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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 ug/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 |, Elahdadi-Salmani M. The effects of estradiol on different stages of memory
extinction in post-traumatic stress disorder. Feyz 2015; 19(5): 364-71.

Y5¥



http://feyz.kaums.ac.ir/article-1-2857-en.html

[ Downloaded from feyz.kaums.ac.ir on 2025-12-24 ]

dailos ) s u il JEAS Juo o diSla ofigold Cilids Jalpo s Jgasl yical &l 3l

Y Y *y \
Sloku galadl 5 game ¢ (555355 Olpl ¢ gl SLS ¢ 0L le aabls

oM

L s 5 56 Sloy slage il gl 5l 51 a8 «(Post-traumatic stress disorder) PTSD (s by cude S HERV -7 W)
bl s Jole p J sl SIS gy canllas ol pladl 51 S Ll o5 sl 035 pael b Ul pds (el
sl PTSD s ais b o oy abail>

W 5ldns 55,V .23 8 &g (STSPS) g 5 S s¥sb il O 2dli Juke 31 eslizul L PTSD W iy kg5 g olge
P s 53 Spd b, Oak 4ids A Doty (Ul Ced) odd (b S e Al B0 b)) sl Sl 5len
el g gl DLzt iyl 51 e ls ) e S S (slaRES ¥ Gl 3L Y s Ol (S g Ol B B 15 b S
5 okd oysl blia gl diile cad opl b s S plml S Oles 4 g Jil S Sl g 55 K Al 4 pss S
S cele i (U8 05 8 50) I by sle glaoy S 50 (FFr 5 VA & ug/KE) sl fl Gas5 2038 o0 o koo
i ploil o

- re asba K 028 S WA HEIKE 53 b 1) Jpsl il 4 SUlam 55 S e Oliee o 515 DL Laesls 0T sl
A S pss 5 Jil e S a2 55 WS 0s B L el o s

s Sl 53 ks (b3 g dile 50l ot 5 osl blia (OS50 4 Al s g0ty d gl el 16 o

oS 5 a9l A (OlS| gl o p a5 4 e VA PE/KE 595 b d sl el sl 25 GoyF ol e PTSD

A S edd b ey bbb

SIS gi e SV sb el SO gl el cassla G e e el IS Gl OB 59

FEEYVY Slomio AFAF 63 5 531 0 oyled coba)sh 0595 c oy sih st — pode asbiobe 43

Sh il Sde ) day Bl e B S g s Jl e ol
2> Bahp 0 pFd GSHSHE 5 g ehe I S
Cogon day g e oS bl D)o Il S5 8 5S
a Sl cos Gl dm [F] 25 e 0 d g0 aliil-
T UL Sy Slul dSl 38 e sl
[¥] 3080 Aol b ssdpo o Iodoms | il (pl
sl Sl e il 3, sbdbe S S
om Ole Jde cpl 53wl KNS Bad b oo Jue il
P Sy (e Lld L ae) (bd S
S e S S s bl (S S2)
S S e U3 S (b S e a Cod Olg s S00
S dlesl bbb dbils (gl spds (bd lwl
S Doge b S e D9k SYsb o a b
Els s b S plT 4 (b gl (el b
phe OF 3 & Col (5,500 31 s Rs p Al sls
peip B0l (b b Sy (b S e o B
S GBI a3 5 il b el (g5l gl dilen
o sl S [F-0] (51 plia 5 o (LS
DB 3 e 3 53 &Sl Iy, 4l S (PTSD) &sl> 5

- dbml ol OIS L SUs sl Sdlgm (o e 4o o3 5

il 5 Sl bl s 51 Ol (S auT 5 g S

Jolp hils il ol (6Sk g 2 BT 6K Ol
4 oMbl as) Encoding 5,108 5, ol 43 4.;\.?@
Con- coti b (gilw 0,85 =Y (B3lap B 30, o8
s Y (okd 18 50, SleMbl (s,1ug8S wuT 5) solidation
Sy 5 oMbl S5 5 s,s0sb) Retrieving 50 bl
sdow o ,5-3) Reconsolidation suses s =¥ (el 0,3
ol 3) Extinction dsels —0 5 (odd odil g5l 3 aladl>
ol g8 Aliile Oy gt alSle fanl V] (e ol g5l 5 alabl>
R aa U T P L R

