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Research on the function of dog tears

in the formation of bonds between human and dog.
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Dogs were the first animals to be domesticated. They have a long history of coexisting with humans.
During that time, dogs have developed human-like communication skills, including the ability to
empathize with humans. It is thought that empathy of pleasant emotions lies behind the symbiotic and
bonding relationship between humans and dogs. Furthermore, if there were a bond similar to that
between human parents and children, then it could be expected that separation would be a source of
stress and reunions would be joyful. Interestingly, dogs are reported to be extremely happy to see their
owners again, but there is only limited research on the behavioral physiology of this response. In this
study, we focused on the contexts where dogs were reunited with their owners and investigated the
behavioral physiological changes in the dog that occurs at that time.

In Chapter 2, we conducted the experiment where dogs are separated and reunited with their
owners on a daily basis to check whether there are changes in the amount of tear secretion associated
with the change in the dog’s behavior. Given that oxytocin levels increase in dogs in the contexts
involving interactions between them and humans and that oxytocin increases tear secretion and
activates the parasympathetic nervous system, we hypothesized that oxytocin is also involved in the
production of emotional tears and measured the tear volume after administration of oxytocin eye drops.
The results revealed that there was no increase in tear volume during reunions with strangers, but only
during reunions with the dog’s owner. Furthermore, there was an increase in tear volume due to the
administration of oxytocin eye drops. This finding suggests that dogs secrete oxytocin through contact
with their owners when reunited with their owners. It is thought that this oxytocin acts on oxytocin
receptor cells in the lacrimal glands, which increases tear volume, so we considered it necessary to
measure the serum oxytocin levels.

In Chapter 3, we verified the efficacy of rabbit anti-oxytocin polyclonal antibodies newly
created in this laboratory and the reliability of the measurements. The results showed high sensitivity
and specificity against to oxytocin, and there were high degree of correlations in the dilution test and
spike recovery test. We obtained equivalent measurement results compared with the standard
measurement method, indicating the establishing a oxytocin ELISA methods using a newly generated
oxytocin antibody. However, we did not obtain any correlation with oxytocin in blood, which has been
problematic to date, compared with the conventional RIA technique. This may be due to unknown
molecular characteristics of oxytocin, such as changes to the three-dimensional structure of oxytocin
caused by the extraction method and after extraction because oxytocin in the blood adheres to binding
proteins. Although efforts have been made so far, it was deemed difficult to ascertain the blood kinetics,
so it was decided to measure changes in oxytocin secretion by dogs that were reunited with their
owners (covered in the next chapter) using the conventional RIA technique.

In Chapter 4, we found that the amount of tear volume increased when dogs were reunited
with their owners, as seen in Chapter 2. The volume was higher than when the dogs encountered a

stranger. However, there was no increase in oxytocin in that experimental settings. The oxytocin
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reduces by half within 3 minutes after secretion, so we are awaiting future development of technology
that would enable it to measure the levels of hormones like oxytocin in the blood within a short time.
Further verification of the changes in oxytocin and tear volume is required, either through fluctuations
of oxytocin levels in the central nervous system or detailed sampling of oxytocin in the blood.

In Chapter 5, we instilled artificial tears in dogs’ eyes, took photographs of the dogs’ faces,
and examined the impression humans had when viewing the photographs of the dogs to investigate
the social effect of dogs shedding tears, focusing on the effect on humans’ feelings. We conducted a
Wilcoxson signed rank-sum test comparing two types of photographs, one taken before the instillation
of artificial tears and the other taken after, both involving the same dog, to determine if human
evaluation differed with the photographs. The results indicated that, of the experiments conducted with
thirteen pairs of photographs, the impression was significantly positive due to the presence of tears in
seven pairs and negative with only one pair, suggesting that the presence of tears improved the positive
impression of dogs.

Dogs had increased tear volume when reunited with their owners after a period of separation.
This suggests that dogs exhibit emotional tears and manifest those tears with positive emotion (when
reunited with their owners). This is the first time the presence of emotional tears in animals has been
demonstrated.

Furthermore, dogs showed no increase in tear volume when reunited with a stranger, and
there was a significant increase in tear volume only when they reunited with their owners after a period
of separation. Thus, it was found that the increase in tear volume occurs when dogs experience
dramatic emotional changes such as reuniting with their owners with whom they have a special
relationship after a period of separation.

Moreover, oxytocin is an important hormone for building special relationships, and as tear
volume increased with the administration of oxytocin eye drops, this suggests that the tear volume
might have increased due to the increase in oxytocin secretion in dogs when reunited with their owners
after a period of separation. Unfortunately, in Chapter 4, we were unable to clarify the correlation
between elevated serum oxytocin levels in dogs reunited with their owners after a period of separation
and oxytocin and tear volume. This research needs to be conducted with a higher level of accuracy.

It was also clarified that changes in eye appearance with the instillation of artificial tears had
a positive impact on humans. Dogs shedding emotional tears need to be further investigated by studies
such as ones that seek to confirm the presence of emotional tears in wolves, but this finding suggests
that these tears may be a function dogs acquired through the process of coexisting with humans, as it
worked to their advantage. Dogs have highly evolved communication skills with humans by using
their eyes, so tears may also perform the function of triggering protective and caring behavior in the
dog’s owners.

It might be possible to further unravel the history of symbiosis between dogs and humans in
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the future by combining these findings with the development of behavioral genetic studies.
It is also known that the original role of tears in rodents is like a pheromone, and tears also
function like a pheromone in humans. Tears may also function as a pheromone in dogs, so it will be

necessary to clarify the function of dog tears within the same species.
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A X (Canis familiaris) &t NOBRIL, o E0@E L0 LRV, BIfE, HARIZ
B B ISR IE 1100 TEEICHEEL | _w%@ﬁm14xﬂ@aém\@%Li6ﬁm_1ﬁ
MPEE L TND Z LIl D CPR 25 FE~y b7 — FTRERMAE), D TERILE VbR
DX STEBUE, A XDIFIER G2 D NEIHE~DOREORE SITFH I n e F
STHNNEAY, A XTI E ICHKHLSINTEYMTH Y . ZDOEFIIE HFH - s
FRERLICE Y 155 THEMND 353 THEIMEEDNTWD, £7o, A XOMIEOBAH
& LT, ﬂ%ﬁg 1THE), AR BT LY . A A I (Canis lupus) . =2 3 —7 (Canis
latrans) . ¥ % > J1)v (Canis aureus) 73T LIV TV REOBIRFRIFNRIZ IO . A
FHITHD PP BENERo7 (Vilaetal,1997), L LARNRE, A4 ImbHA X~
EFREENTZT mE 2ZHONTE, REFHRANE B HNICR > THRY, £ XD
w7 e v RICET LML LT, a7 CEiSNTEA XBEFYTHLT XY X
(Vulpes vulpes) DFEEACFERNZET HiILD, FEERTIEL, b b~OBBEEMMES, AT
B MIESS T A FY AR EROICEIE S LTV o7z, TORER, 40 HAFRE T, A
NPT ATER RS A RO Y X ORI Sz (Trut, 1999), A XA 7 ATEIA AR
i, v oG nWaERD D, SAKAEIRLS, BEIRD, £ FERODDLIETH D, S
HIZ, Y RXOHIZIE, e H, FEOLREMA, £DF o7 LolXELFFOBEN A L1,
TEREHINS b A XTI F Y R DER L e o7z, o A B VARG % ] 2 BUR T E8- T K-
A (HPA) SO HEEEDEN A b, FYX& e F~OBEMEOIK X CH
PED R S Z ISR IR L TS 2 & T X LR a R & o 7o 2 b &
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iz,

1 XDE FMZx9T S EHIRMAES
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FTIEZRVY, 2000 FERICTAD . A XOFEFE LTI AR DL 2 IR, 20
B U 7oA RRANEE ST, ARV MER B DT > TE TV D, FRICETIE L e o TR AT
2002 FEDA X K DI E LEEDOMIE TH S (Hare et al,, 2002), Z DHFFETIE, 4 X’k
FOFE LABfFEL, EOBIRKARSZ L ZOEEKITE Mob o & bt B
ThHHF /32— (Pan troglodytes) \ZH% Z LA LMNERoTz, A X & MIER
FICIXEEBER D b OO, BER I 2= —va UBSENET 5, £ bW AN]
FAETHHESZD0L LR, B FEA XOREWIEDBERIZEN T, BAEVWOERE
G L, HPEEOBERZ RS 5 Z Lk, HEEIEZEL OO RYRERTHo725 9,
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&5, PIZITENER RS TODRHTIIIEREA & > TREEMR L, BA TV ORHIIEZIR
\ESL Z LT EOHMAZZ TS F ¥ o AZHEREEZ0E LR, A XIEZE DRE
%S:JJKé:%” LD TESG L T/ Bbnd, ZOZ &6, A XDt MIXT 5
A B 2 DB, A X OB & FHRLOWRE, FrilRINEDX G & 7257 @J%mh’fn
&Lé Ex, A4 D I L OHIIEOBENIHER 2 E 2B L TEVIRY | ZORIEEEZ I Lz
BRI, & b OEBOIREI KA Liéﬂ%%ﬁ#é%%ﬂ@ék%bnéo

