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Abstract
Schizophrenia is a severe mental disorder described as a chronic, relapsing disease with a
heterogeneous course and outcome which is characterized by episodic positive and negative
symptoms. Ketamine (Ket) in our study was used to induce schizophrenic-like behavior in mice
with attempts to study erythropoietin (Epo) neuroprotective properties in preserving normal
functions against ketamine administration by assessing learning and memory, motor coordination,
anxiety, and social behavior. Six weeks old male BALB/C mice where divided into four groups:
control, ketamine induced schizophrenia, Erythropoietin treated, and erythropoietin-treated
ketamine-administered groups (Ket+Epo). A rotarod test for motor coordination showed no
difference between the four groups. Regarding learning and memory water maze test showed that
ketamine group had a significantly prolonged time to reach the platform in contrast to the other
groups. However, erythropoietin treatment in ketamine administered animals improved their
performance. In elevated plus maze test, ketamine showed an antianxiety effect in comparison to
the three tested groups. The social behavior in mice was not affected among the four groups when
tested by the three chambers test. We conclude that erythropoietin has neuroprotective properties
against ketamine-induced schizophrenia by enhancing learning and memory functions. Thus,
providing new possible approaches in treating neuropsychiatric diseases.
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Introduction
Schizophrenia is a severe mental disorder, typically beginning in
late adolescence or early adulthood, characterized by profound
disruptions in thinking, affecting language, perception, and
the sense of self. It often includes psychotic experiences,
such as hearing voices or delusions. Schizophrenia has been
described as a chronic, relapsing disease with a heterogeneous
course and outcome [1]. It’s characterized by episodic positive
symptoms such as delusions, hallucinations, paranoia, and
psychosis and/or persistent negative symptoms such as flattened
affect, impaired attention, social withdrawal, and cognitive
impairments [2]. Dopaminergic deregulation, hypofunction
of NMDA receptor and GABAergic activity, diminished
cholinergic ﬁring, neuroinﬂammation and increased oxidative
stress has been demonstrated to play a pathophysiological role
in schizophrenia [2-5]. The lifetime risk of schizophrenia is
~1% and typically manifests in early adulthood [4]. The lifespan
of schizophrenic patients may be shortened by at least 20 years.
The cause of schizophrenia is not known and current treatments
for the illness do not reduce disability. Thus, research on the
causes of schizophrenia, including factors such as genetics
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and environmental experiences are critically important.
Similarly, research on treatments that reduce disability are also
critical. Cognitive training that targets specific deficits seen in
most schizophrenia patients are associated with different levels
of brain activity.
It was proven previously by many studies that Ketamine
(Ket), a non-competitive NMDA receptor antagonist was found
to induce schizophrenia-related alterations in human as well
as animal models. Ket is widely being used as a dissociative
anesthetic [6,7]. It was found that in addition to its anesthetic
function, Ket can induce psychotic symptoms when it is given
in subanesthetic doses, this led to the substance being used to
create an animal model of schizophrenia, assessing it’s positive
and negative symptoms. Ket effects can be explained by its
antagonism (on the Phencyclidine binding site) to the NMDA
receptor [8], resulting in blockade of the receptor, reduction in
Ca+ ion flux, and decreasing glutaminergic signals transmission
and subsequent effects [7,9,10]. Also, it has been implicated
that other neuronal pathways (cholinergic and GABAergic
pathways) can be altered when increased doses Ket are
administered [11,12]. Beside the decrease in glutamate signals
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transmission, several studies have reported dysfunction of the
GABAergic neurons as a possible mechanism for inducing
schizophrenia, this can be attributed to the NMDA receptor
antagonism as well [13-15].
Erythropoietin (Epo), a hormone known for its erythropoietic
effect through binding to its receptor EPO-R, was also reported
to have a neuroprotective role in ischemic and traumatic
CNS conditions [16] It was found that Epo is expressed in
astrocytes and neurons, and increased in response to hypoxia,
promoting neuronal cell survival, neurogenesis and migration
of regenerating neurons. A study done on rats receiving intraperitoneal Epo injection 24 hours post-ischemic stroke showed
an increase in levels of vascular endothelial growth factor
(VEGF) and brain-derived neurotrophic factor (BDNF) in the
brain, leading to enhancement of angiogenesis and neurogenesis
in ischemic brain tissue, and an increase in neuroblast migration
towards the ischemic region [17,18]. Epo receptor is not only
expressed on erythroid progenitor cells, but is also expressed in
brain cells, including neural progenitor cells (NPC), neurons,
glial cells and endothelial cells [19]. EPO and EPO-R were
found to be expressed in the cerebral cortex, cerebellum,
hippocampus, pituitary gland, and spinal cord5. EPO was
shown to be responsible for an augmentation of hippocampus
dependent memory through modulating synaptic connectivity,
plasticity, and activity of memory-related neuronal networks
[20]. EPO administration was associated with an increase
in number of pyramidal neurons and oligodendrocytes in the
hippocampus of mice [21]. EPO levels are present efficiently in
the human brain, and more distinctly in schizophrenic patients,
and the EPO-R is expressed in hippocampus and cortex of
schizophrenic subjects more than in controls. Furthermore, EPO
was found to be responsible for the improvement in cognitive
functions, which are apparently affected by schizophrenia [22]
A recent study showed that adjunctive EPO could improve
schizophrenia-related cognitive performance in humans [23].
In our study, Ket, an NMDA receptor antagonist, was used to
induce schizophrenic like behavior in BALB/C mice along with
preceding doses of Epo aiming to study both their schizophrenic
like effect and neuroprotective properties respectively regarding
learning and memory defects, motor coordination anxiety like
behavior, and social behavior.

