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ABSTRACT
Studies have shown that schizophrenic patients seem to have nutritional deficiencies. Ascorbic acid (AA) 
has an important antioxidant effect and neuromodulatory properties. The aim of this study was to evaluate 
the effects of AA on locomotor activity and the acetylcholinesterase activity (AChE) in an animal model of  
schizophrenia (SZ). Rats were supplemented with AA (0.1, 1, or 10 mg/kg), or water for 14 days (gavage). 
Between the 9th and 15th days, the animals received Ketamine (Ket) (25 mg/kg) or saline (i.p). After the 
last administration (30 min) rats were subjected to the behavioral test. Brain structures were dissected 
for biochemical analysis. There was a significant increase in the locomotor activity in Ket treated. AA 
prevented the hyperlocomotion induced by ket. Ket also showed an increase of AChE activity within 
the prefrontal cortex and striatum prevented by AA. Our data indicates an effect for AA in preventing 
alterations induced by Ket in an animal model of SZ, suggesting that it may be an adjuvant approach for 
the development of new therapeutic strategies within this psychiatric disorder. 
Key words: Schizophrenia, ascorbic acid, ketamine, hyperlocomotion, Acetylcholinesterase.
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INTRODUCTION

Schizophrenia (SZ) is a chronic and debilitating 
neuropsychiatric disorder, considered to be a major 
cause of chronic disability which affects about 1% 
of the worldwide population (Javitt 2010, Boison et 
al. 2012). The World Health Organization (WHO) 
reports seven new cases per year for every 10.000 
inhabitants, with the incidence in males (5.7 cases) 
being higher than in females (4.6 cases) (Mari and 
Leitão 2000). It usually occurs in the late teenage 

years or in early adulthood (Marsman et al. 2013), 
and even with few concrete results relating to the 
etiology and the underlying mechanisms of the 
disorder, the current literature indicates that its 
development is related to prenatal exposure and / or 
perinatally to various environmental insults. These 
include maternal exposure to stress, infection and/
or immune activation, nutritional deficiencies and 
other obstetric complications (Baguelin-Pinaud et 
al. 2010, Meyer and Feldon 2010), the presence of 
genes which can increase the susceptibility to the 
disorder in conjunction with environmental factors 
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and changes in brain development (Ayhan et al. 
2010, Nagai et al. 2011). 

The symptoms of SZ are divided into three 
categories: positive symptoms (e.g. occurrences 
of psychosis, delirium, hallucinations and 
disorganized thoughts); negative symptoms (e.g. 
social and emotional isolation, affective blunting 
and anhedonia) and cognitive deficits (e.g. 
working memory, disorganization, disorientation 
and lack of attention) (Bowie and Harvey 2006). 
Schizophrenic patients are often found to have 
cognitive dysfunctions which are related to changes 
in the cholinergic system. Acetylcholine (ACh) is a 
cholinergic neurotransmitter that is synthesized in 
the presynaptic neuron by choline acetyltransferase 
from the choline and acetyl-coenzyme A, and this 
neurotransmitter has a fundamental role in motor 
function, cognitive function and memory (Voss et al. 
2008). Acetylcholinesterase (AChE) is an enzyme 
that is important in controlling the transmission of 
nerve impulses through the cholinergic synapse, 
since it is responsible for the hydrolysis and 
inactivation of ACh to choline and acetate (Soreq 
and Seidman 2001). 

It has been observed that the prefrontal cortex, 
hippocampus and striatum of schizophrenic patients 
show reductions in the density of nicotinic alpha-7 
Ach receptors (Freedman 2003), and changes in 
the levels of Ach, which are both associated with 
the cognitive dysfunctions seen in SZ (Meltzer 
and McGurk 1999). This evidence indicates that 
schizophrenic patients present with an imbalance in 
the cholinergic system, such as reductions of ACh 
in their brain structures (Bencherif et al. 2012). 

