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Abstract  Rodent models of ethanol withdrawal-induced anxiety have been used to explore the neurobiology underlying 
withdrawal and to evaluate the utility of therapeutic agents aimed at reducing withdrawal severity. Of the many tests of 
anxiety-like behavior, the elevated plus maze and open field are the most commonly used. In general, ethanol withdrawal 
decreases most or all of the individual behaviors recorded in these tasks, indicating the occurrence of an anxiogenic-like 
effect of withdrawal in rodents. Effects of sub-chronic simvastatin treatments on ethanol withdrawal syndrome were inves-
tigated in rats. Ethanol (7.2% v/v) was given to adult male Wistar rats by a liquid diet for 30 days. Sub-chronic (once daily) 
simvastatin (1 or 10 mg/kg) or saline were administered to rats by oral gavage. After 24 hours of ethanol withdrawal on the 
simvastatin treatment rats were observed in behavior tests. The increases the time open arms entries in the elevated plus-maze 
and grooming in the open-field through the exposure to sub-chronic treatment with simvastatin in rats submitted to ethanol 
intake, indicating beneficial effects on ethanol withdrawal syndrome. Our results suggest that sub-chronic simvastatin 
treatment attenuates ethanol withdrawal syndrome in ethanol-dependent rats and this drug may be useful for treatment of 
ethanol-type dependence. 
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1. Introduction 
Clinically, simvastatin have been widely used to reduce 

serum low density lipoprotein (LDL) cholesterol by inhib-
iting the rate-limiting enzyme, hydroxymethylglutaryl- 
coenzyme reductase. In addition, evidence show  that sim-
vastatin reduce the risk of ischemic heart disease events and 
cerebrovascular stroke, and have potential applications in 
multiple sclerosis, traumatic brain injury, Alzheimer's dis-
ease, and anxiety[1,2-5]. Despite growing evidence for a role 
of simvastatin in central nervous system diseases, there is 
relatively little knowledge of their direct psychoneurological 
impacts on the central receptors and its association with the 
behavioral effects. 

Several lines of evidence have demonstrated that chronic 
administration of simvastatin does not change the cholesterol 
level in brain tissue and plasma of rodents[4,6-8]. It is rea-
sonable to hypothesize that the simvastatin effects in central 
nervous system are possibly via a central mechanism inde-
pendent of hypocholesterolemic properties. Interestingly, in 
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human being study simvastatin indeed lowered plasma 
cholesterol[9]. The contradicting findings may result from 
the different cholesterol metabolisms in human being and 
rodent. We speculated that it was poor cholesterol-lowering 
effect by statins in rodents[8], unaffected the genes directly 
involved in cholesterol synthesis[10]. 

The first evidence, indicating the effects of simvastatin 
treatment on N-methyl-D-aspartate (NMDA) receptor 
binding density in the brain reveals possible NMDA an-
tagonist-like effect, which provides an exciting and potential 
paradigm to decreased anxiety[4]. This study showed that 
compared with the saline group, treatment of male Sprague– 
Dawley rats with simvastatin at a high dose (10 mg/kg/day) 
produced a significant longer travelled distance and higher 
average velocity in an open-field arena suggesting the hy-
perlocomotive activity; whilst increased time travelled in the 
open arms in elevated plus-maze was also observed, re-
flecting reduced anxiety-like behavior[4]. 

Several studies showed that ethanol is a potent and selec-
tive inhibitor of the NMDA receptors and prolonged ethanol 
exposition leads to a compensatory "up-regulation" of these 
receptors resulting in enhanced NMDA receptor-mediated 
functions after removal of ethanol. These alterations are 
supposed to contribute to the development of ethanol toler-
ance, dependence as well as the acute and delayed signs of 
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ethanol withdrawal[11]. In particular, the up-regulation of 
different subunits of the NMDA receptor[12,13] may cause 
hyperexcitability of the central nervous system during 
withdrawal or negative emotions such as dysphoria, irrita-
bility, anxiety and depression[14,15]. In accordance with 
numerous data in the literature ethanol withdrawal induces 
an anxiogenic effect in the elevated plus-maze[16,17] and 
decrease in locomotion measured in the open-field[18]. 
Therefore, negative modulators of NMDA receptors may be 
useful agents for the pharmacotherapy of alcoholism, at-
tenuate not only the physical symptoms but also some af-
fective and motivational components of alcohol withdrawal. 

