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Abstract

Introduction: Simvastatin is a lipophilic statin. Lipophilic statins can cross the blood-brain barrier. The present study
investigates the effect of simvastatin on working memory and anxiety in adult male rats without brain injury by the ICV
method.

Method: In this experimental study, 26 male Wistar rats weighing 250-300 g were randomly divided into six groups (n=6)
including: control ICV (without injection), Shm (3ul ICV distilled water), simvastatin 28.5 nmol ICV, simvastatin 28.5 nmol
ICV + vitamin D 5 ug/kg. Simvastatin treatment was performed for seven days. After the treatment period, the working
memory and anxiety was measured.

Findings: According to the results, groups receiving simvastatin with a concentration of 28.5 nmol had no significant
difference in their memory and anxiety than the control group (P> 0.05). No significant effect on catalase level was observed

in any of the groups compared to the control group (P> 0.05).

Conclusion: Injection of simvastatin into the brain did not show a significant effect on memory and anxiety in male rats.

Keywords: Anxiety, Catalase, ICV, Simvastatin, Vitamin D, Working Memory.

Introduction

Inhibitors of hydroxymethylglutaryl coenzyme A (HMG-CoA)
reductase, statins are approved by the US Food and Drug Admin-
istration (FDA) as cholesterol-lowering drugs. These drugs target
the liver and inhibit cholesterol biosynthesis, which results in de-
creased intracellular cholesterol levels in the liver and subsequent-
ly regulates the number of LDL-C receptors on the cell surface [1].
Statins are generally known for protecting and treating cardiovas-
cular disease [2], reducing LDL-C and TG levels, and increasing
HDL-C [3, 4]. Lipid-lowering drugs, such as statins, are the most
commonly applicable drugs. In fact, between 2007 and 2011, only
over 2.9 million people in Canada consumed lipid-lowering drugs
[5]. Research on animals and humans has shown that simvastatin
is a lipophilic statin capable of crossing the blood-brain barrier [6,
71, so it simply affects the brain. Depending on their lipophilicity
rank, different types of statins cross the blood-brain barrier with
different efficiencies [7, 8]. Lipophilic statins such as simvastatin
in the nervous system accelerate cerebral healing trauma, improve

learning in mice, increase protein synthesis and differentiation of
cells into adult neurons in mice and increase the expression of
Brain-derived neurotrophic factor (BDNF) and Vascular endothe-
lial growth factor (VEGF) [9].

Oxidative stress stems from the imbalance relation of oxidants
(free radicals) and antioxidants, which results in the accumula-
tion of free radicals in the cells, which subsequently interact with
the biological molecules. It mainly arises from an increase in free
radicals, an imbalance between the production and elimination of
active species in the body, and a decrease in the potency of the
antioxidant defense system [10, 11]. Several cellular processes, in-
cluding cell metabolism, cell signaling pathways, gene expression,
cell proliferation, and programmed cell death, are affected by oxi-
dative stress [12]. Antioxidants are the primary protective mecha-
nism against oxidants, and catalase is the most known antioxidant
which plays an important role in removing hydrogen peroxide. It
enzymatically converts hydrogen peroxide into water and oxygen
molecules [13].
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Statins have rapid anti-inflammatory and antioxidant effects [14].
It has also been reported that statins regulate antioxidant enzymes
such as catalase [15, 16]. Simvastatin has been shown to increase
tissue catalase [17-19]. In this regard, it has also been reported that
overexpression of catalase may enhance cognition [20].

There is a wide deal of research about the effects of statins on
memory. In the past decade, statins have been reported in some
cases to increase the risk of cognitive impairments, such as mem-
ory loss and amnesia [21, 22]. In February 2012, the US Food and
Drug Administration(FDA) [23], announced that “memory loss”
and “confusion” were among the reported cognitive effects in pa-
tients treated with statins [24-26]. However, some research results
indicate the positive effects of statins on cognitive and memory
performance in laboratory animals and humans [27, 28]. In the
present study due to the discrepancy regarding the effects of statins
on cognitive performance whether negative [21, 29] or positive
effects [28], the direct effects of simvastatin by ICV injections on
the memory and anxiety of healthy male rats were investigated.

Materials and methods

Twenty-six male Westar rats weighing 250-300g were purchased
from the animal house of Urmia University. All procedures were
followed according to the National Institute of Health guide for the
care and use of Laboratory Animals (NIH Publications No. 8023,
revised 1978) and local guidelines for compassionate use of ani-
mals in research; Rats were kept in cages with open access to stan-
dard tap water and compact chow. The animals were held in the
same laboratory conditions (18°C to 23°C room temperature and
controlled humidity) with alternating 12-h light and dark cycles.
The Ethics Committee has approved the proposal of this study of
Urmia University (Ethics Code: IR-UU-AEC-3/1033 / DA).