Materials and methods
Animals
The animals used in this experiment are 6 weeks old male
BALB/C mice. They are kept in Arabian Gulf University animal
house facility and are fed as often as necessary.
Four groups of animals were used for the trials; each group
is composed of 8 mice:
Group 1: Control (Cont), neither Ket nor Epo administered.
Group 2: Ket-induced schizophrenia (Ket). These animals were
injected with Ket 24 hours prior to each water maze test.
Curr Neurobiol 2019 Volume 10 Issue 3

Group 3: Epo (Epo). Healthy animals were injected with Epo
for 7 days and tested on the 8th day.
Group 4: Epo-treated Ket-administered animals (Ket+Epo).
Epo was administered for 7 days prior to the experiments, and
Ket was given 24 hours prior to the water maze tests.
All animals from the four groups were subjected for the
following behavioral tests:
1. Rotarod test: testing for motor coordination
2. Morris Water maze test: testing for memory and learning
3. Three-chambers social apparatus test: testing for sociability
and social novelty
4. Elevated Plus Maze: testing for anxiety
Morris Water Maze Test (MWM)
Spatial learning and memory functions were assessed using
the Morris water maze. The water maze is composed of a
circular tank, 140 cm in diameter, 50 cm in height, and filled
up to 30 cm with water; kept at a temperature of 26 C to 28 C.
The circular maze was divided into four equal quadrants by two
imaginary lines set by the program; each quadrant had a visual
cue. The maze was kept in a dark room and illuminated by one
source of red light. In the northwest quadrant, a fixed ‘escape’
platform was submerged 1cm below the surface of water; each
mouse was given 5 trials on the first day to learn the location of
the hidden platform. The trial consisted of releasing the mice,
starting from the northeast quadrant, moving successively to the
next quadrant, and finally coming back again to the northeast
quadrant. Each mouse was given a maximum of 2 minutes to
swim and find the platform, and was given 20 seconds to remain
on the platform, whether it found it or not, in order to form a
memory of its location. After 48 hours, the mice were given
3 test trials, in order to determine the memory of each mouse
in locating the hidden platform. The latency to reach platform
and mouse movement and position were recorded and analyzed
by a video-camera computer system, and ANY-maze videotracking system (Stoelting CO., Wood Dale, IL, USA). The
outcome measures are the latency time and distance swum to
reach the platform, as well as the speed of swimming during the
experiment.
After the 3 testing trials, a probe test was performed, in
which the platform was removed and each mouse is allowed
to explore the water maze for 2 minutes, and the percentage of
time spent in each quadrant was then recorded.
Rotarod test
Using an accelerating rotarod, the mice were assessed for
balance and motor coordination. The mice were placed on
a cylinder rod, which rotates with a speed that progressively
increases 0.5 cm/s every 5 seconds. Each mouse was given 3
practice trials prior to being tested 3 times. Both trials and tests
were a maximum of 5 minutes each, and the latency to fall from
the rotating rod was recorded by the rotarod timer. The cylinder
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rod was cleaned by 70% Ethanol mixed with water after each
mouse. The experiment, comprising the trials and tests, was
done in one day. Results were obtained by the mean time of the
3 tests.
3 chambers social apparatus test
This test aims to measure sociability and social novelty. A
rectangular, 3 chambered apparatus was used. It is separated
by plexiglass made walls with small openings in each wall to
allow the mice to roam freely. Each chamber is (20 cm x 40
cm x 22 cm). A circular wire cage that is (11 cm) in height and
a bottom diameter of (9 cm) and bars spaced (0.5 cm) apart is
present in the right and left chambers. The subject mouse was
first introduced into the middle chamber alone for 5 minutes
to allow for habituation. The test is composed of two main
sessions. Sociability of each animal was estimated in session 1,
where a complete stranger mouse to the subject mouse (stranger
1) was introduced to one of the empty chambers and locked
inside the wired cage, the subject mouse was allowed to explore
the apparatus for 10 minutes and spend time whether in stranger
mouse chamber, empty chamber or middle chamber. The
time spent in each chamber was recorded. The second session
investigated the social novelty. The first investigated stranger
mouse (stranger 1) was introduced to the same chamber it was
previously in, and another complete stranger mouse (stranger
2) was added to the other empty chamber and locked inside
the wire cage. The subject mouse was introduced to the middle
chamber and allowed to explore the apparatus for 10 minutes.
The time spend in the chamber with the already explored
mouse in session one together with time spent in the chamber
containing new mouse were calculated. Between each session,
the apparatus was cleaned by 70% ethanol and water. Three
sessions (including the habituation) are done for each mouse.
Session 1 tests social motivation, that is represented by time
spent with the first mouse. Session 2 tests for social novelty,
which is represented by preference in spending time in the
chamber containing the novel mouse, more than time spent with
the previously investigated mouse.

