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T, W CoOERZIT 72 CDATHIREA T = v 7 OBBEICHERA SN TVWE0OTIE, LEXLNTWD,

COBOHCHROFREEHE ) 3. A=+ 77 —=VI2X>TY VvV — A THLE N7z —EBA° MHCIL /M & @ld
LT, RSz elifrancnd, Lo L, THEBERGE, BEEE) 27 ~F, &9 73 =722 E0HAT
FERATIZ, BF O MHCIL o 7a s A FICIHREEMIC k@B HO g it s, A — 17 7 — VI L 5 IERRDY
% HOOMBE/NEE R Y 2237 BOWHEALIZ L A2 PURNR T T FOERIC X 2PUEEE LIZE 2 bk,

MHCII I2387R E N5 H EPUE O #1112 minor histocompatibility antigen (mHAg) 253 V). EFEIZEHBHIZ & 5= %
AP > F & L CHitly ST b, Sahara & Shastri 13~ ™ 20 mHAg ® 12T, MHCIL IZ#R ENB EE 2 5T
V272 H46 HiJi A% IL4 inducible gene 1 (IL4il) TH 5 Z & #3H L7 2o MHCII ¥t B CHUER I3/ MEAE T O LR
%, TIPS EpsinR/Vtilb FEED 7 7 2 Y/MEIZNE E N T, FUEATF Mgk v, MHCIL/MEIZRE L
T RENLZL2WO L Lz% 2O CTEERI LIIZOWMERKIEIT AV Y - 2T hBEVILTHY, T4
bH T4V — ANOTHLBERIFERF TR T T FOPERSND 2L TH D, TEIH LW IURORTRERE TH 5
CEIRREND, T LT, ZOERIIFED/NLUEILIN MO PO S X7 B EOWERTFEEIN, LrbtD
EF — THEESHIBINAFET 2R EEEHO Y VX BEOFEP L, WhWAHEEZ 25 V378, 2ELTW
DU RS R END, 22T, RWIETIL. ZO/MMURIGEIRENL 720D — TZHEKIEETH-00EF—7
i % AT L 726

Z OGS, TL4i1 O N FK¥i 1-130 7 2 JBELICH v 7 vy —2 2 v A (PUF. SS) 7% EpsinR/Vtilb B4/Maiz
BIRENDDICLETH D I EFHLNE L 572, TbDH. EpsinR/Vtilb B/ MK R 7% /1 — TSR OIFAED
AN (W

(5IFZHER]

1. Sahara, H. and Shastri, N. Second class minors. Molecular identification of the autosomal H46 histocompatibility
locus as a peptide presented by MHC class II molecules. J. Exp. Med., 2003, 197: 375-385.

2. Shishido T, Hachisuka M, Ryuzaki K, Miura Y, Tanabe A, Tamura Y, Kusayanagi T, Takeuchi T, Kamisuki S,
Sugawara F, Sahara H. EpsinR, a target for pyrenocine B, role in endogenous MHC-II-restricted antigen presentation.
Eur ] Immunol, 2014. 44 (11): 3220-3231.
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[FRAEHIE]

Several amino acids and carnitine transport activities of bovine mammary gland epithelial cells were investigated. Gly,
Ala, Gln, Glu, Arg, Leu, cystine and carnitine transport activities at 1 umol/L substrate concentration were 24.0 = 3.97,
90.9 + 134,325 = 9.0,14.2 + 51,489 + 11.4,48.8 = 5.1,22.7 + 6.8 and 2.56 = 0.96 nmol/mg protein/min, respectively.
Na-dependency of transport was observed in Gly, Ala and Gln, but not in Arg, Leu and carnitine. Glu and Cys transport
activity without Na condition were reduced to 36%, 63% in Na-free condition, respectively. Carnitine transport activities
were low but detectable with or without Na condition. There was no correlation between amino acid transport activities
and their concentrations in milk. The data clarified in this paper will be basic data for metabolic analysis of bovine

mammary gland.

(CEt=]D))

Many amino acid transport systems have been distinguished based on differences in their substrate-selectivity, ion-
dependence, pH sensitivity, kinetics and regulatory properties by using membrane vesicle preparations or cultured cells.
For example, the amino acid transport system A, N, B” and G were Na-dependent, and system L, b*" and y* were Na-
independent. The mammary gland has a high demand for amino acids requiring their uptake for cell proliferation during
pregnancy and for milk protein synthesis during lactation. Nutrient provision to lactating mammary gland includes two
factors: blood nutrient concentration and cellular uptake. As the Na content in blood was high compared to intracellular
Na owing to Na- K pump, the steep Na-gradient made the Na-dependent transporters active in these cells.

Carnitine (3-hydroxy-4-N-trimethylaminobutyric acid) is a small, water-soluble molecule that has important
physiological roles, including involvement in the B-oxidation of fatty acids. It is synthesized endogenously from lysine
(carbon backbone) and methionine (methl group donor) in the liver and/or kidney, and animals being nursed depend
on milk for its supply. Notably, bovine milk contains a 0.1 mmol/L order concentration which is the same level as that
of amino acid. While amino acids and carnitine in bovine milk are considerably important for calves nutrition, little
information is available on the transport activities and their Na-dependency of the mammary gland epithelial cells.
Therefore, we investigated the transport activity of several amino acids and carnitine using bovine mammary gland

epithelial cells to compare the transport activities and their concentrations in bovine milk.

[ &F5E]

BMGE+H cell line derived from epithelial cells of bovine mammary gland was maintained as described. Radioactive CH-
or “C-) chemicals were purchased from American Radiolabeled Chemicals (St. Louis, MO, USA). Na-independent amino
acid transport activities were measured as described previously. In brief, the cells were plated 5% 10° cells/6-well plate
24 h before the experiment. The cells were washed by buffer containing 130 (mmol/L) NaCl, 5 KCl, 2 MgCl,, 10 glucose,
15 Tris/MOPS and 0.1% BSA. All buffers containing Na were replaced with N-methyl-D-glucamine to observe the Na-
dependency. After washing the cells, the medium containing 1 gmol/L of each substrate (Gly, Ala, Gln, Glu, Arg, Leu, Cys

and carnitine) with a radioisotope was added and incubated at 37C for 4 min. Uptake was terminated by washing with 2

(18)



ml of ice-cold phosphate-buffered saline three times. After solubilizing the cells with 1 ml of 1% SDS, radioactivity of 0.8
ml cell lysis solution was measured with a liquid scintillation counter, and the protein content of aliquot was determined

by the Micro BCA Protein Assay kit (Thermo Scientific, Rockford, IL, USA).

[BREER]

The amino acids and carnitine transport activity of bovine mammary gland epithelial cells with or without a Na
condition are indicated in Figure 1. Gly, Ala, Gln, Glu, Arg, Leu, cystine and carnitine activities with Na condition were
24.0 = 4.0,90.9 = 134, 325 = 9.0, 14.2 = 51,489 = 114,488 + 5.1, 22.7 = 6.8 and 2. 6 = 1.0 nmol/mg protein min,
respectively. The order of transport potency was Ala > Arg, Leu > Gly, Gln > Cys > Glu > carnitine. On the other
hand, the order of amino acid concentration in milk from the greatest downward was Glu (0.18 mmol/L) > Gln (0.06), Gly
(0.05), Ala (0.04) > Arg (0.02), Leu (0.01) . Therefore, there was no correlation between activities of amino acid transport
in epithelial cells of bovine mammary gland and amino acid concentrations in bovine milk. This discrepancy may be in
part due to biosynthesis of each nutrient in epithelial cells. Na-dependency was observed in Gly, Ala and Gln, but was not
observed in Arg, Leu and carnitine. Glu and Cys transport activity without Na condition were reduced to 36% and 63%,
respectively. The ambiguity of Na-dependency in Glu and Cys transports could be possibly due to the system x°, Na-
independent cystine/glutamate exchanger. Predicted amino acid transport systems were indicated (Figure 1).

Carnitine transport activities were low but detectable both with or without Na condition. Carnitine deficiency causes
severe pathological symptoms such as cardiomyopathy and muscle weakness in human. In addition, carnitine infusion
effectively decreased liver lipid accumulation in cow as the result of a greater capacity for hepatic fatty acid oxidation,
and carnitine supplementation improved glucose status and diminished the risk of developing metabolic disorders
during early lactation. It was reported that there were several carnitine transporters. As the carnitine transporter in
bovine mammary gland was not Na-dependent, Solute carrier family 22A16 (SLC22A16), Na- independent organic cation

transporter, is the candidate of this carnitine transporter in mammary gland.
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Figure 1. Amino acid transport activity of epithelial cells of bovine mammary
gland with (open column) or without (closed column) Na condition.
Values represent the means and SE of separate experiments. “n”
above the column is the number of 6-well plates examined (upper).

Predicted amino acid transport systems were indicated (bottom).
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1) (EZMEOLTERES HHIEZDORFEICE T DA
(=[:p)

F ot E Vv B B A RERERIC BT, MEFOFRE. BESLs & OB FEEZ X A IS T 2167
HOZETHC BT 2 EELRIE L 2o Tnb, MEFORE. FEITLE & OB 2 56:E 1 X8 2 5217 5
FHEATEI R B OB EEEZ RITL TWA L ENTWVS, T AR T v b TIREIIEEIL R B3 8. (b B
5.7 COBE AT ) HCHETBIORBEESHD T EPMONTEY ., ZOREIZOVTE L ORI TOIT
W5 ARFFZECIEEHET TICBW TR TER MR DO ZEIC L > THAEF OB T TOREIHERISRHEES DD SN
TWAEA 5RO Hatano 5 v b 2 20 HR# (HAA BLOLAA) 2w, TR D/Ny 77 5% FTdh b Sprague-
Dawley (SD) & T v b & #ELH 1T CHEFAET TIZBWT, BARB L CHHAEBROREREZ LR EATE) I 2
ERIZT LD 2 ERGE L 72,

[753E]

HAA & SD. LAA & SD & % X FERFEH THiA 0 HESICHERIZHm AT 572, ZORMBRICE T H AT % HREL
1 B2 5 6 His E CREMWOTE % 58 L. BMHEATEI R OREATEI LIS OFTENZ 430 T 2N S ICE R TR 28152 L
Too HEFA21 HICHEALER. MERGEAEBIZE L. IRV OMEME % 2CH UTHIR, W S22/ 8ic>wC, 1 HE» 5 6 Hi
T CREBYOTE 2 RE L. TR R O REATE DS OATENC 0T T ENSICERL TR WE Lz, 72, O
BIERH, 20 NICWAETME L2, BoNT—4 %, BENEREBIUOREREDO ENZNIZOWTIIT L 72,
(BRHLVEE]

FUFORE IZERICEABRZ  SD b BIFTh > 720 HAA #1113 ) v F ¥ F 7B OFE 28—, B84
WO O BEWI EPHL N E oz, 2. SDERIZLIEOY) v & U FTEIEL . BESL R WENHL 2L
%Y. NS OEBIIHE NS L THERBORL 2B 25 2 L TE 720 EBRREDS R 5 BB O BEEAT
B2 T 5 &, LAA O X9 S 2 IS BATEEEE 2SR BEB W 120 L OB SRR IR E 2 RIT L7225, #hD4bT
TEENERPEHATEORBUCEE TH 5 FATRE I N,

[(BEHE]
BARINHER [HEMOREREEA 7 v MHEATEN AT B 2078 P 27 4 BERAT R 5 K7 Be BRI =i 78 FF

(CRR S

2) A REEEMEIC KD IRFHRENINRERDERICKRIFTZEICEAT DA
(E]:p)!

FELFEOREIRb o ZJREH 25 HARM T TR, L BV THEWICBW T ERERED LI ET 2 E
LB w2 b, 4lZ, CORHONFWERZEOREL ZOA N ZALEHLNIIT L7201, TA MOy Uf
MG OB EHEE L THWONTWAIF VI A NS V4 — )V (EE) 2 EFIWLEWEISEE L. Motkat
B Cd ) R & 72 2 5 AEMET v M2 EE 28210455 L T2 O EEBF L T b, ThE TO%ED
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5 EE H#GIFEBINBOHEEITHEZ RIT S 2WH, WEMOBFEEIEZIZ LD &3 58 ESHH T2 £ TOHH
\$ EE OIRISHHAI L, BT v b TIET R sy OEBREBIIRICHL T 5 L E 2 SN LI EE RET, Hik
BENOBIED RO DI, SHICEKRLANVUTOIA MO VICHST 5 LEZoNAIMIH EERETH., HRAZED
1 A B R4S I DR HE D B VIZFLIR O BT EDOART M R B RBO 5N B T E 2L NI L7z, ABFFETIZY A
JEHMEICET A2 L2 HINE L CERBBOMMELIRER (51 L. S5ICRNEERE RS LYoV TBifTo
Mt (AGERE I ER) CEREELMIDLEBELZONE ) 1k, MET L (FEB2),

(MRB KU7FE]

HAF v — )b 2 ) N—kkX &4 5 58 A L 72 Sprague-Dawley (SD) ZRIEIRET v + & 5 Wik, FEROM & 5CH S 872
SD AR T v b & ARG ST, EFIIH L7z, FEBR L Tk, ATHENEZEFRO N/ -HED 1/5 O &= H
BICHEL. UTAS TBRLTIHZDEE & 1 Hiia 5 5 HHREROHRES L7z, B2 TIER 1 oREHE%
FREICHE S L7ze EBR 1 B2 ICHEEOEYICIZT — U ilEik5 L. WTFNOFEERIZHE W T BidER 21
HECTERBICLZME FNICEE, HARIEROOHiEZF, 8@l 5 48 1 |, HE 2 A3 MR % 815
U720 ZEBR] TIE 25 i E THRAMZEE L, 2oRIEHHRE & LR ERN E CRE 2k L7z, FEB2 Tid, 10 8
P OAFEREN DR SN TR LRI S &, BIRICKE TP MRS NCHZ /IR0 B & L, IR 20 HIZW R 217>
oo EBR1 OHMTIIINEB I CFHELZHRIML, EREZHE L. FILAZINRIET 7 VEEREEIES TXT 7 4
AL, ERY R & L CINEMRR O BIEICHE L 72,

FEER 2 TN 2 SR L CHHR A A G2 L & D12, BRREBEZEE L, AFREE. AEBLIOCENLBIE
L7205, Dowson 2 & 27 ) WY Yk S EWIESEAR L LT, FEBIE %R 5 I EILoEITE 2 /<72,
[(BRBKLUEER]

FEBR 112 BB R O AT I i s B BB 2 2L 2 R S B S o IR 2 R L 728, 8l & 45
T 28WIIFEOSNL 0 o720 FIMTERIL 7200 HIC oW Gl A 2 /E# L T, ZIKINEE L RO AR
EFNRIAER, BIRRIMELZET5BWSICOHETHEML 22 2R TOHE TIIMEELRETH 72, ito T,
FEE LB 2 REHESHAEN EERSGIZL2R/NIEEREEZ SN, ER2I12BWTEE &G X 240 I~0
IO SN o720 AHRENNEE K OBERBRIT A F T4 TEER2 O X512 10 BAIREIRICHERINLEZ L b,
TERDAFEFEFBERBE CTIIR/NEERICL 2 BB L LT LOMBMTE LW EARES N, EBR1BLU20
WIS REI NI G- OREIIERD O N o 7285, R O BHRE (2B IHl 2380 S h /- —77, IBIRARESL X
O ELIFRE S . EE G HETIIRIEDOREPRAE S T2 BB RIE S 7z,

[ANFIE D —FBILIELE T @R AT e BB & (LR 2 7 BiessE ] ol & ) Tirbi/z]
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1. Shirota M, Kawashima J, Ogawa Y, Kamiie J, Yasuno K, Shirota K, Yoshida M. 2012. Delayed Effects of Single
Neonatal Subcutaneous Exposure of Low-Dose 17a-Ethynylestradiol on Reproductive Function in Female Rats.
Journal of Toxicological Sciences 37 681-6809.

2. Shiorta M, Kawashima J, Nakamura T, Kamiie ], Shirota K, Yoshida M. 2015. Dose-dependent acceleration in the
delayed effects of neonatal oral exposure to low-dose 17a-ethynylestradiol on reproductive functions in female
Sprague-Dawley rats. Journal of Toxicological Sciences 40. 727-738.

3. 1o EITHAERMZF= VXA F 5 D% — VIREEIC & 5 B W2 EDBUR T SRR V€ i R V£ > 4kl
TR (2 RT3 S B B B FZE ) P 27 4R BEIRRAT RS R 7 e BRI A i ZE RS 1A

4. RHEFT. HH & [DEBY % H 2B B W TR T N X S O BG4 = o ke ] (55 42 [ H A%
FRYURY T A, 201546 AL &)

5. HW R JIE H. SIIEW. sk A R & s, i, REEERT [ERRIVETERIC BT
LFAM T FZ VTR T U d — VR R & FERREEROMIREE | (5 42 BB ARk, 20164E6 H. &
Ril)

6. HH  RE, EHEERS, FwaHEL G E, REERT (AR VI XA PS4 v (EE) BEIZLSE
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LW E OV EHEEO TR CHINEE IS RITTHEIL. EEENOALR L TN WEEDL 2 BT 22 220 ZHD
@»’ﬂbf%%&»@%&f?%@&&é AFRIIZINIE R ER T2 812k 24— 2 94 v HDHVIIINT 2 5

WL D BEEFHSNEELZIED L0, BEVED EBURTEHL? S OB VE Vil VvE > (GnRH) OF
B X > CTTIRRFIZED S 5 SN A MRAECR VE Y (GTH) 2B ICATTRE 2L M, {LFEWE M
AN ZALATIREBICEEZRIZLTWELEEZOND, TNFET, RIVBOEEIIEGTH AT R TH S L
%K%hf%totﬁt GnRH 77 % ER QS EERHEL TWLFARTF U2 a— N3 5 Kiss] BInTD/ v 77T
2 & DI GTH i EPRHBRA LTI A 5 72T v b (KissIKO) OIIEIZ 3BT b I ELRE o BURINI I3 D $fiAe
5 2 EARATHIZE CRE® H AL, GTH IZIKAE L 2 WVHLIRINIE~ D FEE ARIE S 7z, IIFBSEHEL &&?%%WE@%@

2 IEFEICEHG S 5 720 I HERAIR IV E V1K L T A BEEBEZHL NI T 2LENH 5. £ 2 TRIFZET
KissIKO 3 X OB AT & o B CTHIfa 58 ﬁ#ﬁﬁ%k@fﬁﬁ?%ﬂﬁ%@%%»owf\%ﬁ%ﬁ\MHﬁﬁﬁﬁﬁ?
FHPB L O GTH i % et L7z,

[FHi&]

KissIKO Je USSR OB ETT S » M 10 H#d 5\ 13 23 HESIC 22588 LINE 2RI L 720 10 H T IEREIIR 2> 5
TR L M % 18720 155 N7 MUE X ILFEBIEE T 2 Al B RF R A T HIZ O 7% CEETE R LV E &~
(LH) B X oymiafides vy (FSH) BEZRE L7z, ML 2IREIE 77 Y EED H Wik EHE @ﬁtto77/l
ELZINRITEFEIHEINT 7 4 YA L, 4um EOEEYH & L. hematoxylin-eosin 44t LT, EHFERE Z & 12008
ﬁ%ﬁito%hﬁmLtW%i%RNA%Hﬁb\dmA%%&LT‘m&mmRTHRhib H =%k (LHR.
FSHR) mRNA O3Em i Ift L7z,

[#R]

10 H# D KissIKO JHEAZEF AR & TR S 2o 720 BIIRBEICEZ I 2 h o 7oA, FARCIERifaRIfaohTd
wOBEDVHEAZ A B EOEREMIEE AT 29002588 S N 7-p5, KissIKO OUPIZIE 3 8Ll Lo Bk e % A
35 HARINIE RO H e Ao 720 23 HliED KissIKO JRHIE 10 Hiis & l_TH A XH K& < waikIna & 2o
b L L, BARICHASL L &EOY A4 XAVNE , RRIBORD 5 BAR L A, BEOEBHSE SN
720 10 HisO M GTH LV IZEFETCEE % R L7225, KissIKO TIZZ K SRR T Th o720 —J7. GTH %
BAREIET T KissIKO T3 3830 51, LHR mRNA L OViERe ) - 7245, FSHR mRNA 3IFIZEREE - 72,
PiboZ &6, GTH AMEAE T O MR O FRINE £ CHRETE 225 RN % &40 5 E #1213 GTH
WG L TWaE Z AR E NI,
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1. SRSEW TOHEMES v N OINKISEIC BT AR AV E > O% BN 2028 ] P 27 48 B RRAR R RS- Bk
LSRG L AR

