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ARTICLE INFO ABSTRACT

Article Type: Background: Neurohormones like testosterone and estrogen play important roles in
Original Article learning and memory. Estrogen receptors, densely expressed in the CA1 region of rat

hippocampus, mediate the effects of estrogen on learning and memory. Estrogen re-
Article history: ceptors belong to a family of transcription factors, the nuclear receptor super family,

and have two subtypes, estrogen receptor « and estrogen receptor p.

Objectives: Study the effect of pre-training infusions of estrogen receptor ligands in the CA1
region of hippocampus on passive avoidance task

Materials and Methods: The current research has been conducted to assess the effects
of estradiol valerat, estrogen receptor B selective agonist, diarylpropionitrile, non-
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I]E(g:mrelﬁ:rece tor beta steroidal selective estrogen receptor B modulator, and Cyclofenil on passive avoidance
Est 08 1 P to task on adult male rats. Male adult rats were bilaterally cannulated into the CA1 area
C;crl(z)%:rrllira era of hippocampus, and then administered vehicle dimethyl sulfoxide or estradiol valer-

at (15 pg/o.5pl/side), diarylprop-ionitrile (0.2, 0.5, 1 ug/0.5pnl/side), Cyclofenil (5, 7.5,10
ng/0.5ul/side), 30 min before training.
Results: Results showed that pre-training intra CA1 injections of EV (15 ug/0.5pl/side),
diarylpropionitrile (0.5, 1 pg/0.5pl/side), and Cyclofenil (10 ug/0.5pnl/side), significantly
decreased step-through latencies and increased time spent in the dark chamber in in-
hibitory avoidance learning.
Conclusions: Our data suggest that estrogen receptor B plays has an important role in
learning and memory acquisition in the inhibitory avoidance task.
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Background estrogen receptor o (ERa) and estrogen receptor B (ERB).
Although there is differential distribution of ERa and
ERB throughout the central nervous system, both ERa
and ERP are expressed in the hippocampus and cortex
(4) and may influence cognitive processes that rely on
hippocampal and cortical function. Estrogen receptors
belong to a family of transcription factors, the nuclear
receptor superfamily (5), and have two subtypes, ER«
and ERB (6). Several studies have shown that ERB is an

important modulator of cell proliferation and learn-

Substantial evidence suggests that estrogen can en-
hance or impair learning and memory depending on
the qualities of the task and schedule of estrogen re-
placement used (1). Performance on place learning tasks,
requiring the use of spatial location is enhanced by es-
trogen treatment to ovariectomized rats (2, 3). Estradiol
binds with a high affinity to E2 receptor (ER) isoforms,
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ing and memory (7, 8). Localized predominantly in the
limbic system, like amygdala, septum, and also in the
hippocampus, and hypothalamus, ERs are involved in
emotional processing and cognition (9,10). Estradiol me-
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diates structural changes at synapses of the hippocam-
pus, an area in the brain important for learning and
memory (11). In addition, estradiol has a variety of effects
in the brain, including the modulation of cholinergic, se-
rotonergic, and catecholaminergic neurons in different
brain areas (12).

Several concepts have been proposed to account for the
mixed effects of estrogen on cognition, including the
possibility that the efficacy of estrogen treatment varies
with the motivating factors of the task (13), stress state of
the animals (14), type of memory (15) and duration and
type of hormone treatment (3). ERB knock out (KO) mice,
which lack functional ERB, show impaired acquisition in
the Morris Water Maze task compared to their wild type
counterparts (7), and show increased anxiety in the open
Weld and elevated plus maze tasks (16). In addition, ad-
ministrations of selective ER modulators that target ER,
but not ERa, have been shown to enhance cognitive per-
formance, and antianxiety and anti-depressive behavior
in female rats (17, 18). Given these different patterns of ef-
fects with SERMs, it is important to further investigate
the role of ERB for the effects of E2 on performance in hip-
pocampally mediated tasks.

