMELE L 72 "] 5efE
MNEZBND, ILICHBERFETE, ~7u7 7 —VOBREKTITARESIR
TW5AZ &M (Miyoshi et al., 2002), F&=~DHFEREDIK TICL Y, K
OHEERE BN LI /e S B 2 b,
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(2) ERREICRTT FEROZE

KEID YU SEBOHTI AN ERE S5 HDOOS B 4 BHIX, A M) F=
w7 K0 FHE U7 EPRIR D A a7 3% 5 I ETIZ2 LR &y, 75
DRIEIFHER LT Lzlian, TRICHEDLL T, FERPICEIT 5 RMML
U U EREIE, 0tz 5 0,6 i, 7 MBI 8 HICKWTREEA XY bEfEL
R UToe FEABIZERE LY o BRIIR R ORBRCHERICE < Z 212 kD,
B OS2 8B & 72 LT\ D (Leung et al., 2000; Singh et al.,
2008), ERRIZITEWISTH D, JEGREH 2 b EORRR ICTEM 5 2 &
NG, R TH LN FERFEORNY V3 BRBORMHERIL, 8 ORIE
PREB LTS, REICDT. > THRIEIRE DAL Z > TW oAl iett 2 7R
L TRy, BHEGEOEMEANEZ > TW LH#EIND,

UURERoH S T M, wEISEOMEi%EIT>5 CD4 Btk o~ — T
ML, U ARG EDOFREETT O CD8 BBt oF T — T Mijgod 2
FICRBIESND, AFICBWNT, VoS 7R 2L —v a2 ThbCDE B
LN CD8 DT AL, MR A U 2 B ERE OIR N ICBET 5 Z & 3R
STV 5 (Kimuraetal., 1999), ARHEilZIBWT, F B RAPTITMEERS & T
CD8 MM DOEIG ML, EIUTff:-> T CD4+/CD8+ (CD8 oLzt
T 5 CD4 BHMEMAEOEFIE) OMEIFHD Liz, U ~L_AT ¢ LA 4B, K
JEMEFEHRBOFHERFIK T 4 VA THY, FENBEIZAMERSH D721 TR,
EMNCOleo T~ v 77y —VIZBRIEGET 5 2 &AM bALT W5 (Donofrio
and Santen, 2001; Donofrio et al., 2007), Z D Z &5, FERFICEIT S CD8 B
PERIEOHINE, FEBLIO~ v 7 7=V LT 4 VAR D7
DIZAE U AREMEN B 2 LD,

CDS8 Gt fa 23 FLAE D BIEIEIC 5 2 D 52O\, fEEERIZI VT, CD8
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[ PEAAR DE S N ZERG B L IEOFEBE 23 2 & BAHlAE S LTV % (Banos et al.,
2013), FI, FERPTICBITL2ERBEITHEMT 5 LAMESNTND
(Borsberry and Dobson, 1989; LeBlanc et al., 2002), & 52, KiHfLF o CD8 Btk
MR D INL, B EIIRFERCC A RFEE O BRI 5 TRt & 2 65T
W5, TNHEDT LD, RIEVEFEREIC X 2RO BHitERE

FMIEFIRK L LT, FERIRRIT~OREMBOZEMA T, U
RYTHRE 2 L= a v ORI, FICFERFICEIT S CD4+/CD8+ D7)
ieth 8 I E CTRHEMICRD DN Z LD, TFEORENHELIEZLEY
IZOTe > THRIBMBDNISE L TNWDHZ LT EEZBND,

(3) ALZAFECIET & 2 AF P ERTE MEE SR PE AR RE DR

G ERDIEVEE R PEARRZ T T 572012, F R m—4h C I m~YLAf
XX —YEHET D IE (Cai et al., 1994; Hammon et al., 2006) 23V 53T
D, FREREZHEET O LENDH Y, MEICRRERZE L, £, 7u—
YA AN ZHNDHELH LN, FlREERLE TS D, TF, 4FPER
PllEZ BRTHBICET D%, BEMMAITH DI/ =/l &> THA
THI LT, HPEROEAT HIEERAEZLFERICE L THEICHRETE S
X 91272 > 7= (Allenetal., 1972; Leino and Paape, 1993; #kIlI etal., 2012), AHiT
X, viamARE L L, VX — VTR LIL R A ER T 5 2 L T,
G ER DTG MEER R EARR O TN AT o 7o, WFHERTE T T2, HERLMEOR
BRHIEVERR R 2 FEAT D05, BERD T 2L FIEOCITAF P ER & Fel U Ty
Thv, £, RELF oML DR &ann, PRI P EROTEME
WRSEPE/ERE & U CEIiT 5 = L ANATRETH Y (Lojek et al.,, 1997), AHiTIZZ D
FrikERWTHRIE LT,
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(4) FPEREMERRRPEARICKIET FEROEE

AERNICHIEAMRAT D &, GHRERITY A M A 0Tl A Uig EDEL
KA S U TR ~FE 5 U, IR RICIEET 5, Y RATIZE £ - 7247
FERIE, MEZERL, FECHREICEET S NADPH B LEESR AR &
NDZEIZEY A—="—=FF TR (Oy) ZELEL, 2D 0O LIRAET DHIENE
FERIZ KV ARABEAZ1T 5 (Bellavite, 1988), @2 F AT WT, SMERTHZICIZL
HERDRFERENME T 92 Z & AHE S T2 (Revelo and Waldron, 2010; Cai et
al., 1994; Kehrli and Goff, 1989), AHEIDFERND, TH RIS & ik LT
EFEFREDEETHRE L T &b, FHPEROTEMREEEAEREN EF LT
Wb EBEZOND, I TEROTEMEREFPEARITMEI T 2R ERICTKET S
ZENG, TERFTIEFENICEYGE LISHE ICRIS L TR OmEIRE NG
PEAE L, RMMHFOFHEROBEBEIREL TWeZl ERBIX D, 4FHER
OIBRN TR X DISTERRR OEAL, RIE~OBEIREEZF SR L,
Gr G L DIRIN D ATRENE DS & Do AFHPERIC & 0 EEA SHUToIEVERR SRS, X
W@ < 721 T, FEABICFEET 2 EW 22 iiE+ 25 2 & ¢, MkEE
RfFERAEE G SR T2 EAM BTV S (Shaweross et al., 2010), = D79,
T EHRPTH ORI R IEERER OEANL, Mo EREHEET 2 Z LICk
D IR IR~ DI DD I LOMMFEF OFEGNZ LV RImz2 R L T\ 57
H L7y,

AHEITH LR & RIS, FERAPTIE, EHREBEOEAZMET 5
MRTHDHI T I AF L —BOEEN % REIR T 5 & v )
23d& % (Hammonetal., 2006), 2F b, FERAFTIHEHERRZOELENMET T 5
AREMEDRN D LV D Z & Th D, AFiDORKL L Hammon et al. (2006) D5 & D
MER L LT, BITTEOEVWNEZbND, RO TITEm 25k & L
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THWTWA DI L, Hammon etal. (2006) 1%, 415 HEE L 7= 4 Bk %2
WTHRHT 24T > T\ D, AREIOERO X S Ica a2 L2856, Mo
MY A N OA v EOFMEERICE Y, FHEROIGHEREREEREN RS
ST HARMERH Y, KV AEKRNTORISIZIEVIREEZ KL TS EER D

o —7, WHFHEROHBEERIEIL, MIIROAFESZE O, X DICITZAR
BN B A 5 2 5 A[REMENE 2 5315 (Papp and Smits, 2007; Krumrych et al.,
2013), L7223 > T, KEOFRRITIFERFOEERNE LV KM LT8G % BT
W5 EFZ B, JEMERRSEEEARE ORI NI RE D TTEIC L 5 b DT
b5 LR LTND,

(5) HFHRERIEPERRSEIEAREIC TS LPS DB

D% 0 226 2 OIS, FERPICET HIERBREELEROFRER L
ANRHZBINTZ, Z ORI, AEFE 1 SISO THIE Lizfd LPS BENZ
NEND T NIBNWTE =7 IZE LR (0% 05 @ns 3 ) &—8¢
Do DI LE, M LPS PRI &I R ERTEPERR SR PEAEBE & ORI 5 2> B
PR 2D I Eame L TnDd, FE, FERPOMP THRIH Sz LPS RE &
IFEF L~V THDH 1 EUMI @ LPS ABIZ LY, it 0 s 3 O
FEAED BB U 7 MR OIS MERR R PEARRIZA EISHIMN L7z, FAIERIZ, LPS [3fd
FEZRFL A O IMIR X 0 B U 72 A ER DAL ER A N S /5 Z L ST
W% (Revelo and Waldron, 2012), Z D Z L5, FEDORIEIC L 0 A U7z KRy
H1D LPS AP EKICEREEH LT, & L<IX LPS IC X VM S 7Bk &
DPEEET DI A FIA T KY, JEMEREZEOPEARRDIN L 72 /RN E 2 6
N5, LPS IZX VW EnNLYA " IA DL, f o F—mAF% 8 13TH
NIPE~DIF R ER O WL ZREE L, 1EMIRBDOEAZHNSEDL 2 EnmbnT
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W5 Z ED (Zerbeetal, 2003), B ~OMMERGIC LV AT LPS 23, 4
BROIEMEREHFPE AT B L2 525 2 L2 L0 e 2 2k S8 T 5 argerk
NEZHIDH,1EUMI @ LPS BIE, 70tk 0 7056 3 1 (i RM) o
TN EBWTOREMREROPEAREL NS YT, 2O &b, ikt
(I DOEFHT & Pl LT LPS (6T D SO ER @V 2 E R SN D, L L7
PO, DHEORHICE D LPS ~DRUSHEDIEN Z FE IS~ 2 722, 7
Wtk DFLA~D LPS Fh7e L, SORDMENKNEL IND,

T EHRFITE T DA P ERIGTEE R FEARR OB INT M2 R L, 2tk R
TR, itk 7 BICB W T BRI L IR L CHERISEML T\, Z
O MMM O R AEREFIZ AR, FERAFOMF LPS BN k% 6
IZBWT, @EF LR L TAERICEWVERAIZERBO bz 2 &b, Kt
IR IEET D LPS I X DB G R HEER I D,

(6) Ham

Ubobisy, FERPFTIIRMEMLAMEKORE 2 L— g UL TW
5T EMHBIMNIRY, FEHORIENRE OGRPEINEIZEEL 5 2 5 ATRetEN
RENT, £, TERETIHEPEROEEBIZEMENEML TR, &F
PRTEMERR SR O PEAEIT K0 AR~ DO HRHEAN D LT 2 ATREMEAS R STz,
S5\, RIYIMLPICEET S LPS 28 Z OiGMEBeEpEARE N L Bh# L T\ 5 &
EZ b, REMAMEKOES X OHERROEIILFE ORIEMHE LIE D
e L T2 2 LD, itk RO RIEDS RN DTz > TEE OFHIEIE T
R G2 0T D RTRRMEANVRIE ST, SIEMEFERB T, TRER b INEA
DEEDFHET 2 F v U —A— =2 ROFIED R STV DAY (Green et
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al., 2011), Z OIGUTITI3IHE F IO RAEIT K 2 R I A MR~ DRI 20 52 %8
WEE L TnD00s Lt
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2-2-5 HBIUE

102

Granulocyte

102—

101

SSLOG

Lymphocyte

10*

1023

FS LIN

Fig. 2.2.1 Representative acquisition dot plots to analyze differential counts of
bovine peripheral blood leukocytes. Forward (x-axis) and side (y-axis) scatter plots
to analyze cells on the basis of size (x-axis) and granularity (y-axis). The
granulocytes, monocytes, and lymphocytes gates are circled.
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Table 2.2.1 Monoclonal antibodies (mAb) to bovine blood leukocyte used for the
flow cytometric analysis

Specificity  mADb Ig isotyte Conjugation Dilution
CD4 CC8 19G,, FITC? 1/50
CD8 CC58 19G; RPE® 1/10

aF|uorescein Isothiocyanate, PR-phycoerythrin
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Fig. 2.2.2 Representative acquisition dot plots to analyze differential counts of
bovine peripheral blood leukocytes. Dual labeling for CD4+ (x-axis) and CD8+
(y-axis) among the cells in the lymphocyte gate.
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Fig. 2.2.3 The changes of the number of (a) total leukocytes, (b) neutrophils, (c)
lymphocytes, and (d) monocytes in healthy cows (open squares, n = 11) and cows
with metritis (solid circles, n = 5). All values are shown as means + SEM. Values
with asterisks are different between diseases within the same sampling day (*: P <
0.05, **: P < 0.01).
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Fig. 2.2.4 Changes in blood lymphocyte subpopulations during peripartum period.
Percentage of (a) CD4 T cells and (b) cDs’ T cells, and (c) CD4'/CD8’ ratio in
healthy cows (open squares, n = 6) and cows with metritis (solid circles, n = 3). All
values are shown as means £ SEM. Values with asterisks are different between
diseases within the same sampling day (*: P < 0.05, **: P < 0.01).
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Fig. 2.2.5 The changes of (a) area under curve (AUC) of chemilunminescene (CL)
per a PMN in healthy cows (open squares, n = 11) and cows with metritis (solid
circles, n = 5). All values are shown as means + SEM. Values with asterisks are
different between diseases within the same sampling day (*: P < 0.05, **: P < 0.01).
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Fig. 2.2.6 Effect of lipopolysaccharide (LPS) on chemilunminescene (CL) activity of
cows in 2 to 1 week before calving (white bar, n = 8), 0 to 3 weeks postpartum (gray
dotted bar, n = 11), and 4 to 8 weeks postpartum (black bar, n = 8). All values are
shown as means £ SEM. Values with asterisks are different from values at control
group within the same postpartum period (*: P < 0.05).
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%3 E
SPREREREIC RIE T RIEMEFERRBOEE

® 1
FERO—EFNZIIT S
KA, FEWN, SIET LPS BE DR

3-1-1 BHEY

52 EIZBWT, FERICED LA TIERIMmF LPS IRENEWIIZHI - T
FRLTOWDZERHLNC ST, ZOZEND, TENTEEIR LPS
DM & I DFEFENZ L > T HINZRATT S AIREME N B 2 51D, F£7- Herath et al.
(2007) 1%, EEOFENEEFICBWT, IaEE "5 LPS i ahi-z &
ERELTWD, 2OZEE, TESOMBEREICEIV AT LPS 23, Ao
IO T IR I S BATT D2 R L TS, L Laens, mHdh
L <UFIPRIRH~D LPS DOFAT % FERE L 72 FEId 72 <, ZOREEIZ OV T H B
BN o T, BEEBHIOILAF D LPS JBEICE T 5 EOMFFEIE, IR
H D LPS JEE D% JITAFFE (Herath et al., 2007), & L <IERMMmP & +5
NETEETH D LPS 2L % J8~~7-#F%% (Dohmen et al., 2000; Mateus et al., 2003)
ThHY, F—EENTORMIM, &N L OUIRIZIEIT 5 LPS BEORIE
BIOEEIIITHOILTW W, & 2 CAHEITHE, FEROBREAEIEFICT
DI, FENIFREIER TR L ORI o LPS B E ERETT S Z it kY,
LPS N FEHLSDIEIIBATT D ReMEIC OWTHREET 2 2 L 2 B E LTz,
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K510, TEORIEE LPS & OMEMS L0 WRCT 570, T8 OME
B L R B HORENT 24T - 72

3-1-2 MEB X UHE
(1) JEB

JEBNTALHEE I IS TEIZE STV 2RV A 2 4 UREELAE (2011 4E 10
H 2 AAEN, M) THY, 2013 4 9 A 12 AICIEFESHLICE, BRRIR
ZEHFELT, FAFE 9 H 14 H 2k & 1WA) T2 Lholz, itk 2
WL, EICHD720, 395°C UL EDFHEB LOEBMAIRE L, SRS I3HE
RO KRB EOIRMER T OPH 23807, F 6 WA ETIE, 7 F7¥A
7V CBIFIDFE N L OERIRN # G038 B AT, DA 13 JEH £ Tidt
TFXTNT BT LOFHRENEEMTONTZ, R Loz, 5-MHz U
=7 7'm—7 (HS-101V; Honda Electronics Co., Ltd., Toyohashi, Japan) % %3 L

T E 2SR (HLV-155; Honda Electronics Co., Ltd.) % v /z—=—
BAEICLY, FEOIREIROITRE DR Sz, LBERZ O RIEMELR H
DEIERINFH ORI T2 2 LM FEREZBIS L, 23 7 H IR &

1To7,

(2) iR DL

B & M S a1H (55 22 W A) ISIIESBEER~/ ) & B2 R
(5 ml £&1f.H, VP-HO50K; TERUMO, Tokyo, Japan) % F\CJ2# AR > HER I 21T
o7, BRE L7 MIRIEIE Bk e L, Biig 1 RERI LA IC D5y BfE (1,750 x g,
4°C, 15 43f) #1772, BEE LTHELONmEE L, = R hF 07—
YV arA XA RFa—TIZB L, LPS JIiEEE T -30°C CTHRFE LT
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(3) JWELHER AR A

EAVFEABIOTFERI DR ZHBIL 10% RS~V U\ KR (HaE
PERTY:  FLHEBREE TR0 BN B L 0 24 2 W CTEEL, /37
74 @l A U7, S UMRE 4 um RIS L, BT T 0 AL A
Tolett, ~~ bFT U v - AP UREAEZTY, JFBMEE 2 AT L

77',,
—o

(4) MEFAIRRA

A OB X RE#REE (Eiken Chemical, Obihiro, Japan) % F\CEEERY
ICAT 7 2L, KRR LUK E 21T, MEFE 21T -7, M
DFRIER, RE DAL 4 — (Daiichi Kishimoto Clinical Laboratory, Obihiro,

Japan) (KR L7z,

(5) TENITREIRDOEER

18G VEF#AEE LZ 20ml ~ U P EHAWT, AFEALY FERNITRIR
ARSI L 72, AT EAIIIRBGTRRZIFRIRIGERD bk holo, B
B U 7= F 5 NRTR IR 13m0 40 B (600 x g, 4°C, 30 43fdl) L, LigEonz=2 R
Ry 7 U=V af AR RAT7 ARBREICHY, LPS JE £ T -30°C T