ﬁﬁﬁ:k%kaﬁ@%ﬁﬁ%ﬁ®m@* wf%%&&ﬁwﬁﬁbMTwé %ﬁ

FHILAARXEER 46 AORVEFICRET08EL, 24 B R &Rl 298
ﬁuxﬁmﬁf\ﬁﬁﬁi&4xe®wﬁ%ﬁokﬁ N5, %ﬁﬁﬁ%&ﬁfﬁ%Tx
NEAToTe e ZAH A XDHENRELLFLEREL, b MIEISESE, B2 ISIED, t%@r‘ﬁ
LR, B h~OBFERENZ BB B E 72572 (Kubinyi et al., 2007), F£72.,
NIDFBA XL b RIFESOHZHIELER TR . A A0 I THEWVEID ﬂbf@§k
ITERCB MBI TENIBIE SN b DD, FEERFORNLRZIBUVMTEINIHE T2 2 &
MH, BEELEETHERRWEBREINT, ORI N —T b A X A A I DR
HLTWD, B bDY = AF ¥ —IZ» TR ZIEIRT DREITA X DT 2 & (Hare
etal.,,2002), F7=, FRRAHREZFENHINT L A XOFRE bE LD Z LD
Sk rao7z (Miklosi et al., 2003), Z DY = AF v —OFFEICHONTIE, & h~DBHE
PEDFH S RLBFIPED & SITEE DS W TR SN 7258 iR D % X OER DA, b &
HEDFYROEMID HEEmWI ERHLNE > TEY (Hareetal., 2005) . A X 23D,
t hOHTHEITRNY OFIHGEOE S, TOFEELOBRICEERH D Z LN T
HEnsd,

BEOLL, ZOX I REMICOIE 28T b A XOILAEDRERIZIHBNT, TEH DR
FRMEIZ, A X3 FOFENZHEARY . ZOFEREIEN T2 L2 BLTCHEENTELLEE
oD, A XNt hOEFEEZFRARDEENITE MIRT A4 XOHBELE L2 HHE
Th» ) (KX THY BT 2 HEMEOERITROETHATS), £72. & hOFEZ
ML, BHOTE#EZZSE5Z ik, b b EOIERE BT 21TEIORBEOGEICE
WTH, WIRITEI 2R ESE LRI EETH D,

ErESM XD

FER O EE BEI S R EW ) BERMEEZ LI U, BEVER ISR 5 OO E N
I, VT E A XOBBROAEIZL DO LA, RO IS I3E AR o #FnRd
NS A L XN TED (de Waal & Preston, 2017) . & b & A X & O Z RS F03H
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DINER DD Z L 2) FEERFIZA b U RRED, FRRFICA b L ABHDH 2 VT E OO X
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IIATEIN BT D2 &, EEFRIN TS (DeVries, 2002), FRHIPAE IZBIZ SN D DI
R OBMRETH 0 | I E I U CRERENXEEEE 2 D BAEE N R 2, 20k,
BIBWR EORFITEINEE SN D (Ainsworth et al., 1978), U ZFRWZ#F5ECTix, B+
MHCRFE SN DD EE R EZ SO 5 2 LML TS (Edgaretal, 2011), F 728
NEFERT 284 Cld, BN OB OMERDOIEIEN, REITEIRCA N L A SE 2 B S
D ENMOENTEY  AESHREEER &IN5 28, BERALZEERTL - & bitakE
Eh R E (Kikusui et al,, 2006), 2D Z E1E, O X o 2 EIREBISR ML, BH N
DIEERZ GO, HEEECTE Z L Sk L > TVWD Z L Z2RBT 5, 2 E
TOWL DDA XOBFETH | il F & ORI OFIEE RE T DB FET %, Topal
etal. (1998) I, A bL Y« F2x— 375 (Ainsworthetal ,1978) W T. Har
BRE T ClE, W ERNFET HHEIT R LR NTZT ORISR TA X ORBEITEICHEN
ITENREEINT 2 2 & FfWEINRET HERITIT R DR ADIRERIZH A THIBUWT
NN T 22 L7l A IRFENTICH LTRGBS ITH LN R D78 2R~ L,
t hORFHO X IV EEZZEEME L TR L WD a2 R LD, —H, A
X @O Z RO A A A I TIEEER D FEBRFRE THOE & RH DR A~DEZIBVTHE)
WZZENHLIVT BT L A G0N & OFEOTENC HiEWA A LIV > 7 (Topal etal.,
2005), KIEEHIX, A XITE S THARGITTA XOFEFUC L > TIHEE 500 & D RZUE
WEITE, A XEORMEITIRPA T N REN B35 2 &%~ L7 (Nagasawa et
al.,2009), & hOREFRITIE, 705 OFFUIREBLOZBHENRE L LOTEhZ25R L, 71
ONEETHDLENIRE LT D LIcoen D Bk & =g, 2005), A% b
NIBEITEIORBEHIET 5 Z £ D (Nagasawa et al., 2012) , A X225 OFEMRNIEAE
DFFY P UWERESE D Z &1, ThbbEe MEFR & RERIZA X5 OERN
FAVEORETENZ 5 H LTV D ATREMENR S 2 DI, (ERERMICEESN TE - b
LA X EDRTEROEYFRBEO RO ERDEDTHAD, IHIT, KEDIX, B hA
XN, Rl a=r—va v ERERAL LAY by U iR A LI O R
DT AT =T NHY | AT I L TOFRNTEDOEN L ITRE e Z ORI, 4 X3
MIPZERER a2 2= —a v A% 0% (Lo mfe CREEIERS L7 BIE Tk
W ETRIE LT % (Nagasawa et al., 2015), A% ¥ b v &9 L2 RE ISR
SNDIEMEORFEHIBIL THY . A XOEBFMITILEOHF X & LTEEBERD T
KREPETH D,

E k&M IOFIBRRAR
HRE L AN HONTE, SEISEREBIHFINS D, — AN IMERO [EE DB ZE (K
WZRINC & 9D Il X4 5 [ EME Y% (emotional contagion) . H O IFENIREED XA L7= £ T,
AU U7AT7E) (158 2 a3 5B OEW TOHLE (empathy) . FRHAYICH D &
ME DONIGIZ TG ME OLRRRIE Z B L 7= = C 178 (F®h) 021 k% 7~ 9 A1 (sympathy)
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\ZIX B S 415 D3, Preston & de Waal  (2002) (3, Z O#RFLAMSLOH T, FBEAYHEK (cognitive
empathy) # & LTI TWD, ZORAAEIT, EERNKGOREZ ~y 77X T BT
RKETHZLETHY, FEREBO—ET72<, THOILE (true empathy) | & FEIND Z &
LD EIRRTND, WEOERKE L TUIRZICHERAIE LN TE LT, £ OHERN S HEIC
1T, R 5 NCHRERI PRI R AR LE TH 2 b DO, KTk, Zhb T X Ta Il
P LTEE D, < MLF DB OBRfE & ZUTIE Ui ATECF B oMk ) L2 5, £
D ¢, BT 2 TE 2 MRA ML . JEMEA B L CTARTe A XORMEEZ I LTS 2k
Mo, EMEOHELE TR U o,

WD Z B Z D BT, A XOFIUIRRBRAES T2 52 b b, BAEY T,
Z DS OREECAE B AZB O REDS | R E OVEE 2 i o 7o WEME 2 (b S & 2 B+ &
LTHEEET DB ONDN, A XICBWTENZRIET S Z LIRS & Tidhw, [
FEFTA L 9 DHEMEICOVWTE 2L, A X bBIFTITRY, Ll B MIHT 514 XD
ML, ZDOEBICE ST FBRBFE SN TN D, £UTE FEWn ) — hF—L ol
EERETHZETHD, MAONHMERA LI THA D Z DO NBHTREN, A X OILEMEZ )
ROMEDOSDIZ LTEONEHONIT 52 2B U T, Mo bR BRIz L
ILMEMEEARIEL, TNEFDO =y FOMSHIRHE L BIESIT T U 5 2 & A ATRBIC 72
LHThHHI,

