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R RIS E R IR = A SR B

Fag' MAFT ETEH
(TR RN, I S RRT R T, BOEREFEE, RA DB ST RIS, TFE 475004)
CH 2 BB B ER, WA MR ER, 2 453002)
CTR A LR MO T C R, BT S B2, B % 453002)

HOE NIRRT 2 BRI 5 B S (posttraumatic stress disorder, PTSD)AREZ —, LIEAYIIGT I,
AT RER THIR, RURARS S F it ] P R4 T A TE IR I SR BEIE B B R B THAR 124, X — 3G H iy B 221 TR s
i RN, BRIPGEAEEXFEUR — )R, eSSy IELEEEIR, 5050 1 %, REFERUESIMSE 1/
Ao (BN 205138 )5k 24 /Nt GER TR Y FFIG A T IR U 2%, 24 /NS -7 IR, 8 24 /NS A TR iCA2 A o

RN, SIERTHRAALL, BIZITHRACREEN, JF5 5 RSB W RO E . 5050 2 h, ZYRRIE)E
SR T K B ER K Bl B-1 IR 2 S2 AR BEINTI 2515 /R (10 mg/kg, i.p.), SRJE MBI 2R M E THR RCR . 4500
TN, HEZRIE R A B AR B 2 TR S, (HaREG T VIR B . S, RN O)E BRI ZTE IR A E IO L
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T RAE SR, if

AT BB A B, SRR ATy, T 2R3 K AT B A R 22008 18 5 D A I IR b . x4

SERKAT B T IRATIMZXT PTSD Jg BBIL i A0 10U SR AR

WP CS e A RAYRZME N, BRI AR

KR AMFMERLE, BZITEIR AR, SHIHIR, B- L ARE ZARRHEIF, M EE/R
HES B84S
1 515

BN 5 107 184 % 5 (posttraumatic stress disorder,
PTSD)J& AR 28 52 v )l P 2B im0 e, By —
RIRGE e, A RIRVE . MRSk . A
ARSI B AL . B B HA S AR (American
Psychiatric Association, 2013), 2020 4F 3 7L fili 48 1
K, FEBOT NS 32 5 g, Horb—2 ]
e LS A L PTSD, 560404 1A e ny 2L
012 & PTSD B9 21y PR IL fiff (Careaga et al.,
2016) ARAFPERVMEIE HATAFsR BRI 18 . Rk
THIB A & 1Y BB 2 —(Vervliet et al., 2013).
EZVE X H, — PR (A A %, conditioned
stimulus, CS)-5 MM #18 (40 H#. 7, unconditioned
stimulus, US)Z K ELXT 3, MRS 2% 2 5] CS FiR
# US B EE, JE A CS-US WRMEIEIZ. Z )5, H#

W H 4: 2020-11-09

RUR WR CS B Bl A FEAERE US stk A
RN CS ARV [z 22 T RAIG, B IR (extinction).
FENG IR SZ B b, DLV AR S Sl i 2 88 7 1L 2R 97
PTSD [ F B )5z —(Vervliet et al., 2013), #Rfi,
HBIGG, TEZ2MENT, W 25— B (A
KK, spontaneous recovery)., CS HILAYIE % 518
BB AN R (228, renewal). 8 32 N M 2145
(FE#, reinstatement), MAEXS CS AYRUHE 2 b 24K
52 (Vervliet et al., 2013), X2 P A {H R Y 2R fifi
AN 3] CS ANFETUR US 9 B, JE R —Fh CS-
noUS MIHIRICIZ, S5FA 2L 4, A
EERAMRICN . X SRR R IR R, A
RV EUE S /NI R %) S RIS BIES TRt VAt CE NI Y
TE 5 HAE RS T MERER I, Fr L, BRI
T B SR TH 1R ICIZHA B T RH AR MRS K o