Db Jidd Sdedy

2SEl> gogas Cam) 29,5 wsupily Sslsid 2l elia)ls !
Oliols a1 ¢ owlidbunn j

Olizol> &35  puolidianmns j 5313 ( s0908 Cammns j 29,5 ¢ )b >kiaol ¥
1oluns o3ings (3l *

FEVIFE1 NSV 1 3S ¢ guolisd Cann j 235515 lials olidils sOlials
P YOFY PRV rgnagis P FOPY . PPV 1gals
abrari@du.ac.ir %5335 Cuwy

E/V/VY sgaled sy AnG /1« /¥ il Ayl

Yeo


http://feyz.kaums.ac.ir/article-1-2857-en.html

[ Downloaded from feyz.kaums.ac.ir on 2025-12-24 ]

bodsl fae bl Spels p dlg e el g @I
aasl> Y| :f}}&bﬁbjjﬂd e.o\::}s': Q‘;‘J.gd.’.-j
15 Jgsl il by 131G 0 OF » PTSD 4 Yoo 0f5lecy 5

(S g Solen o) 5o il (gl il f e

by 5595 9 dlgn
D550l YUY (08 G b kg sl 5 glafge
Gl Gl w5 STy Slidod aesfe Sl p S VALY
Kb Sl VY lld s Sl S 4 g S Al Ol
(s ©ysmoa) 1iE 5 OF S Jl= 53 5 plidy, cslu VY -
53 bl 6K Lud (g cdmils LSl s wlslsl
Fro0r Cusby 5 3,8 e amyn YooY spum oles 63 gdoee
bl g Sl b L (B Jpel 058 e Ao
Olials oy wlid Sy 0tSiils INST ameS LIS 52w
5 S S ph Al Joe 5 PTSD W platess .3 cyls,
Shock and Single Prolonged ) was sYsb o jiul S
bl g &S oS 5 ol 4 VY] A5 eslizul (Stress = S+SPS
il 4l Y Cdea N MA S S S 58 S 4l i, 0
428 25 gron b SPS (ldo e aw Jas day 5y, s S
CS o g oS Ade 3 col ¥ Ol g (Jyl A 0 s 1is S
Ao 5l a5l e Aol pas Al e 5s S wdls &
g K lal gl BB 5 adds Yo Sdeay Ol g oS
Ssre ) Sl 63 b e 433 10w S 15 gl slus
B P e B g (KA S 5E (p g ) L
y98 sl (CFS = Conditioned Fear System) oucs
Jolats CaSo glabiions Jold ot (o Jles] (Sl
Facsile FOXTOXTY slal a4 Glad Sawdy w51 JSS
Loy sde YA slaw a4 K b slaaa I i S ool
S Ak \Y ol 4 oS ol odd S5 e s £ S
Slgea) (KA Spd dlesl i o Kol L5 Kas
oo ) e s gy 0 e Ve 4 (bS5 S e
Sl it oo shiteay cowl DA 5L LB 5 SlS Saudl
4 e (DNBI o 5 w5 s besls o 5 b
& el Juaze Ethovision il 4 s lall,
Tt 9 O bl Ddo Oy Ol Al DS
4 e abu e 58 (0 3 LI5S SeS 4 S~
S5 BB e OF S 5 a3 gul5 D o9 5 Y
Al Sl DY 5l 1) e (gl OBl 4S5l
) S Sed Jlesl ke 0a o ol 35k