Basic research in animals is a promising 
tool being used to gain a deeper understanding 
of this disorder, allowing researchers to evaluate 
and establish new strategies for its prevention, 
and helping to develop new pharmacologic 
therapies adjunct to the present treatments  (Meyer 
and Feldon 2010). Standing out amongst the 
pharmacological animal models of SZ are those 

which use the administration of non-competitive 
antagonists of glutamate receptors N-methyl 
d-aspartate (NMDA), such as ketamine (Ket) 
(Canever et al. 2010, De Oliveira et al. 2011). 
These are responsible for pore blockage within 
the NMDA channel, which prevents the influx of 
calcium and can induce a transient and reversible 
psychotic state, including the positive, negative 
and cognitive symptoms of SZ in healthy subjects 
(Mecheri et al. 2001). In rodents, these drugs also 
induce the characteristic behaviors seen in SZ, 
such as hyperactivity, stereotypy, changed social 
behavior and sensory or cognitive deficits (Lipska 
and Weinberger 2000). 

As well as the environmental and genetic 
factors, we should also take into account the act 
of feeding. Over the years, research has been 
conducted focusing on the nutritional status of 
schizophrenic patients, with high-impact studies 
paying particular attention to possible deficiencies 
in some vitamins. It is understood that patients 
with chronic SZ also have low levels of ascorbic 
acid (AA) (Milner 1963, Schorah et al. 1983). AA 
is a water soluble vitamin that is found in high 
concentrations within the central nervous system 
(CNS). It presents an antioxidant action and acts 
as an essential reducing agent for the activity of 
various enzymes. It is also involved in neuronal 
regulation, providing an essential action within the 
brain, while also playing a major role in neuronal 
regulation (Smythies 1996, 2000). The shortage of 
this vitamin in schizophrenic patients occurs as a 
metabolic response to the inflammatory aspects 
of the disease, increasing the clearance of AA and 
reducing plasma concentrations to undetectable 
levels in some cases (Rumelin et al. 2005).

Besides the pathological processes within the 
disorder which increase the metabolism of the 
vitamin (Reddy et al. 2003), these patients require 
careful attention, since studies have shown that they 
do not tend to consume fresh fruits and vegetables, 
and much of this population make use of cigarettes 
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(which also require a greater use of AA) (Naidu 
2003). The study by Subotkane et al. (1984) 
compared schizophrenic and non-schizophrenic 
patients consuming the same hospital diet. The 
results showed that the group suffering with SZ 
had significantly lower plasma levels of AA while 
fasting, and also showed an increased urinary 
excretion of AA after load testing with the vitamin. 
Even after four weeks of administrating AA (70 mg/
kg), urinary excretion remained altered in patients 
with the disorder. However, Sivrioglu et al. (2007) 
showed that supplementation with AA (1000 mg), 
vitamin E (400Ul) and omega-3 (180 mg EPA 
+ 120 mg DHA) in a group of 17 schizophrenic 
patients who were using haloperidol over a four 
month test period was beneficial towards both the 
positive and negative symptoms of SZ, as well as 
providing a sweetening of the side effects induced 
by haloperidol (Sivrioglu et al. 2007).

Creating improved resilience and neuronal 
plasticity will subsequently lead to cognitive and 
functional improvements which are extremely 
important in the treatment of SZ, resulting in a 
better quality of life for these patients. AA can 
be considered a new therapeutic approach for the 
treatment of this disorder, by helping to promote 
protection of the brain against oxidative damage 
and cellular alterations. Thus, the aim of this study 
was to evaluate the effects of AA supplementation 
on locomotor activity and the activity of the enzyme 
AChE in adult Wistar rats which had been subjected 
to an animal model of SZ induced by Ket.

