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Abstract:

Background: One of the main symptoms of post-traumatic stress disorder (PTSD), as an
anxiety disorder, is a disability to forget the traumatic event. The aim of this study was to
evaluate the effects of estradiol on different stages of conditioned fear memory extinction in
PTSD.

Materials and Methods: For PTSD induction, combination of Shock and Single Prolonged
Stress model (S+SPS) was used. In order to assess conditioned fear memory extinction, 7
days after PTSD induction, animals were placed back into the shock chamber for 9 minutes
without receiving any electric shock and their freezing behavior was measured in this time (3
sections, each section 3 min). The first test is an index of extinction learning. The second
test, as same as the first one, was performed one day after the first test. During the second
test, retrieval and reconsolidation of memory extinction were occurred. Estradiol injection
(90, 180 and 360 ng/kg) in treated groups or vehicle injection (the control group) was done
half an hour before the tests.

Results: Results showed that estradiol administration, at the dose of 180 pg/kg, significantly
decreased the freezing behaviors in all three sections of the two tests.

Conclusion: Estradiol has a dose-dependent effect on acquisition, retrieval and
consolidation of fear memory extinction in PTSD animals. Subcutaneous injection of
180ug/kg estradiol can enhance all three phases, acquisition, consolidation and retrieval of
fear memory extinction.

Keywords: Post-traumatic stress disorder, Estradiol, Single prolonged stress, Electric shock

* Corresponding Author.
Email: abrari@du.ac.ir
Tel: 0098 23 352 20237

Fax: 0098 23 352 20237 Conflict of Interests: No
Feyz, Journal of Kashan University of Medical Sciences, December, 2015; Vol. 19, No 5, Pages 364-371

Please cite this article as: Amerian F, Abrari K, Goudarzi I, Elahdadi-Salmani M. The effects of estradiol on different stages of memory
extinction in post-traumatic stress disorder. Feyz 2015; 19(5): 364-71.

\ai




dnils 3 (s puyiead GRS Juo o dlSla figold SlAs (ol po ya J gaal yical &l

Y Y *y \
dw—.«s:‘:d'é"w‘djjéﬁb|ﬁ|c dj‘je'dwcb‘if\ﬁwu

oM

Loy 5 U Slos gl fl ¢l 51 51 a8 «(Post-traumatic stress disorder) PTSD (g by cude S 1D 9 diule
el il e I gl el ST y p cadlan cpl plomil ) G el oy 3l 035 gl bl pe vl
2wl PTSD 3 0 b b w5 alabl>

W s 59,V 23,8 g (SHSPS) i 5 s Y sb ol O L2l Jua 31 ealil L PTSD Wiy gy 9 lgo
o F o 53 S g LBl Doy 4is 4 Saty (Ul ) 0dd (b gE e Bl S el L5 sl Sl (ssles
el g gl SlaiST iyl 551 S ls () s S S (glaES ¥ Gl 3L Y s Ol (S g Ol i B 15 b S
5 okd oyl blia Ldaels ditle cund cpl b s S plnil g Olaa 4 g Jil Cd 1 505 Sy abolh 4 pss e
S oo i (U8 058 53) I by Sless glaes S 05 (FF0 5 VA & ug/kE) sl fl Gis5 038 oo o koo
b g ol s

- o ssbay sy 03,8 S3ls VA E/KE 555 b 1y Jsl el &5 SUle 55 S g Ol 45 sls OLES Laesls LT s
A faS pg3 5 Jsl Saced S5 d a3 S 0p B L aslie o g5l