AARDEH

bt hEA XOIAECKHOE I, REE & L CORBEOHFERHHTZA D, Frick k
EORNTHRH D ETHUX, B FEDHEERA R L AIZRY  BERERTH D LB I
%o WEEAICIZA R IFVE & OFRTHEFICES L SN TWAN, TOITEIER 225
FRONTWD, S, fMNEE A XOBIGEICER L, ZOROA XOEE, 1TEE
HEEAIZTAR, T OBRIEOE RICH DAL EZHA LT DI L2 AN E Lz,
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F2E HAVELOBREEICE TS, XDREREEL

e

b R CIEEAM L BT 2 L 9 72855\ T UIE LIZTRIROEMAFED 5, EE LT
BIZEINDZ LD D, RIE. IREKOS FANCH SR CTES L, BRE THORMEITITEE
Do RK¥FI, BHIZH D NRR] O RFEEZ B> CRORITHEH <4, —HIXHE OXHED
BT D, FITFHEAICES W STV D b0 GEESW) & RS xh3 2 R &
ELTHMBIND b O (RISPEDIR) 738 5, 216 OIROEENIARBFE~ D REMG.
s, BHfHEE. /R ETH D (Pflugfelder & Stern, 2020), = HIZIEE MZBWTILL A
BB INDEBRIC LY DWW S NHEIEORS H 5, UV EENC X 2R IZE A
OHEHTIEMICA DT, R H DA T 5, AISHATE OB A & 2 A0 HE L, Z0
155 DMK D EMERIZIC AT S 4, RIS OVE &) LS i@ﬁ%ﬁ%ﬁ%@&% RlA
SH, B OS5, 1HEMEOTROEENIIIME TIX/2 0D, SRS R BRIk e
THEIREBIZ & 1 72703 & | FEAYI B A ERANRIEAL OIR B Z FEBL ST, A b L AR %5
THEEZLNTWD (FH,2007), £RIFFESHEII2=r—va vy —n L LTk
oA L, RPN EEER A, A& 2 BRI B B b b TS (Bell &
Ainsworth,1972) , JRDFE T 7L & L TOBKBRIZ~ U A THRD b, YOG HRB I
s (Kimoto et al., 2005), t FTHEERICKPEDIRD BEOMRIT/EMN T2 Z &7 &0
HE I TWD (Gelstein et al., 2011)

A X DOIFEMEDOTRICBE T 2 HEITR 0B, A XOFFRIZ LV FEWEDOAF h ok
ATDHEICAXOEERLD Z ENFWEICEEZ BT 6T 3L, A XOHIZE MT

B DIEEMEORD X 5 AR ENNEE CTODAREERH D LB LD,

A KT NE E O EES OTFRIHC, VW EEZERT S, BE2EDS, RO, BEHERD
%78 EOPNEE 2 oRET HBANATEN A A5 L FRFC, DAL 2RO biLd
Z Mo TS (Katayamaetal, 2016), £\ 3 & O 3BER O FERFIZA X OMEENZZ L
WD T, ZOBEDA XDOFEIEEIZ B E & 2 /RN D 5,

Z ZTHEIFE A 1ITA X OB OZEIATHE L TRO M ENET 5O EHERT 57
DIZ, BHEHRENNE & OB a2 W TEREIT o7,

Fo, ARXREFANTELE VI IERBERITA TV by it Lo THIISh Tnb B2 S
b, AXEE MEDORRBGH T XOAF b b EFT25 2L (Odendaal etal., 2003;
Handlin et al., 2011; Nagasawa et al., 2015) . A% h T 003, IR & HE O3 RIIASRAH S R % Bl
HbE¥ 52 (Normanetal,2011; Romeroetal., 2014) 235, {HFEIORICH A F T v
MBELTWD LRI AN Tz,
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HE LA
AWFGENTIL, FRECTHE SNV TV D REEE T, DBERZER Z R0 A X & Z OV ER
L7,

EiR1) BETOBEL BRRFIC K S FREDE
A IPEBAETE L COBEFTICRW T, iV & OorBE: O SR ICRIREDSZLT 5
VAL Ry

fEEh s & OB

1 8FAD A X (2-13 ik, “FHJ+SD=7.78+4.69 ikifin, MEZS 1588 (5 5 13 BN RILHE ) |
HES 3HE (T RTCEBFER)) & TOFWETH (20~5 0%, BrE14, Ltk64)
MBIMUTe, TRTEEFRICED > THBY | BOIRY FNMTEBE L Tuie, IR ERET
FWVEEZIXZICHET HF (HFEICA XOMHEFEZ L TWDHE) BNMTo7z,

ES e 2
FRIIMEE Y L O E OB EEITHERICAER L TV AT TIiT -7,

FBR 15

R EDORIE LT v~ —REHER (LU STT) O v~— 13 RE iz, v b~v— 13
BRI AR L TR W BT T D KMERIKDEARZRET 2 DT, RIKOSEMEPEE
HEHEARZIET 2D TH D, Hikslb LIIEA Th 2K B AR (21~
—FBRHE SPAH, BRR St A &=y N) O v F OB LE AT T, FIRERSIMUloO
fEEEICE X . TR & AIRORICEE S, 1 2lH 720 OFRIROEAEZET 5, K
DIEFEIX 12~27mm Toh 5 (Petersen & Crispin, 2002) ,

A XEEFNENBEELITENCET LT Ty 7 AL T—/HICHI LTS
RFfEIARIC. STT OFMRERHCME L S d 2 KDL EORIRZ 22T T2 ERIE L b D%
FEJL. Basallevel & L7=, & HIZBIOHIZA X% 5 BREfILL B SF& S 724, BV ENF
ELTAXESNDV, 55 UNICRIE LT,

EB2) FVWELMMAL DOELEORKEDHE
BRIV = O T DN BB SR B A A S T2 T DWW TR,

HER BN 5 L OWkER A
20 BEDO A X (1-13 k. FESD=6.35+£3.94), Z D9 LN 12 88 (9 B 11 SR ARLLH

13



F) . KED 8 BH (T RTEBKA)) &, 17 4OfFNE (20 fR~50 18, FBHE3 4. ik 14
£) MBI LTz, 2 S OA XIIESFHOTEN Y Ot b &% BT A 7 TIZEHIRIC
TSN TR, ERBEFTCMOA XBLIORE v 7ICHSEA T, FRERERIEIRA X
DMEALTO 2 BREE R £ 72 X FE R ATV, IREIZT A 7T OFLAZ v 7 (BLF, R
v 7)) DMToTl,

TR

FA T2 TH LR 2 L HFL—24 (3.1mx5.2m) BLOL DT EH=EL HL
— 2 (6.4mx9.8m) TIT-o72, WTILHEBEHADO A XPBBMAIITH I L TEBY, /A XXX
v 7 DR HIEIAT IV,

FEETIE

FREOWEITXER 1 ERUTL I ~—13lBE AW, HEOICEI /2R ER I
L DBEROLEAZE Z 720 L 9 | FRNTHIEIT 2~ DN L 24T - 7o, FEERFFIZITEVRE
THROLTICHETE D X 212> Tz,

FRY B, A XITA T TEGITEWE LG, W ERESTZRIT, oA XA H
7 L AMICRWT 57 EENTCERE N CRREZIE Lo, STT OFJEICSLEL LD 2
R LL EORIRZ W TRV E L B3I, Fa%T 1| SERESNLS->TH b o7
IR EZRIE L, B & HAgORREZ L, stIRE LT, oI, A% v >
IZRBRDOIFE A BV THE S W, RREZHE LTz, BR LAY v ZI3EnNENDA X &
BRI TlXd D b OO, FrillZBMBY R BRED I NWE & Lz, flnEE 2 X v 70O ER
RO BIZATW, BERIEIE I T 2 — T R L 5T,

EB3) XV FUUVRIBRE BT T N AR DOIRIK & D Lk
EB 1 BXOER 2 1B A REKEDOELICA T b U3 TV A 0II DWW TR

7,

B I KL OWRE

VDA XE%REE L (1-13 5. EH+SD=7.3243.66) nkils. MEAS 1386 (55 11 58
DAGEE ) . BEDS 9 BH (T _RTEBER)), RIREREIZA X OB -BRERD E 721389
FHEADIT, REITIAY v TN ToT,

ERRI T

RN EERBN N TWDLT AT T 25 ThH 28R 2 2 BV — A
(3.1mx52m) BROLOTHEL HRYL—2L (64mx9.8m) TIT-7,

14



EL S

RIREOBEIZFER 1, 2 LEUHFETIL~Y— 1R BE AW, O ENSFRiRICA
XETENY , MOA XRLHENLHFEEZ L TWDHRAZ v 7 L HHRICAHRT 572 BN -8R
BTGl &t7, TFHRICHEWLECTSTT 25E5 L, 2 FFf%IC 1 BIC > 2 01U O F
k2> (oxytocin, HRASHATF FOFZEFT. KB, LT OT) L72iZ&p~7F F (OT &
[FARED oy 1B % FFOMRIRTH 54y B {E 1010.18 ~XF'F K —/4 2 NPCQCYGIL %%
FHL 9A.A.SIGMA-ALDORICH Japan, Tokyo, LAF OS) & A X DA D BIZHAR LT,