2. ARZEN. HWPER, Hb B BRAIEER, KEAEES, EBILEA, B HREF B B aiShe—
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Hald, e POSHTFECTADPADBREEET VYT A ThHD EL ZHEO 2%B L 09 Ttk FIZHFET 5 QTL
% C57BL/6] %t (LI B6) ICEA LYY o=y 7 RMat L7z RIFZETIE. INHORME T, i
AFVEDRREE T ORE & BIER M ESEOBBOMH T AT, ZORKE. 2F/ROAED D2Mit397 OEEFKI B A
&1 54cM A5 60cM DAL E THD THE 2 #i % 7R3 LOD i 10.1 % & 2 QTL OfFFENR SNz TOXMICHTET
BEAEEMEICE D A EMEE T E LT, Y F TNy — 20 SY 282 B 25 (Snap25). BRGNS ) 7 LWF X 2V
S 87 8 3 (Kenip3) B £ O Na/K/2C itk (Sleilal) EETHHEL T, 2T, INHO#@ETIC
BT 5 B6 AH & [B6.EL-(D2Mit365-D2Mit280) /Azab] A D 12 517 A m RNA O 5H & B X O (5T ORI 0
HEEIT o720 EL R L B6 2D T LIV D LRI O FAE % MERR T X 72 RIS 2 A 2B O RNT X BE 25
1T TE ol

Eite=]:p)

EL Zflt. & FNOSEFEEREEHTAPADOEBETFVE LTELCFBAEN TS (Suzuki, 2004), EL 2k
DTAPAREICHEG T 5 EE2EEETE (QTLs) A% 2FB L9 FHRAMEIESH L Twd LGS nTw
% (Riseetal,1991)c L22L. BAEEZESHBNAEREIN T2z, QTL OFFM 2 E XS Az s T
Vo Fea k. AW oY e 2 MifgE (NoXID) 2B W T, C57BL/6] (5B 6) RFixis e LT, EL &M 2 Fig
1k D2Mit365-D2Mit280 [ D4 118.3Mb @ %His % > [B6.EL- (D2Mit365-D2Mit280) /Azab] & #%. D2Mit156-D2Mit266
M D#) 124.8Mb @ #EI8 % F2 [B6.EL - (D2Mit156-D2Mit266) /Azab] B & U8, 9 F 41K o DIMIit89-DIMit182 [ #
71.2Mb #HIARFES % [B6.EL- (DIMit89 - DIMit182) /Azab] & #ESr§ 5 Z LS TE 7z, Tz, IhbDaAr V=
AAFIEL BO AT, ) BTSSR T W HAREEZ B LGV LR LMLz, I V= y 7 R HIE. ®
HSHELARKHRD T ) LSRR L NS, 4D QTL OERBRICE 2 2B % BiIIFHETE 5 b o L M
b,

RFZEIE, 32003 Y Y x =y 7RI 252 B HNET VWA § 2 QTL @2 & 0 ZEEEMER O @RI
EDL) LEVPDLPERES o £72, T2V 22y 7 RMEHWESFNTIC X o T, QTL OFEM AL & e L.
FEEETORE. BLO, O QTL MOMEAEHZHLMITHI L2 HMET 5,

(#18&TFE]

ATV =y 7R HEOR TR S BIEEOE W B6.EL- (D2Mit365-D2Mit280) Ak & B6 Rkt x AT, £ 4 87
ER,ASL, 3~4HMBTLEy P40 200OHY) EiFE 10 BIICES T TRMN L, FBHSRELTHRDY
TR AR B L TV e WIHRHEE 7z 10 8EEEIC, R PNV E Y — V@R T TR AL Lz WEIE.
Hagihara & (2009) 26t CTordE L7z 408 L 72585 12, RNA Later (Thermo Fisher Scientific) 12i2i& L RNA i
t £ THRAF L 720 48 RNA O #fithid, ISOGENE I (HA Y — ) ZMw7z. it L72#E RNA 2858 & L €, i
B % % SuperScriptIIl (Thermo Fisher Scientific) % V> T cDNA # & L 720 &8 L 72 ¢ DNA % H\» T Snap25.
Kenip3. Sicl2al ®a—7 4 » 7H5] (CDS) % PCRENE L 720 &IZHENE L 72 DNA WA % #5%L L. BigDye Terminator
v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific) & Applied Biosystems 3130x] Genetic Analyzer (Thermo Fisher
Scientific) % MV CIREARSOUE % 1T 5 720
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[BREEER]

PR 27 AEEEL, BIRTIHBIE OB O 720 O FERRE (TG X 48) 2/ L. #8557 RNA 2 #ili L ¢cDNA &
BAET Lz LA L. B RT-PCRICE Z2BIEOUE E TEREED L Z LN TE LD o720 mRNA OFRBlED
FEATIZHE3T > C Snap25. Kenip3. SlelZal {510 CDS BiHI O Y5E %47 > 720 Snap25 EA5 T Tld 206 O 7 3/ %
FRE L T b &R 621bp DEFI % ET 5 Z £ AT E 72, Snap25 & fn 1o CDS B4, EL Rkt e B6 RFEDMICZER
BHEEL LD o720 B P TIESNAPS D A8 FHDT I VEEDS 7 = = VT I = Vb)) VIZEIET 22 8A, Fok
TAPAICESG T2 EDHE SN TS, LA L. ELAR#MIZIE, Snap2b ¥ /37 B OWELLIIFETE L W2 &8
IRENTze Kenip3 &1 Tld, 771bp OFEEHI % #e5E L7z EL R L B6 B4t 1 FTO LR 2 Ml L 72 A F B T
HoTzo Slcl2al BIZFIZBWTIE, AT T4 AN 7 2 b 21ICH¥KT 54k 3288bp @ CDS % & ¥ DNA Wi O iEiE %
T, BB IRERELY % Y5 L 720 EL R & B6 R 2 T EDOSRIOFAEA TR SN2, BLH RO g
BESLholz. Gk RIOREXETTAHATFECTH S, 720 IS Z#ETEIRITEREMN RT-PCRICE Y. ik
D BT ERT OB X BHBL NV OZEICRGED HHE D) hEBEET 5,

AWFFEDOBRE ANIHCE ADRTAE, Sl EOR, WIRER. HPMAOIFE T, % 62 [l H AFEBRBIY 28R O
R G T 7 ) CBWTHE [a> Y 2=y 7Rk e B2 EL v 7 X 2 FROEAD TA»ATEHE QTL DM
AT ] DORAY —5FK T To720 72, AT 22y FRROZKEINE . ARFELKHRFAOM T TWFRRZERE L
DERYFRAE] 2B 5228 2Rk L7z 2 T LEZE BRI IRE 2 4T - 720

(5IFZHER]
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WRT—~
ERIRIMREDET S BREICR T D HLBIRIEFHREA

WFFEH - P 25424 B 1 H~ PR 2843 A 31 H

Tuy ey MR CAHEKRS BER #%)

Juyxz MR RHEERET (EFAT 809

Tuvxy bR ERE— (BEST B

WEEI 0« SR ZBACYE. EERESE, BE S MRmE. MR

i
il

Osborne-Mendel (OM) J v MIBEORME & @IRME> FfE e L. + A TEMARHEDO T v b &L CRIICE
EIRZRE D) RERAEESEH L, b b O BIRSEHIMEAFMEML (focal segmental glomerular sclerosis, FSGS) 12 418
L72REIHESTT 50 RARATO Y 27 MIBWTRT v s OBITHEIE ORI AT OMIFIZH) A, ZhE
TOEBRYTZESLS OM T v b OREREREMILIC BT 27 vV F 7 v v M type 1 2444 (ATIR) OB EIELHRER
HRMBEGEED M) v F—Toh ), TNPFEITHERREEEO —RIWER TH 2 kL RE L7z, —F. LM
FRIRERIRFE A MO —2TdH B A4 F 7 LMD ATIRDPHELEL, 7o VF 71 (Ang IT) ORIEIZE Y
TR A A LSRR R B O I EE 2 RE 2 H o TW D 2 EDPHILNTWE A, OM 7 v M TIEAY ~
F7 LM BV TH ATIRAEEH L T b 0%, Ang TICH T 2 BB W2 L) 2EAHTHY, OM 7 v b
DAY 2 F T AMIILIZ BT B ATIR OFEBL & ETHR IR E ORENORI G- IW 5 Tld 2 ve & 2 TAIFZETIE,
F344 v bEXBELOM T v b AY ¥ ¥y 24081281 5 ATIR ZH =X Ang 11 120§ 5 &M % cHas L7z,
S5, MRAKOEFIEIRICBIT 5 ATIR BHE 4 L L, ATIR O#FIEHEIEMBEF RN TH 2D 2 HmE L7z,

MEETGE
[REBROBIE]

THEEOF A OM 7 v b ExE L7z F344 7 v P25 Sleving HEIC X ) RERK A HBEL . A9 2 ¥ LML % BAE
L7z SeEM LM ) U real-time RT-PCREIC & D). WRFMOFEFE AV > F 7 AMifIC BT 5 ATIR OFH %
Wk L7z $72, MRMOEEAY F Y 24118121 % 100° ~1 X 10 °mol/L @ Ang T (Sigma Aldrich Chemicals.
Saint Louis. MO, USA) Z#ML. 770 A TV MICT, 5~200HBO A3 Fy 2MBcB557 7 F e E
BoOZALEZBE L, MRERDEEREEZHE L7z, S5 ICMARMKO A 2 F7 24121 x 107 mol/L DD Ang IT %
WL, real-time RT-PCREIZ &L ) A4 2 F Y Al 0iFE A~ — 7 —Th 5 o FEHT 7 F >~ (@-SMA) ® mRNA
S FH L 72 BEEMII 3~5 B L2 box v,

F7o. MARKICBT 5 ATIR OFB =% KT 5720, (OB, MBS M. . B, o 6 et s v T,
real-time RT-PCR #:12 & ) AT1aR @ mRNA & 2 MK L 72,

(E35:53107)

OM (Om/NSLc) 7 v MidErfEEBMAN S (HARSLC) & 0 3FiEZ2 2, RFEYRFE G s E =
WTHREM L THO N 7THEEO 4 A % FEEICH W2, BIWICIEEIEHE (CE2. HEZ LT, Tokyo) 8 X UVKE
Ka BB S 7z, ML L72F344 7 v b b HASLC X W BEA LA L 7=,

(BR]

7y MIFEBRER, <Y PNV ESY =)V (60 mg/kg) FREET TIEARBIR K O 2RI L, LSz, ZOKRED
I OB Z ) Ly 2XF 7 4 YRR SRS VRO ALK 2 -6 L 720 Total RNA HliiBUE & LT WOl
MAEPEF . W, Bl IR, B0, B, BB Z8Rb L7z 72, BRI EROBRE A L 72,

[z B LR AIRER]
B A ¥ Aia 2 FET 572012, A% 2 ¥ AMIIZH#E % Thy-1 & Vimentin O SRIERIRIL MR 217
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720 72 OM T v FETF3MA Ty bDOAY T LMBIZE TS ATIROBEHEB L OO A2 LT 5726, ATIR
O EEMAC MR 21T - 720 — RPLEI2IE Z N2 1 mouse anti-thy-1 (Abcam. Cambridge. UK). mouse anti-
vimentin (DAKO. Copenhagen. Denmark) 3 & UF Rabbit anti-AT, (N10) (Santa Cruz Biotechnology. California.
USA) # M H L. &K 21X % 1 Z 1 FITC-conjugated anti mouse I1gG (EY Laboratories Inc.. San Mateo.
California. USA). FITC-conjugated anti mouse IgG 3 & U FITC-conjugated anti rabbit IgG (Cappel Laboratories.
Aorora, Ohio. USA) #% H ., G HE M $E (FSX100; Olympus. Tokyo) 72\ L dh# & L — ¥ — B # $ (Leica-
Microsystems. Tokyo. Japan) # W CHEIZ L 72,

[F-actin OREHEBLFIREDS KUEERSEORIE]

OM 7 v b & F344 7 v b OEFEAY 2 F 7 AIaD Ang TEMEO T 7 F Y Mildi s s L OO ZLE RE S
Lz, 7704 Y B EITVE-T 7 F YO % 1T o 720 Yt fluorescent phallootoxins (Alexa flour® 488
phalloidin; invitrgen) % A\, FUSEEIGIEMSE CEIZE L 72 Ang IRINBO A 4 > F 7 2B o IUHE = % Rl R R
#(x200) T, Fr ¥N—=AF A4 FO—XETT & 212 30 Hllehe L. Bi{Rf@EHT~ 7 b Image] (Rasband, NIH) %
FAWTT Y FLIEAZ 100 O X > Fy Afiflaomfz5Hll Lz, —XlZ & ISlamEo T 28 B L, Ang T
RIATOFWMFEZ 100 £ LT, A Fy 20O HBER AR 2545 L7z,

[Total RNA DB KUEEE & real-time PCR]

WARMOREEE X > ¥ 2485 5 total RNA Z i L. real-time PCR #:12 & ). ATlaR. a-SMA. B-actin ® i
EraEtEE L7, PCROMWIFIZET Y 7V CIERI 2 @) 127> CEEE*HEMB L. #1210 mRNA 8= %
ATlaR mRNA 3B /p-actin mRNA B m I, a-SMA mRNA 53 & /B-actin mRNA FEHmb & LTk 7z,
[£&[#EHZZD Total RNA OHitH$ KUPEEE real-time PCR]

MR O O, By M E &, . B, 8IS, B2 5 total RNA Z filill, ¢cDNA % {E# L. real-time PCR (2
&) AT1aR mRNA ZHE % MK L 720 PCROMWIGIZEY » 7IVCERI2E ) I2/T- CEAEHB L., ThEho
mRNA FHi& % AT1aR mRNA %85 /B-actin mRNA ZEBlE L & L TR 72,

[FEFTRMERAIRER]

B L 728 %E 10% P ER LV~ ) Y CTREL, 3Syum DT 74 YR EHER L. A Fv Yy - 23V
(HE) 4o fiti L 7Y R % v T, RERMROILREZENFRA % 17 - 72,

[FRrE R LR AR R]

PRI 72HWE & 0 EEICHE 3um G 2 ER L, —kPUE & L T Rabbit anti-AT1. kU421 FITC-
conjugated anti rabbit IgG % F\ 7= EEESCPURE 21TV, BOLEAMEE CBIZR L 72,

G5 p=ala U LS|
FHETLEE L Prism (GraphPad Software. California, USA) % H\WCir-> 72,
[BMYREREERIC K DIEE]

AWFFE LA R P B IR E R X ICRTE 2 R L. KRR L VAR SN DO TH L REEEFT 1 150417-8)0

faR
(IBEXYVFD L]

Shieving 12 L U REREITHE 2S5 —EdH 720 B L Z 1,000 FINE S N7z, RERAEZRFRICE L. 10 H LIREICH
FENICEELRT 7 F Y 2EHT 5 AT X AR ROMBIZ A 885 L, 28 HIZH Y — 7 28 2 7=,
(BEXY VT LB KUOBRIKMEDREER LRHIRER)

RAHAIE A 0 ¥ 2D~ — 7 —Tdh 5 thy-1 & vimentin IZBEETH Y . BRFERIZB VT, Mg MK R
PR DGR ERITFED bk 2o 72,

ATIR FMIBEIC B L CB 0, M2 E2 L) ICHBBIEEF o TWwEb DL, HIRD L OPHERT S 72, diEY)
A2 & % in vivo 12817 % ATIR O#IERIEGREIZB W TIE, FRHEICB VT, RERIEHN D A4 2 F 7 A TR % R
L72o WTFIIZBWTH, WREMIZB VT, ATIR OGELROOGAMEICERIIFRO SNE o7,
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(EEAYVFY LMD AT1R ORIEEDRER]

WA OREE A~ F7 28281 % AT1aR ® mRNA B EIZ F344 5 v bOFAOM v b X ) bEEICE
xR L7
[Ang IRMNEDIEEXY U+ LHEED a-SMA EIREDIER]

MRMFIC BT, Ang TR 6 FEf D o-SMA mRNA OB &3, JERM T > b o — VB & g L CH e m % 7=
L7z F72. Ang TN 24 % o-SMA mRNA 3 2~ b a— Vi & B L CIMERICH 5720 L L, M
FHIZB VT, Ang TRMED a-SMA mRNA B E X, TUZFhoa >y b u—)UREE L C¥EIERICH 2 0D
AEEIROON L o7z, 51T, WAKMIZBW TS, Ang TREMED o-SMA mRNA B EICHFEEIBRDO LN
LMol
[Ang IFMEOIEEAY V¥ LAHIEEAD F-actin DZ1L]

MRMMD A 2 F 7 AEIC Ang T Z2FINT 5 & 10 50 RICRKIMEEZR L. 727 F v fEOEELICEHL A ML X
7 7 A NI PBE S N2HS, TR TEIZFRO SNk o7,

(BEEXY 2+ LAHEIOEEICTT D Ang IDZR]

AN Ang TO&HEE (107° ~10 °mol/L) 12BWThH, A ¥ F 7 AMIILOHE R RIZHEMNE 10 5 TR
DRBOENTz, Frz, BAIHILF34 7 v b O AT 2 F AMIBIZ BT 107 M Ang TR 10 43212 A S, TR
MEE L TEEWBIE Lz &5, AT ¥y AMEHREIL. Ang TBEKFEMEICIURE L7225, TR IZ, R
M CHE L EITRO SN o7z,

[£5E25D AT 1aR OFIREDLHE]

OM 7 v ML F344 7 v b D& BIEZFIZHB VT, AT1aR IZHFRI AN Y FOMI S N2 TIdizE A LNy B8
Mt &M Ao 720 ATlaR © mRNA BHEIIWAF & b I TORIAENSL < O M. Bl TR B L T
AT1aR mRNA OB EN D h o720 OM T v b & F344 5 v b & T 5 & Ol B T1E AT1aR mRNA O 33
BICKERETFRO LN 057205, MIZBWTid, OM T v F TORBEDNE . I T F344 O H 9% 05 72,

ZE

SRIOFEREDS, OM T v b DAY VX7 AMIBI251F 5 ATIR O@EFIHEIE, BB L 38 %) F344 5 v b
EHE L TAHEIRWE EAVRENT, $72, invitro I2BWTIE, Ang TIZA$5 OM 5 v D X3 2 F LML
MUSE F344 o7& =037 (. E 512, Ang ITIRINEO T 7 F  ile g% DL L O a-SMA #EzTFBIZD 2 %
HHCTHEERZIRD LN Lot T2y TEERICBIT S ATIR OB TFHBEOLE,N S, OM 7 v MBI 5 ATIR
DB EFEBIIEMBRERNY ZBRThH L LEZ BN,

A2 ¥y AfRLIE Ang TTRIBC & 0 I L. BEEE 3 2 EMIMERE 0N Z 2L <&, BRI B L OEER%EK
(Kf) % 8 TREMENO MATENEZ ET T 5 &L Vo EERZE ZH-T0E, DF ), 245 2 F 7 2 AU
T 5 L BMMERIIHD L. REREOEBHFEIIET L CGFRIZ TSI L1205, SHOKERTIZ, OM T v b X
P F A TIE ATIR @ mRNA OFBED F344 T v FOZFIUILENEWE W) FEREIES R, OM 7 v F D A
Y ¥ AMIEOPHEERED F344 7 v b XD DK SRERRIEEERE IZ 81T 2 X4 2 F 7 LMl OBRED 2 Ma 551 A3
IRARBEE DS AEMT IS L CWAIREELE 2 SNz, §74b D5 in vivo ICBWT ATIR D 5B 7  #FE# A
FEIE SN, FARMMBBROIASE LR T VETIUE, ZTOMREL L TEEEEARIPAE LT SHIZTRM
HIRMIBAD X J = V7 2 b L A RMIGE. REE - MEGELR T2 WY D 5, Lo L. SEIEW R
MoOAH 2 Fy AHBICBIT5 ATIR O#EETFRIARER. BIZ2HBEREOE LM R, TOENY VIS7EL N,
BEREL NV T EOREDOZE 2 RITT2IEESEOMRTIEIMN S A~ TR L, 512 in vitro 12517 % Ang IT O UGS
EA I DO EERSEMTIE F344 LI L CTHBRENEDP - 2720, 4% &) 53l 2 g0 P BT 5, T/,
Ang T AH ¥ F7 2B THIBBHAO A VY D A4 F v OEEZ 725 L. 23U & 0 AN O DGHEEEAE < .
Al in vitro 12 BT Ang TR D A4 2 F7 ZBEAND ANV 7 544 2@ influx IZDOWTHRETTE Zd ok
A S LDEEIC AT XY AMBORREE LT 2720123 E S ICHNO A VY Y A4+ v OB RET S
VDD 5 o
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s

