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fEANKEKR A, AdEak 5 B E5HT
WANFURE, A andias, XFh 5 AR ERES
LIS AR B RIS, Sy AR “ AR T
FEH I NE 2 — WA SR A", )i T
ANt S EE. 1B “HEa N7, MRiE T S5
ANt S B E A SRR, #E—20 Kk E HE &
BRI B IR, X FARE R Rt 2B S, (social
connectedness ) (Lee & Robbins, 1995) . £l 2 Bk
ZEREAE IR AR 25 32 RF (social support ) , M
1T % fift e 73 %k s )G 7 D5 o, i 3 B 0 it B
( Schachter, 1959 ) , X—idFEGEFR M AT L% M350
('social buffering effect )

L AR RN Ny 3 e s iz N[
JIEF, 3E RS R T B (R P T e i A 3
2% P VB (Cohen & Wills, 1985) . H A&, #-
SRR FEA SRR 5 R AR
JE 2 AR T X B s sk P 4 o 7= A 1
—FRIHE S AN, BRERGES S HZ T
O, AL A A L T AR BRAIL AR A Ak

%o W, JEEtEE R TR AAE S v,
BFE 23 SCHF AT DAGE 2o fi 1 AR AR B . 1
BV AR R, AR fRPIRAR R (Che et
al,, 2018a) o MHFZEHLHI A A EERYL, )yl iE
OIS el - FE A - B ERR (hypothalamic-pituitary-
adrenocortical, HPA ) BliFIZZ B4 245 ( sympathetic
nervous system, SNS ) 5 RAMRF T FIAERRR N, 11
FEE R IR Rt 2 SRR S vP AR BRSO, Dk
DR SRR A TR RE M (Che et al., 2018a, 2018b;
Gunnar, 2017; Kiyokawa & Hennessy, 2018 )
T L RBIR, ARSI S R
KT, TR ADfal R AR 23 56 3R g n a4k
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FFH RS ) MAEARR KLY CandEs . B
&) AUADBIRS R ASR A T T (Wittig et
al., 2016; Young et al., 2014 ) , A FERE T
IS
AL E R R ARG RE TR B
AE . L DL WL A DG B SRR A, AR
ARSI % R P A S A& #E Y (exposure-type ) FJEE
71 A (‘housing-type ) M Fi ( Kiyokawa & Hennessy,
2018 ) , HXBIFEFE TSR E 25 S50k
inenikEliN ey T E AR o e =S RIUp s Sy Wil amws))
YA HAR B — R BRI, s
SR . 4N, 7E Kiyokawa Fil Takeuchi (2017 )
BFgEH, Sl A R R R A, S H A
TR B [ 2 58 7 1 7 1 R R R B A 1Y
IRAATH (freezing ) o JEEFFHIFRF N E LGS0
P 1R SHEERIZE R, AR ERIZE D)
Yl s S5 TR 2 o (e ) |, #k
ST N AR 228 (Wilson, 2021) o
2.2 FLozg RN i ER L
R4l Kiyokawa (2018 ) HWLAL, #hoxZznimyz
RIRTHER 4Ry “BE2E5% vh ( maternal buffering ) ” . “fF:
A2 ( mate buffering ) ” F1 “[F]2Z% i ( conspecific
buffering) 7, ZF AR EARF A mET BT, R
HEEE . A CAMEXRER) DL RIF % R sl
(TCHERR ) Mt 2SR N 0 22 i
TEAEaR RN, FEOCER R, H4)
IR TORREENT, R BBk T, MBEETE
e A 20m /D Bz R K38 0, s Hs 1
Wi ( Hennessy et al., 2006 ) . ZS{l A 25 R 7EAE A
KREKEGY AT H15 2] T 0E (Avellaneda &
Kamenetzky, 2021 ) . &L EANK, RS
GE RN TGS, AR AR 2R B G2 i B EE Bk
i (Sullivan & Perry, 2015 ) . 7EFEARZE R 26 22
s, JCie a2 Uy e 0 RS FRR R R B
CHIFEHR / FZE S, 2R A G / [FZE—R]
FEaz TR B, #Rene A Ipk sl B e T R
Ui /b ( Burkett et al., 2016; Chun et al., 2022; Donovan
etal,2018) . JZ i % /K F T [% ( Cavanaugh et al.,
2016;Pereira & Barros, 2021 ) . HPA %li 8 7% %k 41 il
( Kiyokawa et al., 2014; Ishii et al., 2016 ) ¥,
SR, AN [R]EH () + 25 22 o A i 2 WL VR
HEEES, FEAm R, BEEXTY EE T2
i 32 2 BT L P B E (norepinephrine,