Animal grouping

1. Healthy control group who received normal water were not
injected (C).

2. Sham group received 3 ul of distilled water as ICV (shm)

3. Simvastatin group with a dose of 28.5 nmol received a sim-
vastatin by ICV[30] (sim).

4. Simvastatin group with a dose of 28.5 nmol by ICV with vita-
min D supplement (Vitamin D was injected intraperitoneally)
5 pg/kg (200 1U) [31] (sim + vD).

The drugs were administered once daily for seven days. The drug
simvastatin used in the present study was produced by Timova
Pharmaceutical Company (Denmark).

Stereotaxic surgery and cannulation for intraventricular
brain group

A cannula was implanted in the third cerebral ventricle of the rats
a week before the onset of behavioral tests. Before surgery, ani-
mals were anesthetized by intraperitoneal injection of a combina-
tion of ketamine and xylazine at doses of 10 mg/kg and 10 mg/kg,
respectively [32] . After shaving head and disinfecting hair with
10% betadine and 70% alcohol, they were placed in stereotaxic
apparatus, then using third ventricular coordinate axes (AP = -4.2

mm, L = 0mm, DV = -4.2), a 5mm long cannula (needle head 23)
was placed as a guiding cannula in the third ventricle of their brain.
The coordinate axes used in stereotaxis to access the brain’s third
ventricle were selected from the brain atlas [33] to fix the cannula
on the animal skull using two eyeglass screws as a base dental
cement (a mixture of self-curing acrylic and monomer). A piece of
thin copper wire was inserted into the cannula to prevent CSF or
blood flow through the guiding cannula.

Memory and anxiety tests were performed at the end of the treat-
ment period.

Measurement Of The Working Memory In The Cross-
Maze

cross-maze is made of wood and has four equal arms measured
13*50*10 Iem connected to a circular center plate in the middle
of the maze. The arms are named A, B, C, and D. To perform the
test, each rat was placed in the central maze area, allowing free
access to all areas of the maze over 10 minutes. The number and
sequence of animals entering the arms were recorded as one of the
letters A, B, C, and D. Entering the animal into one arm was when
the animal’s hind legs were fully inserted into the arm. Periodic be-
havior was considered the successive and consecutive inputs to all
arms in the quadrant series. Thus, the percentage of rotation was
calculated from the ratio of the number of actual spins observed to
the number of possible spins (Total number of arms entering - 3)
100 *.

The number of actual alternations

100

Alternation percent =
p The number of possible alternations

Possible alternations = Total number of entries — 3

Measurement of The Anxiety in The Plus-Maze

Elevated plus maze (EMP) is used to measure anxiety[34] . This
assessment is based on two instincts: the sense of rodent search
and the avoidance of open and bright environments. In this way,
the animals are more inclined to spend their time in closed arms.
An anxiety testing device is a wooden instrument with four arms
in the form of a plus-Maze. During the 5 minutes that the animal
moved freely in different parts of the maze, four factors were mea-
sured by observation: the number of times the animal entered the
open arm, the number of times the animal entered the closed arm,
how long the animal stayed in the open arm, how long the animal
remains in the closed arm (The entry of the open or closed arm
means that all four legs of the animal are in the target arm, the
length of stay in each arm was calculated accordingly).

In the present study, a significant increase in the percentage of time
spent in the open arm indicates a decrease in anxiety in rats.

Percentage of time spent in the open arm

Time to stay in the open arm
= Y P x 100

—time to stay in the open + closed arms

Measurement Of Brain Catalase Levels
Aebi method was used to measure catalase activity [35]. To a cer-
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tain volume of tissue extract, absolute ethanol (0.01 ml) was add-
ed and incubated in ice for 34 minutes. Then Triton 14% X-100
was added at a final concentration of 1%. This solution was used
to measure enzyme activity. The reaction was initiated by adding
0.05 ml of 30 mM H,0O, L to the tissue sample in 50 mM potassi-
um phosphate buffer at pH = 7. The adsorption was then read at
240 nm for 3 min (a unit of catalase activity was 1 pmol of H,O,
decomposing in a minute). Enzyme activity was calculated in units
of mg protein. A transverse incision was made from the cortex to
the base of the brain to obtain the desired tissue sample size.

Statistical Analysis

Data were analyzed by one-way ANOVA using SPSS 19 software
and Tukey tests, and the results were presented as mean + standard
deviation error. P <0.05 was considered as the level of significance.

Results

Working Memory Test Results (In Cross-Maze)

Statistical results of behavioral memory test (based on rodent cu-
riosity in exploring the environment and avoiding repetitive arms
that determine the number of true rotations) on mice showed that
none of the groups had a significant difference in working memory

compared to the control group (P> 0.05) (Figure 1).
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Figure 1: Effect of simvastatin and vitamin D (VD) on working
memory rate in different groups (Mean + SEM). abc Different let-
ters indicate a significant difference between groups in each col-
umn (p < 0.05).

