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ABSTRACT

Introduction: Sex-dependent changes of behavioral responses in humans and animals
has been widely investigated. There are also controversial reports regarding the role of sex
hormones in memory and learning. The present study carried out to compare spatial learning
of male, female and ovariectomized (OVX) rats in Morris water maze. Materials and
Methods: Twenty four rats were divided into 3 groups: 1) male, 2) female, 3) OVX.
The animals were ovariectomized under ketamine anesthesia (150 mg/kg, I.P.). The same
procedure as OVX rats was performed on the female and male rats except the wound was
closed without removing the ovaries.8 weeks later, the animals of all groups were tested in
Morris Water Maze. The escape latency, traveled path lengh and swimming speed to reach the
platform were compared between groups. ReSUlts: Time latency in both OVX and male ;
groups was significantly higher than female group . However, path length in OVX group was Key words:

higher than female group, there was no significant difference in path length between male and

i 1. Sex
female or between male and OVX groups. The swimming speed in male group was lower 2. Ovariectomy
than female group. Conclusion: It might be concluded that endogenous estrogen has an i Is{z?zlal Learning

important role in sex dependent differences of spatial learning.

*Corresponding Author: Mahmoud Hosseini

E-mail: hosseinim@mums.ac.ir

I


http://dx.doi.org/10.18869/acadpub.shefa.4.1.37
https://shefayekhatam.ir/article-1-919-fa.html

WA Liwcs) Jol olosds o )lez 0)90

[ Downloaded from shefayekhatam.ir on 2026-01-03 |

[ DOI: 10.18869/acadpub.shefa.4.1.37 ]

Fool3bls diingg T o5 5 Jns Lol 03155 lais dabl T s Sgamo Jof ouislus anbls

Ol ol olnl (ol (55002 (5] (Ko pole olStils (g5l 5 09 5"
el s e S5y pole oSl (Kb, aaSails (L pole liios 55,
Olrl el bVl i jlow dis Olac! pole wliizs 35 &7
Ol g gt (S pole olKails ¢ Sy 0aSiails «Sijg,g el wlinios 55 1"

i ledb!

\YAF LT Y. by fu,b VWAF 0 Y7 icdl o & ,0

QM

- <

£ 8 i 0y90 kP I sk a Gl 5 Slls> L) )0 iz 4 alaly ogliiana00
22l 292y (550l g alibl> 0 oz lagigeyge (BB 0550 50 5N pion Slah)lS o
sbe geil 5l eslaial bioad (oogiSlol g 03le o5 plome S bge o (2lAS 6 pS0L pol> dallas
do &y glymo Ghge o Y ey cnl 5o (YDQ) G IO 85 18 anslin 050 uryse o
5 ohSTp S (oo V0+) (oliS b (chgper St Sllgan iad i 00l (00935 gl g 03l <3 098
ORbloy g eale 5 i ale lagise 69, » silhe (2 2300 eyt S sl (Blae 15,0
b le) Do aial Giolojl e jse (ol 5o b ooy )3 den Slilgs aw asan A ol slosl o ylaess
DALY 00 3 anlio loog )5 (o 55 & sy (8132 (00,5 b g s g 00 0350y s J5bo
55005 dlie bog S 5 & ik (82 (5055 L ks g 00 (b Zline 03 Lo
Cdlos az ST 05 i (5 10 sime b 00le 095 a4y S c0dd (agiS Ml 5 05,5 93 2 40 Slej
odds b Cdlus jo (o)l s Dol g yin oole 09,5 A Cond 00l 20555 gl 09,5 o 0uls b
09,5 51 55 09,5 38 525 (19,5 L L s (ZuBlAS 92 08le g 0 (a9 lol (Slaog 5L 5 (slaog S o
e GRS ogssl 3yl 45 S8 A lgce sy o0 S5 @ IEPHRARUI L 55 S eols
i Dyl iz 4y anly olad 6,50l Dl o
Hpojly w5’ |

Cons> N

S sl Y
lad 5, 5oL X

ESEEIVE R VWE N L WP - R CUWeR's
hosseinim@mums.ac.ir : Swig ypSI! w47

[


http://dx.doi.org/10.18869/acadpub.shefa.4.1.37
https://shefayekhatam.ir/article-1-919-fa.html

[ Downloaded from shefayekhatam.ir on 2026-01-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.37 |

