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Abstract
The present study was undertaken to investigate the effects of rosuvastatin (ROSS) on learning and memory on scopolamine (SCOP) induced amnesia in mice. 
Experiments were carried out on 20 adult albino mice, divided into 4 groups and the experimental animals were treated for 14 days with ROSS (10mg/kg.p.o).To 
induce amnesia, scopolamine 3 mg/kg ip was administered intraperitoneally. Cognitive skills of the animals were examined after the induction of amnesia by using 
elevated plus maze (EPM), Morris water maze (MWM). In EPM model, scopolamine received animals showed significant increase in transfer latency on day 7 and 
14 when compared to control animals. Whereas piracetam and rosuvastatin received animals showed significant decrease (p<0.05) in transfer latency period when 
compared to scopolamine treated animals. In MWM test, rosuvastatin treatment showed significant decrease in escape latency period (p<0.05) when compared to 
scopolamine treated animals The results confirm that, scopolamine impaired learning and memory process in animals, whereas administration of ROSS significantly 
ameliorated scopolamine induced amnesia in both elevated plus maze and Morris water maze test as indicated by significant reduction (p<0.05) in transfer latency 
(TL) (p<0.05) and escape latency (EL) respectively, hence it can be concluded that, that rosuvastatin improves cognitive functions against scopolamine-induced 
amnesia in mice.
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Introduction
Memory is one of the vital ability of an individuals to record events, 

preserve information and retain them over short and long periods [1]. 
Amnesia is mainly characterized by loss of memory ability sufficiently 
and interferes with one’s occupational or social activities and it is one 
of the common causes which leads to a condition called dementia 
which is a progressive neurodegenerative disorder associated with 
loss of neurons in distinct brain areas. Although there are several 
neuronal pathways and neurotransmitters were involved in the process 
of learning and memory and on the basis of experimental as well as 
clinical evidences, central cholinergic system is considered as the most 
important neurotransmission system which is involved in regulation of 
cognitive functions [2,3]. Hence, experimental studies and treatment 
approaches focused on drugs that increase levels of acetylcholine in the 
brain to compensate for losses of cholinergic function of the brain. 

Only limited therapeutic interventions are available to reduce 
the incidence of dementia due to decline of learning and memory of 
individuals. Cholinesterase inhibitors, calcium channel blockers and 
glutamate antagonists are few classes of pharmacological agents which 
are being clinically explored to reduce symptomatically the impact of 
cognitive dysfunction associated with vascular dementia [4]. However, 
an agent that should improve both endothelial dysfunction and 
associated dementia still need to be explored. Very recently, the focus 
has been directed towards statins (HMG-CoA reductase inhibitors), 
which are most widely prescribed drugs for dyslipidemias [5].

 Statins in additions to their cholesterol lowering action are known 
to possess many cholesterol independent actions including favorable 
effect on vascular endothelium [6]. Moreover, there is an emerging data 
indicating that statins exert neuroprotective and antioxidant actions. 
Statins have been shown to reduce the risk of ischemic stroke and 
related memory impairment by a variety of mechanisms [7]. 

Epidemiological studies have suggested that individuals above 50 
years of age, who were receiving statins, had a substantially lowered 
risk of developing dementia, independent of the presence or absence 
of untreated hyperlipidemia, or exposure to non-statin lipid-lowering 
drugs [8]. However, there are conflicting observations regarding 
the effect of statins on cognitive functions. Although, there are a 
few studies showing cognitive decline [9], some studies showing no 
effect on memory [10,11], yet few studies suggest improvement of 
cognitive functions with statin therapy. However, the potential of 
statins in dementia of vascular origin still remains to be explored and 
deserves further investigation this field of research was found to be 
fertile. Therefore, the present study aimed to investigate the effects of 
rosuvastatin on learning and memory in mice against scopolamine-
induced amnesia. 

Materials and methods
Animals and experimental conditions

Adult male albino mice (weighing 20-30 g) were kept in 
polypropylene cages with free access to food and water, under 
standardized housing conditions (natural light-dark cycle, temperature 
of 23±10C, relative humidity of 55±5%), were used. After 7 days 
of adaptation to laboratory conditions, the animals were randomly 
assigned to different experimental groups and each group comprised 
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of 5 animals, all tests were performed between 09.00-15.00 hours. 
The experiments on animals were conducted in accordance with the 
internationally accepted guidelines for laboratory animal use and the 
experimental protocols were duly approved by the institution animal 
ethics committee ((SVCP/IAEC/I-003/2015-16) of Sree Vidyanikethan 
College of Pharmacy, Tirupati, AP, India.