* BE A SBHFU I H (20YIC190019), VA1 FE 48 AL RS w27 T 0 S5 50 25 O BE(ZDS Y S2019009), T E 44 B 2= B M %

TR A HE T H (2018020375) % Bl .
BAEVEE: L E B, E-mail: wanghuiyingwing@foxmail.com
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WCICAENIZRIG I R AR E R, St — DI K
AR, 208 A RIREEE o X TLR A L, i
1C 25 Ty WAT R 2 B2 382 1 T 5 R (MeGaugh,
2000), A7 TR, TERMEICZ R ILIE i 1) i ik
TR 2], FTRE—FPpn iy . LA nyic sk Atk
AR I RYEE {2 (Maren & Chang, 2006), 2R
M, NZEFWGHR RSPt oe o, B Z0HE 4 (8
YiJe 15 20%h~6 /NI BERT BT IR ) FIAE R 1 1R 4181
HiJa 24 /NI LA B A #EAT B IR IE T IR Y Zr i # 3R
IR R S N B TR, (ELAE 24 /BT (Merz et al.,
2016; Singh et al., 2018; Stafford et al., 2013)a 48 /)»
A (Fitzgerald et al., 2015; Giustino et al., 2017; Maren
& Chang, 2006; Totty et al., 2019)/5 AT+, BN Z]
MR RAHR O 2E, B35 TIEIR IR 4,
2 Y 0 2203 38 7 A4 1 R PR S S50 AN 2 B R AR
AERIREA, X — B PR O B 2 11 1R B 45 (immediate
extinction deficit, IED) (Maren, 2014), BRI Z| 7418 i,
ANRAE T IR I Zroiod A v A 3R B0 L R AR N 3 3T
1%, I HLAE R 5 IR 15 48P p ik, RUHE
PR FEHIK /K (Chang & Maren, 2009), HE27ET K
WF ]S a0 24 /NEE S It rh, R SO 2 KA
(Huff et al., 2009; Merz et al., 2016; Stafford et al.,
2013; Woods & Bouton, 2008), X W HiRiciZH
P Z 2] 1 #% o BHAT—20A N IED J& i TRME ]
PR R T SR OB RN, anr )51 A i N K
T 2 WG i 7K -7 B 203 IR GRS B AT AR AR e, X D
e o RSB E T IR ICAZ R LI i B B [ B
Weke, RVARAE K 0 N ORI 26 e B 7K 7220 B
T3 3R IR R IR i 2 B, SO IR IEAZ A Z 5
(Giustino et al., 2017; Maren, 2014; Maren & Chang,
2006; Totty et al., 2019),

AR ATE BRI 5 K B v LK 7T 1 BRI 220 98
B2 BRI LS, (BIF 3 ik — D 50X
— AR A 2 Ak 2k R AR TR BE IS AR RLEOK T Y
HIHIR o BRI 20018 a] eSOV TR0 )5 19
R B, R 0 T SR I R S e gz v,
FE BNy 2 BRI J5 220K P s 28L& R 1 A 280K
(Rothbaum et al., 2014), ArLl, A LEHG=EHAY)
13 J5 1 BP 220 5 3R 2 B Al i 0 A2 L [ 32 21 Y
IR ) B ACR B, 30 2 B 2 IR A B o Ik
BT AT, SRS F IR TR0, B TIHE
REJI B4 5 PTSD SEARA K, #OA N e —Fhiafd
PTSD IIfi P& P %€ %! (Giustino et al., 2016; Wicking
et al., 2016), 7E44- 55 4R UE (research domain

criteria, RDoC)”BXF H A F¢k (1) & X (Singewald
& Holmes, 2019), H i, FRATHILLE 1 #47 T 5000E,
AR BRI EA O E PRI Z1H R B IRCR s, T
H2B =R dE IR AR 2 ORI, AT A BEA RL
AR Sy, (H AN Z i & AE RV ZIHR, 56
TRMTHIR (HVIE R IR A RTH IR 1) 2 2 R
T, 2 WTED 20T 1R X —#AE AT RE 2 Rk A1 =R
1, FE TIHRBMEMRE ), 5DEZEEIHBMRL
L VN