The experimental procedures were approved by the Research
and Research Ethics Committee, Arabian Gulf University,
Bahrain.
Statistical analysis
Data are presented as mean ± standard error of mean (SEM)
unless mentioned otherwise. Intergroup significance was
measured using Analysis of variance (ANOVA) for repeated
measures. Between specific groups analysis, a t-test was used.
All statistical analyses were performed with Microsoft EXCEL
(version 2010)

Results
Rotarod test: no significance between the groups tested
ANOVA test for repeated measures revealed no statistical
significant differences between all the four groups (control;
20.55 ± 1.4, Ket;18 ± 3.09, Epo18.8 ± 2, and Epo treated, Ket
administered; 18.1 ± 2.1 groups, ANOVA, p˃ 0.05, F= 0.3185,
F crit= 2.6815) groups (Figure 1).
EPM: Anti-anxiety in ketamine treated mice
The results illustrated a decrease in the anxiety level of the
Ket treated mice by spending more time in the opened arm
(325.3 ± 17.3 s, t test, p value>0.05, t critical 1.76131 ) (Figure
2) when compared to the other three groups (control 252.4
± 23.1; Epo 263.9 ± 8.2; and Ket + Epo 265.6 ± 18.3 s). No
significant difference (p˃0.05, t-test) was calculated between
the Con, Epo and ket+ Epo groups.
Morris water maze: neuroprotective properties of
erythropoietin noted in ketamine induced schizophrenic mice
Morris water maze test was used to assess the spatial
memory function of the tested mice (Figure 3A). The latency to
reach a hidden platform as a function of learning and memory,