OM 7 v b D A4 F 7 AL 2 W70 @ #EIE TREO & 5 1245 157 [l H ARBREE =i 44 (2014 4E 9 A,
ALIBE) 12 THFE L7,

KT, ZHAST. BEEREY, FHEE, AaEE. ARE, ERE—. fAHIRZ : Osborne-Mendel 7 v F ® x4~
Fy AMEOMWIRICE T 5%

(29)



O7OvYzs bk No.P 13—48
HRr—<
Sy bOTILA—IVEFSEEFIVICBII 5 T 0574 — LEHIC &S HAFIBET —H—5 ) EORI

BFoge M B P25 6 A1 A~ 2843 H 31 H
TuY ey MR S (G - BRRHEED SR

[FRABIE]

WEKWEE, FRTVANVAEERFREROEELRERD 1 2TH b, WkizB W TIIFEROR 80% A%, ARFTlad
% < & B # 10-20% AV BEHIEISER T 5 7 )V I — WIEFEESZEZ b d . RPEIZBIT28EAD, KERIEEKIE
Rk e LThEm AR L. FERORERE LTOTLVI—VolEIZ, 45%ETETE b ETFMENS,

TV 3 = VI E O FSEERT O T ORI N L AREETH S, 7 aT— VIEEIZ CYP2EL I X > TH# SN S
. FORBHEM M EM (reactive oxygen species : ROS) DA EIN L, BRILA ML ADT IV I — VIEIFEE LK
BrlRIELZ L, FLRBLAIDRELEICANTH L 2 EXBWET IV EPLICHL DI SN TS, JUERLE
Ao E Y I 2 CIFAKNICEE L/ ROSICL 2MILEEZ P X, BERLIEEZRET2EAE b2, ARIFETIE,
Lieber-DeCarli DFF:EH W, ¥F IV CEBEBICEATVWALLE Y Z2—HICHISELZ L1k, BILA L AW
HIRN RIS & B IFEEDO T - A2 HE L TiTo 72,

[(BREBm]

FEHEEE, FRIANVAEESFERO FELRERD 1 D TH 5, FORIZB W TINFIER O 80% A5, RIBTIEA
7% L D) 10-20% 2V EEAGEIER 2 7V a2 — VIEFEENEZ 5N b, RAENIZBT 28BN, KeEfifE it
IR E LCHMEm 2R L, FEOROERE L TCOT7 IV Ia— Vot SHBFTETEL L EFHEINL,

BEED T V2 — VEEUE, HDL OEINZ2 %030 . EEREE TORCTRZMLT €L 2 EPHMONT W5, 1980 4
RAHTDNIZEFIEIZ LY, HEOKBEZE I TNV I—VE T REFLVAL Y HTEEOE N EHREN, T
V= VEREEETCREOERIIUED - 72/ S EDPWSDRICR->TwDE Y LA L, 7ThI— VLRSS
M. FRE R, BERE. BRI 2 &S S 2EMEIEROBERLRGERINT CTH %,

TN = VHEFEEDORERFOFTHHBILA L AFEETH L, 7TV I—VIFFIZCYP2EL ICL o TR#E NS
A, FOBSIIEERRFEM (reactive oxygen species : ROS) BSEEENS Y, 720 I I FYUTHOZ VY F4 Vi
TOMLA P L AMO—HFE LTEZ SR TWE Y,

FRALA N L ADST VO — VIEEFEENLRRELER S E 5 2 L. oMLK DYREENE A TH B 2 0B
FUERLICHLPICENTW S, I LERZHOE S 3 0 CIIAEMEANICES L2 ROS 2L 2BMLEE L5 &, #lk
LIRE 223 2B 2 20 2 0M, MATIRAE, FIVE W%, MRIEHNAAS ). —HRIICEEMIPIF & LT
KSR ERTWS Y,

A4 TId. Lieber-DeCarli DF#EY 2w, ¥ IV CEBFICEATVAT —EY FE—HICREE S Z &1
0. BELA b L AEGIRI RIS L A FEEOTFR - Al B L L CTiTo 72

(R &T53E]
KEREMIDIERR & B> T )VERER

4 8o SD ZHEMET v b (Charles River Japan, Inc.) 20 JC#% Lieber-DeCarli ®F3: 2 12 L b, 7 I — V&EWAE
fR (AT VERTHE) do0IEZ0E T ) — % RILKEZECTEWR L 72 AF R C 4 B O pair-feeding % 17>
720 5% TV I — VEA ARG (=4 TV I —VEE), 3 MO — VEARFERHGET (n=4 0 a2 ba—uEE),
0.25% L€~ it 4+5% 7 v I — VEA BARFIEFREE (n=4:0.25% L€ #). 05% L E it +5% 7V 3 — V&K Ak g
BHART (n=4:05% LE VB, 1.0% LE Vi +5% 7V 2 — VEE TREFEHEE (n=4: 1.0% L&) 0it5H%
VERK L7720 TIVI—VEEROLEVEIE. T3% 7N I— VaaHEFE 252, 2 HB 4% 2T L. BHICESO
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5% 7 v 3 = )VERHERER L 5% 7V a -V RTL ® VEAHAERE T4 ARG R 2. BHOT Y IS
J = VIR ORI AT L 72 BAIER & ClFlZ 5 L. SOD il E I D —iz — 0CIZRE L. kD
R EHAR S MRA S 4% 78T RV~ 1) ViR & 2 BB R 17 5 72,

RIE R RUREY
FFIE ORI R 2 L 720 HE Jeta 24T o 2RI ABMEBT CRE L. IFEE ORI 2 M09 12 5FH L 720

[MA®D Alanineaminotransferase (ALT). Aspartate transaminase (AST). Triglyceride (TG) HIE

ALT, AST R O'TG OHIZEIZIZFNnEN, Ly A 773 — ALT-J2 (AGHMIETHEMRASH) AE Ly 17T
a— AST -J2 (FDBAMSE TNt RERPL YA 7T 73— TG-M (Fehise TEpkASM) H3Ex v,
JCA—-BMS8040 HBp/#rieiE (HAET) THIEL K.

Superoxide dismutase (SOD) ;E%DRIE

JF##& % 50mg 72— 7IZAN, FEYFAHF—THEI XA b L7tk Extraction Buffer % 1 ml iz . L5 8%
L. WliEo & > 737 Bk % Nano Drop “C“}ﬁﬂﬁ?:b BEZ b7, KIS, TM-PEK E4 >3 7 Bl ¥ v b (FIehi
MRS 2 HVCHIIE S » /87 Bl it L. SOD iftllzE*x v b (SOD assay kit ; R ALERFZERT) |
£ o TR P o SOD i 2 e L 72,

[#E&R]
RIEHR PRI

FEEDO—HME - T4 B R T v b OIREIEARZ/ER L 72,

KERRREEAS T 5 7 — VL 0.25% L& BETHIZE S NZH, 05% LE VB, 1L.0% LEVRE. T bu— VERIZI3BI%
SN hotz,

Mmd Alanineaminotransferase (ALT). Aspartate transaminase (AST). Triglyceride (TG) EIE

AST, ALT. TG l¥Z#hZEha >y bu— V#Tld 142U/L, 51 U/L, 24 mg/dL. 0.25% L & » T3 204 U/L, 56 U/L,
35mg/dL. 0.5% L & »#Tid 159 U/L, 52U/L, 20mg/dL. 1.0% L & > # Ti¥ 169 U/L, 59U/L, 26 mg/dL. 7 v
I— )UHECIE 222 U/L, 65U/L. 38 mg/dL Tdh - 72,

Superoxide dismutase (SOD) &%

ik (1mg) H o SOD EMEOBEIERE R, T > bu— )VEEA299.2 + 250.1 U/mg. 7 )V I — VAT 7504 + 624.6
U/mg. 0.25% L& Y #5%166.0 = 77.5 U/mg. 0.5% L& » #:A¥166.0 = 15.0 U/mg. 1.0% L&~ #A¥145.9 = 12.9 U/mg
ThHolzo TIVI—NVEEE 0.25%LE V., 05%LE #E. 1.0% L E YHOBDRIZZNZN 79.0%. 77.9%. 80.6% T
Holo

€5

TV 3= VIR E O FERERF O CTERIEA P L AREELER O 1 2 TH b, 7T —IWIEEIZCYP2ELIZE - T
RFSND A, FOBRITEHEEFEM (reactive oxygen species : ROS) ASFEAE SN 5, BRALA b L ADST IV o — VIR
EANEREEERIEDL L, EMRILHIDIRESE ICARITH L Z EDPEWET NV LIS I SN TV 5,
MEBSE TN I VEEEE TV CTHRICE TN I 22 02% & 7V I — VIRE 32% % [k 53 % & 8 A
BTIEALT, ASTIXZNENT IV I —)VHET404 =61 U/L, 159 = 22U/L, 7V a—)v-tH I UFT216 = 25U/L,
62 *5U/LCTHY, 02% EHFEDOLY I ZEKSTLILI2L0), ALT, AST2VERICIE T LAZ E2HMEL Tw
% 9, Suzuki 5 i% Lieber-DeCarli EF NV CTaa7KR) 7/ — V% 14g/L ODEET5% 7V 3 — VEIE L [RIEHE T3
% e 8HEMBTIETGIET VI — VT 25.9 + 39mg/g of liver, 7V —)b - 23 7HT 14.7 + 28 mg/g of liver TH
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D, 3a7KR) 72— VERAERETAZEICED, TCOEEIET LA E2HELTW5 7, Lieber-DeCarli £
TV TLE Y% 05%. 1.0% OEET5% 7V 3 — VEE & FIRRE 3 5 & 4 A% TiE ALT. AST. TG iz 2
T a— VBT 222 U/L, 65U/L. 38mg/dL. 0.5% L & > #TIZ 159 U/L, 52U/L, 20 mg/dL. 1.0% L & > # Tl 169
U/L, 59U/L, 26 mg/dL CTd h. 0.5% LDV E %2 FRAEE T 5 2 12X D, ALT, AST. TG 2SHEITIKT L
77o F77. BHLA ML AV —H—Tdh 5 SOD iE. 7V — VEED 7504 + 624.6 U/mg. 0.25% L & > B2 166.0 = 77.5
U/mg. 0.5% L & > #)5166.0 = 150 U/mg. 1.0% L & »#AHT 1459 * 129 U/mg T, L E Y HT 75%LL DA A520
LN VEVIZEINTVLEEY IV COPILERIZL D, ROSHMET L7270, SODMMET L7-ERBEEN5S,

REEH A RS oy PO —VEEE 7V a— VEER AR D &7V a— VEHIZIZ R E IR TR Z A BRIE A
Bl s s, £72, 05% LEVEERDL0% VEVHTRHEIIBR I W 2ro/cl enb, VEVOREIZLD, TR
B TE72Z LIEFE RV 05% LD LE VBETIRITESBIE SN 2 o722 8056, LEVIZET NG H
Welhiika ORI R S 5 2 L ATRIE S 7z,

METOE S I v Cldk, KEVOTBALWE L LT, ZHHICZOREIAIHER SN T8, IREMEO M5 1 0
FNIIHBENICL 2SS TE RV R, ERNTOHHBINRL T, 82 L2 0ICKEBIDVLELR &, RAKSE
W=, BRBTIBIEoORE T, BRILUFEORSOHIEOHEIZZ>TWAES I v Eid. BILS WL D %
Ko/l IV CONCEVEET AL, ¥F 32 COMMILERO—IIE sy I VEICL > TRITEN TV &
DHELH B Y,

IFEERRHLEOETICE S I Y COMPIRBEINLE ZL0b, 5%, ¥4I Cx5%BTY J — VL [y
B SEDLZ EICX DRRERERT 5

(BE ]
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Embryo cryopreservation is one of the important technologies in various basic researches and clinical areas. Very
recently, carboxylated e-poly-L-lysine (COOH-PLL) has been developed as a new cryoprotective regent (CPA) and we
previously demonstrated that combined treatment of COOH-PLL with ethylene glycol (EG) which is a commonly used
CPA, is effective for vitrification of unfertilized mouse oocytes and pronuclear (PN) embryos. Some previous studies
reported different protocol is used for vitrification of different embryonic stages because sensitivity to physical and
physiological stress caused by vitrification seems to depend on embryonic stages. In this study, we tried to use the same
vitrification protocol using COOH-PLL for vitrification of mouse embryos beyond the 2-cell stage as well as oocytes and
PN embryos.

PN, 2 cell, 4 cell, 8 cell, morulae and blastocysts were treated with 7.5% (v/v) EG and 7.5% (v/v) COOH-PLL for 3 min
and then vitrified with 15% EG (v/v) and 15% (v/v) COOH-PLL (E15P15) for 1 min by Minimal Volume Cooling (MVC)
method. The embryos except for PN showed low rates of survival, blastocyst and hatched blastocysts. To improve the
survival and developmental ability of the vitrified embryos, blastocysts were vitrified with different concentrations of
COOH-PLL. At the results, the survival and developmental rates of vitrified blastocyst in E20P10 group were higher
(98.0 = 2.5% and 93.3 = 4.0%) than those of E30, E25P5 and E15P15 groups. When 2 cell, 4 cell, 8 cell embryos or
morulae were vitrified with E20P10, survival, blastocyst and hatched blastocyst rates were dramatically improved (more
than 86.0%). Taken together, vitrification with 20% COOH-PLL and 10% EG is available for vitrification of mouse pre-

implantation embryos at the different stages.

(FRRARR]

1. Fujiwara K, Kamoshita M, Kato T, Ito ], Kashiwazaki N (2017).
Generation of rats from vitrified oocytes with surrounding cumulus cells via in vitro fertilization with cryopreserved
sperm. Anim Sci J 88. 180-184.
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Abstract

Background: Parental behavior in mammals is innate and facilitated by social experience, specifically positive interactions
between the parent and infant. Oxytocin (OT) plays an important role in mediating parental behavior. However, little is
known about how OT modulates the facilitating effects of social experience on parental behavior.

Methods: To investigate the facilitating effects of parental experience in mice, the latencies of retrieving behaviors were
measured after acquisition of social experience. Expression of c-Fos in the medial preoptic area (MPOA)—a central
region involved in parental behavior—OT neurons, and OT receptor expression neurons was investigated. Additionally,
the concentration of OT in the MPOA and the inhibiting effect of an OT receptor antagonist (OTA) on the facilitating
effect of social experience were measured.

Results: Social experience with pups shortened retrieving latencies, and the percentage of OT neuron expressing c-Fos
significantly increased in the paraventricular nucleus and supraoptic nucleus. The number of c-Fos positive neurons and
the concentration of OT significantly increased in the MPOA. Furthermore, the percentage of OT receptor expressing
neurons expressing c-Fos in the lateral preoptic area (LPO) significantly increased following social experience. Finally,
infusion of OTA into the MPOA blocked the facilitating effects of social experience on retrieving behavior.

Conclusions: The results of our study demonstrate that facilitating effects of social experience with pups on retrieving
behavior occurred via activation of OT neural systems. Understanding the neural mechanisms of the OT system may lead

to a possible treatment for preservation of neglect.

Introduction

Parental neglect, such as physical and/or emotional neglect, is a critical issue with serious long-term effects on child
health and development (1-3). Understanding biological mechanisms that facilitate parental behavior is necessary to
prevent neglect. Animal studies have shown that various social experiences and hormones facilitate parental behavior
(4-10). Based on these results, we previously proposed that a positive-loop exists between the mother and infant (11).
Specifically, when a parent interacts with an infant, the parent shows increased parental behavior, and when the infant
receives parental attention, they show increased attachment behavior, which further enhances the parental behavior.
When this positive-loop is disrupted, the bonding between parents and infants is not well established, leading to neglect.
Defining the neural mechanisms involved in the facilitation of parental behavior via the positive-loop could potentially
inform a solution to parental neglect. However, the complete biological mechanisms that modulate the facilitating effects
of social experience in the parent-infant dyad remain unknown.

The medial preoptic area (MPOA) has been shown to be critical parental behavior. Destruction or inactivation
of the MPOA disrupts the onset and establishment of parental behavior (12-18). The action of several hormones,
including oxytocin (OT), on the MPOA has been shown to facilitate parental behavior (19-22). The MPOA contains
several subregions, and these systems contribute to the regulation of parental behavior. However, the role of the MPOA
subregions and other neuronal populations, such as the OT system, in triggering the positive-loop and enhancing parental

behavior is not clear.
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OT is a nanopeptide hormone that is synthesized in the hypothalamic paraventricular nuclei (PVN) and supraoptic
nuclei (SON) (23). OT is also centrally released from the OT neurons of the PVN and SON (24). The magnocellular
OT neurons project to the neurohypophysis and are released into general circulation. Centrally released OT acts on OT
receptors (OTR), and OTRs are distributed in various brain regions involved in MPOA (25). OT contributes to the milk-
ejection reflex, parturition, stress energy metabolism, and parental behavior (26-29). As mentioned above, inter- and
intra-species bonding occurs through the positive-loop, which consists of affective interactions between individuals, via
OT systems (30, 31). These findings suggest that OT has an important role in the onset and maintenance of parental
behavior via the positive-loop.

In this study, we clarify the role of OT neural systems in facilitating the effects of social experience via the positive-
loop by examining the neural responses of the MPOA, PVN, and SON to social experiences with pups. Additionally, we
investigated the neuronal activation of OTR expressing neurons in the MPOA to clarify the direct role of OT in facilitating
parental behavior via MPOA neurons.

Methods and Materials
Animals and Housing

C57BL/6] (B6) mice were obtained from Japan Clea Co. Ltd. (Yokohama, Japan) and bred in our laboratory. Food
and water were provided ad libitum, and animals were kept under a standard 12-hr light-dark cycle (lights on at 0600)
in a cage (17.5cm x 25.5cm X 12.5cm). The environment was maintained at a constant temperature (24 * 1°C) and
humidity (50 * 5%). The study was approved by the Ethics Committee of Azabu University, Japan. Female mice were
paired with male mice for 2 weeks and allowed to care for their litter. At 28-days-old, litters were weaned, and 3 to 5 mice
were housed together in same-sex groups. Female mice (7-16 weeks old) were used in the current experiment.

Oxytr’* female mice (7-16 weeks old), a knockin mouse strain expressing an enhanced variant of yellow fluorescent
protein (venus) under the control of the endogenous regulatory region of the gene encoding the OTR (25), were used to
evaluate the distribution of OTR in the MPOA. The breeding protocol for these mice was the same as for B6 mice.
Facilitation of retrieving behavior by social experience with pups

Subjects were individually moved from the breeding cage to a test cage. After a habituation period of 2 days, subjects
were assigned to one of two groups: a low-experience group (n = 14), in which positive-loop experience was limited to
one cycle, and a high-experience group (n = 13), in which positive-loop experience equaled 6 cycles. In both groups, three
4- to 5-day-old pups were placed in separate corners of the test cage over a 20-min period, and the latencies of retrieving
the first and last pup were measured. In the high-experience group, subjects were additionally exposed to the same three
pups 5 times for 20 min total, with a maximum of 3-min intervals. These exposure cycles defined as the “Initial exposure
term.” After the initial exposure term, pups were removed, and the subjects were left alone in the test cage. Four days
after the initial exposure term, the retrieving test was conducted again. Three 4- to 5-day old pups were placed in separate
corners again. Retrieving latencies were measured for 20 min, and this term was defined as the “re-exposure term.” The
latencies of retrieving the first and last pup were compared between the initial and re-exposure terms for both groups. If
the subjects attacked a pup, all pups were removed, and the latencies were assigned a value of 1200 sec.

