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Abstract 

Lately there is an increased interest in understanding the possible relevance of oxytocin administration in the schizophrenic 
pathology. Also, currently in the literature there are models of schizophrenia, such as the one based on methionine administration, 
capable of replicating both positive and negative specific symptoms of schizophrenia, as well as the cognitive deficits from 
this disorder, which are believed to affect up to 75% of patients diagnosed with schizophrenia. In this context, in the present 
paper we were interested in preliminary revealing the effects of intraperitoneally oxytocin administration for 9 days, in a new 
approach, in a rat model of schizophrenia generated by administration of methionine for 2 weeks, on the memory and anxiety 
deficits induced by methionine administration (as studied in Y maze and elevated plus maze tasks), as well as on the oxidative 
stress markers (two antioxidant enzymes: superoxide dismutase-SOD and glutathione peroxidase-GPX, and the lipid peroxidation 
biomarker, malondialdehyde-MDA) from the temporal lobe. Our results showed some ameliorative effects of oxytocin 
administration on the immediate spatial memory (increased spontaneous alternation in Y maze) and anxiety-induced deficits 
(oxytocin increased the time spent in the open arms of the elevated plus maze) generated by the methionine-induced rat 
model of schizophrenia. Even more, oxytocin administration exerted some antioxidant effects in this model, as demonstrated by 
increased specific activity of GPX and reduced levels of MDA from the temporal lobe in the methionine + oxytocin group, as 
compared to the methionine group of rats. However, no significant modifications in SOD specific activity were found. This 
could have further relevance for the mechanistic behind the administration of oxytocin in the schizophrenia pathophysiology. 
 
Rezumat 

În ultimul timp există un interes crescut în ceea ce privește posibila relevanță a administrării de oxitocină în patologia schizo-
frenică. De asemenea, la ora actuală în literatură se cunosc modele animale de schizofrenie, cum ar fi modelul bazat pe administrarea 
de metionină, prin care se pot reproduce simptomele pozitive și negative specifice schizofreniei, precum și deficitele 
cognitive ale acestei tulburări, despre care se cunoaște că afectează până la 75% dintre pacienții diagnosticați cu schizofrenie. 
În acest context, în lucrarea de față am realizat o evaluare preliminară a efectelor administrării intraperitoneale de oxitocină 
timp de 9 zile printr-o abordare nouă, pe un model de schizofrenie la șobolan generat prin injectarea de metionină timp de 2 
săptămâni. Au fost urmărite modificările parametrilor de memorie și anxietate induse prin administrarea de metionină 
(studiate în testul labirintului Y și labirintului elevated-plus), precum și dinamica biomarkerilor de stres oxidativ (două 
enzime antioxidante: superoxid dismutaza-SOD și glutation-peroxidaza-GPX, precum și un biomarker de peroxidare lipidică, 
malondialdehida-MDA) la nivelul lobului temporal. Rezultatele obținute scot în evidență o serie de efecte ameliorative ale 
administrării oxitocinei asupra memoriei spațiale imediate (prin creșterea indicelui de alternanța spontană în labirintul Y) și 
asupra stărilor de anxietate (creșterea timpului petrecut în brațele deschise ale labirintului elevated-plus), generate în urma 
tratamentului cu metionină. Mai mult, administrarea de oxitocină a exercitat anumite efecte antioxidante la acest model, 
aspect demonstrat prin creșterea activității specifice a GPX și reducerea nivelului de MDA din lobul temporal la grupul tratat 
cu oxitocină. Pe de altă parte, nu s-au găsit modificări semnificative ale activității specific a SOD. Aceste rezultate ar putea 
avea o relevanță deosebită în elucidarea căilor specifice de acțiune ale oxitocinei în patofiziologia schizofreniei. 
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Introduction 