s Sl )3 0dd (b b e 5 Al S el i 5 5501 Bl (DS S 4 dels )50ty Il el 106 4R

Cotf 5 g0l Pl (LS i e aw a Sy 4 e MY UEIKE 555 b Il el Gl 55 GaoF ol i PTSD

S edd (b s g il gl

SIS gi (Ot SV b gl SO gl pl a3 e el IS G0l O 19

YEEYVY Slovio AYAY 65 5,51 0 olad (ot s 6,95  pasd o35 — ke asbiols g5

Al (e 5l da Bl e G S g 43 J>lje cpl
23 b 0 pFd PSS, S 55 g ssde T S e
Cogoh day g e oS il O on ALl WSS, S
Al S il oot Gl ae [f] ssdp oS pe il
T UL Oy Slul Al 38 e sl
[¥] 2580 Pl B b s g o Iodomn b il ()
el Ol jehua e 38 5 sbda IS
om Ole e opl 3 Gl KNS B b5 e alal>
A S (o s b o) (b S
S Seua S L3, bl (S S el)
FF S U S (b S 4 Cod Ol S5k
S dlesl b (b diils Spls spde (bl
DS Coge b g S e Dk Y Sk 4 (b2
Bls 0 Al SR ol 4 (bod lapul (el |
pae OF 53 &Sl (5550L 5 K3 g il dsls
pade WS 0 (b b Sy (b S e g b
e G156 a3y il b gels (g8 plsl wilea
ot s el NS [¥-0] (501 bla 5 ot (oS sl
I35 3 5 aS caul Iy, ab,le S (PTSD) sl 5

- dbml odan OLS b SUs sl Sl o e 43 o3 5

il 5 S bl slis 51 Ol oS wul b ¢Sl

Jolre s daile ol 5, S5L gy 2 BHEPRRVEIRI
4 oMbl bas) Encoding 188 5, il 55 485
Con- cos b il o3 =Y (Bl LB 50, o8
S Y odd (18 e, oMbl (5,146 uuT ) solidation
Sy 5 SeMbl Sl 5 s,0s0) Retrieving g, 50 bl
34> o ,5-3) Reconsolidation sdsee cuis —¥ (ol 0,503
il ) Extinction sl —0 5 (el odil g5l 5 alabl>
ol S il O gty aiils fanl [V] (e kil gl 5 alasl>
B 4 el WIS b S S e g edd oS Sl

2SS ssogec Cuw) 39,5 wupily Shslamd il pelis)ls !
Olols s8> o guolisdh Canns

Olizol BRI « guwlish Canmag j IS  s0908 Canmag j 29,5 )y sbinwl ¥
sJoluns oxdnggd ¢, *

PEVIF-F) 1SV i gt 3 ¢ ool Cannny j 238315 (Olals o8l (Olials
PP OYY - PV sungi)es PYYOYY - PV :0als
abrari@du.ac.ir :533¢)35)) Camy

AE/V/PY slgd dbassy 4o /) - /P scaslys gy

Y7o



Lol jge aiils Spls p Nigs 5 ol 2 6ol
aladl> d}&:.&l :k}}&bﬁbj}fu| ed.ﬁ;.: Q‘;‘c\a«’."}'
) sl sl by S G s Ol » PTSD 4 Y Olhlew 53