Preparation of brain section for immunohistochemistry (IHC) or in situ hybridization (ISH) combined
with IHC

Another set of subjects was used to separately analyze brain activity. Subjects were sacrificed 1.5 h after the last
stimuli. Subjects were anesthetized with sodium pentobarbital (50 mg/kg, intraperitoneally), and then perfused with 4%
paraformaldehyde (PFA) in 0.1 M sodium phosphate buffer (PB) at a pH of 7.4. The brain was removed and immersed
in the same fixative overnight at 4°C and then in 0.1 M PB saline (PBS) containing 30% sucrose at 4°C until it sank. The
brains were cut in the coronal plane at 30 um for THC, or 40 um for ISH combined with ITHC on the freezing microtome.
Every third section from the serial sections were processed for IHC for c-Fos, OT, and OTR, and for ISH combined with

THC for OTR mRNA and c-Fos (see Supplemental Methods and Materials for details). The sampling protocol is described
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below.
To investigate the expression of c-Fos in the MPOA

Subjects were assigned to one of three groups: the non-experience group was habituated in a test cage for 2 days (n =
8), the low experience group was exposed to three 4- to 5-day-old pups once for 20 min (n = 8), and the high-experience
group was repeatedly exposed to pups for 20 min 6 times (n = 7). After the initial exposure term, subjects were perfused.
In addition, to investigate c-Fos expression after the re-exposure term, another set of B6 female mice were assigned to
3 groups. non-experience (n = 5), low-experience (n = 10), and high-experience (n = 10) groups. Subjects in all groups
were exposed to three 4- to 5-day old pups for 5 min, 4 days after the initial exposure term. After the re-exposure term,
subjects were perfused.
To investigate the double expression of c-Fos and oxytocin in the PVN and SON

Subjects were assigned to one of three groups in the same way as described above: non-experience (n = 6), low-
experience (n=10), and high-experience (n = 10) groups. In addition to observation in the PVN and SON, the number of
c-Fos expression neurons in the MPOA was also observed within the same three groups. After the initial exposure term,
subjects were perfused.
To investigate the double expression of c-Fos and OTR-Venus in the MPOA

Oxytr'™™" female mice were assigned to one of three groups in same way as the B6 mice described above: non-
experience (n =6), low-experience (n =38), and high-experience (n = 8) groups. After the initial exposure term, subjects
were perfused. To examine the effect of estrous cycle on the expression of OTR-venus, another set of Oxytr'*™* female
mice was used (see Supplement 1).
To investigate the double expression of c-Fos and OTR mRNA in the MPOA

To clarify the expression pattern of double labeled c-Fos and OT mRNA in the initial exposure term, another set of
B6 mice were examined in the same way as described above. non-experience (n =5), low-experience (n = 7), and high-
experience (n=7) groups. After the initial exposure term, subjects were perfused.
Measurement of oxytocin concentration in the MPOA

Eight non-experience, 16 low-experience, and 13 high-experience mice were used for enzyme immunoassay (EIA).
In the non-experience group, mice were kept in a test cage for 2 days, and then their brains were removed. In the low-
and high-experience groups, brains were removed 20 min after exposure to the last pup in the initial exposure term. The
bilateral MPOA (approximately anteroposterior (AP) 0.25 mm to —0.14 mm, mediolateral (ML) 0.6 mm, dorsoventral
(DV) 2.2 mm to the bregma) were punched out using an internal diameter needle (1 mm in diameter, Muromahci, Japan).
After collection, brain tissue was homogenized in PBS and the protease inhibitor. Determination of OT concentration
was performed using a 96-plate commercial OT-enzyme-linked immunosorbent assay (ELISA) kit (Enzo Life Science,
Farmingdale, NY, USA) following the manufacturer’s instructions.
Stereotaxic surgery for injection of an oxytocin antagonist into the MPOA

Subjects were inhalant anesthetized using isoflurane and stereotaxically implanted with a 26-guage bilateral guide
cannula (1.2 mm long, Plastic One, Roanoke, VA, USA) aimed 2.2 mm above the MPOA (AP —0.14 mm, ML 0.6 mm,
DV 2.2 mm to the bregma brain surface). Animals were housed individually for approximately 1 week to recover. After
the recovery period, subjects were injected with either an OT antagonist [OTA group, n = 13; (d(CH,) 4, Tyr (Me)?,
Thr', Orn®, Tyr-NH,’)-vasotocin trifluoroacetate salt], dissolved in saline at a concentration of 0.5 ug/ul (Bachem,
Torrance, CA) or saline (saline group, n = 17) into the MPOA. Injections of 0.1 ul were given using a 33-gauge
bilateral microinjector (Plastic One), which extended 2 mm below the end of the guide cannula. Thirty min after the
microinjection, subjects were exposed to three pups and the latencies of retrieving the first and last pups were measured.
Subjects were additionally exposed to the same three pups for 20 min, 5 times (i.e., the initial exposure term). Four days
after the initial exposure term, a retrieving test was conducted using three 4- to 5-day old pups (i.e., the re-exposure

term). The latencies of retrieving the first and last pups were compared between the initial and re-exposure terms
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for each group. To clarify the effect of an OTA in the re-exposure term, another set of mice were used. Cannulas were
inserted into mice, and then they were exposed to three pups for 20 min, 6 times. Four days after the initial exposure
term, mice were infused with an OTA or saline in same way as described above (OTA group, n = 9; saline group, n = 5).
Thirty min after the injection, subjects were re-exposed to three pups, and the latencies of retrieving the first and last
pups were measured. The position of the injector was verified after all experiments (Figure S4 in Supplement 1).
Statistical analysis

From the behavioral tests, mean retrieving latencies were analyzed using paired t-tests. Data on the number of c-Fos-
immunoreactivity (ir) neurons, percentages of double labeled c-Fos and OT, c-Fos and OTR venus, and c-Fos and OTR
mRNA were analyzed using one-way analysis of variance (ANOVA) followed by the post hoc Bonferroni procedure. The
MPOA was divided into three subregions: medial preoptic nucleus, medial (MPOM), medial part of MPOA (mMPOA),
and lateral preoptic area (LPO). Correlations between the number of c-Fos and the percentages of double labeled c-Fos
and OT were calculated using Pearson’s correlation coefficient.

Results
The effects of social experience with pups on retrieving behavior

The latencies of retrieval of the first and last pups were significantly shorter in the re-exposure term versus the initial
exposure term in the high-experience group but not in the low-experience group [Figure 1A, latency of retrieving the first
pup: low-experience group t(13) = 1.198, p = 0.252; high-experience group t(12) = 3.257, p < 0.01; Figure 1B, latency of
retrieving the last pup: low-experience group t(13) = 1.088, p = 0.296; high-experience group t (12) = 4.165, p < 0.01].
The expression of c-Fos-ir neurons in the MPOA after either the initial exposure term or the re-
exposure term

There was a significant effect of group on the number of c-Fos-ir neurons in all regions [medial preoptic nucleus,
medial (MPOM): F(2, 20) = 21.933, p < 0.01; mMPOA (medial part of MPOA): F(2, 20) = 37.566, p < 0.01; LPO (lateral
preotic area): F(2, 20) = 15.303, p < 0.01]. In the MPOM, the number of c-Fos-ir neurons was higher in the low and high-
experience groups compared to the non-experience group (Figure 2C, p < 0.01). In the mMPOA and LPO, the number of
c-Fos-ir neurons was higher in the low-experience group compared to the non-experience group (Figure 2C, mMPOA: p <
0.01; LPO: p < 0.05). In addition, the number of c-Fos-ir neurons was also higher in the high-experience group compared
to the other two groups (Figure 2C, mMPOA: p < 0.01; LPO: versus non-experience, p < 0.01; versus low experience, p <
0.05).

There was a significant effect of group on the number of c-Fos-ir neurons in the mMPOA [F (2, 22) = 6.107, p < 0.01]
and LPO [F(2, 22) = 7.651, p < 0.01]. In both the mMPOA and LPO, the number of c-Fos-ir neurons was higher in the
high-experience group compared to the low and non-experience groups (Figure 3C, MPA: p < 0.05; LPO: non-experience
group, p < 0.05; versus low-experience group, p < 0.01). In the MPOM, there were no significant differences [F (2, 22) =
0.08, p = 0.923].

The effect of social experience with pups on oxytocin neurons

There was a significant effect of group on the percentage of double labeled c-Fos and OT in the PVN [F (2, 23) = 22.662,
p <0.01] and SON [F(2, 23), = 4.233, p < 0.05]. In the PVN, the percentage of double-ir neurons was higher in the high-
experience group compared to the low and non-experience groups (Figure 4B, p < 0.01). In the SON, the percentage of
double-ir neurons was higher in the high-experience group compared to the non-experience group (Figure 4B, p < 0.05).
In both regions, the number of c-Fos-ir neurons was also higher in the high-experience group (Figure S1 in Supplement
1). However, the number of OT-ir neurons did not differ between experience groups in either region (Figure S1 in
Supplement 1).

Moreover, there was a strong correlation between the number of c-Fos-ir neurons in the MPOA and the percentage
of double-ir neurons in the PVN (Figure 4C, upper figure: MPOM, R = 0.55, p < 0.01; mMPOA, R = 0.723, p < 0.01; LPO,
R =0.777, p < 0.01) and SON (Figure 4C, lower figure: mMPOA, R = 0.519, p < 0.01; LPO, R = 0.558, p < 0.01). When
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cutting the brain sections, one sample from the high exposure group was accidentally damaged in the MPOA. Therefore,
correlations were conducted using only 25 samples total.

There was a significant effect of group on the concentration of OT in the MPOA [F(2, 34) = 4.822, p < 0.05], and the
concentration of OT was higher in the high and low-experience groups compared to the non-experience group (Figure
4D, p <0.05).

The effect of social experience with pups on OTR expressing neurons

There was a significant effect of group on the percentage of double labeled c-Fos and OTR-venus in the MPOM [F(2,
19) = 12616, p < 0.01], mMPOA [F(2, 19) = 13.186, p < 0.01], and LPO [F(2, 19) = 26.655, p < 0.01]. In the MPOM,
mMPOA, and LPO, the percentage of double-ir neurons was higher in the high-experience group compared to the
other two groups (Figure 5D, MPOM and LPO: high-experience group versus low- and non-experience group, p < 0.01;
mMPOA: high-experience group versus low-experience group, p < 0.05, high-experience group versus non-experience
group, p < 0.01). The number of c-Fos-ir neurons in each area was higher in the high-experience group than the other
two groups, and the number in the low-experience group was higher than the non-experience group. There was no
significant difference in the number of OTR-venus-ir neurons in each area (Figure S2 in Supplemental 1). In addition,
there was no significant effect of estrous cycle on the expression of OTR-venus-ir neurons (Figure S3 in Supplemental 1).
Therefore, increasing the percentage of double-ir neurons is dependent on activated LPO neurons but not on changing the
number of OTR expression neurons.

One-way ANOVA revealed that there was a significant effect of group on the percentage of double labeled c-Fos and
OTR mRNA in the mMPOA [F (2, 16) = 28.590, p < 0.01], and LPO [F (2, 16) = 27.620, p < 0.01]. In the mMPOA and LPO,
the percentage of double-ir neurons was higher in the high-experience group compared to the other two groups (Figure
5E, p <0.01).

The effect of an oxytocin antagonist on the facilitating effect of social experience on retrieving
behavior

The latencies of retrieving behaviors in the re-exposure term were significantly shorter compared to the initial
exposure term in the saline group [Figure 6B, latency of retrieving first pup: saline: t(16) = 5.804, p < 0.01; latency of
retrieving last pup: t (16) = 5.375, p < 0.01]. Conversely, the latencies of retrieving the first pup in the OTA group were
significantly increased in the re-exposure term compared to the initial exposure term [Figure 6B, t(12) =—4.768, p < 0.01].
In addition, the latencies of retrieving the last pup in the OTA group did not change [Figure 6B, t(12) = —0.78, p = 0.45].

An OTA was also injected before the re-exposure term. The latencies of retrieving the first pup in both the OTA and
saline group were decreased in the re-exposure term compared to the initial exposure term [Figure 6D, OTA: t(8) = 2.89,
p < 0.05; saline: t(4) = 2.82, p < 0.05]. In addition, the latencies of retrieving the last pup in the saline group showed a
decreased trend in the re-exposure term [Figure 6D, t (4) = 2.748, p = 0.051]. However, in the OTA group, there were no
significant differences in the latencies of retrieving the last pup between the initial and re-exposure terms [Figure 6D,
t(8) = 1.577, p = 0.153].

Discussion

Neglect of infants is a crucial issue that needs to be addressed not only in human society but also in animal
management. We recently proposed there is a positive-loop that exists between a parent and an infant, such that social
and affiliative interactions within the parent-infant dyad facilitate bonding between them, resulting in more frequent
parental behavior (11). Better understanding of the neural mechanisms involved in the positive-loop that facilitate
parenting behavior could potentially be useful in identifying a solution to neglect. With this aim, the present study
revealed the influence of OT on the MPOA in facilitating parental behavior.

Through the acquisition of social experience with pups, latencies of parental retrieving behaviors were reduced. In
addition, more social experience with pups also resulted in higher density of c-Fos expression in the MPOA. These results

suggest that behavioral and neural changes in the MPOA increased and depended on the amount of social experience
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with pups. Interestingly, in the re-exposure term, when the high-experience group showed increased retrieving behavior,
increased neural activity was also observed in the mMPOA and LPO, but not in the MPOM. This result suggests that
there were regional differences with respect to retrieving behavior control, and is supported by literature that shows
the distribution of c-Fos expressing neurons differs between subregions during maternal behavior (32, 33). For example,
postpartum mice, which may have increased parental motivation, showed a high density of c-Fos-ir neurons in the
lateral area of the POA following exposure to pups (34). Moreover, lesion of the lateral part of the POA has been shown
to disrupt maternal behavior in rats (16). Furthermore, in contrast to LPO, the central part of the MPOA (cMPOA), a
region that may be involved in the mMPOA in our study, has been shown to suppress infanticidal behavior (34, 35). It is
possible that the cMPOA controls aggressive motivation toward pups, while the LPO facilitates and/or maintains parental
motivation. Several studies have used the optogenetic method to control for specific neurons in the MPOA (36, 37). This
type of procedure could be useful to further clarify the roles of subregions in parental behavior.

This study further showed that OT systems are key mechanism in the regulation of retrieving behaviors induced by
social experience with pups. Changes in retrieving behaviors, c-Fos expression in the MPOA, and the percentage of
double positive neurons in the PVN and SON were related. Activation of OT system was increased by social contact, such
as vaginocervical stimulation, mating, suckling, and touching (38-44). OT release facilitates affiliative behaviors (45).
It is highly likely that repeated pup exposure with direct contact facilitates retrieving responsiveness via OT release
from OT neurons. This possibility is confirmed by the increased OT concentration in the MPOA that followed social
experience. However, there was some discrepancy in the relationship between the facilitating effect of pup exposure and
OT concentration in the MPOA. We expected that the high-experience group would show the highest OT concentration,
but the high and low-experience groups did not differ in OT concentration. One possible explanation for unexpected
result could be the timing of extraction of brain tissue for EIA. In this experiment, brain tissue was sampled after 20 min
from exposure to the last pup. Therefore, there was a large difference in the period of time from the beginning of initial
pup exposure to the removal of brain tissue between the high and low-experience groups. Future studies are needed to
investigate the time course of OT release using high time resolution methods such as microdialysis or calcium imaging.

It is also known that the actions of OT are mediated by binding to OTRs. Therefore, we additionally examined c-Fos
expression in OTR-venus-ir neurons and OTR mRNA-ir neurons in the MPOA. We found the high-experience group
showed a higher percentage of double positive neurons particular in the LPO. These results revealed for the first time that
social experience with pups activates OTR expressing neurons in specific regions of the MPOA. There are large numbers
of OT fibers that project to the pituitary from the PVN, near the LPO (46), and OT can be released somatodendritically
from magnocellular OT neurons (47, 48). Therefore, it is possible that OT sensitive neurons in the LPO were activated
by OT that diffused from dendrites or from passing fibers. This theory is further supported by the suppression effect of
OTA in the MPOA. This result is also supported by previous studies that reported the onset of maternal behavior was
facilitated by injection of OT (49) or delayed by injection of an OTA (50). We additionally revealed that the facilitating
effect of social experience was blocked by an OTA. Conversely, injection of an OTA before the re-exposure term did not
prolong the latency. It is possible that OT is not essential for the established behavior, but rather might be critical in the
initial processing or encoding of social cues and behavior (51-53). These results strongly support the idea that OT is an

important trigger for facilitating retrieving behavior.
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Figure 1. Social experience with pups shortened retrieving latencies.

This figure depicts latencies of retrieving the first (A) and last (B) pup in the low- (n = 14) and high-experience
groups (n =13). In both groups, subjects were exposed to three pups, and the latencies of retrieving the first and
last pups were measured. In the high-experience group, subjects were additionally exposed to the same three
pups, 5 times. This procedure was defined as the “initial exposure term.” Four days after the initial exposure
term, subjects were re-exposed to three pups, and the latencies of retrieving were again measured. This procedure
was defined as the “re-exposure term.” The high-experience group, but not the low-experience group, showed
significantly shorter retrieving latencies in the re-exposure term compared to the initial exposure term. **p <
0.01, paired t-tests examined differences between exposure terms. Error bars denote mean * standard error of the
mean (SEM).
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Figure 2. Social experience with pups induced a high density of c-Fos in the whole medial preoptic area (MPOA).
(A) In the initial exposure term, the low-experience group (n = 8) was exposed to three pups only once for 20
min. The high-experience group (n = 7) was additionally exposed to three pups for 20 min, 5 times. The non-
experience group (n =38) was not exposed to pups. Ninety min after the initial exposure term, subjects in all three
groups were perfused.

(B) Depiction of c-Fos immunohistochemistry in the MPOA after the initial exposure term in the three
experimental groups. The MPOA was divided into three subregions based on the brain atlas. medial preoptic
nucleus, medial (MPOM), medial part of MPOA (mMPOA), and lateral preoptic area (LPO). Enlarged views of
dash square areas are shown below each picture. The scale bar in the wide-angle picture is 200 um, and in the
enlarged picture is 50 gm.