NE) [n] F B i & 5% # ( paraventricular nucleus of
hypothalamus, PVN ) [ 26| HPA Hli/EH
( Sanchez et al., 2015, Sullivan & Perry, 2015 ) . FE%&
A EBRS, PEARATE 2 B 2% nhaso 225 18
A& 22 ( ventromedial prefrontal cortex, vmPFC )
FRTHH [ H7 JZ( anterior cingulate cortex, ACC ) &,
HIA AT e 2 5 A A AL SR (bed nucleus of
the stria terminalis, BNST ) #HH.JCHE, @520 R
¥ (Nucleus of the solitary tract, NTS ) 5 PVN JE i,
fZem i (Sullivan & Perry, 2015 ) , M| HPA
A
2.3t R AT

TELMERR S, B9 2 02 SR R )
PRI 2 op, (HIE TS 3R], th gz iR A +E
ICHERY . i, 78 Mikami 25 A (2016 ) (9878 K& BE,
Bzt 252 vhny Wistar K FRAEZVMETE IR VI 255 rY [E]
PRI ARG AT R0/, T Wall 56N (2024 )
AU BRI 04t 23 9 o T4 22 g RV E 27 2] KRR
PIRME N, i & AL S G2 vh R RCRAE Rl A B S
e Fist,

MBHZALEI A B 2, B A %2
PRt TG o R A . PR E B, At
S5 ) Wistar K EUZE RZ I B LR B =
LR IMNAT A~ AZ 1 Fos FEiA08/0 ( Mikami et al.,
2016) o Zpirtagemiygal R, HT ezt
RAALBI IR (oxytocin, OT ) {55 28/b
HE RN, F HaX R 2 v VE FE A [R5
JE W 24 /NI AT SR AEAE (Hegoburu et al., 2024 )
{HR IR HABMG X 2 52 Bk 2352 O 45 A
Pk, e 2 RcE . HER S, Ak
SO RN B BRI SATI AR D, AL G v RN 1Y
Fe Ak BT RAE 2R 218 E, ZEHER
VRIS FH T M T SO, s i — DA s FARTT
2.4 FEGEMN AL SRz v

B, BR T WSS AR AR KD
Hb, P2l B A it 25 3 ( social
animal ) B |-, 4N, 7E35815ni i ( Neolamprologus
pulcher ) FIBEH 1 (zebrafish) & &8 1 5 Wit
A B AR KA S w0 AR ] B e 2835 Jo AR
k& ( Culbert et al., 2019, J7 Ji [#£; Wilson et al., 2024,
OT) . FRILZAh, 5 E 0 7E 525 (Edgar et al.,
2015) . % (Kanitz et al,, 2016 ) . I (Ricci-Bonot
etal, 2021 ) F14F ( Nogues et al., 2023 ) SEa¥ & I
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AL T AP RONL, X UL TR G bt ik
TETHAMESZ T, X EE T IR A 2 22
PO T ARV of ) ) — B R AR Sk, O A6t
SRR 2

3 HEZEHNHIAELTR

3.1 HHEERL

LNl st S it s, RERH
ARG (R . IRATSIR ) TR SR E R
JTUR o SEG R R TR 2 T R (Y I Pt A
MR, SRS SRR R AR TR
Y J&% 1 ( Che et al., 2021; Luo et al., 2020; Reddan et
al., 2020; von Mohr et al., 2018 ) , FFBFEHIAXT 5K
T A O SR AP R B S, (Dou et al., 2022
Hornstein et al., 2016 ) .

