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Effects of intrahippocampal injection of 17-p estradiol on memory consolidation in
the female ovariectomized rats
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Objectives: Sexual hormones affect most of the cerebral functions as well as learning and memory. More investigations are
required to clarify the effects of local administration of estradiol in the central nervous system. In this research we aimed at the
effects of different doses of estradiol on memory consolidation in female gonadectomized rats. Methods: Female Wistar rats
(weighing 200-250 g, aged 3-4 months) were divided into 6 groups randomly (n=9). Five groups of animals were ovariectomized
and implanted by cannulae in the CA1 region of hippocampus. Except sham group the other groups treated respectively with
saline, sesame oil 0.5 pL and estradiol at the doses of 0.5, 1 and 2 pg / 0.5 pL sesame oil bilaterally in the CA1l region
immediately after the passive avoidance training session. They were tested 10 min and 24 h after training. Results: Our results
demonstrated that 0.5 pg estradiol had no significant effect on retention latency compared to sham group,l pg estradiol treated
group showed a significant increase (p<0.001) in retention-latency compared to sham group while it decreased in the group
treated with 2 pg dose of estradiol (p<0.05). Cenclusion: According to our findings, it seems that effects of estradiol in local
administration are dose dependent and high doses of estradiol caused impairment of passive avoidance learning.
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CA1l
CAl

<) | el )

*Corresponding Author: Dr. Shirin Babri , Assistant Professor, . *
Faculty of Medicine, Tabriz University of Medical Sciences, Tel: 0411- - . -
3364664 ; Fax: 0411- 3364664 ; E-mail: shirinb46@yahoo.com



Y7

()

) CAl

(post training)

()

(dorsolateral)

L=t4mm

CAl (

()
(
- h= )
)
(%) (
( meke) %
(Ovarioctomy)
%
)
AP= -43mm)
DV=3.4mm

(dorsal hippocampus)

(
()
( )
()
()
CAl
()
()
()
( ) CAl
(-)
CAl
( )

reference memory

working memory

()

Long Term Potentiation (LTP)
(LTD) Long Term Depression

CA3 CAl

(-)

NMDA

( ) LTD

LTP



[ ml ( units/ml)

()
()

( meke) %
cardiac puncture ml ( )
EDTA X

X X cm
ELISA
. IBL .
/

/ (s.0) @

/ -
L 4
\Q‘\l
\ b
(Retention latency)
Cresyl Violet ( )
( ) Sigma— Aldrich % -
.- . Fluka
One Way ANOVA
Tukey
p< 1/ Mean+ S.EM /
CAl

www.SD.ir



YA

700 -

600 -

500 -

400 |

300

Retention Latency sec

200 -

100 4

Short Term Memory

CAl

OcCont.
W Sham
@s.o

Long Term Memory

SEM. =

ok (P< / )

ELISA

=</ )

S.0

S.0

L) (b</ )

</ )

ug

( )</ ) ng

ng



Retention Latency sec

600 -

500 -

400

300

200 -

Short Term Memory

CAl /
&</ )
sham ## (P< [ ) sham
(=) SEM. +

(Extracellular single ~ MAPK (Mitogen Activated Protein Kinase)

Regulated kinase) ERK

()

( ) (PKA) ()

NMDA

()

(< /

Long Term Memory

#(p</ )

()

CAl

B Sham
OE2-05
0OE2-1
BE2-2

15

CAl



A

(N euromodulatory)

)

()

‘Warren

()

()

Synapthophysin

()
( - )
()
cAMP
axospinus
)

Syntaxin ,spinophilin

Berry

www.SD.ir



7- References:

L.

2.

[95)

Mc Ewen B. Estrogens actions throughout the
brain. Recent Prog Horm Res., 2002, 57: 357-384.

Sandstorm N.J., Williams C.L. Spatial memory
retention is enhanced by acute and continuous
estradiol replacement. Horm. Beh., 2004,45 (2):
128-135.

. Fugger H.N., Foster T.C., Gustafsson J.A., Rissman

E.F. Novel effects of estradiol and estrogen
receptor o and B on cognitive function. Brain Res.,
2000, 883 (2): 258-264.