WA Lis) ol o,louts o )loz 0)90

G iz Eoly aiile (Aeads sla b)) 5o 4 S
celos Jold e sl Shoe 5l (g )by jo (Y4) 0 )lo
e G Al w8 S ol sleas
el ools plzs Hlge Oldlhas (VY) auS o sl
9t |y (U 0, Shos a0 Loyl a5
i A4S Cal o] Sl oo lalllas (YY) siis
bols iz A S (Gt mlad a8 gl
YY) el ] ioman 5 lo

3 sl GF aS il by lasllas o
sl o, Shae 05 gy Sl osls o L iga
= smle slaise Ly el a5 55 30 L
Al ool lis ;S0 (sl 0 9 (V) 050 00,950 cwd
Sl Jote (5 AL (2l 7o Lo ige 45
O3 gl py—y90 plaw Siall Jol b o ge )0
el gl o, S ialS ] doeii a5 Wig s oo
500 Sladlas 5l golass jo aS 0g o 0l (VD)
lalias o Jite y5 b 4y 55y Sglie Sl il
S 5 L S Vsb oleys 4 o ounl_is
5 mbad Sledlbl i g (lab 5ok e (0]
YY) Sl o ] Loyl 5 g

Olid s plzl  Sle Jos o a S Ko laslas
ilrme Slaghse 50 gy 3, 45 ok
= sl fige smegiSolS A S w5155 55 9 (YA)
L (Y9) o)b._.i a_ladl> o liske LgL_.QQ)iLoS- S99 6)—3‘
oa—d ploul (6,80l g aladl> A0y )0 (g imwgind g
5 el 59 1 (i Slopge 90 Sl e ol
oaile 8L Sl plon Al O jg—0 4y (5 S0
5 6 S0l Doty aslllas 5l o jedaie s sc il
6_@9,5)\51 SQL,Q 9 a&LA ‘)_J ‘é_a‘)%a 6L.®u»5A )b d_]aﬁl>
B d S 00D
L9y 9 dlge
b3l 3590 slrog,S g lilga>
6@&5@ aJlas U_" B oola ol S )9—n0 ul_|‘9.¢>
Ol S Ve N 09 Lo by S5 (e
a3l silbmp e 9 STy Anse (B20Lj)]
Sla g ol (gl 3 Mg 58S 5,0 Sl
V(OVX) 03— ‘r‘oﬁ..s)bl 9 ools ‘)_; 63L~.~o 05)_? Y a4
lMenOpause .........................................

2 N-methyl-d-aspartate
3 Ovariectomized

]

dodso

pode )0 Emlio (pm asllae 1y 5z bl 5 (5,50l
s a5 il o) tb, i bl ai e ol
Sl ol 6ok 5 99-b o0 Jmols an o A

) oy o 4 Lisl>

288 el (e JolSS 50 (i slaadg il S
el a5 ccul g3l lIlw ol s o]y
S sl piian sl sl Jlw o (V) cwl oo
2 Loggeyen ol G 4 lox 5l iz slagege

ol 00l (G0 A gl mal piaw
o ol Jls j0 aS aas e ol sledlbl g Ll
4 9l et 3 |y 095 (5055 890 5l el S
¢y ys| 40 TL&‘ Mo 5l k_,’_i_. () 0y o s
Ol 3l amil oo (ras i 4 by o NS
a5 b 5 et Sl aladls PLaS] o rac SWS
Olemedy aladl> palS ol (Fed) o) oo i asy
sl A | (il 8,90 40 o 4o e dle | i
() cl 85 |, 8 a>¢ 5,5 w0 gladaxe B
LD sl an s Gy 055 L el o

V) a5y ]

Sl 50 8 abails YN Lol Ele 5 pilSe
©oa—to sloa o )l8 cwloa il et die 9P 4y
a il (g, Sob o i slaggeysn 510,50 50
Sasie molid ol 5l ()l ;0 9 3,0 gy el i g
i 5 b s el 55 it
W) ce | a il (55 7 039wl ;51 i S
Vo) atibee ySlig 7 (mam 9 () (ke ;500 09,5
S alesls flid s xe lsllas , S0 B, b 5l (0
S50k 50 48 e sl nn )3 (gl slmoni S
VW) Wgdon SBl jo-39 4y S0 (age A alidl>
NMDA (slooss .5 o515 imli8l o (59—l (VY
s sl o ST bl s calS g Al o T