Anxiety-like behaviors are integral features of withdrawal 
from chronic ethanol exposure. In the experiments in the 
current study, we tested the hypothesis that anxiety can be 
regulated independently of other withdrawal signs and thus 
may be responsive to selective pharmacological agents such 
as simvastatin. Thus, the current study was focused on re-
vealing whether this drug is effective in attenuating ethanol 
withdrawal or not. 

2. Materials and Methods 
2.1. Subjects 

A total of sixty male Wistar albino rats (Rattus norvegi-
cus), genetically heterogeneous, 3 to 5 months of age, 
weighing 220 to 310 g, were obtained from the animal 
house of the Regional University of Blumenau. After arrival 
in the sectorial animal house of the laboratory, these ani-
mals were housed in groups of five per opaque plastic cage 
(50×30×15 cm), with wood shaving bedding and wire mesh 
tops, under a standard light cycle (12-h light/dark phase; 
lights on at 07:00 h), in a temperature-controlled environ-
ment (23±1℃), and the relative humidity was 55±10%. 
During the light and dark phase, the rats were exposed to a 
light intensity of approximately 500 and 0,025 lux, respec-
tively. These lux values were chosen because they were the 
closest values (in our laboratory) possible to natural day-
time and nighttime light. During the whole experimental 
period, the animals received commercial chow for rodents 
(Nuvital, PR, Brazil) and filtered tap water ad libitum. The 
room was entered at irregular intervals an average of once 
every 2 or 3 days for the purposes of cleaning cages, plac-
ing food and water, and so on. Animals were acclimatized 
to the animal housing facilities for at least 1 week before 
starting the experiments. The experiments reported in this 
article were performed in compliance with the recommen-
dations of Brazilian Society of Neuroscience and Behavior 
(SBNeC), which are based on the US National Institutes of 
Health Guide for Care and Use of Laboratory Animals.  

2.2. Experimental Protocols 

Ethanol was given to the rats for 30 days in their drinking 
water. The concentration of ethanol was gradually increased 
from 3,5 to 7,2% (v/v). Control rats had free access to wa-

ter[19]. They were randomized with ten rats per group orally 
administered with either simvastatin (1 or 10 mg/kg/day by 
oral gavage, Merck) or saline (controls). Twenty-four hours 
after the last treatment rats were submitted to behavioral tests. 
The time for anxiety-like behavior was based on previous 
results with rats, where the maximum effect was recorded 24 
hours after the last ethanol[20,21]. 

2.3. Behavioral tests 

The animals were submitted individually to the elevated 
plus-maze and open-field tests. All behavioral procedures 
were conducted during the light phase (between 8:00 and 
12:00 h), when rodents are less active, in a sound-isolated 
room. To minimize possible circadian influences on rat, 
experimental and control observations were alternated. The 
observer stayed in the same room, 1 m or so away from the 
elevated plus-maze and open-field[22,23]. 

2.3.1. Elevated Plus-Maze Test 

The apparatus consisted of two open arms (50 x 10 cm) 
and two enclosed arms (50 x 10 x 40 cm) arranged in such a 
way that the two arms of each type were opposite to each 
other, and a central platform (10 x 10 cm). The maze´s height 
was 50 cm and the tests were conducted under dim red light 
(44 lx). Animals were exposed for 5 min to the red light in 
their own home cages before the testing procedure. Next, 
they were placed individually on the central platform of the 
plus-maze facing an open arm. During a 5 min test period the 
following measurements were recorded by observer: the time 
spent on the open arms, the number of entries in the open 
arms, the time spent on the closed arms, the number of 
entries in the enclosed arms and risk assessment. Risk as-
sessment is measures comprised for time spent in the head- 
dipping (exploratory movement of head/shoulders over the 
side of the maze), and stretched attend postures (exploratory 
posture in which the body is stretched forward then retracted 
to the original position without any forward locomotion). 
Thus, the closed arms and center platform were designated as 
“protected” areas (i.e., offering relative security) and the 
“time protected” for head-dipping and stretched attend 
postures calculated as the time of these behaviors displayed 
in or from the protected area. The measures that reflect 
anxiety-like levels in this test are the percentage of entries 
into open arms versus closed arms and the percentage of time 
spent in the open arms versus closed arms. We also included 
ethologically derived measures related to the defensive 
pattern of risk assessment behavior, which has been proven 
very sensitive to changes in anxiety[22]. 