7 (R 7 ) 2 0T T B 2 B IR ER (locus
coeruleus-norepinephrine, LC-NE)Z& 4, 51& NE K
5 Bl (Borodovitsyna et al., 2018; McCall et al.,
2015), NE 1] gl A if 15 55 (PR R R iR 24 >
s B A S AR, X TRE Y NE 7K
Vo 7E R NE KR (g2 2] Je A ), LC
23 ik 3G SR A AT AL D BE AR HE AR A 2], I [R] I 45
FHZHIERS T WET#H 1 I6e . 7K NE K F,
LC S THaia mt 4 i A5 A A D RE, A 2E 2V E I
i (Giustino & Maren, 2018), WF5T & B, 5% H o f
PR 25 A AR I S5 S 57 B 1) BB S (Fitzgerald
et al., 2015)mFLJIE /MM A5/~ 4% (basolateral amygdala,
BLA) (Giustino et al., 2017)7E 5} B-'5 7 Z 32 K1
W7 751 35 25 9% /R (propranolol), I LA A 1H 1B /17 A% 1
WK I 468 TED . 78 55 HL o I S kI 2R 2
i, SRA2Es L ks LC, &51 k% IED, i
1 BLA NI 280 2K AT BH T IX — &% (Giustino
et al., 2020), T2, 7ESCE 1 pyEah L, FRATHAT
T 2, 5 RN Z I IR HI Y 2RI IR e RS R
IED Wy [R]A, topH 1k T BRI Z3E R AR S — U B 45 %
RAE N B FF S IRE T . FRATAR I, EE& KA LA
REL 1 Y 221 315 1 6T T 1R 18 7 BRI RN SR AR o 3K S 235 S fs
A B T 3ATINEGE XS PTSD Jog AL ] 151 - T 2l SR
NI, JFA B TIRATTE B0 55 88 )5 5 3 I8 &80
iz T B, o b BT s | A i kB o

2 WFFEXFRINTT ik

21 LIz

fEVE Sprague-Dawley (SD) K B4 H It 5t 4 Al
18), PILHIARE 240~260 g, SIPI7E 28.5 cm x 22.5 cm x
50 cm FUANEEBZE P BE R 3%, 4 H/%8, A ROk,
HEE Gl 7:00~19:00, 525658 I B 1 il E 20~
22°C, MIXHEEE N 40%~70%. &M FE 7 K, W)
(STPAER: U E7/WE S itk oI L7/ I S BT VA M e =37 WA R UK
1B, DAHEBRAESCH AR S N R 2 . ARSI i
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PP 2459 21 100 1 4 A R e 2 S S
RS e B DL WAL HE
22 LWk

R B 2R AP P AR I 2 B 52 35 540 AL 5 N o
¥r & Gt (FreezeFrame Video-Based Conditioned Fear
System, Coulbourn), YZrFH(30.5 cm x 25.5 cm x
30.5 cm)— DU BE 42 e 47 75 g, RS BT P AT E R I Y
18 MBS A8, 47 7 s MR, i A 250 ]y A G
P, TR B3R S il sk s W AT o ABE AT
FHT WRMEEE, T A R O Y 25 I 2 A,
AT SRRV RN 2R o 58 B AEALOE . WRSE . fi
D7 AR HEAT T i, 22 58 R [ T I 2R A,
JHTRAREIR o S rh Rl a1 4 AU o
23 XWERF

SR 1 BEALEE R B AL 4 (8 R/, il
B2 R 20 CRAR AR S 1/, 7ES S B bz
TR ER), BZIRHERHAGMARGE 1 /N, 7E1
Bi B "PAESZ A R ER), SEIRTHIB A (RMEARTS S
24 /NI, TETEEE B W2 R 2R ER), EIRANHIR
HCEMAPATE 24 /NI, TETEEE B A2 75 5 %
#2) o B2 18 FISE IR I 1R A A I ] 5522 % Chang
Fl Maren (2009)fBF5T . £ LH4 T = BB Z&40F
PERMAER IR . IR FNHIR R, BRI S5
W LE 1A):

PR R BUBRA SR AR I R4 (1 85
A), JEiNL 3 38, ARG T 5 (30 s, 80 dB,
2 kHz)-H 7 (1 s, 1.0 mA)AYPCEC YIS, %K) G
1~3 78 P8y 2 708 e — ke 2 2shah
Yrlel % .

L B R R BURATEEE B b, Jeidi i 2 4y
B, SRIG 25T 301K 30 s B & S AVEE S, BRI
B 1 areh, BeJE—UOR SR S A AT 1 s R
JE o S H 7R 30 1> CS IR RE i 2 B AR ZME S