MATERIALS AND METHODS

ANIMALS

Adult male Wistar rats with average weight 
between 250g to 300g were used in this study. 
The animals were obtained from the vivarium of 
Universidade do Extremo Sul Catarinense, and 
kept in cages with a 12 hour light/dark cycle. 
Food and water were available ad libitum, and 

the temperature was maintained at 22 ± 1°C. The 
animals’ health and diet acceptance were evaluated 
on a daily basis. The experiments were performed 
in the Neuroscience Laboratory at the Universidade 
do Extremo Sul Catarinense. All experimental 
procedures were performed in accordance with the 
International Recommendations for the Care and 
Use of Laboratory Animals, and also considering 
the recommendations for the use of animals outlined 
by the Brazilian Society of Neuroscience and 
Behavior (SBNeC). This project was implemented 
after approval by the Ethics Committee on Animal 
Use (CEUA) of the Universidade do Extremo Sul 
Catarinense (Protocol: 025/2013-2).

EXPERIMENTAL DESIGN  

A total of 96 animals aged at 60 days were used in 
this study. The animals were separated into groups 
of 12 rats, and then divided into 8 experimental 
groups: Water+saline (Sal); Water+ketamine 
(Ket); AA 0.1mg/kg+sal; AA 0.1mg/kg+ket; AA 
1mg/kg+sal; AA 1mg/kg+ket; AA 10mg/kg+sal; 
AA 10mg/kg+ket. The doses of AA used in this 
study were based on the work done by Binfaré et 
al. (2009). AA was dissolved in distilled water, and 
this solution, which was freshly prepared before 
each administration, was given orally (p.o) by 
gavage in three different doses, daily for 14 days. 
Ketamine was prepared in saline at a volume of 
1mL/100g (Becker and Grecksch 2004, Imre et 
al. 2006, Tomiya et al. 2006). Injections of Ket 
or Sal were administered by (i.p) between the 9th 
and 15th days of the experiment. After a period 
of 30 minutes from the last injection of Ket or 
Sal, the animals were subjected to the behavioral 
test (locomotor activity), and then killed by 
decapitation. The animal’s brain structures (the 
prefrontal cortex, hippocampus and striatum) were 
then carefully dissected for biochemical analysis of 
AChE activity.

Behavioral Test
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Locomotor activity was scored using an Activity 
Monitor (Insight Equipment Laboratory) to measure 
the behavioral changes in the animals which were 
induced by ketamine, and may have been prevented 
by AA. The animals were assessed 30 min after 
the last injection of ketamine. This activity was 
conducted in a 40x60cm enclosure made of acrylic, 
which is surrounded by walls approximately 50 cm 
in height. The monitor is surrounded by six parallel 
bars, each bar containing 16 infrared sensors that 
are able to detect the exact position and movements 
of the subject, so evaluating the detailed behavior 
of the animal under test. The animals were assessed 
for a period of 15 minutes (De Oliveira et al. 2009). 
The information detected by the sensors was then 
transmitted to a computer via the Open Source 
version of the Interbase 6:01 software (Activity 
Monitor - Insight Equipment Laboratory, Ribeirão 
Preto - São Paulo) for statistical analysis.

BIOCHEMICAL ANALYSIS

At the conclusion of the treatments, the animals 
were decapitated using a guillotine, and their brain 
structures (the prefrontal cortex, hippocampus and 
striatum) were carefully dissected for biochemical 
analysis of AChE enzymatic activity.	

PROTEIN DETERMINATION 

Protein was determined using the method of Lowry 
and colleagues (Lowry et al. 1951) where bovine 
serum albumin was used as a standard. All samples 
were analyzed in duplicate. 

AChE ACTIVITY

The activity of AChE is based on the production 
of thiocholine by the hydrolysis of ACh. This is 
accompanied by a continuous reaction as thiol ion 
5: 5-ditibis-2-nitrobenzoate (DTNB) produces the 
yellow colored anion 5-tol-2-nitro benzoic acid. 
The dissected brain tissue (the prefrontal cortex, 
striatum and hippocampus) was homogenized in 

phosphate buffer, 0.1 M pH. 8.0. Ach was added 
to the homogenate and the activity of DTNB was 
measured by taking absorbance readings every 
30 seconds over a period of two minutes at 25ºC. 
The colorimetric reaction was observed in a 
spectrophotometer at 412 nm (Ellman et al. 1961). 