Elevated plus maze test
The elevated plus maze tests for anxiety like behavior in
mice. It consists of two open arms (25 cm x 5 cm) opposed
to each other, crossed, forming a shape of a plus by the two
closed arms (25 cm x 5 cm) with (15 cm) high walls. The whole
apparatus is elevated 55 cm above the ground, and is made of a
wooden material. The subject mouse was placed on the central
area, facing the closed arms and allowed to explore all arms
freely. Each mouse had 1 session lasting for 10 minutes. An
open arm or closed arm entry is defined as all four paws in
one arm. The apparatus was cleaned be 70% ethanol and water
between each mouse to avoid olfactory cue. Open arm duration
and closed arm duration were recorded. Time spent in open
arms indicated anti-anxiety like behavior, with time spent in the
closed arms indicates anxiety like behavior.
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Figure 1. Latency to fall (mean ± SEM seconds) in the rotarod test for the
control, Epo, Ket, and Ket + EPO groups. There was no statistically significant
difference between the four groups (ANOVA, p< 0.05). Con: control; Epo:
erythropoietin; Ket: ketamine; Ket+Epo: ketamine + erythropoietin.
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Figure 2. Elevated plus maze test to evaluate anxiety effect corresponding to
the amount of time spent on the open arm. Ket administered animals showed
statistically significant decrease in anxiety levels (325.3 ± 17.3 s) in comparison
to the other three groups.

was calculated and compared between the group. No significant
difference in the performance between the control group (45.8
± 5.6s, t-test, t-Critical 1.6, p-value >0.05) when compared
to the Epo group (56.3 ± 5.6s). As for the Ket group (108.2 ±
5.24), there was a significant increase in time when compared
to all the other groups. However, Epo-treated Ket-administered
group (65.6 ± 5.6s) improved their performance in the water
maze test when compared to the Ket group (108.2 ± 5.2s, t-test,
t-Critical 1.6, p-value ˂0.000005). No significant difference
was calculated between control, Epo and Epo-treated Ketadministered groups.
Figure 3B shows that there were no significant differences
in the speed of swimming in the pool between the groups
(ANOVA test, p˃0.05, F= 0.8136, F crit= 1.411). This implies
that the changes in latency to reach the hidden platform was not
due to swimming speed differences but rather to learning and
memory capabilities.
Moreover, in the probe experiment (Figure 4), the
percentage of time spent in the disc zone was more than 25% of
the trial duration, which is more than what would be expected
by chance. The time spent in the disc zone by the Ket group
(24.92 ± 3.89) was significantly less than the control (45.2 ±
5.15s, t test, p value <0.05, t critical 1.6) and Epo groups (39.23
± 4.90s t test, p value < 0.05, t critical 1.6). However, treatment
of the Ket-administered animals with EPO (38.39 ± 5.59)
enhanced their performance and their time spent in the disc zone
is not significantly different from control (t test, p-value > 0.05, t
critical 1.6) and Epo groups (t test, p-value > 0.05, t critical 1.6).

A

A
Figure 3. Morris water maze test used to assess cognitive function of the control,
erythropoietin, ketamine, and erythropoietin-treated ketamine administered
groups. (A) Time to reach the platform. (B) Velocity of swimming.

Three chambers test: Effect on Sociability and Preference
for Social Novelty in Ketamine administered alone and in
Erythropoietin-treated ketamine-administered mice
In the three chambers test, the control group displayed
normal sociability by favoring to be in the chamber with another
mouse rather than being alone in the empty chamber (315.4 ±
17.9s versus 217 ± 22.4s, respectively). They also exhibited a
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Figure 4. Percentage of time spent in the disc zone. ket (24.92 ± 3.89) showed
significant decrease in time spent in disc zone in comparison with other groups.
(cont 45.24 ± 5.15, Epo 39.23 ± 4.9, Ket+Epo 38.39 ± 5.59).
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normal preference for social novelty by spending more time in
the chamber containing the novel mouse than with the socially
familiar mouse (347 ± 38.1s versus 184.8 ± 29.5s, respectively).
This behavior was also recorded in the Epo group (Figure 5A).
However, the Ket group animals spent significantly more
time in the empty chamber when compared to the time spent
in chamber containing the mouse (244.38 ± 42.6 in empty
chamber, and 108.8 ± 41.7 in the chamber with another mouse,
t-test; p˂0.05).
The Epo-treated Ket-administered mice showed almost
equal time spent in both chambers (154 ± 51s with another
mouse, and 150.8 ± 43.5s in empty chamber).
On the other hand, test of preference for social novelty in the
Ket administered group showed a tendency preference (although
not statistically significant) to the old mouse rather than the new
mouse (278.4 ± 62.2s versus 195 ± 45.6s respectively, t-test;
p˃0.05) in comparison to the control group, which showed
preference to spend time with the new mouse, as mentioned
previously. Furthermore, the Epo-treated Ket-administered mice
spent more time with the new mouse (220.5 ± 22.7s) instead
of the old (209.5 ± 28.1s), showing improvement in preference
for social novelty in contrast to Ket administered mice group
(Figure 5B).