W AR MK R R AR ER B, N 2
oreh, SRIG I 4 MMELLR CS (80 dB, 2 kHz),
HE S8 E 1 8 KRR,

SEHG 2 BEALEE R B2 UM AL(10 H/4H), B Z
IR ER 7K ZH AN RN 20T IR 250K K 2 o B T A RME ARG
Je 7 B i) R RRUIE I T 5 10 mg/kg WK 8% 2595 UK,
XA AR AR AT L T IR AT A AR S S0 1 A
W), ELARSZIO AR WA 2A . 7 A9 s BUZ 38 T LU
KB — 4 (10 mg/kg) T 289K IR 04T 0 2= 0 5%
(Fan et al., 2011; Fitzgerald et al., 2015; Khan et al.,
2018; Muravieva & Alberini, 2010; Przybyslawski

et al., 1999; Robinson & Franklin, 2010; Rodriguez-
Romaguera et al., 2009; Taherian et al., 2014), W/~
X — 77 5 B ik 2 R AR AR K- TS 2 e T 3B Y 4R
15 . FLE AR B (Rodriguez-Romaguera et al., 2009),
SEHEE VIR BT | /N ZY, S A T
ZRIK IR I 1B 1C A5 e A 5 45 RO — B, B,
A WS IRGE LER IR AT 20 208P R G A 258 R
(10 mg/kg) 2 BRI IR i A rh 5 R K SPE A R R
THIRICAZ I ARAS | L& FIEEH (Rodriguez-Romaguera
et al., 2009). ifii Cain %5 A (2004)H738 #E3R 711K /ij 20
OB BN IESSEZRIR R (10 me/kg) N T H IR i e
FR MR K SE, A Fitzgerald %5 A (2015) 438 B
ZIIHIR T 30 73 4h R GE TS 2598 7K (10 mg/kg)FEAR
RMEIKF R FEHIR, AR TR T 30 200 v 5 Y
IR ACE I 40 358 R IH R id 1S i $2 L. AR 5E
5 7 250 R AR REBAR A U 2R FH2 i NE
KV, JEA A B B2 IR A B A S, T DA%
PE AR AR AT 5 37 RO 55 289 /K (Fitzgerald et al.,
2015), HAEMBBR KR 1 /NEFESEFT D 2095 18
(Chang & Maren, 2009, 2011),
2.4 WEIER

>R FH AR I 25 52 36 5080 W S A3 A 2R 58 H Bl
ST E R RBARAT y, R B RARAT Sy R B <8
B."17 M (freezing behavior), BIER T MW 2 /b ¥
TEAT RS, Frgemt i 1 FPEIpc sk, ZYHEK
FAEAR R BUBR EAT AR S CS B[R] 1 43
B o AR S50 A B0 4 48 ] SPSS 24.0 475815047 .
3 990 R 2% A~ B B GBI AR AT By B, LR AR B B,
AR I B ) A4 5 AT Ay AT R AR T 22 I R 3T
Jf:2k H1 Bonferroni {3517 54 J5 A6 o b 7 5 FC XA
ARt R30S ) B B B LA TN Y 22 SRt A T A

3 4%

31 LI6 1 BZIHIRS| A EiHR SRR
RMEARAF BT Be (WL 1B): H 5 I 5 7 22 53 B {
7R, [IBE(1 hovs 24 h) ERN A B3 (p = 0.68), 4b3H
CERHIR) ER AR (p = 0.64), [HIFE<ACFEASH
YEFRIAR R (p = 0.34), KRN 3%, F(4, 112) =
52.09, p < 0.001, fii n2 = 0.65, FfiE VIZRR A1
2, £ KR BARAKCE A5 o R <] AN 3 (p
=0.94), KA FE R, F4, 112) =3.11, p = 0.02,
M 2 = 0.100 IRWI B BN B3 (p = 0.14),
HNZE T Z 00 R, 5 ARSI G i) —
KK (p = 0.97)FIEE 2~5 MAR B IE IR (p
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H1TE2 iR

H1 JH2 WhR

B 1 BVZIEIR 51 & IR SR e
: "p<0.01, "p=0.06 2L NI MR (SE)

= 0.72), FRWI&HTEZ W Bk 15 0 B H K7 Jo 2=
o

T I AR YN ZRAE 2 [ B /N SCELR, TR BBt
ik 47 438 (30 AN, HAE A RHEDT, #53K Bk
FHIHR R ARG, ZUEAS R, (AR 2R
R, WOR BRBERRTT Al D i ik AR
B E R MEARAT R o ARHEAS TR X IR K R A T
FAE, TR 10 IR (58 B 45 B IRy
17 5345, REMKEARSITT LB Z LA 1B).
SR, ML M R AR TC Tk X A8 AT N MR AR A T
k(P E #B R AR ). B, i B R AR TR
BB AR 10 ARk, DI K H s R BRAETHAR 1. 74
1B 2 FR I BERT 4 > CS ZVE K- Y E (B 1D),
PLHERR PR B SRR AT B T4 . TR 1 Hi 4 4> CS
) 0B AT s e K B A5 2% A PR RV JS i MR R A
KO, THIE 2 BT 4 4~ CS AYHIE AT R e isaE 1 a4
R, B B 4 A~ CS Y IA(E T i MR 2
A PRFEROR -