2.3.2. Open-Field Test 

The open-field consisted of a black circular box (60 cm in 
diameter and 50 cm high). Each rat was placed in the central 
area and allowed to freely explore for 5 min. The tests were 
conducted under dim red light (44 lx). The following pa-
rameters were recorded: time the movement of the animal 
between parts spent in the central or peripheral zones of the 
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apparatus are scored (ambulation); time for which the animal 
did not move at all (freezing); time rearing (rising on the hind 
paws) and time the animal performed self-cleaning 
(grooming). The total time spent ambulation and freezing 
was determined as a measure of activity. Exploration be-
havior in the open-field has also been used as a measure of 
defensive behavior, where increased line rearing responses 
are suggestive of a decrease in defensive behaviors[23]. 

2.4. Statistical Analysis 

The data were reported as means ± SEM and were ana-
lyzed statistically by analysis of variance (ANOVA) fol-
lowed by the Newman-Keuls post hoc test. Differences were 
considered to be significant when p <0,05.  

3. Results 
Analysis of variance revealed significant differences be-

tween groups on the time spent by rats in the open arms of 
the plus-maze (F = 3.183; p<0,05; Figure 1A). The experi-
mental group had free access to water and ethanol, orally 
administered with either 1 mg/kg of simvastatin, increased 
the time spent in the open arms on the day of experiment 
when compared to 0 mg/kg of simvastatin treatment 
(p<0,05). There was no significant difference in groups in 
the frequency of open arm entries (F = 1.469; p = 0,2165; 
Figure 1B), time spent in enclosed arm (F = 1.509; p = 
0,2071; Figure 1C), and frequency of enclosed arm entries (F 
= 1.147; p = 0,3511; Figure 1D). In case of risk assessment 
time, there were significant differences between groups 
(F = 24.859; p<0,01; Figure 1E). The experimental group 
had free access to water and orally administered with 1 
mg/kg simvastatin increased the risk assessment time 
(p<0,001). On the other hand, rats with ethanol withdrawal 
decreased this risk assessment time (p<0,001), when com-
pared to group had free access to water and 0 mg/kg of 
simvastatin treatment. 

 

 

 

 

 
Figure 1.  Behavioral responses in the elevated plus-maze of sub-chronic 
simvastatin treatment on ethanol withdrawal syndrome in rats: (A) % time 
spent in open arm, (B) % frequency of open arm entries, (C) % time spent in 
enclosed arm, (D) % frequency of enclosed arm entries, and (E) % risk 
assessment time. Bars represent the means for each group and the vertical 
lines represent the standard errors of the means. Newman-Keuls test showed 
that groups with asterisks are significantly different versus the experimental 
group had free access to water and 0 mg/kg of simvastatin treatment (n = 10; 
*p<0,05 and ***p<0,001). 

Analysis of variance revealed significant differences be-
tween groups on the ambulation/interior zone time of the 
open-field (F = 2.589; p<0,05; Figure 2A) and ambula-
tion/outside zone time (F = 2.781; p<0,05; Figure 2B). The 
experimental group ethanol withdrawal syndrome orally 
administered with either 0 mg/kg of simvastatin decreased 
ambulation/interior zone time and increased ambula-
tion/outside zone time (p<0,05), compared with the other 
groups. In addition, increased time spent immobility (F = 
3.820; p<0,05; Figure 2C). Analysis of variance revealed 
significant differences between groups on the time spent 
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rearing (F = 3.712; p<0,01; Figure 2D). The experimental 
group had free access to water and orally administered with 
either 1 or 10 mg/kg of simvastatin increased the time spent 
rearing (p<0,05). Considering the time spent in the grooming, 
significant increase were found between ethanol withdrawal 
syndrome orally administered with either 1 mg/kg of sim-
vastatin, compared with the other groups (F = 4.718; p<0,01; 
Figure 2E). 