Li P.K., Rhodes M.E., Jagannathan S., Hohnson
D.A. Reversal of scopolamine induced amnesia in
rats by the steroid sulfatase inhibitor estrone-3-O-
sulfamate, Cog. Brain Res., 1995, 2: 251-254.
Zanatta M.S., Quillfeldt J.H., Schaeffer E., Schmitz
P.K., Quevedo J., Medina J.H., Izquierdo I
Involvement of the hippocampus, amygdale,
entorhinal cortex and posterior parietal cortex in
memory consolidation. Braz. J Med. Biol. Res.,
1997, 30(2): 135-140.

6. Galea L. A.M., Wide J.K., Paine T:A., Holmes M.M.,

Ormerod B.K., Floresco S.B. High levels of
estradiol disrupt conditioned _place  perference
learning, stimulus response learning and reference
memory but have limited effects on working
memory. Beh. Brain Res., 2001, 126(1-2): 115-126.
Bi R., Foy M.R., Vouimba R.M., Thompsom R.F.,
Baudry M. Cyclic changes in estradiol regulates
synaptic plasticity’ through.the MAP kinase
pathway. Neurobiol., 2001,98(23): 13391-13395.

8. Gould E., Woolley C.S., Frankfurt M., Mc Ewen

10.

11.

12.

13.

B.S. Gonadal steroids  regulate dendritic spine
density in. hippocampal pyramidal cells in
adulthood. J' Neurosci., 1990,10(4): 1286-1291.
Woolley C.S. Estrogen-mediated structural and
functional synaptic plasticity in the female rat
hippocampus. Horm. Beh., 1998,34(2): 140-148.
Woolley C.S. Elecetrophysiological and cellular
effects of estrogen on neural function. Crit. Rev.
Neurobiol., 1999, 13(1): 1-20.

Foy M.R., Xu J., Xie X., Brintone R.D., Thompson
R.F., Berger T.W. 17B-estradiol enhances NMDA
receptor-mediated ~ EPSPs and  long-term
potentiation, The American Physiol. Soc., 1999,
81(2) : 925-929.

Varga H., Nemeth H., Toth T., Kis Z., Farkas T.,
Toldi J. Weak if any effect of estrogen on spatial
memory in rats. Acta. Biologica. Scegediensis.
2002, 46: 13-16.

Cutter W.J., Norbury R., Myrphy D.G.M.
Oestrogen, Brain function and neuropsychiatric
disorder. J Neurol. Neurosurg. Psychat., 2003,74
(7): 837-840.

14.

15.

16.

17.

18.

19.

20.

21.

23.

24.

25.

26.

Vazquez-Pereyra F., Rivas-Arancibia S., Castillo
A.L.D., Sheneider-Rivas S. Modulation of short
term and long. term /memory by steroid sexual
hormones. Pharmacol. Let., 1995,56(14): 255-260.

Sator T., Teramoto T., Tanaka K., Ohnishi Y.,
Irifune M., Nishikawa T. Effects of ovariectomy
and caleium deficiency on learning and memory of
eight-arm radial maze in middle-aged female rats.
Beh. Brain Res., 2003,142(1-2): 207-216.

Levinoff E.L., Chertkow H. The biological and
cognitive effects of estrogen on the aging brain,
Drug & Aging. 2002,5: 41-44.

Zamani M.R., Levy W.B., Desmond N.L. Estradiol
increases delayed N-methyl-D-aspartate receptor-
mediatedexcitation in the hippocampal CA1 region.

Neurosci., 2004,129(1): 243-254.

Warren S.G., Humphery S.A.G., Juraska J.M.,
Greenough W.T. LTP varies across the estrus
cycle: enhanced synaptic plasticity in proestrus rats.
Brain Res., 1995, 703(1-2): 26-30.

Desmond N.L., Zhang D.X., Levy W.B. Estradiol
enhances the induction of homosynaptic long-term
depressiol in the CAl region of the adult
ovariectomized rat. Neurobiol. Learn. Mem., 2000,
73: 180-187.

Warren S., Juraska J. Spatial and nonspatial
learning across the rat estrus cycle. Beh. Neurosci.,

1997,111(2): 259-266.

Frye C. Estrus-associated decrements in water
maze task are limited to acquisition. Physiol. Beh.,

1995, 57(1): 5-14.

Leuner B., Mendolia-Loffredo S., Shors, T. 2004.
High levels of estrogen enhance associative
memory formation in OVX females.
Psychoneuroendocrinology ,2004,29 (7): 883—890.
Tivonen S., Heikkinen T., Puolivali S., Helisalmi
M., Hiltunen M., Soininen H., Tanila H. Effects of
estradiol on spatial learning, hippocampal
cytochrome P450 19, and estrogen alpha and beta
mRNA levels in ovariectomized female mice.
Neuroscience, 2006, 137 (4): 1143-1152.