AR, AT SEg Rt 2 e VR i n e U8,
— B R LR A2 R 3L ( Trier Social Stress
Test, TSST ) oAt/ (b2 Hlkf ) skolk
TN g S Sy IR N1 At R e 2 T8
R T LUREE, it & SR iRt 2 B AL
RN, MR e p iRl . FEeeh . LA
Ko PEr R (s ) &SRR RE S vk iy
N 34 5 B ( Kothgassner et al., 2019; von Mohr et al.,
2017 ) &
3.2 oG PRt

M PAaE], ANkt 2e9g wh 2R a] D43 b
Bgzoh . PHBE RIS vh =R, Bl A A
IREIAREA R, ANFAEar BB Re IR A R
G PR KRR Y

XFEILMA U ZT, FEFRE (K2
BONACEE) Bt SSzhny FEORIR, ACHTES e
Zef )L 1 ) ( Gunnar & Hostinar, 2015 )
AWARRE 1, HA R LB & A
B, ABeRgr st g, WREIRE N ILE
KULTFA L4, s I B (Jacobvitz
& Reisz, 2019) o BEAE R IR R I R JE,
5k T 2 8] B9 22 vh ) fiE & W7 9 55 (Hostinar et al.,
2015 ), VA A 225G R BT A6 o e T b A,
AR ILZE wpAF H ( Hoferichter et al., 2024 ) . #R1M,
WAMIEAR N, WA A B R 238 & 4
i) Rz R EE7KSE (Doom et al., 2017 ) , R RESER NE
AR IEAL T BRUR IR, 25 2 Bk R R T s

XFF AR AN S vh T oY 2 R AR IR TR G

% (romantic relationship ) H1, 7EIXSepfsy B, #H4
SCREISAE T 0] 23 B SRR Bl SRR
T SRR R R E i il e ( Goldstein et al,
2018; Reddan et al., 2020; Shamay-Tsoory & Eisenberger,
2021; von Mohr et al, 2018 ) . i % ( Eisenberger et
al., 2011; Hornstein & Eisenberger, 2018 ) . Wi ( Dou
etal., 2022; Mazza et al., 2023 )55 7 RG22 0 H o
TEWS K TS SRS, 28R B 2 il ot S
U | FRPE | A TRPAEEAE , T DB AE |
Wrod SCRE, WA BRI A WA R R A & L
FrvE S . sl SR e sl i B IR AR B
TR SRR el , TS E A AR TE A RS Duschek
et al,, 2019; Krahé et al., 2015 ) =2 H KA LA
JHAR A 253 H; (Jakubiak & Feeney, 2019) , M
MO T, BR TIRIESCER, WA LA IHIR

( Brumbaugh, 2017 ) , & B4 S a58 s a9
FEA= A (Qi et al,, 2020, 2021 ) [FIFERE R ALAF AL
FEOS SRR, RSP HOR A TETR IS KR
Z A,
3.3tk SR AN XA 2 G vl ) 5 )

SEHT—ToTrMrde i, A B i 52 31 3¢
Rk 5 3B ARy [R50 (Che etal., 2018b) .
HAKMF, B A EA NS SR — 2
JEE AR AR B KO, H RS T
SCRE CANETESCRS ) AU By TR i [ iz, s
REVBAR PRI, (DR SR R4 25 3 Fs
D Jre B B Oy B I G P ARONE , RER R R P ALy
TR T A S B A, R REBHIE 215
LAY . H S SRR IX.
AN, PRl —MREEEAE AR, 41

