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The effect of oxytocin on fear responses: bidirectional regulation or methodological

issues?
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'School of Life Sciences; *School of Psychology, South China Normal University, Guangzhou 510631, China

Abstract: One of the core symptoms in anxiety disorders is dysregulated fear response. It is crucial for psychologists and neuroscien-
tists to understand how fear responses are enhanced and inhibited. Although oxytocin (OXT) was initially conceived as a prosocial
molecule and mammalian neuropeptide that enhances cooperation and trust, later studies showed that it produces modulatory influence
on fear responses. Therefore, OXT is now regarded as a promising pharmacological agent to boost treatment response in anxiety
disorders. However, the effect of OXT on fear responses have been somewhat complex, and there are some contradictions among animal
experiments and human studies. In this article, we summarize recent studies that employed animal models, brain region-specific
manipulations and preclinical studies to explore the role of OXT in the acquisition and processing of fear response. We also discuss
the methodological differences among these studies and review the potential factors that may contribute to the complicated effect of

OXT on fear response. This review will help to promote the potential clinical application of OXT.
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7= 2 (oxytocin, OXT) & —F i 9 Mad SRR
FER IR, 20 AL WIR R I PT dE Z 0 ot A
WL, FERALT T AL EAZ (supraoptic nucleus,
SON) FlI'% 5% #% (paraventricular nucleus, PVN) [{] fii
ZICE K. G, OXT —H# it Ttk o K fil
RAMBEBUG N MG, BEINHHRRE
Sy — 303 W 2 ok i B & (blood-brain barrier, BBB),
NS R G5, OXT bR 1 REfe it 2210 43 W Ak
FL, AR R JR A2 AT NS A R i E B ThAE Y,
HHEAPUERIMER Y, R Ui 4k 52 2R
ZMER RGOS FANN KT . OXT KIEVRE
& A2 4K (oxytocin receptor, OXT-R) T/ 5 1), iX
G 57 R T 32 43 A1 £E AU AT AT (medial prefrontal
cortex, mPFC). # 5. SRR MMRX P, &
B8 X I A S R T A 2RV IR B VA oG . IR,
KEM TR, OXT W B EAE 28 S A AT NH
HERIER Y SR, T OXT X 1% 24 114
BN, ARSI NS0 FT H IUAE 7 & (1 45
Ro FEARICH, FRATKRIT A K OXT 2 R AR 1% 25
PN FEEAT SRR 508, 8RBT T A A i
FEE R T 5, DLA BB OXT X 2y R 1%
2 RAE R R Y 4 F R 52 R 2R

1 BIRBERAEX R AHZHH

1.1 =

TR 5 b, B FC i 2 B /2 e A 2R3040
7E L B /N BRORE A e, W S A 1 A i
7821 2 M B RO —— JE 2RI (uncondi-
tioned stimulus, US), & B & # S [8] b 451 4% A &2
B R FR bR o 8T — A AR PR (o — L Y
K —MEE) BEEZ RS ZRTERNE&EEAR
JEFRH RO HEL, /N ERATTRE 2 ) B MRS, 2
Je B e Bl A 5 A R e A TR B R (B DM

TEMG A KB B BB T b, W FEE AT )
(R B N5 H VG A &, BT DA 7 i 3 2
THAE L I TR L] . AR S B 2V 25 11
REEMIX, 7ERVAES] . RECAZ IR A1 2R e A2
SEIMOE R, 0 S B ) A AT A Bl 3 W] ROK AR
INRRRAR SN M B OR, RN B AR R R
i, AZ BN« MKIR T 5ot X, A4S
Tl ol D LT K o 4 <3 | A R X R
¥% (lateral amygdala, LA), 53k B & 1 )2 1) # 7
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Fig. 1. Animal model of Pavlovian fear conditioning. It develops
when an initially neutral conditioned stimulus (CS) (tone or
context) is paired with a foot shock as an unconditioned stimu-
lus (US). As a result, the CS becomes capable of evoking fear
responses, such as conditioned freezing response, even in the
absence of the US.