RUE R 1 B Be(ULE 1B): AR 22 00
R, IR hovs 24 h)FERN % B E, F(1, 28) =
3.91, p=0.06, ffn, = 0.12; ZPECETIHIE)FERL
N, F(1, 28) = 23.01, p < 0.001, fi n2 = 0.45;

(i) Py < AL BRAE B AR S .35 (p = 0.74) o IR BN I 3,
F(9, 252) = 1.97, p = 0.04, ff n, = 0.07, 3{kx[a]
AR E (P = 0.79), WR<HEZE, FO9, 252) =
3.36,p= 0.001, fii n2 =0.11. V[ BE > b A i
F(P=0.99),

RLETEIE 2 B BRI 1B ) SR IR 2245
ri R, TFE( hovs 24 h)FEROVA TE(p = 0.34),
RO IR ERON B, F(1, 28) = 8.06, p =
0.01, fim; = 0.22; [MIfExAIEAZHAEH B3, F(l,
28) =4.22, p = 0.049, fit m; = 0.13, RN A it
E(p=0.16), KKx[aIEEE, F9, 252)=2.05,p=
0.03, fi m; = 0.07. KK HEE, FO, 252) =
4.55,p<0.001, fi n> =0.14, R x[H] FE < FEA
F(p=0.48),

AR B BE(UL I 1B): 5 R 22 4047
R, [EFE(Th vs 24h) FR00 3, F(1, 28) = 5.55,
p=0.03, fin, =0.17, ABLCETE IR ) FER0V B 3%,
F(1,28)=7.36,p=0.01, fi n; =0.21, [B]fFH=abPH
LHAEMALZE @ = 0.19), KK FR0N 5BE, FG,
84) = 4.78, p = 0.004, it m; = 0.15, K< EIFEA
W (p=0.12), K<L HR 53 (p = 0.57) K x
[ B < Ab BEAS i 2 (p = 0.20),
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1 1 1
M1 H2 K

M1 JH2 WK

E 2 EZEE/REEZIHEIR S| & Y R LR
H: p<0.01, p<0.001, IRELNFRUEIR(SE)

ZUEIIK B BE(ILIE 1C): RUN R 7 225007 W,
[EIBE(1 h vs 24 h)FERW W3, F(1, 28) = 5.55, p =
0.03, fii n; = 0.17; ALPRCETRINIE) T4 BE, F(1,
28)=7.37,p= 0.01, fin, =0.21; [FFExABAHAE
AR (p = 0.19), MS7HEAR t K5 o, RIZIE
RASHMZIATHRAT R EZER(p=042), BES
THERWIE 4, t(14) = 3.08, p = 0.01, Cohen's d =
1.54, RUIHPL IED AR . HI 2 I IR 4 FAE R A
THIBHZF AR EH(p=0.54), HERMIEH B EIKT
FERRIHIE4H, t(14) = 3.54, p = 0.01, Cohen's d =
1.77, RUERTHRARL

B 1D 7 9 2 B 2207 18 0 AE R T 1R P 4 AR T
B 1, VIR 2 AN BeRt 4 4~ CS mMdE., R
7 220 B SR AR (1 h o vs 24 h) FER0V 3%,
F(1, 14) = 6.29, p= 0.03, fin; =031, MEGHE
1. THIE 2 Fn) 400 3, F(2, 28) = 15.50, p <
0.001, i m; = 0.53. ]k <B B 28 BAE A i 2 (p
=0.10), HPA R & I 7 22504 s B 20 R 41
B B AS 8 25 (p = 0.19), EIEEATHIESCR, £
TR T A9 B AR RO 32 2 E . 1EIR TN
B W BN B3, F(2, 14) = 29.61, p < 0.001, 1
n, = 0.81, HryHiR 1 B3E & TIHE 2 (p = 0.006)
AL (p = 0.001), JHiB 2 S0 A9 2 5 %