STATISTICAL ANALYSIS

The programs used to perform the statistical 
analysis were the Statistics 7.0 and Graphpade 
Software packages, the latter of which was used to 
produce the graphics used in this report. Statistical 
analysis of the data was assessed using the Two-
way analysis of variance (ANOVA) test, followed 
by the post hoc Newman Kewls test when F was 
significant. The results were shown as the mean 
±SEM. Statistical significance was set at p <0.05.

RESULTS

BEHAVIORAL TEST

Figure 1 demonstrates the effect that the 
administration of AA had on locomotor activity in 
an animal model of SZ induced by Ket. Two-way 
ANOVA revealed a significant interaction between 
the variables: AA, Sal and Ket [F(3.68)=8.263; 
p<0.01]. There was a significant increase in the 
amount of locomotor activity in the animals that 
received Ket in comparison to the control group 
(Water+Sal) (p<0.05], indicating that Ket induces 
positive symptoms in an animal model of SZ. 
Supplementation of AA (0.1, 1 and 10 mg/kg) 
was able to prevent the hyperlocomotion induced 
by Ket (p<0.05). Additionally, AA alone did not 
manage to alter the behavioral results, indicating 
that the effects of AA seen in the animals treated 
with Ket were not associated with sedation. 

BIOCHEMICAL ANALYSIS

The activity of the AChE enzyme within the 
prefrontal cortex, hippocampus and striatum 
are described in Figure 2 (panel A, B and C, 
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respectively). Within the prefrontal cortex (Fig. 
2a), hippocampus (Fig. 2b) and striatum (Fig. 2c), 
the two-way ANOVA test revealed a significant 
interaction between the variables: AA, Sal and 
Ket: [F (3.22)=7.85, p<0.01], [F (3.29)=5.72, 
p<0.01] and [F (3.28)=5.23, p<0.01], respectively. 
Our findings show that Ket increased the activity 
of the AChE enzyme in the prefrontal cortex and 
striatum (p<0.01) when compared to the control 
group. Supplementation of AA (0.1, 1 and 10 mg/
kg) in association with Ket resulted in a significant 
decrease in the activity of AChE (p<0.01) in relation 
to the ket group in all of the brain structures analyzed 
in this study, preventing an increase in the amount 
of damage caused by Ket. According to Fig. 2b, no 
effect was observed for Ket (p=0.45) or any of dose 
of AA (0.1 mg/kg, p=0.51) and (1 mg/kg, p=0.63) 
on the levels of AChE activity in the hippocampus 
when compared to the control group, except for the 
results concerning AA supplementation (10 mg/kg, 
p<0.01), where AA was able to increase the activity 
of this enzyme.

DISCUSSION

It is known that there is a direct correlation between 
deficiencies in AA and SZ. The hypothesis that 
this vitamin may be involved in the etiology of 
the disorder is based upon clinical studies which 
suggest that AA can improve the symptoms of SZ 
and help to reduce the levels of oxidative damage, 

mainly due to its powerful antioxidant action 

(Milner 1963). Emphasizing the hypothesis that 
schizophrenic patients require higher levels of AA 
when compared to healthy people, and knowing 
that the diets of individuals with mental illnesses 
are often deficient in vitamins, this could further 
aggravate the brain functions of these individuals 

(Popper 2001). Moreover, Dadheech et al. (2006) 

Figure 1 - Locomotor activity. The effects of supplementation 
with AA (0.1, 1 and 10 mg/kg, p.o) on locomotor activity in 
an animal model of SZ induced by Ket (25 mg/kg, i.p). Data 
are expressed as mean ±SEM (N=10-12); * p<0.05 difference 
from Water+Sal (control group); # p<0.05 difference from 
Water+Ket group.

