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Abstract - In thiv study the effecs of 5-HT;, receplor
blockers in CAL region of raf hippecampus on spatial learning
were assessed in o Tomeaze, a spatial discrimination fesk. Rais
were conmulated and Bilateral infections of vehicle (saline) and
F-HT, - selective antagonist, ketanserin (0.6, 1.2 or 24 pg |
0.5 ) and pirenperone (0.0, 0.3, 1.2 or 24 pg [ 0.5 pl) were
infected through the cannulae 30 minutes bofore fraining each
digy. Results indicated that direce Ketansecin and pirenperone
infection did wot affect spontaneons alternation, They alw did
el show o signiffeant effect on trigls to reach ceiterion and
errory meade by animals throwphost spatial discrimfration ol
peverval learmimg, but in the raty tha! received Eetarserin
produced dose dependent decreave in the Intencies o enter the
ehosen arm in both learning and  reversal stages. During
extinciion, wo change was observed in the choice of the
provigwsly reinforced arm i both kefeaserin and pirenperone
grotups. The slope of betency in Righest dose of ketunserin (2.4
pp [ 0l ) compared to the sham operafed gprowp bl ool in the
PUFERIEFORE EROUP,

These finddings suggest that 5-HT5, receptors blackade
thetanserin, mof pivenperone ) fn the CAI region may decrease
decivion fime and frcreese befuvioural lexibility in T- maze
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INTRODUCTION

A greal deal of research has been  condocted
concerning the role of serolonine {3-HT) on cognition.
However,  the  literature  regarding  experimental
evidence on the role of 5-HT o cognitive processes 15
rather controversial (1,2) and some of the reviews on
the elfects of serotonin on mnemonic funetion sugests
that 3-HT exerts an inhibilory influence on learning and
memory (3], Serolonergic Neuroiransmission ivalves
the action of muliple 5-HT receplors types and

subtypes 5-HT o, SHT gqpe 3-HTys 50 and 5-HT; 4
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{4). Previous pharmacological data provided  some
insight into the nature af the 5-HT receptors associated
with learning and memory. These dala may sugpest that
stimulation of 3-HT g receplors produces a decrease
in learming, while blockade of 3-HT5, o receptors lead
to an mcrease in learming (3.5.10,11) For example,
ketanserin is a 3-HT; antagonist (6,7,8,9) and displays a
high binding allinity for this receptor type (T8) It is
inactive at 5-1TT; (78,12, 5-HT, and 5-1TT, (12)
Binding sites, shows only moderate binding affimty o
histamine Hy and e- adernergic receptors, binds very
weakly 10 dopamine receplor binding sites and s
inactive in other  known  neurciransmitier  receplor
binding  assay (78], prodoces  an o increase  in
consalidation of learning 0 the auloshaping task and
spatial discrimination (10,11 and the effect of TFMPP
{an agonist of 3-HTg) decrease the consolidation and
this effect was reversed by (2] pindolol, ketanserin and
ritanscrin (10} Pirenperone also s clearly o polent
antagonisl which shows high specilicity for the 5-117,
receptors in ligand binding and it has also a liele effeu
on 5-HT, ligand binding and un affinity [or the
dopamine  receptors {1314} It could  block  the
reduction i forced swimming test immaobility (153), amd
some receptors show post traiming admunstration of
serotonergic antagonists (Ketansenn, pirenperone and
miansering improve  passive  avoildance  retention or
adminstration of serolonergic receplor antagonists prior
to retention test facilitated passive avoidance relrieval
{16). The hippocampus has been traditionally linked to
cogmtive  funclions,  particularly  spatial - memory
(17,18,19.20,21. The scrotonergic innervation of the
hippocampus arises from 5-HT neorons of the median
and dorsal raphe area (MR and DR (182223). The
CAl region of the hippocampos s rich in 5-H7
receptors (24) and 3-HT containing terminals (25). The
results of the researchers on the possible involement
of hippocampal 3-HT in the mediation of learning and
memory provide  evidence in support of s negatie
effect on ong of mare of hippocampal
mvolved in spatial information processing (18,2627 287,

palhways



5HTs, receptors and learning

The presenmt experiment  wus  conducted 1o
specifically examine  the effect of 5-HT,, receptor
blockade in the CAL region of rat hippocampus on
spalial discrimination by pirenperone and ketanserin, A
T-maze was used 1o test sponiansous  allernation,
spatial and reversal learning and extinetion,