Currently there is an increased interest in generating 
and studying rodent models of neuropsychiatric 

disorders, as well as preliminary testing in these 
models the variety of new drugs proposed as possible 
treatments. Thus, most of these rat models are 
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based on various genetic manipulations [1], 
neurosurgery methods [2], behavioural [3] and 
pharmacological alterations [4]. 
Regarding schizophrenia, the most important rodent 
models are generated by the administration of ketamine, 
phencyclidine or methionine. Still, it is virtually 
impossible to perfectly replicate in rodents or any 
other animal model the complex human schizophrenic 
symptomatology (a fact which is also available for 
all the other neuropsychiatric disorders mentioned 
above), mainly characterized by strong gross distortion 
from reality, on the level of thinking, feeling and 
general behaviour [5]. 
However, the use of these rat models has a clear list 
of advantages, including the fact that they are easy 
to obtain, maintain and handle, with increased 
reproductive rates, and exhibiting in the same time 
most of the general physiological and anatomical 
similarities to humans [6]. 
In fact, currently, to our knowledge, there are 3 main 
reviews in the literature describing the animal models 
of schizophrenia. In the Marcotte study [7], the authors 
are only describing the pharmacological methods 
(based on the manipulation of the main neuro-
transmitters implicated such dopamine, glutamate, 
serotonin or GABA) and the lesioning models, related 
to the neurodegenerative part of schizophrenia (e.g. 
prefrontal cortex or intracerebroventricular kainic 
acid administration) vs. its neurodevelopmental nature 
(our group also recently published a report 
demonstrating a Purkinje cells pathology in schizo-
phrenia, though a morphometric approach [8]), while 
Jones et al., in a slightly more complex approach [9], 
described the neurodevelopmental models (mainly 
gestational methylazoxymethanol and post-weaning 
social isolation), the pharmacological ones (e.g. those 
related to the administration of amphetamines or N-
methyl-D-aspartate (NMDA) antagonists such as 
ketamine and especially phencyclidine), the lesioning 
models (in this case related to neonatal ventral 
hippocampal area) or the genetic ones (those related to 
disrupted in schizophrenia 1 (DISC1) gene, neuregulin, 
dysbindin or reelin). In addition, the Wilson report 
[10] is summarizing all these aforementioned aspects, 
focusing also on the most important 3 requirements 
for a good animal model, represented by the face 
validity (the closeness to the human symptoms), the 
construct validity (replicating more or less the same 
mechanistic of schizophrenia) and finally the 
predictive validity (response to treatments used in 
human patients for that specific disorder – in this 
case the antipsychotics) [10, 11]. 
What is important to mention in the context of our 
present paper is the fact that in 2015 the Wang 
group [12] described a very simple and reliable 
rodent model of schizophrenia, based on methionine 
administration (the classical essential amino acid), 
which they reported that could actually replicate in 

a very complex and integrated manner 3 
fundamental symptoms of schizophrenia: the 
positive symptoms, the negative ones, as well as the 
cognitive deficits associated with this disorder, as it 
is lately believed that around 75% of patients 
diagnosed with schizophrenia are showing 
significant cognitive impairments such as memory 
loss, affected attention, motor skills, decreased 
executive function and intelligence [13]. 
In this way, the aforementioned authors demonstrated 
that 7 days of methionine administration results in the 
aforementioned manifestation in mice, as demonstrated 
in specific rodent behavioural testing such as 
locomotion test chamber, 3-chambered social interaction 
test, forced swimming test, pre-pulse inhibition, novel 
object recognition, inhibitory avoidance or stereo-
typical behaviour determination [12]. 
Another important aspect in the schizophrenic 
pathology is represented by the modifications of the 
oxidative stress status, as our group also previously 
demonstrated in medicated patients with schizophrenia 
[14, 15] or by showing significant correlations between 
some main oxidative stress markers and specific 
scales for schizophrenia such as AIMS (Abnormal 
Involuntary Movement Scale) and PANSS (Positive 
and Negative Syndrome Scale) [16]. These aspects 
were also confirmed by other research groups [17, 
18], with additional reports describing the effects of 
some antioxidant extracts (e.g. Ginkgo biloba etc.) as 
an additive treatment in patients with schizophrenia 
[19, 20]. 
Regarding oxytocin, it is a molecule well known for 
its classical effects in parturition and lactation [21]. 
However, in the last couple of years there is an 
increased interest for understanding the effects of 
oxytocin in some neuropsychiatric manifestations 
which include a social component, such as autism [22], 
anxiety [23], depression [24, 25] and schizophrenia 
[26]. 
In fact, when it comes to the effects of oxytocin 
administration in schizophrenia, there are more than 
17 important papers in this area of research on 
Medline only between 2016 to 2017 [27-43], how-
ever with some controversial results describing for 
example either no evidence for a possible efficacy of 
intranasal oxytocin administration in the negative 
symptoms of schizophrenia or its associated cognitive 
deficits [27] or no effects at all on the so-called 
“jumping to conclusions” behaviour in schizophrenia 
[31], while other reports are stating that just one-
single dose of oxytocin (24 international units-IU) 
nasal spray could significantly improve higher-order 
cognition in the schizophrenic pathology [26]. Still, 
most of the studies and meta-analysis performed in the 
last 2 years are describing mixed effects of oxytocin 
administration in schizophrenia [29], such as an 
improvement in the high-level social cognition , but 
no effects on commune social cognition and neuro-