F(p=0.06), FHIEIRHIRH M EHBICRBE N
iR
32 X 2 LTERRESNZIHIBSIEMEHE

IR ERHR

RMEARAF B Be (WL 2B): B2 i 7 22 904
AN, YERK vs WERIE R ERN AR EH (P =
0.96), RIK FHN 3, F(4, 72) = 28.26, p< 0.001,
fism, =0.61, BEEIZRUEAIEZ, 2541k R
KT o 25Xk BEAEFA .3 (p = 0.81),

ZUEIIE 1 BrBe(ULIE 2B): H AR T 2208
WoR, GPEK vs TWEIEIR)ERA W E (p =
0.45), RIK FEHO 2, F(9, 162) = 6.80, p<0.001,
fiimy =0.27, FEHIHERIIGREAE Z, 44 KR
R KB W BEAR . 25 xR 28 BAE R 1 2%
(p=10.99),

FUEIYIE 2 BB (VLR 2B): H AN T 25 0
WoR, ZPEEIK vs HEIEIR) FERA R E (p =
0.29), RIK ROV L E, F(9, 162) =8.23, p<0.001,
finy =031, BEEHRIIGRENIE Z, AR
Y RYEK- B R . 25 <Xk S BAR A 1 2%
(p=0.24),

R B (UL 2B): AR R 224347 4
N, YERIK vs TERIEIR) ERON W, F(L, 18) =
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24.64, p<0.001, fii n; =0.58, RIKERNVA B
(p=0.54), 2P x<iXk 38 HAE A BE (p=0.22),

[ 2C S 7m B R K 2 AR 289 IR AL 7ETHIR 1,
THIR 2 AR BEET 4 A CS BYME . EAR N E
Z T BRI (ERIK vs M EEIEIR) TR i 2%
#, F(1, 18) =4.00, p=0.06, ffn, =0.18; HEE
B 2, F(2, 36) =20.48, p<0.001, fiin, =0.53;
W< B BAEFH B3, F(2, 36) = 3.59, p = 0.04,
i my = 0.17 R BN S0 BT o, EhK 44 BBt
BEES, 5K 1 4588 HZE KA MR
1 FIIE 2 2 TR 4L (43500 p < 0.001 Fl p=
0.001), MR 1 12 TEF(P = 0.11), HZEKR
ZHAER KA TETHAR 1 FHIR 2 BB e 2% (il
p=045Fp=0.27). EMXHE, &ZEERKHD
FARTER/K4H, F(1, 18) = 11.67, p=0.003, fi n. =
0.39, XUELZERERI, 2808 IR A B 1 B 2031 1R
SRR B, (FRE SR T 58 RN R A T Y
THIR RO 32 24515

4 g

AW TR ™ F A5 J5 1 B 20 75 18 2R
AR — KRR, & RIZIE IR A 5 2 — kg5
F, W FHIRET6ET), FECEHE MRS
P, AT R B, WEIRTHIR 2H A A — U IH R Y %k
HRE W] G R ARV B, i B 229 IR 2N BB P
IFREATHIRICTZ, HIERACR W2 B E o A1
YR )45 J5 7 BIVIE P 1 5 3 % 9 2K B A B 1k R 221
THIR BB RY TED P42, {HE % 7 25 IR A ORI
A

SCE 1A 2 AR R (K 1D A 2D), AT
FERTHIR, RIZIHIR LI L IED, X5 LTI
2k BL — 2 (Fitzgerald et al., 2015; Giustino et al.,
2017; Maren & Chang, 2006; Merz et al., 2016;
Singh et al., 2018; Stafford et al., 2013; Totty et al.,
2019), AWFFEAIL, PIFETE M (medial prefrontal
cortex, mPFC)fil1 % F X (infralimbic, IL, XJhF
N P 000 0 ) 7 9 IR 1 AZ 8 L 0 4 S
H B OAF I (Giustino et al., 2019; Siddiqui et al.,
2017; Sierra-Mercado et al., 2011), BLA & mPFC 1E
RMEICAZ AT IR SRR A AR5 RS, ST B,
BLA BEECKR H mPFC 19 2% a5 St 2 s i)
PEREST(Cho et al,, 2013), RUMERERINIE, HukT
IL-BLA il BLA-IL W 25455 % b #2813 3
K, ENTRIIHERA . 2 BLA 2qay, JUHE