Drugs, chemicals and instruments

Scopolamine bromide and Piracetam was obtained from Sigma (St. 
Louis, USA). Rosuvastatin and piracetam were suspended in 1% carboxy 
methyl cellulose (CMC) and administered per orally to respective 
groups whereas scopolamine was dissolved in 0.9% physiological saline 
and administered intraperitoneally to animals.

Experimental design

Experiments were carried out on adult albino mice. A total of 20 
albino mice (20-30gm) were used in this experiment. The mice were 
divided into four groups of five animals each (n=5). Amnesia was 
induced by scopolamine injection (3 mg/ kg, i.p.) 30 min before the 
behavioral experiments. All groups except the control group received 
scopolamine. Piracetam is used as standard drug (Table 1). The 
cognitive and memory functions of the rats were assessed half an hour 
after the administration of scopolamine [12,13].

Neurotoxicity test

Neurotoxicity of the drug rosuvastatin was assessed by chimney 
test. This test was carried out over the period of 45 min and the animals 
were subjected to prior training. a Pyrex glass tube (25 cm long and 
3cm diameter) marked at a point 20cm from its base; a mouse was 
introduced at the end, nearest the mark. When the animal reached the 
other end of the tube, the tube was moved to the vertical position and 
immediately the mouse tried to climb backwards. The ability of mice 
to leave the tube within 1min was considered to indicate the lack of 
neurotoxic properties of the test drug. Screened mice were injected 
intraperitoneally as per the experimental design and were tested after 
45min as described above [14,15].

Assessment of Activity

Elevated plus-maze test (EPM): Mice were placed individually at 
the end of open arm. The time for each mouse to move to the closed 
arm was considered as transfer latency (TL) and was noted for 90 sec. 
On the first day of study, mice were allowed to move freely to explore 
the apparatus for at least 10 min. TL recorded on 1st day was acquisition 
(learning) and 7th and 14th day TL reflects the retention / consolidation 
(memory) for learning [15].

Morris water maze test (MWM): MWM represent more specific 
test of spatial memory. MWM apparatus consists of a large circular pool 
with150 cm in diameter and 45 cm in height, filled with water to a depth 
of 30 cm at 28±1°C. The water was made opaque by addition of small 
quantity of titanium dioxide. The tank was then divided into four equal 
quadrants (Q1, Q2, Q3 and Q4) by using threads. There was a hidden 
platform (white in color with a diameter of 10cm) kept at the center 

of the 4th quadrant 1 cm below. Mice were subjected to 4 consecutive 
trials before the experiment on each day of study (7th and 14th day). The 
animal was released in the water facing towards the wall of the tank 
allowed to escape to the hidden platform and further allowed to remain 
there for 20 sec and the escape latency (ELT) was recorded. ELT is the 
time taken by the animal from getting dropped in to the tank to escape 
on to the platform (Cut off period is 120sec) [16].

Rotarod test: The rotarod apparatus consisted of a rotating bar 
suitably machined to provide grip strength. Latency to fall animals 
from the bar is automatically recorded in seconds. Mice were initially 
selected for the ability to remain on the rotating bar rotating at a 
constant speed of 25 rpm for at least two consecutive 180 seconds trials 
before the test day. On the test day animals were placed individually as 
per the experimental design in each compartment and their fall of time 
were noted [17,18].

Statistical analysis

The statistical analysis was carried out by one-way analysis of 
variance (ANOVA). The values are represented as mean ± SEM. 
Comparison of mean values of different groups treated with different 
dose levels of extracts and positive controls were estimated by Turkey’s 
Multiple Comparison Test. p< 0.05 was considered significant.

Results
Chimney test

Results from chimney test suggest that there were no neurotoxic 
effects were observed with rosuvastatin (10mg/kg i.p.) and it has no 
impact on motor coordination in mice at the investigated dose and the 
animals were able to leave the tube with in 1 min.