FARMACIA, 2018, Vol. 66, 3 

 423 

cognition in general [28] or additional meta-
analyses which are concluding that oxytocin could 
help in high-level social cognition, such as 
mentalizing and theory of mind-related manifestation, 
but with no effects on the low-level social cognition 
(e.g. cue perception) [30]. 
What is also very important in the context of the 
present paper is the fact that it was recently showed 
that there is an important correlation between the 
methylation of the specific oxytocin receptor and the 
cognitive deficits from the schizophrenic pathology 
[34]. 
Even more, the effects of oxytocin administration 
on the oxidative stress status are controversial, with 
reports stating its antioxidant and protective effects 
[44, 45], while other authors described clear pro-
oxidant actions for oxytocin [46]. 
In this context, in the present paper we were 
interested in assessing the preliminary effects of 
intraperitoneal oxytocin administration for 9 days, 
in a new approach, in a rat model of schizophrenia 
generated by the administration of methionine for 2 
weeks, on the memory and anxiety deficits induced 
by methionine administration (as studied in Y maze 
and elevated plus maze tasks), as well as on the 
oxidative stress biomarkers (two antioxidant 
enzymes: SOD (superoxide dismutase) and GPX 
(glutathione peroxidase), and the lipid peroxidation 
biomarker, MDA (malondialdehyde) from the 
temporal lobe, the most sensitive area of the brain to 
the modifications of the oxidative stress status [49]. 
 
Materials and Methods 

Animals 
Male Wistar (n = 21) rats, weighing 200 - 250 g at the 
beginning of the experiment, were kept in a room 
with controlled temperature (22°C) and a 12:12-h 
light/dark cycle (starting at 08:00 h), with food and 
water ad libitum and divided in 3 groups: control, 
methionine and methionine + oxytocin group (n = 7, 
for each group). 
The animals were treated in accordance with the 
guidelines of animal bioethics from the Act on Animal 
Experimentation and Animal Health and Welfare Act 
from Romania and all procedures were in compliance 
with the European Communities Council Directive 
of 24 November 1986 (86/609/EEC). Efforts were 
made to minimize animal suffering and to reduce 
the number of animals used. 
Experimental design 
The model of schizophrenia was induced in methionine 
and methionine + oxytocin group through the daily 
subcutaneous administration of methionine (Sigma, 
USA) for 2 weeks (5.2 mmol/kg body weight (bw)). 
After that, oxytocin was intraperitoneally injected 
in the methionine + oxytocin group in a dose of 10 