RIFE LT,

(6) IFAHE DELEL
220G [EHEFAEE L 26ml U U AW, IPEOERICRZ A IEO
AT & Y DRREIE 2 W5 B U 7=, IR 3o 00 Bl (1,500 x g, 4°C, 1 43fE) L,
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R FEF 7 ) =0y ) af A ARG T ZARBEIZERY, LPS
REET -30°C TORAF LTz, IR OWS1IE, IR OFKE EICR A 52 Tol
RIN L VAT>72 (n=7),

(7) LPS REHIE

I

M4, IR L OIS LPS IREOHIEX, & 2 =H 1 fiL

DO FNETIT- 7=,

(8) IMIEHF D AT v A RAR/VE RERE

2 HUiA1E Enzyme Immunoassay (EIA) (12X 0, JifiGR o702 257008
XA TP F— L OEE & RIE L= (Miyamoto et al., 1992), FRI#E T 2> 5
DAT A RFVEANHABII T D holz, 70y = A7 1 0 ORERE
%, 100 Wl 7' r Y= A7 v PR (1 : 300,000) & 100 ul @ Horseradish
peroxidase (1 : 60,000) % 15 pl DOIPREHRIZINZ TIRFIL, 4°C (2T 20 FrfjLL
RS, 7ay= A7 o OEEHBIX, 50 7>5 50,000 pg/ml OFiPH T &H
v, TyBANEHBLOT v A HEBIZENZEN 65% BLV 87% TH
STry TANT VA —VOREERIEX, 100 ul O A kT DA — I HUARIE (1
150,000) % 15 pl OIPfEEIZINZ TIRFIL, 4°C |2TC 24 WfERE S ¥ 7, £
D%, HURTEIR & IRRHR DIR-G VIR % #5C, 100 ul @ Horseradish peroxidase (1 :
40,000) =Nz TIRFIL, 4°C I2TC 2 KRG S H e, = A N7 U4 — /L ODFE
Hegh#R1, 2 725 2,000 pg/ml OFHTHY, 7 v A NEBEBLOT v A
EENIZNZIN 7.7% BLO 49% Thoiz,
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3-1-3 HR
(1) JREMRER R PT A

T OIRBEHI PP RIZBWT, AFEMADEFEA S THERL TW
= (B1EfA, £ 246cm g 6.0cm, £ Hf; £X 18.0cm 1iE 2.4 cm, Fig.
3.11a), FEICEHEAND L, TEESOLAFELICOT TREBFANLEA
7 ) — DROIRDITRE LT e, 5 O PNIECRE IR T |2 SERE K 0D A
AAETLOMENBAAEL THEY, EAFEAOFEARABRIIRMN L TWe, IFEE
FEEA RN HEAICRREA L, FiE TIIFFEE b FRRICRBRA L T\, 758
FJOWHIRLIS OFRALIZ BF TGRS LR o T2,

(2) JREEERR SR A

EFEATIE, FENENS FEHEICHT THRER, Uk ~7u>
7 —VBIOREMROEERM AR (Fig. 3.1.1b), 7= FEWNETIE, #
MEfbZ 8 O T B M BRI D25V, v AR S e, 5 M TH RO
BRHBONTD, HEFEMLY BBETH- T,

(3) MIEFRIFTI
ETEAOTERAITEE»OIL, GO 7T LAGHEMETH D

[-streptococcus group C 23& H S vz,

(4) i, +ENITFREERS I OUaES LPS A
MR X O EWNEFEIRYT LPS IBEIX 2 094 EUMI B X 6.34
EU/mI Tod-7= (Table 3.1.1), IR DERI N AIHE TH » 7= 7 ED I IS T

LI > LPS X, 0.62 7205 1240 EU/mlI OHPHTH > 7= (242 +
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4.40, Mean = SD),

(5) IR DO AT v A RARLE L RE

IO A NTZ VA —)V (E) REETr Yz ATr Yy (P) IREDOHT
&% EIP bz Table3.1.1 (TR L7z, BRflig o> E/P ik 0.01 7»5 032 TH
-72 (0.11 £0.13, Mean =SD), Jfai+H > LPS J2E L EP Ltk & OFERHER %
BT OMBRBEREIC L VST LI 2 A, r=-017 BLU P=073 TH
D, BESMHBEBRIIRD bR,
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3-1-4 BE

AREITIE, FEROBRBEAEFCE T 5 iMd, IiaiF s L0+ ENiTE
D LPS IREOHIER TR 21T o7z, T ORR, RIEFNTIIT 2 IPaiE
> LPS BT, M LIFIERIC LV THY, FENITERT O LPS JIE

K 0IRWZ ENRH LMo T,

(1) I~ RAY7: LPS EFEO RN

LPS IREDREZIT>72 7 DOIED S5 H 1 SDOIEIZIBWT, fld ik
oo LPS JEEEIZEN 10 fELA B W) EIEE O LPS M ST (12.40
EU/ml vs. 0.62 —0.97 EU/mI), ERE D LPS MM S i=iifa & Z oo Il
BUF DI A X, AMEL, AR L OWIEN TONALE IOV T HR LT A
L, WIFROHBIZBWTHEWTRO bR o7, LPS MIIRICEATSH
DWEEMET 2 A=A LIZOWTUEREZICAHATH Y, 2 1 SOIIfaodIp
FE I IE T ERED LPS BNFEIEL TW DM W TE AR TH D, LavL
PRND, AJEFITRD SNIEETO LPS BEDEWL, JFIE~DTRA H
DVNIZER R LPS OFBRBRBF(ET D AlREtE 2 R L T\ %, Z Ok
72 LPS OEREICE L4 HIKF & LT, LPS-binding protein (LBP) DIFfEMNZETS
5D, LBP I CREAE SN DR Z X7 TH Y, 25 2K JG5 L, LPS
R L CHEAEREIER L, M EIC/FET S TLRA 72 80 LPS ZAEMRIC
ik X415 (Schumann etal., 1990), & MZERWT, MH D LBP #EEIIBMRIE
IZFEV 10 205 50 fEICHIINT % 2 & AHiE ST 5 (Zweigner et al., 2001),
L7723 T AREFNZBNT S, FEOBMERIEICEI Y LBP OREAENIEINL,
LBP & LPS 23fSA L CLERBERELIET D 2 LI12 L0 I ~DFs 5 72

BERNE Ul RetE s SR S h D,
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(2) JPRaEE LPS ¥R & URfakne & oo B

IR OBERERIFEEE D —DIZ, I D= A N T VA —) (E) IREL 1Y
zA7RrYy P) REDKTHS EP LAHWLNTWS, ZOFHEIFIEIZE WY
T, EP WA 1 U EDIMIE=R b T A — EER, DF DIEFICAT 1A
RABRNVEVEAZIT> TWDIETH Y, EP A 1 KuOIITT=A KT
F—=VAEWER E L THES L, AN IR TH L Z L n@mE STy
% (Ireland and Roche, 1983; Grazul-Bilska et al., 2007), AJEF| THEMT 21T 72 7
OOYIED EP HIFET 1 RiliThH Y, HSEICIAN I IR TH S Z LRSS
708, DR R D EIP bk LPS JREE & ORI A B FBRRIZERD bl h o
7= (¥7 Y OfMBfRE r=-0.17, P=0.73), ARETHWZREELOMEE I
HTH LN, otk 2 BHELL EICH7eY, 395°C UL DR LR IKE
2L, SMEREDITER A S KRB DR TOIH 2072 LD,
PNEMERE RO TIRF L TWe s Z 2 b s,

(3) IMIEIET LPS JREL & B DRIAE & o B M

LPS 1%, E.coli ZiaH &9 257 7 AEMEMEENOREALESN DD, AJEHTIX
FENATE KD 77 LM E T S 720 7=, Williams et al. (2007) 1%
FE~D E. coli DIEYENEZ 2DIXECEERIO 1 HTHY, 2 #HEL
BT AN T EOBEE L BITEDTHZ EEWE LTV D, FERIC, AE
BN MRIE L DRMERIED D OFEEBITH Y, FENICEY L T\ E. coli 1
FTEOBEE L HIZBEIZHREE SN TWETREERE 6D, FE, FEHK
DI EALRE FHIFMIZ L0, SEFNIEMERIED D BIERIE~OBATH OJHEET
ol ENREINT WD, ZOIINIR T D LPS JREE & TH O RIERRE & DA
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—HUE, FEORIENPHELLIZE S, JIETIC LPS 2NER L, F1E Lkt %
WV ATREE 2RI LTV D,

(4) i

ARETIE, FEROBREAEIEFICE T DIF, IRETR X OFENITE
i @ LPS JREEOFHAEBINE ST 572, IR O LPS AL, I
FEIZEF LV THY, FERAIFRERF O LPS IRE LY Ko7, 7 D
DIIfED 5 H 1 DO FBNT, FENITREIERBS KO L0 135700
REED LPS MFAEL TN Z EMb, FEHORIEIC I >TALK LPS 23, Ff
b U < IFEIRICIFIRICEFE T 2 AletE S R S e, — 5, miRE D LPS
I FEL TWIZ BB 6T, FEbIE LPS AT L7 7 Az
PERIEE 23 S e o7z, 20728, IR FIC/EEL TV LPS & FEO
RIE & OBFEMEITARICIT R bR oo, REITH LM RITHE— ORI
[RESNTZHDOTHY, S HITIEFEZHEC LM NLETHL EH
bbb,
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3-1-5 HBXUER

Fig. 3.1.1 (a) The right uterine horn was enlarged compared to the left uterine horn
(right uterine horn; length of 24.6 cm and width of 6.0 cm, left uterine horn; length
of 18.0 cm and width of 2.4 cm), and the mucosa of both uterine horns was
congested. RUH: right uterine horn, LUH: left uterine horn, VAG: vagina. (b) The
uterine endometrium of the right uterine horn shows prominent infiltration of
neutrophils, lymphocytes, macrophages, and plasma cells. Fibrosis with atrophy and
depletion of endometrial glands (arrowhead) were observed. Haematoxylin and eosin
staining. Scale bar = 200 um.
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Table 3.1.1 Concentrations of lipopolysaccharide (LPS) in plasma, uterine fluid,
and follicular fluid of a clinical case of bovine metritis.

Follicl i
p0:itizsa diarrljeot(lahrd(?nm) EfP ratio”  LPS (EU/m

Plasma - - - 0.94
Uterine fluid - - - 6.34
Follicle 1 LO 10.5 0.26 0.97
Follicle 2 LO 7.9 0.05 12.40
Follicle 3 LO 7.9 0.03 0.62
Follicle 4 RO 12.1 0.32 0.87
Follicle 5 RO 8.9 0.06 0.70
Follicle 6 RO 6.3 0.02 0.71
Follicle 7 RO 7.2 0.01 0.64

*Follicle position: LO; left ovary, RO; right ovary
b
The ratio of estradiol and progesterone concentration in the follicular fluid
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5 2 ff
FBE DRIE & MK T LPS JREER KU SRatsag & DR

321 B

AREF 1 HOMRNS, FEROBRFEAIEFTIE, FEANIFREIRES L0
TR bmEIRED LPS Z Ik TS EZ IS E L7 2 E R BN E oo
oo LAL72N G, B TiX LPS ZEAT 57 7 ARMEHIE OGO Hi
T, TE ORI L IR TIZAFE L T e LPS & OBFEMEIXBIREIZ 72 D 7eh o
Too UVEKRHNTO LPS RED LHBHRE SN TWLEKE LT, FEX,
HBERBION—A LRI 5T =V RERZEIT HS (Motoi et al., 1993;
Mateus et al., 2003; Hakogi et al., 1989; Herath et al., 2007), A 1 Hi CHENT 21T
STHEFITIE, LEB IO — A AZERFENEBO SN no7=Z b, Il
WD LPS 1T ORIEICHE L TWERREENRRO TEWEE X bND, £
ZCAHEITIHESIE A S BT L, WIRAYE X ORI EHME L7z 7+ = o
RIEFES &, IR O LPS JREE & ORIEMEAZTIND Z LIT LY, FEORIE
IZ X A~ LPS BERDOAREMEIC O W THEET A 2 L2 AL L, $£7-,
FEORIEER & I DOPERIVE VEA L OBEMEICOWT ST L, RIENME

FE BB IR KT T RBIZ OV TREGE L T,

3-2-2 MEB L UFHE
(1) FEBIOINEOER

AETEE 5 PEN RS T 5 B TR ST 26 BHD RV A X A Fift
RIEEAN BRI L 7o FH B KO 2 FZRRIC AW, RO A, HE s X
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OPEREIZOWTIIZE YT, IWEEENRO LN b DI L, FEB X
OPPB T ER% 20 3 LANICHGH LTz,

FEIE BB D [FEORRFM] OB FIE TR AR 21T -
%, TEARE FEHEOmM G 2Ete Lol FEE2do Lz, RIRLET
HIE, 10% B~ U RIR (FIRSRERY:  HREERE AT BRER S
B L0 R ITIRIE L CTRERIEZITV, A2 raim it L7,

i L7 ORI U2 ks X O%AKR T 2 B Ry 7=#%, 0.03 mg/ml
@ Streptomysin (Sigma-Aldrich Japan Inc., Tokyo, Japan) ¥ X% 0.75 ug/ml @
Amphotericin B solution (Sigma-Aldrich Japan Inc., Tokyo, Japan) &4 PBS Tyt
L, EbLICFEKICIRIE L%, BSA MEDHER RN 23 H £ TRHENMk

EROWEE (4°C) THRE LT,

Q) FE ORI

FEOIMEYE LT, AHES L OMR AR L, & bIChiEgic T
MBSO T ML B35 L OVE R, FREREO RS L OB LMk, BI04, T8
IEOKE SEELE, ThOOFRES LICFEORIER AL, BE, o

FEBIOEED 3 DIToELT,

() ' DR HIREAT

B~ UEE LT E ST 7 4 B LT, 2 um JRISHEY) LT, )
IR AT 7 ¢ SRR EATV, A~ Rx U U v oAU U AR I L TR
BEAMERE (53 400 %) (X W BIZE LT,

TE ~OPIEVERIL O Y, FAMEEO—HE (3.6 mm?) &7z v D4
B, VonNERBL O~/ n 77y =Yzl L TiTo 72, Mildoszt
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BEFEANETIE 3 @, FEMETIE 2 SV TiTY, ZAfhof
P a R Uiz, RIEMERRRE OGN, 3 AOBIEENZNZENTY, 3 A
O FHAME D P A AT L 2 N T

(4) YRR DERER

22G OEHEEIEE LIz 25ml U P EFWT, IIREmIZ 2 D900
2> B IPRIR 2 W [ B U7, Rk Z 15ml v~ 7 aFa—7ZB L, O
FO DE I 25 L7z, IO K& S0E, WolBR LI OE S 6, L

ToOREXEZHWCTHEI L= (Murasawa et al., 2005),

AEA . y=1296x" (y= JPMEAE [mm], x= IIRIEOE S [g)])

PRERNIC LA 2N DR EE O F EIZ D 5T, Kb EROKRE WIIE
(F1 JPfR, “F¥ER 14.1£0.6 mm, n=23) BLO'2 FHIZELZDKEWI
(F2 YR, SFHEAR 11.4+0.6 mm, n=15) & EBRIZH -, EBRIZHW =0
flZETEZR 8mm UL ETh o7z, IfaikITeE 00 E (1,500 x g, 4°C, 1 47fH)
Lz, B2z Ry o7 =0y ) a4 X RH T ZRBREICTHRY
LPS MIE &£ T -30°C THRAF L7z, PLB L7 Bk fiai, RNA fiti$ T -80°C
TR LT,

(5) IR LPS EEOHIE

YR h oo LPS JREEDREIL, 2 B 1 Hi & FROTFIETIT -7,
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(6) I D AT 1A RA/LE R E
T DT Y 2 270 BROT A T O — L OREOHEL, 5 3

B 1 HiE RO TFIETITo 7=,

(7) HeRHERET
PIIa#E 1 LPS JREE & T B NIEA~DIFFER ORI A & DO BRI M2 T,

Shapiro-Wilk @ W IREIZ &L 0 IEFIMEORE Z1T > 7%, Unpaired t-test Z H\»
THREZIT o7, JIEHET LPS IREB LA T v A RAR/LVE R & IRAYFE
iz & 2575 ORIEE A & OBEMEIZISVTIX, Analysis of variance (ANOVA)
ROV THEEIT-> T2, KT OAT oA FR/LEPEE LT ERE~D
RAEVERIE I EL & D BIEMEIZ IV TIL, Pearson’s correlation coefficient % 3K
DT, WHEHFRIEEATIZ 1L Stat View 5.0 (SAS Institute Inc., Cary, USA) 3 XY JMP
5.1 (SAS Institute Inc., Cary, USA) % >, P<0.05 OBAICHEEZENH D & H

L7,
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3-2-3 #ER
(1) FE~ORIEMEMIEORE

FEANBE LT 8 OM g & Fig. 321 (TR Lz, R T 5K
(Fig. 3.2.1a) TIFRIEMEMIEORBIIFRD SN Ten, RIEAEZ L TWVD
FEWNE (Fig. 3.2.1b) BX O FEMkE (Fig. 3.2.1¢c) IZHBW\T, aFHEk, U X
KL~ n7y—CORBEPRD LN, FEAEICEKT 23—l
B2 OEFFER, VU REREBI w7 v 7y —UoREMEEL, 0 -
84.2 (14.4 £ 23.6, Mean +SD) f&, 11.3-110.9 (37.2+20.8) ffl& L O 0.7 -55.9
(6.4+10.2) f[HToH o7 (Fig. 3.2.1d), —J7, FEME~DIFFEK, U /3B X
Wv 7 v 7y —UORMMEEE F#hZh 0-14.0(1.5+35) {#, 05-183
(5.0+£4.0) EF L 0-2.0(0.4+£05) fHTHY (Fig. 3.2.1e), FEWEIZIBWNT