Quantification of the number of c-Fos-immunoreactivity (ir) neurons in the MPOM, mMPOA, and LPO of the non-
experience (gray bars), low-experience (blue bars) , and high-experience (orange bars) groups. The number of
c-Fos-ir neurons in the whole MPOA increased and was dependent on the amount of social experience with pups.
*p < 0.05, **p < 0.01, one-way analysis of variance (ANOVA) with post hoc Bonferroni tests. Error bars denote
mean * standard error of the mean (SEM).
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Figure 3. Social experience with pups induced high density of c-Fos in the medial part of MPOA (mMPOA) and
lateral preoptic area (LPO) in the re-exposure term.
(A) Four days after the initial exposure term, subjects in the non-experience (n =5), low-experience (n = 10),
and high-experience (n = 10) groups were exposed to three pups for 5 min. Ninety min after the re-exposure term,
subjects from all three groups were perfused.
(B) c-Fos immunohistochemistry in the MPOA after the re-exposure term in the three experimental groups.
Enlarged views of dash square areas are shown below each picture. The scale bar in the wide-angle picture is 200
um, and in the enlarged picture is 50 gm.
(C) Quantification of the number of c-Fos-immunoreactivity (ir) neurons in the medial preoptic nucleus, medial
(MPOM), mMPOA, and LPO of the non-exposure (gray bars), low exposure (blue bars), and high exposure (orange
bars) groups. The high-experience group showed a higher number of c-Fos-ir neurons in the mMPOA and LPO,
but not in the MPOM. *p < 0.05, **p < 0.01, one-way analysis of variance (ANOVA) with post hoc Bonferroni
tests. Error bars denote mean * standard error of the mean (SEM).
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Figure 4. Social experience with pups induced neural activity in oxytocin (OT) neurons.
(A) Expression of c-Fos in OT-immunoreactivity (ir) neurons in the paraventricular nuclei (PVN) and supraoptic
nuclei (SON) following the initial exposure term in the non-experience, low experience, and high-experience
groups. The arrowheads indicate double-labeled neurons. The scale bar is 12.5 ym.
(B) Quantification of the percentage of OT-ir neurons expressing c-Fos in the PVN and SON in the non-
experience (gray bars, n = 6), low-experience (blue bars, n = 10), and high-experience (orange bars, n = 10)
groups. Social experience with pups activated OT-ir neurons in both regions. *p < 0.05, **p < 0.01, one-way
analysis of variance (ANOVA) with post hoc Bonferroni tests. Error bars denote mean * standard error of the
mean (SEM).
(C) Correlations between the number of c-Fos-ir neurons in the medial preoptic area (MPOA) and the percentage
of OT-ir neurons expressing c-Fos in the PVN (n = 25, upper panel) and SON (n = 25, lower panel). There were
positive correlations in both regions. **p < 0.01, Pearson’s correlation coefficient.
Quantification of the OT concentration in the MPOA after the initial exposure term in the non-experience
(gray bars, n = 8), low-experience (blue bars, n =16), and high-experience (orange bars, n = 13) groups. Social
experience induced a higher concentration of OT in the MPOA. **p < 0.01, one-way ANOVA with post hoc
Bonferroni tests. Error bars denote mean = SEM.
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Figure 5. Social experience with pups induced c-Fos in oxytocin receptor (OTR) expressing neurons.
(A) c-Fos (red) and OTR-venus (green) expression in the medial preoptic area (MPOA) in the high exposure
group. The scale bar is 200 gm.
(B) c-Fos (red) and OTR-venus (green) expression in the lateral preoptic area (LPO) in the non-experience, low-
experience, and high-experience groups. The picture of the high-experience group was magnified from dashed
square areas in (A). The scale bar is 50 um.
(C) c-Fos (brown) and OTR-messenger ribonucleic acid (mRNA; blue) expression in the LPO in the non-
experience, low experience, and high-experience groups. The scale bar is 12.5 um.
(D) Quantification of the percentage of OTR-venus-immunoreactivity (ir) neurons expressing c-Fos in the medial
preoptic nucleus, medial (MPOM), medial part of MPOA (mMPOA), and LPO in the non-experience (gray bars, n
= 6), low-experience (blue bars, n = 8), and high-experience (orange bars, n = 8) groups. Social experience with
pups activated the OTR-venus expressing neurons. *p < 0.05, **p < 0.01, one-way analysis of variance (ANOVA)
with post hoc Bonferroni tests. Error bars denote mean * standard error of the mean (SEM).
(E) Quantification of the percentage of OTR mRNA-ir neurons expressing c-Fos protein in the MPOM, mMPOA,
and LPO in the non-experience (gray bars, n =5), low-experience (blue bars, n = 7), and high-experience (orange
bars, n = 7) groups. Social experience with pups activated the OTR mRNA expressing neurons. **p < 0.01, one-
way ANOVA with post hoc Bonferroni tests. Error bars denote mean = SEM.
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Figure 6. An oxytocin antagonist (OTA) suppresses the facilitating effects of social experience with pups on
retrieving behavior.
(A) Subjects were injected with an OTA (OTA, n = 13) or control saline (saline, n = 17). Thirty min after the
injection, subjects were exposed to three pups 6 times similar to the high-experience group. Four days after the
initial exposure term, subjects were re-exposed to three pups and latencies of retrieving the first and last pups
were measured.
(B) Depiction of the latencies of retrieving the first and last pups in the OTA and saline groups. In the saline
group, both latencies of retrieving the first and last pups were significantly shorter in the re-exposure term
compared to the initial exposure term. In the OTA group, latencies of retrieving the first pup were significantly
longer in the re-exposure term compared to the initial exposure term. **p < 0.01, paired t-tests assessed
differences between exposure terms. Error bars denote mean * standard error of the mean (SEM).
(C) Mice were exposed to three pups 6 times similar to the high-experience group. Four days after the initial
exposure term, mice were injected with an OTA (n=9) or saline (n =5). Thirty min after the injection, subjects
were exposed to three pups and the latencies of retrieving the first and last pups were measured.
Depiction of the latencies of retrieving the first and last pups in the OTA and saline groups. Both the OTA and
saline groups show significantly shorter latencies of retrieving the first pup. *p < 0.05, paired t-tests examined the
differences between exposure terms. Error bars denote mean = SEM.
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WhoZe WM P74 A1 H~PH304E3 31 H
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g5

YA BWTC, WEHOBARN L ) SR CABWICHEILT 5 &, BAGRO IV F I AT O L OBRGUW. ANEITH
O¥R, BI¥HED BDNF EHEOWARBE L LN E o> T D, — T, RIEEIL S 7z~ A2 BDNF &
HEOMENRG 2179 & RETEINRUESNL ZEDBO 5N TWS, RKifsECld. BDNF & & FEEOREZ
b2 7,8DHF |2 & o T, BHIBELIZ L 2 AR ZTEOUED RO LN D e ii~7z. FHIBERLIRIE & FIEIZ~ Y X ORFEH
%12 7,8-DHF O#HI Y — b oAk, TR L7212, @K TR X 2 AL E) Ol & . BDNF &HE D
mRNA &= DfI7E %17 - 720

ZOFER 13 Ol CHEEAL L 2B GEEBFLIF IS N TARLITEHA LA 2 E & S5z, /2. 7,8-DHF
HH Y — PO TIIRIIBEAL OB ESYGE SN L EAPRO S/, T E Y, BRI X 2 48% EAx
L T 7,8-DHF Hei&sh R % & O REIEAVR S 7z,

#E

BDNF (&, #fEw vk, —o— o a4, MER. A L AEPEICEL 2 TWEEEE L LTHLMIZENTE
fcma—utu74r773)—0O—BTHY, MEROFEEZECLE. FH., EWIKED LD 2RO TEERX 7 =X
AIBWTEELREEHEZH> TWwb, BDNF &HAEEBOZILIE. 52, TADA, TYINAI— NyF Vb
VHE. X=XV Ui EOEEE LS LT \wA Y, BDNF 3, B EIE TR E SHASBE LD, vy AT
i3, RIETL 52007 0E—F —FHEOFEIMOEN T 5, K4D70E—%—IL, 5\ 5 noncoding exon 2* 5 x5
S, D 3 coding exon LHAEDE S, 29 L TESN/ 5O 7 1€ — ¥ — 13k BDNF mRNA %% BDNF %&
HEZI—FT2ZENFHLNIR> T D, 5HEEOTHE—SY —HKEBDNFmRNA © 5 L, 7HE—¥ — 4 HED
BDNF mRNA %, DNA O &= % RNA ICEE$ BRI 5§ 2B [K] T CTd 5 calcium- response factor (CaRF).
methyl-CpG- binding protein 2 (MeCP2). upstream stimulatory factors (USFs). % L . calcium/ cyclic adenosine
monophosphate (cAMP)-responsive element binding protein (CREB). DiE& &ML % #07-%, BDNF ZH M FRA T
HHLEZLNTWEY,

K4 DT T A4~ —IZH¥ T % BDNF mRNA (&, HAE/MEAEIZB T proBDNF EEHENEFIRS N, IV EEL %
T P ATV Ay bT =2 (TGN) I2EAZ i, /MBI E E NFIREE T, SHBHIMI AT 3 5 T3 W
REHEIZ% SN 5o proBDNF & H % & A 75/MakiL, BHRZGE L BIIRZGEBL, MR RKmICHX SN, 7RIV %
Eoffifast7a T 7 —EiZ ko THIBDNF ZHEICER SN S, proBDNF &ZHE X, 7R b= ADFEBICLER
WETHLTANAAL Y 2HTHpENTR &G LT, 7R M= RIS T %, —7. B BDNF HEEIZ, A
O, b, EREER CEE 2 %% % #O tropomyosin-related kinase B (TrkB) & B3I & L. Mlad:fr, Mk
WL S 3 2 2 e TR o Twde 20 X912, proBDNF & HH & il BDNF 4 5 B 1 2% L TR
OIE%EH T %o Lo L. proBDNF & & it BDNF & 2500 THET 2 2 L EHEETH ) . £ < O T,
proBDNF & 18 & 1i# BDNF &1 % &b Tl L. BDNF &HH L L Thz L TEIRPHEIEICOWTHB L Tw
20,

A BDNF & HE WX TkBE#H AT H I LWL TC.TrkBo gt R OHCY Y Bibx F % L.
phosphatidylinositol 3-kinase (PI3K) # A 4 — K. extracellular signal-regulated kinase (ERK) # A 7 — I,
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Phospholipase C gamma 1 (PLCy) # A4 — FUEDFI 32D Y 7 F MEEH A7 — FEEWH (LSS5, ThoDh R
7 — Fix. CREB @ & 9 G N T 2 G L L. i 8k, = o — o A, Mifadfr. A b L Rk
L\ o7 BDNF BREZ J6HE 2 %Y, $720 ShoDh 27— Nid, BRA2EHZ2ET L2 ENWHLDE > TWA,
PIBK # A% — F& ERK 71 A% — Nid, Mk R#ES L OMBEFICES L, PLCy B Ca™ oMMz 5] &2 =
FTEHEENT WD, BDNF 1 A7 — FAEMEAIL$ 5 CREB @ & 9 %85 K T3, BDNF O#E G HI#E T 5 720,
BDNF & TrkB 0GR, MMRICAE LS 7 A7 — FOWEMALIE, IEO7 1 — F8y 7 & LTEH L. BDNF O %

CeEZ LB,

BDNF 1Z9 298, TADA TIVINAT—, NUF 2 M UE, N=F 0V Ui EORBEOBEIERH S Tw»
Lo, ERTOMHMNERZE0 T2, Lo L, WILBEOSHE 202, LM E. @HTTbh b7zl
M R % lal T & 72\ 7 &, R R 2 =W ENRERY 2 [ % BDNF 138 L T\ 5729, &SR H k527 H
HETHY ., EERICHEREETET LUERIIES TV v, J4E, BDNF OB RIYZHEMAR TS 5 TrkB & adfRs
A b ORI & LT 7,8-dihydroxyflavone (LT, 7,8-DHF) &9 7 5K v ik —fEasifs s n-", 78-DHF
\Z. BDNF & [[@#kI2, TrkB O &M LK. HOY Y BIb. ¥ 7 FVERED A7 — FOEE LR &2 F5 L. MEs
LMD L 9 % BDNF OiEA H L T\ b, 72, 7,8-DHF KT TH % 72D IR P % il T & 5 7 &,
BDNF 23F0 3B RE IR % il L T b FERICEE R O OB IREME T, BAh /S — % > v ViREY €
TR T BGERIRDPRO N T 5728, BDNF ICHT 2RBOGHER L L THRFIN TS, TolmHIZBWT
3. REIEERL S 7o~ 212 7,8-DHF O &S #5512 & 0 A4 E 1% BDNF #RH# = 5-2 5 & RRATEERLIC X 2 A2 T8O
BIMAYETEL I EHAPL TV D CREET—%),

SATHEZE D &, REIEEFL S N7z A~ A, BIBEATE 2 35\ T BDNF mRNA K OF BDNF Z& FE O FH 25843
HIEFMLRER-TVAEY, TNHEDZ RS, REIEEILA 2~ 2 THE SN D RETH OIS 5 BT
MAHIEA T CH D L EZ DN D, REFRTIE, FIEEIAL S N/AKEE T, RBARD 2 W IZBRABEOT <Y A1
78-DHF & % IO SEH] > — b % GIEEAT RS 2 2 & T, miSEATE /AT (2R Y BDNF AR % 5- 2 72
BE. EZORIEBEAA~OUWEL AL 72,

MHRERE

B

HAHEWE LT, HAZ L 7HRASH L) EASNATEEICB W TEIEMIRESNTE 2 ICRAY Y A (jclICR,crl:
ICR) ZHw7=,

fill B B

B I3IREE 23°C . WREE 50%. W) 12 Wef], W) 12 RER (6 FERUXT. 18 IREHAT) ICHHET S zBi =N TRy — 2
(175cm x 245cm X 125cm) THEF SN, KEB Z 1213 Corn Cob (Shepherds Cob:SHEPHERD), ¥k (/3= 2
aN @ kT D4 A T AR ARz, FEREEA S — 2L 512, KRB E OZHIEEAN 1A 1 EE L,
FEHT, BIERICIRBRHEEFAEE LT, YA - Ty b - NAZRY =BG (F1: 4 2y VRS &
L., EPICATHEBARE LT, v7 A2 - 5y b - NARAY—ZGEH (MM-3 : #+ ) = > & VR &)
AR L. A8 L7z KITHBERE L7,

K

MRBLEOMMED YT A% XRTIZLTHr =Y CHEIL. I NEHE L THW, [~ 234 % 0 Hi# (PDO)
E LTz BEHENSVHAIZ 1 His (PDD) FTICIIBICOEHAL0IE (FHIF A - A2 =1:1) I2%5 L9 I2@KkL
7oo ZORBIE, HEALBREE CTHBUT L L ICH—F — VICTHE L7,

EVA g > — MMER

INT Ly 7 A (ZF - TaRy - RK) 7 IS 448 (89 100mg) % 1.5ml 72— 7 (TreffLab: KPR
FREUAH) (ICHLD . 70% =% J — )b (86%Ethanol Me Denaturated: FlIEHI3E T3NS 2 AR L TR 750 ul 1212
L. VORTEX (speed2) 2[5 L C 304~ 1 EERIZ & ¥EE L. implant 2B UHMES RIEL R Z S v X ) 1Tl %
L72o ALY /= VDA ZHET, TNTLy 7 ARFATA TOLICEES, ERMEZRSE, @RI N7y
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7 A% L\ 1.5ml F 21— 7 (TrefflLab: KB #EH) 12 AN, control H & — M IZ1d 2% Fast Green FCF &%
(DMSO TH#i%) 10ul. DMSOI0ul, ¥ 200 A% > 1ml%. 7,8DHF Y — MIiE, 2% 7 U7 > b 7L — il
(DMSO THifi) 10ul, IM7,8-DHF (DMSO THEiH) 10ul, ¥ 00 A% > 1ml #4544k L 720 VORTEX (speed2)
WCEELCTIRMIZERE S, ZRICTNT Ly 7 AREPLIE. ARy —VIZHERESEL T, —80CTHHK
JE 12 30 4313 & ALBURE S 8720 SR L 728 iE % —20C I AdL. over night €7z, BN~ EVA #E> — b % 3P fAE s
HHENZ. 05cm X 0.3cm T EDRE S8 H 72172,

T— MEHE - BURERLIRME

T~ 2A0%H%I3HEE/2E 14 HH (PD 14 721X PD14) (2, ArSERTE R ATRAEALE 1 ReRI DL ERTICr — Y % %
BREABE) S, WERE 15 5L EmickEL@ME L, B4 4 K (DW) 2% 2 L 72 2,4,6-Trinitrophenol (Picric
Acid) (FYEiSE TR AH) ZHOTELRF >N ¥ 7 24T o 720 B2 REFOEDN D7 HEES 111274
B XN 2B, FIEEILEE L B E AL, SO WVIT R 2R L 7o £ BICB W T 7,8-DHF ¥ — b
HowiFary bo— )by — bR, ASEENRBA T S 28T, @EHL Lo ba—vy— ME GEEEE
7L control #). MHEHEFL L 72 7,8-DHF ¥ — M GEFHEERL 7,8-DHF #). BHIMEALL 722> bo— v — M (RHIHE
7L control #£). FHIHEFL L 72 7,8-DHF ¥ — M#E (FHI8EFL 7,8-DHF BE) @ 4 BEAMERL L 720 ALiEf2. FHIBERLIF 38 L
VIR & & B 2 AN — DI L, ZRAEE - ME R OEEAE (F-1 & MM-3 : 4+ =¥ & VB R %
M) EMERRICLAZDORE 272 BEBIALIZICOr — DR L, @E LT~ 7 2AORE D EER T L2 N T
BEBEHIAS~ 7 22 H LR E LB M2 AN/ohr — VI L7z,

21 HiG (PD21) #E

Ml E CHE T AE. A% 21 HE (PD21) (R HBEFLEE &2 MEMERNICHT L VIR & & M 2 AN r —DIc8
L. SEELEL B L NOF LRI X L B b2 ANy — DICERERNICR L. 8 Al E THE L7

8 WMHIZZE L 72AF~ 7 ATE B TR AR 21T 5 720 RBRFIIG O 2 BRI DL LRI HAE ) 2 TEIB R =~ L, %
BRERBEIAEIML L 7o SUBRISATEIBIZE (RAE 23 £ 2C) C. BHENOREIT 2 BT L Tt o 720 BZER TR I23EL
Vo VBT, #MBEDO L VF -7 7 =4 2K (5em x 25em) &S 5em OB L > THENLTWE 70— X
T—2£2%& 5em x 25cm)y INHOHRIIHL5X5ecm D=2 — b TV =V ROBRINTnD, 7z, #KED
IRHNZR A HEE 30cm & 725 X ) IFKE L7z ERBBRICIIEREYOEILI =2 — NIV — ORIk S &
VA =TT = DT TEHNICES ., T8 % 15 0HEE L7z EBRPIZT Y APET LLEICE, A—07—Y
WIRRL 30U ERE L THh S BHOERZIT> 720 EthovisionTX10 & W T, $WHEEHT —F DIF 7 ADET — L
DAL, W7 — 2EAMBOEF F7 -2 L =a— TV — 2 TOWERRK, W7 — A~OHAEHOEF
BEFHE., 4 — 77— A ~OHEANEER B L AR =R % 147 L 72

HERI - RNA i

BT, WEEEILEE L D ISR T R T R A R UL ERRE L RO Y S v T AT o 72 1 IERY
Db B CHIML L 7o fh, FEMERLENC & D B0 S8, REZRE LIS L, A2l Uz, il L7z
TULAYATAY— (XY AATVA Y AT A% — TV I=7 A, MB-ALLI-C. 1mm I 1), SMTHMARR )
ECaur VIRIC L S OEEIBIIEOBIEEL B 7ok ETiro 7z, ZOWTH A S RiEESE (Prl) % Sample
Corer (2mm. 18035-02, ZHI Mk o) 2RV F 7 b L7, 28y F 7% b L7#A1E RNAlater RNA
Stabilization Reagent (QIAGEN) % 100 ~ 150 ul 477E L 7z 1.5 ml F = — 7 (TreffLab: KRR &) 12 AN 72,
Z D 1% 1% RNeasy Protect Mini Kit (QIAGEN) % T, mRNA it 217> 720 FIHIZHE 7O b a—ViZfit- 72,
B2 TR EE A TR & 48 BRI DL BB R IR &2 4T o 720 FEBRE T LIEMI DL RBIML L, SEMHERLEIIC & ) %2
S, WiE LASICHTETT R 25 L 7z. 5 L 72 BERAL 1. RNAlater RNA Stabilization Reagent (QIAGEN)
%100 ~ 150l 3iE L7z 2ml F 2 —7 (7 A7 Y #R&H) ICANz. £, 1000 ul O TRIzol®Reagent (F 1 7
T 0T =y S UREEH) %407 L 72 Soft tissue homogenizing CK14 (Bertin TECHONOLOGIES) & 5\ it A
) a—Fxy7Fa—720ml a=ANVEEE (7~ oSt ISR oA E AR, € XAKRET S A Y-
(Precellys24 : v 78y — U #RaR&4h) % v 6500 rpm, 30 #5, 3cycles (10 #MEIRE) DR%sE THUER % F3H: L 720
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DNase L3

WIZIRA /7 2 DNA B 72912, 10 x DNase 1 Buffer - Recombinant DNase I (RNase-free) - RNase Inhibitor
(#1954 F kR 4*E) . Ethachinmate (B &= v K> - ¥ —>) % BT DNase MLF %175 72, FNH(Z DNase
70 k3= VIfEo 7z,

mRNA 2Bl

DNases ZLE L 72 mRNA % > 7 )V O & 260 nm WOGE /280 nm WG LIX. NanoDrop (h—E7 1 v ¥ v —H 4
IVT4 74y 7AEH) 2HOTHE L7z, EARRIZIE 260 nm WIEREE /280 nm WSEREELL DS 1.5 LLED ) 7L % 4f
L7z,

cDNA 1t

mRNA (X, 77 & 3 w729, SuperScript VILO ¢cDNA Synthesis Kit (invitrogen) A\ T, ##x 5 (reverse
transcriptio;RT) Z 47\, &4 > 7V 02 ug/ml 2 ® mRNA % cDNAL L 720 &4 > 7V ® mRNA & &HE K (K
BRI NSH) OFEE % 14ul 12 L, 5X VILO Reaction Mix (Invitrogen) 4 ul & 10X SuperScript Enzyme Mix
(Invitrogen) 2ul WMz, &7F20ul % 0.2 ml 72— 7 (BIO-BIK No.T-02 : kR &HA F - 774 4) TR L7,
F—<nH 42 I~ (MyCycler N4 7 - FRF b — TR &4E) 12T, 1043 25T, 6045 42C. 545 85C OiffnBE X
8% 475720 cDNAALES MW v 7 vid — 20C TR L 72

E MY polymerase chain reaction (PCR)

£ 1Y PCR & Thermal Cycler Dice Real Time System Single TP850 (¥ 4 5 /34 AR &4E) #H W/ 2% ¥
% — K - 4%~ 7 )V - Nuclease-free Water (Ambion) + SYBR Premix EX Tag I (¥ 7 954 X&) - 7954 < —
(HPRT - BDNF1 - BDNF2 - BDNF3 - BDNF4 - BDNF5 - BDNF6) (85 : BDNF3: # % 5 /54 4 #i&4k. BDNFL. 2.
4, 5, 6, HPRT: MR &tt=v K> - =) - 8#F 2 —7 (0.2ml Hi-8-Tude: & 7 7 /34 A HAatt) - 8 #F 2 —77
% (0.2ml Hi-8-Flat Cap : & /1 /3514 AR E&4E) 2 HW 2,