mg/kg bw for 9 consecutive days. The control 
group received 0.9% saline throughout the study. 
All the drug solutions were freshly prepared before 
use and dissolved in saline (0.9% NaCl) a few 
minutes before the injection. 
The oxytocin treatment began 7 days before the 
behavioural testing. Memory functions were tested 
through Y-maze, while anxiety was evaluated by 
elevated plus maze, both performed during the last 2 
days of treatment (8th and 9th day, respectively).  
In the testing days, oxytocin was given 15 min before 
performing the behavioural tests. 
The aforementioned dosages, the duration of treatment 
and time of administration before testing were selected 
using our pilot studies and previously published reports 
regarding animal models of schizophrenia [12, 47, 48] 
and oxytocin half-life [41, 44]. 
Behavioural tasks 
Y-maze task. Short-term memory was assessed by 
spontaneous alternation behaviour in the Y-maze 
task. The Y-maze used in the present study consisted 
of three arms (35 cm long, 25 cm high and 10 cm 
wide) and an equilateral triangular central area. The 
rat was placed at the end of one arm and allowed to 
move freely through the maze for 8 min. An arm 
entry was counted when the hind paws of the rat 
were completely within the arm. Also, the maze was 
cleaned with alcohol-free disinfectant wipes between 
each trial. Spontaneous alternation behaviour was 
defined as the entry into all three arms on consecutive 
choices. The number of maximum spontaneous 
alternation behaviours was calculated as the total 
number of arms entered minus 2 and the percentage 
of spontaneous alternation was calculated as: 
(actual alternations/maximum alternations) × 100. 
Spontaneous alternation behaviour is considered to 
reflect the spatial working memory, which is a form 
of short-term memory [50]. 
Elevated plus maze. The elevated plus maze (Coulbourn 
Instruments) consists of four arms, 49 cm long and 
10 cm wide, elevated 50 cm off the ground. Two arms 
were enclosed by walls 30 cm high and the other 
two arms were exposed. Rats were placed at the 
juncture of the open and closed arms and the amount 
of time spent on the open arms was recorded during 
a 5-min test. Time spent on the open arms is 
considered to be an index of anxiety [51]. 
Tissue collection. After behavioural tests, all rats 
were anesthetized, rapidly decapitated and whole 
brains were removed. The temporal lobes were 
collected. Each of the temporal tissue samples was 
weighed and homogenized with a Potter Homogenizer 
coupled with Cole Parmer Servodyne Mixer in 
bidistiled water (1 g tissue/10 mL bidistiled water). 
Samples were centrifuged 15 min at 3000 rpm. 
Following centrifugation, the supernatant was separated 
and pipetted into tubes [52]. 
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Biochemical evaluations 
Determination of superoxide dismutase. Superoxide 
dismutase activity was measured by the percentage 
of reaction inhibition rate of enzyme with WST-1 
substrate (a water soluble tetrazolium dye) and 
xanthine oxidase using a SOD Assay Kit (Fluka, 
USA) according to the manufacturer's instructions. 
Each endpoint assay was monitored by absorbance 
at 450 nm (the absorbance wavelength for the 
coloured product of WST-1 reaction with superoxide) 
after 20 min of reaction time at 37°C. The 
percentual inhibition was presented as SOD activity 
units. 
Determination of glutathione peroxidase. Glutathione 
peroxidase activity was measured using the GPX 
cellular activity assay kit CGP-1 (Sigma Chemicals, 
USA). This kit uses an indirect method, based on 
the oxidation of glutathione (GSH) to oxidized 
glutathione (GSSG) catalysed by GPX, which is 
then coupled with recycling GSSG back to GSH 
utilizing glutathione reductase (GR) and NADPH. 
The decrease in NADPH at 340 nm during oxidation 
of NADPH to NADP is indicating the GPX activity. 
Determination of malondialdehyde. Malondialdehyde 
(MDA) levels were determined by thiobarbituric 
acid reactive substances (TBARs) assay. 200 µL of 
supernatant was added and briefly mixed with 1 mL 
of trichloroacetic acid at 50%, 0.9 mL of Tris–HCl 
(pH 7.4) and 1 mL of thiobarbituric acid 0.73%. After 
vortex mixing, samples were maintained at 100°C 
for 20 min. Afterwards, samples were centrifuged at 
3000 rpm for 10 min and supernatant read at 532 nm. 
The signal was read against an MDA standard curve 
and the results were expressed as nmol/mg protein 
[53]. 
Data analysis 
The animals' behaviour in Y maze (as expressed 
through spontaneous alternation and number of arm 
entries) and elevated plus maze (as expressed through 
the time in the open-arms) and the levels of oxidative 
stress markers (SOD, GPX and MDA) were statistically 
analysed by using one-way analysis of variance 
(ANOVA). All results are expressed as mean ± SEM. 
Post hoc analysis was performed using Tukey's 
honestly significant difference test in order to compare 
groups. p < 0.05 was considered statistically 
significant. 
 