\id4

Lo glas ke 53U K 5l Ay Kl o PTSD e a4
c o A IEL ol 5l ol F b s Ygems 5 anbe dm
Pt okl (S il 4 Olg e PTSD oYe 510 8
4 bl STy Cubeas 5 gpdy KUl o
G Db el olen (Hae sladys b GBS
PTSD & M 331 [F] 350 yl31 i 5 dlgul colinal
e U b e godete SN s (B NIy 05N
wbos il Lub S & S Pl il e 5
Wl opl by sl P b o bl 0,8 e O pe
“0gsn 3 (pa S BUss sl V] ssdie B R 5 CasB
do o s Oldeds anb Sw s a5 dzes &b o gla
e (s,l35b Oligs (b 5s g edd I3l SKess I IS
N dmslpul i w5 i 5 0o nl 50k
e S 1055l [A] ol b 58035 2l 15 50
Afs il 5 xSk gy Kb a4
5 0Lt 55 bl Jawsl fl DI J1 (e 3L S
wile e Jolge [Ve] syl gy AT Sl e
Sladds 5 oo (pw Dig el s e Gl wly
5 65 Ohssml S OAE Sglie 55 alaile il
2 053 5l 3l (5,5 4 Jle Dl goay il oo JiSs abail~
Wil 5 s 2l b s lad S5l (Gl e
oSS S (Bilhe 5a s XS e IS s 1) (g5l
L pbad bl s ssmae Sl Slys 555 3 059 5!
b s el alpe Gy rrer S e O
S s b amslie 53 ol Vb d sl il 53 &S (o JSw
[VVA] s o0 0L 1y s Fdends sl 2| e 5o 53 5
G50kl Slys O3l 45 das e 0L Sldlas S
o I s 1y (g5l il g e yge 2l Sl gl
Al 55 97 ge Gald (e (Sloys O3l filde 55 5 XS
Al Sl sl il [VVA] ES e ool | alad
23 daslpal Goyy &S s e OLES L3 Oldlas el g
ok cdld b 5l ) s bl ool OB
o7 il S Ul I e Sl il LS s g
FIA ) el sl bl s Al s 1) 0l el
hls sl bl s LAl b O5s el ol gk b
el sl pa B L 03s el Vb ok 5
sl s S s Gy il 18 NN QA] ol Lo
b b oS gt 5 Iy oy 25 5 UKl Joo dlail>

AL O3l pl gy Xjls 1) O3 el glaei ;S 51 YL

0 osled [V4 055 [VFAF] 5 5 55T | b asbiolegs


http://feyz.kaums.ac.ir/article-1-2857-en.html

[ Downloaded from feyz.kaums.ac.ir on 2025-12-24 ]

. eu..fv}au Jh’ﬁu&‘fjdxﬂj:ﬁ“ Q‘;‘

Sbs 038 55 S e Ol [FOFYEVRAL P=1/00)]
G2 IS 0y 8 4 Camd d g3l gl VAL glkE s b e
P<00 pam byl slaisn 3 G a) Cibs (gl
Weopglkg 5 (0 ol JK5) (P<i/r0 P<a/iony
2l 4 o Gl Hsba 1) (S e Ol d sl pul
P0G a pae U dy) ) bls alS 5 g
0 ol JS2) P<a/vey P</iy

A5 plomil ol ) ey ol Y 3 s e gl
(o ) A s (glakDD ¥ S ¥y Jl e iles
Y0k e L5l ) gl Al Sy (5550 bLiw
e gy S o (5 e Ol ) s e
poe U dsl Fou sl oF e s sz ol e Dl
JEQOYO=0/Y00 P=2/00f] ) ol jle (5,13 5n0 o
[FO¥Y)=0/+¥\ P=2/e28] 5 [FO,¥Y)=¥/1 ¥4 P=+/210]
dasl il b odd Jled 05 8 53 (S 0 Olie b5 4en 5o
ghe) 35 feS IS 058 5 lssme ssba VA pglkg
(P<e/oN pgw 5 ps3 saidn 5 P<e/00 Jyl jiou 5ol e
RE/KE 595 b dgal pl Gay3 SRes Gb 51 (Y 6led JK3)
b dlie 53 (5 0 Ol S o (551350 Olee 4 VA
S e Ul cd) WS R Y e s g ple
(Y oyl JS2) (P<a/voy P<a/ay P<v/e0