MATERIALS AND METHODS

Subjects

Male albino rals (200-250 gy 3-months old were
abtained [rom breeding eolony of the Pasteur Institute
ol Iran. Hats were housed [ve per cage in large cages
before surgery and individually in small cages afler
surgery  and  maimtained on & standard  12h-12h
hght-durk eyvele with lights on at 07000 Hats were
maintained at room temperature of 25 £ 2°C and
food and water were made available,

Surgery

Approximately 7 davs prior to initiation of the
behiviowral experiments, the rats were ancsthetized
with sodium pentobarbital (30 mghkg LP) and were
implanted with a stainless steel thin-wall cannulae (21
sauge]  bilaterally  inte the  CAL region of 1he
hippocampus (AP 2380 mm from bregma; ML @ £ 22
mm from midline DV 224 mm below the duramater
according o the atlas paxinos and Watson (29). The
fonih 23 mm. The cannulag and two
anchoring serews were [xed o the skall wich dental
cemenl.

har was al

Drugs

Eetansenin, purchased from Sigma Chemical Co.
and - plrenpercne from Research Biochemical
International were disschved in 0.9% solonic szline.

Micrainjection procedure

Belore injection, the animal was restrained by
hatnds, the cannulae stylets were removed and replaced
wilh 1he injection needle (27- pauge) connected with a
shorl piece of polyethylen tubing 1o a hanulton syringe,
The needle was inserted 0.5 mm below the tp of the
canmulac. 0.5 @l of saline or different ol
Ketanserin ((he, 1.2 or 24 up /05 pl) or pirenperone
G 03 12 or 24 wg J0E ply were injected during 1
nunute. Atotal volume of 005wl was injected into each
siche.

toses

IBehavioral assessment

Oine week alter surgery, the animals were deprived
al lead o 85% of bady weight and maintained at this
level throughoul behivioural 1esting,
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Apparatus

The apparatus used consisted of 8 wooden T- maze
with 15 cm height and start and goal boxes 16.5 om x
165 em; the length of the stem was 50 em leading 1o L
- shaped arms. The first pare of each arm was 36 cm
long and the second part which lead to the poal box
had 30 cm length. Guillofing doors separated the starl
bow from the stem and the goal boxes from the arms.

Training procedure

The protocol for this lest was similar o that of
Anneft's (300, Briefly, preliminary traming ook place
on iy 1w 3 On days 4 and 5 (spontaneous
alternation), [ood was available in both goal boxes on
every trial. Liach ral was confined to the start box for 10
secends before being allowed to choose one of the poal
bioxes, where il was confined for a ferther 20 seconds.
Eleven consecutive trials were given per day and (he
choice of right or left goal box, and also the latency
between leaving Lhe start box and entering the chosen
arm  were recorded,  Om days 6 0 8 (spatial
discrimination and reversal), only one of the goal boxes
wits rewarded and Lhe rats bad to learm the correcl one.
Trials continued wntil the criterion of 3 cosecutive
correct responses had been achieved, The cholce of arm
and latency between leaving the start box and entering
the chosen arm were recorded on o every  trial.
Immediately afler reaching criterion, the contingenecies
were reversed so that the proviously unreinforced goal
box was incorrect. Training contmoed umtil the pew
response  was  learnt, again to the  crilerion of 3
CONSCCULIVG COMTEC] PESPOnses.

On day 9 (extinction), after spatial discrimination
had been completed to 5 conseculive correct responses,
an extinetion stage was introduced. The Tond pellets
were removed from T- maze and goal box choices; and
the latencies were recorded over a further 10 trials.

Histology
At the end af each experiment, the animals wers

deeply anesthetized  with ether and  sacrificed by
decapitation  and  the  brains  were  removed.  Tor
histologieal  examination  of  cannulae and  needle

placement 0 the CAp region, 100 pm thick sections
were taken, mounted on slides, stained with cresyl viole
and the cannulae tracks exurmimed for each ral, Animals
were accepted for data analysis only if hoth needle
placements were located within the CA} region. There
were several animals whose cannulae tp o were not
located ot the correct posilion and their data were not
included in analysis regarding  therr  memory
performince.
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Fig. 1. Effcct of different doses of Ketanserin and
pircnperone (injecled into the CA region) on spatial
learning and reversal of rat performanee in T-mare, over days
f-8.

Ao Mean latenoy(ies) from leaving the starl box to entering
the chosen anmn.

B: Mean number of irials o reach erilerion.

C: Mean number of ermors while reaching criterion
(Ketansering o= 5 Tor each dose-Pirenperone, no= 7 for
control, 0.3 and 2.4 w5 ulono= 6 for 0.0 and 1.2 wg0.Sul).
Fach poinl represents the mean + SEM. * T 005 *° P =
001
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Fig. 2. BElfect of kelanserin and pirenperone on meian
latency(s) from leaving the start box to entering the chosen
arm i learning and cxtinction phases (9th day).