05 o Sl (53 Al (A asls e ol p

b 9 9 3go
D590 YUY (o b by sl 5 slafige
Sl Gl prm 5 Sty Dladon o S p 8 VALY
Sl el VY Tl s s Sl ad g S Ay O 4
(e o) 16 5 T &S Jls o 5 glds) Colu VY -
35 Sl 5, Lad I cdmdls el s wilslyl
Fro0r Cusby 5 318 le amyn YooY spim oles o3 gdoee
bl Sllg b 8 Y Jguol 3 F e Ao
Slials ols wlid G odSils SWS| w8 LIS g2us
5 SN Sy adls Jua 51 PTSD W ghateny a3 oyl
Shock and Single Prolonged ) was sY¥sb ujiul &S
Sl g 45 i 5l & VY] Ad eslizal (Stress = S+SPS
Cls 4l Y Gl Y MA (S S S ps S a0, 0
428 25 grAn L SPS gl aw die sy Gy, s S
CS o g oS Ao js Colo ¥ Ollge (gl do 0 53 1lis S
Ao 5l g p 5l ey Aol pgs Al e 55 S wdls &
g S8 lal gl BB 5 aids Yo Cdeay Ol g oS
B A gl o b e 4ada N0 5w S 1 ool sl
B P e g (S S S (p g )
y4aS cale (CFS = Conditioned Fear System) ouxs
ol aSe glabaizs Jold pis ol 3 Jlesl (Sl
Sole FOXFOXFY slul 4 Blid Sawdy x> 5 JK8
Lo osue YA sluw 4 K5 dd gladks 5l alaioes LS ool
S ek VY ol 4 oS Canl odd LS5 e Joe 5 S
Ulgea) S S g Jesl sl 5 Lol L1 Kas
oo S a3 gy S8 Vg 4 (B S e
Sl piie (a5 sl el 045 5L BB 5 Slid SKaadly
& e (SN o 5 gy Lesls oy bl
& cwl Juaze Ethovision ,ijle 4 s lall,
T2 9 0AS el Odo 1 O e e O >
4 e e e 335 0 o Ll SeS 4 (S~
33 BB e OT S 5 03 (501 b mosd 5 Y
Al Sl SV g 1 alaie (55LaSy OISl &S 5l
P25 SRS Sed dlesl jalited o e ol 35le s

\id4

O,en 5 O e

Lo glas ke 50 K 5l e Ll o PTSD e s
s AL IS ol 3 e sl £ b 3 Ygeme 5 anle d
N ol sl (s mdl 4 Ol PTSD (e 51 . 5
4 ol STy (Cuibeas 5 gad S v Ol o
G OLpe el dlen (s sladys b BN 45 gl
PTSD & M sl 3l [F] 550 o,lsl w5 5 (gl colitel
il b das e gadee OWNS Gl (398 OWSEs 5 oM
sl dbl 2l WS 4 S S ol 4 Sl e
il ol g sl blia Sl o bl o8 e e
“0gsn 3 (Ao BOss sl V] ssdip B R 5 CasE
oo 55 Oldeds panb [Sow )3 45 Ao 4U) ir sl
SHis (oolssl Olss (b s g edd sl Kesw 51 J S
gl pul pad o iS5 i 5l Dsaogn pl 5 63k
e DI 055l [A] ol gk L0552l 0 5 S50
Lfge e Al 5 5,50k oy Lb ke S e
5 0Ll s bl s ol SIS e 5345 LAl
wibe Al Jalge [Vra] oyl sy pKELLGT Sl
SLdds 5 S D)yl s Ay Sl wel
5 6L g U5l O Oad Sglae s il il
33 055 7l 3l (6,8 S a (Il O oy il o o5 alibl
dadle 5 sl Sl s alad Sl (Sleys s
D S SSa Bilhe )3 5 WS e IS s 1) (g5l 5
L abad dbil- 55 sprpe el Slys 593 53 O5g !
sl o el i Gl b rizer S
S b amlie 53 (il Y ol il 590 &5 i S
[IVA] ks o O 1 5 o sl misge 2l 5L 53 3
Gl e by 05 el 45 das e 0L Slallas &
o IS s 1) (5l Alabl g e sse Sl s L
il 3 s g0 Gall (e Slays Dig el Jlde 5o 5 &S
5 il Baals y dgsl el [WVA] &S 0 ool 1 oL
05 Jaslpal Goyy &S s o 0L L3 Oldlas .ol g
b ok ,S b G b 5l 1 il dbile ot OB
o Bl g SIS Nl e d gl el XS o Joged
I el sl Bl 5 Aidu s g 1) edd b gls
Bl sl Plaa p3 Al b 055 ful b sl Lias e
bl sl Bla Gl b 05l Vb mshe 5 e
ol 3 58 s e il 18 VYNV AA] conl s e
b gl S gn 5 JWy oy 25 5 ISl Joo aliil>

