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ABSTRACT

Background: Aim of the study was to evaluate effect of flunarizine on memory
function by using step down passive avoidance test in albino rats.

Methods: The study approved by IAEC was conducted using 24 albino rats (n=
6 in each group). Effect of normal saline (0.1 ml/100g), fluoxetine (10 mg/kg,
intraperitoneally (ip)), and flunarizine (2 and 10 mg/kg, ip) on memory retrieval
in rats was evaluated by using Step-down passive avoidance test. One day prior
to conducting the test, each rat was trained to stay on central shock free zone
platform (SFZ) for at least 90s. For the training, animals were applied shock of
15s every time when the rat stepped down placing all the paws on the grid floor.
On the consecutive day retention of the memory was tested thirty minutes after
administration of all test drugs. Step down latency (SDL) and number of
mistakes was observed for a period of 5 min in all rats.

Results: The data was analyzed by one-way analysis of variance (ANOVA) and
Student’s t-test and P <0.05 was considered significant. Mean Step down
latency was significantly increased in fluoxetine (10mg/kg, i.p) group as
compared to the normal saline (P<0.05). SDL was increased in flunarizine
(10mg/kg, i.p) group but it was not statistically significant (p>0.05). Number of
mistakes was reduced in both fluoxetine and flunarizine (10mg/kg, i.p) group
and was statistically significant when compared to vehicle treated group.
Conclusions: The results of the present study indicate beneficial effects of
flunarizine in memory retrieval in albino rats.
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analogs.  Antiinflammatory  agents,  antioxidants,
nonsteroids and some neuroprotective agents have also
been used, but with limited success.*

INTRODUCTION

With the advancement of science, the life expectancy of
man has increased and so are the problems associated

with longevity. Aging is a major risk factor for various
neurological disorders involving neurodegeneration such
as Alzheimer disease, Parkinson’s disease and
dementia.’? In aged conditions, many physical,
biological, chemical, neurophysiological and
neuropathological changes occur due to loss in synaptic
plasticity, synaptic dysfunction, which further leads to
subsequent triggering of neurodegenerative processes.’
The growing need for the treatment of cognitive
impairment due to aging or dementia has led to the search
for potential cognition enhancing drugs. The various
compounds presently under development represent an
alternative to cholino-mimetic therapy and include new
chemical entities as well as piracetam and its newer
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The recognition of calcium channel antagonists (CCAS)
binding sites in the hippocampal neuronal cells of the
brain has raised the hope that these drugs might also be
useful in modulating memory function.® Calcium channel
blockers have also been used to treat memory loss.®
Dihydropyridine CCAs (DHP-CCAs) like nimodipine,
nifedipine, nicardipine, and felodipine have been reported
to have significant nootropic activity. Nimodipine, for
instance, can ameliorate age-related impairments of
memory acquisition and retention; and the amnestic
effects of cerebral hypoxia can be reverted by
nicardipine, felodipine, and nifedipine.”® This nootropic
effect has been observed in humans too and is generally
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interpreted as a compensatory action over age-altered
calcium metabolism.**°

The calcium channel blocker flunarizine is a lipophilic
diphenyl piperazine derivative; it is a relatively weak
calcium channel blocker that also inhibits Na+
channels.** Flunarizine has the ability to cross the blood
brain barrier (BBB), antagonize calcium influx, and to
interfere with the neurotransmitter system.’? Due to its
higher liphophilicity and better blood brain barrier
penetrability, flunarizine might have beneficial effects on
memory function similar to other calcium channel
antagonists, which could be useful in treating various
memory disorders. However, little investigation has been
made, of the effects of flunarizine on memory function.
Therefore, the present study was designed to evaluate the
effect of flunarizine on memory function by using step
down passive avoidance test in albino rats.