Objectives

In this study, we used the selective agonist ERB, diaryl-
propionotril (DPN), and Cyclofenil that is a non-steroidal
selective ERB modulator (SERM). Cyclofenil display a 4.9-
fold affinity for ERB versus ERx(19, 20), to describe the ef-
fect of ERB in the CA1 region of adult male rat hippocam-
pus on learning and memory in the passive avoidance
(PA) apparatus.

Materials and Methods
Animals

Adult male Wistar rats (200-250g) were obtained from
the breeding colony of the Pasteur Institute of Iran. Rats
were housed, three per cage in a temperature (23 £1°C)
controlled room, maintained on a 12:12h reversed light
cycle (light on at 07:00 a.m.). Rats had unrestricted ac-
cess to food and water in their home cage. These animal
experiments were carried out in accordance with the
recommendations of the Helsinki declaration and the
internationally accepted principles for the use of experi-
mental animals.

Surgical procedures

Approximately 7-8 days prior to initiation of the behav-
ioral experiments, the rats were anesthetized with a mix-
ture of ketamine (100 mg/kg, i.p.) and xylazine (25 mg|/
kg, i.p.) and were bilaterally implanted with cannulae
(23-gauge) aimed at a site immediately above the CA1 (AP:
—3.8mm from Bregma, ML: + 2.2 mm from midline, and
DV: —2.7 mmfrom the skull surface) according to the at-
las of Paxinos and Watson(21). Two screws were inserted

into the skull and cannulae fixed to these with dental ce-
ment.

Microinjection procedure

Intra-hippocampal injections were given via guided
cannulae with injection needles (30-gauge) that were
connected by polyethylene tubing to a 10-ul Hamilton
micro-syringe. The injections (0.5ul total volume) were
delivered over two minutes with a syringe pump, and the
injection needles (extending 0.5mm from the end of the
guide cannulae) were left in place an additional minute
before they were slowly withdrawn.

Behavioral testing
Inhibitory avoidance
Apparatus

The step-through PA apparatus consisted of a lighted
chamber (30 cm x 20 cm x 20 cm) made of transparent
plastic and of a dark chamber (30 cm x 20 cm x 20 cm),
the walls and ceiling of which were made of dark opaque
plastic. A rectangular opening (8 cm x 8 cm) was located
between the two chambers and could be closed by an
opaque guillotine door. The floor of both chambers was
made of stainless steel rods (2mm diameter), spaced 1cm
apart. The floor of the dark compartment could be elec-
trified. The apparatus was placed in an acoustically insu-
lated room, kept under standard conditions.

Procedure

The stepthrough type of passive avoidance task was
used to examine the long-term memory based on the
negative reinforcement. A day before initiation of tests,
animals were familiarizedand habituated to the testing
room, for which on day one, 30 min before training, rats
were placed in the lighted chamber and were allowed
to explore for 30 s, and then guillotine door was raised.
After entering of the rats to the dark chamber, the guil-
lotine door was lowered and the rats remained there for
30s. Following the habituation of all animals, the first rat
was again placed into the lighted chamber for 10 s, the
door was lifted, and the crossover latency was recorded;
the door was closed behind it and a shock was delivered
(1 mA, 5-s duration). The retention test was performed
24 h after training (day 2). The rats were placed in the
lighted chamber, 10 s later the door was opened, and the
step-through latency (STL) and the time spent in dark
compartment during the retrieval test was recorded, up
to 600 s, during which time electric shocks were not ap-
plied to the grid floor(22). All experiments were done be-
tween 9 and 11 o’clock.

Experimental protocol
Experiment 1

The aim of this experiment was to assess the effect of

Int ] Endocrinol Metab. 2010,8(2):82-89



Sharif khodaei Z et al.

Estrogen and passive avoidance task

pre-training injections of EV into the CA1 region of hip-
pocampus on passive avoidance task. Eight rats in one
group (No. = 8) received effective dose of EV (15ng) dis-
solved in 0.5ul dimethyl sulfoxide (DMSO), 30 min before
the training in passive avoidance. STL during the training
session, STL and the time spent in the dark compartment
during the retrieval test were recorded.