 

 

 

 

 
Figure 2.  Behavioral responses in the open-field of sub-chronic simvas-
tatin treatment on ethanol withdrawal syndrome in rats: (A) % ambula-
tion/interior zone time, (B) % ambulation/outside zone time; (C) % time 
spent immobility, (D) % time spent rearing, and (E) % time spent grooming. 
Bars represent the means for each group and the vertical lines represent the 
standard errors of the means. Newman-Keuls test showed that groups with 
asterisks are significantly different versus the experimental group had free 
access to water and 0 mg/kg of simvastatin treatment (n = 10; *p<0,05 and 
**p<0,01). 

4. Discussion 
The results of experiment suggest that exposure to 

sub-chronic treatment with simvastatin reduced anxiety 
levels in rats submitted to ethanol or water intake. These 
symptoms were observed as an increase in time open arms 
entries of the elevated plus-maze (Figure 1A). The elevated 
plus-maze is a widely used animal model of anxiety that is 
based on two conflicting tendencies; the rodent’s drive to 
explore a novel environment and it’s aversion to open spaces. 
Thus anxious animals will spend most time in the closed 
arms while less anxious animals will explore open areas 
longer[22]. In addition, rats submitted to water intake in-
creased the time spent in the risk assessment when treated 
with simvastatin (Figure 1E). These ethological elements, 
which include stretched attend postures (SAP) and 
head-dipping, have been linked through factor analysis to 
risk assessment, directed exploration, and displacement 
activity, respectively[24]. Furthermore, pharmacological 
studies have shown that the incorporation of such measures 
in plus-maze scoring not only reduces the likelihood of false 
positives and negatives[25], but also enhances the sensitivity 
of the model to novel anxiolytic[26]. However, rats submit-
ted to ethanol intake decreased the time spent in the risk 
assessment (Figure 1E). Decreased risk assessment behavior 
was observed in rats after ethanol withdrawal, reinforcing 
the suggestion of an anxiogenic effect of ethanol. On the 
other hand, the analysis failed to show any anxiogenic profile 
for all doses of ethanol tested in rats. These effects were 
observed in the absence of significant changes in general 
locomotor activity, represented by enclosed arm entries 
(Figure 1D). These results strongly indicate that simvastatin 
treatment results in an improved coping with aversive situa-
tions, thus, leading to a reduced anxiety level in rats sub-
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mitted to ethanol or water intake. The evidence indicating the 
effects of simvastatin treatment on NMDA receptor binding 
density in the brain reveals possible NMDA antagonist-like 
effect, which provides an exciting and potential paradigm to 
decreased anxiety[4]. 

The differences in anxiotypic behavior expressed by these 
animals are not limited to their performance on the elevated 
plus-maze. The novel environment is an established measure 
of general anxiotypic behavior, and levels of locomotion and 
rearing in this paradigm can be used as indices of an anxi-
ety-like state in rats[23]. The experimental group ethanol 
withdrawal syndrome orally administered with either 0 
mg/kg of simvastatin decreased ambulation/interior zone 
time and increased ambulation/outside zone time, with 
increased time spent immobility (Figures 2A, 2B and 2C) in 
the open-field. Locomotion can be assessed by time spent in 
each of two zones (central and peripheral) can be used in 
addition to the classical test as indicators of anxiety[27]. 
Traveling close to the wall is an important feature of the rats, 
and it has been suggested that the wall confers security while 
the center is anxiogenic[28]. So, the decrease the time spent 
in the ambulation/interior zone indicating anxiogenic effect 
in the experimental group ethanol withdrawal syndrome 
orally administered with either 0 mg/kg of simvastatin. In 
addition, increased immobility in the open-field is charac-
teristic of increased levels of anxiety[29]. Consistent with 
our previous findings[19], the present data demonstrated that 
daily ethanol consumption over 7,2% v/v for 30 consecutive 
days produced physical dependence in rats. 

It is also worth mentioning that ethanol interacts with re-
ceptors of the NMDA type for the excitatory amino acid 
transmitter glutamate[30], which has been shown to be 
involved in the mediation of anxiety-like behavior[31]. The 
ethanol is a potent and selective inhibitor of the NMDA 
receptors and prolonged ethanol exposition leads to a com-
pensatory "up-regulation" of these receptors. The up- regu-
lation of different subunits of the NMDA receptor[12,13] 
may cause anxiety during ethanol withdrawal[14,15]. Mod-
els of ethanol withdrawal in adult rodents have consistently 
demonstrated increases in anxiety during the withdrawal 
period after chronic exposure to ethanol[32]. 