2 R AR N E S i iy, JCie 55 LRI
AP 198/ ( Ditzen et al., 2019 ) FliE ECRAS 2k
¥ (Debrot et al., 2017 ) o {HEF 2 SFAYFR AL
SEMEANR, SEMMRZER. Flan, Ttk
BT, [FIERA AR N il 5 B 68 2 v H Hs g SOy

( Schirmer et al., 2022 ) , [H5MFA A AP il vk
B AR SR B AR 5 T B R R BN 5 2 A

( Debrot et al., 2024 ) , K1, R HEREh 7 #F,
B A ) B S, IR TR
fil# (Krahé et al., 2016) , KAz NAPERI P E XL
3G RN RS e A PR, PR, PR G2 o
GO 2L R R S F A RS & S = ML R I
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4 RS MR B AR A TR AL

TESYBEARIR AR e L B, Hhasgenh
ROV AEE S L H FZ RS (autonomic nervous
system, ANS ) Fl HPA il 3= 1Y) 224> W i 22 ¢ 1) AH
FIEshm kAR CB/NET 45, 2016; Al et al., 2020;
Sullivan & Perry, 2015) . HPA %l 2 —Fh 1 28 P4 43
REARG, W4T e, RS LR, SR
PRI, T AN E 5% (PVN) BERIE
W TR B ER (corticotropin-releasing hormone,
CRH, m#K corticotropin-releasing factor, CRF ) , CRH
PRI WML B E IR B BER ((adrenocorticotropic
hormone, ACTH ) , &3S I Bz R HONE K2
MR B2 (cortisol, CT, AJSHIAE AZER K5
Yy ) 5l Bz A ( corticosterone, CORT, MEAZSshY) )
W e Jo 3 2% 3 o 27 S s L 4 ] PVN 280005
LB o S U S e S F P s L e L ST
WNFRSE PVN (19 JR#RIG1X. . BNST FIZAS N itz Al
PEFIEIIH] PVN BMZeoeliite; 7 —4 & i
ke H T B RN DAY Z IR AR BT, ity
gkl GABA RERYTE M, SRIDE] PVN #45T Y
PO, PR ORE R TR 1R SR TR
YERFAR PTG (Heck & Handa, 2019)

At N & AR, E 2@ R ph 2 ik

(== . IMEZRSE) Wi, JRROESES S

]

SES A
(ANs)

(SNS)

(PNS)

BlSemia R ]

o)
Has ‘

1

JE 1R AR B IG DX CANAS A% . AR I iz J2 it
RS ), M HPA #hFn H 04 RE RT3,
SEIRXT R G R, PRI, X a2 G2 Rl pf 2 AL
AR S A% O AE THET 5 R AR 2Rk . K
K2 h% R 55 HPA fliFl ANS Z [RIAAHEAE R
FET DAY, AREERERH LUT #2322 nhafU i AR A

(B, RS ORI 5 21 i) i 228 JOR R A X
TSR
4.1 Mk
411

=& (OT) J&—Fhpi g Ik, BB 52 A

PZE. AEMS, REMA RS (Carter et al.,
2020 ), X RN E A R 2R OC T TR,
OT W LAFE RN 7 O 5 S PR R 2 2L AL 13 34
Wb, R HPA 35 ¥ (Burkett et al., 2016; Riem et
al,, 2020) , FEARHEAT G MR A R Hh R AL
YERT. TESEsE &8, OT wf LA 4| CRH/
CRF £ 74 55 HPA %l (Jamieson et al., 2017, Jurek et
al, 2015) , WnT LB M A R i 55 SR E
B S A ik X R 52 e HPA Bl T2 1 I
1 ( Hegoburu et al., 2024; Herpertz et al.,2019; Johnson
& Young, 2015; Kuppusamy et al., 2021 ) . [fij£E A&
R, #2382 bV 5 OT 524K K i) 54
TIRZ ATEAIE (Sicorello et al,, 2020) . FFH., £
o3RI, IS (Gl C- fildthh21%i8 ) BES