S O3 el ks il 1y 035l sloedi 1 51 VY

0 oyled |14 o5 [VFAF] 5 5 55T | b asbolags



byl il e gy sl el Ol I

S 098 45 S e Ol [FOFV=VIAL P=1/0ny]
S IS 09 4 S ol el VA pg/KE 55 b e
P<e/0 pgm B ol Gla s 53 i) Sl ol e
VAv uglkg e (el JSK2) (P<e/r0 P<i/ey
2l @ Cod ol b 1 (S g Ol d sl
PO G oa pse U dyl ) bls alS 5 g
0 ol JK3) P<a/vey P<a/ny

A3 el Jgl o Sl ey ol Y g5 e g3 Cd S
s ol A S (gl ¥ e ¥k gl e Ales
YR s S e il ) b gl il o 5 sl bl
At gy B (S e Ol 51 3 ps cd S
o U dsl fu ol oS (s s ey ol e sls
[FOYN=0/F00 P=2/0 0] 51 coal Sjle (551 ne pelan
JEQ¥Y)=0/2¥\ P=2/028] 5 [FOYY)=F/0¥4 P=+/210]
J sl el b 0 Slad 09 5 52 55 0 Olie Wi aen 5o
zhe) 35 oS IS 058 5 slssme ssba VA pglkg
(P<t/eN g 5 095 Glaisn s P<t/00 dyl Sisw (g)ls 5
HE/KE 553 b dpslful Gayy &es Gk 51T o)lad JS2)
b amlls 53 (5 0 Ol fA o (gol3 0 Ol5e 4 VA
EA e Uyl o) A AR Y e e gy ale
LY ol JS2) (P<e/vey P<a/ay P<v/e0

e
WH 51 e i S ol 4 O o slaen
S ek by e o o dids 4 Sideay Slilge (Jde
o oMo 5l (S o pd Sl (S e Ol U A S
P k) S Ol 00 Y4 PTSD (g5l & S
2SS e Gy A agde Olge [WAA] cul (b
Sldllae bl 3 ol adlas js J5 0y F Sl
PTSD (s e sbwl 55 dde Ul &5 sdias OLE cazs S
GroF A i iy, g ol Cove 53 &S b0k
WA+ Qs pg/kg 555 ¥ L PTSD & S Sl g 43 J gl el
dsb 5 3 5 O s bl 5l g cele o3 Y5
02ls gl Sl 4y (b e bl S gal gl s
b S Bl pde el 5 Ol Al
215 (S52) (bbb S e 5 (b o5 ol&os Ll 12)
do o 5)ly 55k 5y Bl Rl B S o

.[\"u\*] 3 g o8 S

0 ojleds [V4 0,95 [VFAF] g3 5 45T | 2 asbobags

J"J‘ .\ib; ool ol ‘;bfﬁn u,uj adasl> L;’Ll)JI S

O R IS B PO AT ploxs!

Sl ad a3
Qe 3 g

l

LT R 1 T |G IV PV51 [ S |
g SPS 4,V Woiss o celeTF v,

el ad 3
Gsad) 3 g8

il glaiss b oedd Hled 0p S ¥ eld ilesl glaey £
G7F b (b Gl g JRS 08 Ky dpsl il
b 55 ) sl el P> Dl gea dS 855 b d sl !
L el el s 5 S cole o (L& S
Syt Y0 5 VAL A UE/KE 593 4w 5 J sl gzl [VON Y]
4 Ogher K bug 5 055 oty 4l Gl gl u5
oos Al el oLyl sl [VFVE] A Gu s Sl
aads 4 Odeay Jhe Wl 51 dm 59, V Ollee s b oS
£ S5 b e o s (S SIS g Sl O
A3 S S glads ¥ S o3l aw s Ol (50, Gl 5
< ool (Freezing) 55, g Olpe W) by (p e
Lasls AL o i a5 Jlesl &S Ol 5l )le
Losls LT .l ol &1y) 3kl ot Kl &) poas
BRI ISTPRNE psl 18 hal g SPSS i3l 5 S8 & sl
S8 s (gl LSD eSS 05051y 5 48 b il
A o3l Loy 8 8 o
x