Discussion
Many studies were concerned with memory and learning
observed in mice model of schizophrenia. Of which, impairment
in hippocampal-dependent cognition and long-term memory
was found in Ket mice model of schizophrenia [24-27].
N-methyl-D-Aspartate receptor (NMDAR) blockade resulted
in cognitive and behavioral impairment [24], as well as subanaesthetic Ket induced impairment in all aspects of episodic-

like memory formation [26] in addition to deficits in attention,
working, and long-term memory [25]. Conversely, different
opinion illustrated that Ket exposure in neonatal rats did not
affect their adulthood’s spatial memory. However, exposure to
Ket for 3 days and intraperitoneal injection of Ket resulted in
long-term memory dysfunction and decline in spatial memory
ability, respectively [28]. Our study’s results support the
findings shown in most of the previous studies, for which the
mice showed a decline in memory function after administration
of intra-peritoneal Ket. This was represented as an increase in
time required by the mice to find the platform after repetitive
trials in the Morris Water-maze test. Furthermore, the mice spent
less amount of time in the disc zone during the probe test, which
also demonstrates memory deficit in the Ket-administered mice.
In addition, no significant difference in swimming velocity was
recorded between the groups. This implies that any differences
in latency to reach the hidden platform were not because of
differences in the swimming velocity but rather to the processes
of learning and memory.
Recently, it has been reported that Epo is expressed in the
nervous system and found to enhance hippocampal long-term
potentiation and memory. Studies concluded that a certain
amount of Epo is required to improve cognitive performance
[29]. Moreover, Epo has shown significant improvement in
recovery of memory function and brain plasticity when brain
ischemia was induced [30]. However, our results showed that
when administered to healthy mice subjects, Epo showed no
significant enhancement in learning and memory. Results
from this study further demonstrated that Epo-treated Ketadministered mice spent less time to find the platform and more
time in the disc zone in comparison to Ket administered mice
group. This suggests that Epo given to mice simultaneously
with Ket exhibits preservation of memory function, which

Figure 5. Assessment of Sociability and Preference for Social Novelty by the Three-Chambers test. (A) Sociability expressed as seconds spent in the empty chamber
alone, in comparison to time spent in chamber with another mouse for all groups. (B) Preference for Social novelty expressed as seconds spent with old mouse
(stranger 1) versus with new mouse (stranger 2). All groups of mice showed normal sociability except for Ket group, which showed significantly higher preference to
stay in the empty chamber. Test of preference for social novelty in the Ket-administered group showed a tendency preference to the old mouse rather than the new,
compared to the control group and Ket+Epo, which showed social preference for the new mouse.
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would have been deteriorated if Ket was to be given alone,
indicating that Epo could be protective against schizophrenic
like behavior. This presented a similar finding in a study
where memory impairment was induced by scopolamine and
intracerebroventricular streptozotocin, following which the
mice were injected with Epo, and an enhancement in memory
and cognitive function was noted [31].

learning and memory and profound anti-anxiety behavior. Ket
administered mice whom have been treated with Epo exhibited
almost normal results regarding memory and learning, social
preference and novelty, along with restoring normal anxietylike behavior in comparison with Ket-administered alone. This
supports our hypothesis that Epo has neuroprotective properties
against schizophrenic-like behavior induced by Ket.

In relation to studying anxiety related behavior in
schizophrenic model mice, our research established that Ket has
an antianxiety influence, in opposition to other studies that stated
that Ket has no effect on anxiety behavior [32,33]. Furthermore,
when elevated plus maze test was performed on Epo given alone
mice, the results showed no improvement from the control group.
Likewise, different studies supported this findings, for which
Epo did not have any effect in treating or reversing anxiety like
behavior in normal mice model, in addition to preserving normal
fear and protecting fear conditioning performances [34,35]. Our
results also showed that when given to Ket-administered mice,
Epo was found to be responsible for preserving normal anxiety
behavior, which shared a similar result in a study that used a
stressor as an insult [36].
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