OYNF) 08, 5 oo cslSgn CAL sloiys,s

i A Al (6,8, slacgley sasie Slalllas o
olis Sldllas ccwl a8 1 8a >g5 055 0 L 30
ao,0 Ve LA sga s L5 5se bilasla S o e
ol 5 IS L8l a5, oL, 5 4l JLacl 5
St Sl Jl_> 2Ll OFVA) o)l s G
5 S B9, Yols el 13 (39)05T (slnons 5
s ogde Lo yig,ail 4 aslosls ylois lalllas .(V9)


http://dx.doi.org/10.18869/acadpub.shefa.4.1.37
https://shefayekhatam.ir/article-1-919-fa.html

WAF (bns) Jol ojloas o le 0y90

[ Downloaded from shefayekhatam.ir on 2026-01-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.37 |

Ol =l sl oiws 4 s BUl oS bl s
Dagie jo0 i Ly g gz (o361 el s 515
5 (oS s) g 0 5y Fojlasl) LSs) B0 L5 Y-
aS o bl ol S lwa s np YO LYY les boga e

Lo osliie slacudle loms By b jler 9, —
—loialy cp> 3o laie slwoslasl g ca lizee lo S
S8 oolaiwl 050 oS 8L yo Lo jhge solai il g
sl Gimlejl 55,8 Jsbo yo Lacadle ol 55,5 o0
s § ;S gmealS oS asle b Lrog )5 plos
3 al glacade fleca o oa S il
0, Shee gz ol jo assel olue 4o ol g b
Sr=Sojlul g Cd Gk 5l Lahse (lad S0k
Bl 53 b lasits il Jy b asls 4
9437 9 (bl Sy 03,5 Lt Ce s g oS
il slmoy S Aglin 5 i .28 1,8 b
O9—a5l 9 One Way ANOVA g Ll yoejl ulul o
il y29 SPSS L Laosls .3 )8 &g Sg5 okt
L s lo e glas o)lg0 & U5 jo 00 )5 5 JLTVE

o ah S L s P<e[-d

baxily

eSilos ymplie o o ot iles] 55, 0 gg—ome gl
a Ud"‘—“’) db_a 03—y 0.55_0.:.,‘[ alols )¢ )l_:.m d‘)_m‘i
(o 5l FAVS £ FEIVA) o0y ogiST ol 09,5 10 o5
o (o il YOV/AF £ YY/Y) 00lo 05,5 dy carad
LS‘)'—“ 03— u_‘b alols 4_9-151 P<+[+0) el 039
(o sl YAVIYA £ FY/0 A) 15 09,5 10 95 dy (ydumu,

) J390) QB 6 o ine i3]

Yo
*
T U i
3
]
ko
T

1
i
"
g:

A =

& T

M sale ous o993 sl

Laeg ¥

lome 59 00 (6w oy Hlome Bl il o Sbe 1 0lie =Y Hlogmod
09,5 Awslie ;5 5 00D 0giS gl cosln (slmog S m oK 05—l
i |y oyl ine BN 0olis 03,5 Ly 55 05, 5 5 00 oSl

(P<+[+0) w23 o0

4 Morris water maze
5 Path length

oolai_wl L) ) wﬁj)ls‘ 051.5 UL)|5¢.> RECN W) M
oS5kl 8 o 10+ by Lo Blas |5 5,5
9 Wb (ot o dbl) S okSTe S (e Vg el
L8 oola g ,5 09,5 40 .00d g, Lol slalaess
ol Laglaass (g ol plodl oS8 0,5 5L Jos
SUlgs 3L, 25,5 6l azan A 5l ey i
Sealsles olad 6,50l ol o yo—haied

g_;o)f oolai_ul =90 tj—" )LA Uﬁ“)i

o9 2 5le eesl

g ay (lad ALl 5 6,50k ge)l (os (b,
2 il 7 5 TMWM) e 50 (o 5l oS
o Sl 5 55 by 45 Jlo s filef] 35, 10
P9 = el Sl (Amlosl 0,90 09, F ¥ 8 (6l
= il 255059, 8 Sae a5, ey o,
J—=1o e pmlesl o e po g9 b Al o, 5 s
DBl e Cgr ey 5l (S Sl e 4>
.‘a_w}s 03— 00g—ou Lgl.b).:_m 9 QlS)_> raLaS O