S 7 Ve PTSD ol W1 51y atin S
(ol ) a5 0 (b oy oKy a5 DUl g
NS o 3 D0 s d gl e S 5,
olal s gbay Slls Al el ladds ¥ S Y 4 o
Iy sl sl Sla (slroy S cdidds e 26V G A s S ¥ 4
b dowS b, IS 0g 8 g 03 S il il S YL
alln Sy ity ST b Dbl S g Ol S
A s 2 LSD (oSS G g03l a5 (5,05 e o 5 L5
plol il (gl 55500 latey s pl 1yl e gl
i Ol A8 sl O Wb bl LT s 8
WLl sy Y e s ey B sl e gl S >
Sl Sobe oS e Yol Gl e ol
JEOXVO=ANES P=oeeny] [FYn=r/5v0 P=1/0vy]

vV



G dee s

e

J51 [

O,en 5 O e

J=s
B A g0 b Jgeo! il
B 1A 350 L Jgel yid

Y5 s b Jpeol i

éﬁdq\ﬂ&ﬁguﬁﬁc\/\' }lg/kg)jébdﬁé‘ﬂl .d)‘gf,w..;)é J:ﬁujig_wﬁuébﬁaj;): JSJ}JQ“”AWGA—\ e)L:...iJiir
o Y e 5o bl e e VA /KRG s Ledd e 055 03 S o Ol AS IS 05 S Laglie 3 s I Y s o

ol 0dd 1)) X £ SD &y gt osls (ol (ls gme SEalS

J S 03 S b aglia ;3 ¥ P<a/e0 FE P<u/uy F5E Py

5 gt ey

fe

T

Vo T o

298 Cuwnd

L e
B Qe g0 b Jgeol
L IRV PR TR PYRL e

U P TH TN PER P

-Jdlﬂ&ﬁgﬂbfuﬁ\/\'Hg/kg_)jébdﬁéljlw‘r})ﬁﬁmﬁ_})ﬁu)T;dbméua};)Jéffu‘ﬂwLu—Y c_)La.:an.::

Yo e bl ple s s VAL ng/kg j})LjQJ.\:J)LM_;ﬁ}‘);).:L;\”S)"&O‘kﬁ.“d‘;:\sb‘j;l{M‘Liﬁ).}\;.nmjd:?.r__’v,ﬁ))‘f“sj}

el s &) X £ SD &) yoos Laesls il (6 ls snn LAl o is

S 03 S b aglia 53 % P<a/e0 F8 P<u/uy F5E Py

S Ol SIS el sdalin 5145 55 (551 cnl tys 5
4 S g 8 b amlie 53 (gl e p g g pas SR s
A odd b b e 5 il J sl gl S50 Cou el caws
Goy sy gadan SLHIE s f e cul S
Lol das o LS &S sy sy Sl sbad gl
ISl 4 (5,8, glade ¢l 55 bl 5 (5,850 » i
Lisy 90 &S Sl 0dd B158 [YPAA] Cl Fse Sl

;ﬂ‘ Ll 5“3‘;6 J‘} J;L? Cou |J ‘;bf:l w; g.;L..tSl ‘-;vc-".

Y#A

Ol Jgl o 5 iolo)l slaoy B o (S o 0 Oljne dmnlio
WA+ ug/kg 595 b Jgal il PTSD jlrs Dbl 53 45 s
Sl s gals SRS o 8 4 el | S g ke
Bl (B9l Al p o g8 ekins DL odd (b oS e Gl
G55k Ky 555 ol b Jpsl el &S pmecndy tml e
b gl il ol oS 25y 1) (b5 o il (gl
5 Sl gl Bl e Al et ool p A ug/kg 5ss