A Y v F— FNIZEHD cDNA ¥~ 7 )V % 4T, EASY Dilution (% &1 /84 F ¥z &4) T 1/8, 1/16. 1/64.
1/128 12 4 BRBEARIM L 72 b DR ze 9, 4RI Y >4 —F (STD) &, cDNAH Y 7 WIZBWT, & =7y i
BT T 54754 ~<—H%ED BDNF BT LN AFxF -V ZF@BfaTTH s HPRT @ Ct [z RKdzo TDk, ¥ —
7y MEIETFIZBIT S cDNA Y > T Vo Ct iz, ¥ —7 v MEIET O STD 2 572 MERIH TEH LI LT, ¥
TNVDY =y VRIZFEBEERER L, F20 NI AF—E Y SBIETICBIT S DNAY Y T Vo Ctlizx, /N A
F— VU HEETO STD 2 B 72MEHICH TEO, NI AF—Er ZFBETHEHREZHEH L2, 20 STD 4> 7
BTN AF -V FRIETFREED?D .. MIEESHREROEE AFTELMELAZ LT, #—7 vy MEETEHE
ZHEM L7 2O STD ¥ > 7WICBIT BT A% — ¥y ZF#EfaFEHEs» S8 M S 7z BDNF #ZF3HE 2 AL
TE&F Y TVAD Y =7y MRIZTHRBIE /STD > TVIIBI AN AX - F#EIETFREAREP SRS NS —
7y MEE TR E % Relative Quantity & L7z (K 2-5) 0 ARIETIX, FEOMEM ZMIET A 72012, FEAOEE#EFL
< 7 AP Relative Quantity ‘P39 T &l D Relative Quantity Z V) . 57218 % Normal wean ‘P58 & & L THEH L
72o cDNAAL L 729 ¥ TIZ R K (RFEEEHRASH) 2T 20 &R L THYv. 77 1 ~—I&. Nuclease-Free
Water (Ambion) % H\T 10 uM (ZFHEIC LT L 720

A& v — FRY ¥ 7 I)ViE, SYBR Premix EX Taq I 12.5ul. primar Foword 1.0 ul. primar Reverse 1.0 ul &
Nuclease-free Water (Ambion) 9.5ul, A% ¥ % — FH L WIEH > 7))V 1ul R L 72 PCR Kt it 95T 30 # %
lcycle. 95T 5 # & 60T 45 # % 40cycles & L. PCR 212 Dissosiation & LT 95C 15 #. 60T 30 #. 95C 15 #
7ol 794 —0MWE L, Byt LT, BDNFL X, 95C 30 # % 1cycle. 95C 58 & 55T 45 # % 40cycles &
L. BDNF3 iZ. 95C 30 # % 1cycle. 95C 5% & 60C 30 # % 40cycle & L7z F7-. BETHEIAERIET > TV %
Triplicate IZCHEIZE L72b 0% FIfE L L. FOE#E(FZ (standard deviation ; SD) 25 15% L b & %5728 DIZDWT
X, EBERE L THW D072,

AT AT

T — ZEHTICIE, SPSS statistics 17.0 (SPSS Japan Inc.) # Wy, EZER Tk atER, AiSERTE @ BDNF mRNA %
BlEllh o, MRS, @ HERL L 7o 58 GREBETL control #F) . FLEEFL L 7oiE B4 5-8F  (FLIBEFL control
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). FHEAEEFL L 72 7,8-DHF ¥ 5-% (FFH#AREFL 7,8-DHF #) o 3 BERC. DA (one way ANOVA) Z1TW4D
B o#sE & LT Bonferroni 2475 776

fER

14 A#GTY — ~ R - BIIEEFLERE 21T o 7o~ 7 A Tid. MEHE & b 12 @R EERL control B, FHIEEFL control B,
HHEFL 7,.8-DHF #, FHIBETL 7,8-DHF # 0 4 #H TRAXTFREABRO A — 70 7 — L#EAREL, +— 727 — 4
TERER, AR, WEREEB L 20 ZHEICBWTHBELREIRDO N o7 (M1-16),

13 HETY — PO - RIEFLIREEZ 1T o2~ Y AT 14 HEmFERRIC, ML S ICEELETRO LN Lo/
(B0 17-31)

8 B+ A~ 7 A2 BT Z ATHELE BDNFmRNA O% B % #i7- ([X33-34)

14 B#TY — b OB - REABESIREZ T o724 A~ A Tld, #@EBESL control B, FHAMESL control T, WHHESL
7,8-DHF #. HiuEsl 7,8-DHF # 0 4 #EH CTriSEZE O BDNF6mRNA EHEICBWTAELREZITFROL N R0 072,

2

EARNTTFREEICBNT, A= 77— AMEARE, WERH. EAREER, WIERHE R IEED/N S WIEEARNLITE)
MBREVE V) REATHORIEL 25,

14 B CEBRET o727 7 AT, =77 — AEARES L OHEARIEER, WIERR B X O ER R ERICB W T

JHFHEFL control B, FIIBEFL control BE. EEHEAL 7,8-DHF #. FII¥EFL 7,8-DHF B 4 BER CARLATENC 21X A S
NZeh oz, F72, FIEEATE BDNF6mRNA EHEIZOWT L 4 B TEIEI L Lo 72, ZOMKEIL. BHHAL I /4
2 A TR ICALATEI 2N L. B9 © BDNFMRNA SRR T 5 &) e T L3Rz bikH e
o7,

13 HE CEBRE AT o724+ A~ A Tid, #HBEFL control B - FHIHEFL control B & Ml L C R #IHEFL 7,8-DHF B C
=707 — LAHEARBERD Z Tlﬁf)‘i%ﬂ[lﬁ'éﬁfﬁlﬁ‘ﬁ@&) 7z, HWEBEFL control #E & FHIEEFL control BE DM IZ
IO LN o7z,

14 HiCEBRET 727 T ALB W TEITIIE L B2 28R E 2o ZHNE LT, RERTHEA LYY AN E
TOICR LB L TRENF (., RUMIALOBEZ 2T W ENERON5L, 13 HETHEREZIT o723 7 AT,
I8 #EFL control £ & B HIHERL control HEO M THRETMICH B R ZIBEON Lo 72h, 7,8-DHF ¥ — b 2R HH L /-8
TAATEN & U 2L b7z, REBRTIE, 7,8-DHF 2SR B L 2 BB *UET 2R ITED SN0 -
72D REFTE~NOUEDRIIMHETELLEZ N5, 13 HMTOEROBRIZL ). TEFERIC BV TR
control # & B HHEFL control FEDOMIZZEAE L IUT, FUIREALOREIIX 3 5 7,8-DHF OUERNRATFED 515 1 1ig
WrsdhsEEZ LN,
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O70¥YxzY kNo. P 156—05
HRr—<
IORICHI DEMITROS FREBOR

WhoZe WM P74 A1 H~PH304E3 31 H
Tuy oy MR AKER (R
Tuy oy MR EAR—F (HRE)
Tuy ey MR kEER (HEES)

B=

THEN R E, MEEOIBENRE;H F IS ORGT 2 HR T, BAEN2EEEL wbLTwh, Y7 AIZBWTLH
HIGERERDPHER SN TV D T2, HERGICE D WA TIE, TRPVL &\ ) KRR &S0+ D FE B A2
HDHNTWDS, £ TARIIETIE, TRPVI SEMATENICES L T b EE % 2T, TRPVI K~ 7 22 W T,
TRPV1 29 ARG AT S RRE 2Rz R~ ) Y RGICE DA ZFHR L, HAITEEIRGE % /2 72 0 [l TR
L7z 20, TRPV1 KIEY 7 A TIREBERDEZ S h v o7z TS5, TRPVLIZERIZ R AHEI RS-
LTWwa 2 Edbirolze GkiE. JIUME) MNELZ: & & 5 7% 2 ZEONGENLETH 5o

®’E

MEIFED > TWEHTERLE, HFDRLL)ITHEWEWE L TWA L) RESIRAEZ L, FEL DAL /2
ERDHBEAI), TDXD) HIEREN L, SELEEHICOARONL LD EEZLNTE 2, L L 2GR
Faikio b 2 BBERO L) 2BR EHEB S I LHTWE Y,

O L) BIBEEHEEFTIATHRTIE, W7 — YV TREIN YT A2 RICHAZED RV~ ViR E ST
HEBENITONT e TOFEBRTIX, 2IEOY 7 AZFREDO R V<) VEREZRG Lz 28, 2ILZNENELR LIRE
DENTY) VEREHEG L2 LT, MARZERTITHOREAN KBS N, ZO/KE. BFEEREY. 77— 24
MIIEEE 24 SNzB e B L. ZEEE LIS VIREI RS SNZBFADY EAT L 2 R anz?, o
i, MEERSE L TR IEANEDL Y, BEDPEL TV LALHE > TS5 5HADITE 25 B L5 2L
ZZLNTWwWh,

F 720 FAOPRIEERMIZIE, TRPVL & W) BRNRAES ST 5 L Twb, TRPVL X, HBWEERE, b
HTYDOFREGTHLN T AL e, SESERBFERHUC L o TEMLT 2 LHERAZEETH 5o FLATH
FEIZB W T, TRPVI Z BRI S S/ #RTHEY T A TR, RIBEORVYY) VST 2AITEI2NEA 35 2
EARENTEY, FER <Y X L # L TRPVIKO ¥ Z3FH A SRS Ao Tna e E 2 5n¥, F-mkiEn
Z &z, TRPVLIEHR T O FBIL ., 72 & 2 I3 IRE 2 I EIEG 53 A T BB D 6 hTw b Y Th
S5DZ EH5, TRPVIIZHE DO HEIEADH L S TMHEDFHADZE., OF ) HAEIHERICES L TWEDO TR
W R ATz 2% ) TRPVIKO ¥ 7 A Tid, MEEAIVRIRAITE 2 A L CHHEERGEITRI D IZCnwEE
Ay UTOERZIT572,

REEETIE, 3. JAIVEZ AT (C57BL/6) DT AIIBWT, 1ILOA TRV ViEHRE S LzEE, 2L
EHICHBEORNL ) YIEW ARG LR, BEEAICIIREE, ) 1LICREREOR V) VIERERS LT
B CREAITEIORBL A ME L7z SHUSE D, JBITHIZE 20 THW STV S ICR R~ 7 A TA S N7l AIEBE S
A5, C57BL/6 R~ 7 AUZBWT O AL NE D E ANz, RIS, TRPVIKO 7 A2BWT S FEARICERZ TV, [HE)
BHDSRZ B0 8 ) R RT=,

MRETE
A LB
MBI & LT, TRPVIKO ¥ 7 A (MIEHKEGNA A9 A 0 Aty ¥y — MRaARPZERM  EREERARL)
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(AR

7z, aryhu—)bE LT, RF7E= TRIMER S 7z C57BL/6 ~ o A 2 il L 72,
TR=gie

Mg 23C . WEE 50%, BHHA 12 WER, W5 12 Bef (6 WEAAT. 18 BRIHAT) IS S h-fF =T — 2 (175cm
X 245cm % 125cm) THE L7720 K X121 Corn Cob (Shephaerd’s Cob:SHEPHERD) ., Bt iZid/ S~ 2 aN (§#
W7 O A Ly A EH) A, B, EEABEREE RASHAMERY) A L. KITEBFERE L
oo RTOMICEIN/FIZAEZ2 HE TR Y ALY AL ®ICHEF Lz, 20k, HEEMEZ DU TEERL L. ik
I (Ef% 8 M) Az ThHSLERICHL 2.
£

TRPVIKO ¥ 7 ADQ#EJHEIL, N7 OB x A7 08 -CiTo 72, AERMOF% TRPVIKO ¥ 7 R & LTHW,

DNA $fit}

1.5ml F = — 72 L7248 % A4, 0.04M I[ZFET L 72 NaOH & % 500 ul Ad7ze > 7S A-721.5ml F 2 —
7% 95C T 1B AR L7z B80S & B MERRE, 72— 7 % vortex L. 1 M IZFAHET L 72 Tris-HCl (pH7.5) #%
200ul Mz, AL, DNAHY > T & L7z,

PCR %

PCR it MyCycler Thrmal Cycler US4 F + 59 F - 9K b)) = XX E&) 2 AWz, HHTS 50, K
(RIF#E) | 10Xbuffer. dNTPs (2.5 mM each). rTag. 7794 ~—3 v 27 A, DNAY > 7)), 15ml F2—7, 200ul
Fa—TThHb, 7954 <—1E-20C THRIF L 720
TRPV1KO O&H

TRPVIKO O#HIC BT S 75 14 <v—Iid, VRIFOR. VRTAl. VRIREV #2720 £ 754 ~—OEFNILLT DY
Thbo
VRIFOR 5-TGGCTCATATTTGCCTTCAG-3
VRTAl 5-CTGTCCATCTGCACGAGACT-3’

VRIREV 5-CAGAATCTCTTTCAGCCCCTGG-3

TIA4Y =3I v 7 RE, £T I 4 ~—% VRIFORVRTALVRIREV=1:12 OE&TRE L THRE L /2. —20C THRAE
L7z

PCR K Ji& i 4. #58L7K 6.32 ul. 10 x buffer 1ul. dNTPs (2.5 mM each) 0.8ul. 75 4 ¥ — 3 v #  08ul. rTaq
0.08ul %, 7N +1 0w TR, KETHELZE DNAY > 7% 1.0ul 12720 PCRIE. 95C % 5 D4,
95C 45 %%, 54T 40F, 72C 152 354 7 VL., 72C105% 1414 7). €D 10C THRE L 720
B IKE)

BERIKENCHH T2 1.5% 7 A=AV EIER L7z, 1 x TAE & GBI 1-1 #88) % 120ml & 7/ a— X
AR T3EMAAH) 18g 2 =75 ATICAN, Ty FTEICSAZZ L. REEIFITZ. Ly U TliET 2
FOMEL . ABEICHEDOLETO DB L, SNET VU —ADPEEIEFT 2 THRYVELZ, I—
LAELYy LML —ICEPIEERA, Ty TTERALEB Y, BRTOSUEMELZ, MFEo726 ML =251
DL, ERKEEE (Mupid-2plus % 77 7354 FEREH) 122y L. Uiz 4 708Xy bEHWTH YT
Z10ul ANZze FLo—Fio L — 1213 4 X< —7% — (Gene Ladder Wide 1 : V&S TS & AN,
100 V CREfs S Bt FTEic 15 s HERKE L. =F Y4 70< A4 F (EtBr Solution 01305H 10 mg/ml : FEHiZE T
MRS BPA-72F v S—IZAN, 155 2 A =D LIZERRPSFE L. DW %ifi/z L7258 v /3= TTF
oy naTu~A R AR\, 7V E Transilluminator (Trans illuminator Model : LMS-20E P/N 95-0220-03 : 72
UHRAST) 1B L. B RS LB L.

FEERA 7 V2 — )

WA 21 DR CHAL S 2%, FAET2IEF25FTr—I 24 bafER L, fF L7z, B 8 Hkix iz .

=T A4 PERER LTS5 28 HU LS L THHFERE T 720
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R ¥ FEE

BTy o= (BEDmDAT Y=y 7)) 277 I)VAIADLEIZES, THAPLITADEENHZ L X
IRE L7 TOF ¥ =2, EBRO LEHL LAYy 2% AN, ULz iTo72. 0%, ¥ 7 A& HESLHIZID
720, 05% F721k 2% kv~ YEl Y. ERECETERL, BOF Y U N—HNIZR L. 82T 27U TAD
TIHDOIZEEBE L. 2T A, THPO R ZADHF 2 EFH I X7 THE L7z, $EHIX. <7 X 2 L2
FHEE L, Ty oN— IR L#bosT256 300ME Lz,

SRS % ¥ 7 A % demonstrator. KIZ{ESTT B ¥ 7 A % observer & L. observer DATH) % T L 720 B (L.
demonstrator & observer 2°& 5 5 QAR TH % 3~ b — )V#E L demonstrator 2AEFAH, observer A% TRPVIKO
Td % TRPVIKO #2431 F 72 Observer 12 2% D7k~ 1) » 2445 L. demonstrator 1212 0.5% D&V~ 1) » 253
BEAE 2% B PG T DM 1IEDRT 2% 25§ 5 &M CEBEIT- 720
Feat - AT O T

FEAT L, SATEIOFILL 72WM %, Excel 1 X ML a—5%— (REKFEEBWATEI IR ZSEARNE AR S &
O¥ Chuo Ito Technoscience INARINIER) 2 FAVCllsE L. BN 30 70 ) HATEIS I L Mo &2 Hm L
720 ALY A4TENIE. Licking. Self-grooming. Allo-grooming (Single #%& D<) TH bo 0.5% 5 & 2% &= TiZ,
observer DATEID AEILGE L, BT L 720

RV Y OFGIZ L ZRED, BHORBIZE o CTHEORIS 2 RT I EPMENTWE I e 5, G052
% 54 % Phasel. 104375 30 4% Phase2 & L. 3\ 72f#4T & 475 72

R
Lol S 1-1~9 TR L7z BEE, 2~ bu— LE (C57BL/6). TRPVIKO #t (demonstararor %% C57BL/6.
observer * TRPV1KO) TR L7z,

I. 2> ba— )L TRPVIKO #I281F % Licking 1TEIZSBREH o Hoi

HHED 0.5%. 2% Single 512817 % Licking ZEHFEM OE &% K 1-1. 1-2, 131278 L72e WT ¥ 7 A Tl Single
LT, TEZAML =% —122%,05% OF N~ a2 ARG SN L 2 & T FATEIOMELFED 5z,
TRPVIKO ¥ 7 A TldZ DI AR RGO bk o 72 T DI Phasel TIHEIZ X 11§, Phasell Tl b
7eDT, BV VIS L D RIEEEBOBIEYTH S Z L ARSI NI,

II. o> ho—)V#Ee TRPVIKO B2 BT 5 Self-grooming 47 B 5 i ME R o i

B EED 0.5% 2%+ Single &1 B 17 5 Self-grooming FE BB O &4 % X 14, 15, 16 12R L720 WAITEN &
MR, W~ 7 A Tid, Single IZH LT, 7EYA ML =8 =W 2% DRV~ ¥ xRS S N725E612, Self-
grooming DEN LA L72c SOREIETESA ML —F =2305% DALY Y FES5OHBETIIRDONL ol C
® Self-grooming M ¥E5# 1t Phasel T3 Phasell T %2 S 72, $#12 Phasel Tt 0.5% OARLV<) % TES A ML —
=G LA TOREO EAPEE I/, —F. TRPVI ® KO ¥ 7 A Tl Self-grooming O #5HAES < . &K
T EBEENESNT. Phasel DA T, ZORENERD SN,

III. a2 bo—)u#tE TRPVIKO #I2B1F % Allo-grooming 1TBFEBLRE o LK

HHED 0.5%. 2% %1128 1F % Allo-grooming FEHEFHI OEI A % X 1-7. 1-8. 1-9 IR L 720 JiAITEIR Self-grooming
EWEELZD, WITETEYAMN L= —DFADEEIZ L % Allo-grooming @ _EFAREILFED 5N %0 o 7228,
TRPVIKO ¥ A TlE 2% ORIV~ Y 2FGEENT2FEL A ML —% =128 LT, EWHE®D Allo-grooming 73EI%E &
N7z28, FiWIEA (0.5% R~ Y 455) TIEBISgE SN e o7 ZORRIE Phasel T Phasell T FEIZEIL S
720



ER

HERT (K11 12BWT, 3 ba— VB TIX Single &1 & 2% 4O B TEAR S L7245, TRPVIKO # Tl
Single §ef & 2% &EOM T ES RSN L 722 £ 206, C57BL/6 ¥ 7 A Tl AEE =G 2 2 % A5, TRPVIKO
YIATIHEI S LW EATRENTZ, TNE THAEERESY T A THRESINTEL, 205 FIEL RIS
ECTdH o720 4l TRPVI AR O5T & L CHE S N7ze TRPVLIZRW OB % PHI(EZ BB < 50T D
FVHSHGOMAREZ B0 T THHE®II, MBOHAZIEL., AEOHMATHEMSEIMEEZFHOZ LWL R
Eolze TRPVIIZHHKIZ ORI T 2 2 EMEINT WD, S, OG5 TOPREHIMORE. A IG5 Y
TOEMALIRFEEDBIZR, & 51213 TRPVL 24E L 72858 O AEIMER 0L 2 854 5 2 &£ T, TRPV1 @ b DFkfk
IZHD ZEDSREE 25 9,

Xk

1. Sivaselvachandran S, Acland EL, Abdallah S, Martin LJ. Neurosci Biobehav Rev. 2016 Jun 14. pii. S0149-7634 (16)
30063-X. Behavioral and mechanistic insight into rodent empathy.