Seise b §yTgealS Hl3Bla s g e

Gl 35— 2Ly 6)lle 5 Al g oS (]
OmSilee S conl bl o lid e 5l S e )l 8
‘b/\ iy o\)f - uﬁl 0 JB_IQ 61.@04}[_»; LS‘)—’ LSQJ—C
UCRYEE S PRSI GV IR ) EUS A
baeo i 4 S e o 00l ioled g oad gl Z
8 o imbosl e 52 )0 Ghg s ol 5o, Glas o
P (S Ay d b | S o a S Fe e
S g oy Same mal )3 oS Bl Ly g o3l o0
g A5 50 o Lol aly e ooy i3l T S
wased dawgy oS o |y 65w lojcnse )l jo ailens
— QHG‘O u_>‘dm BLMJ d)_'a a ou—S U“_'Lc)i
&3y 0 4l Ve ae 4 iolesl L ;e gLb o g

Fani—

B

(J.'Z.n‘;"u'l.u) X Lrres) alald

st g3l
ooy ;¥

la 50 o0 005 &lols jLxe Uil ol E Sl ,olie =Y 5l gm—od
095 dwslio ;5 g 00 0535 gl cools (slwog S i oS 3903
RN X SR PUp-J| ST ) T £ A WD YU o PP R YL g

(CP<e ]+ 0)

¢ Latency
7 Swimming speed


http://dx.doi.org/10.18869/acadpub.shefa.4.1.37
https://shefayekhatam.ir/article-1-919-fa.html

[ Downloaded from shefayekhatam.ir on 2026-01-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.37 |

wyaf ey .Jsl e)Lo.':a ‘F)LQ?.» 8)9

30 Ol Ll yo a S aiols o Lis 5 )], 5o 4 Ping
=5l slagtan) b 39yl g L (o ige
b gl g b (mlahige 50 (rizmes g (00
Syt o (03,956 Cwd slalaesy Ly lo Jig0)
G S0 dsllas S 0 (V) 0g—i so olad A ladl>
albdl> o, Sloe Laa> caw (g bl 45 0l ool lis
Sy 5 A mlpl (T0) 09300 &l sl ige 50
o bl (ol 8 Slos (Sl (i Slaige 90 45
oale Hlas Koo =l o i (6y9,-0 &Jb sl jige
(¥F) oo o Srml58l 1y (6,157 Atadls ¢ y5g il a5 0

sl yge 90 45 aoly lis oK an ¢ Daneil ;,con
aS Sldllas ;0 (F) 0sS oo o i |y aladl> c i i
g adillo g (6 S0k 1 gl S (o) 5Lty
5o ol 00 o0l Cmind U)s)"h“" a 6‘44[59& )_t‘ 6V§J)§
= omage = e 5 6 S0k slagygesl 45 (glaalllas
olaid ol ‘al_?d‘ 03— To}'if‘ﬁ‘ u’_:‘)m sl yise 59,
Ja_ujo ‘_gl_Q)LJ) M Ao e kf‘oj..s)‘j‘d.\_wo\)‘o
Ol gl il (ge i g 0 o0 aabl> Ly
oola ol s S (6,500 iolesl 10 0 S o |, 2 is
e glaise o ool umyyge (ol Lo i5e] ]
Sy9—0 yo Lol ozl rxu.b 6)_50b 0 T‘?‘S)b‘

OealS aSl  e g0l Joias anlg s 059
oad adll 00, 5 oo 55 50 (6,S ol g adadl> o Slae
Ol 5925 L (loslasl s oWs] ol a S el
5 Olo—adt sl yge,90 Gials e bL5 o Sles o
e gladle 0 5, Sob gl b a3 aals
aS ol gz g ol A sdlas mols o5l Sl
3 PB4l i slpjge,90 BA >
(o=l DS s a > F10s, F o mlad sl o, Slee
o 531 (5 il 45 alon S 5138 Oladllas Sy

() o)l g, 50l g aladl>

slpjes a s cwlodgr ol L by 50, o anle i
slaghyge (mlad Abdls o PLisl comw 0395l YL
0)9)"_"‘"‘ u_ul.: 6u}50 d_fu.'l})o ‘oo)_?sa (F"JM
asals lsd 3 ;00 Sldlas an aS el s o
Sao SYsb ;0 egiS ol > aSa il Lol L Ko
(Fo) 00,5 o 3 smlad A Ladl> o 0o sl
o5 3legyS 90 duslin I il S g Herlitz sla o ) 5
Sl as ol sV (Sl ) ey 91 Sedly 5l B
(FV) ol 092>y l_mQ—\ i o, Sles (o (550 —ixn