EEICET LAY P, LA MR EE s BRI IX,
Ko B JEE A (- #% (basal amygdala, BA) %y H 2% 65 1 #%
&, BA Ffn) A 4% (central amygdala, CeA) #%
B, KEGEE EEES T CeA, CeA G N T5
7K JH I 7K JiT (periaqueductal gray, PAG), 7=4ERuA
(8 3 b2 N (ot e s )M A A A g
Mgt FI AR 4%, b LA Al BA TEAS B EIR
RetfZeon, 1M CeA EEM T R RPIRME LA
FH y- & IE T R (y-aminobutyric acid, GABA) HE f#
2250 U, T A A A% P 1E 40 2 (intercalated cells,
ITC) & —HMFI L TT, £ BA 5 CeA Z (Al
% BA 5 CeA {5 B, WO ITC 4] CeA 1)
) P N T B 1 S AR = P E B2 (= K
BA X} ITC $£4F, M| CeA &), A1k,
ITC B8 I0k A LA #5475t BoR, LA
X ITC PFESHE BB R RA EEAEH, F2d
TP S (neuropeptide S, NPS) ) 1/FE IR HI K -
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LA 2| ITC [ fili iy 2 45 e A& 5y, 10 AS 52 A5 A= 4%
LA A 2R A

mPFC J& 2 H R A FH B o 4 by U ), %t
HEEA A BT RiAEER, mPFC B4 E
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J% JZ (infralimbic cortex, IL) 7E R4 PH 28 1A Rl ] H 72
FIRFEM/E A 2%, Ho PL @ 5 BA AHH %4
X RUE I FRE A BB P, SRR SR AR,
BA X} PL # 5 K& # £ Ju, {55 M BA ila PL,
WK PL 1353l, L BA-PL [R5 556 Rk 26 A 14
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RUE S N HAA B ZAEH, 14 2% F il (conditioned
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mPFC

IL

‘N

&l 2. VGBI RARAT Y B 28 IR B 5 7 3R i X

PL
LA
Amygdala /

oI/, XF CS+ ) SCR & i T CS—, X
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Tl FEL o AR LY ) H B S O S B,
[ Bf 256 CS+ I H W S , % CS—#1R 4 B,
RS R R AR, &5 PFC KTk
B SR AR AR 2 5] JE 3 B i AN SRTE VR
VIR T B 25 B 5 /N ROAH L, JTA T (prefrontal
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Fig. 2. A simplified diagram of the neuronal circuitry underlying fear response and the effects of oxytocin (OXT). mPFC, medial

prefrontal cortex; IL, infralimbic cortex; PL, prelimbic cortex; BA, basal amygdala; LA, lateral amygdala; CeA, central amygdala;

ITC, intercalated cells; PAG: periaqueductal gray; ACC, anterior cingulate cortex; LS, lateral septum.
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Zx BRIk, ThResUEIT AR, AR
A= vmPFC Al dACC 1) 7% 3 5 25 11 T2 B
FEAR AN TN E VIO, IRZ R,
W e R AR I AR R S, AR i TS
A RIEE. e SRR 2 (contextual
fear conditioning, CFC) 1, VA Ih 435 5% 11 5 40 o v %6t
M2 RBRRVEM T SRR BN A MER KR
NP RIRE, JHIB 45 AE vimPFC [0S, [
A BE S FEAR . AN SRRAR 7 SR IR #2411
Hil 5 /N ERARAL,  Horp KN4 24t 5 PFC % (1) B
R EEEH, (LA IR R R A T R 5
M RLEAT N

2 EERNBIABENNEETSIERRSEE
FREAXR
2.1 IR

T R 2 2405 PFC AR T R R 25
MR W BA EZER, i OXT-R £ PFC.
CeA F1 BA K& K1, #75 OXT nlfefE =S
KIERRG R CHIER . BRIt a7~
TAERVES S T A F B B, R i OXT #f
220l c-Fos Wi AR, SR 7 WIETE OXT RGAE
RURZE SRR A e B TSk, ki
B AT N R SR B, A OXT 45 245 Rl
REIR/D BB (2 1),
2.2 AR

H5Et i ANE, AENEHEH, OXT X KM
T BN AN AT O S e () SE A A AT 3 EE T & I OXT
(intranasal oxytocin, IN-OXT) 45 %j. H T /N Z Ik
A LAZRLE BBB #E A x4 &g %, prilisnt
B WEAT OXT 4525 & AT H). 4 54525 )5 30~40
min OXT WL KFTHim, 45245)5 80~90 min [l 3%
SR/ I Rl 5 S I E A PN s
IN-OXT 25 25 %F N R I RMEE 4G T EH (£ 2).