o | oee

B

A=
iR RR

e HPAHIF Gt
J t

ik L

HEE MBI ELH

TE: PVN: TIEREESH; CRH: 2V EIRE BB BEHONER ;. ACTH: L1 AR BOMER; OT: fE758; VP: JIUER; CT: Jmps
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fEIEAMA OT #9430 (Walker et al,, 2017) , MliFE
ik HPA %75 ¥ ( Uvnds-Moberg et al., 2020 ) , F& T
BUA B &0 OT LAk, AMEYE OT (Gl # i &
4R 2y, XRRNE NP~ 2, intranasal oxytocin,
inOT ) L REGEHE R AL 23 LX) 1 22 vt

(Riemetal., 2020 ) .
41.2 MEH

Jin & (vasopressin, VP ) M FR A $T F] IR 3 R

(ADH) s AMRMIEZR (AVP) , EilH 5 OT
— A TIEGY, EAEATES Y AR, DhRe L4
o B, fEh AT, OT 5 VP Az kX
BGE DS PE GABA M2 o A AHE, OT il il
1 GABA #Zeilii RMEL BN, T VP I 2 fish 2 2%
L5 J¥ (Huber et al., 2005) . #R 1, VP 7E4t£2%
g T PRI A IR, . JE A TR, VP
Reg ek N Lok Z [ Y 24125174 (Chen et al.,
2016) , H [ JC AR DTT VP FEAT 222 vl
g B, BT VP 5 OT 7E XAk - BAT A
SRR, 1 OT C4%) iz ik B gl 3m o $2 7
AR BRI R D7 SOy, PRI T I,
il VP e BE SO BAA S T 2 RN
4.2 KWK 2 Keih 4 258
421 Ji&int

A2 5 BRI e 77 SO i 2328 w1
KHMIX . s B, X RaT
RMEIH IR ICAZ LA, 13X — i F29 J vmPFC 11
245 (Raineki et al., 2019 ) . £ ANZRWF5E A& L,
g n 2R B, EBE AR 2 (F S, fe
W& vmPFC,  JEA ] 5 59 AH OC BT 04 K 2
% ( Bisenberger et al., 2011; Hornstein et al., 2024 )
Mulej Bratec 55 A (2020 ) #1412 2% w07 14
R [ E DR e S .82\ R S 11 25 A A
5| & rHEAR I K2 )2 (orbitofrontal cortex, OFC ) |
vmPFC F1H5 ZMU TR I 2 )2 ( dorsolateral prefrontal
cortex, DLPFC ) {5 8l1, F-4Mfil & (A A1 T EEIR S o
422 W™ H%

TR g . BRGS0
TR B o A A% LR A MU A AE 1
YRR TIRET, 25T HPA il (- Segal, 2016,
Ulrich-Lai & Herman, 2009 ) . 7{ 4% 5 #1438 5 (1)
KRB, HNEME OT 7] LAk~ 4% ( Kanat
et al., 2015, Kirsch et al., 2005 ) . A A% E 2%
LR 52 7 R AT B S 1 (Jomees et al., 2017)

Roberts %F A\ (2022) K3, A1 AR AL N
0 %) [, 234 B SO o BR T B4y
WA LA, tha SRt e g e it OT BERL N M
TSRS . eI R, th S g
B R 2R CS 5 R I AMIA A% 340 ( Fuzzo
etal, 2015) , WEEGEHGINT ik 2 rh e A %
S OT 15 5 2K 2 K B A 244 ( Hegoburu et al.,
2024 ) . ME AT PRI, HbaE ANRIEHE,
WA G 1) UL BE A5 0/ DR 5 | A (R 24—
¥ (Hornstein et al., 2024 )
4.2.3 iffhik