§ Estradiol
? Premenopausal
10 Postmenopausal

i

£

(4] i g 33 55 Ly
-t
t>4

sole s LS”B'““S)|31
-, '&
M Laog 5

ey 6l L ey Lo Gyl Kooy olio —¥ yfdgad
055 Ly 0,5 Aliie 15 g 00 d (agiS gl osle (slog S (S
(FP<e]+ V) s e i 1y (g5l e B sols

03— S j— UL_A) B )l—a.M dlj_z.:‘ + u_.\iL.A J_)Ql&A
00D (g5 gl 09,5 )3 s Gl 95— 8L s
(ASBVV/ED £ VYY) 03los 05,5 31 (asli) VIAA £ 1/79)
)409)_?[_36)“)‘;2.:4) J)l_ol (f]9 (P<~/‘&) ')5_»).»_.4.._».)
30 oS A Gl ablas (asB VAT £ VYY)

(Y og0i)—(P<+/+0) 350 00l 09,5 5l i in , 509,53

TR s S8 e 5o sl Sl E Sl 1olie (o
YV £4/F8) cols le_asos)f O—e LS)LDFLM usL;u
YEIOY £ YY) oo ogSlgl o (sl s yio il
09,5 53 L (g aid evalie (4l 1 e Ul
ools 09,5 3l (4l 0y o Bl YE/PA £ +/00) ,

Y )L)H)—(P<‘/‘ V) Sg— )_.uoS

S5 Az g Sy

oyl g llas Lud) o et ay alusly gl as
Sl aB S 8 () 3500 (2 S RB b
99 5% 5ok Dol a8 35 (il o (o aslllae (]
9 39l St (latglis am 10 g ool g 5 i
Sy 58 aslio 0550 (6, S 0l g adal> ) g g
9Slgl g ool 5 (e slabge jolaie Gen 4
dglie 0)9—e 5,50k 5 aLidl> gl L e
= ogdle s Gl L Ehe e 0 08T 1S
el Jls an a8 (g5, (lly 0 az g LB ials
Lol 5l )l w0 &) (i SLrs0 )92
53 039yl A (V) 00 S (oo S JLzrs 55 1500
o adidl> g (6,50l o Logase 655 0 (crae piasw
(FVV YY) cnl asd 5,845 3,50 (srwg jo-b

059yl 39S a4 S asly flas il ISen g Montairo
(FT) 0500 Gty (=l s g—ajl o L] (ld



http://dx.doi.org/10.18869/acadpub.shefa.4.1.37
https://shefayekhatam.ir/article-1-919-fa.html

WA Liwcs) Jol olosds o )lez 0)90

[ Downloaded from shefayekhatam.ir on 2026-01-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.37 |

3 ke B (IS gl 4S8, S (oS A
O35l 210 iz ay ai g 6,50k 5 alidl> gl
el 3 (il (G tdl 1 (slod S S
Ly o g SLlp0)58 S mdeS s 5l o)l
Sajlye G gl L )l e go 5 (FO) w00 oo iyl
00,5 op S—39ds8 90 peSe—iar Ol 53 5 (FF)
LY ealS an s Latge (oegiS gl izen (VY)
c—Bga CAL &b (o2 Loy )9 sla)l> o515
J=B Jgoliul 50,5 L ials (ol el as g8 o0

(FV) ol eiS

= Jgeoli sl a S o e o lis ola—dign wle i
St ((Y) 0,105 oo ;1 s i S dsS 0 Sles
‘Jyo‘).a_w‘ l_’ [ ") Lr"9"5)‘5‘ W‘W ‘5me9@
G —>lgi yo 1, shawsly ol JeS e Jlss
6[.&:&.«39)4_w‘ U—" — 09){_9 9 YY) ools L)“—")B‘ )_,.4 )‘
Oty L5 51 oedsS deissl o ol (it
sloadl (YA) oboe il Jsol il Ay
Sl b ol iallle )0 a8 El S5 4l a3 asl
J_Jouooujj_.oj)_f\'u_..;USl_mml_mL.\_lj
Q)J.La& ool Lr“JM 6l_®w9.a J_...:)GA )_Lud.: .\b)lé
Sy 5o Dby al o jlo  (olad o, Fob jo 5,
usLQ.: J_.Jé a4 Sl u_io.n oolo 9 )_| L.Su°5)§ O
Syl iy sy pasloas o al 5, e Jbs
P o iz lage,98 H9—d> pise (izren
ob)jsa 03— (rAB"S)‘a‘ L_Suwyo o ‘rvLaB a_lasl>

1. Okano H, Hirano T, Balaban E. Learning and memory.
Proc Natl Acad Sci U S A. 2000; 97(23): 12403-4.

2. Schantz SL, Widholm JJ. Cognitive effects of
endocrine-disrupting chemicals in animals. Environ
Health Perspect. 2001; 109(12): 1197-206.