Experiment 2

The aim of this experiment was to assess the effect of
pre-training injections of DPN into the CA1 region of hip-
pocampus on passive avoidance task. Twenty-four rats
were divided into three groups (No. = 8 each) that re-
ceived different doses of DPN (0.2, 0.5, 1 ug dissolved in
0.5 pl DMSO), 30 min before the training in passive avoid-
ance test. STL during the training session, and STL and
the time spent in dark compartment during the retrieval
test were recorded.

Experiment 3

The aim of this experiment was to assess the effect pre-
training injections of Cyclofenil into the CA1 region of
hippocampus on passive avoidance task. Twenty four
rats were divided into three groups (n=8) that received
different doses of Cyclofenil (5, 7.5, 10 ng dissolved in 0.5
nl DMSO), 30 min before the retrieval of passive avoid-
ance test. STL during the training session and STL and
the time spent in dark compartment during the retrieval
test were recorded.

Experiment 4

The aim of this experiment was to assess the effect pre-
training injections of Cyclofenil plus DPN into the CA1

600 - (A)

(&)

o

o
L

400 -

300 -

200

100 -

Time in dark chamber (sec)

DMSO 15pg

groups

Step-through latency (sec)

region of hippocampus on passive avoidance task. Eight
rats in one group (No.=8) according to the dose levels
of10 pg + 0.5 g for Cyclofenil and DPN respectively, dis-
solved in 0.5 yl DMSO, 30 min before the retrieval of pas-
sive avoidance test. STL during the training session, and
STL and the time spent in dark compartment during the
retrieval test were recorded.

Histology

Following behavioral testing, animals were sacrificed
by decapitation and the brains were removed and fixed
in formalin. For histological examination of cannulae
and injection placement in CAIl area, 100-um thick sec-
tions were taken and cannulae and injection tracks were
examined for each side with light microscopy. Only data
obtained from animals, whose cannulae and injections
were inserted precisely in the CA1 region, were used for
analysis.

Statistical analysis

Results of STL during the training session, and STL and
time spent in the dark chamber during the retrieval
for groups are expressed as one way ANOVA followed
by Tukey or LSD test. Unpaired T test was performed for
comparison between the two groups. In all comparisons,
values of P<0.05 were considered significant.

Results

Experiment 1: Effect of EV on acquisition of passive
avoidance task

The results showed that pre-training injections of
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Figurel. The effects of EV on acquisition of inhibitory avoidance learning (A) step-through latency and (B) time spent in dark chamber. Mean + SE. (*P<0.05 and

**P<0.001, indicate significant difference vs. control)
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Figure 2. The effects of DPN on acquisition of inhibitory avoidance learning. (A) step-through latency and (B) time spent in dark chamber. Mean = SE. (*P<0.05

and **P<0.001, indicate significant difference vs. control)
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Figure 3. (A) The effects of Cyclofenil on acquisition of inhibitory avoidance learning.(A) step-through latency and (B) time spent in dark chamber. (Mean + SE)

(*P<0.05 and **P<0.01, indicate significant difference vs. control)

EVi5pg did not have any significant effects on STL during
the training session as compared to the DMSO group. Fig-
ure 1A shows a significant decrease in STL in the EVi5ug as
compared to the DMSO group (F (1, 14) = 2.041, P < 0.05).
Figure 1. B shows the effect of pre-training injections of
EVi5ug on time-spent in dark chamber. Unpaired T test
shows that EVi5ug significantly increased time spent in
dark chamber, as compared to the control group (F (1,14)
=8.225,P < 0.001).

Experiment 2: Effect of DPN on acquisition of passive
avoidance task

The results showed that pre-training injections of DPN

0.2, 0.5, 1ng had no significant effects on STL during the
training session as compared to the DMSO group.The re-
sults revealed significant differences between the groups
(F(2,21)=6.496,P=0.002). Figure 2A shows that STLs were
significantly decreased at doses 0.5pg and 1ug DPN in
comparison to those of the control group (P<0.01). Fig-
ure 2B shows the effect of pre-training injections of DPN
on time-spent in the dark chamber. Data analyses from
this experiment also showed the increase of time-spent
in the dark chamber at doses 0.5;g and 1ng significantly
different to those of the control group (F (2, 21) = 14.833,
P<0.0001).
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Figure 4.The effects of DPN0.5ug + Cyclofenil 10pg on acquisition of inhibitory avoidance learning. (A) step-through latency and (B) time spent in dark chamber

(Mean +SE). P> 0.05, indicate not significant difference vs. control.