A, BLA-IL #5528 1L 935 sh, M i
IR o i H T BB SR R 2R 25 5 1 L
P28 0 A F SRR HL R A MG, DU ARV R S
FIEcR] 10 4340, TL #2800 [ & A 3040 2 A
K HY(Fitzgerald et al., 2015), #xiT Giustino Hl1[F]ZH
171(2020) & PR, 5% rL o S35 0 45 1 2RI R S
KELBLA g soiy B &M or s BRI B 2R
FIBETN, X —RAE ARG S FF: 1 /e,
H LS 28 O SRR T A . B2 IR 1E & AR TR
XANAFE], XA AESE TED ;= A Al JEL A

T R B 209 1R HOR AR B 110 A T i A A2 3
o7 P 4 T P EOSCR AN, T 2 R R S — A
i xd Ja Sk i B R - A 52 e, B4 RRZH R 40
B RIIEIR 2 AN BRI, R o A
RAR YN ZR5 | K 10 07 38 s 1 78 5 — R B B = Ik
o AHAIFSE R B ZITHR 5, 58 = R A E IR AT
SRR AR BB, 12 BB & A B ZITH IR A5
TORTHIR (AR IR A IR 1) SRR T 24 /)
B A RV EEL K -, 2% B R Z20 9 1R 21 R B T 1R 2L H
MIRE T 32 20415, HEBR DL 2, w5 oR B Z00H R
AIREJE R AN, I T T R AN R AR
N, DAEMIBIFI B, 2VERE, ki,
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Abstract

One hallmark of posttraumatic stress disorder (PTSD) involves impairments in the ability to extinguish
conditioned fear memory. Accumulating evidence suggests that extinction training that occurs shortly after fear
conditioning is less effective than delayed extinction training in yielding long-term extinction memory, a
phenomenon that is referred to as immediate extinction deficit (IED). However, unknown is whether the IED is
just an aberration or continues to affect re-extinction.

In Experiment 1, 32 Sprague-Dawley rats were randomly divided into four groups (Immediate-Extinction,
Immediate-No Extinction, Delayed-Extinction, Delayed-No Extinction) and underwent a standard fear conditioning
procedure in which they received five tone-footshock trials in chamber A. After either 1 h (immediate) or 24 h
(delayed), half of the animals underwent 30 extinction trials (1** extinction session) in chamber B where the tone
was presented alone. The other half remained in chamber B without any tone or footshock (these animals served
as a no-extinction control group). Twenty-four hours later, these rats underwent the 2™ extinction session (re-
extinction) in chamber B. Twenty-four hours after the 2" extinction session, the rats were once again returned to
chamber B and tested for their fear response to four continuous tones. The fear response was assessed by
freezing behavior, and the effect of the 1* extinction session was assessed by the average freezing response
across the first four trials of the 2™ extinction session. Compared with rats in the delayed extinction group,
recently conditioned rats exhibited significantly higher levels of fear in the 2™ extinction session, although an
equivalent decline in freezing was observed in both groups across the 1% extinction session, suggesting that
immediate extinction failed to maintain fear suppression the next day. Furthermore, after undergoing two
extinction training sessions, rats in the immediate extinction group exhibited no significant reduction of freezing
compared with the non-extinguished control during the retention test, suggesting that the deficit reappeared
during re-extinction.

The aim of Experiment 2 was to investigate whether the deficit that was induced by immediate extinction
could be rescued by the B-adrenergic receptor antagonist propranolol. In Experiment 2, 20 Sprague-Dawley rats
underwent the same procedures as the immediate extinction groups in Experiment 1, with the exception that they



3

612 L i e %5345

received saline or propranolol (10 mg/kg, i.p.) within minutes after fear conditioning. We found that one injection
of propranolol immediately after fear acquisition rescued the deficit of re-extinction but not immediate extinction.
This study revealed that the early extinction intervention after severe trauma may not only fail to inhibit the
fear response but also act as a secondary trauma which can continually damage the ability to extinguish fear
memory. Propranolol may be a good candidate to repair such damage. Our findings improve our understanding
of the pathogenesis of PTSD and outcomes of an early intervention and may be helpful for selecting appropriate
and effective interventions after trauma exposure and avoid secondary trauma that is caused by the intervention
itself.
Key words fear conditioning, immediate extinction deficit, re-extinction, B-noradrenergic receptor antagonist,
propranolol