3. Simpkins JW, Green PS, Gridley KE, Singh M, de
Fiebre NC, Rajakumar G. Role of estrogen replacement
therapy in memory enhancement and the prevention of

neuronal loss associated with Alzheimer’s disease. Am
J Med. 1997; 103(3): 19S-25S.

4. Daniel JM, Fader AJ, Spencer AL, Dohanich GP.
Estrogen enhances performance of female rats during

' Central nervous system

Ll gg) s o3t Sl 8y e o Sl alllas ol
ol 3,8es Culoiizmn 5 (ABLe L 75 (LS
(e s 1 (>33 50 (g9 imgind aiile langg ol ]
g Syge )l i oolad A Ll 04 S (555 5
el i wale b 5l —an (FY) cwla 85 |38
63 ine Ll gl aliblo )05 g gt agind 45
el oy San L o oy ielél Ly (FYL FF) aitl o
QS a2 ) g pwgind (EalS bl (Sge e s
sile 5l o, Slee i 4y, onte Eeal oy s 45
(Y0) 95,5 g lano- mlad ©yud g aladl> ol cews

Oy g 4S5 3l ol el 55 B | —an
Ol Jmaws slae c3ld o, Slee (g9, 1) 09>
Sbejep (V) oS o Jloel " CNS s Jgool il a s
bl T aS Sl ools s 0 (g bws laass
2 095551 O igind L silanem (mldd 008
= (Y8) 0 o 0g—2g lo—z o ol Iy o 5901
aSaccals bl 518 a8 olallas S
5 =lad (5ol (39,051 Sl 5 L e sy
(YA) &b 5 Jlwilboo llgs jo mlad oledll Lo o>
sl a9 igind (palS g S50 G5 4S5 Cl
slaige aS cul o L Sl 7 ols dalllas mols
o awslio o ol asls o Bl 5 S0
Oy leoy g auzidle Dgl i ools (oo slo ige

g b 0dle 3l ;5 05,5 0 S d
9 oolo 05)_?5QQ_3..| LS)‘égf;""’ uiju dj.u‘d_aél_?-yl_u
caaliwe dlold 9 ul_n) U”l_“" 9 B 4O 03— w}.f)ls\
=i Lo yg0,90 45 5 S Leol e a Ll cwl ons
Ol oo =l plo il oo aladls o) Slae o i 4y

&l

acquisition of a radial arm maze. Horm Behav. 1997;
32(3): 217-25.

5. Fader AJ, Johnson PE, Dohanich GP. Estrogen
improves working but not reference memory and

prevents amnestic effects of scopolamine on a radial-arm
maze. Pharmacol Biochem Behav. 1999; 62(4): 711-7.

6. Henderson VW. Cognitive changes after menopause:
influence of estrogen. Clin obstet gynecol. 2008; 51(3):
618-26.

7. Henderson VW. Aging, estrogens, and episodic
memory in women. Cognit Behav Neurol. 2009; 22(4):
205-14.

[


http://dx.doi.org/10.18869/acadpub.shefa.4.1.37
https://shefayekhatam.ir/article-1-919-fa.html

[ Downloaded from shefayekhatam.ir on 2026-01-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.37 ]

WA Lis) ol o,louts o )loz 0)90

-

g UL

8. O’Neal MF, Means LW, Poole MC, Hamm RIJ.
Estrogen affects performance of ovariectomized rats
in a two-choice water-escape working memory task.
Psychoneuroendocrinology. 1996; 21(1): 51-65.

9. Chesler EJ, Juraska JM. Acute administration of
estrogen and progesterone impairs the acquisition of the
spatial Morris water maze in ovariectomized rats. Horm
Behav. 2000; 38(4): 234-42.

10. Healy SD, Braham SR, Braithwaite VA. Spatial
working memory in rats: no differences between the
sexes. Proc Biol Sci. 1999; 266(1435): 2303-8.

11. Cordoba Montoya D, Carrer H. Estrogen facilitates
induction of long term potentiation in the hippocampus
of awake rats. Brain Res. 1997; 778(2): 430-8.

