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Abstract

Background and Objectives: Spexin is a neuropeptide involved in learning and memory. The aim of the present study was to inves-
tigate the effect of intrahippocampal CA3 injection of spexin on passive avoidance learning and memory in normal and castrated
rats.

Methods: A total of 42 adult male rats were divided into 6 groups. Sham 1 (received 0.5 pL ACSF); sham 2 (sham castrated rats
that received 0.5 L ACSF); experimental 1 and 2 (healthy rats that received 0.5 uL spexin 10 or 30 nmol/rat); experimental 3 and 4
(castrated rats that received 0.5 pL spexin 10 or 30 nmol/rat). In all groups, injection was done in the CA3 region of hippocampus.
CA3 region of hippocampus was cannulated unilaterally by the stereotaxic procedure.

Results: Present data showed that castrated significantly (P < 0.05) increased lighting time in comparison to sham 2 group in
memory sessions. In normal rats intrahippocampal CA3 injection of spexin in 2 doses significantly (P< 0.05) increased lighting time
in comparison to the sham group in learning and memory sessions. In castrated rats, intrahippocampal CA3 injection of spexin
30 nmole/rat significantly (P < 0.05) induced even further increase in lighting time as compared to the sham group in memory
sessions. In memory consolidation and memory retention sessions lighting time was significantly (P < 0.05) higher in castrated
rats than normal animals.

Conclusions: According to the present results, castration and spexin at 2 doses in normal rats improve learning and memory; while
in castrated rats spexin, in 30 nM/rat, produced more improvement in memory. Memory improvement in castrated rats was higher
than that in normal rats.
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1. Background

CA3 region of the hippocampus plays an important
role in spatial learning and memory. Inhibition of exci-
tatory afferents to CA3 impairs this phenomenon (1). Ex-
istence of androgen and estrogen receptors in the hip-
pocampus, suggest the role of sex steroids in balancing
and adjustment of spatial learning and memory (2). Ef-
ficiency of passive avoidance learning is dependent on
healthy hippocampus and could be affected by environ-
mental androgens (3). Androgens can raise synaptic plas-
ticity and density of dendritic spines in CA1 and CA3 of the
hippocampus of rats (4).

Recent studies have shown that neurons in the hip-
pocampus contain a set of enzymes for synthesis of testos-
terone and estradiol (5). The environmental testosterone
through conversion to estradiol may be able to affect mem-
ory and learning (6).

Spexin is a peptide that was discovered through bioin-

formatics methods (7). Porzionato etal., in 2010, suggested
that spexin is expressed in different tissues such as the ner-
vous system. In most centers of the brain, it is synthesized
in the neurons that can also synthesize neurosteroids and
are involved in learning and memory (8).

In a study conducted in 2014 by Yu et al., unilateral
and bilateral injection of neurokinin1 receptor agonist in
the hippocampus has similar effects on Y maze learning
(9). The aim of the present study was to investigate the ef-
fectof unilateral intrahippocampal CA3 injection of spexin
on memory and passive avoidance learning in normal and
castrated rats.

2. Methods

2.1. Animals and Study Design

In this study, 42 male Sprague Dawley rats weighing
280 + 30 g were used. Rats were keep in plexiglass cages
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under standard conditions at a temperature of 22 £ 2°C, 12
hours light 12 hours dark (from 6 am to 6 pm), and main-
tained with free access to food and water. Keeping and
working conditions with animals were based on the eth-
ical and moral code of Shiraz University School of Veteri-
nary Medicine.

In the present study, rats were randomly divided into
the 6 groups as following: 1- sham 1, normal rats that re-
ceived 0.5 uL ACSF by intrahippocampal CA3 injection; 2-
sham 2, castrated rats thatreceived 0.5 uL ACSF by intrahip-
pocampal CA3 injection; 3 and 4- experimental 1 and 2-
normal rats that received 0.5 ;L spexin 10 or 30 nmol/rat
by intrahippocampal CA3 injection; 5 and 6- experimen-
tal 3 and 4- castrated rats that received 0.5 uL spexin 10
or 30 nmol/rat by intrahippocampal CA3 injection. In-
trahippocampal CA3 cannulation was done by stereotactic
surgeryand injection of ACSFand spexin at 2 doses was per-
formed a week after stereotactic surgery and 30 minutes
after injection. Passive avoidance learning test was done.