£V 2 < ORIEMHMIBORIEHTRD BTz,

(2) IMREIRF D LPS YRS

v v RKIPREIZ I 2 IRREHE ' LPS IR OFE R % Fig. 3.2.2 (T Lz, 7 v KON
FlZ B\, Bk > LPS X 0.2—2.0 EU/mI O#FiPH T4 L7= (0.6 +
0.1 EU/ml, Mean +SD, Fig.3.2.2), LPS JEEDHIAEA 0.5EUMI TH-7=Z
EvD, T LPS JEEEAY 0.5 EUMMI Rii Th 72 b D &K LPS Y
(low LPS; 0.4 + 0.01 EU/mL, n=13), 0.5EU/mlI L ETHH-7-H D% & LPS Jija
(high LPS; 0.9 + 0.1 EU/mL, n =13) & LT/ L=, DIBEROMNTIZ4 T LPS

PRfa & & LPS JRje & Dk 21T o 72,

(3) WIHIRAYREAM IS K O ARG IC & 5 F 5 O RIEE S & Ik LPS =
JE & o B
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WHRAYFHMT 36 & OSEARFRIREMIC X 2 5 O RIEE A L IR LPS IR EE
DR Z Fig. 3.2.3 1T L7z, WIRAIFHEIC K5 FHORIEESICBWT, K
LPS JRfIZAHE T 2 13 O EICE 1 D RIELE A O Ai L, BERIEN 3 fH,
HEERERAEDY 6 i, EERIEN 4 HTH-7- (Fig. 3.2.38), — %, & LPS
fZ A BT 5 13 EOFEIBIT D RIEE G O, BERIEN 3 fE, H%
FERGEDS 7 {8, HERIEN 3 HTHY, IR T O LPS JEIC L D RIEES
DENTRD bR T,

KR FHOREAGIC £ 2 F 5 ORIEESITIBWT, & LPS ifu &K LPS JRfud
ZNENITHBE L TWEFEOFERNRICEBIT 247K, U KRB I O~ 7
n 77 —VORMEMEEE, X LPS Jifn & & LPS BEfE & ORICAH E R 21T

B 7= (Fig. 3.2.3b-d),

(4)  PARAYRHM 3 K OSEAR FAIREMIC X 5 7= ORIEE S & I 27 v A
RARLE RS & D B EE

RRAYREAT 3 K O S HIREmIZ L 2 FE ORIEE S LI AT r A K
RVE PR ORER % Fig. 3.2.4 12 LT, AIRAYRHMIZ X 0 RIED A NERE,
AR s KL OVE 7S & 2 LT TR IS BT IR NI RISV T, Wt
RIEEGIZB W THIFRFT O 2 7 U4 — /WREICE(RITER D H 7o
7= (Fig. 3.2.4a), £7-, IR o7y = 270 U EEE IO EP LLoWTh
IZBWTYH, FEORIEES & ORIZBENMEITRE S bR o7 (7 —F il
L, P>0.05),

AR ARFHEC K D 7 ENEA~ORIEMEMIL ORI & IR =R N T ¥
F— VR E OBRICOWTAHATHD &, RIEMHEMROREEICR 2T Y

v OMBMREIIF N FNAPERT r=005, UL KT r=021, v~/ 75—
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T r=-014 (b P>005) THY, AERMHBBRITEED bmhoTe
(Fig. 3.2.4b-d), 7=, Jifikt o7 a2 2570 U EERS IO EP HIZBWT
b, TEANEEA~ORIEMEMIEEE & ORICAE 2 HBERERITRD HRho
o (F—Zi#7e L, Wb <04, P>0.05),
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3-2-4 HE

KEITIE, TEORIEICE DIME~D LPS RO AIREMEIC DWW THGET 5 72
W, RPWLEIGIC CTRIRL- 2B L OUNEEZ Y, B ORIEEA & Ik
F1oD LPS LTS K OWRRaERE & O BEME A R~ 72, £ ORER, IR O LPS
BEBIOITOAT OA RELEVEAOWTRIZENTYH, WIRMEB X
OSERR P RFAG L 725 O RIEEE S & ORI BHEMIIRED b otz

(1) ARRRIRHIIC L 2 FE ORIEEE S D2

INET, RIEETEREBOZBNCEWTIE, 2 OBERRESENRIR
OMAR DR, 1= WA OMERA 72 EOFIENHW BT E 2 (Dohmen
et al., 1995; Kasimanickam et al., 2004; McDougall et al., 2007; Senosy et al., 2012;
Lopez-Helguera et al., 2012), L7>L, ZiLHDHIET T E ORIEIC X 25K ORT
B A DR A 2RI L TR Y, 8 BIRORIEZ B L T\ 7
W A FT T UL D TFENBEOMIZIE, TEABRERICTE L THDR
SEPEME OO E B Rl A FTREIC L7223, FEAHRR, FICFEMHEICRBEL TS
A2 2 O IR G2 F IR R TH o 7o, FIEDORIELE S ZEEN DK
BUIZFHI 9 2 72 0121%, MHRRF 2N EEZE TH 2205, MO ERIUITRE
MREL, ERTIERETH 5,

AHITIE, BRABGICTERRLEFEZHVWDS Z LIk, FENEL X
OF- B g ORIEES Z Al IS ERILT D 2 LN REL RoTe, FENIK
BLOTFEBBICRIT D4HEK, Vo "EREBIO~7 v 77y —VoRMIE, T
EHEED b FEARNRICBWTEE ThoTo, £/, HiE~ORIEMEMIEO T
FEIRRENRO SN FEONETIE, B ~OMIRIENEE Th 72 b D

L0 6, RJIEMMAOREESIEML T, 202 Ehb, FEORIEILT
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ERER, S>F 0 FEONBEL Y fEICm»o TEE L TV LRI,
BT, RIECEAEVEERGAITEWT, FEANKRZET TR MBEIC S RIE
PEMIRANRIE 3 D wTReME D VR ST,

F 5 DA RIFEHMIZ KV = ORIEL A &5 L 72 mFgEiEA 72y (Bonnett
etal., 1991; Moraitis et al., 2004), =D 7=, ARHFFETHIE L L THW =4 FER -
VDUREk s w27 a7 7 —VOREENED L D RERERF OO OV TIHIE
BRI 5 MENSH D, Moraitis et al. (2004) 1%, itk 26 HOHFIZRBT
D ENIROMEABRIUE (N 47 V=) ZHOTERL 75 O MY
HIREIC £ 0, BEEOFENERBEES T FENE~OGHERB L O~ 7 1
77—V OIREEEIN L T\ Z & a2 LT\ 5, £72, Bonnett et al. (1991)
%, 7B~ T pyogenes DREYAMEEL S, 1E NE~DLFHERORBEEIZIED
FRER®HH Z LR L TV D, 216 OM5EEE B X OWIRAFEMmIZ XL - Tk
EEZW L LRl T, PHEES LITEEEZHILFETIE, 7
NIE~DIF R EROIRZBEEDN B EIZE o7z (F—F5#72 L, P <0.05) &5
REDOHITERERN S, FE~ORIEMEMIBOREE DR Z VI E, F 5 ORIED
HETHL LEZ DN, RIEMMILORTE L T2 ORIELES & ORI BEE D
b5HZ LRI,

(2) IPRRIEH D LPS JRFE

U ONEICAFET D EA 8 mm LU LD RIMADINIEHE S 1F, #x IplRED
LPS 23t Shic, AR W TR 2 b &7z LPS DOREET 0.2
235 2.0 EU/MI T3 Y, Herathetal. (2007) 23R4 L 7=+ B RS 4= 0 SRR
® LPS JEME (1,761 + 1,120 EU/ml, Mean +SD) & Ll 2 SRV Z &b,

ZORKNE LT, B ABOENEEZ NS, AL THT LI R
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WAL K O BRI L 726 DT 5 72 O3 ihi% D A EUT A Tod % 23, Herath et al.
(2007) 1%, 23Wt% 40 725 60 HOHLAFOIIEEZ A NTWD, Z D5k B o
EOWRIPR O LPS JREICHE L 5 2 I- RN HERZ SN D, ZHUTNZ,
RIEDEFEEDFENZ LY, IR F O LPS JEIEWAAE U alErE L &
bivd,

(3) TEORIE LI T LPS HEE & BN
PRl o> LPS JREE & ARSI X OSHAR AR L 72 75 O RIEE S &
DEIEMEZ ST AR OR RS, WIRAE XM TR L 2 FEO%K
JEE S & IR LPS JREE & OFICBEEMEITFRO bivenole, 2O Lix
T EORIEES OEITNINE P O LPS BIEICHBL E 2R\ A2 RBL
TV, ZOEIT, FEORIELAICERR IIIKTIZ LPS 2fF/EL TV
FIRKE LT, LTFD 2 DOZ EnEZOBND, £7, E coli tEOAERS/N
— AU RTT T h—=Y RN S M OEFE O BRI K SR D LPS R
HEIMORBEMETH D, 77 LEMEME OB X 2 BEQRBHMELERCRE
BRI DO ZAGT LV — A CNBRENZEM LT T > TiE, fdhne LPS AR &
LT % (Hakogi et al., 1989; Motoi et al., 1993), L2»L, ZiLH DK% B -7
U OIPRIEF D LPS BRI SN D02 E S IR TH D, KIS, FEAD
7T AR K 0 A U7z LPS 28, B OSIEN I L1k b IR
EMTHAHEETH D, BT, LPS BNED LS R TBITL, 1t
A S THET 2 DT HONTOMNTEREIEZ <, KT ~D LPS O &HHHA
BT DHAD=ALTH DN TR, FEPLIE~D LPS OBITICE
LTIE, FENLMP E W2 RIBRAZ T 5 &V 95 2 (Mateus et
al., 2003) &, T RHE T TV Fyy DARENAE L DX AR D X 5 7, F
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B — N T ORI RPTEER DAL D & W9 B 2 5 (Herath et al., 2007) 7%
HDHNR, EH 5 bHEROBAE 2, FENGIIA~D LPS ORAT, %, £
L TR E Wo 7R « 22 EEN 4 U 2B VTS 572 D580
WELE DD, KRETOWIEN G, 5 ORIE & 13N U CTIFR#E Iz LPS 723
T2 ZENHLTR0, IR TIC LPS NER T 2 AlRetE RE ST,

(4) = ORI L& JPIHERE & o BEEME

TENIERAED 40% 128\ TC, IO B EIECH KA IR T HE L T
WROEOINFET - HEINZ 51T 28I 1A L 5402 (Opsomer et al., 2000),
T2, FENERFTIE, IFOZA NI VA —ABLIO TRV AT 0 R
FEME T35 Z ERHE I TV 5 (Sheldon et al., 2002; Williams et al., 2007),
ZOZEND, TEOREIINEOKEIZELLTL, WRTOATrA K
RIVEVREAZRT S D RERHREIND, LLRR L, KEOHMZEIZ
BWC, KT OTA RN T UA— A BN ey AT VRE EAIRME
F O ARG L 725 O RIEEES & ORI BEMEITZED b h o T,
WEDMITIZENT, A N7 7T ZHWTEFENBEOMANZIC LD WK
RLBWSI, TO®HIBE L CTHENEN D OSBRI PERO R IR S
EHATE, IRETOZA NI VA= VRBERMETL, YaYz AT R
FEREEML TW=Z ERHEIN TS (Greenetal., 2011), ZDZ &%, &
DRIENIR -T2 L LT, JI~DRENEHE L Tzl ) T L& 2R LT
HZEND, TEORIEDOIVEEIE~DF ¥ U —F— —ROFE{EERE L
TWb, Lo T, ABIEICBWTHIFEERIZ, TEORENRBLIEE D,
FHOERZIIRD 27 v A RAR/VE VEAICK L THREL T2 2 &+

gaho,
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(5)

PIARIN IS K OVHAR F OIS L2 T8 O RAEE S & I13BRAe <, INiaik+Ic
LPS WNIFET A Z EDRENT, ZTDZ LIE, FEORIENHEILZEDS LPS
MIPRE R ICE R L T2 2R LT D, £, TEORIEES LIFED
AT aA RARVECHEELORICHBEEERITRO benolz, FEABERD)
BIRHE L7 7 B TR 22 IS RE DR TSR b o F ¥ U —A4—N
—RIROEFAIL, Jia~D LPS FRIZ XL 2 IMEBERE~ D BN G L T 5
FIREMEDHESR ST,
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Fig. 3.2.1 (a) Healthy uterine endometrium and the infiltration of neutrophils
(arrowhead) into uterine (b) endometrium and (c¢) myometrium. Number of
neutrophils (Neu), lymphocytes (Lym), and macrophages (Me) infiltrating the
uterine (d) endometrium and (d) myometrium per microscopic field. Haematoxylin
and eosin staining. Scale bar = 20 um.
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Fig. 3.2.2 The distribution of LPS concentration in follicular fluid. Each plot
represents a cow (n = 26).
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Fig. 3.2.3 The relationship between LPS concentration in the follicular fluid of large
follicles (>8 mm diameter) from bovine ovaries and (a) the severity of uterine
inflammation and the number of (b) neutrophils (Neu), (c) lymphocytes (Lym), and
(d) macrophages (Mo) infiltrating the uterine endometrium. Cows with a follicular
fluid LPS concentration of less than 0.5 EU/mL were categorized as ‘low’ (white bar,
n = 13) and those with a concentration greater than 0.5 EU/mL were categorized as
‘high’ (black bar, n = 13). Values in Fig. 3.2.2 (b), (c), and (d) are shown as means +
SEM.
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Fig. 3.2.4 The relationship between estradiol (E2) concentration in the follicular fluid
of large follicles (>8 mm diameter) from bovine ovaries and (a) the severity of
uterine inflammation (Healthy; white bar, n = 6, Moderate; gray bar, n = 13, Severe;
black bar, n = 7) and the number of (b) neutrophils, (c) lymphocytes, and (d)
macrophages infiltrated uterine endometrium. Values in Fig. 4.3.2a are shown as

means £ SEM. Pearson’s correlation coefficients (r) are shown in Fig. 3.2.3b-d.
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%4 E
DRREASEER X OURRHHIRR DR ARBIC RIE T LPS DRE

® 1
PJRRRARS LPS JBEE L DRAaE & o EE M

4-1-1 BHY

B3 EICBWT, TEORENRE L%, IMRIERTO LPS MRS
IMIROBERBIZHET 52 LI XY, FEORIENRF Y J —F— =R L LT
IIRFEREICRBLT 5 B2 Dviz, £ 2 CH 4 BT, JlatiRIcERE 4,
YRR A 1 A9 2 DR R R IG, SR M F L OVETEAR AR T & 2 IR REMIfL D & 1
ZIUTKIZT LPS OB Z AL LT,

FPTAREITIL, I O LPS DI OEREIC KT TRELZH LT 57
DIZ, 7 UAEKRNIZET AI0aiE o LPS R L IMafEaciiidiciks il 2 27 v
A RARVE CREA & ORI OV TRRGE L 72,

4-1-2 MR K UHIE

AHEITIE, 5 3 EE 2 @HilcBWTHE LIMaRTOART oA RALES
R LY LPS REZ FHWCTHT 21T 572, L7od> T, IR OEE, IRk
WP OAT A RALVEVRERS IO LPS BEOHIEIXSE 3 FE 2 fiLlH
ROFIATITo72, 72, 55 3 = 2 & UK ORI OIIZFE Lzl
D, BRI LUZZINENICTFEET 20RO R E S 20 Lz, IRRANICIAFT 200
TIDOBREAEDHEICEHO ST, bEEDORKESWING (F1 JifE, EfE 141+
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0.6 mm, n=23) BLO2 FEHICEZEDOKE VI (F2 JPfL, EE 11.4+0.6
mm, n=15) ZARHOEBRIZH -, EEICHWZIPIE A TER 8mm DLk
Thoiz, LPS BEDHFREL 0.5EUMI ThHho7zZ &b, JIEEH O LPS
RS 05 EUMI Kiii CThH -7 b DA K LPS JPAL (low LPS; 0.4 + 0.01 EU/mL,
n=23), =L T 05EU/mI LAETH-7=t D% E LPS Jijd (high LPS; 0.9 +0.1

EU/mL,n=15) & LTH¥ELT,

(1) INFRMCH R FS & OV il D R

i LPS JPflads KL UMK LPS JRfa A & o PN Bk e 35 I OVEERE i il e o £/ R
J71%, Allegrucci et al. (2003) D F¥EIZHE - T-, IR EZ WS L7=%, Brt v
N & RTINS & IR A SR R U, DN B RS J&1 R o> R B e 2 B 25 L
7%, PBS T/ SN7=v v — LV OHIIIREF LT, EARBEMEEZ HV TR
IR DONMNZATZE LTV D EREMIaE X 7 a AX—F L CoE H L, Bk
JE e & PR 2 L 72 DA BSSHAE 13, RNA filitt £ T -80°C THRAF L 7=, DNAa S
K& Lk EMiaA 400 wl @ PBS 2R L, = 4rEf (100 x g, 4°C,
10 73fl) ZA1T-o7z, EOoBEE, LiEZEREL TEEMlO~Lry ML,
YRR D3 DAY X0 & D Bk i & &> T RNA filiHi =T -80°C

TR L7,

(2) Reverse Transcription (¥ #2%5Y) (Z X % cDNA OH K

WL AL TaKaRa PrimeScript® RT reagent Kit with gDNA Eraser (Perfect Real
Time, TaKaRa Bio Inc., Shiga, Japan) %\, L F DO HETIT-7=, £, 1ug ©
RNA Z&#e RNA i (7 ul) 12 1 ul @ gDNA Eraser 35N 2 ul @ 5 x

gDNA Eraser Buffer Z/llx TR T 5 /3M&EL, 7/ L DNA BRESE1T >
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72o #eWNT, 1l @ PrimeScript RT Enzyme Mix 1, 4 ul @ 5 x PrimeScript Buffer
2, 1 ul @ RT Primer Mix 33X 4 ul @ RNase Free dH,0 #/lix T 37°C T