Anxiety Test Results (Plus-Maze)
The statistical results of the Behavioral Anxiety Test on mice
showed that none of the groups were significantly different from
the control group (P> 0.05) (Figure 2).
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Figure 2: Effect of simvastatin and vitamin D (VD) on anxiety rate
in different groups (Mean + SEM). abc Different letters indicate a
significant difference between groups in each column (p < 0.05).

Catalase biochemical test results.

Statistical results of brain tissue catalase level showed that the
groups receiving ICV simvastatin or distilled water did not have a
significant difference in brain tissue catalase (P> 0.05) (Figure 3).

0.6 -

0.5 a a a
g a
g o4
k=
o0
503
2
o
802 4
©
o

0.1 4

0 T T T
c shm sim sim+vD
Groups

Figure 3: Effect of simvastatin and vitamin D (VD) on Catalase
activity in different groups (Mean + SEM). abc Different letters
indicate a significant difference between groups in each column
(p <0.05).

Discussion and conclusion

Several studies have investigated the effects of statins on mem-
ory in laboratory animals and humans [28, 36], however, limited
research has been conducted to investigate the impact of statins
on the memory of healthy animals [28]. There is some limitations
study along with the present study to investigate the injection of
ICV statins into the cerebral ventricle (In the present study, the
injection of ICV was performed to investigate the direct effect
of simvastatin on the brain and its secondary effects on memory)
[30]. This was the reason for the necessity of this research.

Learning and memory are one of the highest levels of functioning
of the central nervous system. Learning is a neurotic phenomenon
in which animal changes their behavior through practice, while
memory refers to the process of storing the learned [37]. Learn-
ing and memory involve a wide range of changes in the structure
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and function of the nervous system, mainly confined to synapses
involved in the direction of the message and sensory information
in the nervous system. The structural change involves several
synapses and changes in the extent of postsynaptic membranes at
the site of contact, and physiological changes include those in the
ionic conductivity of the pre-and postsynaptic membranes [38].
Short-term memory has been shown to correlate with cortex and
long-term memory with the limbic tract. Still, no specific storage
location has been identified so far because removal of different
parts of the brain generally does not eliminate memory [39].

The hippocampus is part of the limbic tract. The limbic tract is
involved in the long-term memory process. The hippocampus re-
ceives inputs from the prefrontal cortex and demonstrates the role
of the prefrontal cortex in the short-term memory process [39], in
addition, different areas of the brain play a role in memory and
cognition, including the Nuclear Regulatory Miner (NBM), which
is equivalent to the rodent magnocellular nucleus, which is respon-
sible for many cognitive and memory deficits [40]. About 90% of
NBM nucleus neurons are cholinergic and transmit their fibers to
all amygdala cortical and nuclear regions [41]. The NMB nucleus
is a primary source of cholinergic divisions to the hippocampus
and cortex [42]. The cholinergic system is responsible for storing
and retrieving memory information, and most neurons in the NMB
are cholinergic [43]. Studies show that oral administration of li-
pophilic statins reduces acetylcholinesterase activity in the frontal
cortex of mice, which leads to increased levels of acetylcholine
in the synaptic cleft and reduces cholinergic dysfunction even in
mice. It becomes Alzheimer’s disease. The lipophilic drug, such as
lovastatin, clearly improves the activity of muscarinic and NMDA
receptors in the cortex and hippocampus. Increased function of
these receptors in the prefrontal cortex results in enhanced mem-
ory, resulting in lipophilic statins treatment [44-46]. Lipophilic
statins enzyme activity increases choline acetyltransferase in the
frontal cortex and hippocampus [47]. The acetylcholine system
plays an important role in memory and recovery; the hippocam-
pal areas of the amygdala and the cortex are important target sites
for acetylcholine neurotransmitters, which play an important role
in-memory processing. [48, 49]. Memory and learning are among
the most evolved functions of the nervous system. Various expe-
riences have shown that the activity of the cholinergic systems of
the brain plays a major role in the memory and learning process
[50, 51].

There are numerous reports of the effects of statins on cognitive
function in rodents [36, 52]. Some of these studies have reported
the adverse effects of statins [21, 29], and others have noted the
positive impact on memory and cognition [28]. Researchers have
also examined the effects of simvastatin on memory and cogni-
tion, one of which is the study by Duma et al., which results in
increased cognition in healthy mice treated with simvastatin [28].
In line with the results of the study by Bitan et al. to investigate
the effect of simvastatin on memory, showed contradictory results,
using simvastatin for four weeks at doses 10 mg/kg. However,
surprisingly, this effect was not observed in the mice receiving
simvastatin at a 30 mg/kg dose. The results were not significant.