W ILRER T ANCiZA LIS, w5 EA
Ko MG IR BATRERM R M EZIK, s
Wi K7 0 R 1 LA (Chang & Yu, 2019; Sandi,
2013) , MR HPA G g, AERebliARE KT
U RN S TTEUR A RS R P en R EY AL |
25 HPA #5140, 7E Cole % A (2022)
PIWF5E A0, T DA ik BNST X PVN [ CRF B
AR LA T B R YT, I B HPA b 20 DA
WA RN, A RN, BT R
P 2 B0 DR 2D sUA TSR /N (Brown et
al,, 2015) , IMiFh23 ¢ R RS G2 At IR ) B vy % 1
RS . ShIER R, #h s H B
TR OT 7KV I8 Bz B 28 [T r 430, AT 4
Fiifg AR (Kalman & Keay, 2017 ) . 7EAZEDF
sE, —IGN PR R, A A2 BEAR ETE I BUAE
N, Hifg SRR G324 TR R IEASE (Forster et
al,, 2021) o XEERIMPLR, W DIRLER S5 RN
()R A FGERerh AR T AR
4.3 FEEGE MU R Z IR R R 2 22 (R BRI

FRYGHT ST, Fh2 28 WU A S BRAR S T4l
2K (LR OT ) SHTE 52 Ml 4 22 40 45 A
I Z [ PREVE I . KoM, OT &4 Ft:
SR R Z —. TG, CRH WIRELRE
LS HPA A1 ANS ( Calleja-Agius et al., 2024 )
I OT REMSIE LI CRH K433 T ACTH 1
CT BB, VEMTINH] HPA BB , Seit &%,
HWR, TEASRIEET, OT MBRT L
TP FTAR T E 2 ( medial prefrontal cortex, mPFC )
MR ZITTE S, T2 R IO Z A TE S R
AT AR, XoF e OT i th 2 2% vl i (1)
PZHLH Z— (Jung et al., 2021) . HJi, TEVED
KA R iz 263k OT 24k, AMEYE OT fEW
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A v - i) A S R BN 1K e w2 R L i
4 (Love, 2018) o £ LTk, PREEIRE KGR 2 K&
NGRGZIEIE N T —ATRERE G k22 v 2
fEAMATER 23RS 50T R AT b A i A= 28
IO, B O P A B 3 D i

5 RFEE

ASCEFIR T A2 G2 vh RN I AHOCHIFFY, FE bR
BT S MR R R B, R AR R A
23 R RS SRR BITE G 5 ) e i VR
JFEES T St S8z PN AR R P2 AR L] . R
KPS AT 7RI R A JE Al b i — 2D 22 oAk
ML ARAERLT, BARTTZELL R LA 5 TH T
5.1 #HsGE o KA A AL

A KT S8 b3 I F 5T R 246 T4l
WX —I G, HXTH & AL R B A R
TERAA b, R8O AW R A2 22 vh a5
IRV BUN AN AL T w2 (ED O
W T AR X B D TS ST ©UESE, ML TR
SR 50 SO v R R G HEVE I (Kiyokawa et al.,
2009, 2012) o N, RAMFFE AT HE— BRI IR SE
FENFAE S RO T VS FEAE R, DA B
BN A AE LGP HERT LA . e A L, B
HIRFAE S bR I 2 R RS . T A4t
SHEYBA, BRZ M A B DS
5o EAER, ASMESR PRYSLImiIHBETRSE, X
FhOT L RERS TR B IE (A 80, IR AR 41
SN I A S R R 245 2 AR, iX
PR SEER T AR e T T o 4 ) 1 8 s g L
K, ARMBFTE AT LIRS Ui — SRR . FEWFSE
FEEEDT T, SR RS TE T O 48T R T %
BRI, TIE AR T, K25
P 22 A BRAE 5 R TGO o A BRSO AR B AR,
ZETC/KA B RR 2815 Bl 54 S G2 p 38O 1) 5 2R v A
T o AKRIBFFERT LA R IS iG F. (intracranial
electroencepholography, iEEG ) Z5Hi AR, #F—L4R 1)
TEMZ IO R
5.2 Mitt 2k R MG