12. Woolley CS, McEwen BS. Estradiol regulates
hippocampal dendritic spine density via an N-methyl-
D-aspartate receptor-dependent mechanism. J Neurosci.
1994; 14(12): 7680-7.

13. Gazzaley AH, Weiland NG, McEwen BS, Morrison
JH. Differential regulation of NMDARI mRNA and
protein by estradiol in the rat hippocampus. J Neurosci.
1996; 16(21): 6830-8.

14. McEwen B. Estrogen actions throughout the brain.
Recent Prog Horm Res. 2002; 57: 357-84.

15. Goldstein JM, Seidman LJ, Horton NJ, Makris
N, Kennedy DN, Caviness VS, et al. Normal sexual
dimorphism of the adult human brain assessed by in
vivo magnetic resonance imaging. Cereb Cortex. 2001;
11(6): 490-7.

16. Hojo Y, Hattori TA, Enami T, Furukawa A,
Suzuki K, Ishii HT, et al. Adult male rat hippocampus
synthesizes estradiol from pregnenolone by
cytochromes P45017alpha and P450 aromatase
localized in neurons. Proc Natl Acad Sci USA. 2004;
101(3): 865-70.

17. Naghdi N, Nafisy N, Majlessi N. The effects of
intrahippocampal testosterone and flutamide on spatial
localization in the Morris water maze. Brain Res. 2001;
897(1): 44-51.

18. Kimoto T, Tsurugizawa T, Ohta Y, Makino Jy,
Tamura H-o, Hojo Y, et al. Neurosteroid synthesis by
cytochrome p450-containing systems localized in the
rat brain hippocampal neurons: N-methyl-D-aspartate
and calcium-dependent synthesis. Endocrinology. 2001;
142(8): 3578-89.

19. Williams CL, Barnett AM, Meck WH. Organizational
effects of early gonadal secretions on sexual
differentiation in spatial memory. Behav Neurosci.
1990; 104(1): 84-97.

]

20. Wilson JD. The role of androgens in male gender
role behavior. Endocr Rev. 1999; 20(5): 726-37.

21. Frye CA, Edinger KL, Seliga AM, Wawrzycki JM.
Salpha-reduced androgens may have actions in the
hippocampus to enhance cognitive performance of male
rats. Psychoneuroendocrinology. 2004; 29(8): 1019-27.

22. Nakamura N, Fujita H, Kawata M. Effects of
gonadectomy on immunoreactivity for choline
acetyltransferase in the cortex, hippocampus, and basal
forebrain of adult male rats. Neuroscience. 2002; 109(3):
473-85.

23. Williams CL, Meck WH. The organizational effects
of gonadal steroids on sexually dimorphic spatial ability.
Psychoneuroendocrinology. 1991; 16(1): 155-76.

24. Isgor C, Sengelaub DR. Prenatal gonadal steroids
affect adult spatial behavior, CA1 and CA3 pyramidal cell
morphology in rats. Horm Behav. 1998; 34(2): 183-98.

25. Tan R. Memory loss as a reported symptom of
andropause. Arch Androl. 2001; 47(3): 185-9.

26. Galea LA, Kavaliers M, Ossenkopp K-P, Hampson
E. Gonadal hormone levels and spatial learning
performance in the Morris water maze in male and

female meadow voles, Microtus pennsylvanicus. Horm
Behav. 1995; 29(1): 106-25.

27. Gouchie C, Kimura D. The relationship between
testosterone levels and cognitive ability patterns.
Psychoneuroendocrinology. 1991; 16(4): 323-34.

28. Goudsmit E, Van de Poll N, Swaab D. Testosterone
fails to reverse spatial memory decline in aged rats and
impairs retention in young and middle-aged animals.
Behav Neural Biol. 1990; 53(1): 6-20.

29. Van Hest A, Van Kempen M, Van Haaren F, Van de
Poll NE. Memory in male and female Wistar rats: Effects
of gonadectomy, and stimulus presentations during the
delay interval. Behav Brain Res. 1988; 29(1): 103-10.
30. Nelson HD. Menopause. Lancet. 2008; 371(9614):
760-70.

31. Woolley CS. Estrogen-mediated structural
and functional synaptic plasticity in the female rat
hippocampus. Horm Behav. 1998; 34(2): 140-8.