Experiment 3: Effect of Cyclofenil on acquisition of pas-
sive avoidance task

The results showed that pre-training injections of Cy-
clofenil 5, 7.5, 10pg had no significant effects on STL dur-
ing the training session as compared to the DMSO group.
Data analyses from this experiment revealed significant
differences between groups (F (2, 21) = 3.062, P = 0.049).
Figure 3A shows that STLs were significantly (P = 0.043)
decreased at dose 10ng of Cyclofenil in comparison to
those of the control group. Figure 3B shows the effect of
pre-training injections of Cyclofenil on time-spent in the
dark chamber. Data analyses from this experiment also
showed the increases in time-spent in the dark chamber
at doses 7.5p1g (P<0.05) and 10ng (P<0.01) that are signifi-
cantly different to those of the control group (F (2, 21) =
5.293,P=0.007).

Experiment 4: Effect of Cyclofenil plus DPN on acquisi-
tion of passive avoidance task

The results showed that pre-training injections of Cy-
clofenil plus DPN had no significant effects on STL during
the training session as compared to the DMSO group. Fig-
ure 4A shows no significant difference between the DPN
0.5ug + Cyclofenil 10pg and the DMSO groups. Figure 4B
reveals no significant difference in time spent in the dark
chamber, between the DPN 0.5ug + Cyclofenil 10ug and
the DMSO groups.

Discussion

Our results showed that EV (15ug/0.5ul), DPN (0.5 and
1 pgf/o.5pl) and Cyclofenil (10pgf0.5ul) significantly de-

creased STL, while it increased time-spent in the dark
chamber in comparison to the control group, findings
suggesting that EV, DPN and Cyclofenil could impair
acquisition in pas-sive avoidance task. Our results also
showed that Cyclofenil (10pg/0.5u1) could eliminate im-
pairment caused by DPN (0.5pg/0.5ul). Estradiol valerat
as a general ER agonist, could impair acquisition in the
passive avoidance task, as compared to vehicle-treated
rats, a finding consistent with previous studies showing
that estradiol valerat (15pg/0.5ul) could impair acquisi-
tion in the Morris water maze (3) and a high level of es-
tradiol is associated with impaired initial performance
in the MWM in both laboratory rats and meadow voles
(4, 15). It is well established that many of the actions of
steroid hormones occur by means of activation of intra-
cellular hormones (23), which diffuse into the cell, bind
to their individual receptors and transformation and ac-
tivation of the receptors occur; activation is dissociation
of the receptor-heat shock protein complex, formed with
unbound receptors in order to stabilize, keep inactive
and protect the receptor. The hormone-receptor complex
dimerizes, i.e. two activated receptors bind to each other;
the dimer binds to specific DNA sites, hormone response
elements, in the promoter region of target genes; this
initiates transcription, subsequently leading to transla-
tion, and synthesis of new proteins (24). ERs consist of
different domains: N-terminal domain, DNA-binding
domain, hinge region, large ligand binding domain, and
the C-terminal domain (25). Aside from the well-known
classical ER (now termed ERa), a novel nuclear receptor,
ERB, has recently been cloned. Both receptor sub forms
are coded by separate genes located on chromosomes
6 (ERa) and 14 (ERB). These nuclear estrogen receptors
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exhibit an identical exon structure and share high ho-
mology in the coding regions for the ligand- and DNA-
binding domains (23); with respect to their binding and
transactivation properties, « and B receptors show dis-
tinct differences. Saturation binding analysis revealed
a higher affinity of 17p-estradiol for the a-receptor than
for the B-receptor, and the activated a-receptor complex
was found to act as a transcriptional activator from the
AP1 site, whereas, the B-receptor complex inhibited tran-
scription (26). Both receptors are widely expressed in
the brain with a great overlap but also with quantitative
regional and sex-specific differences in expression pat-
terns (24). In this study we have suggested that distinct
differences in binding and transactivation properties
of a and B receptors may be the molecular basis for es-
trogen-dependent impairing in learning and memory.
Another hypothesis that may explain our results is that
estradiol increases glutamate spillover; in this hypoth-
esis, the enhanced concentration of diffusing glutamate
contributes to the larger, late NMDAR-mediated EPSP in
CA1 by activation of NMDARs, located extrasyn-aptically
but adjacent to the same synapse from which glutamate
was released and/or by activating NMDARs at neighbor-
ing synapses (27). It has been suggested that structural
changes in the hippocampus may be the neural basis for
estrogen-dependent impairing in learning and memory.