Figure 2 - Activity of the enzyme AchE. The effect of 
supplementation with AA (0.1, 1 to 10 mg/kg, p.o) on the 
activity of the enzyme AchE within different brain structures: 
panel a (prefrontal cortex); panel b (hippocampus) and panel 
c (striatum) in an animal model of SZ induced by Ket (25 mg/
kg, i.p). Data are expressed as mean ±SEM (N=5-6); * p <0.01 
difference from the Water+Sal (control group); # p <0.01 
difference from the Water+Ket group.
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depict that schizophrenic patients have a reduction 
in their levels of AA, D-tocopherol and glutamine 
when compared to normal individuals.

In view of the serious adverse effects, poor 
patient adherence to antipsychotics and the low 
efficacy of these drugs (Gilmer et al. 2004, Schultz 
et al. 2007), it is essential to develop new strategies 
to prevent and / or provide adjunctive therapies that 
can reduce the adverse effects of treatment which are 
common with antipsychotics (Arvindakshan et al. 
2003), such as weight gain, hypercholesterolemia 
and diabetes, amongst others (Ganguli 1999).

It has been shown that the administration of 
Ket in animals is capable of causing deficits similar 
to those observed in humans, which are associated 
with the loss of the animal’s perception and an 
increase in locomotor activity (Gamma et al. 2012). 
In the present study, we tested the hypothesis 
that AA supplementation could prevent some 
schizophrenia-like phenotypes in an animal model 
of SZ, and that the antipsychotic effect elicited by 
AA is associated, at least in part, to decreases in the 
levels of redox dysregulation caused by NMDAR 
hypofunction. 

The positive symptoms of SZ are characterized 
by hallucinations and delusions. In our animals, 
we observed an increase in the levels of locomotor 
activity induced by Ket, which was considered an 
altered behavior related to positive symptoms in an 
animal model of SZ (Gamma et al. 2012, Zugno et 
al. 2013). Krystal et al. (1994) also observed similar 
behavior in humans undergoing subanesthetic doses 
of Ket. This is an important parameter in evaluating 
the potential of any new therapeutic strategies that 
can alleviate the positive symptoms of SZ in an 
animal model (Chatterjee et al. 2012). Chronic 
NMDAR antagonism led to a marked increase 
of intracellular glutamate in the hippocampus. In 
addition, current proponents of the glutamatergic 
hypothesis postulate that hypofunctional NMDAR 
located on gamma-aminobutyric acid (GABA)-
ergic inhibitory interneurons disinhibit pyramidal 

neurons, leading to a paradoxical increase of 
glutamatergic activity within the prefrontal 
cortex and striatum, promoting the development 
of positive and negative symptoms (Stone et 
al. 2007, Nakazawa et al. 2012). An important 
neuromodulatory role of AA appears to involve 
the presynaptic re-uptake of glutamate. Thus, AA 
is capable of preventing the excitotoxic damage 
caused by an excess of extracellular glutamate, 
which would otherwise lead to the hyperpolarization 
of NMDAR, and subsequent neuronal damage. In 
this study, we found that AA (0.1, 1 and 10 mg/
kg) improved the hyperlocomotion induced by Ket, 
preventing the positive symptoms seen in an animal 
model of SZ. However, these complex interactions 
certainly require further investigations, especially 
if we consider that the amelioration of positive 
symptoms by antipsychotic drugs may be related 
to actions affecting different receptor systems or 
intracellular pathways.