Each bar represents the mean + SEM

Statistics

All data were initially subjected 1o an analysis of
varlance (ANOVA) [ollowed, where appropriate, T
subsidiary, post-hoc, pair-wise comparisons using the
Newman - Keuals procedors. The  difference  was
considered  significant  at the level of p<005 A
parallclism test followed by 1= tesl was used 1o compare
Lhe slopes,

RESULTS

Spontaneous alternation

There  were  no o significant differences in the
percentage of alternate  choices among  the  four
ketanserin groups (Fy,, = 218 ns) and in five
pirenperone  groups (Fy.p = 1277, ns). Latencies
between leaving the start box and entering the chosen
arm were not affected by intrahippocampal infection of
ketanserin (Fy,; = (147, ns) and pirenperone groups
“'1?;5:-2 = (L5101, ns).
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Fig., 3. Lflect of different doses of ketanserin and

pirenperane an increasing the mean latencyis) Irom leaving
i start hex 1o enlering the chosen avm in extinction phase
(9rh day).

(Ketanserin, n

= 5 lor each dose-Pircoperone, n = 7 for

contral, 0.5 and 2.4 weflS wl; no= 6 For 0.0 and 1.2 pgi5 xl)
Spatial discrimination and reversal
There were no significant differences in trials 1o

revirsal o slages  in kelanserin groups  (kelanserin
learning: Fy o = 0080, ns, ; reversal: Fyiog = (L5845,
ns.) and pirenperone groups (learning: Fd:-!ﬁ = 11.303,
nsg reversal Iy o, o= 005845, n. s The number of

errors of the ketanserin and pirenperone groups while
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acheiving criterion were nol significantly different in the
learning  and  reversal stages  in ketanserin groups
(learning: Fgy, = 002, ns reversal: 1y = 2015, ns)
and pirenperone groups (learning: Fy . = 0.7037, ns, ;
reversal; ]?-L.za = 009729 ns). However, there
were nooosignificant  differences  in the  latencics
Lo enter the chosen arm in the pirenperane groups on
both  learning and  reversal  rials  (learning:
]?d.ES = 046, ns; reversal: Fyao= 1,102, n.a) bul there
werg significant decreases in lthe kelanserin groups
(learning: s 1= 1156, p= (LO1: reversal: Fypp = 534,
p< 0.01) (Fig 1),

Extinction

Ower the 10 extinction  trials, there were no
significant differences in the percentage of previously
reinforced arm chowes among the ketanserin (Fy1=
049, nas) and pirenperone groups (Fyay = 04042,
.5,
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Fig. 4. Effect of different doses of Ketanserin and
pirenperane on slope of tme inercasing lines in exlinction
Phase (Wth day).
* T 005 Each bar represents the mean & SEM

The latencies of both ketanserin and pirenperone
groups te reach the chosen arm from the starl box were
nat  significantly  different in learning  (ketanserin:
}-'3:1(, = 227, ns. | pirenperone; Iy ,p= 2323, ns) and
extinction  stages  {ketanserin: Fy o 051, ns;
pirenperone: Fy.e =1828 ns) (Fig2h On the
extinction trials, there were no significant differenees in
the latencies of the ketanserin and pirenperone groups
[rom leaving the start box (o enter the chosen arm (Fig,
2}, but the increase in slope of lawency was higher in
ketanserin groups and there was a significant difference
between the group which had received 2.4 g5 ul
kelanserin and the sham operated group (1= 2,266, 96
i, P 0L05) but not in pirenperone groups (Fig3 and
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DISCUSSION

The results in the present investigation indicated
that ketanserin and pirenperone injected into the CAl
region of rat hippocampus had no significant effect on
spontanecus  allernation,  Kelanserin but  not
pircnperone could reduce the latencies to enter the
chosen arm throughout spatial discrimimation and its
reversal, At the extinction stage, ketanserin affected
increasingly the slope of latency and caused it to be
significantly higher in the group which had received the
highest dose of ketanserin (2.4 pgf 0.5 pl) compared to
the sham operated group bat there were no significant
changes in slope of latency in pirenperone groups.