As regards estradiol acting via receptors in the cell, our
use of DPN and Cyclofenil to describe the role of ERB
on learning and memory, showed that DPN (0.5 and 1
ngl0.5ul) could impair acquisition in the passive avoid-
ance task, indicating the possibility that estrogen caused
its impai-rment via ERB. It has become evident in recent
years that there are important reciprocal relationships
between brain steroid hormone systems and neurotrans-
mitter systems such as the cholinergic (23, 28), dopamin-
ergic (29, 30), GABAergic, serotonergic and the glotamin-
ergic (23, 31, 32). There are two possible explanations for
this; first, the most abundant cortical nuclear estrogen
receptor, ERB, is presentin GABAergic neurons; data show
that ER-beta-bearing inhibitory neurons project onto
other GABAergic neurons that lack nuclear estrogen re-
ceptors (33). The GABA system is the major inhibitory sys-
tem in the brain and GABAA receptor active substances,
like benzodiazepine, can inhibit learning and memory
in human and animals (34); in addition, GABAA receptor
activation with propofol can inhibit LTP induction (35);
Thus, ER-beta exhibits extensive co localization with a
subclass of inhibitory neurons, suggesting a potential
mechanism whereby estrogen can regulate neuronal
excitability in diverse and broad brain regions by modu-
lating inhibitory tone (33). Second, serotonin neurons
also express the nuclear estrogen receptors beta (ERB)
which are transcription factors. Neurotran-smitters, like
serotonin are also involved in memory function; 5HT1A
and 5HT2C receptor knockout/mutant mice also show
impaired spatial learning. Estradiol decreases 5HT1A and
5HT2A mRNA expression in the hippocampus, and also
decreases the 5SHT2C receptor gene expression in the ven-

tral hippocampus (36). 5HT1B knockout mice exhibit fa-
cilitation in the acquisition of a hippocampal-dependent
spatial reference memory task in the Morris water maze,
butan impairment of delay-dependent working memory
in the radial arm maze (37-40). Interestingly, stimulation
of the 5HTIB receptor inhibits the release of acetylcho-
line in the hippocampus, but stimulates its release in the
frontal cortex (39). Reduction in both cholinergic and se-
rotonergic functions causes severe memory impairment
in young as well as in aged rats (41). It is hence possible
that DPN affects serotonin neurons by ERB and serotonin
via 5HTIB receptor impaired learning and memory.

In addition, despite our results showing Cyclofenil
could impair acquisition in passive avoidance task, they
also showed that injection of Cyclofenil (10pg/0.5pl) to-
gether with DPN (0.5ng/0.5ul) could eliminate impair-
ment caused by use of each per se. It has been demon-
strated that ERPB receptors play an important role in
passive avoidance learning and memory.