W51 e i S ol 4 O o slaten

P ek byd s o s aids 4 Sideay Slilse (Jde
o 0N 5l K gl S0l S Ol b S e
5 ) S Ol 03 Vo PTSD (gley 4 3K
PSS Ry A agde Olge [WAA] cul (b,
Sllas bl 53 ol adlas s JS5 o585 Oblge
PTSD (g kew sl ;o Jbo Wl &ojyud sdins 0L s dS
GuuF A alS L dy, 5 slee Eowe g &S b0l Lol
WAr A uglkg 555 ¥ L PTSD & M Sl g a0 J 931 sl
dsb 53 35 ppe o gl 51 S cole o5 ¥F
o3ls igel Sblgm 4 bod oy abils b gels (Jyl cos
B S g DL pae e pnl s Sl S
3L 1 (S48) by S e s (bys e p olKiws Lyl 2)
Ao oyls 6,85k Gl e bl Saels Ayl S e

.[Y';\*] Aﬁdﬁ S

0 oyl |\\ 09 |\VQY|‘5:}JST |d‘"’~j 4sliols 93

J"f Jg;}? oalaiw) el u‘bf‘: oF adasl> gﬁ"iJ.J| VTS

o) oS AN 2 C}b J° Lﬁﬂlﬁji fl:u"

Celaad 1,5 celo ad 3,
Gsadl 3 JE Gsadl 3 38

l |

(Lol T F R U PR — L I Oyl
e SPS 3aa ¥ Woiss  oeleTF yg g,

il glajss b oekd jled 03 S ¥ Jals bl glasy S
GF b b Glhe oy JRS S Sy Jgsl gl
Sl 55 ) sl el > Dl geay dowS 855 b d sl !
RR TS - PP PORCES R JOVIINN(IN Sy
Sygod YE g VAT A ug/KE 595 aw 53 Jgal sl [NONY]
4 Ogher Ky bwg 5 035 Sy 4l 5l gl )
P B el b5l gl VIV A G bl
Wiy 4 Sdeay Jhe W1 de 5a, VOl ead b
£ I s e ol o S S S 5 s O
A lads ¥ Gl b a3 Ol (sl Gl 5
& ol (Freezing) o5 oo 05 501, fuly onips
Lesls ddb o it S Jlesl &S OBl 5l ojle
Losls 5IUT .ol ol @10 5 ldkul last Kl &) soas
PALHISTEPRE pnl 18 il SPSS il 5SS & sobl
S8 s (sl LSD eSS 03051 5 436G il
b eslinul Loy S 2 o
oW

S e Oy PTSD goley W 51 s atin
(sl cmd) ws oLyl ods by ey olKiws aw g Sl g
IS 238 Sy ps S gl S 3l A 505K
olai s gbay Dllpm A el glaids ¥ S Y 4 e
5 gl el la (5laoy B lidd o o6V BA 0 S ¥ &
by oS gy J RS 0y S 503 S b, il S5 Y L
Amlis 48 Sy ity ST b Dbl 5 g Olee S
A ) 2 LSD oSS 03051 Jaw g5 (5,13 nn el 5 LA
plowil alibl> b gals 3500 ) shitety S pl i) o gl
s Ol 514 s Ol &b ubbly BT Les
Bl sy A Y e s deey 8 ol e Dl S >
Sl obe ods SR Yol b phe pals
JFOY=ANES P=2/00\] [FORFY=Y/5Y0 P=1/0vy]

YV


http://feyz.kaums.ac.ir/article-1-2857-en.html

[ Downloaded from feyz.kaums.ac.ir on 2025-12-24 ]