Doses of spexin were based on a previous workis 10 and
30 nmol/ratin a volume of 0.5 iL (10). The spexin was used
before the 1st session of shuttle box.

2.2. Stereotactic Surgery

1 week before behavioral testing, rats were anes-
thetized with an intraperitoneal injection of combination
of ketamine hydrochloride (100 mg/kg) and xylazine (10
mg/kg). The rats were placed in a stereotaxic apparatus and
the guide cannula (23 gauge needle), according to Paksi-
nos, atlas (11) was unilaterally implanted in the intrahip-
pocampal CA3. The coordinates for CA3 region were 2.92
mm posterior to Bregma and -2.1 mm lateral to midline.

2.3. Castration

Rats were castrated under anesthetic mixture of ke-
tamine hydrochloride (100 mg/kg) and xylazine (10 mg/kg)
intraperitoneally. The skin of the scrotum was cut and
open, then epididymis was cut and testicles were cut off,
then the wound was sutured. In sham 2, single incision in
the scrotum area was established and the area was sutured.

2.4. Behavioral Testing

A two-way shuttle-box (made by Aryoazma Co) with
acrylic walls and steel floor bars was used for the learning
procedure. The box, 44 X 20 X 19 cm is bisected by a ver-
tical partition with an opening in the middle that allows
the animal to move freely from 1 compartment to another,
including light and dark compartments. In the light com-
partment, the animal was safe while in the dark compart-
ment it received a foot shock of 0.6 mA for 1 second with a
latent period of 1second.

In the 1st session, all animals were individually sub-
jected to 2 minutes of adaptation to the shuttle box, in
which the rat could explore the light compartment and
move about freely. In the 2nd session, as initial latency, the
rats were placed in the light compartment of the shuttle
box and one second after entering the dark compartment
theyreceived a 0.6 mA foot shock for one second. In the 3rd
session as learning, the procedure was similar to the ini-
tial latency session. In the 4th session, as memory consol-
idation, and 5th session, as memory retention, the proce-
dure was like the learning sessions without foot shock. The
rats were considered as completely learned, if they did not
move to the dark compartment after 120 seconds during
the 3rd, 4th, and 5th session of experiments; therefore, in
these sessions, more stay in the light chamber represents
reinforce learning and memory.

2.5. Statistical Analysis

Data were analyzed by the SPSS (Version 21) software.
Results were expressed as mean =+ SEM. For statistical anal-
ysis, nonparametric test kruskal-wallis and mann -whitney
testaswell as 2 way ANOVA and Tukey as post-hoc were used
to compare groups and sessions. The significance level of P
< 0.05 was considered.

3. Results

3.1. The Effect of Castration on Passive Avoidance Learning and
Memory in Passive Avoidance Procedure

In the present study, in both memory sessions, castra-
tion without treatment significantly (P < 0.05) increased
the time spent in light compartment of shuttle box in com-
parison to sham1and sham 2 groups; while in learning ses-
sion castration without treatment significantly (P < 0.05)
increased the time spent in light compartment of shuttle
box in comparison to sham 1 group, however, not sham 2.
In normal conditions, the time spent in the light compart-
ment of the shuttle box had an increasing trend during
learning and memory consolidation as well as memory re-
tention sessions in all groups (Figure 2).

3.2. The Effect of Intrahippocampal CA3 Injection of Spexin on
Passive Avoidance Learning and Memory in Normal Rats

In learning, memory consolidation and retention ses-
sions of passive avoidance learning, spexin at both doses
significantly (P < 0.05) increased the time spent in light
compartment of shuttle box in comparison to the sham 1
group (Figure 3).