Their tests showed that long-term use of simvastatin impaired spa-
tial memory at a dose of only 10 mg/kg per day [53]. However, in
the present study, injection of simvastatin into the third ventricle
of the brain as ICV at a dose of 28.5 nmol did not significantly
affect working memory in rats (Figure 1). A study by Ranaiy et
al. In 2021 shows an increase in working memory of male rats
treated with simvastatin 10 mg [54]. However, no significant ef-
fect of simvastatin was observed in the present study on working
memory. The low dose of the drug is probably the reason for the
ineffectiveness of simvastatin on working memory in the present
study. the results of Ramirez et al. (Ramirez, et al., 2011) showed
that amongst the statins tested, simvastatin only enhanced episod-
ic-like memory. Their results suggest that simvastatin and lovasta-
tin (especially simvastatin) may have good therapeutic potential in
the treatment of neurodegenerative disorders and memory impair-
ment [55]. The results of some research on laboratory animals and
humans also indicate that in the long term, simvastatin treatment
decreases memory [53, 56]; however, the present study results do
not show any adverse effects of simvastatin.

Statins have rapid antioxidant effects [14]. tatins have been report-
ed to regulate antioxidant enzymes such as catalase [15, 16]. Sim-
vastatin, a lipophilic member of the statins family, has antioxidant
properties [57]. Increased tissue catalase levels have been reported
as one of the antioxidant effects of simvastatin [17, 58]. Over-ex-
pression of catalase may enhance cognition [20]. Decreased cat-
alase activity is associated with hippocampal-dependent spatial
memory impairment [59]. Studies show that lowering hydrogen
peroxide levels is beneficial to cognitive health [60]. In the study
of Olson et al. (Olsen, R.H., et al), the activity of catalase was
assessed in all brain regions in mice and an increase in the level
of catalase was observed in all brain regions. Olson et al. report-
ed that cognitive performance improvement was due to the effect
of catalase on endogenous H202 and subsequent improvement
in physiological processes such as synaptic flexibility and LTP in
mice, which supports the important role of catalase in improving
cognitive function [20]. The results of injection of simvastatin ICV
and in the rats in the present study did not show a significant dif-
ference in the increase of catalase compared to the control group
which this result can be due to the short duration of the treatment
period (injection into the ventricle of the brain for seven days) and
the daily injection rate (28.5nmol). However, in the present study,
the level of brain tissue catalase under the influence of simvasta-
tin did not show any significant change compared to the control
group (Figure 3). In the present study, molecular processes and
factors that may affect the effect of catalase levels on neurons and
memory were not evaluated, and due to the clinical importance of
simvastatin, this part of the present study needs further research in
the future. It should be noted that the present study investigated the
direct effect of simvastatin on the brain of healthy male rats, but
there is very little research similar to this study [30].

Data collected over the past decade suggest that NMDA receptors
may play a role in the pathophysiology of depression and its mech-
anism of action [61]. In addition, there is evidence of the thera-
peutic effects of simvastatin on NMDA receptor binding density
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in the brain, which acts as a potential factor in reducing anxiety
[62]. The study results of Tani Synthesis and Mona Lisa Marizati
Bangraz et al. The behavioral interactions of simvastatin and flu-
oxetine in the anxiety and depression test also showed a decrease
in anxiety associated with the use of simvastatin [63]. A study sug-
gests that chronic exposure to simvastatin reduces anxiety levels in
Mozart music-stimulated rats [64]. The results of studies by Yin-
gong Young-XU et al. confirm the positive effect of simvastatin on
reducing anxiety [65].

However, the results of this part of the present study, despite the
difference in the type of simvastatin (in the present study as an
intraventricular injection) and the difference in the dose used in
previous studies (in the present study, the dose of 28.5 nmol) and
the test device (Plus-Maze), indicating that simvastatin did not af-
fect reducing or increasing rat anxiety. In other words, the present
study results did not show any significant differences in the anxiety
of the experimental groups compared to the control group. Also, in
this study, the direct effect of simvastatin on the anxiety of healthy
mice was investigated. It should be noted that the presence of vita-
min D supplementation has a significant impact on reducing or in-
creasing anxiety in the receiving groups did not show it compared
to the control group (Figure 2). The lack of effect of the applied
dose of simvastatin in the present study on the level of catalase is
also consistent with the lack of significant effect of this dose of the
drug on the level of memory and anxiety.

Overall, the present study showed that low-dose simvastatin, even
if injected directly into the nervous system, did not significantly
affect memory and anxiety. This situation could be key for future
researchers to investigate other drug effects on the CNC . It should
be noted that the results of the present study need further study in
the future.

Conclusion
Injection of simvastatin into the brain did not show a significant
effect on memory and anxiety in male rats.
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