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Summary

Statins are widely used for treatment of hyperlipidemia.
They have been shown to possess pleiotropic effects apart
from their lipid-lowering activity — anti-inflammatory,
immunomodulatory, and neuroprotective. Most studies
suggest that statins can protect the brain against damage
but it is not clear whether they improve cognitive function
in patients without neuropathy. The aim of the present
study was to investigate the effect of 3-month treatment
with atorvastatin and rosuvastatin on learning and
memory processes in rats without brain damage. Wistar
rats were treated orally for 90 days with atorvastatin and
rosuvastatin at a dose of 10 mg/kg b.w. in parallel with the
vehicle-treated group. After that period, learning ability
and memory retention was evaluated using an active
avoidance test — automatic reflex conditioner (shuttle
box). The learning session was carried out on 5
consecutive days. Memory retention test was performed
on day 12. The following behavioral reactions were
investigated: conditioned responses (avoidance),
unconditioned responses (escapes), and intertrial
crossings. We found increased number of conditioned
responses in groups, treated with atorvastatin 10 mg/kg
b.w., and with rosuvastatin 10 mg/kg b.w. during the
learning session and on the memory retention test, as
compared to the same-day control group. The
atorvastatin-treated group showed an increased number
of unconditioned responses on days 1 and 2, as compared
to the control group. In the group treated with
Rosuvastatin there was an increased number of escapes on
days 1, 2 and 4, as compared to the vehicle-treated group.
Atorvastatin and rosuvastatin at a dose of 10 mg/kg b.w.
improved processes of learning and memory retention
after the 3-month treatment.
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Introduction

During the past decade, data was published on the
neuroprotective effect of statins [1]. Clinical trials
have reported that statin treatment slows down the
development of cognitive decline in Alzheimer
patients [2] and reduces the risk of dementia in the
elderly [3, 4]. Experimental studies have
demonstrated their beneficial effects on cognitive
function in animal models of vascular dementia,
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amnesia and after traumatic brain injury [1, 5].
On the other hand, statin administration is
associated with cognitive impairment in patients,
and that withdrawal of the drug reduces the risk of
impairment [6, 7].

The aim of the study was to investigate the
effect of a 90-day treatment with atorvastatin and
rosuvastatin on the processes of learning and
memory in rats without brain damage.

Material and Method

Inbred normotensive male Wistar rats (mean
weight of 180-200g) were used. The animals
were kept under standard laboratory conditions
(temperature 24+1.0, humidity of 45%, light/dark
cycle 12/12 hours) and received water and food
ad libitum. Our study was approved by the ethic
committee of Medical University-Plovdiv and by
the Bulgarian Food Safety Agency. The animals
were treated orally for 90 days. They were
divided into 3 groups (n=8):

Group I — animals, treated orally with saline
(Iml/kgb.w.);

Group II — animals, treated orally with
atorvastatin (10 mg/kgb.w.);

Group III — animals, treated orally with
rosuvastatin (10 mg/kg b.w.).

We used atorvastatin (Atoris) produced and
distributed by KRKA, Slovenia and rosuvastatin
(Crestor), manufactured by Astra Zeneca. The
dose 10 mg/kg b.w. used in our study 10 and were
based on research concerning the neuroprotective

effect of atorvastatin and rosuvastatin [8-10].
None of the animals died during the experiment.

After the 90-day period, cognitive function
and memory retention were evaluated, using an
active avoidance test.

An automatic reflex conditioner for active
avoidance was used — shuttle box (Ugo Basile,
Italy). The learning session consisted of five
consecutive days. Each day, 30 trials were
performed with the following parameters: 6 s
light and buzzer (670 Hz and 70 dB,)
accompanied for the last 3 s by electric shock on
the floor of the chamber (0.4 mA). Between every
trial, there were 12 s intertrial pauses. A memory
retention test was performed 7 days later — on the
12" day. The parameters automatically counted
were as follows: number of conditioned
responses (avoidances), number of
unconditioned responses (escapes) and number
ofintertrial crossings.

The data obtained were analyzed with
statistical software SPSS 17.0. One way
ANOVA, independent samples T-test, paired
samples T-test were used for statistical analyses.
Alevel of p<0.05 was considered significant.