Results and Discussion 

Regarding the results in the Y maze behavioural 
test, as a marker of immediate spatial memory (a 
hippocampal dependent test [54]) we could observe 
a significant decrease in the spontaneous alternation 
percentage in both methionine (p = 0.03) and 
methionine + oxytocin treated rats (p = 0.2), as 
compared to the controls (Figure 1). 

Also, when we applied the post hoc analysis we 
could observe a significant increase of the spontaneous 
alternation in the oxytocin treated rats, as compared 
to those receiving only methionine (p = 0.04) 
(Figure 1). 

 

 
Figure 1. 

The effects of methionine-induced rat model of 
schizophrenia and oxytocin administration on the 
spontaneous alternation percentage in the Y-maze 

task. *p < 0.05 vs. control; post-hoc analysis - a 
(methionine vs. methionine + oxytocin): p = 0.04. 

 
Moreover, the number of arm entries was not 
significantly modified between the research groups 
(p > 0.05), suggesting that the aforementioned 
spontaneous alternation result could be attributed to 
some immediate spatial memory deficits (Figure 2). 

 

 
Figure 2. 

The effects of methionine-induced rat model of 
schizophrenia and oxytocin administration on the 

number of arm entries in the Y-maze task.  
 
In addition, our data showed that methionine resulted 
in a significant decrease of the time spent by the 
rats with this model of schizophrenia in the open 
arms of the elevated plus maze, in both methionine 
(p = 0.02) and methionine + oxytocin (p = 0.03) 
groups, suggesting some anxiogenic effects [55] 
(Figure 3). 
Still, the intraperitoneal administration of oxytocin 
improved the time spent by the rats in the open 
arms of the elevated plus maze (p = 0.03), as 
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compared to those which received methionine only, 
as showed by the post-hoc analysis (Figure 3). 

 

 
Figure 3. 

The effects of methionine-induced rat model of 
schizophrenia and oxytocin administration on the 
time spent in the open-arms of the elevated plus 
maze. *p < 0.05 vs. control; post-hoc analysis - b 
(methionine vs. methionine + oxytocin): p = 0.03. 

 
Regarding the oxidative stress parameters we focused 
on determining 3 main biomarkers of the oxidative 
stress status: two antioxidant enzymes (SOD and 
GPX) and the lipid peroxidation biomarker (MDA) 
from the temporal lobe, the most sensitive brain 
area to the effects of the oxidative stress 
metabolism [49]. 
Thus, when it comes to the first antioxidant enzyme in 
the way of the free radicals, SOD [56], we could not 
determine any significant modification between our 
3 research groups on its inhibition rate percentage 
(p > 0.05), as it can be seen in the Figure 4. 

 

 
Figure 4. 

The effects of methionine-induced rat model of 
schizophrenia and oxytocin administration on the 

superoxide dismutase (SOD) inhibition rate (%) in the 
temporal lobe.  

 
However, in the case of the second antioxidant 
enzyme we determined, GPX, we could observe a 
significant increase in its enzymatic activity in the 
case of oxytocin administration, as compared to the 
controls (p = 0.03) (Figure 5). 

In addition, post-hoc analysis demonstrated a significant 
difference also between oxytocin treated rats and 
those receiving only methionine (p = 0.04) (Figure 5). 

 

 
Figure 5. 

The effects of methionine-induced rat model of 
schizophrenia and oxytocin administration on the 

glutathione peroxidase (GPX) specific activity in the 
temporal lobe. *p = 0.03 vs. control; post-hoc 

analysis - a (methionine vs. methionine + oxytocin): 
p = 0.04. 

 
Regarding the MDA levels, our data demonstrated 
only a significant increase in MDA activity in the 
oxytocin group, when compared to the controls (p = 
0.03) (Figure 6). 
Even more important is the fact that oxytocin did 
significantly decrease the MDA levels from the 
temporal lobe, when compared to the methionine 
group (p = 0.04), as suggested by the post-hoc 
analysis (Figure 6). 

 

 
Figure 6. 

The effects of methionine-induced rat model of 
schizophrenia and oxytocin administration on the 

malondialdehyde (MDA) concentration in the 
temporal lobe. *p = 0.03 vs. control; post-hoc 

analysis - b (methionine vs. methionine + 
oxytocin): p = 0.04. 