15 53 FB LY 85°C T 5 R[HA ¥ 2X— kL, cDNA Z/ER L7,

B) FIA~—DF

77 A4 v — 0O % =5 v bE b B Y %  Genbank
(http://www.ncbi.nIm.nih.gov/Genbank/index.html: NCBI) % FH\TH%E L, Primer 3
(http://frodo.wi.mit.edu/primerd/) = W T 7 4 ~—&5t & 1T-72, & 51T,
BLAST (http://www.ddbj.nig.ac.jp/search/blast-j. html) % HWT, &Zit L2774~
—DOREEZMHR LT, 774 ~—8/E, LEES AT LY A = AT L
7oo AIEMIE AT (luteinizing hormone (LH) receptor (LHr), follicle stimulating
hormone (FSH) receptor (FSHr), steroidogenic acute regulatory protein (StAR),
cytochrome P450 side-chain cleavage enzyme (P450scc), 3B-hydroxysteroid
dehydrogenase (3B-HSD), 17B-hydroxylase/17,20-lyase (CYP17), P450 aromatase

(P450arom), caspase-3 35 X O GAPDH) D77 A ~—HEifd 41| % Table 4.1.1 (/R

L7,

(4) V7% A A Polymerase Chain Reaction (PCR)

EmM) PCR 1%, QuantiTectTM SYBR® Green PCR (QIAGEN GmbH, Hilden,
Germany) Zf# M L, iQ5cycler (Bio-Rad Laboratories, Inc., Tokyo, Japan) % T
1T->72, 3.9 ul ® RNase Free dH,0, 5ul @ SYBR Green PCR Master Mix, 0.1 ul
@ Forward ¥ & U" Reverse Primer (50 uM) % Watson 96-well PCR 'L — K
(FUKAE KASEI Co., LTD., Kobe, Japan) (2537 L, %2 1ul @ cDNA # iz

T iQ5cycler (&> F L7z, 95°C T 10 47l denature s 17T - 721%,
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http://www.ncbi.nlm.nih.gov/Genbank/index.html
http://frodo.wi.mit.edu/primer3/

95°C T 15 # (denature), TN EFND T IFTA ~—IZHLELT =— 1V ViR
T 30 # (annealing), = L C 72°C T 30 [ (extension) O/i~% 50 ¥A 7
AT -T2, EEARSIHTIE 0.1 °Clsec T 70°C 705 90°C % TiRE % BIF Tf7
VY, 20 °C/min T 40°C £ TR/, 30 BREIMmAI L=, 22 mRNA %

HEX, WEMER L LT GAPDH #HV, ZORIEL OEIE TR,

(5) HEAIAEAT

Shapiro-Wilk @ W HEIZ L0 ERMEDOKEZAT o724, NT A MY v 7 E
IZ X DML 21T > 7=, BER L (K LPS PPAE & & LPS SRR bhig) 12i
Unpaired t-test # AV 7=, #EHF2AIMENTIZ1E Stat View 5.0 (SAS Institute Inc., Cary,
USA) F XY JMP 5.1 (SAS Institute Inc., Cary, USA) = H\\ 7=, P <0.05 %5

WCEHEEBEZHD L LIz, &2TOTFT—#[X mean+SEM TR L7,
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4-1-3 FER
(1) YPREIEF D LPS JEJE & AT v A RV O BE M

YRR > LPS IR L D @ RIZ IR 72 < -~ T oIl (F1 SRl & F2 BifE)
2B T AIEF O A N Z A —v (BE) BE, 7rny=X7rr (P) REL
KOV EP tb% Table. 4.1.2 1277 L7=, FL1 JRfads K OY F2 BRfaic I 5 E2 JRIE
%, ENEi 48.2+13.3 ng/ml (Mean £ SD) X TF 222+ 11.4ng/ml Th -7,
F72, FLIaE F2 BEIC R 2R T D7 n Y = 27 v REE, £
AU 191.8 £53.0 ng/ml ¥ LY 256.9+54.9 ng/ml TH 7=,

F1 Oifads KO F2 ORIRICEIT A LPS 3 L OMK LPS JPfia o> Jpfaik 41 = A
N7 A —v (E) IBE, Vuny=AT7nry (P) BELID EP LLoORER% Fig.
411 TR LT, FL BRI = A & 7 A —/ViREEE, K LPS JRiaIC b
~E LPS IR CTHEICE o7z (P<0.05), 7= F2 JRfEodifaiif—=A k7
VA VIBEEIX, /K LPS PPAEIZEEE LPS JRAE TRV MBI 2N B iv7=(P < 0.1,
Fig. 4.1.1a), —77, ik o7 0y = 250 VBEEIZOWTHATHSL L, FL B
FOYR2 SR & b2, & LPS PP TIHE LPS JRARICLE A EIZE -7 (P<
0.05, Fig. 4.1.1b), & 5T, TA N T VA —INREL TV = ATV RBEDOLT
5 EP HIZHOWTHTHDE, F1 Il TIEE LPS JIIIAER LPS YRAGICtL
NEEIELS (P <005), 7= F2 IR TS LPS SR MK LPS PRIz b~
TIRVWMEE 23 A H 7= (P <0.1, Fig. 4.1.1c), F1 St KO8 F2 SRS 2 O
A O A N VA — VBN a V2 AT REAE L TRz E DA,
WIIIC A B R Z TR benroT- (FE P =019 BL O P =043),
Z D78, INaEHE & FEkE R I B T 2B TR T, FL Jfla L F2 BN
faDT — 4 bW TR 24T > 72,
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(2) YNl LPS #EE & IR 51T D5 AT 1A RA /L o pE A B
R T BL L B

YRR LPS JRE & IpRafEialc i) 5 CYPL7, LHr, StAR, P450scc #3 -
W 3B-HSD DOiEfs FHBEOME R % Fig. 4.1.2 (ZoRx L7, JIREMILICEIT 5
LHr, CYP17 3 X TF P450scc DB T-FEHIL, K LPS URfEIZ b~ LPS Jijia
THEIZIKTF LTV (P<0.05 Fig. 4.1.2a, 2b B X O 2d), —J7, BRAAARIALLC
BIFH StAR BL O 3B-HSD OB THBLL, & LPS PR &K LPS Jpfu &
D THERZETRD b - 7= (Fig. 4.1.2c BLW 2e),

() I F > LPS ¥REE & FERIEMALIC I D AT 1A RaA)LE o pE A B
B F-IEEL & o B

YRREHE 1 LPS 5 & Bk M (2317 2 LHr, FSHr, P450arom, StAR, P450scc
BB L 3B-HSD DFEEFRELDFER A Fig. 4.1.3 (Zx LTz, TERIEMIAIZIIT S
LHr, FSHr, 3 X0 P450arom DOEfnF-FIIL, K LPS I~ LPS JF
O CTHBEIIL T LTV (P < 0.05 Fig. 4.1.3a—<), —J, fEkjgfaicBir 5
StAR, P450scc, 3L 0N 3B-HSD Di#Ef=sT-3BUL, & LPS Jpfia &K LPS g

E DM THERZIIRD Lo 7= (Fig. 4.1.3d-),

(4) DMIIRT D LPS S & B i ok i M ia 2 5 1) % caspase-3 1 An T
& DB

PUAEE T LPS IR & ek e ds L ORI R I 81) 5 caspase-3 DiF
RFRBLON R Z Fig. 4.1.4 18 LTz, IMeBiiias X ORI C B 1 5
caspase-3 D= T-FELL, 1K LPS JRfLIZ L ~& LPS Bl TEo7z (P <

0.05, Fig. 4.1.4a ¥ L ¢ 4b),
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4-1-4 HE

AREIZIBWT, @& LPS JRfaTIL, IPRiRH o= X b7 A — VREMEL,
TR AT REORWI ERRA LN T, S5, IaEEEES X
OMER BB 2 AT A Rk/VE VEABBEELR ORI TNRD 5
Nice ZOZEND, TUVAEERNIZEWT, JIRETIZEET D LPS 2RI
AT A RARVEVEARICEEZ 5 2 5 AR R S,

(1) D ZATF B A RARLEVEAIZKIET LPS D

EHEN WS I 2 LPS OZIRICET 2 2N ETOMELHTHD &,
LPS 23Rl s B oHEIR 2 i 2 LS D LH O/rL ZRGWR Y —
Wz ET L2 L, £72 LH S Z HH$ 28K THTO GnRH D434
EHET D Z EICEVINEEECHINOBEELZ 70T Z ERHREINTND
(Battaglia et al., 1999; Suzuki et al., 2001), —7J7, LPS I FHEAENHD LH D L
AR WNNTFEE T, IR TEREND A T VA — VDo ERET 2
ZELME I TWS (Battaglia et al., 2000), Z L5 OHFZEHREIX,  LPS 23
RS« TERARONF RIS 27200 T2, IR~ EENICEEE
FIEL TV A AEEZ RE L CWD, UL, JIEPICIFEST S LPS 23, JH
Tt A ~C d 2 HEDRL e A S0 I RS e o0 Ml A B RE L - 2. 2 228 IT DT
RN,

LPS MUFEOFEEEIC BT 570X, a2 RS 5 Tk A o 9P e
AR LPS 2R T 57200 L7 X =3 REBLL T\ e < TER B 7w, AF
RETITONTWEDOHIEIZ LY, ¥ kg Mius L ORIV T,
LPS ZBIKDBEInF 233 LTV % (Shimizu et al., 2012; Magata et al., 2014) =

LB HME o TND D, SIIIEICTEET S LPS % 2 5 OMIAH
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IR LTSI ENMEIND, S 5IZ, PEREARCINERIR O in vitro
DOFSE 12BN, LPS 17 VEREMIRO = A N T A — LV EAZAET S 2
L, FRIMEESEO e 2 AT u BT v Rue 27 o o4 v EA A
LT E NG STV S (Shimizu et al., 2012; Magata et al., 2014), ZiL 5D
b, UVAEKRRIZBWTY, JIRIETICAFET D LPS A UNaOMREIZE

R B2 DRI B 2 b,

AFZEIZ BV TIIE P 2 bR S 7z LPS DR 02 7225 2.0 EU/mI
OFIFATH Y, Herath et al. (2007) 23Hk i L 75 PIEESR A= D IR B 1 DI L
(1,761 £ 1,120 EU/ml, Mean = SD) & tb#kd 2% LKV, BUBRERWNZ 212, AAF5E
ZEIHE LPS JRlao> LPS ¥EIEEIL Herath O OIS & g L TRWIZ S B
53, & LPS JPiao IR sl L OB MIC BT 2 AT r A RARLEY
PEAIIE T LTz, Invitro 1238\ C, FERIE MR K O aEE o 2 7 o
A RAFIVE VHEAICEREZ 5 272 LPS OF/NREEIX 1,000 EU/ml Tho72 2
& 726 (Magata et al., 2014; Shimizu et al., 2012), AN TIE, HKAAEEER TOK
JEED B EHITEHWVEKET LPS %A L, MIaORRICE L 5 2 TW5 alEe
PEREZ IS, 1 LPS IRz IR o= A & 7 VA — IV iREOIRT
LAOY AT 0 EED FRE, FL IS F2 BIOWFRICB N T HERD
b, 2D &L, IO RE SIZEHL LT, Ikt o LPS 2SI e oikEE

WL X T DAtk 2~ LT 5,

(2) LPS MIPRIAERLAIRL D 2T v A RA/VE VEEAIZ B A b 2 DG

h

PO EEREEETH A AT o A RV OEANT, TEREMIN L I iuE
O ILFEIEZEIZ L > TRV Lo TW5D, FIaBERIC S WCEA SN 7 1

Tz AT L, CYPLT ICkoTT v Ruxs oI cBisnsg, HFhilE
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HIRTIL, DRI CARSNZT > R 2T P4 78 P450arom D) &
Lo TR NI VA= IIEWER SN D, AT NT, & LPS g
RO OLNTIIE T = A T A= VREDKRTORK & LTE, LD =5
DA =ZALNEZBND, 1 DHOEEL LT, & LPS JRaIZISIT 2 YR
AL CYPL7 BB FORBNMET L TCWZ &nh, JRaBsiaicisiT 57
YRBATUUFUEANDMRETLIEZE T, TR NI UL —IAFEADTOHDI
BAAG DD L TCW TR B 2 B D, 2 DHOMME S LT, TEhfEHi
ZEBT 5 P4s0arom BT DOFBNMET LT\ Z Ln, FEREMIZ T
HIZARNTZ VA —NEAAKRGIHFESNTOWEARBER ST oD, 20 LD
27 v R A7 o oF r OREEMIE O T & P450arom 12 K 5 AR E & v
122 DOAN= AL L DEEHRERIZE T, & LPS JIRicki) 2= X
NI UF—VEENED LT iR TE DL, — T, TRy AT u AU
7% StAR, P450scc 35 & N 3B-HSD DB FHBUITELNRBO bR o T,
ZOZEND, & LPS JiaicB i 2T o7 e Y = AT a REO BRI
Ty AT EAOTLEIZL DD TR, T RaRAT o IFr~d
EHIMHIC L 27 n Y= 27 0 o DIIER T ~DERIZ LD DO TH - - A6
PHERBEZOND, IIREEAIRIZIBIT D AT v A RABRAEOEBIZERT S
IR bhe ek, SIS TIE LH Th Y, FERIEMINTIX FSH TH 5
(Silva and Price, 2000; Magoffin, 2005), = LPS JMIETIE, YNIaEsmifEds K ONERL
JERIfIZBIT A b FT RhrErOZFETHS LHr B FSHr Ol
BFFHEMET L TWEZ L2 n, JIRPICHEET D LPS 1, 97 Rt

NCXTFTDREEERIR TSI DLZ LI X2 TAT B A RABVE > OREAZ I
LTWOAREELEZEZ HILD,
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(3) LPS T X 2 IRt R D 7 R b — 2 AFFE O AT REME

%3 WTRRLIZEB, UIROMEEMIERED —> L LT, a2
FNIUA—NREE TRV 2 AT R REDOHTSH S EP ST b, EP
ey 1 REOIITT 2 b T A — LIEENRL L L THE S (Grazul-Bilska
etal., 2007), FASHICmN D IR TH D = & nEss <4 Cuvv% (Ireland and Roche,
1983), AMFZEIZIBT, & LPS JEfuICI T 5 EP K LPS PR EP L
ICHRTHEIELS, FE2TOIRIZENT 1 RiliTho722 b, &
LPS SPAIZBASHIC D 2 I CTH o 72 Z E B3 HEE Sz, INIRBASHI L IR faE sk
MO TR b= 22XV ET B0 (Tillyetal., 1991), FERIJEMILD TR h—
A% caspase-3 DIEMELAN5I &4 & 725 (Johnson and Bridgham, 2002), AF4EIC
BT, IfalEiilai L OMER ML & 1, & LPS JialcidsiT 5 caspase-3
DB FEEN EH LTV /=, Bosuetal. (1996) 1%, ™7 JFHL X v HiEE L 7290
DIFEAGERHEICBWT, LPS BNEKIEMIEOT R b= A2FE Ll &%
WELTWD, RFEIZENTH RIS, IMRETICFEET D LPS IC X Vi
SNTZT A b= R Lo TIRRAPASNE Z > TOWTATREMEN B 2 BTz,

(4) fh

U UVHERRIZBWT, IR TICFET D LPS IMERE THHICHEL LT,
YURIRE AL D AT o A RARAVEVEAZRTIE L Z EDBH LN o7,
X 5T, LPS (XIPRaMERMRO 7 AR b — A EFHFET H Z L2 X o TIROM
FIZHEG LTV D AREENRZE X bND, ZR6OMmA XY, LT O LPS
(&2 JRETHY 72 SR RE DA A%, SAEME T E IR BT IS 1T D IR AR RE R O —
Lo TWDATREMED R ST,
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4-1-5 B IUE

Table 4.1.1 Primer pairs used for the detection of mMRNA

Genes Primer sequence (5' — 3)) Size (bp) Genbank accession

No.
Gonadotropin receptor
LHr For: AGG AAAATG CACGCC TGG AG 202 U20504
Rev:GTG GCATCCAGGAGGTTG GT
FSHr For: TGG CATACCATC ACCCATGC 232 L22319
Rev: TGA CCACAA AGG CCAGGACA
Progesterone production
StAR For: GTG GAT TTT GCCAAT CACCT 203 NM174189
Rev: TTA TTG AAAACG TGC CACCA
P450scc  For: CTG CAAATG GTC CCACTT CT 209 K02130
Rev:CACCTG GTT GGG TCAAACTT
3-HSD For: TCC ACACCAGCACCATAGAA 118 X17614

Rev: AAG GTG CCACCATIT TTC AG
Androstenedione production
CYP17  For:TGG ATC GTG GCCTACCTCCT 215 M12547
Rev: AGG TCG CCAATG CTG GAGTC
Oestradiol production
P450arom For: TTG CAAAGCATCCCCAGGTT 151 732741
Rev:AGG TCC ACAACG GGC TGG TA
Apoptosis
Caspase-3 For: TGG TAC AGACGTGGATGC AG 427 BC123503
Rev: TCG CCAGGAAAAGTAACCAG
Internal standard
GAPDH For: CTC TCAAGG GCATTC TAGGC 120 u85042
Rev: TGA GAAAGTCGT TGA GG
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Table 4.1.2 Mean follicle size and steroid concentration in follicular fluid of the
largest (F1) and the second largest (F2) follicles