OT & OS [FZNEN PR B HE/K THME L, 201U/80ul DIREEICHHE L T~ A 7/ nF 2 —
TIZAIVT20°CTHEHRAT L, AR L7z, 4O RICKIRT 2 DI+ 72k & s
T A0, fREBICTER AR AKE 3mL O U U5 1N TR Lz, B L7
KZ S 25G O E2AHT TSI L, $H2B-> TV oo bE#EAIRL7-, OT £721% 0S
ZRAR LT 5 21212 STT 23 L=, 1 BHIZAHE OT & OS oM Gz 5o HICHR L7z, 2
JEH O AR 24 BRefEI DL EREIRR A2 221 TiT o 72, 22 BEHP, 11 BAIE OT mUIRZSEIC 5 M L, 7%
D11 BT 0S RIRZEIZFEm L, SRIEDO T T & —RT 2% b o7z,

HERHFARHT

BAETT VT2 W CTHERIE S KOG & D VO T LER R TR & 4 tbilg L 7=, Post-hoc
\Z1% Bonferroni 5% o, #EFITFEMEHEARERZE TR LTz, fi#8T Y 7 hix SPSS V.24.0
(IBM SPSS, () %= M 7=,

BR

FE#&1)

IR Z PEm AL U, MR, IR Y A 2> 7 0 2 BRZ AW THREAET Vo 21T
ST, FnaEENRE L THWE, ZOME, RIS A X ZICHEREDRP RS
e (F (1,16) =8.54,p=0.01), Post-hoc D, Reunion FRIZAEIZ EH-LTWD Z &
GrinoTz (p=0.01) (Fig.2—1)
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® Basal Fi5+SD

, *% , =20.1mm4.7
5 Reunion F#J+SD
o 30 3 =23.3mm=4.9
= -
§ 20 */%
© P—
> Linear Mixed Model with
E Bonferroni correction.
10 ** p=0.01.
(F (1,16) =8.54,p=0.01)
0 -
Basal Reunion
(2EIDF51E)

Fig. 2-1. HEAIZRBEICI T DT & D4y BlE 235 C ORI R E
iV & OFEE (Reunion) O, HAEICIERKES M LT,

KB 2)

RREEERES L L, MR, B2 L7 A (Owner, Familiar person), JRIEERINY A X >

70 3EREHNTHREET NN EIT o7, FlnaZE&FRE L THW, ZORER,

B LA, RERRS A X702 BROMICAERLZ AR ALz (F (1,54) =

4.355,p=0.042), Post-hoc DFER, Owner & DEHEFHIAERIFERED EAN RGN
(p=0.007) (Fig.2-2),

OwnertOER (T £SD)
Pre=20.4mm=3.9
Post=21.9mm+3.4

OthertME= (F19 £SD)
Pre=21.2mm=3.5
Post=21.0mm=3.6

30

n
o

Linear Mixed Model with
Bonferroni correction.
** p<0.01
(F (1,54) =4.355,p=
0.042)

-
(=]

STT values (mm)

Pre Post Pre Post

Owner Other

Fig. 2-2. EN=GPT COEWE L IEFWEZNZ & OB TOJR
HEEHIERNNE (Owner) & OFFERRFOH, JRIEESA BTN,
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E#R3)

R EZ I RAS L L, A, SR U2 (OT. OS)., TRIRERIRZ A X v 7 D 3 ¥R %
AWTREET A a1T o7, FlaEER e LTHW, TORE, SR L7CiRE
(0T, 0S). WKLY A X 7D 2 BROBICABERZBERMR Lo (F (1,60) =
6.574, p=0.013), Post-hoc DFEHR, OT SIRFHIIRKEOAE R LAN A 57z
(p=0.042) (Fig.2-3),

OTs=ER (SE49+SD)

55 Pre=19.1mm=3.8

Post=20.4mm=4.2

OS/BE (FtJ+SD)
Pre=19.8mm=4.7

20 Post=19.1mm=4.8

*
&
>—]
s Linear Mixed Model
2 with Bonferroni correction.
4 * p<0.05
T — (F (1,60) =6.574,
p=0.013)

10

STT values (mm)

Pre Post Pre Post
oT oS

Fig.2-3. M ORIRERINE A X by OBEMEAF > h > (OT)
R L7 IR ENA BN L7,

R

A a3k 2 OEERTIE, IRIROEIMIMA & OFSTITRRD LT, fllVE & OFSRFO R
ROOLNTEZEnD, FNWEEDOTEEEOHRFED X )14 XOFEHRM L < ET 55
BN T, A XOFROEMPBD HND Z EBghoTe, ElAFy by Adfng s
A XEETe, FrRl7eBRE S LT, BEHEARLVEY THLEBZLNTNDLN, FF T b
D FIRIZE o TRIKEOMARD b= Z & T, fAnEE OBk OBRICL DA
XDOFFT NN ER Ul 2 & TR E DS U7z Al gEME R STz,

FER 1 T Basal @Y (20.1mm) & Reunion @) (23.3mm) TILRIKREIZ 3.2mm DZE
DWFRD BT A, FERR 2 TV & OFBASGHEIZIIT D Pre DY) (204mm) & Po s
t DY) (21.9mm) DFREEDZEITIAE TH 72O D 1.5mm & FEER 1 12 L T,
F 72, Post |23} % Owner & Familiar person & OFSREORIE REICHEHIIICH B 72 21T A
LiLiaholo, ZHUE A XNRENE L OSBEHRICHE TRESTE T 2HAICHE LT, 71
T THERMY O FRoA X LRI TT 2 LT, AV E L 0BT XD R EE) )
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WEnr-rvtE26Nn5,

t NORFRICIEARIHEZHNER E LTHEREZHNWD Z ERmonTns, AR
BAEFET2TENIEETSHTH Y . BEN L ORETECEBT B 25| S TR RH
% (Bowlby, 1969; Batki et al., 2000), A XiZb hEDaAI 2=/ —T a3 2BV THLOEY
FICHEE R WiE(L2RF -8 Thsr L S Tnb, b MIbiIkeE SNbH T3
R EOFEH LR LT, 4 Xdt OB S L Eota s 7P VR RT 5
BEANT S TWD, ZhidA XNt b=y FEIEET L2 L THAWRBIMGEI N E E
D, B hEDaAIa=lr—a VRNARRIZRSTED TN EEZ LR TND, EHICH
J) TR FIRE 22 BB L72BRIC e MICRIBRZ I 5 L W o 72iTEN 2 A D (Hare et
al., 2002; Hare & Tomasello, 2005), F7z, A XOIEFIZ LV FANTEE A XORZWNIHE D |
Rt DEINEDRFAF S M BN ERT 22 L 660> TS (Nagasawa et al.,
2009; Nagasawaetal.,2015), ZiLHDZ L BT h—4 XIZBIF2aI2=/—
Ta URMOIBRICEE 2 REEZFFoTWHEEBEX LIS, A Xk b EDIADREL N
KOUEVEHETHY, b FEHAETD ETEVHRNRaIa=r—v a2t D0E
MERH-oTz, B h—t MHla I a=r—v g VBTN EZERT D54, BRkE0EE
RFED b= NIZ T FRUORISICEEE 525, ala=r—a Yy T FIVITRIEED
HFERREZ R T RO G EN TV DLEITIE, T FUOFEIICEL 52, BE LWL
ZOIEMTZENARELE D &2 HID, (Hendriks et al., 2008), Ak A X & > CTHE
AR T FATHDLREITE P TIHEMEL TS 9 2, A XiTk b THREMICE L
SRR N D, fiEHAWEaIa=r—va v Ee MO LU CRRRICTEH
THMEMERHST-DTEA D,

THENIRAA Z2EE e NS OEICE HY | SO B LA - KD - 2L - X - R
72 EOIEARRIFEELE N EFERICA XICHFEET D, EILEWFORBEE TN T-F v —
N B 4 T3 TAB LI OEREIZHONT (1872 4E) | T NEFIIATEIA IR
R TEA b, MOBEZ M Z Tk MIbA XOFENHERNITE 2, 2k, 29 L7178
DL OIFRECHARENR E R TRAF SN T X AW FNCEEREE CHY . B N
DOEFMEERETEHDTH D, ) LI TVWDL X HIZ, & b—o XECITFERIUCB T
HIMENZL K RWEED, BV THEENCEE L 72 EOFIEITH S ST
WS, AT & OBIIVC B OB TlEA X OIFENI 2L 589 541 (Katayama et al., 2016) |
FToA XD OFEFIIEFENEORN I EZELSESH Z LD (Nagasawa et al., 2015) , il
TN S OFEE S 7TV E A XOFRNOLZITER-TWDL EBEZX RS,

bt N CIEEME ORISR O BR A BT 2130, HFEHIIa=r—vary—
NLELTOREEZRSLEZ LN TS, b FOHSEFIZE W CRITHGHT 2HF0E
AUEEZBIEHLIZY, PREIOEBZRDTED TIHEICEN THD & T D (Balsterset
al,2013) . F7HALNRN PRI 24 A PRE e A BB 2 BRI b TS (Bell
& Ainsworth, 1972), #i#RZzHW\ - heDaa=r—a ViEhESEICELIETE
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TeA ORI HENEORBEITENCRBTITEZ 5| SR T8 9 2EENH DL Db L
Uy,
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EIFE XY O VRAERDHEL