0 ojles |14 0,93 [VFAF[ g5 5 5T | b asbiobags



byl il e gy sl el Ol I

026 Al ol 3 3 s gz Sl 5yl bLra 5 o
w2 S s il s el sl el o Shes
daz 51l omas (e S35 A 103 fund Sl 1 J 230 2l
3l 3 B0 ke S o a8 gy 5 w5 Shas
L [Y8-¥\] BDNF osasa ae 43, glay S 5 S0
595 Szl il Sgels ;3 BDNF g & 4 a5 g
O ;86 Jdsas Gudod cpl )3 Igal il sdd 3,18 Sl 31 &S
s Ol 059 gl [P ¥A] asb BDNF 5, laae
23 7553 ol Jlle Ol gedy il pen 5 Shas 5 b le (55,
Grb3l edes jsbay DI nl apls dd (b s abil>
Lodi ;5 ol Ligd o g B s O30l i Glaos S
Sda 05 Sl gsy g esls SSen s by S el b
kool Kes O3l ) g agdle AuS 0 oo 1) 059 0l
Siorl ek ;S alie 5 plis boSs s gss 2 S
b Lok ;S Sl S de e e e iSes A
sl pul K gih I3 50 KIS o 9 3,05 3579 ulS pa o

Pray] st 558 GalS a5 Ko 59,

& S Ao
e dgsl il 45 35 L ol Gudow slaasl
Gole WI 51 36 0 b3 ey Al el cilise
o7 il Sl i s sl b olST S b
e s Lol 4o PTSD [l=s ollge 53 ond b oa
sl 4w M UGKE 593 b sl el gl 25 Gay5
o7 Al bl i 5501 bl oliS| e 6 Y

By o b

S0y g K
0L ol aebls @il 4l OLL 51 iy Jool dlis o
S (G580 58) s G A, b, 4 s IS5 gl
bt G oA G gt Sl Olials &S0
Shn 5 bles g olge ause Cals, blia Olals oKl

338 o s ,a8 5 Sas A&l SUSLl raldS

References:

[1] Alberini CM. Mechanisms of memory
stabilization: are consolidation and reconsolidation
similar or distinct processes? Trends Neurosci
2005; 28(1): 51-6.

0 ojleds [V4 0,95 [VFAF] g3 5 45T | 2 asbobags

5 Ao il OlSt s Jgslpal SIS awe) o b s,lE
g sl gl sdl3l 3151 Sl dalgd CAl aidb e L2l
Sldlas plu 31 oS slan bl [YFYY] conl aliil> (5,850
[YOYF] sl OF Gog Sl b gl pul sdkalS 31 5 e
Comizr 5 550 Sla e o3 4 anaaly J sl ful O I
2 daolpel SIS 5 g S el Spliie Ol
206 329 PTSD (gl )3 bl b gals ol 3 (6,850
9 SIS Jgpslpal Ol &S AS aseie adlas pl s
ol 395 4 disly PTSD Hlos Sblge 3 aliil cois
s09 S o OF ngke) Yy 5 (A pglkg) omb slasss
Ao cole VY dail> L3 gl p33 S 3 S Jawgne j40
(B 53 Ol 55 B Jgl s ¥ s s plosil Jyl s
Jlb il ol e g 2550 02551 a2 gl il
HE/KE 555 & Igal il 25 8 o sdome Sl L o 0k
23090 el BT s (BS g Jlae Sl 4 e VA
sdaliv opl Ad 528 05 5 b amylie ;3 PTSD s &bl 5
s a5 g (5591 Pl p Aol fl i ST ediasOlEs
01,%s ) F sl PTSD jlors bl g 3 o ol aliil
SAS3L 0l s Jgslpuel S chlE &S das e Ol
5 ol el fae Al (5T bl Dl (el
El S5k 4 (Sloske (slahge s il (g1 bl &S
Fdond odd ploxl BOT i [ 25l fal 3508 56
b o0 03 650k ol & el lsle sl b
Slles Kos b 5 [YVF] sl 0l plodil Y gl !
S ol 0l GIF el fge 58 S e p sl
SLeas ST L Lles cow S gl e sl
o gl OT js el alible s W14 S 15 039 el
Bl o G S 4 e 05 el Sl ST KWL
S ol 0L Guiow opl glaasl [YANF] sl ail b el
3 el e Cof 5 6osl b sl el Ol
03 B 2 omb 5 Vb lajss St toml 90 4 wly
4z dmsl el 550 4 aly SIS g Sae g 553 s
Gl ok 18 5 01K Oldlas s Al (g0 bls

ug.JL—JS‘ B J_ﬁ;‘)&ﬂ‘ alslae MKA 2 ‘_;».:A d-\.&‘yﬁ .[Y/\;\?]