Step-down Passive avoidance test is one of the most
common animal tests in memory research. It is based on
the principle that rodents (mouse or rat) in an open field
spend most of the time close to the walls and in the
corners. When placed on an elevated platform in the
center of a rectangular compartment, it steps down almost
immediately to the floor to explore the enclosure and to
approach the wall. The technique is employed in different
modifications described by various researchers. Step-
down passive avoidance test is simple, inexpensive, and
reliable for screening of drugs affecting memory function
in rodents.*®

METHODS
Animals

All the pharmacological experiments were conducted
using albino rats (n = 6), weighing between 200 and 250
g (11 months old). The animals were maintained under
controlled environmental conditions such as temperature
(21+2°C), relative humidity (30-70%), and photoperiod
of 12/12 h period. They were provided with standard
commercial pelleted diet and Aquaguard drinking water
ad libitum. They were acclimatized for at least 7 days
before the start of experiments. The care and use of
laboratory animals were strictly in accordance with the
guidelines prescribed by the Institutional Animal Ethics
Committee constituted under the guidelines of Committee
for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA, India).

Drugs

The following drugs were used: flunarizine, fluoxetine,
and normal saline. Fluoxetine was used as the positive
control to compare the results of flunarizine. Flunarizine
and fluoxetine were dissolved in sterile normal saline.
Freshly prepared drug solutions were injected ip, 30 min
prior to the testing, in the volume of 0.1 ml/100 g body

weight. Concurrent control group animals received
appropriate volume of normal saline ip.

Experimental design

Twenty-four naive albino rats were used for this study,
and they were divided into four groups (n= 6). First group
considered as control and received normal saline (0.1
ml/100g, ip). Second group received fluoxetine (10
mg/kg, ip), and served as positive control.**** Third and
fourth groups were treated with two different doses of
flunarizine (2 and 10 mg/kg, ip). From the two doses of
flunarizine, first dose 2 mg/kg obtained by extrapolating
human dose for rats, second dose, that is, 10 mg/kg in rats
was used, because in our previous study we obtained
significant antidepressant effect of flunarizine in rats at
this dose.’®'” The study was approved by Institutional
Review Board and Institutional Animal Ethics Committee
(Protocol number: 16:01, dated 10/04/2014).

Step down avoidance paradigm in rat

Step down behaviour was employed to examine memory
loss by the procedure as described by Vignisse et al, with
slight modifications.*® The apparatus used consisted of an
acrylic box (30x30x45cm) with a stainless steel grid
floor, having a shock free zone (SFZ) (central platform)
on the center of the grid floor. The grid floor was
connected to a shock device which delivers foot shocks
(20 V AC). One day prior to conducting the test, each rat
was individually trained to stay on the central SFZ for at
least 90 s; for this the animals were applied shock for 15 s
every time when the rat stepped down placing all paws on
the grid floor. The process was repeated until the animal
learned to stay on the central SFZ for at least 90 s.
Retention of memory was tested on the consecutive days
by administrating treatment 30 min before the test. After
the drug administration, each rat was again individually
placed on the central SFZ, and then step down latency
(SDL) and number of mistakes was observed for 5 min.
A significantly increased SDL and the decreased number
of mistakes compared to the vehicle control are the
indices of protective effect on the retrieval of memory.

Statistical analysis

All values are expressed as mean+SEM from 6 animals.
Behavioural data were analyzed using one-way ANOVA
and Student’s t-test. P values <0.05 were considered as
statistically significant. Statistical analysis was done by
using the PRIMER statistical software package.

RESULTS

Mean Step down latency was significantly increased in
fluoxetine (10 mg/kg, i.p) group as compared to the
normal saline group (P <0.05). SDL was increased in
flunarizine (10 mg/kg, i.p) group but it was not
statistically significant (P >0.05). Number of mistakes
was reduced in both fluoxetine and flunarizine (10mg/kg,
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i.p) groups and was statistically significant when
compared to vehicle treated group (Table 1).

Table 1: Effects of Flunarizine on Step-down latency
and number of mistakes in Step-down passive
avoidance test in rats.