Results

In the active avoidance test, the number of
conditioned responses of the control group did
not differ significantly during the learning
session and in the memory retention test, as
compared to the first day of the experiment. In the

20

number of conditioned responses
S

[7]

day 1 day 2 day 3

[

day 4 day 5 day 12

days of experiment

[JGroup I

X Group 1T

B Group III

Figure 1. Effect of long-term treatment with atorvastatin and rosuvastatin on the number of conditioned responses in
the active avoidance test. Bars represent the mean + SEM of 8 animals. Designations: Group I — animals, treated
orally with saline 1ml/kg b.w.; Group II — animals, treated orally with atorvastatin 10 mg/kg b.w.; Group III —
animals, treated orally with rosuvastatin 10 mg/kg b.w.; *p<0.05 Group Il vs. Group I; + p<0.05 Group I1I vs.Group I
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group, treated with atorvastatin (10 mg/kg b.w.),
the number of avoidances increased on days 2, 3,
4 and 5 of the learning session, as well as in the
memory retention test on day 12, as compared to
the same-day control group. There was an
increase in the number of avoidances on days 3, 4,
5 and 12 of the study in the group, treated with
rosuvastatin (10 mg/kg b.w.), as compared to the
same-day control group (Figure 1).

In the shuttle box active avoidance test, the

control group showed no significant difference in
the number of unconditioned responses during
the experiment, as compared to the first day.
When compared to the same day control group,
the rats treated with atorvastatin (10 mg/kg b.w.)
had increased number of escapes on days 1 and 2.
In the group, treated with rosuvastatin (10 mg/kg
b.w.), an increased number of escapes was
registered on days 1, 2 and 4, as compared to the
number of escapes in saline-treated animals on
the same days (Figure 2).
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Figure 2. Effect of long-term treatment with atorvastatin and rosuvastatin on the number of unconditioned responses
in the active avoidance test. Bars represent the mean + SEM of 8 animals. Designations: Group I — animals, treated
orally with saline 1ml/kg b.w.; Group II — animals, treated orally with atorvastatin 10 mg/kg b.w.; Group III —
animals, treated orally with rosuvastatin 10 mg/kg b.w.; *p<0.05 Group Il vs. Group I; + p<0.05 Group Il vs. Group I

In the active avoidance test, the animals
treated with atorvastatin and rosuvastatin showed
no significant differences in the number of

intertrial crossing, which allows us to assume
that the data regarding the other two parameters
was reliable (Figure 3).
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Figure 3. Effect of long-term treatment with atorvastatin and rosuvastatin on the number of intertrial crossings in the
active avoidance test. Bars represent the mean + SEM of 8 animals. Designations: Group I —animals, treated orally
with saline 1ml/kg b.w.; Group II — animals, treated orally with atorvastatin 10 mg/kg b.w.; Group III — animals,

treated orally with rosuvastatin 10 mg/kgb.w
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Discussion

In the literature available there is insufficient data
concerning the influence of statin-treatment on
processes of learning and memory in rats without
brain damage. Most studies suggest a beneficial
effect of statin treatment on learning and memory
performance in animals with neuropathy.
However, data from the few studies showed no
improvement in statin-treated control animals, as
compared to untreated controls. This suggests
that statins can protect the brain against damage
but it is still uncertain whether they can improve
cognitive function in intact animals [1].

Baytan et al. (2008) investigated the effect of
45-day treatment with simvastatin on spatial
memory, evaluated with the Barnes maze test.
The results showed impairment of spatial
memory in animals receiving simvastatin 10
mg/kg b.w. [11]. The results from our study differ
from those of Baytan et al., as we report
improvement of learning performance and long-
term memory retention in the active avoidance
test. It has been reported, that there is a
differences in the effect of simvastatin and
fluvastatin on spatial memory. After a 4-week
treatment, fluvastatin did not alter spatial
memory in rats [12]. The difference in the results
from the neuroprotective effect of statin in
animals without brain damage could give us the
option to choose the most suitable drug
preparation in view of the aim of treatment.

Douma et al. (2011) have investigated the
influence of simvastatin on cognitive function in
olfactory bulbectomized rats, which leads to
severe cognitive impairment with deficits in
learning and memory. Simvastatin did not
improve cognitive performance in the open-field
test, step-through passive avoidance test and the
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Conclusion

The analysis of the influence of long-term oral
treatment with statins on learning and memory
performance allows us to conclude that
atorvastatin 10 mg/kg b.w. and rosuvastatin 10
mg/kg b.w. improve learning performance and
long-term memory retention in the active
avoidance test.
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