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Abstract: In this study with usage of morris water maze and reference memory technique, we used 10 male
albino wistar rats. Five rats in control group and 5 rats in Reference memory group. After histological
preparation, the shides were stained with PTAH staiming for showing the Astrocytes. Present results showed
significant difference in astrocytes number in CAl, CA2 and CA3 area of hippocampus between control and
reference memory group. The number of astrocytes is increased in reference memory group. Then we divided
the hippocampus to three parts: Anterior, middle and posterior and with compare of different area (CA1, CAZ2
and CA3) of hippocampus, we found that the increase of astrocytes number in posterior two-third of CAZ and

CA3 1s more than of it's number 1n the anterior cne-third.
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INTRODUCTION

The hippocampal formation plays an important role in
memory and leaming. The Morris Water Maze (MWM) is
a test of spatial learning for rodents that relies on distal
cues to navigate from start locations around the perimeter
of an open swimming arena to locate a submerged
escape platform. Spatial learning is assessed across
repeated trials and reference memory 15 determined by
preference for the platform area when the platform 1s
absent (Vorhees and Williams, 2006). Learning needs
some instrument for information storage and information
maintenances mechanisms resemble to memory. In the
other hand, the memory always accompany with learming
(Markowitsch; 1995).

The principal cell type in the subiculum and
hippocampus is pyramidal neurons. The main cell type in
the dentate gyrus 1s the granule cell. Apart from principal
neurons, the hippocampal formation contams different
types of ghal cells, especially astrocytes (Williams et al.,
1995).

Astrocytes, strategically positioned between the
capillaries and newons, are though to play a role in
neuronal energy metabolism (Pellerin and Magisterettip,
2003; Forsyth et al., 1996). Glycogen is localized in the
brain almost exclusively in astrocytes (Gruetter, 2003,
Tsacopolos and Magistrattip 1996).

Astrocytes and microglia play critical roles in CNS
response to and recovery from mjury (Rabcheusky, 2002;

Bechmann and Nitsch 1997, Teter and Ashford, 2002).
Astrocytes have been shown to play mnportant roles in
nutrient supply, waste removal and axonal guidance.
More recent work reveals that astrocytes play a more
active role in newronal activity, including regulating ion
flux current, energy production, neurotransmitter release,
and synaptogenesis. The latter includes the activity of
glial cell apposition to synapses and the regulation of
synapse elinination by ensheatment known as gla
swelling (Laming ef al., 2000; Teter and Ashford, 2002).
Recently the researches showed that the astrocytes,
not only receive the mformation from environment, but
also send the signals to neurons (Caudle, 2006).
According of our hypothesis, the number of
astrocytes after spatial learning must increase, because
astrocytes have a closely relationship to synapses.

MATERIALS AND METHODS

Between 2005-2006 year 10 male albino wistar rats
(200-250 g) obtained from pasteur institute of Tran were
used. Rats were housed mn large plastic cage, food and
water were available. Ammals were maintamed under
standard conditions and 12/12 h light/dark cyele with
lights on at 7.00 a.m.

After accommeodation with environment, we divided
rats to control and reference memory groups. we used of
Morris Water Maze technique for spatial learning in
Reference memory group.
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Reference memory testing in the Water Maze: O each
trial the rats were placed into the water o one of the four
catdinal points of the compass (M, E, 3, W, which varied
from trial to trial ina quasi-random order. The rats had to
garitn urdil they climbed onto the escape platform . If they
falled to locate the platform within 60 sec, they were
guded there. The rats were allowed to stay on the
platform for 20 sec. After the final trial the rats were towrel
dried and placed in a holding cage under a heating lamp
before they were returned to the hom e cage The rout of
rats was recorded by Infra-red digital camera and also rout
atid titme of each trial were recorded by compter
(Maghd 2004, Saribi ef ol 20007,

After leatring examinations, arimals were decapitated
after ether anesthesia and the trains were removed for
histological werification, at first the brains fived in 10%
fremadin and two week later, we processed them for
embedding with paraffine. After embedding, we prepared
serial secticry with 7 pm thicktiess for each slide. For
stairing of astrocytes, we veed PTAH staining (B ancroft,
12907 because itis the special staining for astrocyte cells
atud their processes. In thismethodthe astrocytes become
blue and the neurons become pink (Fig 1.
Morphometric measurement were cartied out using on
Olympas DP 12 digtal camera and Bx51 microscope,
selecting a field within the specified cell layer and
counting all of the astroeytes shown onthe mohitor.