2005 4, Kirsch % A 15 E N 2K & 1 IE 9
IN-OXT %5 25 U8 15 1 41 2 DA R0 20 PR 1) 1 22 [ 2
A AT Th 6 1 R 4R 1045 (functional magnetic reso-
nance imaging, fMRI) 25 R IR, 45 T K BRI
RIS, N OXT [ A A A% S0 A2 FE BRI,
A AZAZ AN T DX B AR A AR FE PRI, XX
WA SRR E R NATARIA K. 75—
fMRI W F8 27, 75 9 6 RO R i #E vh, iR
NFEW N OXT ®] 36 /i1 22 i b 5 (anterior insula, AT)

B2 MR E ¥ Riem Z6F 70 ER,
FERL) LD, OXT nf g im LMt AL FIZ K 1] (inferior
frontal gyrus, IFG) Z [A] I#E &, ek Honh 22 )L O S
¥ 5 B 7. Nadine 5 78 27, OXT #1745
A= 0 Ve 2 R B ) RO, A B A T ALY
IFG, LR Al 5&HCHMThReEsR:, A MERME 2
PR SRS R S 0L T, L RE 08 4 75 223
PN

T34k, OXT e A HE )R T IR A 4 4E
Fi. Acheson % ™) i 50 o, OXT nJ #2 i 4 ik 7
VAR B2 R I, $R 7 OXT W A X 2 iR
THIRAH OGRS AR BAYT (W1« BBE&ITVE ). Eckstein
S 10 RS E 7C s, IN-OXT 75 L HE i 3B i 2 v AT
R A AR B SN AE S B L BRI
AW FRAN TR, OXT BN A ZRCAZ I
B o, (ER AT DA R R TR B

SR, NEHFFH A — A —EUN g R, #l
41 : Eckstein Z&0F 7T & 7x, IN-OXT 412 i3k {i 5 58
N AR 2], SR m 2R S ST ) SCR 541
#5 [0 (cingulate cortex, CC) HIIIHALE B, 1 Cavalli
W RN, IN-OXT {2t 1 g 5 N HEAE 28 2= 1t 2%
PRI SR 2 H 2 o) I I ) B R 2 R AR, I
BEA T AR BRAZAE £ 2 PR AR AT IR B PR AR 22 =) L4
BN, B4R 7 BT 0747 B (anterior cingulate cortex,
ACC) Ffi 5 £ RV R 22 ) RO O, 18 T
TEIRBE I RUR 52 ST (2R R MERVIR 22 3] s )
(R, E0 SCR A F2md ™. A ikdngt, Crillon
ST, IN-OXT W] 5 5 i Fe A\ A RE AN AT
P ks 5 B, B OXT AT fig HO 2 R
LA RMAE T, T AN AT 000 P ol A 38 2
Eckstein Z5:HF 70 7~ , IN-OXT ] $2 757 55 4 1 o 44
2= Pk BLIHE 28 2% I )5 5B 7R 41077 [7] (posterior midcingu-
late cortex, pMCC) WG FERE, T AE Xy JE4E 21
BL R EAHEMEMNS. Wik, BT ER
OXT X P VH 1B (RIS [A] A0 2 (] 22 e 4, g iR P o
(LRI, thaadEdt 2. Ar P EAs o] B )
APt 52 w7 OXT %f A AR 1 25 1F H B9 280 R
OXT W ZRAE 28 Ve I A E M2 5, ol
HAR A& 2 52 m OXT ) /E A, {9 4n Labuschagne
S5 NI IN-OXT W] LACER T3z 1 4 22 £ RE B 1
(generalized social anxiety disorder, GSAD) 3 1%
2 BEVE R, T e BRI A E R, B
OXT R BEXT T+ LE 7 175 2 455 11 77 THI A5 T ok e 1) A A
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i b, St sAl, OXT ik 7 A
TR 45 1 2 RS AR B OB (4 SCR AR s 3 )
MG, FHHEANBHAFEER T FERISER,
X TP JE (A 78 45 R RS OXT nl g AN H % 5
A PUERIER .. AN, ZHARTFBM
PR, 4R TR i OXT LI i 715 2L PR 4% (1 4
ZEHLE, BT RS OXT L) 455 N K ZVIE 1%
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Fig. 3. Factors that affect the effect of oxytocin (OXT) on fear responses in rodent studies. BLA, the basolateral amygadala; CeA, cen-

tral amygdala; IL-mPFC, infralimbic region of the medial prefrontal cortex.
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