Multiple ERB isoforms exist as a result of alternative
splicing of the last coding exon (exon 8), deletion of
one or more coding exons, or alternative usage of un-
translated exons in the 5' region (42); Among these, five
full-length transcripts designated ERPI-5, have been re-
ported; the full-length mRNA translated from 8 exons,
encoding 530 amino acids, is named ERB1; the full-length
ERB2-5 transcripts share identical sequences with ERB1
from exon 1to exon 7, but have unique sequences in place
of exon 8 (43); ERB4 and ERB5 isoforms were originally
identified as truncated transcripts containing only part
of the common exon 7 and different exon 8 sequences
(43, 44). In vitro studies show that ERB4 and B5 can het-
erodimerize with ERB1and enhance its transactivation in
aligand-dependent manner (44). The expression of ERB3
appears to be restricted to the testis (43) and functional
studies on this isoform have not been performed. ERB2
lacks the AF-2 core region and has undetectable affinity
for estradiol and other tested ligands. Interestingly, ERB2
has been shown to inhibit ligand-induced ERa transcrip-
tional activity on an ERE-reporter gene (45). Some stud-
ies report that ERP1 is the only full-function isoform and
that ERB2, B4, and B5 do not have innate activities in their
homodimeric forms but can heterodimerize with ERp1
and enhance ERPl-induced transactivation in a ligand-
dependent manner. The ER-B isoforms would heterodi-
merize with ER- 1 and modulate its function. Although
ER- B2, - B4, and - B5 do not form homodimers in Y2H,
they readily heterodimerize with ER-B1 in the presence
of physiological concent-rations of estradiol in a dose-
dependent manner. The propensity to dimerize follows
the descending order of B1- B4 > B 1- B5 > P1- B1 > P1- 2
.On the basis of analyses, ER- B2, - B4 and, - B5 should have
an AF-2 domain different from that of ER- B 1and may not
have a complete helix 12 (43, 46). The molecular weight of
ER- B1,- B2, - B4, and - B5 was determined as 59, 56, 54 and
53 kDa, respectively. An in vitro estrogen receptor-bind-
ing assay was used to assess the binding affinities of the
yeast recombinant proteins. ER- B 1 bound to estradiol
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with high affinities (Kd=0.48 nM), comparable with val-
ues reported in previous studies (47, 48); ER- § 2 exhibited
no binding, whereas ER- 4 and - § 5 bound to estradiol
with moderate affinities (9.87 and 23.45 nM, respectively)
(48). These findings are in agreement with molecular
modeling data, which demonstrated a relatively open
configuration of the ligand-binding pocket in ER- § 4 and
- B 5 and an apparent restriction of ligand access to the
pocket of ER- B 2 because of its helix 12 positioning. Col-
lectively, data indicates that the isoforms 2, 4, and 5 have
no intrinsic transactivation activity for two plausible rea-
sons: (1) They cannot form homodimers because of weak|
no ligand binding, and (2) Their inability to recruit co-
regulators as aresult of either the lack of helix 12 in ER- B4
and - B5 or the shrinkage of the coregulator binding cleft
in ER- B 2. Yet another important conclusion drawn from
these data is that ER- B1is the only full-function ERB, and
it prefers to heterodimerize with ERB isoforms, particu-
larly ER- B4 and - 5, under the stimulation of estrogens,
excluding phyto-estrogens. All heterodimers have high-
er transactivation activities than the ER-f1 homodimer.
Some studies introduce a previously unrecognized con-
cept for type I nuclear receptor signaling; ER- B 1 serves
as the "obligatory partner" of a functional dimeric com-
plex, whereas ER- B 2,- B 4, or - B 5 act as the "variable di-
mer partners" and serve as enhancers. This model differs
from the original paradigm in which the two partners in
a nuclear receptor dimer play identical roles in ligand
binding and coacti-vator recruitment by way of helix
12. Hence, these data suggest that the ER- B heterodimer
may recruit only one coactivator during transcriptional
activation (46). To conclude, these findings suggest that
estrogens induce the formation of different sets of het-
erodimers in a specific tissue/cell type, leading to widely
varied biological responses, and it is possible that DPN
and Cyclofenil affect on different heterodimers of ERB
isoforms, hence they could have same effect on passive
avoidance learning and memory. Injection of Cyclofenil
and DPN simultaneously could eliminate the impaired
effect caused by each per se; so it is possible Cyclofenil
which binds to ERB isoforms, could inhibit the effect DPN
has on the other isoforms.
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