2. Langford DJ, Crager SE, Shehzad Z, Smith SB, Sotocinal SG, Levenstadt ]S, Chanda ML, Levitin DJ, Mogil JS.
Science. 2006 Jun 30; 312 (5782): 1967-70. Social modulation of pain as evidence for empathy in mice.

3. Diaz-Franulic I, Caceres-Molina J, Sepulveda RV, Gonzalez-Nilo F, Latorre R. Mol Pharmacol. 2016 Jun 22. pii:
mol.116.104430. Structure driven pharmacology of transient receptor potential channel vanilloid 1 (TRPV1).

4. Liu MG, Zhuo M. Mol Brain. 2014 Apr 5;7:27 No requirement of TRPV1 in long-term potentiation or long-term

depression in the anterior cingulate cortex.
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50 -

40 |
30 -
%
20 )
msingle
10 4 m2%
m0.50%
o
6 3 4 T 4 5
Control TRPV1KO
1-2 KLU B EFERICH TS Licking ITEINHEITES (Phase |)
30 -
25
20 4
% 15 -
10 4 msingle
5 m2%
m0.50%
o
6 3 4 7 4 5
Control TRPV1KO
1-3 KRV 5 EERICE T B Licking ITEIDFHIRE|S (Phase )
30 - * p=0.019
25 4
20
% 15 -
10 4 msingle
5 | 2%
m0.50%
0 .

1-4 KLYV HEEERICE TS Self-grooming ITEIDFHIFE S
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25

20

15

Ya
10

1-5

X 1-6

&

* p=0.010 [

#p=0.078

m single
m2%
w 0.50%
FRIVT U R EEERICE T B Self-grooming ITEIDHIREIE (Phase |)
* 9=0.025
msingle
m2%
m 0.50%
FIVT ) DR E5EERIZE T D Self-grooming ITEINRIFE|S (Phase Il)
#p=0.073
mZ2%
m 0.50%

X 1-7

RILT Y DI ERERIZE T D Allo-grooming ITEIDHIRE &
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2.0 -
3
% 1.5
i J

0.5 - m2%

- .08
0 A
3 - 4 5

Control TRPV1KO
1-8 FILT Y BEEERIZH (T B Allo-grooming ITEINHIES (Phase 1)

B -
4.5 -
4
3.5 4
3 4
0% 2.5
2
1.5 4
1 4 m2%
o <
3 4 4 3

Control TRPV1KO
19 FKIL< Y U IEEEERICEH T B Allo-grooming ITEIDHIFE|S (Phase 1)
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HEF AEEEER

(FRZRERFI)
HEWRHEAAS S IEZEAT 12 31 2 WEFEERFT I B oW FeiE B 2 fHus . AT E LT 3 LI O R RERE % Z1T 3 5 B

OWFZEHE (RS METIE 70 27 b)) OSSN S,

FHFZEHEIE, DEJEAT R B K RSB L AN B (WFREER. BF5E8E, FEER) TR S b5, L&
ZIIS CTEME R ROR BIFZER b I IMZEE &L LTSIl Tw b,

Tz, BT oY 27 MERIE, AUREER AT T — 2 T3 v THEEK OSSN REMNT TV 5,

b, WD) — 5 —3EAlE L CHEEHE R N2 5,

(ShtEEERrT]
AR EIZEITIC BT B K hEi 2 EH Y 2 MM TH Y . FKEFARBRMIE LT DM ® 5o
B, AR, EWRAR ST ARE ST L, SRR Twb.

OEN=ERNES
YRR AT CEW 2 AE T A2 5A1E. M2 SWAERFBLAT R V] EWIBHERNOZDIZ, &)
WoOMAEYFHZ L —F @WHh s ) — 0 IREZRT L —F) ZSPF LAV ETR TR 2w ([ X%
<)o

7o YRR AT OB ERRZICIE, v~V A - T v b NARY = BEEE PO E L7NEY,

TGy

A X423 -IHFF-EVEY beHLELHFENEFHAETAL) THED S,

ORZEEMEE e

A RHER AR CE % B 3 5 %A1, B OERBIVIBEES (2014 SEREEWR AR A TFFEIT iRk
FIHEFASER D 19 R— VIZE#E) PAEES > O #Y) 2k TR B TIMA SN IR IATE 5,

7272 L. MOWFFERER 2 6 580 S N8 & EMRH AR AT RITAORE TORB 2 HET 2 HmE1E. 6010
DHF BB OFEADSTTREL TG 2 MR L2 LTy FHlE LT 2:AMuE CICMATRIT 2 HEZIIEB L, EAT
B EY & BEB B RIS TRILT 5 2 125 Twh,

B, WEHMEIDTOEBY) TH b,

<tREHIRE >
O~ ATy b NLRAY—H 4 AMYLE

W7 ) —= 7 %2350, XidBLVEWEFE 4 BHGRBS L VEMOREYE=5 1) ¥ 7 OERTHIT 5,)

®ETILEY - THF 4 AR

L ZI SR N 2 BB

(A 2, BB RIS RIRY 7 F v 28T 2 2 O0UEFHEZ % R4
=7t - TXF%F 2~ 9 M

(IR % e L7202 FEALTEZ <)

O SPF Eh4)3£5R e
SPF & EBE L. FIC~Y T A - Ty el o SPEFEW) (FREmEAIFEL 2w L 2R Zxtge L7z
FHERE QRS8R 1. Aiiikiih o oWFHOFAR L FOAEHIEL., ERNZABTREZHEFL TV i,
Flo YTA Ty ME 2= Iy JRICE SN, ZEOEREHFHIIED TW5,



O Clean Ei#JEI&EESR
Clean BB R TIZ. Y YA - T v k- NAAY— - FJVEY b - Y FEL R E L -BWAT ML (2R

8ZE) THIH., FIxT A - Ty MIoWTE, 7V —=rF v 7NICIEL, “EOEEDEHIZEDO TV D,
F72. MASNLEEFEHWIE, T_XTSPFEHWTH 5,

O Conventional &S HES
Conventional B F ftizkid. 1 X - 2 T2/ RE L-BWEAFKx GRB3I®E) THY, EBPICAEINS

B OADOEE 2 {To T b,

ORRALRERER
G TR R 3 R B & LB ofE G (3 F 16 ). ERE QM1 %) RUTEREIRMI
T,
G TR T, %@%%ﬁ@)%%ﬂ%\ff@% (T AV - Ml - FER) ORGERZIT>TBY . REE,
FERERRST . EGEIRE, BB OMTERTE E D T %,
T ARG %%ﬁm&“fi I JE AR D G E BRI % 7> © O K B I 5 DR A TR 2 720, KRN

NRTOWFELEMTF UL EN B,

&

OftZME S REREE
REERNR X, SPF B E R (3 M3 %E), MRRER OSIRERESRETE2MFE QM2=2) 2z,
FNENOHWIZEDEY ) B TREZBEGERABWEE 7 v 7 PSSt 2,
REBRIGEE Tld. NMETELLEE R EREWE 2 1O &£ T 5% OfLFWEICE L. ARLEIMWIZ RIT T2,
A6 ONICERIE I KT T O W T OISO STV 5,
HENERRRERR 1, N T — FRO7 I AW — FHELEZRE L, MOOESEIILbR TS,

OKEEMEBhERR
PR MK B S O IS & REFOKEBEY 2 R L LofE R (23T & 13Co
2ODERE) Hbo
FEBEIL, ANMEPERY . BERHAFTTE 2,

OZIFT7 AV b—TEERER
FTTFTAY b= TER I, 12 BEPSBREINTEY ., F40WMEE, FHEML—H—FEER, 741 4
T v AL ANVEyEROWE, ARG B ER. B EAAN ORI A5 X B A IEER,
M 2R % O 7R BRI L O FEM . ™7 4 L A D43 Ek & YRR 2 47> TV B
REREOHMIE. 7VFTAV P=TE2HCLRBERZOIIH), BWFATE, 70474V b—THllE=
LENH D,
REBM R OMEMMIL, A v FL—vash oo s — y- 78—, BEFYELRY "2 EDVH 5D,
LB, TIVFTAY b= TEERRE, EEKOCHEANIE DV ZIE L WS ERA TR O &R 2 E o L
IZHREE R ST b,

OfBiRZ DNA EERiEE
#li% 2 DNA SEERMix 3, P1 - P2 K OEIRF#LI 2 FEERI WIS L 72N A AT — F LNV o F2ERERR L. 3 MR
POMEINTEY ., F4OMEIX, REOBELFHELZIIEZT H7ODLDTH b,
RERR R IR, T FEES, BEEFREICBE Y 2410 2 DNA 8l 2 &0 728 (5 LHE0 5 2 H
e LTwa,
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Frl 26 FEEYRIFHSRZFARARERIEEF AE R URBREETIAR
Tk 26 SR EEAEMR A AR EIT R R O B FNE (K1) R OEBREETRE (X2) &, KOoLB) THb,

(K -1) EYRFHREMANKERERFIIAE—F

Pk 26 4F 4 H BUE

BER AR % L (H/H) ;E;fk—q;géé% M (M)
(F—3 - KAl xR B & | & B B
-~ vz 16 3 10 6
S P F |5 v ok 30 3 20 10
voF ¥ 47 1 30 17
<~ v 2 11 3 5 6
A F R X 3 17 3 10 7
S N 2 24 2 15 9
A 20 3 10 10
£ L E v b 17 2 10 7
S 31 1 17 14
<~ vz 11 3 5 6
2 F ok X 3 17 3 10 7
. N 24 2 15 9
s A 20 3 10 10
£ L E v b 17 2 10 7
v ¥ 31 1 17 14
b SV SV S a 30 1 17 13
s F oV | 4 X 70 1 45 25
< v A 11 3 5 6
A F R X 3 17 3 10 7
N LAY — 24 2 15 9
e 20 3 10 10
£ L E v b 17 2 10 7
v F ¥ 31 1 17 14
* I 30 1 17 13
& e [ A X 70 1 45 25
= 7 + Y 21 1 13 3
v ¥
BHE4 T T) 20 4 12 8
WA M
(% B 8 W1t
T h T w % 5 5 -
X < N T J))
gl GE|
R R a 30 1 17 13
B " >z 70 1 15 %
o g B ~
K A A5 - S 5 5
H H 10 - 10 _

1. fikz ACREAAT 2613, SR 20k (IE) 9%,
2. fBERZOHYHEIIOWTIE, ATAFEHEZERE T2,



(X -2) 26 FEXBRBVABTRRE—E
w

B i .
SR sor|wHrels x| 2T 12 alzvry|wxs | X E] ey
7 % 23 B o) fil By
41 2794 | 1223 ] 28 3 10 0 0 9| 4068
5 f1 2633 | 1197 ] 28 3 10 50 0 9| 3931
6 J1 2771 | 1092 3 27 3 10 0 0 0l 3906
7 2807 | 1158 2 28 3 10 0 0 0| 4008
8 f1 2041 | 1154 8 28 3 9 0 0 0] 4143
9 f 2000 | 1186 2 2% 3 9 0 0 0] 412
108 | 2784 | 1101 2 2% 3 9 0 ol 300! 4225
118 | 2802| 1186 2 2% 3 9 0 ol 300! 4328
128 | 2858 | 1128 0 2% 21 9 0 ol 300 4342
1A 2724 | 1065 0 2% 21 9 24 ol 3000 4169
2 2803 | 1295 0 2% 21 9 24 ol 3250 4503
3 f] 2579 | 1368 ] 25 20 9 24 ol 3251 4351
a
L 33306 | 14153 2| 320 107 112 122 ol 18631 50100
(PL%%)

- FTADTEHIEFA 15 AIRAEDETSEHZTRT .

cKEEYEBEIVT

HWRHERE AT BT 2 KA (HHH - AV - 4 ) - KT A TAA%) ZEET 5 Miak L ORI H =
(137C) tHimfMEE (23C) b5,
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HRT—~ DYICHBIIZERRENIVEVEES VINIE (PTHP) O#&REl

i B BE B
FIHEBRT) 7 A2 DNA YT
RI 8tz =) 7

T 27 EEOWFRBMEE R

SRR JET BT O MR EI TR R V€ S B s o8 B (PTHrP) . Ca. PiEEX® PTHrP O & J#R2
B pEEFIHBE . FrEFIEh o PTHrP. Ca. PiREOMEZL 2 BIE L 743 & 7 VR~ OB 5 2 #ET L
720 ZOFER, T HEBRIIE T O Ca & P ORI L) &ERET, ¢ M~ T A LFAMKTH - 720 M+ PTHrP
RSB IR T TR LLT . e F3ERIR. IERRIR. PEBIIRTMIRZ TId 25 ~60pM TH ), TD=2D
MEPREICAERZ IR SN2 T2 HRETEMN. REHR M. BrkEFo PTHP S5 1383 2 LK
L7ce 2, REHTFEHMTROSORBETH - 720 MH PTHrP =B ICRBIEIRM TEF 2w & & el
FEHNTORBVEETREBIE L), BRTERIES PTHP O ExdkiE, BEHTENTHL Z LATRE SN,

HF R RER S
#i 3 Yoshida M, Onda K, Wada Y, Kuwahara M. Influence of sickness condition on diurnal rhythms of heart rate
and heart rate variability in cows. J Vet Med Sci. 77 (3) :375-379 (2015)
TR TIREE. HEL—B, A=, AT, BHE - BIFRERvE CBEESY 3 BORERA VA Y
4 VI OREICBIT 538 B L OB IR ORE - 4 158 [0l H KRB E A5t < - 201549 A 8

H - ##% - L

HRF—< BYM7 UILF—EFILI IR ERLE pol1yl:C 12U ORZEH1ER DR

o P ER R [JARE TN
FNILRSERE  BARFEE
FIHERT) 7 fHA#2 DNA LY 7

T 27 FEOWRBMEE S

PRL2T X EMT LV Y OVA 238384 2 THRSHERE R T M7 v ATV 2=y 7 <7 2% Hw Tl
LTWEFETHED, TON T VAT 2=y 7T AOEIEPFEERIMFHTE D BPHRTE Lo/, BF
D BALB/ ¢ ¥ 7 AR HWIZEMT LVF—ETVOEBRO T B LIT o700 ¥ 7 A& BRI~ 7 515
® OVA BLERE (0.1 ug/ VB, 1ug/ VT, 10 ug/ VE, 100 ug/ VE 4 BE) & xtHRBEOBEZ 73 CHEBRZ 1T > 720 OVA 10 ug
WLERE L 100 pg WLEFE DT T OVA B ED IgE, 1gG1, IgG2a, IgA @ LA D 57z, 72, OVA 10 ug ML &
100 ug WLERIE PBS B & I L CHERBERRE TSR0 5, ELHREEZHL LD TE,

TR AERR S
L




HRT—~ BY7 LILF—EFILI D AICKHT DEIGFEIRA AL EROREFANEAOENR

T HIRS [TAmEiLIN
FHNFEERE  BEF
FHFERIY) 7 By 7

M A DNA ) 7

T 27 FEOWRBBERR

R 26 EEEET LV L BEBIRLIRE & WV CGRECIRIERIE & i L 7205, BIF 2RO Nk o 720 #E) 7%
OVA =% MFl3 %720, OVA (1ug-10 mg/dose) & OVA # L T2 WIBH 2 RA L C. v~ v AR O#K S
L 720 OVA 10ug ML EofEO#45-T OVA FR 51 IgE ol 2s i & /o F 72, PBS #5- & i L € OVA 10 ug-
10 mg $5-#13 OVA FE519 IgGl 7% & N 1gG2a OIMATRED bize L Lad b, 7F 714 7 F ¥ — GO
BROENGE o720 TFTA4TF Y —RIBHBRINZIHE LT, G2 N LT+ 74 7F 2 —SHRE X 721
REMEDSE 2 H 7z,

RMRRES
zL

WRT—~ IEER (FUET) PROHIE SURREMOER (FERFRETER)

ol P HA R woOhE

MR ) 7 ) T

T 27 EEOWABBE MR

MEEIZH &M & BBl (M) eJ) OIR 2/ NRIGZERENY) CHEAMERE L 720 2D OFFE I 2 BRIE 3 A R ep 92
DM E L THWZ b, b e L THWAFEIREIE R V<) YEEEZITV. N A ) AT MEIZBIT 5+
777 B - LB AT o 72,

IRZERRER S
=L



HRT—~ ZEHDOBAS KURREMOER (FERFRETER)

T HIRS WoOEES

MHAERTY 7 R 7

T 27 EEOWFRBMEE R

WEEIZH & & . 2RO )W I 2/ NIEBREIY) TRROGHER L7z SOFAERZEFERFEEROEM L LT
Hw7zo b, #ME L THW S FLERBARII ANV ) YEEFZITV. N4 4 ) ARBTG5 02 EE - L
IE%’??O f:o

TR AR IR S
=L

WRT—< RO PEEEDES

o HR R iy

MHERT) 7 KAEEYT) T

T 27 FEOWRBBE AR

MEAEICH S He & . WHEHOPHEETH 2K ER 2T - MFF L. FEZ COWHEHOERRZ MR L7z, 2
NEOERD BV IERIIE, BREFERFEZOHEM L LTHONZ, b, BME LTHW 2 EH P ERBRAE
IR =) YEEEFE TV N A ) AT RRICBT BT RREE - ME T o 7

TRZERRER S
=L



HRT—~ FERPREBOBM L U TRV D FERFOMAMT CFERBREDIER

T HIRS ¥

MHAERTY 7 R 7

T 27 EEOWFRBMEE R

WEAE\ZH &4 X, B, HHM., EHM, 073V A8 X UWFE 2 /NI EBRBIY TR L7, Tho ok
WABEZERFIEOHM & L THW . 2B, &M L THVAFERBMEE IV~ ) VEEEEZITV, N F
) A7 RRICBIT DR BUE - WiEZ 1T 72,

TR AR IR S
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WRT—~ B ERAEECE Y SR

o HR R eI SR

FIHERTY) T SPFX) 7

T 27 FEOWRBBE AR

AIFFETIEA X OHJEIHEHE TdH 5 Porphyromonas gulae |2k 3 A BHERG D in vitro B & U in vivo PLEVEF %
F L7z BHE3 ~10% (v/v) QBERENB IO v F 2= 3 VEERRERIC P, gulae (283 5 BEREE R
L7ze F72. BHERAER 7 VO A XOPENA~O 1 H 2 &AL 5 4 8BS O E R A B0 S 872,

TRZERRER S
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HRT—~ 1 XDOOEICHIT D & MEREREEREDRBINROHAE

T HIRS ISR

%R 7 SPFxXV7

T 27 EEOWFRBMEE R

famEFR A (MR) EZMra ik (MREE: 2508) B X OMERR (BER 3208 2»oBLOENAT 7%
Fi\»C Porphyromonas gulae B X ' OMEHEZT imA) BEUIOWTHTEWMFEMFHEIC L BT 2 1To720 Z0O
FER THEE B1290% PLEDO KA P. gulae ZPRA LTz — Ty MR BT 48.0% ORDFFEED T S #H 4> fimA
BT CHABEMICEAELTBY .. BEFE (188%) LML THEILEBVWRAEEY KL,

TR RER S

&% 3 Shirai M, Nomura R, Kato Y, Murakami M, Kondo C, Takahashi S, Yamasaki Y, Matsumoto-Nakano M, Arai N,
Yasuda H, Nakano K, Asai F: Distribution of Porphyromonas gulae fimA genotypes in oral specimens from dogs
with mitral regurgitation. Res Vet Sci, 102; 49-52, 2015.