e

fAVEE A XL, R EAFT N BN LR a T4 TV—TBNFEL, TR L -
THOBREMREMESNTND EZXLNTWD, FF T b3 FEAEN S 5w S
N, MEEER 2/t L TR CIER 3523, 2 0% bHEH S b, IR o4 %
VU DENEERET D Z ENRE R Z En D M FERAN LW ENTAFY b
o BRI TR 5 2 & T, N A XY b U DTEMERIE A D FIEN R TH 5, 5l
T, MHAAFT o Ama T, JKRH, HDWIEFHERF OA X b U NHIE S D03,
KXz oAFy F U UHEOEMESC—BEMEICIIREREEDNEINTRBY, RELEL
ZHERITDIRCORBRTH D, INETA XA A D I 2RI ULIEHETIE, RE
MEE T DA% b3 RENHIE S TE 7= (Nagasawa et al., 2015; MacLean et al., 2018),
T, < OWILEOF TIE, Mg > 7V EBRIRT 572D 38 E KT 2 081 H D
LoD, BY T TIHEEANCERTE 5 2 &, 5 IS, SWh S REE TORM N ES
ThHAFT byt MERETIE, ZOEFTENRBMLWLOD, JREAF T Fy R
BT ARREE LR CE 2 2 0BT o5, R, HHW0ikmd, MEgEH o4 %
M AZIE REEZ N TENHAZ ENRMBNTEY , —INZIE v 7o iiE %2 A
W HMHBERMLE L SN T DH 500, FURIZ L > TUEZ OEER L THRHIIN T
20055, INETOLEZA, WL OO I EMRIEERZE T, i BEO A EIZ)H
MO BT 0T LB —F L2 & &2 LTV % (Robinson etal., 2014; Szeto etal., 2011;
WEZ 12OV T, MacLean et al., 2017 #&oO Z & v MEE W =R 20 kB X
W7 vA VAT ADOEIZ OV TIE, Brandtzaegetal., 2016 & &), ZDOZ &I,
FX T M ORELTERERPHESL SN TWRN E 2 EW®T 5,

ZHE TANIZEE T, \IFRZPOMA ML ER LA %2 b2 fukz v, RIA i
WCCRHZ T > TE T2, ZOHUADA X b3 VR & BRI IIERISE < . RSP Tl
HHZ2LTHEHIITE D2 L, £72T v oMb O4Fy b Th, % ORIER &R
i CTOREE & ORI OFBEA 0.88 H Y, IFFICTHMRIETH 72, L., JUik Al
BL, 2Bl koA by RENREEZ -7z,

W2 ETIE, FVELEOHSEE T, A XORKOEN/MZ 52 L2 R L, £24%
VEUUDORIRICE S TH RIRENEIM L7, 202 &id, flnE & OFSSLmIZBNT,
AXVENELDSENHNEN LTI MU 2R L, 20T MU BNRBROA
XV MU URBREHBICERT 2 & Z CIRIREZ NS LB 27, TOROIIE, 7.
FHXT D UDRE LICRIERB AL 72D, & T CRE TIEIAMIEE THIZIT/ER L -
UYRHAF T R R Y 7 v —F AHUROH M L ORIE OIERENEE EE L7z,
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FELHR

PR D ZEE

Y XHA T F U URY 7 a—F AHUR ORISR B R T RICRIE L,
Wﬁﬁ%iﬁmg(m@mmmlww)mﬁ%*ﬁttoLﬁ®#¢¢ﬁk£&D\6aﬂ
M OGREMM 23T 7=, 1Ekth, @O 1gG 5 7 A TORMEIT-> T, Jik D2 ki
Fig. 3-1 O Y OWEEZZ T2, 6 7 HORE TEWHUREE (#1, 0.294 mg/mL; #2,
0.314mg/mL;#3,0.372mg/mL) %452 Z LN T& 7=, HoNizHiikE HIRER KFZOMIRAE
HEAF g R A I L, RIAICK D OMliE, ZNnE CTOFURLEERL TH S50,
Fig. 3-2 DfERZ 1572,

ZORER, FUEH2 132 b2 L AX U P U ERA L TR Z E¥bho Tz, #1 OFUE
D bisa L, S Lo RICRI7- Lo 2R LTz, E724MET, A0 by oy
V7LD Western Blotting OFEliZBFEWVLTE Z A, AF ¥ b e d o0
D, U7 I TV ATNIFER LW EXR S, RVEURERME ER SN, Lo TR
HITH PR A VW TRRE 2 i L 7=,

e i
3.500
3000 —E—E—E—= L L l§
2.500 \
a
) 2,000
i
3R 1.500
B
1.000
0.500
0.000 :
1000 2000 4000 8000 16000 32000 64000 128000
AREE

—4—14th —#—Ex

Fig. 3-1. A b U HUEOHUAMMRA #3 ORERAER) . 6 » A D%
P2t o M P LA 2 OB EE CRIE, Acfht (14th) &R (Ex) . WT°
AH T, Mo 128000 fEATRE THEVY OD EAG B, mWHUARE T
HH Nl
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co
(=]
S

efiffl eiiff2 e iiff3 efAOIAE

~
o
S

4
600 @ i H
& 500
=
2 400 .
L ]
2 0
2
B 300 0
(x4
200 °
[ ]
L ]
100
0
1 10 100 1000 10000

A+ 22 (pg/ml)

Fig. 3-2. % F v U PURDOREA TR, RIA Z AW a ka3 L
7o ZTNFETHOTW RO E LS OES -HURTIZ, IRINA v h o>
D FERAFHIN SRR BN EARANIE T LT 5,

HHPUAR 2 V7= ELISA VE DT

ELISA {EDRENLIZE LTl AN BRKEStte 7 —7 7 0 - N A, 1HEHD) 1%
FEL. TR TRE LI EMEMREEL Z LN TE -,

F%3 M v ELISA ([EAHEE)

[ Plate coating]
1. oxytocin (100pg/mL) % 1xPBS {ZT 0.1ug/mL (ZA7R
2. kEFR100pL @5 B, S0pL By b (KWAE) TRV, FOFEEE-TEL
3. EIEITFE -7 oxytocin (0.1pg/ml) (T IxPBS 10ml 2Nz, L<#EHET 5
4, EILEORNRIRZH#H T IxPBS 10ml & B~y MZ & > TRV oxytocin  (100pg/ml)
50uL & AFUVRFI L, &R % Sng/mL &3 %
5. 7'L— MZ 100ul/well THriE
6. 1WA EfEHR L72#% . 4°CIZ TR, 1 overnight

[Assay day1]
<Blocking>
1. blocking buffer D1ERL  PBS IZ tween20 % 1%. skim milk % 5%
2. TL— MO ZET 3 EIBEHT D, (Plate washer PO6/M8B)
3. blocking buffer % 200uL/well |2 T43iF
22



4. incubation

2 1 FFELL . (shaking)

<premix reaction for standard/sample>

1. 2xanti-OTantibody soln (1/14000) 1ERk
O 20%BSA ¥k /ERL (PBST10mL, BSA2g)
@ 2xanti-OT antibody % PBS (2T 10 {474 % (1/10 2xantiOT)

® DOL@%EML T 2xa-0OT soln (1/14000) 1ER:

2. OT FEMERIERL (Oxytocin (100pg/mL)
500uL)

. AR (1xa-OT soln) DEAL (ZADMEHEIRD MAX/ST £9°5)
4. AHH— ROIERL
OT soln & 1x0-OT soln Z B EARIZ T standard1~7 % 1ERK

A XROEEA DW ICT 20 fEAR

5. sample D AR,

1ul, PBST500uL, 2xa-OT soln (1/14000)

Table 1. Standard @ B[4 R

S1 S2 S3 S4 S5 S6 S7T(MAX)
IR R 2000pg/m | 500pg/ml | 125pg/ml | 31.2pg/ml | 7.8pg/ml | 1.95pg/ml | Opg/ml
1
OT soln 6ul
mixture » 75ul » 75u » 75ul > 75ul » 75ul
1x0-0T | 204u || 225 | 225 [/ 2250 2251 2251 2000l
total 300ul —| 300 <] 300w | 300ul 300ul | 300ul
<G>
1. 7L — FMNOWEEHET3EVEHT 5, (Plate washer PO6/M8)
2. AKX UK — R S1~7 % 100ul/well T°-2551%
3. BTN E S0ul/well 055 1E
4, BT N%E AT well 12 2xa-OT soln % 50ul/well 9255 1E
5. NSB (Z 20%BSAsoln  50ul/well + PBST  50ul/well (=10%BSAsoln)
6. L — LI THRRN ZIENRNE I L TT IV ARA M EH overnight

incubation

23




[Assay day2]
7 L— PO Z T 4 BIEHT S, (Plate washer PO7/M8)
2nd antibody % 1/3000 (27735
100pL/well T°-2437F
1 R¥fH] incubation (ZEiR)
TMB soln O ¥Efj
100pL/well T°-2437F
incubation =R 15~20 47
*Z5H - SR - T L o T incubation REfE 232 LT 5 O THE
8. FUHEIE, 4ANH2S04 % 100pl/well T°o45 1 LS stop (F— s al2Z84k)
9. MIE, BUGEIEHT I 450nm D 7 4 L F —THIE