[2] Klein SB, Robertson TE, Delton AW. Facing
the future: memory as an evolved system for
planning future acts. Mem Cognit 2010; 38(1): 13-
22.

¥#4



[3] Sotres-Bayon F, Cain CK, LeDoux JE. Brain
mechanisms of fear extinction: historical
perspectives on the contribution of prefrontal
cortex. Biol Psychiatry 2006; 60(4): 329-36.

[4] Sacchetti C, Baratono S, Negro F, Bessone A,
Cussino P, Cerutti F. [Blood coagulation parameters
in insulin-dependent diabetic children at onset of
the disease and after 3 months]. Minerva
Endocrinol 1989; 14(2): 115-8.

[5] Herry C, Ferraguti F, Singewald N, Letzkus JJ,
Ehrlich I, Luthi A. Neuronal circuits of fear
extinction. Eur J Neurosci 2010; 31(4): 599-612.
[6] Cukor J, Spitalnick J, Difede J, Rizzo A,
Rothbaum BO. Emerging treatments for PTSD.
Clin Psychol Rev 2009; 29(8): 715-26.

[7] Moeller-Bertram T, Keltner J, Strigo IA. Pain
and post traumatic stress disorder - review of
clinical and experimental evidence.
Neuropharmacology 2012; 62(2): 586-97.

[8] Glover EM, Jovanovic T, Mercer KB, Kerley K,
Bradley B, Ressler KJ, et al. Estrogen levels are
associated with extinction deficits in women with
posttraumatic stress disorder. Biol Psychiatry 2012;
72(1): 19-24.

[9] Zeidan MA, Igoe SA, Linnman C, Vitalo A,
Levine JB, Klibanski A, et al. Estradiol modulates
medial prefrontal cortex and amygdala activity
during fear extinction in women and female rats.
Biol Psychiatry 2011; 70(10): 920-7.

[10] Walf AA, Frye CA. A review and update of
mechanisms of estrogen in the hippocampus and
amygdala for anxiety and depression behavior.
Neuropsychopharmacology 2006; 31(6): 1097-11.
[11] McClure RE, Barha CK, Galea LA. 17 f-
Estradiol, but not estrone, increases the survival and
activation of new neurons in the hippocampus in
response to spatial memory in adult female rats.
Horm Behav 2013; 63(1): 144-57.

[12] Inagaki T, Gautreaux C, Luine V. Acute
estrogen treatment facilitates recognition memory
consolidation and alters monoamine levels in
memory-related brain areas. Horm Behav 2010;
58(3): 415-26.

[13] Wang H, Zuo D, He B, Qiao F, Zhao M, Wu
Y. Conditioned fear stress combined with single-
prolonged stress: a new PTSD mouse model.
Neurosci Res 2012; 73(2): 142-52.

[14] Sales S, Ureshino RP, Pereira RT, Luna MS,
Pires de Oliveira M, Yamanouye N, et al. Effects of
17beta-estradiol replacement on the apoptotic
effects caused by ovariectomy in the rat
hippocampus. Life Sci 2010; 86(21-22): 832-8.

[15] Viau V, Meaney MJ. Variations in the
hypothalamic-pituitary-adrenal response to stress
during the estrous «cycle in the rat.
Endocrinology1991; 129(5): 2503-11.

[16] Chang YJ, Yang CH, Liang YC, Yeh CM,
Huang CC, Hsu KS. Estrogen modulates sexually
dimorphic contextual fear extinction in rats through

W

O,en 5 O e

estrogen receptor beta. Hippocampus 2009; 19(11):
1142-50.