F1 follicles (n = 25) F2 follicles (n = 13) P-value

Diameter (mm) 141 £ 0.6 114 = 0.7 0.01
Estradiol (ng/ml) 48.2 = 13.3 222 +11.4 0.19
Progesterone (ng/ml) 191.8 £53.0 256.9 = 54.9 0.43
E/P ratio 1.1 +0.3 0.5+ 0.3 0.17
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Fig. 4.1.1 (a) Estradiol (E2) and (b) progesterone (P4) concentration and (c) the ratio
of E2 and P4 production (E/P ratio) in the follicular fluid of the largest (F1) follicles or
the second largest (F2) follicles from bovine ovary. Cows with a follicular fluid LPS
concentration of less than 0.5 EU/mL were categorized as ‘low’ (white bar, F1, n =17;
F2, n = 8) and those with a concentration greater than 0.5 EU/mL were categorized as
‘high’ (black bar, F1, n = 6; F2, n = 7). All values are shown as mean + SEM. Values
with asterisks are different and values with dagger are tended to be different between
groups (*; P <0.05, ;P <0.1)
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Fig. 4.1.3 mRNA expression of (a) LHr, (b) FSHr, (c) P450arom, (d) StAR, (e)
P450scc, and (f) 3B-HSD in the granulosa cells of large follicles (>8 mm diameter)
from bovine ovaries. Cows with a follicular fluid LPS concentration of less than 0.5
EU/mL were categorized as ‘low’ (white bar, n = 13) and those with a concentration
greater than 0.5 EU/mL were categorized as ‘high’ (black bar, n = 13). All values are
shown as mean + SEM. Values with different letters (a, b) are different between groups
(P <0.05).
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Fig. 4.1.4 mRNA expression of caspase-3 in the (a) theca cells and (b) granulosa cells
of large follicles (> 8 mm diameter) from bovine ovaries. Cows with follicular fluid
LPS concentration of less than 0.5 EU/ml were categorized as ‘low’ (white bar, n =
13), and greater than 0.5 EU/ml were categorized as ‘high’ (black bar, n = 13). All
values were shown as means + SEM. Values with different letters (a, b) are different
between groups (P < 0.05).
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% 2 #h
SRR DR BVBRRICE TS LPS D%

4-2-1 BHHY

%4 FEEH L HICBWT, IR O LPS (IR DO 2T v A RkL
FUEARRTIEDL L EHIZ, TR M=V AL DIMEAHOFEIC LS
T 5 ATRRE D R AT, PRRAIE, ARBEMIIG C & 2 UM RERI G J5 & OV AR Rl e
MO, JIREAAD & IR R A X E N E AL a I a = —a & L
DIRMBIET D72, LPS [ZINEMAMILZ T T2 <, IIaNIicHa Ens
YRR & B 2 KA T IREEDN B 2 b D,

PTFLIE O SRR (— R IR REMIAR) (25— IRk S L oD i T G A 1 A 4
S, BVMRIEIICA D2, LH Y — 2 %5 0 CTHRINA AT < & IS i L
(INEZR AR ), Wity 2% B S 5, MR % i U7z ZR NI Z o
FEH B HEET S, 2RTH (MI ) THOME LR L72REETHEIR S
L% (Eppig 1996), Z O—HOImRIE, TIIRHHIROEL ] L FET, SRR X
O D% OIEFEA AT TREARF KRB TH D, ITH, LPS OZFEIKTH
% TLR4 23~ 7 AYNREHINE OO s 12 B > TV D FIREME S/ RIBE STV b
25 (Shimada et al., 2008), LPS ZSUREEHIIGIC 52 2 82 DWW TIEB 22 -
TRV, & ZTARHEITIE, LPS 237 IR REAIAL O B R 12 KT T 2R

WTHRGETT 22 &2 BRYE Lz,

4-2-2 #EIB L O HE
(1) IPEDOEE
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PREEOEREUTE 3 &5 2 fi L [AERDOFINETIT o 72,

(2) RAM RS LD /FERY

Medium 199 (Earl’s salts with 25 mM HEPES and sodium bicarbonate;
Sigma-Aldrich Japan Inc., Tokyo, Japan) (Z 100 pug/ml @ kanamycin (Sigma-Aldrich
Japan Inc., Tokyo, Japan) Z %N L 7-R5H A JepfEss & U, fEAATHIC/ERL T
CO, A > % = ~— % —N (38,5 °C, 5% CO,, 95% air, fFEfaFIS ) £k BT 5
Z LI Ko TH AP AT o 7o, B Y A, AR 100 pg/ml @ L (+)
Glutamine (Wako Pure Chemical Industries Ltd., Osaka, Japan) % .z, Ve EsHh
L7z, 2612, 1ug/ml @ Estradiol (B-estradiol, Sigma-Aldrich Japan Inc., Tokyo,
Japan) ¥ X T* 0.02 IU/ml @ FSH (bovine FSH, National Institute of Diabetes and

Digestive and Kidney Diseases, biopotency 604 ng/IU) % Il z TR & L=,

(3) IR AMAL — JEREM AR A AR D £ HL

18G MifastaIEFE L 20ml > U P EFNT, IIROFHEICRZ HEE 2
—5mm O/NINOMIE LV Ik 2 W5l Lz, EAE 90mm DOy — il
YVDONEYET e L, ERBEMEE T O — IR E SR ksl L,
3 ml OWHFMALE A /P E LB 35 mm OF 4 v =2l L, P
(O - IP AL — ORI E A RIE, T LWEEE AR O AN 5727 4 v v
B LR D Z LIk, IRk & oA & R g ia s & o MY & Bt
LMW LT o1, YT 4 OT 1 v a0, JHERE LEX TT-o
2. ViR CII RN O BRI A 1TV, IR N B IC 3 BLL LS LT
B, B2 E 2 R ONRId O % LPS A RE R T OR BT L O
RO SRR I L LT,
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(4)  INREMRR O

RSN BREASE 28 Al O AR A 72 B B — SN RERI IR & 1K %2, PBS Z 3R LT
15ml ~Af7u0Fa—TIlB L, ~f7uFa—T7% 5 JEHELVT v 7 AIZ
P TOR e & SN REMIAC 2~ B 0B S, 5 RDRREE L L CORRIE &2 ~ o 2
B Fa—T DIRICRDIZH, EEBEMET T Lz S EiEZ 510 15 ml
~A 7 uFa—TZER Lz, SIREIED A >Te~ A 7 v F 2 —71Z 100 ul O
PBS Z#/Nx, M5 AT v 7 ZZhTT 5 Bl Lok BiEZERY

BruNZ, T o EZ 3 BV R L, SRREAIAC A & JF FMilE 2 58 42 B Bru iz,

(5) UNREHAEIS KON EAE 25 > RNA fli

N D~ A 7 o F 2 — 722N A > TWRWZ & s L, =0
7B (1,000 x g, 4°C, 10 7rf) Z17-o72, SREMIBLO~N L > N & HEFE L 744,
E¥EERZEL, 200 pl @ TRIZOL® (Life Technologies, Inc., DriveRockville, MD,
USA) %1% T RNA HiitH % T-80°C TIRAF L7, #E L= RIS & 200 wl
? TRIZOL® %Nz, -80°C THRAF L7z, JRRkMIEE K OUN EAfl 2 5D RNA

I, % 4 FH 1 i L RROFIETIT - 72,

(6) Reverse Transcription (¥ #2%5Y) (Z X % cDNA OH K
RECAIR R 3 K OWR a2 S8 L7z RNA 2250 cDNA DAL,

%4 FE 1L FROFIETIT 7,

(1) 774~—DiG

TIA~—ORGEHE, F 4 T 1 HEFREKROFIATIT o2, EREET
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(TLR4,CD 14, MD 2 BL O TLR2) 77 A ~— il %% Table 4.2.1 12/~

L7,

(8)  Polymerase Chain Reaction (PCR) 7%

ARAEAII RIS L OWR EAifRlZ 31T 5 LPS BRI s F DFREL L T T 5
7212, PCR fi#tr#4T>7-, PCR D2 iE rTag DNA Polymerase (TaKaRa
Taq'™; TaKaRa Bio Inc., Shiga, Japan) Zf#iffl L, Thermal cycler (Eppendorf AG,
Hamburg, Germany) %\ T47-7z, 19.2 ul @™ RNase Free dH,0, 2.5 ul @ 10x
PCR Buffer, 2 ul ™ 2.5 mM dNTP Mixture, 0.2 ul @ Forward 3 £ Reverse
Primer Mix (% 25 uM) F X TN 0.1 ul @ Tag DNA Polymerase % 7&#A LT 200 pl
D PCR Fa—7IZ3 L, H&%%IZ 1ul @ cDNA % A1% T Thermal cycler (2t
v F L7, PCR YA 7 VD)L 95°C T 5 73D denature s a1T > 721%,
95°C T 1 4y (denature), ZNENDT T A ~—IZHOH=T ==V JIRET
1 43 (annealing), = L T 72°C T 1 43[f (extension) D% 40 %A 7 VAT -
7=, PCR FEMIIX 2% 7 # w2 — A/ /L (Agarose S; Wako Pure Chemical Industries
Ltd., Osaka, Japan) Z W CEXKEI 2TV, =F v A7~ A K (EtBr
Solution; Wako Pure Chemical Industries Ltd., Osaka, Japan) (Z & 0 7 /L&Yt LT

"R L L7,

(9) IR LN LPS ALE

B RS, BRIREDY 0, 1 BX O 10 ug/ml &£725 K 912 LPS (E. coli
0111: B4; Sigma-Aldrich Japan Inc., Tokyo, Japan) Z ¥ L7z, JRiEIREZ ST
HIZ 96 X L— F OO well ([ZPKEAK 300 ul Z537EL, S HITHAIO
well 12 95 pl DOEFFEHREMIZ 537 Lz, YEvg Lz 10 E O YR fiifa — IR RERE Y
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BEKRZ 5l OB AR L ITRk5I L, Bi A Lz well (2B L
T, COy A »F 2X—%— (385 °C, 5% CO,, 95% air, {EfafisifH) T 23 K
BRI RSB 21T o 72, & LPS MLBEXIZIX 20 L <X 30 fEOIF LAl
— IR R A O 1R 2 (R Ab RIS 2 i U 7, RS 2R AT 4% 00 9P Bt el — JF
A IROE % Fig. 4.2.1 (2R LT,

(10) H—~vr MEROIER

RO AR RS T 1%, IN Ml — PR SR 2 WX Z &2 % & o, PBS
ZOEL 15ml A4 7 uFa—71CB LTz, R L7c TORRao# k] @
TH L RERO FINECIFRHAE Z 44 L, 100 ul @ PBS Z#/MX Ch—/~1w 2 MME
AROERL LT,

ATARTTZRZ, VBV =TT 40086 (VY - RTT7 40 =
5:1 T4 SOARy MEE, ML L7 mAfaz 10 ul © PBS &1L
Ry hOFRIZE N, O RICHN—HT7 A %0F, FEEREMETCE &
vy FEHWTARy baD L OEE L, PBS BWAUN—HTFAIZHELLE D
AHTEERBEMBEDOEFEZ LS, JIRMIEEZ S SIS RVWEIICREDT RN D,
YRR O M E 23R8 D £ CTHE ke LTz, EER, AT7A RTT AL
=17 ADRINZ PBS Zift LiAZr, BRREMINES LRV T & A ffsd LTz,

FERBEE FICATA R T A B N EE, IAA—TT7AD 1 BIZEHER
(Fefe 1 99% —%& /—/L =1:3) Zfi L, KKxHll2rHRH L T& 7z PBS % A#k
TRVWERDY, SERICERI Y, ZWREIET, IIRROMIEIZE b
RENIRE NS LT 2 e L 7o g, #lR L 722V X5 ICEER A Y Aria £/ 725
MEILITH v =T L T—BEE LT,

EER, 2y "=V LIEATA RTT ARy @ EmRY, [E
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E LMD FIET 50 pl ORI (UM A VE A v REaIK;
Sigma-Aldrich Japan Inc., Tokyo, Japan) % it LiAZx, [EEWK & B ST, #lgL
RNE DT F v =T AR, 30 g L, Qefatk, QiR aiiRs ) Y
VR (V' — v Bl  ZREEK =1:1:3) CEML, EeICEREK T

EIAT, WNR—HIFAD 4 PIZ~v=F2T 28BH L TEHAEZIT-T-,

(11) KoL
HFBWEEH N CHR— L~ v MERZBIETHZ LICLY, sy EhE
FRICH DI O Z LT D 4 DIZ5FE LT,

GV (FE—E A : IR EZA LT\,

MI (55— 24 ) - Ye e R AN AR T BSO8R R Z TRk LT D,
YIEZR D FREE (GVBD) M3 U 7=tk D B,

AT (55— 2% 1) e R ITIRIZ 23 T D,

MII (5 =IBEr AEP ) < Rl BICEES L TV ok L ik & 5,

ZoH b, MILHNZHETT U7 IR REMIG 2 s REAIE & L, Bk 2 R

L7c. MRE OZEMEDFED DT INEMIEIT, AR ORE I BT LT,

(12) FAIIRFIICERIT DI h =2 KU 7 DNA = BE—5 DRkl
FRAIIRERIIBIC BT 5 2 b2 KU 7 DNA (MIDNA) @ = v —#iZ KIiFT

LPS DB LZ 257012, IR 1 #2250 MIDNA i A21T o7, 1K

SRS T #, Ak L7z TORREMAR OB O TE & MO FNE TIRRHM A

AL L, 10ul @ PBS L4EC 15ml ~A 7 uaFa—T B Lz, T ZIZ, 20
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ul @ 5 mg/ml protease (protease type XIV from Streptomyces griseus; Sigma-Aldrich
Japan Inc., Tokyo, Japan) & ANz, FERBEMEE T CHEAHE DT 2 E T 20 [FIFEEE
VR T T B To T, B ERE LSRR A 1 E9 287272 1.5ml
~A47uFa—7IZBL, ME DNA fifi¥ v  (QlAamp DNA Micro Kit;
QIAGEN GmbH, Hilden, Germany) % T MIDNA Z#EH 7=, MDNA DOF5
BIIX > MIBO T v R aLiifiE-> TTo T2,

RRATIRERIA 1 S8 L7z MIDNA Z2 VT, E&M PCR 12 X Y fifdT
ZiTo7c, EEM PCR X, & 4 EH 1 L REROFNETIT -7, Bovine

MIDNA O 77 A < —Hi KAl %% Table. 4.2.1 |Z/x L7z,

(13) FRAIIREAMAIZIIT 2 X 2y R 7 REOFHM

AT ALIC T DI b2y RY T ORIEICKITT LPS OFELZFI~D
7212, MitoTracker (Mito Tracker® Orange CM-H, TMRos; Invitrogen™ Life
Technologies, Inc., DriveRockville, MD, USA) Z# MW T = RU 7 OYE%
1T o T, RS T2, I EMIG — IRREMIRE S RO A -7z well 22585
R 100 pl ZHeY prZ, 38.5°C ZAME L7z 250 ul @ 300 nM Mito Tracker %
W%, COp A v F 2_—%—P (385 °C, 5% CO,, 95% air, 1&FERIFISHH) © 30
Gt A T o7, Yetat%, 0.1% BSA %1z 7- PBS (PBS-BSA) 300 ul %431k
L7c 15 ml w4 7 v o—7TH0 i — IR RE iR E A A28 L, Ak L7z
IR R O DIE & [EAROFIE TIFRME 2 Bk L7223 B 3EFR 21T - 7=,
3 EHDARNT v 7 AD% L2 Y FRE, 385 °C I[TINR L7C 4% /3T AL A
TNAT e R« U UEEEEER (Wako Pure Chemical Industries Ltd., Osaka, Japan) 300
uwl 2Nz TCOp A > F 2_X—H—P (385 °C, 5% CO,, 95% air, iz /& AaFnsiAH)

T 15 SRIEE Lz, BEE®R, vA 7 nFa—7% 5 BiiliEo Lk LiE2
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DrRE, 200pul @ PBS-BSA #Mx T=HIRT 5 ofilA v F=a—hL, s
1Tolz, ZOWEEIEE 3 IV IK L7=1%, 100 ul @ PBS-BSA LiLicT& Y
VAR NLTEATA RTZRIZOR T, IRN—TT7RENT, AT7A4 KT T X
ENN—=T T ZADMIZPBS it LiAdr, D5 IRWNEIIIv=Fa27 TEHAL
7-1%, IES LV —Y—BAMESE (Leica TCS SP5; Leica Microsystems GmbH, Wetzlar,

Germany) ZHW TENBIEEIT T2,

(13) ARIRREMAC 1T D X b 2 B Y 7 BEAL A O R

PRI R 3617 2 2 h = R U 7 OIREN I KIET LPS D282
~ 572812, Mitochondrial Permeability Transition Detection Kit (MitoPTTM JC-1;
ImmunoChemistry Technologies LLC., Bloomington, MN, USA) ZH\ T k=
RUT DYt ZAT oo, KO AERAER M T, N i — IR RERI R AR D A
o7 well 22HEFEIR 100 pl 2B Y frE, 100 fFIZAR L, 38.5°C (ZhR L7
250 ul @ Mito Tracker Z/l1%, CO, A »F =2~X—& — (385 °C, 5% CO,, 95%
air\¢ EEffn & AH) © 15 ke EiTo7m, Yk, 0.1% BSA Nz 7 1x
Assay Buffer 250 ul Z/37E L7z 1.5 ml <A 7 0 = — 7 |Z90 e — SR REH
BEkaB L, Bk L7e TORREIIaOBYE ) OIE & [mR D FNE T U RED 2 21
L7l B 21T- 72, Ve, 10 ul @ 1x Assay Buffer & & Hicv& U v~
ARy FULIEATA BT TAD RIZEES, /3= T X% OW TEERBMEET
TIEE LTz, JEER, AT7A K7 T AL I/N—TF ADMIZ 1x Assay Buffer %
LA, ~=F 2T ZHWTE AL, HES L —V —BEMSE (Leica TCS SP5;
Leica Microsystems GmbH, Wetzlar, Germany) % H\\\CHE @85 417 ->7-, JC-1
X, T har FUTOMRE _HBEICRYIAEN, HEMAEAEZATDLIFa R
U7 TIEEE L CTHEL, REdte® 45, —%, I har NU 7 OBEEN
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ZEMERT D & E /<~ —IRICHER L, $kEEREEFT 5, AW TIE, 488 nm D
JERIZ K 0 B SRt (548 — 641 nm TRRH) & RREEDE (471 — 548
mn THH) osemEOkER ML, I hay NY TREMEDEZELE LT,