Br T NS ANZER RSN, AZEIRRERIEGAR A
105 ARSI A b 0 B AU (LT A I BRI A
PR A UERE 22 9% &R (parasocial relationships, Hoffner &
Bond, 2022) . AR, FEE N T E (Artificial
Intelligence, Al ) FARICHIR A WX AT 9P L R,

N5 AL Z R R IERCH — R o R iy
WoER, ALFHE CAERAtss AL #E2EHLESA
FEAZRBRARSE ) REASSR AL G, AR IMA
AY=E AR EX ( Obaigbena et al., 2024 ) , IR AL T
(Meng & Dai, 2021 ) . UL, ARMWFFEATEHEN

KSRl A it AT PR 22 (0] BE S EE AT 17 Rk
45 IF PR TP PR S B A5 (R 2% oo i) R A (2
5 AL 038 B B 8] Be st Ac £ ot
PR 2wl A PRASAE (Hu et al., 2023 ) o P,
R G AL T ZEVEAL AL TEZZ A A0 B )
D7 AR, BN ST AL AN 78 S ff R R )
Al [ BN AR FLC AR SR, L
PR AL 238 WV RE 71 A O BRER R Y 4 TR R

EEYIANZ (8] P REWAFAEZE oh N . AR 4
th, ARFEF Z AR k™ (co-culture ) 3R
% (Sueur & Huffman, 2024 ) , {38 i =225 (6] Al
EAZs R S, MWmSEE b B, 222 561F
TThe Bk, AS[EFh a R A 4 2 0 2 sl /-t mT
RIS EN . TEshfitssd, EYF s h
BN AR D B A B B, RIS ER, 55
55 K BRI FRE A [R] i 2 1K R e oy e At 222
i (Nakamura et al., 2016 ) . #HLZF, A2 -3
BYIRMR B N EE . AUFRERE, BYUitst
FEA] DA HADIE At 2 SR 58 ( MeConnell et
al,, 2011) . JFH, AWFREY, BYHRALR Srhe
BEA AT HPA $4075 (Reilly et al., 2024) , X#
W1 AR SR AT e 5 AN pt 23085 | R ARTR Y
PR MR AT AT A B — T
5.3 -SSR A O BRBERS T FH (4

YE RS DEET TR Z —, FEaSCRIE R M
K i BEAT ATRTT h R A EEAEH . Filn, el
FEAUBEZE % PTSD SB35 R B S0 5 300 O B
R (Wang et al., 2021 ) , X5 /D4F B AR FIAE [EAH
Kim KRR (AR ESFIT ) WEARER
P YEH (Scardera et al., 2020 ) . SZESEMFFEE£ I,
#2352 w30 BE A% A AT A 25 A7 R 22 PHL I
N, AR SRR RLMETSIR ( Dou et al., 2022;
Hornstein et al., 2016; Pan et al., 2024 ) ., 754 FHLH]
B SO A e 4 i e 2 2 NG e D (1 2
PRZE AT B T2 AR A S SEFIIIARAEIR ( Zhang et
al,, 2023 ) . A XLEHFRRAL [ B IS R,
(R 2 G2 PO A U B A P S B b 1) 1 FH AT AH
XA R AT 2R S RN 5 I A RS
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IR, T dE AR e / R MAE 8 B RAELT
B, R AR AT P AR IR PR o
BEAk, ITAESR B AW IR IR R Y BIA T B (n
TN LR AR ) WA TEMARE . BURESF O
&S ) T 7205 (Ekhtiari et al., 2019; Zhao et al.,
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Abstract

Throughout human evolution, individuals have developed a tendency to form connections with others in order to counter external threats

and ensure their survival. These social connections provide individuals with social support, and the phenomenon in which social support buffers the

effects of stress and promotes physical and mental well-being is referred to as the social buffering effect. In this study, we systematically reviewed

relevant animal and human studies, exploring how individuals perceive or receive social support through social relationships to mitigate stress.