In normal rats, after intrahippocampal CA3 injection
of spexin 10 and 30 nmol/rat, the time spent in light com-
partment of the shuttle box, in memory retention session
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Figure 1. Unilateral ink injection site of CA3 region of hippocampus that represented the injection site of spexin in comparison to atlas of Paxinos and Watson.
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Figure 2. Effect of castrated on time spent in light compartment of shuttle box. * significant difference relative to sham 1; # significant difference relative to sham 2; ®
significant difference relative to learning session,; € significant difference relative to memory consolidation. *: P < 0.05; **: P< 0.01; ***: P< 0.001; {:7 P < 0.05; #7: P< 0.01;

®:P< 0.05, PP: P< 0.01; €: P< 0.05.

of passive avoidance learning, was significantly (P< 0.05)
higher than that in learning and memory consolidation
sessions. In addition, the time spent in the light com-
partment of the shuttle box in memory consolidation ses-
sion of passive avoidance learning was significantly (P <
0.05) higher than that in the learning session of rats with
intrahippocampal CA3 injection of the spexin 10 and 30
nmol/rat (Figure 3).
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3.3. The Effect of Intrahippocampal CA3 Injection of Spexin on
Passive Avoidance Learning and Memory in Castrated Rats

In learning, memory consolidation and memory rete-
tion sessions of passive avoidance learning, spexin 10 and
30 nmol/rat significantly (P < 0.05) increased the time
spent in light compartment of shuttle box in comparison
to sham 2 and castrated groups (Figure 4).

In all groups with castrated rats, the time spent in light
compartment of shuttle box was significantly (P < 0.05)
higher in memory retention session than that of in learn-
ing and memory consolidation sessions of passive avoid-
ance learning in the rats with intrahippocampal CA3 in-
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Figure 3. Effect of intrahippocampal CA3 injection of the spexin 10 and 30 nmol/rat on time spent in light compartment of shuttle box in normal rats. * Significant difference
relative to sham 1; ®: Significant difference relative to learning session; e: Significant difference relative to memory consolidation. *P < 0.05; **P < 0.01; **P < 0.001; ®: P<

0.05; PP:P< 0.01;€: P< 0.05.
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Figure 4. Effect of intrahippocampal CA3 injection of the spexin 10 and 30 nmol/rat on time spent in light compartment of shuttle box in castrated rats. * Significant dif-
ference compared to sham 2; 7 Significant difference relative to castrated; e: Significant difference relative to learning session; & Significant difference relative to memory
consolidation. *: P< 0.05 <; **: P< 0.01<; ***: P< 0.001; #: P< 0.05; #7#: P < 0.01; €: P< 0.05; e€: P< 0.01; $: P< 0.05.

jection of the spexin 10 and 30 nmol/rat. In addition, the
time spent in light compartment of shuttle box was signif-
icantly (P < 0.05) higher in the memory consolidation ses-
sion than that in learning of rats with intrahippocampal
CA3 injection of the spexin 10 and 30 nmol/rat of passive
avoidance learning (Figure 4).

3.4. Comparison of Intrahippocampal CA3 Injection of Spexin
on Passive Avoidance Learning and Memory in Normal and
Castrated Rats

In learning, memory consolidation and retention ses-
sions of passive avoidance learning intra hippocampal CA3
injection of spexin 10 and 30 nmol/rat in castrated rats, in
comparison to normal rats at the same dose, significantly
(P < 0.05) increased the time spent in light compartment
of the shuttle box (Figure 5).

4. Discussion

Data of the present study showed that castration im-
proves memory; however, it had no significant effect on
learning. The results are, however, inconsistent. In a study
analyzing the effects of a single testosterone injection on
elderly men, the treatment caused a worsening of verbal
memory (12). Similarly, biweekly injections of testosterone
during 90 days resulted in memory decline (13). Fedo-
tova (1999) showed that higher testosterone levels in male
rats led to derangement of active learning (14). Naghdi et
al., (2004), showed that testosterone can impair long-term
memory in passive avoidance conditioning both via intra-
cellular receptors and through nongenomic pathway (2).