Statistical analysis: Data was expressed as meant3D
differerices atrong areas were statistically evaluated using
the one-way analysis of variatice (AN OV AY. Probakilities
of <% 3 (p=005) were constdered significant.

RESULTS

Thete iz sgnificant differences in astrocytes man ber
between cortrol and reference memory grovpin CAL and
C a5 subfields, bt differenice in CAZ between control and
reference mem oty groups.

The mean and 2D of the mamber of astrocytes in
different area of hippocampus (per 75000 pm ) is depicted
oft Table 1. In cortrol group, the mean of astrocytes
ranberin CAl and CAZ was similar and more than CAS
subfield (Tahatishabd ef &, 2008). In reference memory
group, the similarity of astrocytes manber was between
CAl and CAT

Table 1: The mean of asdrocytes nonber i hippocarnpal ateas incorimol
it TefeTerice MEhoTy STOIDS

SEM sor Area (P, Dule st Coptpartre it
1.303 17293 Fa00n 42,00 Cale
19 2521 F5000 118.57 Calr
1.001 25214 Fanon 48,82 Lol
1778 23503 F5000 291 Cadr
05346 11227 Fa000 41,95 LAz
2.348 31.143 Fa0o0 116.60 W15

Hewroms

Fig 1:Pyramidal layer of hippocampus with PTAH
stainingx=40

DISCUSSION

The differences of astrocytes mumber between all
areas (ALl CAD and CAT) of Mppocampnis ity corutr ol atud
reference memory goups were sigrificant. In all area, the
manber of astrocytes inereased. Also, after the devdation
of hippocampus to three parts anterior, middle and
posterior one-thirds, becanse their fonctional differences
(Maser, 1998 we showed that in CAL area of reference
memory group, the differences between anterior, middle
atid postericy. Parts were tiot significant, whether these
differences in CAZ and CAT areas were sighificant. The
most rumber of astrocytes in CAZ area of reference
mem oy grovp, was in post. One-third of Mppocampus
atd in CA3 area was i middle one-third

Present results indicated that the Reference memony
method of spatial learning can cause increasing of
astrocytes mumber in posteriot baro-thit d of hippoc atnpus.
Physiclogically, presert results similar and resemble to
many tresearches that worked on the spatial learning
(Satikd ef of, 2000, Naghdi and Sadollald, 2004, Fedish
ahd Towetkey, 199%; Isgor and Sengelawo, 1993
Bronders of g, 19207

Wany studies prodded the reldionship between
exercise and newrogenesis in lippocampus and specially
indertate gyruas (W an Praag of o, 1999, Pliysical exercise
increaze the newogenesis in hippocampus as well as
geretic factors (Madsen of &, 2005; Van Praag of &,
1999, One of the exercize and learning method is the
Morris Water IMaze, that it can increase newr ogenesis in
dentate s (Rosetmweig of &, 2003

Keuker of al, reported that wotling memotyin aged
atithals sgnificattly dffer from the young animals
wereath the reference memory donlt changes with ages
(Eevker ef o, 20037

Rusakov ef &, in (1997 reported that Memony
formation is beliewed to alter newad crcuwitry at the
synaptic level. Although the Wippocampus is known to
play animportant role in spatial learning, no experimental
data exist on the symaptic cotrelates of this process at the
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ultrastructural  level. Analysis of synaptic spatial
distribution showed a training-associated increase in the
frequency of shorter distances (1.e., clustering) between
synaptic active zones m CAl, but not dentate, thus
indicating alterations in local neural circuitry. This finding
indicates subtle changes in synaptic organization in area
CALl of the hippocampus following a learning experience,
suggesting that spatial memory formation m mammalian
hippocampus may involve topographical changes in
local circuitrty without synapse formation de novo
(Rusakov et al., 1997).

These researches almost are resemble to present this
study and showed that spatial learning can increase the
synaptic location and indirectly we showed that the
mncrease of synaptic mumber, can increase the number of
astrocytes.
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