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ABSTRACT

Background: Alzheimer’s disease (AD) is the leading cause of dementia, followed by vascular dementia (VaD).
Animal studies have shown that amlodipine improves learning and memory. Since, cilnidipine produces lesser side
effects than amlodipine, and animal studies have shown that it has neuroprotective action, this study was conducted to
evaluate the effect of cilnidipine on learning and memory and its comparison with amlodipine in alprazolam induced
amnesic albino mice.

Methods: This study was carried out on albino mice, divided into three groups of six animals each. Amnesia was
induced by intraperitoneal injection of alprazolam in all the three groups from day 1 to 14. In addition, group 1, 2 and
3 received normal saline as a control, amlodipine and cilnidipine as test drugs respectively, by same route for the
same duration. Then, learning and memory of the animals was assessed using elevated plus maze and cook’s pole
climbing models. Results were compared among the groups using one-way ANOVA followed by post hoc Tukey’s
test.

Results: In both the model’s amlodipine and cilnidipine groups showed statistically significant reduction in transfer
latency and conditioned avoidance response duration in comparison with normal saline. But no difference was found
between amlodipine and cilnidipine groups.

Conclusions: Cilnidipine and amlodipine showed a non-inferiority response on learning and memory enhancing
effect in this study. Since, cilnidipine has lesser side effects than amlodipine, it can be taken up for evaluating its
effect on cognitive improvement in dementia patients.
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INTRODUCTION

Learning is defined as a change in behaviour due to
experience which enables to adopt to recent living
conditions. It is a process by which brain acquires new
information about the events occurring in the given
surroundings. Memory is a fundamental process, and
without which we are capable of nothing but simple
reflexes and stereotype behaviours. It is a faculty by
which sensations, impressions, and ideas are stored and
recalled.?

Dementia is defined as an acquired deterioration in
cognitive  abilities that impairs the successful
performance of daily living activities. Dementia affects
about 7% of world’s population over the age of 65 years,
progressively increase with age. The leading cause of
dementia is Alzheimer’s disease (AD), followed by
vascular dementia (VaD). Approximately 5% of
population over the age of 70 years have AD.
Alzheimer’s  disease is a severe progressive
neurodegenerative brain disorder. The first symptom to
manifest in AD is memory loss. Mutations in the three
genes have been identified as causes of early onset of
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AD. APP which encodes amyloid beta (AB) precursor
protein and PSEN 1 and 2, encoding presenilin 1 and 2
respectively. The pathological hall mark of AD are
amyloid plaques, which are extracellular accumulation of
AP protein and intracellular neurofibrillary tangles
composed of the microtubules associated protein tau.®

Mechanisms by which AP and tau induce neuronal
dysfunction and death may include direct impairment of
synaptic transmission and plasticity, excitotoxicity,
oxidative stress and neuroinflammation. The medial
temporal lobe, which includes entorhinal cortex and
hippocampus are the most vulnerable brain regions to
neuronal dysfunction and cell loss in AD. There is no
disease-modifying therapy available for AD at present.
Current treatment is aimed to ease symptoms. Donepezil,
rivastigmine and  galantamine are  reversible
anticholinesterases and memantine a NMDA receptor
blocker are the drugs approved by the FDA for the
treatment of AD. But there are many side effects like GIT
symptoms, altered sleep with unpleasant dreams,
bradycardia and muscle cramps are associated with these
drugs.3*

Vascular dementia is associated with cerebrovascular
disease. Individuals who have had stroke may develop
chronic cognitive deficits, which is commonly called as
multi-infarct dementia, it occurs due to intracranial
atherosclerosis. Many patients with  multi-infarct
dementia have a history of hypertension, diabetes,
coronary artery disease or other manifestations of
widespread atherosclerosis. Currently, there is no
treatment available for recovery of lost cognition.*

In AD, AB protein increases calcium influx, which leads
to an impairment of synapse physiology or even cell
death. A number of studies have shown that calcium
channel blockers (CCBs) prevent this AP induced
calcium influx.5

CCBs are the most commonly prescribed drug classes for
cardiovascular disorders (CVDs) such as hypertension
(HTN). One of the commonly used CCBs is Amlodipine.
Amlodipine is a long-acting CCB, belongs to
dihydropyridine class. It has been shown to reverse
experimentally induced amnesia and ameliorate the
effects of brain lesions on learning and memory. This is
probably either due to inhibition of free radicals-induced
damage to cell membrane by increasing blood supply to
the brain or due to modulation of L-type of voltage
dependent calcium channel blockade. Cilnidipine also
belongs to same class as amlodipine and has shown equal
efficacy in reducing blood pressure in hypertensive
individuals. It blocks both N and L-type of calcium
channels, and associated with lower incidence of pedal
oedema compared to amlodipine. A study done by Akira
Takahara et al, suggested that cilnidipine by blocking N-
type calcium channel, produces neuroprotective action in
animal models.®

Hence, this study was conducted to evaluate the effect of
cilnidipine on learning and memory, and comparison with
amlodipine in alprazolam induced amnesic albino mice
using elevated plus maze and cook’s pole climbing
methods.