N o o~ 0w b e

Fig. 3-3. #iA v h v U Bk % AV 72 [EFH ELISA 1EIC X D AEHedhiR, it
7S OD fifl, fR#EISA ¥ b U RE (Log) o AFIEAZHWDHZ LT,
30-2000pg/mL DA F > k¥ ORIEMNAIBE L 72 > 7,

AREFHEIZ L - T, FrRoEEMRARE O, BIERAL 30pg/mL TIiLE TOHiE
LD L 725 7o, WIZ ARG SREER & RINEIGRER 2 520 L 7=, AR Cld 4 X
PR % BEBERIR L. = OFRGRfE & S22 ek L7 (Fig. 3-4), WMEIGRER Ti, AR L7
JRICHEREA 3 F o U 2N L, £ OHGRE & SAE % ik L= (Fig. 3-5),
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A BREL AR
400

y = 0.9577x
Rz = 0.9829

350 .
300 -
250
200

150

FF 2

100

50

0 100 200 300 400

Fig. 3-4. FrA v kv U Pk % V72 EFE ELISA TEIZ X 2 A IR LRk,
A XREZBFERIN L, ZOEAE (Bifh) &t FERRE) oM, FE%
(VAR S 47z (y=0.9577x, R2=0.9829) .

UIIEIENEEE 7S
1300

y = 0.8942x + 76.427 o
R2 = 0.9662 '

1200
# 1100
S 1000
900

800
800 1000 1200 1400

A+ 2 EEHE

Fig. 3-5. A > b U Piikz V- [EF ELISA 152 X 2 UshnEIGEE
B, R U7oA XPRICHEES T2 b U2 RINL, TOEAE () &
ficwh (PRERE) OFERE, FEFITHWAHBENE G (y=0.8942x+76.427,
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R2=0.9662) .

FOREF, WITHORERIZ ISV T HEEHME & ERME OB & WFEBI A FR O b Tz, LI
KA v ELISA 52 HWT, T E CTOMEEE D # 3w L=, o7 v
W13 A X DR %ZHWi= (Fig. 3-6),

400

y =0.9694x

350 R?2=0.7175
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Fig.3-6. #rA4 % ¥ VU [EFH ELISAVE L HRIATEIZ KL AR 7L dlt
o 4 DDOY TNV A UTe S IEFICE WA S D Z LA TE T,

ZORER, IEFITHBEOEWE R (y=0.9694x, R2=0.7175) %55 Z LN T&, Dl &
HA XDRTOFFY N AENFBEL IeoTz, ZNHDORERNG AR AF v
ELISA liER DN STz vz K 9,

INETHWL ODDOHRDAF hi v ELISA v T, RPOAFT by o OHIE
TR L TR Y., MEISREE X o 7 ERS it o4y b v OllETH D, ZhET
O EOES N HiRZ AV RIA TliX, MFO4Fy o BLE L THETE S
ZERAV Y FTHY  AEIOFH ELISAJETHRI U L dicifAF o b UsHlETE T,

L L2 H# A% b2V [EFE ELISA 15 & H RIA JEIZ K 2 mAEH o 7 L o bl T idta
a0 Z L TE R o7 (Fig. 3-7),
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Fig. 3-7. A4 F> b U [EAH ELISA 75 & IH RIA &I X Ay 7 v
DOLblg, fHEAEEZSD Z LN TE o Tz,

ER

INET, XY M rOMERITNR VRSN TEY  PIENKEE, H 5 VITHER
WCE o TRELFERN RS L EbTE e, Al #HH-IZkin & (Higuchietal., 1985) @
FIEIZHE T CTHURZMER L, Z OPURORHEZTIRT-, T ORER, BVEE &R, S5
ZHSMENGRER T 6 @ OFHBIMEDS 2 & v, E2 IBRIEVE & O T HIRER % OHIE
FERDM D70 & B2 A ¥ My U HUROIER S Ziva: -V oA %2 F 2 ELISA 5%
L TETZ, —FH, ZNETHREEL SN TEZMFOAFT M L TE, #Eko
RIA JE L LR L. MBS DN otz ZDZ L, BZELLMPDOA XL F v U RiES
ZUNTBICAAE L TERY . i GIESPHERICE T 24 F v b v OSIIRREE DL 7R
EVREHLDIZESN TW WA F Y by oy Rtk b0 L Bbnd, 22 FTE
HLTeboD, MFEREAZ R D 2 & BANEE L I L, IREDOERWE L OFSIYmICKIT 51
XDOAF T b EGIZE L TiE, RO RIAJEIC LT, WETHZ & & LT,
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FA4E AV LEOBSBAICE TS5 XOFFL MU BEL

e

F o O RERIZEB W T & O AWIZE > TR BN Dy 7 VIZEEITE O
MEFRICIR DBV TV Th D, %I F 2 WREE L, RHER & B cx 2291
LTBL SAFIRTT D 0D 1 EFRE TR LT ZERmE s Tl BF1T
B OMEFFZIT, R AT 20BN H D LR ST % (Orpen & Fleming, 1987), & <
WZHABE~DORAY 7 F THITH I EZ RIS 272D A X v O NS E 5705,
ZOLENWMINIAFY MU NHBRMRRICERN L, RRICEFITE ORI MR
EDRE I TS (Neumannetal., 1993), F7-, 27 & XEZEN R BEMRIT 2V, BOL
ANV =T EOEMT T T THEA R R OB NRAET D Z LD (Uvnas-
Moberg et al., 1993; Agren et al., 1995), A% k¥ U BNRMFOHERE & L~V OFEFITEIO
HEFFZ AT L T D ATREME N B 5,

BLERIRNZ 202, VR T EFITENC O ATV U U BERET D Z L AVURIR S LTV D,
T X, XL h BTy FOYERIRICE ST 5 & RHERN D oS Ve & E 1T
T HBEWDORAERBDBBAT 5 ENMESNTEY . BHEKE O 254 F
c OB ERPMFCZODRE LT L TWD X ) THD (Insel & Winslow, 1991), =
DEINCHF Y MV AATREROEEITE) L AT OEETEYO M S 2 Hl# 5 2 & T, R
I UTe RHF O B 70/ TE A B A JFE L. L 0 ssfE 2 2ot 2 Bk 3~ 5 3 & L CHkhE
LTS EBZBND,

ZOXEITHFT F AR, BMATEI OB L HRBI OB FIZE > TR TEETH
HIZENRENTEL, HERMEMIERICB T 24X Mo OREN 245845 2 & 1%
WEECTH LB, x> b OIERIC L - T, FEOHEER O3 — =27k L&V, B
HWZEFREODITTND & WD DITRE RN THA D, ZOHWVHRESTF Nid, & had
DAL BEHIMEICL RIS TWD, ez, BIR L)L DITEI D BFRD 772 57,
EALSCEMWATEN FOBLEN RO D EM PRI REZ IS 55 2 T, X bk
FiRsD CHIBREZR S | BB Th D,

FF T MR A R GE T I NS T ERMLATVWS, BlxiXe FORET
DENHV, REDSNH WG T, HMEOWERTAF F B EAT 5 (Feldman et
al,, 2010), A X THENWENA XDOEHZ P>V~ =TT DA XDRFAF B
U ES L7z (Odendaal & Meintjes, 2003), 7 > b0~ 7 AT 4 B JEHEMASC1- 2> B Wi
W&, TH v F AL MIENZ L > TREMWIOAF 2 b o U MRCRBNIEMALT 5, o4 %
¥ UMERESR OIEMEAIE, AR CILEREA TEIORE TR 2R 9, BRI Tl = v TF Y — LD
YW L, BRI R 2R L ST 572 & DEORIEEZ 2S5, FRIHIETO
TERD—>& LT, EIRMCEET 54X b U BIRITIER L, IR ORI S s & 7
> TW5% (Hawley etal., 2018),
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INHDOZ NG, F2ETHE, A XBRHAVEEFHET2HEICBWT, RRO LA Z A
HU7c, £7eAFY b O AR%E, A XOFEKEDOHEMNNE -7 Z & 6479 % Nagasawa
etal. (2015) DOWFET, FAVWEL A XDSENHWZIETAF T N ENLIZARTT 47 -
N—TPEET D Z LD, fANEL OB TIEA XD F T o UBn ER L, 2O
FA XOFEREDSHEMT 5 L ARG AT,