Step-down latency Number of

UG ol 5 in seconds mistakes
?(')f’lrm'/slﬂgzem, ip) 2183261 8.5+1.09
Eéﬂ?rxoﬁgme _(Posmve 88.5 + 29.29% (2):411;3
(10mg/kg, i.p.)

e aovao 82
ey weorr 032

Results are expressed as mean+SEM obtained from 6 animals.
ns: statistically nonsignifcant; *P <0.05; vs normal control

DISCUSSION

The present work investigated the effect of flunarizine, a
calcium channel blocker, on memory function in step-
down passive avoidance test in rats. The result of the
present work provided evidence that mean step-down
latency was increased in fluoxetine and flunarizine
(10mg/kg, ip) groups as compared to the normal saline
group. The increase in step-down latency with fluoxetine
was statistically significant compared with normal saline.
Though there was an increase in step-down latency in
flunarizine (10mg/kg, ip) group, it was not found to be
statistically significant when compared to normal saline
group. Also, the numbers of mistakes were significantly
reduced in both fluoxetine and flunarizine (10mg/kg, ip)
groups when compared with vehicle treated group. The
results of present study showed an increase in step-down
latency and significant reduction in number of mistakes
in passive avoidance test by flunarizine at a dose of 10
mg/kg in rats, which support its possible use as a memory
enhancer.

In the present study, 2 mg/kg dose of flunarizine in rats
was extrapolated from currently used doses of
flunarizine, for prophylactic treatment of migraine in
humans. At this dose we did not observe any beneficial
effect on memory retrieval in rats. This suggests that,
flunarizine may not have any effect on memory function
at presently used human dose and might need higher or
more frequent doses to be effective.

The precise mechanisms by which flunarizine produced
beneficial effects on memory retrieval in rodents is not
completely understood. Intraneuronal Ca2+ regulation is
critical for many neuronal processes, including synaptic
plasticity, and for the macroscopic processes based on
them, including learning and memory formation. Under
normal physiological conditions, cytosolic Ca2+ levels
are tightly regulated by a multitude of proteins, but

during normal aging and dementia, intracellular Ca2+
becomes dysregulated.”>?" This dysregulation in Ca2*
levels is associated with impairments in learning and
memory.?? Also, in patients with Alzheimer’s disease
(AD), cytosolic Ca2+ levels and influx via L-type Ca2+-
channels are increased.?>”® Researchers have used Ca2+-
channel blockers, such as nimodipine and nitrendipine, in
treatment of memory deficits in dementia.””?

Increase in intracellular Ca2+ levels in hippocampal
neuronal cells may impair learning and memory through
increases in calcium-dependent post-burst
afterhyperpolarizations (AHPs).”®  Specifically, slow
AHPs (sAHPs) are increased by an increase in cytosolic
Ca2+. Increases in the amplitude and duration of sAHPs
result in decreases in intrinsic neuronal excitability,
which is associated with impairment in learning and
memory.*

Flunarizine is a non-selective voltage dependent calcium
channel blocker. It blocks not only the resting state but,
more preferentially, the inactivated state of both the L-
and T-type Ca2+ channels.®*® Voltage sensitive L-type
Ca2+-channels appear to be particularly important both
for modulating AHPs and for modulating memory.*
These evidences suggest that flunarizine, might also
modulate  AHPs in hippocampal neuronal cells and
enhance memory retrieval in rats by its blocking action
on resting and inactivated L type Ca2+ channels. In
another study, David Quartermain et al. showed that
amlodipine can facilitate memory consolidation and
retrieval in dose dependent manner (5, 7, 9, 15 and 30
mg/kg).* In present study also, flunarizine showed dose
dependent increase in step-down latency and reduction in
number of mistakes in passive avoidance test in rats,
which suggest that slightly higher doses of flunarizine
may produce significant increase in step-down latency
and memory retrieval in rats. These findings are also
consistent with numerous other studies demonstrating
that memory is enhanced by calcium antagonists.”3+

Notable advantage of flunarizine is its cost, which is 10-
20 times lower in comparison with other cognition
enhancers. However, detailed animal and radioligand
studies are required to establish the efficacy of flunarizine
at molecular level especially in aged animals, so that the
data will be strong enough to consider this drug for some
clinical trials and to facilitate the therapeutic
repositioning of this drug in near future for a variety of
cognitive disorders.

CONCLUSION

The results of the present study indicate beneficial effects
of flunarizine on memory retrieval in albino rats.
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