 
In this paper we demonstrated some ameliorative 
effects of intraperitoneally oxytocin administration 
for 9 days on the immediate spatial memory and 
anxiety-induced deficits generated in the Y maze 
and elevated plus maze by a methionine-induced rat 
model of schizophrenia. 
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Even more, oxytocin administration exerted some 
antioxidant effects in this model, as demonstrated 
by increased specific activity of GPX and reduced 
levels of MDA from the temporal lobe in the 
methionine + oxytocin group, as compared to the 
methionine administered rats. However, no significant 
modifications in SOD specific activity were found. 
As mentioned before, lately there is a lot of interest in 
understanding the relevance of oxytocin administration 
in schizophrenia. In this way, one of the first studies 
in this area was performed by the Guastella group 
in Sydney, Australia, which demonstrated that just 
one single dose of intranasal administrated oxytocin 
(24 IU) could increase higher-order social cognition in 
schizophrenia, as judged by specific tests for social 
cognition tasks and general neurocognition [26]. 
However, in august 2017, in a report which studied 
the possible influence of separately intranasal 
administration oxytocin and galantamine on the 
negative symptoms exhibited in the schizophrenic 
pathology and the associated cognitive impairments 
in 17 patients with schizophrenia, the Buchanan group 
clearly stated that there is absolutely no effect of 
oxytocin in these two directions [27]. 
Also, additional research groups showed for example 
that oxytocin administration (e.g. by using the intra-
nasal route) exerts no significant effects on other 
schizophrenic-related behaviours, such as “jumping 
to conclusions”-like manifestations, in a study 
performed on 43 medicated male schizophrenics 
and where the number of fewer draws to decisions 
was counted in relation to the aforementioned 
behaviours [31]. 
Still, most of the studies in this area of research are 
showing mixed effects, in which some features of 
the schizophrenic pathology seems to be ameliorated 
by oxytocin administration, while others do not 
suffer any significant modifications. For example, 
Wooley et al. [32] showed that oxytocin administration 
does not influence the feelings related to trust-
worthiness (as judged by specific video-analysis in 33 
patients with schizophrenia), but instead it increases 
the facial expressivity in these patients [32]. In the 
same way, other studies [37] showed that intranasal 
oxytocin administration increases the scores in specific 
scales such as Mayer-Salovey-Caruso Emotional 
Intelligence Test, but does not influence implicit 
priming and the so-called “theory of mind” abilities 
in 31 tested patients with schizophrenia [37]. 
Still, one review paper [29] and 3 meta-analysis 
[28, 30, 35] published in the last year on this topic 
showed rather negative results, with only one of 
them stating some positive effects on general social-
cognition and neuro-cognition [28] and the other 
two meta-analysis stating clearly that “intranasal 
oxytocin is not an effective therapy for 
schizophrenia” [35] or that it exerts no significant 
effects on expression of emotions in most of the 