HHEAFE
;i

SEHD AN X — K7 — R)L (3 EME 288, 93 %) & 1 BHO Y L—% (M3 %) %
fFER LT,

FNA

A RN XD o T EBREGIZAE L 15 RIZEEHC L0 BRI ORI R (Tear
@©) ZFHAIL7, X512 5 HHBICERIM (BloodD) L. [FIFHCHEKE (Tear®@) ZFHHI L7,
Z D% 545y LTHEIWE (Owner) E£7213ft A (Other) & FaSH, 55#%ICHM (Blood®)
BIXOWREKSE (Tear®) ZEHAIL7z, 0 575% (B (Blood®) 3 X WRIEE (Tear@)
. DT 155%ICEM (Blood®) X ONRIKE (Tear®) Z#HHI L7z, MikIT#EY >
= THHIRE 7T AT A FRAR & 0 gRif L, SRMLER MY > T a7 FnF = AR
ZEEIR LK LTz, T TOH 7V ZHE%-20°C3500 [E1#5 15 /i OBl o4
% ¥ T-80°CCHRAF LT,

Time -25 -10 -5 0 5 15

- AEMER (Pre) B BELEFLSHSNGBLEL (Post)
R 1+ + + *
SRsmEHA * 1 4 * *

Fig. 4-1. iV EE OBSLEICBIT 524 %> b v O & RO AL
HIE O FEERFNA,

RIRRE L A% by UlE
X, 7=/ — by FR (V=274 w7, BEFEENET) ZHAv, o

PR OB ELS
. TONEEE VT,

AR5 7 &
29



Fx T F U ORER, BRIMEICEREU. . 3500rpm, 15 4y T L, g% B IRER KT
A PREEAF SR SR D BATE e~ L. RIA EICCTHIE 2458 L 7=,

faE
R RO

BT EN K E o Toizth, Pre D 2 WA > b OB A2 FLFBESWE LS LT, #
A DEDEREZFHRE L, BaND 25 512D Time50 TIXE o7 < DO HALR)
ST, TNERIIL, BB S bR 10 0%OT —F %2, fAVEE MR ANT
B L7z, —BIBIRATT LT, & @vEE, R N) ., FlZMmsiEsKe L, R
REDOEACE BRI L LT, & OFER . SO FENFE O 67z (F(1,25)=6.008, p<0.05)
(Fig. 4-2), WO TR RITHBICEL 0o 7= (F (1,25) =3.265, p=0.055), ZZHAEMA R
Do oTe, FBBREORKR. Hah 10 012, L Ambh ANOM TR
MR BT (p<0.05),

L . T S
uy |

Ne) 1.3 . —

1 1 . .

S .

= : . ;‘
';"} 1.1 - * &
Boqolbo b
= . .

A 0.9

= 08

=

o= g7

HH: 0.6

2SI RSN 2PN v R figu 3=

R551% Ba155701%

Fig.4-2. fi\ EE OFSZIIBIT AIREOE L, ffVWEE (famiiF A &
EH) CHET L L. RS (unfami s & BEER) & Ebilig U TR &
NI L= (p<0.05) .

WITI AR R RER L LT, A% by U W EERERRE o T2, F
BARTOMEZ Pre & LTE I LORREFFE LI, LrL, FVEE SR ADEAEDOR)
RITBO N2 o Tz, FTERHOINR LR e >72 (Fig. 4-3),

30



= —r— L

ﬁ 15

L_i

Ntk .

P

>

4 05

5 i ;

2 L, 1 ]

= N

i RS ¥ A fav 3 R B ¥ N fid\ N
Btk Aa1577t%

Fig. 4-3. i\ E L OFEGmIZBIT 54 %> b0t fAnELF
215, RAMLBAE B L THFY by UM EN o Tz,

BIC, Ax Y PR L IRIREDOHBZ TN, A% P GMREWVIEE | RIEE
ML 725 LV D EOMBEZEE L2, 20 X5 2BEMEIIERD b e o7 (Fig. 4-4)

2.4

o

g. 2.2
o : . .
2 I o, \"\
—\J'g * .
& .
E L
BN 1.6

A

R 14

14 16 18 20 22 24 26
BEH#%ES L 155 ORD LR EROA

Fig. 4-4. i\ E &L OBFEGmIZEBIT 524 ¥ b O b L RIREDE
{EDOFBEIX, fAVFEEDOFHS, RESRBANEDDDLY | WO
BOWTHHBARSE LN -T2, L TAHF Y N =072
ST,

ER

552 B EFRRIC A X E & OFRBGIIZR W CRIKESHNT 2 Z &3 007z,

ZAUTRIN OB LI L TH R o7z, RETIL, EOHBEICBITH4F 2 b O8N
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DRI ZRBTN, BRERD O, EOXIREREH/LIZENTERNP ST, Ebb0EN
oL FNWEEOBRSGHE TR T T A2HANRNEIN TS, ZORRNH N DB
L CTHD,

F. SEOFREEOEMAM P AT b v SIFERRICAE T LW S WREETH 5,
RREITRCAFAET DA X2 b VB EENT HREOH72 5T, B EAREROH
WOAF T h AL > THIEI SN TS Z ERNH BTV S (Dartt, 1994) , 4 [RIO RV FE
EOBFRBGE TIE, P4 b URIRBICERT R LITR R 5REE T LT D
TR ZORI BRI ST LIRAETH D, O Tholol LTH, filnELD
HEBHE T, Ay by BRBE LRV E D NI N b0, A% b v OFRRERN
OREBIL, FHED B CAFAET D4 F 2 bV U ZREMRRIC > TH, #lflsh s,
EMEREZ T, MERAR (G TR, & IR &2 DREIREMROTIKTHY . I 2 LR
ZEEHHT BRI A ¥ > v v O ELEZIT T D, Bl ZIE, EMEREZIC A Ry
VERGT D FRENBEFRERICE R EFT 52 RO E o TS (FME, RFEE
T—H), DFED, FWROAFT F D B RRICHEK TE O EHEERAZIZ R D R ANE
PEAET AU, M OFFS b 2N ST L BIRKRENEINT 5 2 L2725, T, A%
ko R X R A~ DO BEFT & B T AR D O WT R SNl b 5 Z bbb
TEEZEND B, RERT—H), A XTI O L) RREIKERGET 5 Z L TN T
HHHLOD, FARAXY F U OEREZN LI\ E & OFSGEIZI T D IRIEEE IO
AT = X LERADF 200D,

FleAXT RS CE T BTl U E R RIS RCSR OIEMAL 2N CiviE, R
DT 5 (Dartt, 1994), Ala], A X O HAMRRRN ED L HIZEL L TW 2N EAH
THDHNR, XY P a2 SRVEBEMRR DL Z I L CTRIREN L L7z rTREMER
B, BEIZENWEEDOSNHNTA XOHBMFERNZTHZENALNTEY
(Handlin et al., 2011), 27 & L CRREDE X 72008 Liv7eu,

ZORATIwRL T, fVWELOBIGHIZEWNT, MFFF Fr bRl THnD
(Handlin et al.,, 2011), ZHUZ XKD &, WL OFIGHE T, A XOMPAF R
XSO WEEDH 35T EA L S HBICITEBEICR > TS, 202 E2E2 5 L,
A EIOERIMN SILHWBER 5 0% & 10 5% Th otz oty vy ERZ# %
DRI T AIREMED D Do AT N TN TR D 53 S, 2F O MIEIEERICA D
D, RN THH LD, TOEMEE FREICIRZD ZEPRETH D, 20 Ln
5. XV REMOREEE DT KA KT 5 2 & CREOA I M UEEA X D &
DTEEnd LLR,

A RIOFEBFERIS | R RIEERENE A% by v OBEME T RS2 o T, A
F MU ERREDOEICEL TX AT TOFF T b VBB H H VT, I o
Mieth 7Y T L D, SORDBRAENRLETHH 5,
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58 FEHROEMLIE=A4XDOBENE FEZ HEE

e

TEEIMEOIRIT, £ DEENIZIIT 2 AR O BRI B 5 Z L R H LTV D D3,
ROFEIMERICETDHEEFEIIa=r—2a 0l e LTHE<, Fl2IZTRITE
ST OMFORAEMLGI S L2 MHOEBIZ ROV TLOECATHDL L ST
VW5 (Balsters et al., 2013), F 7= FLeh A ZE ISR 7+, AP E A2 BB ET HERIC D
it s (Bell & Ainsworth, 1972),

FATHREED D, A XN b Daa=r—a VORICHEREFHAT 2 Z 08150
Lo TS (Miklési et al., 2003), F7oA X & ZDOFNERT 2 /R LT-HFFE TR, B
BRI LT SR SR VT TR IS A X VTR AT by U REN B
T 5 2 & DHAE Sz (Nagasawa et al., 2015), ZALHDHIAND, A XITBW T HIFEIO
BACICATRE U CIRIR R & OIRORIESL B M ST DARSRAT S s 2 k2N Z 5 AT REE.
ZLTEDOEANE bA~DENOIEEE S 7T & LTO&REZF T LT 5 ATEEMER
Bz bbb,