(14) HERHENT
T FaRFU7 DNA a2 —=HEB LU b=y KU 7 BEEMAZDOHBITIIE,

Shapiro-Wilk @ W KREIZ XLV IEFIEORE 21T o7, NT A MY v I RE %
FHWTHEHLEE 21T o T2, B HE (ANOVA) IC X BEENPRO b
&, posthoc test & U CHEAMBEX DOz =2 hm—/L & L, Dunnett’s test & FHu>
THREZXIToTc, ZO%E, Mt HEALIIIRR 1 & L, JIREMALORZ A
RELIOI bar R T RIEOHENTICIE N A e & vy, PR (%]
T5 1 pgml BEV10 pg/ml D LPS FLX Z N ZE I OFAG DOHE THRIE 1T
S>Tc, HIFHED 5 LT ThoTelmE, 1 =—VHIEZITo7c, et FRIMITIC
X Stat View 5.0 (SAS Institute Inc., Cary, USA) 3 KT JMP 5.1 (SAS Institute Inc.,
Cary, USA) Z M\ /=, P < 005 OHBEICAEEZDV L LT, I barFIT
DNA =B —HB LU F a2 FY THEENMADT — X3 mean + SEM TR L

77’»’
—o
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4-2-3 FER

(1) INEHMfEds JOWREMAIZI T D LPS A REIZ T DREL
FRAAIN R K OWH Mfaicds T 5 LPS A EL T ORI OKE R %

Fig. 4.2.2 (2R L=, UREEMIIAE X OWI ARV T, TLR 4, MD 2 3 LT TLR

2 OBBETREDBD LN, —F7, CD 14 OB TRELIINEHHIIL & 9N

JEDONWF BN T HRO bR o T,

(2) YRR DR KIF T LPS D%

LPS ALEETR O BRREMNE (Z F6 1T 2 (41 il S 35 1% DR RVR O R & Fig.
423 12 LT, 1ug/ml BXOY 10 pg/iml @ LPS WLFRIZB I HEEREARIL, £
NZI 682% LT 59.6% THY, MEAFLX (84.9%) IZHAFEIKTLT

W= (P <0.01),

(3) IFRHEIEO I h=> KU T DNA B —#IZKIET LPS DA
LPS LPR#% DIFREMIIC 31T D S ddEE % DI F = R 7 DNA =2t
—HOMIEDOFER %A Fig. 4.2.4 1TR- L7z, 1 ug/ml 3 XY 10 pg/ml @ LPS 4L
IBITFHI P RU T DNA a2 —iE, BAHXEFERETHY, AK
RAETRO NIRRT,

(4) IPRIEO X F =2 R U T RTEICKIET LPS D

LPS ALBRE% DURREAMAIZ 31T D RS Al B DX 2 R U 7 O REZEA
OFEFR%Z Fig. 425 1R L7z, 2 bay KU 7 OMIRBTEICBW T, MK
I 2RI L TV D EIRD 75.0% THDHDIZH LT, 1pg/ml BELON10

ug/ml @ LPS WLEEX T, TN ZEH 47.2% B LN 38.9% & MALHEX|Z A
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EIE2 o 72 (P <0.01),

(G) UREEMRIO I b Ty U T BEAEIC RIET LPS D

LPS ALPR# DIRRAIALIC 31T D RO B H D I b N Y T IRER 2D
BALOFER % Fig. 4.2.6 (28 Lz, 1 pg/ml 3L 10 ug/ml @ LPS MLEEIZIS 1T
D hay R 7B AT, SOUEKICHESERICE T Lz (P<0.01),
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4-2-4 BE
AREITIE, 7 VIR ORI R RGETRIC 1T D LPS OB AR Lz, %
DOFER, LPS (XIFREMa OB HEHET S L & b, MREICHAET D
Fary U TOREZELSEDLZ L, £722 ba vy R 7TOREMNAEEZET
SHLZERHALNERST, ZOZ LMD, LPS IXIFRHHIRO A E IS
HZEIZRY, ZRERE DR DOIRR T EL RIT T TREMES R S T,

(1) 7 EIRERIARE X OWR ARIC I D LPS S ARRE G T DO FEH
AEERNICIBIT D LPS 13X, #fafE LIZ/AES 2 TLR4A/ CD14/ MD2 2Bk
BAEZAERIZ L VBTSN D, ~ U AIP ML — INEaE A RIC 1T 5 TLR
4 LV CD 14 BB OFRIANPHRE STV S0 (Shimada et al., 2006), 7
YIREMAGIC I 5 LPS B R T ORI T D8I, AROFFEIZB
T, SUEAIAE & SRR O W ICB W T TLR4AB LY MD 2 OB 1535
BLLTWAy, CD 14 OBz FHIUIRO bnieioT-, CD 14 (21, BEEx
AR & WERES AR O —FEBNFET Do AR TIZMmE+H o EHE CD 14 2/ L
TH LPS MRk &b Z L& (Yang et al., 1996), & 52 CD 14 KiE~ 7 AICH
WTH LPS ~DULNFED HiLDH Z &5 (Akira and Hoshino, 2003), LPS @
PRRRICE L CD 14 ORBUIMATII R W EHESIND, 2, XTF KTV D
YOZERE L TMOBILD TLR 21E, X7 T R U 1 Z58ik 3 2 Bt LM,
LPS % Bilk 9 2N FAET D 2 E ML M7 > T % (Yang et al., 1998),
v VYIREME R L OWR A Z BV T h, TLR 2 OB FRELN M S O bz
ZEnD, RISV TIE TLR 2 2% LPS ORBakicik < BI5- L T % AlEE
HHEZOND, ThoDZ LZ2Ex b L, U IIRRE X OWP il &
HIZ, LPS DORIH A EEZFT L LN TE L ARETmENnEBZEZX 6D,
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(2) INRHMIAOBARRICISIT D LPS D%

1T & A& OISV TIIR IR O Big, IR OIIIaN Tt Z 2 IRk
WD FABEIETH 2, IR O RCEGETR L, IO B, Ko
I LB AHOE T, £ LT M IR0 ENEEND,
AEIORER G, LPS 13 M HITHEIT 3 2 UNRHE OB 2 8 S, B
BT S5 Z ERHLMNE -7, Bromfield and Sheldon (2011) & [AIERIZ,
LPS IFIEH 72 0 L IRRERINE OB HOET 2 Ml L7 Z L 2 HE L TnD 2
END, LPS (ZIFRHIIE O ZAE 25 L E X 6D, LPS (T X D EERE
MH DA D =X LTSN > TE LT, IR ~OEEEMR 2O, &
D\ MEIP AR 2 A U 72 BRI 72 ER e O I A Ch 5, IR O BZ R
PERE DI BLRE & U CEETH 2 IR O BEHOFHIX, LTSRS 2
ODOEREEL TWDLEEXLNTWD, —DIF, IR E K
(Maturation-promoting factor; MPF) O& R ETEHALTH D, & 5 —2i%, IIEEM
faN cAMP L)L DOIX T TdH 5 (Bilodeau-Goeseels, 2012), 7 T IRREARIZ 331
% MPF OJEMEALEAEICEI L CIIAZR G320 A%, LPS, & L< X LPS 12X
DEEA ST RIEVES A BB A 27 EOMMDIR T2 MPF OBSEEFHETZAT 5 2>
DEEZKIFLTWLD0E LV, EMFIETIE, LH —2Ii2 k> THR
a2 g b3 2 2 L2 K0 URREME — R e o F v » 7oy 7 g v
PWHRT D, ZOREE, JIRMIICE 5D cAMP HERMERE DS L, JPRERIIN
® cAMP 3 TIET 5 2 LI K VBRI S (Thomas et al., 2004), > %
D, LH BB REROS 4L L TEHEEREEH Z Mo TnD, KEE 1
IZBWT, IR D LPS JREEDI SRR (% LPS UFAE) CIXBERLE MfaIZ 3
7% LH ZHREROBLBFHREDME T LTS Z EBRHALMNIRoT, DL
15, LPS OEMIC X W INEMIICH T D LH ~OREZHEME T2 2 &Ik
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> THN MDA M INH] S L7z rREME D HEZRR S D,

(3)  IFREAHAL M B R K IE S LPS D%

IREEIAL O B BGEEE T1E, B HOEITITM AT, MIEIZB T AN
INRBE DX AT Iy 7 BN AT D, ORI E- Tl Z 2 Mg o0& i
MR B A & PR, SRR AR LA I R 72 F: T % (Eppig, 1996),
BERREN & AR AR L TR Z 228, B— By 2yl (M1 1) CRERRE
DOHELT 245 1k ST IPREMINE © & M E A EIT T2 Z RS TED,
AIE DRI A L IS LT8G Th H 2 E BRI LTV 5 (Eppig et
al., 1994), X h=> N U 7L, IIREMAEOMIIRE IR D B & ICHET DM/
WETHY, ZXVX—EERE & L TH<, 51T, IR OB HE D
R U R T OB REZLE, SRR AEDIZDICHLAEADIRRETH 5
(Thouas et al., 2004), AHiTiZ, IR OMIIE AL FHIT 272012 k=
Y RUTIZHER L, ZOBPHBIEIZRIT D LPS ORBICOWTHRE LTz, £,

I har R T OROENERRDT2HIC, I =2 RU T DNA OfExta e
—HEWE Lz, IR O BB, I b3 s R T OB EmE
% (Van Blerkometal., 1995), & MZEBWT, RO I b= KU 7 DNA
D3 E—E O T AIIF I X O OREFICREE T 5 ATREEO & 5 2 & 23
W STV S (Reynier et al., 2001), ABFFEDORE RN G, (KRIMSAGEREDIPRE
HifglcEEN5 har RU T DNA OMR = v —8uE, LPS MLBERIC X 2%
EZITRNZENRINT, ZTOZEND, LPS IO har KU
T DRI L RIE S VAR E X DD,

W L72 X 9102, LPS 23URREMINE DB FRIZ BT 5 I b= KU T DNA

DA —ZUTE B e Liah-o o2 &b, RIS, ITEEMIEORRBEEEIZ IS 1T 5
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A R T ORAEICKTT D LPS DRI DV TR~ 7z, JIREIR O Rz
9 I by RY T ORIELGIE, MR E R & BRI LT\ Z & AVR
SNTWD, TR WT, +oZefilaEmehait 2 U2 T, 152
L7z b= v RU 7 AHMIE 2RI 2 BIEG @O olcxt L, ek
ARy CIX, 2 har R U 7SI E RIS T 5 2 & 72<
RIFHICEBRE LT EOREBOINFMBOEEORNZ EXHEIN TN
(Stojkovic et al., 2001), AFHIZIT, LPS DFELE T CIREMIINZ A S 7z &
%, I har RY TAMRE AR L T 5 IR O F &3 Lz,
LPS 2MA] & OREFFIC L0 M E A Z LE L7 B b D08, BUETIEE
DFLEREZ BT 5 OIS RIERP 2V, FHiRICBTHAI har N7
DABRE N OYLHE BN IS Th 2 NEST— 2 — X VXV B TH D
A2 R¥XVUNEET D2 ER RN BNTWD, LieR->T, I8
R OMIfLEIZBWT S, b DOREKF7Y LPS 2 & » TEE I T
% AREPEAHEER X4 D,

W, IR O BEGRFRIZ 1T S I v KU 7 OEENLICKTT 5 LPS @

J

WEIZOWTELT S, S hary FITOREEESTe hAfdE, £
IZE VAU DIEENM AL, ATP OGKEBEIZLEARRIR TH D, Z DOIEEN
ENWRTDHE, I ha v R T7EMERERI L, ATP AAKTFT 5,
Thouas et al. (2004) 1%, XHIEMEIZ LY I b= N 7 OBEEMEZZIKT S
fo~ U APIREI T, WSO EZENME T LI L2 REL T0D, A
IR T, LPS WBRIZ K-> T by RY T OBEEBMEMET Lz, 2o &
5, LPS fE(E T TR L7 R REMIL Tl ATP FEAEDMET L, SZhEi#% DM
ENPREI NS FTREME S HEE SN D, 72, X har N TEEMZDIK TIX
MIOT R =V AOHREE LTHHNLNTND, RKEF 1 fHilcs\\, i
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Jaig > LPS R IZIPatE kAR 35T 5 caspase-3 Bin FRBLOHEMN & D
BLEMER 5 Z EDBRBD DAL, LPS IZL DT A b— 2 AFHEO ATREME D RIE X
iz, IIREHIAIC BV T H RIEEIS, LPS N7 R h—Y A&FHET 52 LT, 2
Fay RUTEEEMZOIER TR ECTZO0E LitZen,

(4) s

LPS (ZIFREMIE DR X O E 2 BLE 5 Z E AL MNT R o T,
FR-REAIAG O BREGRFRIC I\ T, LPS [ZIRREAIAG OB /3 R D HEAT 2 B L CTE%
A ZHET D2 LT, IR OZELEZ VI ToEBxbNn, £
MR IZHWVN T, LPS 12 by RU 7O TR, B> I har R
U 7 OHIE ~DIEBCIEEN G M 72 & OMRRICH B LY 5.2 5 Z L BB BN
ol ZTOI May RU T OMBEARRIT X2 U0 R O M B R A BRE 1%
AR DR LTI 2 5. 2 2 AIREME DRI S L7z,
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4-2-5 B IUE

Table 4.2.1 Primer pairs used for the detection of MRNA and DNA

Genes Primer sequence (5' — 3) Size (bp) Annealing temp.(C) GenBank Accession No.
LPS receptor
TLR4 For: CTT GCG TAC AGG TTG TTCCTA A 153 56 NM174198
Rev: CTG GGA AGC TGG AGA AGT TAT G
CD14 For: GGG TAC TCT CTG CTC AAG GAAC 199 56 NM174008
Rev: CTT GGG CAA TGT TCAGCAC
MD2 For: GGG AAG CCG TGG AAT ACT CTAT 204 54 DQ319076

Rev: CCC CTG AAG GAG AAT TGT ATT G
Mitochobdrial DNA copy number
MtDNA For: TAT TGG CCG TAG CAT TCCTTA CG 115 54 KJ789953.1
Rev: TGC ATC GGC GAT GGG TTG AAG
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(@) (b)

Fig. 4.2.1 (a) Bovine cumulus-oocyte complexes (COCs) before in vitro maturation
(IVM). Immature oocytes were surrounded by multilayered cumulus investment. (b)
COCs after IVM. Matured oocytes were surrounded by expanded cumulus investment.
COCs for IVM were isolated from small follicles (2 to 5 mm in diameter).
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N Oocyte Cumulus cell GC TC

Fig. 4.2.2 Analysis of mMRNA expression associated with LPS receptors in oocytes
and cumulus cells before in vitro maturation. Oocytes and cumulus cells were
isolated from small follicles (2 to 5 mm in diameter). GC: bovine granulosa cells TC:
bovine theca cells.
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(@) (b)

100 GVBD
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=
20 - '
0 2
0 1 10
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Fig. 4.2.3 Effect of LPS during oocyte maturation on (a) Meiotic progression rate to
metaphase-11 (MI1) oocyte after 23 h of culture. (b) Oocyte at germinal vesicle break
down (GVBD) and MII stage. Evaluation was performed on 5 independent
experiments with >100 COCs per a group. Arrowhead; chromosome. All values are
shown as means = SEM. Values with asterisks are different compared with control
(**: P <0.01).
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2.33
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=

0 1 10
LPS conc. (ug/ml)

Fig. 4.2.4 Effect of LPS during oocyte maturation on mitochondrial DNA (MtDNA)
copy number after 23 h of culture. Evaluation was performed on 5 independent
experiments with >50 COCs per a group. All values are shown as means + SEM.
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Fig. 4.2.5 Effect of LPS during oocyte maturation on mitochondrial after 23 h of
culture. (a) Peripheral or dispersed distribution of mitochondria determined by
MitoTracker Orange in oocytes. (b) The ratio of distribution pattern. Evaluation was
performed on 5 independent experiments with >50 COCs per a group. All values are

shown as means = SEM. Values with asterisks are different compared with control
(**: P<0.01).
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(@)
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Fig. 4.2.6 Effect of LPS during oocyte maturation on mitochondrial membrane
potential after 23 h of culture. (a) Oocytes with high polarized or low polarized
mitochondria detected by JC-1 dye. (b) Relative mitochondrial membrane potential
expressed as the ratio of intensity red (J-aggregate; high membrane potential) and
green (J-monomer; low membrane potential). Evaluation was performed on 5
independent experiments with >50 COCs per a group. All values are shown as means
+ SEM. Values with asterisks are different compared with control (**: P < 0.01).
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% 3 i
ERDOFRAEBIZIITD LPS DO

4-3-1 HHY

BN U 7o IR R RS T MR AT D &, SRR 1328 i A2 i L C
5RO L, MEMERTEE 2 TERT D, IR REIIE O MR E TR I 3 REME TR
EAL L, MEMERTEZ & HEMERTEE OBVE I K > CRIEDRNLT D, SZREINEA %
DEREFED INE A0 K LTI~ LA L, PEOR U 7 RS - I B
LTERTDHZ LICRVEIRMPRRSLT D, T b, IR O REIESZ RG-S
RRAEIZIB W THUHEDEETH D,

KER 2 HiTIT o720 VIRREME ORI EEE R IZ I T, LPS 13T T HRRE
FAE OB A K OB E il 2 PR35 2 L S B 2272 572, LPS 12K Y
FRFEMIAL O RZ BRI E S P S D Z ST L0, PRI O RGO
ANEZ VIS K RDAREMENRE Z BILD DY, LPS NIRFEAERIZE 2 5 28

B 5202725 TRy, & 2 CAREITIE, LPS 12X 2 RIS K OV & Rk 24
DBLEVE DSOS AN FIT T B OV TH BT T 272012, LPS fF
15T TR S W72 IR REARAG 2 I CTIRIVERE 21TV, ZREIN O A RE A MRGE L
7

4-3-2 MEMB L UFE

(1) IREEOLR
IREROFRBUTE 3 2 i & MARO FIETIT - 72,
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(2) PRI EEEE OO 1S
RO SO ERT, 25 4 BES 2 i L RO FIETIT - 7o,