clinical populations also including other disorders 
besides schizophrenia [30]. 
All these contradictory results could be mainly 
explained by the incompletely understood complexity 
of the oxytocinergic system in the body, the variety 
of behaviours, methods and scales used in these 
studies, the different symptoms assessed, the different 
species used sometimes or the route used for the 
oxytocin administration (e.g. peripheral vs. intranasal 
one), as well as the different ways to administrate 
oxytocin intranasal, if this way of administration is 
used [57]. 
There are also evidences suggesting that the 
dysfunctions in the oxytocin system could be also 
related to the metabolic deficiencies which are 
encountered in more than 30% of the patients with 
schizophrenia [33]. 
Also, mechanistically speaking, there are reports 
stating a possible correlation between the oxytocin 
receptor methylation and cognitive functions in 
patients with schizophrenia, psychotic or schizo-
affective disorders [34], while other demonstrated a 
decreased gene expression for the oxytocin receptor 
gene and its binding sites in several specific brain 
regions of the schizophrenic patients, such as the 
temporal cortex or the vermis [39]. 
Another issue regarding the oxytocin administration 
is referring to its very low half-life, as there are 
studies demonstrating for example that 3 weeks of 
chronic intranasal administration (twice a day in a 
dose of 20 IU) did not result in any modifications 
of plasma oxytocin concentrations in patients with 
schizophrenia or any significant improvements of 
some of their negative symptoms [41]. Even more, in 
a study which involved 4 months of daily oxytocin 
administration (in a dose of 40 IU) in patients with 
schizophrenia, there were still no significant 
modifications detected in the plasma levels of 
oxytocin, as compared to placebo group [43]. 
The relevance of oxytocin in the social context was 
also studied in the zebrafish, considering the importance 
of such behaviour in this species, [58-60], with a 
study clearly demonstrating that oxytocin is rescuing 
the social deficits induced by MK-801, which is a 
NMDA receptor antagonist [38]. Even more, the same 
group showed that the administration of carbetocin 
(an oxytocin receptor agonist) is also rescuing both 
the social and aggressive deficits induced by MK-
801 [38]. 
Regarding the results we obtained in the present 
study, we reported here a significant decrease of 
immediate working memory in Y maze (e.g. affected 
spontaneous alternation), which was attenuated by 
the oxytocin administration, while in the elevated 
plus maze oxytocin also rescued some anxiety-like 
deficits related to a decreased time spent by the rats 
in the open arms of the maze. 
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Thus, as we mentioned above, when it comes to the 
memory deficits in schizophrenia, this could be a 
quite common manifestation, as general cognitive 
problems are reported in around three quarters of 
patients with schizophrenia (with deficits ranging 
from decreased memory and attention to affected 
executive functions and intelligence) [13]. However, 
there are still controversies in this area of research 
also, with some groups demonstrating that methionine 
administration (100 mg/kg bw) could increase brain-
derived neurotrophic factor (BDNF) DNA methylation 
and improve in the same time the memory processes 
in a kaininc-acid induced model of epilepsy in rats 
[61]. 
Still, in the paper of Wang et al., describing the 
methionine-induced rat model of schizophrenia [12], 
the authors reported less exploration of the novel 
object in the specific behavioural task, combined 
with deficits in the inhibitory avoidance acquisition, 
while it is also known that methionine-induced 
hyperhomocysteinemia could represent an important 
mechanistically aspect in disorders such as schizophrenia, 
but also in Alzheimer’s disease, depression and 
bipolar disorder [62]. 
As mentioned, we also demonstrated here significant 
deficits in the immediate spatial memory, as studied 
in the Y maze task (e.g. a significant decrease of 
spontaneous alternation in the methionine group, as 
compared to the control rats). 
Also, according to our best of knowledge, there is no 
other study in the literature on the effects exerted by 
this methionine-induced rat model of schizophrenia 
on memory, except for our previous preliminary 
reports on this matter [47, 48]. 
Regarding the anxiety manifestations in schizophrenia 
and in particular in our methionine-rat model of 
schizophrenia, things are also uncertain, with the 
previous report of Wang et al. describing no effects 
on anxiety, as studied in open field test [12]. 
However, we did found in the present report some 
increased anxiety manifestation in this methionine-
rat model of schizophrenia, as showed for example 
by the reduced time spent in the open arms of the 
elevated plus maze task. We should also mention 
that most of the recent studies in this area are 
acknowledging that almost 65% of the patients with 
schizophrenia are exhibiting anxiety-related 
manifestations [63, 64]. 
As mentioned, the Wang study [12] is presenting 
some phenotypic cognitive deficits, especially at the 
level of novel object recognition test, where some 
deficits in discriminating from new and old object 
were observed, while in the inhibitory avoidance 
assay, there was a significant decrease for the latency 
to enter in the dark room, 48 hours after training. 
Also, the positive symptoms of this methionine-rat 
model of schizophrenia were replicated through the 
hyperactive locomotor behaviour and the stereotypic 