METHODS

Albino mice were obtained from JJM Medical College,
animal house attached to the department of
pharmacology. Animals were fed standard pellet diet and
water. The experiment was conducted for 15 days
according to the CPCSEA norms after obtaining the
approval of the Institutional Animal Ethics Committee
(Ref  No.- JIMMC/IAEC/19-2019). They were
acclimatized for 7 days before commencement of study in
standard laboratory condition 12 h day and night rhythm,
maintained at 21+1°C.

Animals

Total 36 healthy albino mice aged 3-4 months, weighing
20-30 gm of both sexes, previously unused were
included, pregnant and diseased animals were excluded.

Doses of drugs used

Cilnidipine (10 mg/kg), normal saline (10 ml/kg),
amlodipine (10 mg/kg), and alprazolam (0.5 mg/kg).”8?

Procedure

Screened animals were divided into 3 groups of 6 animals
each. Group 1 received alprazolam (0.5 mg/kg i.e.,
dissolved in saline solution) and normal saline (10 ml/kg
i.p.), group 2 received alprazolam (0.5 mg/kg i.p.
dissolved in saline solution) and amlodipine (10 mg/kg
i.p. dissolved in saline solution) and group 3 received
alprazolam (0.5 mg/kg i.p. dissolved in saline solution)
and cilnidipine (10 mg/kg i.p. dissolved in saline
solution) every day morning for 14 days. Experiments
were carried out on 14" and 15" day between 9.00 am
and 3.00 pm. Learning and memory activity was assessed
by elevated plus maze and Cook’s pole climbing
methods. 101

Elevated plus maze method

Maze are the traditional tools in assessing learning and
memory performance in laboratory animals. These are
used to measure the cognitive performance, notably to
evaluate the spatial long-term memory in mice and rats.
The apparatus for mice consists of open arms measuring
16x5 c¢cm and two enclosed arms measuring 16x5x12 cm
with an open roof, arranged so that the two open arms
and two enclosed arms are opposite to each other. The
maze is elevated to a height of 25 cm.

Transfer latency (TL) is the parameter of memory in this
model. The transfer latency is defined as the time in
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seconds taken by the animal to move into one of the
enclosed arms. After training the animals for 14 days,
experiment is performed in 2 stages. On day 14, the day
of acquisition testing, which is performed after 90
minutes of test drug administration, each mouse is placed
at the end of an open arm facing away from the centre
and TL is recorded.

All four legs inside the closed arm is counted as an entry.
Cut off time allotted for each mouse is 90 seconds. Those
animals which cannot enter the closed arms within the cut
off time are excluded from the study. Retention testing is
conducted after 24 h i.e. on 15" day after the acquisition
test and transfer latency is recorded in a similar manner
as mentioned before. Shortened TL on 15" day is
considered as an index of improvement of memory.

Cook’s pole climbing method

This method is used to study cognitive function, mainly
to examine long term memory by negative reinforcement.
The apparatus has an experimental chamber
(25x25%x25cm) with the floor grid in a soundproof
enclosure. Scrambled shock (1.5 mA) is delivered to the
grid floor of the chamber composed of stainless-steel
rods. A pole 2.5 cm in diameter, hangs inside the
chamber through a hole in the upper centre of the
chamber. The study mouse is placed in the chamber and
allowed to explore the chamber for 45 seconds.

Conditioned stimulus i.e. buzzer signal is turned on and
unconditioned stimulus i.e. electric shock is delivered
through a grid floor for 5 seconds. Animal learns to
associate the buzzer with the impending foot shock and
try to avoid the foot shock by climbing the pole after
buzzer signal. Avoidance response is defined as climbing
reaction time (cut off <10 seconds); and escape response
is climbing after applying reaction time >10 seconds.

All the animals are trained prior to commencing the
study, till they acquire 100 % conditioned avoidance
response (CAR). The animals are tested for acquisition of
memory on day 14 after 90 minutes of drug
administration and retention test performed on 15" day.
Reduction in CAR duration on 15" day is considered as
an index of improvement of memory.

Statistical analysis

All the data were evaluated statistically with SPSS
software. The transfer latency and conditioned avoidance
response duration were represented as meantSD and
compared using one-way ANOVA among groups. For
intergroup comparison post hoc Tukey’s test was
performed. Difference was considered as significant at
p<0.05.

RESULTS
Elevated plus maze (EPM) test results

In group 1 meantSD TL after 90 minutes of drug
administration was 33.67+7.92 seconds and after 24
hours was 46.17+9.6 seconds, group 2 was 18.8+8.68 and
8.67+4.08 seconds and group 3 was 20.8+6.99 and
9.00+2.76 seconds respectively. Thus, there was
shortening of TL after 24 hours in both group 2 and 3 but,
TL increased in group 1. ANOVA test showed p <0.000,
thus change in TL after 24 hours was highly significant
among the groups. But, after post hoc Tukey’s test p
values between group 1 and 2 was p=0.000, between
group 1 and 3 was p=0.000 and between group 2 and 3
was p=0.911. Thus, highly significant difference was
found between group 1 and 2 as well as group 1 and 3,
whereas difference was insignificant between group 2
and 3. Results have been shown in Table 1 and 2.