I ey

T

d51 [y

J=s
WA 330l Jaeol el
A g0 L Jguol ol

W5 5e0 b g0

_;SFSQ\}:»&AISA{N\/V},lg/kgjjs\...Jﬁ;\j:Ml.J}lg.mi);_s;.lbj;ﬂb'uL;uujjf):d:sj:-dgol}:»w\}.ﬁ—\ oled K3

(B Y oa el sl 4l A pg/kg 555 Lok s 055 55 S o Olgee As U 28 0 S L aslie 53 s i Y s s

el 03 €l X £ SD & pomts aosls (udls (5,15 me J2alS

IS 05 S L aglie 53 ¥ P<eyep ¥ P<oyey FHFE Py

S gt ey

e

P88 S

s
B A ool Jaesl o
B A 0l Jpol o

B oyse 550 L Jauol yaul

-quub.:ﬁulﬁksou)zm\/\'Hg/kg)}JLJﬁ.ﬂ}Zm‘r}JCMMS)Jw{b)?;ﬂiﬂd&ﬁ}ﬁ))éﬁ@d‘ﬂww—‘ A)L;..:Jg.fa
Vﬁ);u)wﬁumw\/vug/kg )'}}LgDJJ)L«:.?c}ﬁjbL;“Sfdobfd.L;Jﬁa;ﬁpwuﬁjawb;dqv_fhjbéﬁ

el o €| X £ SD & pots Laasls . uils (6 ls smn ialS o isu

J S 05 S L anslie 53 FP<e/in F¥ P<o/ay FEEP< 00

S s Ol SIS eyl sdalin 5145 55 551 cnl tys 5
4 S g B b amlie 53 gl S p g g pad Sl s
Sdday odd b b e alible J sl il S0 Cow el s
oo e o gadmis SUEIE S e Cad 5 S
SR e OLE & sls semy e Lk
ISl @ (ool gladae gl gl )3 aail 5 (5 ,S3k (i
RO sy 45 ol sdd Ui [T OA] Gl Sge gl

ol Ll s o 13 80 Cou 1y b e olasST s

YA

OLE Il s 53 eala3T slaes B or (55 s O s demalie
YA+ uglkg 555 b J sl pul PTSD Slrs Sl g o a5 515
Sl s e el IS ey S 4 ol | (S g lide
Sl aals iyl B g b8 edins DL ekd (b 5l
G55k sy 555 ol b Jsl il S pmecndy tml e
b Jaslfl ol sl S5 1) (B 5 o Bl 3 sals
5ols g S il et o A uglkg 5ss

PTSD =5 wllge ;5 abbl dgpls 5598 ol 4 e

0 oyled [V4 0,95 [VFAF| g5 5 45T | b asbobogs


http://feyz.kaums.ac.ir/article-1-2857-en.html

[ Downloaded from feyz.kaums.ac.ir on 2025-12-24 ]

. ‘u&yu Jhﬁu‘}"ja}odxﬂ);‘“ Q‘;‘

026 adlllae ol s 3, s gy gl 555l bliay 5 Cats
K s Bl s el sl el s Shes
oz 5 )1 oS s (535 g2 (S103 S NS 23] !
555l 3 B Jshe S JalS (g5 il s Shes
L [Ya-¥V] BDNF o pasa oae 43, sla, 556 5 U
3950 Jloaml bl S gals 5 BDNF j4s 25 4 a5
O U Jdoay Gaio ol 55 I ol pml 0l 3,18 Sl &S
e N F1 055 el [0 ¥4] w3l BDNF 55, e
23 7553 ol Sl Ol gty Gl pen 5 Shas 5 bl (55,
Gl edkes Hsbay DI pl ajls edd (bl g abil>
Lodki 18 ol Ngdipr 55 2Bl OJs il Slar glaod S
Saa GlalS S sy g ool SSeny by S sl L
b ol Kes O3l ) 2 agdhe AuS 0 oo 1) 059 1l
Foorel ek ;S alin 8 L2 Glos s s 2 S
e T
Jasl pl Ko g3y DN J1 53 Bl Fon 5 3505 3975 ol gop 53