Some reseatchers have suggested that activation of
S-H'I'm receptor may he involved in impairment of
memory in mice {31) and may play an inhibitory role in
memory consolidation (5), Furthermore, it has been
demonstrated that adminstration of ketanserin, one of
the most selective anlagonisls of 5-HT,, receplor
subtype or other 5-11T, antagonists, can enhance the
memory of 8 previcusly learned inhibitory avoidance
TESPONSE in mice (32,33,34,39), atlenuate
hypoia-induced (5] or age- related (36) passive
aviondance retention deficits in orats, improve cognitive
pecformance in squirrel monkeys (37), and enhance
protective effect of other agents against amnesia (38),
Pirenperone,  cianserin and  ritanserin significantly
reduced the number of errors expected o occur 24h
-after the 5 min of ischemia in a three-panel runway task
(39). These studics provide strong support for the
netion that blockade of the 5.-HT2 receptors can
enhance memory retrieval and  pratect  against an
experimentally  induced  amnesia and  prevent)  of
working memory [ollowing transient forebrain ischemia
(3.

The results of 4 number of studies show  the
negative influence of 5-HT on the processing of spatial
information within the  hippocampus,  An inverse
correlation has been observed between  serotonergic

content i the hippocampus  and  retention of
conditioned reflexes in rats {27), It has also been
reported  that  intrahippocampal  5-HT  injection

immediately aller training impaired retention of a Y-
maze brightness discrimination task in rats, while
infusion of mianserin, a 5-HT, receptor antagonist,
ennanced it [28). Ketanserin and  pirenperonc werc
found to be ineffective in a step-through passive
avoidance test in the male rats (0] and also in rat
elevated  plus- maze (41). In addition, it has been
indicated  that intrahippocampal  implantation  of
neonatdl  serotonergic . nerve  prafts impaired
performance of rats on a complex spatial learning task
[42), whereas, neurotoxin-induced depletion of 5-HT in
hippocampus enhanced it (26). It has been reported
that rats ftrained in the stone 1d4-unit T-maze, a
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complex, positively reinforced, spatial discrimination
task lcarned significantly faster and made significantly
fewer errors throughout training following  selectme
neurotoxic {3,7DITT) deafferentation of the 5-HT in
spatial learning within  the hippocampus, and  the
different effects on spatial discrimination which 5-HT,
receptor antagonists generally produce {E8). The effect
of serotonin on long - term potentiation (LTP) has

 heen assessed in a pumber of in-vitro studies, and most

of the reports have suggested that 5-HT  inhibits
induction of LTP in the CAl region (43} and
commissural synapses of rat hippocampus (44), In the
CAl region, it has been demonstrated that 5-HT,
receptor Blockade significantly cnhances hippocampal
LTF (45). The result of this study indicated that
ketapserin and pirenperone  injected into the CAl
region did not affect spontaneous alternation, since no
difference was seen in the percentage of allernale
choices and latency to choose an arm on days 4 and 3.
There was also no significant effect on the number of
trials 1o reach criterion and errors made by animals
while  achicving  criterion  in  learning  spatial
discrimination task and its reversal. Ketanserin but not
pirenperone reduce the latencies 1o enter the chosen
arm in  both  learning  and  reversal  stapes
dose-dependently. Thus rats receiving ketanscrin were
able 1o choose their way on each trial faster than sham
operated group. On the other hand their decision time
decreased  following  ketanserin injection.  Sincc
ketanserin did not affect the latencies on day 4 and 5, it
could be concluded that latency decrease on days 6-8
was due to ketansenin effect on spatial discrimination
and reversal but pirenperone bad no effect on latency,
error and trial to criterion in learning and its reversal
spatial discrimination tusk on days 6-8. Chver the 10
extinction trials, ketanserin caused the slope of latency
increase to be higher in the Ketanserin received proup
but pirenperone did pot change it. At the extinction
stage, when food reward is ommilled, the rats reduce
the pace at which they run the maze, i.e. in the absence
of remnforcer, they do not choose an arm with the same
pace as before and the lalency 1o enter the chosen arm
increases. However, the increase in slope of latency was
higher in the ketanserin received groups and there was
a significant difference between the group which had
received 2.4 pp.5 pl ketanserin and the sham operated
group. Since Annett et al (30) have atiributed this
parameter to behavioural fexibility, it can be concluded
that ketanserin could probably increase behavioural
flexibility, Taken together, it" seems that 5-HT,,
receptor Blockade in the CAl region of rat hippocampus
may decrease decision time and increase behavioural
flexibility in T- maze and it scems that Ketanserin is
more effective than pirenperone. Howeser, the offect of
intrahippocampal  injection of  ketanserin and
pircnperone  on spatial - discrimination  should  be
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assessed using other types of learning and memary
tasks, and additional studies are warranted in order to
determine the exact role of 5-FT,, receptors in this
region in spatial learning and memory.
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