manifestations, while the negative one were represented 
by decreased sociability in the 3 chambered test. Also, 
no effects on pain-related behaviour were reported 
[13, 65]. 
In addition, according to our best of knowledge, this 
is also the first time in the literature when the 
oxidative stress status is assessed in this methionine-
rat model of schizophrenia, except from our previous 
short communications in this matter [69]. 
Thus, when it comes to the effects of methionine on 
the oxidative stress status, most of the results are 
also controversial, with reports about both its pro-
oxidant [66, 68] and antioxidant effects [67, 70, 71]. 
In this way, only a 2% supplemented methionine-diet 
in rabbits is resulting in increased oxidative stress 
status, as judged by the modifications of some specific 
parameters such as MDA, homocysteine or diene 
conjugate from the serum, heart or aorta [66]. Also, 
pro-oxidant effects of methionine were demonstrated 
as a result an 80% dietary restriction of methionine, 
which generated a decreased oxidative stress status, 
as demonstrated by determining some main oxidative 
stress parameters (e.g. glutathione concentration, GPX, 
8-hydroxydeoxyguanosine or 8-isoprostane) from 
the brain, blood, liver and kidney [68]. However, no 
significant modifications of SOD specific activity 
were found in this study [68], probably considering 
that this is the first enzyme in the way of the 
reactive oxygen species, suffering compensatory 
modifications [56]. Even more, it is believed that 
this methionine dietary-restriction could delay the 
process of aging [68], considering the oxidative 
stress theory of aging [72, 73]. 
On the opposite, there are authors clearly stating the 
antioxidant actions for methionine, which is described 
as a “scavenger” by the Cambell group [67], with 
some indirect effects caused by NADPH altered 
activity. Even more, Luo et al. considered that 
methionine could act as a “molecular bodyguard”, by 
protecting the tryptophan residue [70]. In addition, 
the results of the aforementioned Cambell study 
[67] were also confirmed by Eriksson et al., which 
proved that methionine could protect from the 
increased oxidative stress status by offering an 
alternative to the classical NADPH reducing way 
[71]. 
However, our results showed there is no significant 
modification of SOD and GPX activities, as well as for 
MDA concentrations from the temporal lobe. 
As also mentioned before, oxytocin administration 
is known for generating controversial effects on the 
oxidative stress metabolism, with studies demonstrating 
antioxidant actions on the renal level [44, 74], as 
well as protective effects against nitric oxide (e.g. 
nitrosative stress [77]) and cytokine production [75] 
or attenuating NADPH-dependent superoxide activity 
and interleukin 6 secretion [76], while on the other 
side reports clearly stating its prooxidant actions [46]. 
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Still, when it comes to the oxytocin effects on the 
oxidative stress status, we demonstrated in the present 
report some antioxidant effects of 10 mg/kg bw i.p. 
oxytocin, administrated for 9 consecutive days in a 
methionine-induced rat model of schizophrenia, 
considering that GPX specific activity from the 
temporal lobe was significantly increased and the 
MDA concentration was decreased in the methionine + 
oxytocin group, when compared to methionine rats. 
However, no significant modifications were found 
for SOD specific activity, probably as a result of 
some compensatory mechanisms. 
We should also mention, as a limitation of our 
study, that we administered oxytocin intraperitoneally. 
However, our new approach of administrating oxytocin 
and the general efforts to understand the peripheral 
oxytocinergic effects [41] could be justified by the 
very recent debate about a better understanding of 
oxytocin-related mechanisms, as well as the fact 
that central and peripheral oxytocin concentrations 
could be actually related to oxytocin administration 
[79]. Also, an important aspect in this matter is 
represented by the fact that several other authors 
previously demonstrated effects exerted by peripheral 
oxytocin administration on social behaviour, anxiety 
and the cognitive functions [80-84]. 
 
Conclusions 

The present paper demonstrates some ameliorative 
effects of oxytocin administration on the immediate 
spatial memory (increased spontaneous alternation 
in Y maze) and anxiety-induced deficits (oxytocin 
increased the time spent in the open arms of the 
elevated plus maze) generated by the methionine-
induced rat model of schizophrenia. Even more, 
oxytocin administration exerted some antioxidant 
effects in this model, as demonstrated by increased 
specific activity of GPX and reduced levels of 
MDA from the temporal lobe in the methionine + 
oxytocin group, as compared to the methionine 
group of rats. However, no significant 
modifications in SOD specific activity were found. 
This could have further relevance for the reason 
behind the possible administration of oxytocin in 
the schizophrenia pathophysiology. 
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