[17] Siegmund A, Wotjak CT. Toward an animal
model of posttraumatic stress disorder. Ann N Y
Acad Sci 2006; 1071: 324-34.

[18] Aguilar R, Gil L, Gray JA, Driscoll P, Flint J,
Dawson GR, et al. Fearfulness and sex in F2 Roman
rats: males display more fear though both sexes
share the same fearfulness traits. Physiol Behav
2003; 78(4): 723-32

[19] Quirk GJ, Mueller D. Neural mechanisms of
extinction learning and retrieval.
Neuropsychopharmacology 2008; 33(1): 56-72.
[20] Lang S, Kroll A, Lipinski SJ, Wessa M, Ridder
S, Christmann C, et al. Context conditioning and
extinction in humans: differential contribution of
the hippocampus, amygdala and prefrontal cortex.
Eur J Neurosci 2009; 29(4): 823-32.

[21] Jasnow AM, Schulkin J, Pfaff DW. Estrogen
facilitates fear conditioning and increases
corticotropin-releasing hormone mRNA expression
in the central amygdala in female mice. Horm
Behav 2006; 49(2): 197-205.

[22] Pearson R, Lewis MB. Fear recognition across
the menstrual cycle. Horm Behav 2005; 47(3): 267-
71.

[23] Leuner B, Mendolia-Loffredo S, Shors TJ.
High levels of estrogen enhance associative
memory formation in ovariectomized females.
Psychoneuroendocrinology 2004; 29(7): 883-90.
[24] Gupta RR, Sen S, Diepenhorst LL, Rudick CN,
Maren S. Estrogen modulates sexually dimorphic
contextual fear conditioning and hippocampal long-
term potentiation (LTP) in rats(1). Brain Res 2001;
888(2): 356-65.

[25] Milad MR, Zeidan MA, Contero A, Pitman
RK, Klibanski A, Rauch SL, et al. The influence of
gonadal hormones on conditioned fear extinction in
healthy humans. Neuroscience 2010; 168(3): 652-8.
[26] Graham BM, Milad MR. Blockade of estrogen
by hormonal contraceptives impairs fear extinction
in female rats and women. Biol Psychiatry 2013;
73(4): 371-8.

[27] Rey CD, Lipps J, Shansky RM. Dopamine D1
receptor activation rescues extinction impairments
in low-estrogen female rats and induces cortical
layer-specific activation changes in prefrontal-
amygdala circuits. Neuropsychopharmacology
2014; 39(5): 1282-9.

[28] Milad MR, Igoe SA, Lebron-Milad K, Novales
JE. Estrous cycle phase and gonadal hormones
influence conditioned fear extinction. Neuroscience
2009; 164(3): 887-95.

[29] Scharfman HE, Maclusky NJ. Similarities
between actions of estrogen and BDNF in the
hippocampus: coincidence or clue? Trends
Neurosci 2005; 28(2): 79-85.

[30] Inagaki T, Kaneko N, Zukin RS, Castillo PE,
Etgen AM. Estradiol attenuates ischemia-induced
death of hippocampal neurons and enhances

0 oyled |14 o5 [VFAF] 5 5 55T | b asbolags



APV It U SR PN e I

synaptic transmission in aged, long-term hormone-
deprived female rats. PloS One 2012; 7(6): €38018.
[31] Solum DT, Handa RJ. Estrogen regulates the
development of brain-derived neurotrophic factor
mRNA and protein in the rat hippocampus. J
Neurosci 2002; 22(7): 2650-9.

[32] Cavus I, Duman RS. Influence of estradiol,

0 ojleds [V4 0,95 [VFAF] g3 5 45T | 2 asbobags

stress, and 5-HT2A agonist treatment on brain-
derived neurotrophic factor expression in female
rats. Biol Psychiatry 2003; 54(1): 59-69.

[33] Murphy DD, Cole NB, Greenberger V, Segal
M. Estradiol increases dendritic spine density by
reducing GABA neurotransmission in hippocampal
neurons. J Neurosci 1998; 18(7): 2550-9.

VA



	364
	365-371