(3) YNEiiiE — IR B IR SR DR

IP A — IR RE IR R S R OTRIUE, 5 4 T 2 i & RO FIETIT - 72,

(4) PROMREARE RS L OYLPS AL
IR EERIIE D RS AR d L OY LPS ALBRIT, 55 4 BEES 2 Hi L FAROFIET

1T-77,

(5) RANZRER L OB AERF OO (Y

BO & (WFsH JEANE; Research Institute for the Functional Peptides Co. Ltd.,
Higashine, Japan) (2 7.5 mg/ml &~/ XY > KU v A (180 USP units/mg;
Sigma-Aldrich Japan Inc., Tokyo, Japan) 3L OV 5 g/ml O > MyE7 v 7 I v
(Wako Pure Chemical Industries Ltd., Osaka, Japan) % %l L CIE@piE L, Uk
WS U=, BERSICI, BERS LSRR (IVF 100; Research Institute for the
Functional Peptides Co. Ltd., Higashine, Japan) % V>, EREIIEEMIE O PEEH 12
300 pl, BEREAIC 100 pl D Fe vy 7% 35 mm 5 ¢ v o BIC/ERIL, Koy
T O E B NT T 4 o TEo T, IO R AR TR AT N R
(IVD 101; Research Institute for the Functional Peptides Co. Ltd., Higashine, Japan) %
IV, SZREIR oW AT 300 wl, FEAEFEMIZK 1 4720 10u OREFID
ey 72 ER L, WE/ T 7 4 o TEo T, BT TEMF A IC/ERL,
BO &3 L UMK B HIE CO, A v 2 _— & —PN (38,5 °C, 5% CO,, 95% air,

RIS AR) 12, BARHIZ~LVF T AL o F 2—H —H (385 °C, 5% CO,,
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5% Oy, 90% No, ¥ EAIFNAH) (ZiE LT A Pl 21757,

(6) T

U AR (Y =R T 4 7 AALHEE &0 #2148, JP3H54718, L~ L, H25/2/4)
% 35°C OBGHOFT 30 ML, FAERIKIT 38.5 °C (IR L7k 11k
R 6 ml PNIZHRE L7tk 0B (500 x g, =8, 5 of)) 297-72, L%
PR L7214, 385 °C (IR L7- 6 ml O T IFHEZMZ Tw->< 0 EHHL,
BNz LHE (500 x g, =i, 5 o) 217o7%, EEZRELEE, 1ml ©
Ko Peiik 2 N2 TR 288 L=, 10 pl OFs Tk 2 990 ul @ 3% NaCl
AR EIRA U CH & 3EEME L, Thoma MEKGHHERA HWCHE 5D w7 > b
BAT -T2, KPR Z VT 10 x 10° FEFiml & 72 % X 9 IOk IRk & 7
WU, BRI,

(7) RS

IR BE AL O RS 7RI 100 pl 28RS R e o 123 B L, FERBAMEE T T
KT O ZTER LTz (R ORKIREE, 5 x 10° KE/ml), (RShk i O 5P FA
o — IR E SR Z e e v 2B L, 3 o Fuy 7 E2BEi S n
SYEf 24T o7, Yelf L7 U0 e — IR R E S IR 2 B8 N e > 71T L,
CO; A > F 2_X—H —P (385 °C, 5% CO,, 95% air, {ZJEAFIEAH) T 8 FEMIME
Sz,

(8) HML kOB A
IORER, FSFUR4IE 100 pl 2 A7 15 ml ~A 7 aF o — T IR E
L, ¥~A47aF2—T7% 3 AR NLT v 7 220 TINEAIE 2 52 /000 5 47
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B <7, IP R Z PR 59 SRR O FEINORR % Fig. 4.3.1 (TR LTz, <A
/aFa—TORHEET 3Bmm 74y allBL, ERBEME N Ty ALY
— AR LI T ATy T U —2HVTZIEINE Yy 7 7 v 7L, 2k
P e 2B Lz, ZRINE, 3 2O ey 72IERBE S 87008 bk
ATV, Ve Lol 2 BB Fe v 7B LTV TFH AL ¥ =2
~_— 4 —N (38.5 °C, 5% COy, 5% Oy, 90% N,, IBJEfFfI%AH) T 9 HME&E%
1Tolz, MOBEBIEZITEBITY, BT - BAEELEWRIRO Fe vy 7128 L2
N OFAERER AT -T2, WRAEDKT % Fig. 4.3.2 (/xR L7-, 3 BB EIIRAER
BARE Yy TOPEERZB LTz, ZWAORAELEIT 1.5ml Fa2—T7ICnEE
ZHEL, MEINT 7 4V TESTEEDIT, AT HAL U FaXx—F—N
(38.5 °C, 5% CO,, 5% O, 90% N, {EEfafnsitd) C 1 KEMLL LA A SEH 21T -
7=, FEAEREFE 2 BRICINEIED, 8 H HICWRRBELZOFMEZITY, 2
NUTOFHERICE D EIH L,

GREI=R [9%] : (2-8 MR DR [ (HAE L 7 BREEMid %K) x 100

R FE AR [%] - (M Ia %K) [ (IRE L 7232 K90 D %) x 100

(9) wEEHEEAT

ZFEIRDINEIFR I L OIS A RO FRATIIT T A Z5fetmE 2 vy, HELP
XIZkT % 1 pg/ml 3 L OV0 pg/ml @D LPS ALHL X Z N ZH O G THRIE
AT ol WIFHED 5 L CTho7edmd, [ = —VHEZ T o7, #alFrIfE
Hrizix Stat View 5.0 (SAS Institute Inc., Cary, USA) 35 T8 JMP 5.1 (SAS Institute

Inc., Cary, USA) =\ /=, P<0.05 OLEICHEEEH Y & LT,
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4-3-3 FER
(1) ZHEIRDIFENC KT T LPS D

AR 2 HHORIZEIT 2IVER O R%Z Fig. 433 (27 L7, 1 ug/ml
FBLO 10 pg/ml D LPS fFE(E T THRAMEEEEE 21T > T2 IR RERIRRIZ 3517 2 A
BOIFEIRIIZNZT 65.9% L 69.9% THY, MALBLOIIEHAL O IFE]
F(79.1%) \ZHANFEICET L (P<0.01), AEE 2 HlilcBWTESIN
R DO R I %4 2 IR EIR D E| A (Cleavage/MII) % Table 4.3.1 (2" L
2o BERRERITHT B INEROEISICB W TIE, LPS 1F7E T T ko35 &
1T > 7o IR REMERE & EALER D JRRFHERE & DA B2 ZITR O b v o T,

(2) WRBEFI~OFRAEIZRIET LPS

JEEREE 8 H HDOIRIZEKIS 2 I EROM R4 Fig. 434 (TR L7, 1
pg/ml 3 XY 10 pg/ml @ LPS 1775 T THRAMNEE R 21T - T2 SRR 35 1
B IR~ DR AERITZNZI 26.4% BILW 242% ThH Y, MALEELO I
R DT AH (43.0%) IZHAFEICIKT L7 (P <0.01),
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4-3-4 BE

AHiITIX, LPS f#/E T TR L2 IR R W\ C, B s KOS E ik
ANHEINTZZ 0D, ZOBROZRECMBAEIZKITTEEBIZ OV THRIEL
Too EORER, LPS OURER 252 F 7205 G AEL LT IR AL T, Sehitk O JRE
Tl L ORI AR L HICERT Lz,

(1) IPRFIALOFREAERRIZRIEZ T LPS D%

~ 7 ADOIIRIEZ W T-AFTEIC BV T, LPS DS IRAIN S 7= S A B M CHs 2%
L7e%6, MERASOFRERNMET T 52 Ln@mE TS (Dubin et al,
1995; Athanassakis et al., 2000), —J, [RIEEOEE# S THIZE L 7o Tl
RIS D LIRS E A 5 2 e o722 L 2R LT 5 (Dumoulin et al,
1991),, F7z, U OIFREIR A FWZFZEIZ 8V T, SRR U IN 2 72 7 2 i
HET VT I ~O LPS IR, MMOFRERICITHEL 52X R0 o720, ZH1
ZAE RIS T2 ERH LM -> T % (Madison et al., 1991), Z 4L 5 DA
eI, & CARNRSM T RS B IR A I TR OIRRAE
WREIZI T D LPS BEOREZHARI- DO THDHZ LD, KETHW=ET
WVETRR D, LIedo T, REITITo7- LPS BREEE T TR L7 IR O
FEhEd L OB AR ZMGET 5 Z & 1%, JPlaNTol & Z &b LPS OFFREM
Ja~DBIRZ L VMR T2 nTEHEERLBND,

Soto et al. (2003) %, U T IFREAA ORI EERRIZH81T 5 LPS IRERIC &
RN IEL DINEIRICITE LRV, IWEIA~ORERME T L & a2
HLTWD, ZORERIE, LPS f#(E F CTHGA L 72 IR RERIRRIZ B\ T, PRI
F O RE AR & IR TR0 DT ARMIEIC BT 2 A L —&H L TS

BRIV Z &1, Soto etal. (2003) DA TIX, LPS % & £ 72 W B TR
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B 36 KONV 24TV, FEAERFHIZ D2 LPS 2NN L 72856121, ke
RAEROEKTRRBOONLRNI LEWE LTS, ZONERR & ARHEiOR R
PG, INREAIIZICHIT S LPS DR BIIA MR OIMFE AL TIE72 <, pliiEie

ICBWTHEHETH Y, MBI LPS BFET 2 2 & TEDRDRB A EL
MIFTZ s s,

(2) LPS PUPREHIRR DOFEAERE AR T S 5 it

AEIZIB N TRD DNTIIFEROETIL, =S L <IZIEBIR~D I
E2bDTIF<, LPS IZX DA EFEOR RECZbDOIELHREIND,
FI, BREEICKT 2 IREIROFIGIZH WV TIE, LPS MREEIC L2 213589
nrpipoto, IR, 2 FIOREEITRICE > TEORHEZ 2 XtOFRIGE
K722 %K 2n (4c) 235 1 ROYEASEN G225 —fFEK n (¢) ~E &1k
S D, BARRERRIZB W T EZ T 2 Z &1k, —f5 K n(c) DT L@se

TfEK 2n (20) &R BT OICKMHADIRIETH D, AL TR, IR DM

SAREGEIRICI T D LPS IREEIC LV BB HOETRIE SN2 Lk,
SAGISHAL L7 o Tl REME DS |V, — 7, RN A~ D IR DK I, LPS 12
X HMERADE, 2EVIEI Far R 7 OKEREICEEE L TWDH A
REVEDMERR SN D, BUEDMRS AR HIT T, JREEMIaZ M I E TR
RS HE D Z LT TETY, FAZRER ORI EFITANRN THE L2 INE:
HiE & b LT L <KW (Gilchrist and Thompson, 2007), 4432 k50 3¢ 4= =R
PERWRE & LT, MRERANR AT THDL I ENBEZ LN TWVDR, K
FCAIR D FEAERBIZ B D 2 R FIE WV ETZITH BT > Ty, T RLF—0D
HPERE ThDHI bay U T OSMOEET, RO ZRE B L OWR%E
AEREDESICEHE A EN 2 RT3 2 LA STV (Brevini et al., 2007), =
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OB & LT, MWBERESOEOIZIE, EHIELEI bar R 7R3 MRS
EIRA~YEH L, IRl 2RI e RV X — G2 T M ERH D Z & (Brevini et
al,, 2007), I h=y RUTA/MIKOEHICRESND Z & T, ZHiFO ca™
A=y a gD bary RU T —/MakRTO Ca¥t DinEE i L
TWAHZ L, R EMEBEZ BN TWD (Wakai, 2012), A= 2 HilZBW T, LPS &
I b3y RU 7 MIE SEICHEE L TS IR O EIG 2 S, &
DOFER, IR RE~OZ XL F—HEOKT, b L<IE Cd¥ Avi—v s
NZEVFE SN DIV OIEEAL OLENA U, WEERMET Lzon

H Lty

(3) ki

LPS 1%, SPRMMORIBRRIZ B W TER SN OB AEREZIR T EED 2 &
A S NT e o7, SIEEFERBIZBOTIE, FE-LIVEAIER 2 RREICE
BL, RN 2ICbBALLTZB LRI UREEE RS> TS, ZOFKE
LT, MR HICAEAES D LPS Z3IRREANAG O Al i 2 fHE 32 2 & T, HESP
THINFORFEAERMET L, FRICELRWEWS ZENREZLND, 5%
1%, WL OGO TR BLOMAT 72 &, IR OB ORI 21T 5 &
b5, £7, AWFFETIZINREMAE O ML E AL 7 T 27212 b=
RUTIWZEH L7y, /DMMafEoREERL & WV o 7 OMABN/NEE IOV TS
P AAT O Z LT KD INRRR O FEAERRIC KIE T LPS DN L Bk S
nodE&EZLND,
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4-3-5 HBLIUR

(@) (b)

Fig. 4.3.1 (a) Bovine zygotes surrounded by cumulus cells after 8-h of in vitro
fertilization. (b) Denuded zygotes after the removal of cumulus cells and washing.
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<l-cell> <2-cell> <4-cell> <8-cell> <16-cell>

<Hatched blastocyst>
blastocyst>

Fig. 4.3.2 The development of bovine embryos. Embryos were cultured in vitro until
8 days after in vitro fertilization.

<Morula> <Blastocyst> <Expanded
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Fig. 4.3.3 Effect of LPS during oocyte maturation on percentage of oocyte that
cleaved on day 2 after fertilization. Evaluation was performed on 5 independent
experiments with >100 COCs per a group. All values are shown as means + SEM.
Values with asterisks are different compared with control (f: P < 0.1, **: P < 0.01).
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Table 4.3.1 Relative ratio of cleavage rate to meiotic progression

LPS (ug/ml) MII oocytes (%) Cleavage (%) Cleavage/MlI

0 85.3 82.2 0.96
1 68.1 67.0 0.98
10 61.9 67.8 1.10
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Fig. 4.3.4 Effect of LPS during oocyte maturation on percentage of embryo that
developed to the blastocyst stage on day 8 after fertilization.. Evaluation was
performed on 5 independent experiments with >100 COCs per a group. All values
are shown as means + SEM. Values with asterisks are different compared with
control (**: P <0.01).
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%5 H
WEEE

FLAEOTIRELH OREBIIAZ I8 EOBREE N D TEBY, BEREID
BWTRKERRFOBERLEZELIETWD, ERHOLFITBNT, FE~D
MG L o> THE L 2 RIEMFER AT, BHEFEOTFERDO—>ThH D,
RIEMEFERBEZBE TV TIHIINEBEOAENALND T LD
(Williams et al., 2007), B ORI Z T, HAECHIOEKGIZ K 2 INHEHERE
DOEENRALONTE T, LrLeRD, FEPIEMNEHLZLOICRRT
BIRZBOA SN EL L LD Z &0 D, ARIBFEERRVORBIRTH Y,
ZTOWEITFWBTERWIIETHS,

AWFFETIE, RIEVET-HHREIZ X2 A ORI T ORIEM 23 AR 72+
ST STV L s, JNEREERER TICX 2027 7 e —F 1k
KON Fasg s & LTIl - IRF oMl /7T 7' e —F ik, RIEMT
B OINERERE T D AR R & % v U — A — =2 ROV THRGE L
7o

RAENEF B RIBICE T D AR R O ZE 2 Fig. 5.1 (TR L7c, £77, JPEAME
RBAR T IZXE 9 2 M OB 512 DWW T, FLARICRIT 2 15 ORIERFD K
i A L ER OIEVERE R PEARE 2 BRI TIBE L 723 0o T2 2 &0 h, 5
RANZBT 253 WA O A MLER OTEVERESE PEAERE 2 BREE L 72, ABFZEDRE R )
5, AR A MEROTEEREFRPEAERIIMIBZEOFER TP TESHEBR LTS Z
&, EokE oI AOBMERIZ IS T DIEERERELREIL, 2k 0—-3#IZk

UWNT LPS 12k L CTHFOFEARENIZE N T A Z RO N E o7~ 2Dk
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9 72 H ML ER DIENERESE PEAE T K 2 RGP 1T, B~ DR AR ZXT 5
EARNHEETHD B2 OND D, ZOEAINTIEERIEITZRET T Tk
<, ZTORMICHAET 2 IEFRMIazZ bagE L, HkEE s~ 2z 5 i
T2 N SN TV (Shaweross et al., 2010), Z DX H R LD, FE
RAFTRD BIIIEMERR R EEARE DI IRIL, HPERAZIZ LD & 5 M ok
S AT 2 2 LI X 0 REIR~OIEFUE 2D STV D ATRetEn 4
AoND, ThbL, PHERICTFERICESTZD DS b X2 T n % 3
T LU B NIRRICEAT9 525 (Sheldon et al., 2009a), & CTrEE S 7= LPS
LR~ ERBATT D Z LI Ko TRAEPEHBE NMET L, T2 ORIELRHIML
SETWDHREMENREZBINLD,

YR TIZIRISE T, HRON, MR RI L OB TN WIERET O b &
JHRNCH D RSN TWD, ZOMEBEBOBRED 5 b, EMERSZ TP LT
HAIBATICRE S LT\ D Z &N Sz (Sugino, 2005), FIEARNS O LH
— VARG A ST T2 O, FRIEIR OO @hiR s IO R IR 20> © R AR~
DMEDRAL W PEINRGZ &, ZOPINBRTIX, 1 M1
DOFEINZ X VI E LTRSS~ 7 v 7 7 — U NEWIRBE L EAT
X 91272 % (Sugino et al., 1996; Nakamura et al., 1999), Z DORf, ZIEM: 1= % &
CREBR LT TiEmt b U <IZIIaE IS FAET S LPS ORIFIC & v 4frh
ROTEMREFRELRED LA L, TORR, JIPNIZHNE S35 JRREM I 3 5
(ZPEAE ST MERR R DURER 252\ D T ReME N HEZR S D, 1 VERR SR 1T DN REHE
JAOE#IK T &8, ZkERELSIZEI$Z L5 (Tamuraetal., 2008), KAEME
FEHEBRIZEDZBRIETO—RE LT, LPS (X0 BHERk) & RPEAR S
ToiEMERRFR IC K D ORI DEENE 2 b b,

EIIACHEA SN D T A b T A —/UT, BB MIIC T D FSH 8k

129



DIRBALFHFET L LICLIVIREELMREL, SO FTEE~DORTT ¢
T74— KN 72X LH @ B —IRpWESIEE I3 2 &2k > THEIR
EHET L, Z0LHIE, TA NI I VIIRK T - FERKICBITS I