Effect of Rosuvastatin on transfer latency in EPM

In the study, time required to reach closed arm from open arm by 
each animal was considered as transfer latency period. From the results, 
In EPM model, scopolamine received animals showed significant 
increase in transfer latency (60.44 Sec on day 7 and 63.68 on day 14) 
when compared to control animals (44.53 Sec on day 7 and 30.69 Sec on 
day 14).Whereas piracetam and rosuvastatin received animals showed 
significant decrease in transfer latency period on day 7 (50.24 Sec) and 
14 (38.11 Sec) when compared to scopolamine treated animals (62.44 
Sec on day 7 & 60.68 Sec on day 14 respectively) (Figure 1). The results 
confirm that, scopolamine impaired learning and memory process 
in animals, whereas the rosuvastatin (10 mg/kg p.o) treatment had 
significantly reduced these impairments on mice.

Rota rod test

In rota rod test, between control and experimental group on day 
7 and 14 there was no significant observables difference were noticed 
in the fall off time among different experimental groups are given in 
Table 2.

Effect of Rosuvastatin on escape latency in MWM

In MWM test, results show that scopolamine received animals 
showed significant increase in escape latency (103.56 Sec on day 7 
and 101.51 on day 14) when compared to control animals (74.43 Sec 
on day 7 and 62.63 Sec on day 14 respectively). Whereas in piracetam 
and rosuvastatin treatment had significantly decrease the latency 
period on day 7 and 14 (Figure 2). In case of rosuvastatin treatment 
the decreased transfer latency period was 80.56 for day 7 & 38.11 

Group No. Drug treatment (14 Days) Dose
Control NS (0.9%)

Scopolamine 3 mg/ kg, i.p.
Piracetam + Scopolamine 400 mg/kg,p.o.+ 3 mg/ kg, i.p.

Rosuvastatin + scopolamine 10 mg/kg.p.o+ 3 mg/ kg, i.p.

Table 1. Experimental design of the study
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for day 14 when compared to scopolamine treated animals (103.56 
Sec on day 7 and 101.51 on day 14 respectively). The results confirm 
that, scopolamine impaired learning and memory process in animals, 
whereas administration of ROSS significantly ameliorated scopolamine 
induced amnesia in Morris water maze test as indicated by significant 
reduction (p<0.05) in escape latency (EL) against scopolamine-induced 
in mice.

Discussion
In the present study, the anti-amnesic effect of Rosuvastatin on 

the scopolamine-induced memory impairment was evaluated using 
different exteroceptive behavioral models like Morris water maze 
(MWM), elevated plus maze tests etc. These tasks have been extensively 
used to measure learning and memory in different animal models 
particularly, behavioral manipulations in rodents [19,20].

Piracetam is a nootropic agent, used as standard in the present study 
and the dose of piracetam, rosuvastatin has been taken from the earlier 
studies [21]. Results of the present study suggests that mice treated 
with scopolamine showed more prolonged transfer latency in EPM and 
prolonged escape latencies than the control animals. In contrast, acute 
administration of rosuvastatin showed significant memory enhancing 
activity (p<0.05) in the scopolamine-induced amnesia in animals.

Some recent studies challenge the viability of scopolamine as 
a cognitive impairer by questioning the relation of the alterations in 

the memory tasks to loco motor effects, instead of memory disruption 
[22]. Our obtained results from the velocities of animals in the MWM 
test also the time animals remain on rod in the rotarod test showed no 
significant differences between locomotor activities of different groups. 
So, these results demonstrate that rosuvastatin can improve learning 
and memory function of mice against scopolamine-induced amnesia. 

Results from chimney test reveals that, all the mice were able to leave 
the tube with in 1 min which indicates that there were no neurotoxic 
effects were observed with rosuvastatin (10 mg/kg p.o) and it has no 
impact on motor coordination, muscle grip strength in the rotarod test 
against scopolamine induced amnesia model.

Conclusion
In conclusion, results from the present study demonstrates that, 

scopolamine impaired learning and memory process in animals, 
whereas administration of ROSS significantly ameliorated scopolamine 
induced amnesia in both elevated plus maze and Morris water maze 
test as indicated by significant reduction in transfer latency (TL) and 
escape latency (EL) respectively, hence it can be concluded that, that 
Rosuvastatin improves cognitive functions against scopolamine-
induced in mice. However, the beneficial effects and mechanism 
responsible for improved learning and memory showed by rosuvastatin 
remain unclear and deserves further investigations.
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