WRT—~ HFERREEICR T DR

i R AR eI SR

FIHERTY) T SPFX) 7

T 27 FEOWRBBE AR

Bl AR, B E REE T BIRSET 5 WBN/Kob-Leprfa (LN fa/fa) 5 v MBI A &IREM O.LILERA~D
FEIZOWT Wistar 7 v M & IR L 720 6850 fa/fa 8 X U8 Wistar 7 v b &4 2 BEICH5T, 4R (0.26%
NaCl) BEUOmAENE (8% NaCl) T 20 #inE CHE L. B#HH 73 & ) JEMBT CIUE 28 L7z, FEERHE TS
CHEBREIIR ZHE M L. ~ 27 X AP X ) MERUGHEZRET 5 & & IS, MRALFIRNT B L ORI R AT 2
To7z. BEHAEIZEY fa/fa Ty FBX U Wistar 7 v MIBWTHBMENRIET S I EDHLNE R o7, TOR
P& LT it & & ICmE SO ZLA G- LTHB Y, fa/fa 7 v MIBWTIEE 5121 Nat+ jEZ LA L5
T5HIENRBEEI NI,

IRZERRER S

FRFERD BAREN. MBIEA O, AERSE, PRI, PRI, BHEE, R 2R v s v Fe—-A%
7V WBN/Kob-Leprfa 7 v b O.LIIAE A6 S 4 @ AR B O F%8 - 2015 42 9 H - 4% 158 [0l H AEKEE 27
R

FRFEFR 2 BOAREW. PMBIEA O AERSE, PRI, PUEREIE, BRI, RIS - B ) 2 BRI £ TV
WBN/Kob-Leprfa 7 v F O IiE 3 & OIE FUSHEICHT§ 2 S AR E R o - 20154 12 A - 5525 [H
APEBREEH S 2 T




HRT—~ MEEEERFICET DA

T HIRS ISR

%R 7 SPFxXV7

T 27 EEOWFRBMEE R

A2 TSR A% AR L7z~ A (C57BL/6NCr) 1251F 2 ks 72 & N 1 ¥ F— VBRI 5k
Yo A ZOWBP BT TRIREZ MG L7z SIRIEAE (60% keal) @ 9 EMEMIZ L W FFOIRZENS L 0% 1

F— VgD LA PER SNz KEET A FO 7 HEEGZTFORGEEEZ B L, #Eh g v F—VigED LA %
HEIZHHT 5 Z AR ENT,

TSR RER S

A AHEAMR JIERRSE. IR, mAREGE. REMEE, IR SR RRN <Y 2B B KREES A #R
OILTE TR B L ORRIISIE. B & ERr# 68 (11) | 843-847, 2015.

FRFERONERE, BHIE LHNR, BABUE. R, IR - mIRER ~ Y 212810 5 REET A
FONFWIFRIHIER B L OB TR - 201548 7 A - 45 132 [l H AZEBLA R BI TR A AR A 7 —F8 5k

WRT—~ R—=ILINA YV VEERDY A 2T S5 AV REDKFEFDORET

Tl P HR A FHRASE

FHERTY 7 By 7

T 27 EEOWRBBE MR

RFFZDOHINEIR =W v XY GEES N2~ A4 375 A<EWI & 5 BRYUE % RS, A2 3 5
52 Thbo sHEL AR A IV CEREFER AT o 7o/ R, BRG] & MO BRIER - B2 LA RIS
SNz, U FTIER L 22 R IME & WV CRIEGM 21T o 72 & 2 AREDBIEE & N7z ORI bRz B Hig 2Bk
FUBASRD B 720 PCR A TIZTHALZA B2 S KA S dze V7 AHR~ A 3T 5 A< & DR % BT
L7238 Mid 7 <L IBERHI S Be o T FH~ A 3T I AT EFE L. K= W31 Y VAT 5 EYHE
PARWIC X DG &R Shiz &M 7. BICEBORERE B L CEYR L 2% L7z BBEOOENA T 7
V72 PCR A TIE R — V84 Y U TLOMIE, ZOMMDOANE 1R S RE I S iz, 8o TREIER -V
IRA Y Y PN OTEFHOANEIZ S B LIRE R T REMESE 2 515,

TRZERRER S
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HRT—~ ATIVY KA EDEMZRHEB KURRRIFOET

T HIRS FHA R

MHAERTY 7 R 7

T 27 EEOWFRBMEE R

ATy RAE (Bd) ENGHIRLE € ORIEZ BT 572012, 7y AT VEzSRE LTz 1T-720 19
HRUR 29 #3g A O BAMRIL L 727 & F TV 2 b § & LT nested PCR & FlVTHAR L 72 & & A BG40 31% T
Ho7zo BAIZEINBRFUIES HMLTWE I EEWHLNIC L, £720 7 AT VLEOOEHE S Bd Bk 7
Tl BERROB LD L, BIET IR 217 5 720 T ORR, BIZT BT O TE 723 XTOREKRI N T T 8
AT EWBRI SNz, 72, D3 DDBRETFELTRTHELTH o7z T, ATV Y KRG COREIEEZIS
MICT B0, BTNV R CEREBY ORI BT L2 KEBEEB LT 7 7R OGKMET 21T o720 2 DREE,
AT R CREGAZ & o TOREBRMEAZNST L2 EDPPE2IZR ) BELH EEO TVIZ X o> T, B R
2 EWbhoT,

IRZERRER S
=L

HRT—~ WEEDSFIAIVAICET DA

o P HR R FHA R

MAERTY 7 ERLY 7

T 27 FEOWRBMEE KSR

T IANVATERRAREOBWE 25 EELZMAEEOFEATH L, EINIZBITS T+ 74 VADIRIE, BAR
TOMFFORE, KEFLOWFIARHOFTE THoTze I TTF VA NVAIIRBEMEY L TWDE AT TIVIZEH
L. 2011 FFE4 5 2014 SF IS CEENC BT 2 A T TNV OEGRFARZ L L 720 T OME. BYEIIITH LT
WAL EAHH Lo XA TNVOBHRFCOREZMHT <, —EFE L) EiR—% (25C) CTHRE—%
DBREALIZT XY T TNV DT F 7 4 )V ARG OFEHEBEOMERREE LY Efi L TV 25, ZTORE. XTIV
WTIE, DANVADBHEZ DI %L, Bln, Bz BT erWlont kol XA TIVOHRTTOREIN
BLTOMHINES) L LTw5,

TRZERRER S
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WRF—< BIEFHERAKBEZAVCREY Yersinia ORBRABSHHIRICE T 23

T HIRS FHA R

MHAERTY 7 R 7

T 27 EEOWFRBMEE R

AWFEOHMIZ, TV THEZI Y PO — VT 52005, Ze&hOG% T, Yersinia pseudotuberculosis
(Y. ptb) DG BLETTREZR R IR ST 2 F Y BETH L. TNFE TS, Fexld, Y. pth OEAERTF TH %Mz
YadA (rYadA) Z{FHL, ¥ 7 ANOETHRGIZL o TRIER & L TORFMAMZEEN L7z, SRIOERTIE, I
ik o T, BERIIRELFHET 572012, rYadA 2#EOH5-35 2 & T, P YadA 552 IgA Huikfiirsi ok 3 8
MEAL, 222 Y. pthERIC L 2T HRLET SELRFRELFETE 2, Lol WAL, BETIEIH L8
bNFz720, BEHIEICIEE s T weEZ bz, 4%t BIRT7T V2 nNy b 82 HWT X ) EVERTRED
ft5% BiEd. 2B, ILITMFT Y BTy POKEREDOT V2N PELTHMTH S LV ) N H Y |
rYadA IZIR U T~ 7 AUH5- L TAZDS, Y. pth DEEB I 134 SRR o 720

IRZERRER S
=L

MRF—<  BEUDRFEFILRDRICEBH LUVERHES ORI

T RS vk iy

M%) 7 SPFxXV7

Iy 27 FEOHABIELBR

AR TZFERITHYA MO 7 4 =L IR KRR EORIFIIF TIRENHS 22 S, BETHETECE
WFREDPIRESNODOH Lo TNODHEFEDOY Y A & OFEREIY & I\ 72 BRI ZE Cld. FZBRENY % R 75
LCHA 2L, WM LR BIET 5 2 EPFMoTMTH > 720 4 F TIZ. ICR ¥ A2 THHAL ORI
BEFTIERWTEEIC L. FiRSE OB ORBIER R ) v~ FE TNV AOMER E OEEHL 2L TE
770 L LR CHEETRETHAENS C57BLBE) ¥~ A Tid,. HHEERETEXA2 00, RENTEIZRELT
Wihroize £ TARMIZETIR, SFTICHBL CEEBELSOHICUATAILT, BV ATOREL THN%
BIETEDL VAT LARHEEL 2,

R SRR S
F 3 Okada S, Orito K. Tugging force: A new objective index for evaluating acute changes in neuromuscular function

in mice. J Pharmacol Toxicol Methods 76. 23-26.
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HRT—~ S v bRV ER R ERRAR KB ORI

T HIRS ik oy

MMERTY 7 LW EEETY 7

T 27 EEOWFRBMEE R

FRIGBRFAEN LR R A O E R EOMER:, REFEIC BV CEELREE 2 £2 L, &HIMEZRET 2 HBRER
D1OoTEHb, LA L. KSR EBETOIERIZOWTOZIEA % . KIERRAG OOV TR
B S NCTW v, REFETIRIREET O T v bORKHEE MR % 2 KT L — W — F 77 MiRat TllE S % 5%
DO & ATV KEREDIR (AR % 5 2 7205 & 2 OB O SUSHETINIC & 2 i o221k, mEEESWE (715
Y URTF/ VY, S hATNVYRF NI A N T Ly vy, T L7y, Ty Ty oI RS
L 72 IR0 JE IR R 8 1ML D22 1E % Angiosome ( I O 5 2719 CRCAEIR ) OBE&IZHEV: 3 Do FEiE (¥E, N, 4%
) LB L7z AU &) RIKOIBALG O RMIEBRFEREE O —i 2 B 5 212 L7z,

TSR RER S
=L

WRT—~ BERASEETT VY D ADEF OEFR

Tl P HR A AVl iy

MFERTY) 7 SPFTY 7

T 27 EEOWRBBE MR

FREAEE (O) 324 71 MaF =7 V@R OERICE) GEME. BEBR EDEI 2HRKIEETH S,
AR TIE. Ol E TNV OUIEFEE T EEA S L BOHRESH 5 LUEL. ANTOERSINILELWETH
LHN=F Y OFERINT A2ELFML 720 Ol BTN~ T AIH N =F v % SHMHOKIES L7z, KRG OE
R EBREDTIMT 2 07z, BB TOEGERE, LEFEE, QUYRECMHEAI IV =F Y RGHETHOT I
EFR L7, gy ba— VL ORICEBERZIRO SN h ol AT EE L TERBRASNETIE Runx2 £\
B LB SR 5 R - O BRI FER DN RE RN T 5 £ g L, 55N % T Runx2 O5EBLE % fERE 12
ET B LTINS LD D EE T2 SHROMEEVLIETH 5o

R MERRES
L
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HRT—~ 46 FEIFHEBERRIEY D ADATHAEIC &L 2 FIEMHEOLEMEICEY S5

T HIRS SFIT T

MHESRTY 7 7)—>x1)7

T 27 EEOWFRBMEE R

) —ViE (LA) Ra- V) /LB (ALA) ZBWLTH, TZORBOTHIZH/2HT7 5 F F B (ARA). EPA,
DHA %% AT 5 R TEZRVDED KO~ 7 ZA % VT, KIRTMOEEIOWTHRE L. LA X ALA 2 & A
72 NT3. (Cont) &. Cont L2 ARA, EPA, DHA. ARA+DHA. ARA+EPA & % ek % = 21 0.2% (w/w)
FTOWML 6 FEDOATIEH T, A% 2 Hig2 o 3Bl E CALHE L7z, BEFLEIL. ATIL & Rk faihmE
UL 7ok SRR 2 B B S 2, 9 IR 5 F ) AKEKEEHER 2 & OFTEN R F G L 21212, o BB
DIENIRAL 2 % L 720 Cont #F 1%, BEFLZA SHE 2 ARE LA OWH 2R L7, —F. ARA Z & A7 ARA R
ARA+DHA #. ARA+EPA B3 E % OKREHER /R L7275, DHA B EPA BEZ. 6 BEGLIE. R4 2RO LAE
MET L7zo £ AKKBREBEOFE KT TlE, DHA % & A7 DHA # & ARA+DHA BEIZBITFAR 75 v bR — L5
RRL7ZH, ZOMOBIIHREDEIDH L D00, FEICKMEZEL 72,

AR S
w1 Hatanaka E, Harauma A, Yasuda H, Watanabe J, Nakamura M, Salem N Jr., Moriguchi T, Essentiality of
arachidonic acid intake in murine early development, Prostaglandins Leukot Essent Fatty Acids, 108 (2016) 51-7.

24553 1 Hatanaka E, Yasuda H, Harauma A, Watanbe J, Konishi Y, Nakamura M, Salem N Jr, Moriguchi T, The
effects of arachidonic acid on the brain development using artificial rearing of delta-6-desaturase knockout
mice, 12th Asian congress of nutrition, Poster (PS-01-p-043), Mayl4-18 (2015) Kanagawa, Japan.

FRFEE2 M 20 S, BE BTF, N B, A 4 Salem N Jr, SFO i, v ANNERRRIC 81T 5 K AE VR
il 0B & & 2 OMEMEH, HARIRERESS 24 MK%x, (0-7) Aug. 28-29 (2015) fi#
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WRF—v  TOREEMCHIZRE - 5D (GHED) [T 3 n-3 RiSHEEM O

T HIRS SFIT T

MHESRTY 7 7)—>x1)7

T 27 EEOWFRBMEE R

n-3 RARHIER K Z i & I fRLCE 20 L 72 Rk~ 7 2 & Fv, BEEATENIC OV CRE L 720 n-3 RIRIIER K Z
FRERCIE, BEMR 1 H BICER, HHFRET 5 DY 30~40% BIE S 7ze T 720 3 H HIZAT » 728 B o B
BRCid. n-3 RIRIABR R ZRHERIZIEE R X D &L PO BN, fRIRE TICHM %22 L7z, #fk 10 H B OB O IR
MR EE T I OMEPS, MEICBWTDHA &t0 b= ZIEMBA, F—r83 VITITEMBESED S,
JEEER T O n-3 RIRHHEE R ZIRAE X, R ISR L CHifli e 22 ) . BMREOBERR T 2BE SNz, LoT,
JE R O n-3 RIRIRREIUL, BEBORSBREDO T & &M O BRI % BEROMBED - O I ER 2 &E 2 Fo 2 LA
REENG,

TR RER S

# X Harauma A, Sagisaka T, Horii T, Watanabe Y, Moriguchi T, The influence of n-3 fatty acid to material behavior
and monoamine of brain in perinatal period, Prostaglandins Leukot Essent Fatty Acids, 107 (2016) 1-7.

#4583 1 Harauma A, Sagisaka T, Horii T, Nakamura S, Wakinaka N, Watanabe Y, Moriguchi T, The influence of n-3

fatty acid on maternal behavior and brain monoamine content in the perinatal period, 12th Asian congress of

nutrition, Poster (PS-01-p-042), May14-18 (2015) Kanagawa, Japan.

B BT BR B, b @, NH BEK B BER, 8 HE WS E, PR B R SR,

O #, ~ v AFEMIC B A SRR EE O E B, 4 4 81 HA DOHaD WH7e 44tk %, (P-13)

Aug. 1-2 (2015) HHL.
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HRT—~ DINEMERBRRY VETIVIIRZRAWEY A VU T B KV IRV 7 DS LIETEREDRFER

T HIRS K= AR
FHERTY) 7 By 7

T 27 EEOWRBBE MR

Wi L 72 SCID < 7 A DJERENIZ T. o REGe 7 T RIMER 2 # A LIER L 72 SCID-Bo ¥ 7 A1 T. o &4 ¥R
R (T o JE&GHE) BLU T o Gy VARIMER (T, o JREGeHE) ZHAM L 720 BMAT HiRIZ, HIBRL. MO RK
SRELSERIRAT 35 & O DB FR I D W OREL A B X O FEW AR L 720 ZORER 1. T. o GO
MO M AT 24.2-53.2% TH O Ht filiid 19.6-32.9%. T. o IFEGLHETId, Ht fif 40.7-43.7% =R L7z 2. T. o
A~ 7 AR IE, BN O REARMIROLBLIAE ) NET T Y EF~Y /07 7 —VOREBEL LIV~
O 77— Ol BEFMENGES L CFMEAOANE D 7)) YA PRD bz, 3. FERREEOEE (AST.
ALT) O@EVEETY A+ 7 4 MO ED bz, 4. %EWY A 74~ (INFa. IL-18. IL-6)
O m-RNA OFEBIEIX T. o BB TEMZ R L7z, LLEORKRED S, T. 0 &4 SCID-Bo ¥ 7 A DJFEEFELEET 12
FIEVEY A N A 2D G$ 5 Z EAVRIRES LTz,

HFRSRER S

Btk BBE. BARER. HEREAZE. WAHT. wll—%, BHER
Theileria orientalis (T. o) JEHUEG: ™ RIMEREE SCID ~ 7 A OJRES N © M s 4 F BpERAIC S
VT % FBEEFEERRT O BITE TV & L COESE, %10 HERRMERE TS (BEBEAGET) P27 48 1
(II# 58 3%)

HRT—~ Sv bORFFHIEICRIT B3R
o P HR R EIGEN
FPSEE SRS HP A

MHERTY 7 7)—>1)7

T 27 FEOWRBMEE KSR

7 v+ ORRHIRRE R ORI O BN % 8 L 7. B L 7o i, BRI S Qv s kR v
Bl BRI EOMIEROMILIHILT 5 2 LRSI, MIERBMILEZ ZATYS 2 EDVRENT, LA T
YT e F VLR ER TH LV T O EE (VPA) THENILH L7265, BRI & ) e~ LFE+ 5 &
MO /LA L R S v, ML bt fiiEiie ~ — 7 — 3 L OHiie ~ — 7 — O B o RS
BN 512, TOMBESNEE 2 Bat L72f R, 2OV 70 BRIC X 2 i a b otz ik, —BIbEE R AR
F (NOS) 2/ L72NOBVBGLTWAE I EAREBEN, /2. 2O NO EAIZNO- ¥ MV Y RO TR 1
NO EANFEG LT 2D RIS 7z,

RARIRES

FRFEFR OMARA B+ HBA EIsER
INVTTARRIZE BTy MR O fhiE LD & NO- 2~ b v & [l D RY5-
#5158 [nl  HABRE i, 20154E 9 H 9 B, JbB KRS (HHIH) . [H#E
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HRT—< Rhizopus oryzae 7KMHEC &K DRFHEEIIFI A H =X L D&

T HIRS FAREA

MMERTY 7 LW EEETY 7

T 27 EEOWFRBMEE R

Rhizopus oryzae S RAOEAMEY (RU) 25 v M2 10 HE&ES L2 RICFEEZFE L. 2 0OWHIRE 2K
L7

INETOWIET, RUKGIZ L ) IFREFHIEHE 24, 48 M CIREMKRAN. H5=RA0 10 mg F 7213 100 mg/kg
B.W.) (2Tl T O MR HARAEASTR S H 7z, F 7o, RU il EEH G- B Tl MR 5l K - (HGF) {51 0581 6 I
B ICHRICHINL ., 48 Ref 2|13 IGF-I Bz T OB b HE L 720 TN o ORED S, RU L HGF DA % RS
5 & THAIRE O HEGE A AR L. FFHEREASHE R 2[R L 72 W BEEAVRIZ S 7z,

ZZT, FEEETLVT Yy MIBTAFHEICHES T2V O0D Y 7P VG FORRTFRIARELZER LA,
RU 512 & ) fiflif > HGF 2215 ThH % c-met OBIZTHHBELE I L. MR GO 205 G1 BIIZAT &
% IL-6 OFETHRBEESEIMERICH ) . EROMBBEIED 2 1 = XA O—ImD 2 STz,

TR AR IR S
=L

HRF—< Rhizopus oryzae /KMHYIDIN 7 U ILF—3R D&

i R AR FAREA

FH%ERT) 7 )T

T 27 FEOWRBBE AR

Rhizopus oryzae /K3 (RU) (Z5RZHH BHIL OMEMERH 2 A X128 2 B8 RAEROUED A SN TW 295
WM& %M AR IE V. £ TARZETIE, 7 PE—HRBELAET VT A2 HWT, RUDHT LILF—%)
RaME L7z,

Yoyl rus 4 RCHERE2FERLTNC/Nga~v7 A2, RU% 1mg/g (KE)/HOHETI10 HEZEOHRS L
720 RUBGHETIIEERAT T, (i IgE #E & b IS IE IS LIKTEm %2R Lz (P=0.12)o 1 TL-4 51
RUSHETIT L7 (P<0.05). ~V28— THlfgIX, RU #5588 CrIREE IS L Th2 Mifa ks (P<0.05). ThO
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