ACh is a major neurotransmitter involved in 
cognitive function which is primarily mediated 
by nicotinic and muscarinic receptors. Thus, the 
cognitive deficits observed in schizophrenic patients 
can be related to the cholinergic system (Hasselmo 
2006, Money et al. 2010). The results in this study 
show that the chronic administration of Ket (25 mg/
kg) increased the activity of AChE in the prefrontal 
cortex and striatum, while supplementation with 
AA (0.1, 1 and 10 mg/kg) prevented this increase 
in these same brain structures, showing AA was 
providing a protective effect. Taken together, our 
results indicate that the administration of AA 
prevented the positive symptoms of SZ, and was 
also able to reduce the activity of AChE observed 
in the animal model, thereby allowing the possible 
increase in levels of ACh seen in the synaptic cleft. 
These results corroborate the findings of Zugno 
et al. (2013). This data shows that Ket induced 
dysfunction of the cholinergic system in the same 
ways that have been observed in schizophrenic 
patients. AA can interfere with synaptic plasticity 
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by improving neuronal signaling via its actions 
within important cellular processes and also due 
to its antioxidant function, thus acting against the 
cellular damage caused by Reactive Oxigen species 
(ROS) (Zugno et al. 2013).

Arvindakshan et al. (2003) demonstrated that 
there was a significant reduction in the clinical 
signs of SZ and an increase in the quality of life 
of schizophrenic patients that were supplemented 
with AA combined with D-tocopherol and omega 
3 twice a day for a period of 4 months. Another 
study conducted by Dakhale et al. (2005) evaluated 
the effects of AA supplementation in schizophrenic 
patients treated with atypical antipsychotics for a 
period of eight weeks, and found that there was 
a reduction in the levels of oxidative damage, as 
well as an improvement in the scores on the Brief 
Psychiatric Rating Scale of SZ. A recent study has 
also shown that supplementation with AA (5 mg/l) 
decreased the effects of neurotoxicity induced 
by aluminum by reducing the damage within 
neurotransmitters (serotonin, norepinephrine, 
dopamine), so decreasing the levels of apoptosis 
and restoring the morphology of the brain tissue 
in Nile catfish (Khalili and Hussein 2015).  
Moreover, Sepehri and Ganji (2016) showed that 
orogastric administrations of AA (100 mg/kg) 
were able to partially reduce the damage seen 
in the hippocampal CA1 region of pregnant rats 
exposed to lead. Furthermore, experimental studies 
have demonstrated that an increase in antioxidant 
capacity amplifies the excitatory postsynaptic 
potential, which improves synaptic plasticity 
(Sepehri et al. 2016) and cognitive ability (Liu et 
al. 2014). Data from this study demonstrates that an 
animal model of SZ induced by Ket was also able 
to induce changes in the cholinergic system, which 
were prevented by supplementation with AA. 
However, at its higher dose (10 mg/kg), AA alone 
or in combination with Ket showed an intriguing 
result due to the increases seen in the activity of the 
enzyme AChE within the hippocampus. This result 

shows the importance of pre-clinical studies in 
order to find a safe dose for the supplementation of 
AA that is capable of exhibiting its beneficial effects 
within psychiatric disorders. The importance of this 
work must also be emphasized, as no other studies 
have undertaken research into the preventive use of 
AA in animal models of SZ. 

Analysis of the data from this study indicates 
that Ket alone is able to induce schizophrenic-
like behavior and increase the levels of AChE 
activity in the prefrontal cortex and striatum, while 
supplementation with AA showed a protective 
effect in preventing the behavioral and biochemical 
alterations induced by Ket in an animal model of 
SZ. These results suggest that this vitamin may 
be an adjuvant approach for the development of 
new therapeutic strategies within this psychiatric 
disorder. We suggest that this action may be due 
to its neuromodulatory properties, specifically, via 
the interaction of NMDAR hypofunction induced 
by Ket. However, future studies are necessary to 
confirm the intracellular and intercellular signaling 
processes of AA, which promote this important 
neuromodulatory action in an animal model of 
SZ. Moreover, new pre-clinical trials are needed 
to confirm the neuromodulatory action of AA in an 
animal model of SZ, and to give impetus to new 
clinical studies.
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