Guerrero G.R., Garcia M.V., Elias-Vinas D.,
Donatti-Albarran  O.A., Guevara-Guzman R.
Effects of 17 b-estradiol and extremely low-
frequency electromagnetic fields on social
recognition memory in female rats: A possible
interaction?, Brain Res.,2006, 1095(1):131-138.
Paxinos G., Watson C. The rat brain in stereotaxic
coordinates, Vol.2, Acad. Press, New York, (1986).



¥y

217.

28.

Rebas E., Lachowicz L., Lachowicz A. Estradiol
modulates the synapsins phosphorylation by
various protein kinase in the rat brain under in vitro
and in vivo conditions. J Physiol. Pharmacol.,
2005, 56(1): 39-48.

Wood G.E., Shors T.J. Stress facilitates classical
conditioning in males, but impairs classical
conditioning in females through activational effects
of ovarian hormones. Proc. Natl. Acad. Sci., 1998,
95(7): 4066-4071.

29.Gazzaley A.H., Kay S., Benson D.L. Dendritic

30.

31.

32.

33.

34.

spine plasticity in hippocampus. J Neurosci.,
2002,111(4): 853-862.

Bourtchuladze R., Frenguelli B., Blendy J., Cioff
D., Schutz G., Silva A.J. Deficient long-term
memory in mice with a targeted mutation of the
cAMP-responsive element-binding protein. Cell,
1994, 79 (1): 59-68.

Gazzaley A.H., Weiland N.G., McEwen B.S,,
Morrison J.H. Differential regulation of NMDARI
mRNA and protein by estradiol in the rat
hippocampus. J Neurosci., 1996,16 (21): 6830-
6838.

Adams M.M., Morrison J.H., Gore A.C. N-methyl-
D-aspartate receptor mRNA levels change during
reproductive senescence in the hippocampus of
female rats. Exp. Neurol., 2001, 170(1): 171-179
Gu Q., Moss R.L. 17B-estradiol potentiates kinate-
induced currents via activation of the cAMP
cascade. J Neurosci., 1996,16: 3620-3629.

Monteiro S.C., Matte C., Delwing D., Wyse A.T.S.
Ovariectomy increases Na-K-ATPase, acetylecholine
and catalase in rat hippocampus. Mol. Cell.
Endocrinol., 2005,236(1-2): 9-16.

35.

Becker J.B. Estrogen rapidly potentiates
amphetamine-induced striatal dopamine  release
and rotational behavior during microdialysis.
Neurosci. Lett., 1990, 118(2):169-71.

36.McDermott JL. Effects of estrogen upon dopamine

37.

38.

39.

40.

41.

42.

release from the corpus striatum of young and
aged female rats. Brain Res., 1993, 606(1):118-25.
Schafe G.E., Atkins C.M., Swank M.W., Bauer
E.P.,, Sweatt J.D., LeDoux J.E. Activation of
ERK/MAP kinase in the amygdale is required for
memory  consolidation of Pavolovian fear
conditioning. J Neurosci., 2000,20(21): 8177-8187.
Berry B., McMahan R., Gallagher M. Spatial
Learning and Memory at Defined Points of the
Estrous Cycle: Effects on Performance of a
Hippocampal-Dependent Task. Behavioral
Neuroscience, 1997, 111(2): 267-274.

Frick K.M:, Berger-Sweeney J. Spatial Reference
Memory and Neocortical Neurochemistry Vary
With < the Estrous Cycle in C57BL/6 Mice.
Behavioral Neuroscience, 2001,115 (1): 229-237
Gu Q., Korach K.S., Moss R.L. Rapid action of
17B-estradiol on kainate-induced currents in
hippocampal neurons lacking intracellular estrogen
receptors. Endocrinol. Soc., 1999, 140(2): 660-666.
Wong M., Thompson T.L., Moss R.L. Nongenomic
actions of estrogen in the brain: physiological
significance and cellular mechanisms. Crit. Rev.
Neurobiol., 1996, 10 (2): 189-203.

Cyr M., Ghribi O., Di Paolo T. Regional and
selective effects of oestradiol and progesterone on
NMDA and AMPA receptors in the rat brain. J
Neuroendocrin., 2000,12 (5):445-52.