32. Harman D. Free radical theory of aging: an update.
Ann NY Acad Sci. 2006; 1067(1): 10-21.

33. Monteiro SC, Stefanello FM, Vianna LP, Matté C,
Barp J, Bello-Klein A, et al. Ovariectomy enhances
acetylcholinesterase activity but does not alter
ganglioside content in cerebral cortex of female adult
rats. Metab Brain Dis. 2005; 20(1): 35-44.


http://dx.doi.org/10.18869/acadpub.shefa.4.1.37
https://shefayekhatam.ir/article-1-919-fa.html

WA Liwcs) Jol olosds o )lez 0)90

[ Downloaded from shefayekhatam.ir on 2026-01-03 ]

[ DOI: 10.18869/acadpub.shefa.4.1.37 ]

34. Ping SE, Trieu J, Wlodek ME, Barrett GL. Effects
of estrogen on basal forebrain cholinergic neurons and
spatial learning. J neurosci Res. 2008; 86(7): 1588-98.

35. El-Bakri NK, Islam A, Zhu S, Elhassan A,
Mohammed A, Winblad B, et al. Effects of estrogen
and progesterone treatment on rat hippocampal
NMDA receptors: relationship to Morris water maze
performance. J Cell Mol Med. 2004; 8(4): 537-44.

36. Pompili A, Tomaz C, Arnone B, Tavares MC,
Gasbarri A. Working and reference memory across the
estrous cycle of rat: a long-term study in gonadally
intact females. Behav Brain Res. 2010; 213(1): 10-8.

37. Hogervorst E, Boshuisen M, Riedel W, Willeken
C, Jolles J. The effect of hormone replacement
therapy on cognitive function in elderly women.
Psychoneuroendocrinology.  1999;  24(1): 43-68.

38. Holmes MM, Wide JK, Galea LA. Low levels of
estradiol facilitate, whereas high levels of estradiol
impair, working memory performance on the radial arm
maze. Behav Neurosci. 2002; 116(5): 928-34.

39. Luine VN, Richards ST, Wu VY, Beck KD. Estradiol
enhances learning and memory in a spatial memory task
and effects levels of monoaminergic neurotransmitters.
Horm Behav. 1998; 34(2): 149-62.

40. Bimonte-Nelson HA, Singleton RS, Hunter CL,
Price KL, Moore AB, Granholm A-CE. Ovarian
hormones and cognition in the aged female rat: I. Long-
term, but not short-term, ovariectomy enhances spatial
performance. Behav Neurosci. 2003; 117(6): 1395-406.

41. Herlitz A, Thilers P, Habib R. Endogenous estrogen
is not associated with cognitive performance before,
during, or after menopause. Menopause. 2007; 14(3):
425-31.

42. Barrett-Connor E, Goodman-Gruen D, Patay B.
Endogenous Sex Hormones and Cognitive Function in
Older Men 1. J Clin Endocrinol Metab. 1999; 84(10):
3681-5.

43. Alexander GM, Packard MG, Hines M. Testosterone
has rewarding affective properties in male rats:
implications for the biological basis of sexual motivation.
Behav Neurosci. 1994; 108(2): 424-8.

44. Flood JF, Roberts E. Dehydroepiandrosterone
sulfate improves memory in aging mice. Brain Res.
1988; 448(1): 178-81.

45. Wong M, Moss RL. Long-term and short-term
electrophysiological effects of estrogen on the synaptic
properties of hippocampal CA 1 neurons. ] Neuroscience.
1992; 12(8): 3217-25.

46. Good M, Day M, Muir JL. Cyclical changes in
endogenous levels of oestrogen modulate the induction
of LTD and LTP in the hippocampal CA1 region. Eur J
Neuroscience. 1999; 11(12):4476-80.

47. Gould E, Woolley CS, Frankfurt M, McEwen
BS. Gonadal steroids regulate dendritic spine density
in hippocampal pyramidal cells in adulthood. J
Neuroscience. 1990; 10(4): 1286-91.

48. Mitsushima D, Takase K, Takahashi T, Kimura F.
Activational and Organisational Effects of Gonadal
Steroids on Sex-Specific Acetylcholine Release in the
Dorsal Hippocampus. J Neuroendocrinology. 2009;
21(4): 400-5.

49. Tinkler GP, Voytko ML. Estrogen modulates cognitive
and cholinergic processes in surgically menopausal
monkeys. Prog Neuro-psychopharmacolBiol Psychiatry.
2005; 29(3): 423-31.

[


http://dx.doi.org/10.18869/acadpub.shefa.4.1.37
https://shefayekhatam.ir/article-1-919-fa.html
http://www.tcpdf.org