R b a Bl eI R p s 2e IR B B KL ORI L i 2 el A R 7z
LCW5, AFZEOFERNG, IR O LPS RN EmWINE TIE, IRk
DT T VA= NVRENMES, BRJEMIICBIT 2R N T P4 — )LV EAR

HEOBEFHRBLOKTARO b, S5, IO KNSR 2T
L& AW EOHRIZIBW T, LPS X7 & RIPf L OV & 0 B L 7=
PRI ERIAIC BT D= A N T VA — VEAEZIHIT 52 NGNS
(Herath et al., 2007; Shimizu et al., 2012), ZHL5HD Z &b, RIEM TR EER
BT, FETEASN LPS SIMETICBITL, =R N T VA — L DREL
EMHITHZLICLY, IMEBEBIOCEIINAEIND EEZLND, A
T, EFICHIINEZ »72& LThH, TR T IF—NELADIKTICL D RE
I DGR SCFE AT R IRF [ O 55 S S IR AT K 2 38 1F O Falk L o BN B4R
LCWbrietErnm<, NIEKOZ A I 728 L TLE S HEH KR > TN
HEBZBND,

IMENICHEAET 2 —WRIFRIRIE, LH Y —2 %% 5 & 5B — i 2% F B
L, B2 L CRIFRRIIEE 725, ZRINREMAILZ O F F 5
By A AT S, 2R (MIL ) THOMER LZREETHEII S h, IPE R
KE TR DR AZFFS (Eppig, 1996), & — B2 OFEB 7 HHEINE Toud
PR AR LT B A 3R I\ T LPS BREE & 1T - T2 AT D fE R &
R SOV AN IR E SN D 2 &, A% O INEIRE KO

ARAERDRTT D2 ERALNE o7, TN ORI, RIEMETERE
BICRBLIEFICAOND, FELINENZER Z2RIEICEE LI 5126 B
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POLTZHRLRNEWVWIBIREZFITE 20 LRy, T7hbb, RIFEIC
BOWCEEOH BN LPS 12X B IR O R EITB W T, BB E 352k
PR, MR AR R IIRSEIRIC B 5 L C W D TR E MR S v D, 5,
ANTFekE %2 %M L CHZMRBEAL LARAWER E LT, SZRARSE LR A2k
B KOS ORI D 2 ONEZLNDHT2DTHD, FHIRIEIK
X, AFCBITLZBRRIETOROREQRERDO—->TH Y, WIEHRERIT 40%
PLE &R ST % (Thatcher et al., 2002), Z o X 512, JIWNICIEET S
LPS XIS MAE OFSEEIC BT 5 721 T <, SRR EIC S AL,
HAFDOZIREOIKR T OERIZ/L > TWDAREENRE 2 b b,
RIEMEFBHRBIZBNT, WOREEMTOEE Lz Ebh Ty, FL
FHENOEFFLY REFTZRENRT T2 ERHRESNANTND
(Borsberry and Dobson, 1989), = 512, Green etal. (2011) 1308t (1= NS
LW s, FO®%RIEE LT ENED D OZELA R EROE R R S iz
T AIZRNT, RIAOIIRET = A b7 A=V RBENMET L TNl L%
WELTWD, ZiboMbtiE, BYEROEHEEOMIZ, 1HHE% bR
D72 SISO BN T HF v ) — A — = ENFET D2 & &R
2L CWDD, ZOWTFIIRIEARAHTH D, AT, FERFICBITLR
fYIMLH LPS TS K O A DAL A RRIFICIRIT T2 Z L IC Xk 0, RAENE
TERBIZEBIT S LPS & v U —A4— — R & OB#EM %2 RAE L 72 (Fig.
5.2), ZDOFER, FERFOIMT LPS JREEIIMEEEA & bl U Corifitk 3.5 HE
THEIZEL, 7%k 6 BIZBWTHABEIZEVEHAAFED b, S HITKIH
IfiL 1 D P ERTE PR SR FE A RE S 0% 7T ME CRME TH DL ENHL ML
olz, MW LPS IREDHTICHW-FERYE 5 BHOOH 4 B, A M) F=
70 X0 FHE U 72 PR D R =27 D3 53 it TIZ 2 AT &RV FHE
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DIRIEITHR LI B Eni=, 2o b, i LPS BED EROIEMERE
FHEEROTUERRIEHRE L HFET D22 (Frv IV —F—"—%F) 2L 5
FleA 72 b A b L ZARBED TP R RECON R DB IR L TV D T & A
"INnd

RPEANIZ BT D% v U —F— =2 RIZHOWTIE, U RO~ TH CD

_}}

Cﬁ

3

8 Bor Al el D BE N 73 B IR FEPR SO A IR PEF ICRHE T2 Z L 3R STV D
(Banos et al., 2013), AWFFEDOFER NS, T HRAF CIERMIMAMEOFRE = L—
va OB 8 ME TRV TS Z ERPALNE RS, T
D LI, FEORIENHERLIZEZE b EYICOD > THREIGE 22 ST
HAMREMEZ RIZ L TR0, RIEM T EREIZIIT 2 BIEREIX T OJRK & 72 -
TWAAIREMEDNHEZ IS,

TEROBRBAEIEGNZBN T, JIRICFET S 7 HOIED 5> 5 1 {#OIH
faCHENIFREE S L <IXMmHP L0 HIX20MCERED LPS MBIz, =
DZEND, TEORIEIZE->TAETU LPS 23, RS L IHBIRMIZINE
ICEET DN R I N & &b, WIRM - M2l L7750
RIEFED LI BIR 7 < URIRHE IS LPS DNFE(ET D Z E RSN Y, +ED

RIENHR LTS LPS 3 IRIaiE HIC &R 2 rIRetE S SR S Tz, ek~
foE B, JIREKT O LPS (XIS EEAER L, DA T A KRRV
FBUEATIHIT D, LI T, FEMBELIELIICAZX TS, IaEH
(CERE LT LPS (XD, JIDMRENELZ i) 5 Z LN RS ND, K
IR CIE, SEME T B RERRAAICIT 2 IR+ LPS R IE ORI Z(IZ D
WTIERRET L TRy, IRl ~D LPS FEFED REMEZ B O 0 IC T 5 720121
oyt DR 2 IO TR RO 22 DR 512 K 0, B ORIE L IR+ LPS %
FE D BRENEIZ DWW TEEIZTHI RN TS LER H D,
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RH RS R 3 KL OB IR DR AN S AE B & VT2 5 4 TEORJEIC L 0,
LPS [ZINEEAL O BB I I W TR SN D B AR Z IR T S ¥ 2 2 &3
BN o Te, RO RIZ 1T 2 I (GV #) DIFREMIIE O s
X, FF R e s X o pMEERER e Sl kD 24 FFELINICTE T3 5,
—Ji, UIEERNICBWT, GV HIOIIREMa S EEINRFORIEETH S MII BT
BET 5 FETIZH 60 HAEZZET 5 (Lussier et al., 1987; Bromfield and Sheldon,
2011), Z @ 60 H &5 HiIE, % @ voluntary waiting period %% 2 C,
NLEREPHEH SN2 ETOREICHET 5, g PIICRET D TFEOR
JEIZ &> C LPS MU FICER L= 54, LPS O#BLEZ 1 TkilT 72035 60
AR TR L 72 IR OB AERRIZTIK T L TWbH EB 2 b n iz, HE
AL THZIRIIMSL L 2N 2 E R S D, LinL, 4tk 60 B Tik£<
DY THFEOBEEITET L, IWEAMGHEHLTWD, 0, [FELINENR
IERZREBICEIE L, RN Z 2 DI 0ZE L) L) BIgZin
T, LPS ([Z X ZDUREMIDORAERDIETREGE L THWLZENBEZBND, D
E0, FEORIENER LT b IR TITAFIET 5 LPS 23N REHIAG 0 Rl i
WMERET L LICKVIFORBAERNMETL, ERIZELRWVEWVWI HIZ
0, RIEMEFERBICB T DX v ) —F— =2 DOJRK & 72> T 5 AlREME

SHDORE

AWFFETI, FAORIEME T EHEEBICE T IR E 23 5 72012,
FERELME CTH D E coli BEAT L= REF 2 Thd LPS Y L
o, BRBBEREIC KIE T AIEME T E R RO AR L X v U — A — N —Zh B
DWTHRGE LT, AR TR LN OME L LT Fig. 5.1 IZRLcEBD,
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JAENE T BRI DB EORAMT & LT, 1) 2HIcB T i
DEMRZE, 2) ISR TIAAFIET D LPS (2 X 2 HRIRFLE 36 L O+ DR
FARKT, OFEIZ 2 OBBZ6ND, ZHODOHRE, HcRipRIEDORSE
NEBRITTWS ZENREBETHLLEEZ TS, £T 1 DHOREISEDE
RIZBE LTI, M o> LPS 1T XK o TR S v 7 4 R BRI MERRSE PEAERE D B 7T
L0, BILARVARELD ZERHERINTZ LD, ZOBEA LA %
BT D £ 9 RAHUERLETH D, BIRER T, PRI & R 5 5 H
WIS 23T TR Y, IIRHIEDOREARE, ZHEREF K OWRFEAEREIC
KT DAENRIE STV S (Ishizuka et al., 2000; Lee et al., 2010; Asgari et al.,
2012), Z D & O EREBE L, FEHRIAIE LTHOWSR TS B- e T Y,

EX IV ERBIOT AZ XY U F U0 EOTEREIE & RIEM T E R BRI
L7 GT 5 2 LI R 0 IR OB M E L, BIERED W E~ L 272
MDD TIEIRNNEEZTND, IRWT 2 DHO LPS 12X 5 HEIAER L O
IR DRI AERRIK NIk 1R IE L LTE, BEFOHEEZICH LA LvE s
SLEVENH RO T2 EHEZZ L TV D, FEIEEICR LTI, PGRy, X
GnRH ZHAE DRI AT o 7 ELEZFIH LT RE AALEIZE Y, PEE A
ZHNTHEET LN TELEEZXOND, £70, IFORAERIK T OREIC
BILCIE, ZREIBMICBO RSN TWD, FSH #5512 X 2 iRgEIpiLE %
MYIETZLIZL-T, IIFOEHFERETELEZEZ2OND, OFV, ik
BHRHNCRAET D FEORIEORELZ T2, FERDORNINF 2 HiEa I8k
INSHRICANTREEITS 2 & C, LPS OFELZ T TV, FBAEREDOE
WIRFEZZEICHNWD ZENTE S, L L ZOFIETHINESE 7854, LPS %
BT IR S IEENCINE ICIR AT 5 Z & T, LPS 2k 0 JEREACINE R 25
HETDARBMEN B X DILD, £ I T, KA THH STV D kA AR 7
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WENZ &> T LPS &Ll = L4 WH179 25 2 & T, JMlaNIcER Lz
LPS &, LPS (XY BARPMKT LIZIRF DM T 2 RN 6RETHZ ENT
XrHreFEZXOND, Flo, ¥V —F—"—PROBEKFL LT, MHFBL
OFP T~ LPS OFEFENRB SN2 &b, ARNICER L LPS %
PRET D720 DOFEORBENLLEND, MHFNHD LPS OIEKHEEIL, LPS O
(L HIREE OB & OFEEIREE, S HIIHERORFIREBICRE <AL E
N5, LPS ITADEMAEBRTWDHT=D, BixlhF 4o 20 LK
EDZENHBNATNDD, ZTEORIVWEEREAETHZ LT, 16
DHREENES 2D HESNTND, 20D, B FEORERADF AV
Z R DEBANEE R EIZED, Fro D LPS FRENARRIZAR 51 Lil
N, ETo, NTEEREREEIE LPS O EEOE D Z L, THEREZ IEH 720K
RBICHERF T 27200, MR OMBERNBLEL SND, LnLRNRL, =
NETHRARTEIRRIETW T HERI O A 72, AKEFRICE Vs
R Z BT IRIRIFRIEDORFEA~ SIS T 27201, S OROIMENKETZ LB X
Lbivs,

ABFFEIZ KV, LPS 12K DRI EZ T T <, Fx U —F— =2 RD
FAEDRRE STz, ZOEWA, FRRFESOEP TR 2S5 DO —8)
DT LRI ND, EHIT, BIESEMK T AP RN R RIENETE R
ORI - MiER Y, BREROFRICERT 52 ENEEND,
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Fig. 5.1 The possible mechanisms of ovarian dysfunction associated with puerperal
metritis. A) The cows with metritis had higher plasma LPS concentrations compared
to those in healthy cows until 6 week postpartum. B) The excessive production of
reactive oxygen species (ROS) by neutrophils in response to plasma LPS may
predispose the individuals to infection and decide the development of endometritis.
C) LPS was detected in the follicular fluid regardless of the severity of uterine
inflammation. D) LPS present in follicular fluid inhibits follicular steroid production,
resulting in the delayed ovulation and silent heat. E) LPS impairs the developmental
competence of oocyte, which obstructs fertilization or embryo development.
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Fig. 5.2 The concept of the immediate and carry-over effect of uterine inflammation.
Uterine infections not only cause infertility at the time of the infection, but also the
reduced reproductive performance persists long after the infections have
self-resolved; this is probably because of the carry-over effect of uterine
inflammation. The present study highlights 3 possible mechanisms: 1) the effects of
puerperal metritis on the immune responses such as the lymphocyte counts and the
generation of reactive oxygen species by neutrophils persisted weeks after the uterine
inflammation had self-resolved. 2) LPS was detected in the follicular fluid regardless
of the severity of uterine inflammation. 3) The exposure of follicle-enclosed oocytes
to LPS during uterine infection might have long-term consequences on the
developmental competence of oocytes, leading to infertility following the resolution
of infection.
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Summary

In postpartum dairy cows, uterine inflammation such as metritis and endometritis
damages reproductive performance by disturbing uterine and ovarian function.
Although the infertility or subfertility associated with uterine inflammation has a great
impact on the dairy industry, the mechanism of uterine inflammation affecting
reproductive performance, especially ovarian function, is not clear. In addition to the
follicular steroidogenesis, cells of immune system also play important roles in
regulating ovarian functions. However, there has been little information on the
involvement of immune systems, as well as follicular activity, in ovarian dysfunction
associated with postpartum uterine inflammation. Escherichia coli (E. coli) is among
the main types of bacteria causing uterine inflammation, and the tissue pathology is
largely associated with the bacterial endotoxin lipopolysaccharide (LPS). LPS has been
shown to provoke an inflammatory response by ovarian follicular cells, suggesting that
uterine inflammation-derived LPS affect follicular functions. Therefore, the objective of
the present study was to determine (1) the changes in immune responses associated with
peripheral blood LPS or uterine inflammation during peripartum period, and (2) the
effect of LPS on follicular function including the follicular steroidogenesis and the
developmental competence of oocytes. The major goal of this study was to reveal the
mechanism of the negative impact of uterine inflammation on ovarian function in

postpartum dairy cows.

(1) The changes in immune responses during peripartum period

To investigate the relationship between LPS and uterine inflammation, the changes in

154



the plasma LPS concentrations were examined in peripartum dairy cows. The cows with
metritis had higher plasma LPS concentrations compared to those in healthy cows until
6 week postpartum. This data indicates that LPS produced by the bacteria in the uterus
translocates into the bloodstream and affects various organs by provoking systemic
immune responses. Then, to determine the changes in the immune response associated
with uterine inflammation, the counts and the functions of peripheral leukocytes were
examined from 2 weeks prepartum through 8 weeks postpartum. In cows with metritis,
the counts of neutrophils were lower compared to those of healthy cows at 0 and 1 week
postpartum. In contrast, lymphocyte counts and the proportion of CD8+ lymphocytes
were high in cows with metritis until 8 weeks postpartum. The whole blood
chemiluminescence, which reflects the generation of reactive oxygen species (ROS) by
neutrophils, was higher in cows with metritis compared to that in healthy cows.
Moreover, LPS exposure in vitro increased the ROS generation by neutrophils collected
from healthy cows, and the early (0 to 3 week) postpartum cows were highly susceptible
to LPS exposure compared to other peripartum periods. The changes in the peripheral
lymphocyte counts and the ROS generation by neutrophils were observed weeks after

the resolution of uterine inflammation.

(2) The effect of LPS on follicular function

The concentrations of the LPS in the blood, ovarian follicular fluid and uterine fluid
were investigated in a clinical case of bovine metritis. One of seven large follicles
showed an extremely high level of LPS compared to the LPS concentration of the blood
and uterine fluid. Then, bovine ovaries and uteri were collected from a slaughterhouse,

and the relationship among uterine inflammation, LPS in ovarian follicular fluid, and
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steroid production of the follicles was investigated. The appearance or the
histopathological severity of uterine inflammation did not affect the concentration of
LPS in follicular fluid or follicular steroidogenesis. In follicles with a high level of LPS,
the concentration of estradiol was lower compared to follicles with a low level of LPS,
and mRNA level of P450 aromatase, which synthesizes estradiol, was down-regulated
in granulosa cells. Moreover, mRNA level of caspase-3 associated with follicular atresia
was higher in theca and granulosa cells of follicles with a high level of LPS.

To determine the effect of LPS on follicle-enclosed oocyte, bovine oocytes obtained
from a slaughterhouse were matured in vitro, and oocytes were exposed to LPS during
oocyte maturation. LPS perturbed nuclear maturation of bovine oocytes by inhibiting
the meiotic progression. LPS inhibited the mitochondrial diffusion in cytoplasm and
decreased mitochondrial membrane potential, indicating that LPS perturbed cytoplasmic
maturation of oocytes. Moreover, oocytes matured under the presence of LPS showed
the decrease in the cleavage and the development to the blastocyst. These findings
indicate that LPS exposure during oocyte maturation reduces the developmental

competence of oocytes.

Taken together, the findings of the present study highlight possible mechanisms
whereby uterine inflammation damages ovarian functions: (1) the long-term alteration
of immune response including the increased lymphocyte count and the enhanced ROS
generation of neutrophils, and (2) the impaired activity of theca and granulosa cells and
the reduced developmental competence of oocytes caused by LPS accumulated in the
follicular fluid. The accumulation of LPS in follicular fluid might cause the long-term

effect on follicles and oocyte even after the recovery of uterine inflammation.
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