Another behavior considered to be of an exploratory na-
ture is rearing in the open-field[24]. Sub-chronically, sim-
vastatin (1 or 10 mg/kg/day) increases the rearing in rats 
submitted to water intake. Thus the increase of spontaneous 
rearing in the present study can be attributed to the decreased 
anxiety-related behavior. Two recent studies using rats have 
demonstrated anxiolytic properties of simvastatin[4,33]. 
Both studies utilised Sprague–Dawley rats which were dosed 
with a tenfold greater statin dose and tested using anxiety 
specific behavioral paradigms (elevated plus-maze and/or 
open-field test). Interestingly, simvastatin (1 mg/kg/day) 
increases the grooming in rats submitted to ethanol intake 
(Figure 2E). Low-stress comfort grooming is a spontaneous 
body care ritual which occurs as a transition from rest to 
activity[29]. The increases the time open arms entries and 
grooming through the exposure to sub-chronic treatment 

with simvastatin in rats submitted to ethanol intake, has some 
beneficial effects on ethanol withdrawal syndrome.  

The ethanol is a potent and selective inhibitor of the 
NMDA receptors and prolonged ethanol exposition leads to 
a compensatory "up-regulation" of these receptors resulting 
in enhanced NMDA receptor-mediated functions after re-
moval of ethanol[12,13]. The elucidation of the receptors 
mediating the anti-withdrawal effects of simvastatin in the 
present study a waits the testing of specific NMDA receptor 
in the rat brain. The evidence indicating the effects of sim-
vastatin treatment on NMDA receptor binding density in the 
brain reveals possible NMDA antagonist-like effect, which 
provides an exciting and potential paradigm to decreased 
anxiety[4]. 

Chronic alcohol exposure produces neuroadaptive 
changes in glutamatergic synaptic transmission. Specifically, 
chronic alcohol produces up-regulation of NMDA receptor 
function and NMDA receptor-mediated glutamatergic syn-
aptic transmission[34]. Microdialysis experiments indicate 
that chronic alcohol exposure produces increases in ex-
tracellular glutamate levels in brain, especially after single or 
repeated withdrawals[35]. These increases may be due to 
chronic alcohol-induced decreases in glutamate uptake[36], 
or perhaps changes in cystine/glutamate exchange[37]. 

Although attenuating the severity of ethanol withdrawal 
syndrome is very important, current treatment choices are 
very limited except for the use of benzodiazepines, it is 
generally understood that significant tolerance and depend-
ence may result from their use. Therefore, negative modu-
lators of NMDA receptors may be useful agents for the 
pharmacotherapy of alcoholism, attenuate not only the 
physical symptoms but also some affective and motivational 
components of alcohol withdrawal. In addition, acamprosate, 
a pharmacotherapeutic approved for treatment of alcoholic 
patients, modulates glutamatergic transmission via actions at 
NMDA receptors and/or metabotropic glutamate receptors 
[38]. Acamprosate dampens increased glutamate levels in 
abstinent alcoholics as measured by magnetic resonance 
spectroscopy[39] and reduces excessive alcohol drinking in 
those individuals, presumably by reducing craving and 
negative affect[40]. 

New developments at the forefront of preclinical research 
have begun to identify the therapeutic potential of molecular 
entities integral to the biological response to adversity, 
particularly molecules and processes that may pre-determine 
vulnerability or resilience, and those that may act to switch 
off or “unlearn” a response to an aversive event. The glu-
tamate system is an interesting target in this respect, espe-
cially given the anxiety disorders. NMDA glutamate recep-
tors are known to have a role in alcohol dependence and 
withdrawal[30]. Thus, NMDA receptor antagonists may be 
used to block the ethanol withdrawal syndrome. The present 
data demonstrated that simvastatin, with possible NMDA 
antagonist-like effect, attenuates the ethanol withdrawal in 
rats, suggesting that it can be a useful drug in the treatment of 
ethanol withdrawal. 
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5. Conclusions 
Our results suggest that simvastatin at high doses has 

some beneficial effects on ethanol withdrawal syndrome in 
rats. Because anxiety may be a complicating factor in alcohol 
withdrawal, future studies of this type are needed to provide 
focus for the effort to define selective and novel anti-anxiety 
agents for these disorders. 
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