T ZTCAMFETIE, A ANRERTDHZ Lk D, 2iRshE, Frce h~O/EH Z
RLE1D A XN LREZ SR CTEEEARE L, A XOFEEZ R FREDLH 72
FIRZFFonziild LTz,

M & A&

ARFETEHET SN TND 10 BHO R Z2FAWEHEIRE 2170, 74 AOE b (RiFE) 124
AL, A XTBIEH O UHNTIRERO RIRICHNE L, AifF#i 2~ S FICAIREZ =0 A
A EIR D I % N,

10 BHORIFZFNZN A FHSE S FEAZSHF T, VT v 7 A LTV HIRE TEERY
AT o0z, LI CT A av 27 FaRY GTEREE L0 Rk L) &20% AN LRK
EREADOBICEIRLAOZRSBTHRE LI (REHY) %17 &L L7 (photo 5-1),
THDOA X T 17, 3HHDA X T2 AT DEEREZITV, G5 13 X7 OEEZHEL
Teo 15 DM RBIMART T 4 T OFH 2K LT, E=F LT X EMmEFKRRE M
SOGEERRL, TNENDOEEIKT LRI T 4 TIFX DT 4 TOHIRE, LFDX D
RSP EATHEL ST,
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5:R"Yar 7 MELSTIELED KAZATVD

4 SLinE->TIELED YLEAZATND
3:=a—hJL 509 KoYV

2 D Uiz > T D DLERL TV D
1: %0747 Mizs>Tn5 BERLTWD

(N TR AR

(fHESLIE) (N TR RARTE)

Photo 5-1.#EALE & N TIRIE SRS D5 H

R

[Al—RD 2 FEOBEERIZISV T, Wilcoxson singed rank 7 A &3 L, BEMTE ~D
ISR DN E D MERIE LT, ZORER. BROFEDOST TEREZ{To129H, 73
T CRIZE > THISMPAREIC (P<0.05) ROT 47 LR I RXTTXHT 4T &R0, %
S OHE. BOFIEIZEI VA XORTT 4 TIHIGN LR35 2 L WRB Iz,
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®

Fig. 5-1. JRIEOHM L7724 XDOIRNE MG 2 D52 (n=74)

WEDHRTF o )

=
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iz 7 (

B
[§]

BNBDERER NTRBRRBREDES R

WilcoxonDFi={ = IRA7&TE
P=0.0078%*

Fig.5-2. RIEDONM L72A X DR b M52 %8 (n=74)
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EE

ANTRRIZE 2 BOWREEZELR e NIRRT T 4 77 lIB % 525 Z LB LN ETR T2,
ZOZEIE AXOREPE MZE->TE, b 2G5 25F R & 72> TWDAREMEZ R LT
Ho A XNV MBS HET, IREETDHE, E D ELZSDLI LN TEDL L
TAUL, TUTA XD MEEIZZITANOGNDER L 72 o 7o LIV, A X & AT
TOH T, JEOWANCH DFHIZENH D . A X THRRICHIEL TWD Z LR BTN
% (Kaminskietal,,2019), ZOMGOFHRALIESED L, A XML &R BT 5 K5 72k
FIZ72D, ZOXIBRBOEBN L 2T 254 XEv = VX —TELEEINDLIZ 0D b,
Z DR DIEITA XOFENMTE LTS EREIDO—2TH D L FHLN T D (Walleretal.,
2013), AlEl, A4 H I Tk b OFRYE CIRIKRENSELT 20089 DIIARPITH 573,
FA I ITITRDLNT, A XTOAELT D EFTHUL, TUIEELOF TSNS
BEEEL S 2500 LRV, & 4 BTIEAF Y by ORIBREZLICE T 2 MGk TG
B IRERBEONR ST b OO AN LIzt FEDRVIRY T, A XTAHF T b
D ERAPROONTZ L A I TIEEAR ol Z L BEbED L RIKEDZE
bb A XNFEOP THERS LTINSV EE X D,

ErDaIa=r—va B0 Th, RIRENZ W LICRDMRPMOEN TN D, ]’
RENZ VL MIBEOBE N, TNNRT A 2 X7 ML RN5Z ERmbTn
% (Labottetal., 1991), b NMITEFEIOZE(ICZ L 0 FRESHEMT 503, BF 5 < ZHUTHELR
ZHWEZE b=t MO a I 2= —T 3 ) FRTEFMECH ). BRLOITENZ D728 D H6EE
EHLTCWDEBZDND, 2Ot MERL TE-BMOBEE, FFICOME 2, 1 X
FERICRTZE T B b—A XEO, BRI 2= — a3 VAR LTS LRV,
St AAH I TOMAE, S HIITHRGEUSN TOA XOFRKREOFHINERSND Z &
T AXNED LD ITHEBHEACI L D R EOZEAL E G L CTE 2, LSR5 L
s,
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B6E KREEE

B2 ETIE, fVE L ONEEROFSFCE N T, 4 XORREOEMARO bz, =
D EF, A XMEIEOR, TN HEVWEEOFEE W) IEEGE CORE2 2T 5 2 &
DRSS, BICBT DEEMEDIRDIFEE R LT R ORR & 72 o7z,

F IR OEIMEMA & OFSRHCITRD DT, VW E L O3Bl O FRRHIZO AR
REDOABREMN R S, FEROBEMEA X &R BRMED & 2 3 & oy Bk
DEFRD XA XOFEHPE L < BT HLEICBWTRO bID Z LR ghoT,

SHIZAFY Py ATV E LS A X2 Gt FRRIRBREZES BT, HERRLESTH
HEBZEZBITVWDHA (Nagasawa et al., 2012) . A F T b D AIRIZ K > TREEOHIM
DRDLNTZZ END, FANVELE DR OFRNIE VA XOFF T R BWn ER L
7o 2 & TIHRIRENHEI LR R ST, L LR G, fMnE s OFSGmICE TS
ARXRDAFY b v bR AFRT U LIRIREDRBRBIEIIIA SN TE o7z, ZOHF
e, S HICAF Y DU URIEDORE A @O THEMT 20BN S H L b,

B4 ETIEE 2 EEFERS, 4 XIEFEVEEOFSBHICE W CRIERESHEMT 5 2 &
Doyinole, ZAUTHMOBAN L L THE»o7o, L LB LZEDGmIZBITH 4%
¥R U OEINTRO il oTs, XY R UATHWMINTIND 3 TEONEAD
728 (Saameli, 1963) . 5% I1L, AX > b 72 EOIMARNE S & BHOREME Tl T X
LHMW OB E-ND, TloAFY by ERREOELICE L T, A% ToAF
VNV UEHB D WIE, PO YT IR D, SORDREERME LB Z B
7o

FESETIEAXNREEET L2 L8 D, SRR, ik F~OIEHZMR~ 57
W, A X ANOFREZRIRL TEGFEARE L, A XOGELZ - bR ED X S g%
Fronaii& Lz, Fl—RTALFERAIRATE SIR%Z O 2 FOFEMIZHV T, Wilcoxson
singed rank 7 A h & FEE L, BEMTE FOFHMlINERR D008 5 ERE LTz, £ DRER,
13 OBEORY TEREZIT-729H, T X7 TRICK > THIRNFARICR YT 4 7 &7
DI XTDORTRHIT 47 R0 RBOFIENZ L DA XORTT 4 TIREIGN EAHT5 2
EPNTRE ST,

Fo. NLIRKRICE2BOEEN e NIRRT T 4 TSR E 525 Z EBRHLNE /2o
oo A XBEBMEORE R 25 Z L13, A4 B 2 TOBIEOTROIFEDOHGR 2 EIBMOM
NBPMETHHHLOD, & b EDOHAEITBONTHEAICE S, TOERE TESSNTIEETH
LEREME DR SNz, HREAVWZE b oaa=r—v g VEENEREICELSET
oA XORIZHEFEAVEORETHOBETH LA SEZT LI BRERE1RH L0 Ll
RN, St ATENBE PR A DE S Z LT, EBITA X & FOMHAEDEEE
fRDNLD D LIL7Ru,

FIARDEOHEENIT >HETIZ 7 2 eELTHhY, B N TH 7= Er & LTHRE
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LTCWBZENGH>TWD (Gelsteinetal., 2011), A X b7zt & L TOEEELZE -
TWBHEEMENRH V| 5% A XOREN b ORI OMIEEDEHN VI THA 9,

A X DO—EIX, LLTICAR LT,
Murata, K., Nagasawa, M., Onaka, T., Takeyama, K., Kikusui, T. Validation of a newly generated

oxytocin antibody for enzyme-linked immunosorbent assays. Journal of Veterinary Medical Science,

2021 (in press). Doi.org/10.1292/jvms.20-0723.
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REFSEO FHC 7= 0 ZHEE & SHERER 5 Y £ LI AFEBNSERITESR , Sk S0, A
BRI TE < AL L EIFE T,

F I REOBIE L B8 & B2 % £ LI T BN BRI DR E £
FAREID IR R OB VR  IRA 7 LE T
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