[RFXY] sl S0 alS s 5 S (5,

& 5 dond
Jolpe 5 Jasl sl oS ols LS Lol Gudow glaail
Solem W 51 30 oad bod g dbbl> b gels i
Wiy D)0t gl iul &S (S5 pdk Sl e PTSD
s il Sl ool g ool blia (LSt Ges a
Rl sl F40 PTSD jlos Cllg 55 oad b3
a4 e VA PE/KE 555 b dgsl pul gl 25 Gesp
o5 Al gl a5 5 ol bl oLt A Y

23 g P O ubf:‘

S188 9 KU
b le 4bl Wl al OLL 31 (e Jeol> e oyl
(58 050) (ol Sy Ad)l lk)S 4y A3l
bl G oA G g el Oliels &S0
D5 5 filey 5 slge wupa Sl blia Ol oK1

335 o s ,d8 5 Sis ARl SUS 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 oyl |\* 09 |\VQY|‘5:}J.J |d‘"’~j 4sliols 93

5 Ao Al OlS| y Jpal gl SIS A 5 b s,IE
2 dasl gl skl 5151 Sl daled (Bl ASl e L
Slas ple 1 oS slad bl [YFYY] col aliSl 5 Sal
JYOT] sl O O3 1o b dgsl il odals 31 5 e
i 5§53k Glam Jhe o 4 wls sl il D11
2 gl SISl pe Lt Soglie Ol
2ol 32 s PTSD (ylem )3 alibls el Al (5850
5 US| 5 Il ful OIS &S aS jaseie adlae cpl s
Lol 595 4 mly PTSD s Sllge o abibl ool
seom Sl o (P pug/kg) YU 5 A pglkg) omb slase
dny ol YF bl 5 gals 53 o 3 Fge i gie 555
(e 3 Oy § 5B sl A ¥ 53 ks plal Jgl o 1
I il ) g 5 35 025 pliay el il
HEKE 555 b dpal il 53 8 0 sdome Sl o B Cod ok
23093 Sed ST A 53 (FS g e S5 4 e VA
sdalie ol Ad J S g 8 b awslis ;3 PTSD ,las bl g
Rt I PRSP R
s Sl sl PTSD s bl g )3 (o gols aliil
Sk Bl s dpslpel G Bl S s 0L
S ol el g il (s bl 50 el
bl (5 pS0k 4 (lasle gla b ge 5 il (g5l blie &S
Fdond odd ol BOT iz Ko I g3l fl 5508 56 s
Sls 53 52 65k il & il ol gl e
Sy s Sb 51 [YVYP] cal oid plol YU J sl 2l
S ol 0dd Il e 5 (gl el gl
SLeas ST L led o &5 losbe ol sl b
ok o gt LOT s b gels alible s Klaib S 15 05 el
Bl Lo g A5 4 e O3 el (S ST Sl
WS sls 0L Gaiew ol glaasl [YANS] ol w28 5 gels
ol sdome Skl 5 sl e d gl el Ol
035 S0 2 o=l 9 b lasss S et S5 4 s
4 g gl il 595 4 wly DI g Je cawgne 555
Gl ok 18 g 01K Oldlas s Al (g0 bls

(PLST p J gl il e il o sdal g [YANS]

[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.

54


http://feyz.kaums.ac.ir/article-1-2857-en.html

[ Downloaded from feyz.kaums.ac.ir on 2025-12-24 ]

[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 B-
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

YV

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 NIJ. 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 osled [V4 055 [VFAF] 5 5 55T | b asbiolegs


http://feyz.kaums.ac.ir/article-1-2857-en.html

[ Downloaded from feyz.kaums.ac.ir on 2025-12-24 ]

“5&}&\5 J'\:’.“J"}“J‘J}l"):”“ Q‘;‘

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 oyl |\\ 09 |\VQY|‘5:}JST |u.a.:}' 4sliols 93

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.

¥V


http://feyz.kaums.ac.ir/article-1-2857-en.html
http://www.tcpdf.org