Data of the present study show that spexin at 2 doses in
normal rats significantly improves both the learning and
memory as compared with sham 1. How can spexin affect
learning and memory? Research has shown that spexin
exerts its physiological effects through galanin receptor
type 2 and 3 (GAL2 and GAL3) (15). Hippocampus receives
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Figure 5. Comparison of intrahippocampal CA3 injection of the spexin on learning and memory in normal and castrated rat. * Significant difference relative to spexin 10
nmol/rat of normal rat; # significant difference relative to spexin 30 nmol/rat of normal rat (P < 0.05). **; P< 0.01; ***; P< 0.001; 7: P< 0.01; Z#7: P < 0.001.

a lot of galaninergic input from the medial septum, locus
coeruleus, and hypothalamus (16). Li and colleagues, 2013,
showed that galanin receptor GAL2 has protective effects
on spatial memory deficits caused by the accumulation of
AQB in the hippocampus (17). It seems that galanin has both
inhibitory and facilitatory effects on spatial learning and
these opposite effects are according to the type of galanin
receptor in the cell body and axon terminal of choliner-
gic cells (18). Spexin and galanin genes originate from a
common ancestor gene, therefore, these 2 peptides have
enough similarity to bind with the same receptor (15). In
the hippocampus there is no GAL3 receptor (19), thus, in
the present study it seems that an effect of spexin on learn-
ing and memory is through GAL2 receptor. In the present
study, intrahippocampal CA3 injection of spexin potenti-
ated learning and memory, while intrahippocampal CA3
injection of galanin attenuates learning and memory (20).
Therefore, it seems that the effect of these 2 peptides in
learning is contradictory.

In the present study, intrahippocampal CA3 injection
of spexin 30 nmol/rat improved both memory consoli-
dation and retention in castrated rats in comparison to
the sham 2 groups. These results indicate that improve-
ment of memory consolidation and retention by spexin
in 2 doses in castrated rats was more powerful than that
in normal rats. The most expression of spexin is in neu-
ronal and reproductive system; spexin expression is re-
lated to the gonadal stage. On the other hand, spexin re-
duces LH release in gold fish. Therefore, there is a recip-
rocal relationship between spexin and gonadal hormone
(21). In the present study, castration improves memory.
According to our previous study, in castrated rats passive
avoidance learning lead to increase in density of gluta-
mate NR1 subunit of NMDA receptor in hippocampus rel-
ative to castration alone (22). It seems that changes in
the learning and memory in the present study was due
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to changes in glutamate NR1 subunit of NMDA receptor.
Ovariectomy leads to increases in spexin gene expression
(21). Therefore, castration maybe increases the spexin gene
expression. Therefore, castration, plus intrahippocampal
injection of spexin, increases learning and memory more
powerful than castration or intrahippocampal injection of
spexin alone.

Investigations represented that the efficiency of pas-
sive avoidance learning is dependent to the hippocampus;
it is affected by peripheral androgens (3). Harooni et al., in
2008, showed that hippocampal injection of testosterone
reduces passive avoidance learning; however, removal of
the testis has no effect on this kind of learning (3). Daniel
et al., 2003, showed that removal of the testis in male rats
does not affect passive avoidance learning (23). Sandstorm
et al., 2006, have shown that removal of the testis has no
effect on spatial memory in Morris water maze (4). Al-
though this study reported no negative effect of andro-
gens on spatial learning and memory in water maze, it
should be noted that effects of administration of testos-
terone at pharmacologic dose on learning and memory
might be very different to physiological concentrations of
testosterone in male rats (4). In this regard, Daniel et al.,
(2003) found that normal rats had better performance in
selected types of spatial memory than castrated rats. They
found that physiologic concentrations of testosterone had
positive effects on learning and memory (23).

4.1. Conclusion

The results of present study showed that:

1- Castrated leads to passive avoidance learning and
memory impairment.

2- Intrahippocampal CA3 injection of spexin at 2 doses
10 and 30 nmol/rat in normal rats ameliorates passive
avoidance learning and memory, which might be through
the GAL2 receptor.
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3- Intrahippocampal CA3 injection of spexin at 2 doses
10 and 30 nmol/rat in castrated rats ameliorates passive
avoidance memory.

4- Intrahippocampal CA3 injection of spexin at 2 doses
10 and 30 nmol/rat in castrated rats has a more powerful
effect on passive avoidance memory than that in normal
rats.
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