Most animal studies on social buffering are conducted in laboratories, mainly using rodents and non-human primates, with common stressors such as

novel environments, restraint, and electric shocks. These studies often employ two main paradigms: (a) exposure-type, in which both the subject and

a partner experience the stressor together, and (b) housing-type, in which the subject receives support from a partner after exposure to stress. Social

buffering can be maternal, mate, or conspecific. Maternal buffering is most effective early in life, primarily by inhibiting the release of norepinephrine
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to the paraventricular nucleus of the hypothalamus, thereby suppressing the HPA axis. As the offspring mature, the social buffering effect of the mother
diminishes, and partners and peers become important sources of buffering, which is mainly associated with the ventromedial prefrontal cortex (vmPFC)
and the anterior cingulate cortex (ACC). Recent research suggests that the effects of social buffering can persist, with findings indicating that neural
mechanisms in the hypothalamus and amygdala contribute to this prolonged effect. Social buffering has also been observed in various other social
species, including fish, birds, pigs, and cattle, highlighting its broad applicability.

In human studies on social buffering, common stressors include pain (e.g., electric, heat, or cold) and social stress (e.g., the Trier Social Stress
Test or social exclusion). Social support, whether provided by real or virtual figures, has been shown to reduce pain perception and alleviate fear
responses. The sources of social buffering vary by life stage. In infancy and childhood, parents provide the main buffering effect. As individuals
reach adolescence, peer relationships, including friendships, become more significant, though sometimes these relationships can increase stress due to
peer pressure. In adulthood, social buffering in romantic relationships is studied, with support provided either actively (e.g., physical touch, visual or
auditory support) or passively (e.g., partner presence or imagined support). Interestingly, social buffering extends beyond romantic relationships, with
friends, siblings, and even strangers offering support. The type of social support and gender differences play a role in buffering. While strangers can
provide social support, support from close relationships tends to be more effective. Moreover, women benefit more from same-gender stranger touch,
while men respond better to opposite-gender touch. However, these gender differences diminish when support is passive or indirect.

Social buffering effects are primarily mediated by reducing the activity of stress systems like the autonomic nervous system (ANS) and HPA
axis. The HPA axis involves the hypothalamus, pituitary, and adrenal glands, with cortisol (or corticosterone in rodents) being released in response to
stress. Social buffering modulates this system by regulating neuropeptides (e.g., oxytocin, vasopressin) and activating or inhibiting brain regions related
to stress (e.g., amygdala, prefrontal cortex, hippocampus), thus reducing stress responses. Oxytocin plays a key role by downregulating HPA activity
and affecting regions related to fear and attachment. In contrast, vasopressin, which antagonizes oxytocin, may contribute to stress responses, though
its precise role in social buffering is less clear. The prefrontal cortex is involved in regulating stress responses, with social support activating this region
and reducing fear-related activity. The amygdala, crucial for processing threat and fear, is also influenced by social buffering, where oxytocin release
inhibits its activation, reducing threat responses. Lastly, the hippocampus, involved in memory and stress recovery, helps regulate the HPA axis and
is protected from stress effects through social support. These neurobiological mechanisms illustrate how social buffering operates to mitigate stress
and maintain physiological balance. In summary, the social buffering effect relies on the coordinated interaction between neuropeptides and key brain
regions such as the prefrontal cortex and the limbic system, with oxytocin (OT) playing a central role.

Future research should further explore the physiological mechanisms of social buffering, such as olfactory cues, and employ more dynamic,
real-world experimental designs. Additionally, the impact of parasocial relationships with virtual or AI companions on stress relief needs further
exploration, while cross-species buffering, particularly between humans and pets, could reveal shared neurobiological responses. Finally, the social
buffering effect plays a role in the intervention and treatment of psychological disorders. It may be incorporated into systematic desensitization therapy,
integrated into standard cognitive behavioral therapy protocols, or combined with physical interventions, such as non-invasive.
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