Table 1: Comparison of mean TL among 3 groups in EPM model.

Groups Drugs

Mean£SD TL (in

Mean£SD TL (in

seconds) after 90 m seconds) after 24 h
1 Normal saline and alprazolam 33.67+£7.92 46.17+9.6 38.46 |
2 Alprazolam and amlodipine 18.8+8.68 8.67+4.08 "p<0.000 |
3 Alprazolam and cilnidipine 20.8+6.99 9.00+2.76 highly significant |
**p<0.000.

Table 2: Post hoc Tukey’s multiple comparison test
showing change in TL between different groups.

| Groups P values Significance |
1vis2 £ 0.000 . Highly significant”™
1v/s3 0.000 Highly significant*
2vis3 0.911 Not significant

*p=0.000; *p=0.000.

Cook’s pole climbing test results

In group 1 mean £SD CAR after 90 minutes of drug
administration was 17.33+£12.92 seconds and after 24
hours was 28.67+15.92 seconds, group 2 was 1.5+0.54
and 1.167+0.41 seconds and group 3 was 2.5+0.54 and
1.50+0.54 seconds respectively. Thus, there was
shortening of CAR duration after 24 hours in group 2 and
3 but, CAR duration increased in group 1. ANOVA test
showed p<0.004, thus change in CAR duration after 24
hours was highly significant among the groups. But, after
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post hoc Tukey’s test p values between group 1 and 2
was p=0.010, between group 1 and 3 was p=0.007 and
between group 2 and 3 was p=0.997. Thus, highly
significant difference was found between group 1 and 2

as well as group 1 and 3, whereas difference was
insignificant between group 2 and 3. Results have been
shown in Table 3 and 4.

Table 3: Comparison of mean CAR among 3 groups in EPM model.

' Mean+SD CAR (in Mean+SD CAR (in
‘ Groups  Drugs seconds) after 90 m  seconds) after 24 h ANOVA |

1 Normal saline and alprazolam  17.33%£12.92 28.67+£15.92 6.136 |

2 Alprazolam and amlodipine 1.5+0.54 1.167+0.41 “p <0.004 |

3 Alprazolam and cilnidipine 2.5+0.54 1.50+0.54 highly significant |
** n<0.004.

Table 4: Post hoc Tukey’s multiple comparison test
showing change in CAR between different groups.

I Groups _Pvalues  Significance
1v/s2 0.010 Significant”
1v/s3 0.007 Highly significant™
2Vv/s 3 0.997 Not significant

*p=0.010; **p=0.007.
DISCUSSION

This study was conducted to evaluate the effect of
cilnidipine on learning and memory and compare with
amlodipine in alprazolam induced amnesic albino mice.

In EPM model, both group 2 and 3 showed significant
shortening of TL after 24 hours of drug administration
compared to group 1, but after post hoc Tukey’s test p
value between 2 and 3 was p=0.911, which shows
insignificant difference between the two groups. In CPC
model, also both group 2 and 3 showed significantly
shortened CAR duration after 24 hours compared to
group 1, but after post hoc Tukey’s test p value between
group 2 and 3 was p=0.997, which shows insignificance.

Thus, the present study showed both cilnidipine and
amlodipine have memory enhancing effect, but
significant difference was not found when cilnidipine was
compared with amlodipine, this shows both cilnidipine
and amlodipine have equal effect on learning and
memory improvement. A study done by Quarterman et.al,
also showed that amlodipine can facilitate memory
consolidation and retrieval.*

Intracellular calcium overload is detrimental to neuronal
function. In AD, A protein increases calcium influx,
which leads to an impairment of synapse physiology or
even cell death. A number of studies have shown that
CCBs prevent this Ap induced calcium influx. They also
improve the cerebrovascular perfusion by relaxing
smooth muscle cells in the brain capillaries. Cilnidipine
inhibits both L and N-type of voltage dependent calcium
channels and is associated with lower incidence of side
effects compared to amlodipine.*® A study conducted by
Takahara et al, showed that cilnidipine has

neuroprotective action due to its N-type calcium channel
blocking property.

After literature survey, it was found that, this is the first
study to evaluate effect of cilnidipine on learning and
memory and compare its effect with amlodipine in
alprazolam induced amnesic mice.

CONCLUSION

In this study, both cilnidipine and amlodipine have shown
learning and memory enhancing effect, but significant
difference was not found between them. Since,
cilnidipine produces lesser side effects compared to
amlodipine, it can be preferred over amlodipine. Hence,
clinical studies can be considered to evaluate the effect of
cilnidipine on cognitive improvement in dementia
patients.
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