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Abstract: A study was undertaken to evaluate the effect of metformin on learning memory in
experimentally induced Alzheimer’s disease in Wistar rats. A total of 30 Wistar rats were divided in to
five groups of six rats each. Group 1 served as control. In Group 2,3 and 4 Alzheimer’s disease was
induced by administering aluminum chloride (17 mg/kg) orally to the animals for a period of 4 weeks
once daily. Group land 2 received distilled water, group 3 received rivastigmine (0.3mg/kg) and group 4
and five received metformin 100mg/kg. All the rats were subjected to passive avoidance test. At the end
of the experiment the rats were sacrificed and brain acetylcholinesterase level was estimated.
Administration of aluminium chloride resulted in poor learning and memory and this was significantly
reversed by rivastigmine and metformin. In conclusion, the memory impairment induced by aluminum
chloride was revered significantly by both rivastigmine and metformin.
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Introduction

Alzheimer’s disease (AD) is progressive Metformin is an excellent blood glucose
neurodegenerative disease. The pathological lowering agent. Metformin on long term use
hallmarks of AD is associated with presence has induced neurogenesis, reduced tau
of amyloid senile plaques, neurofibrillary phosphorylation and improved spatial

tangles and neuronal loss (1-4). AD is a
major threat to the quality of life among
elderly. Losing the independence of life and
one’s own personality becomes a burden to
the families and caregivers. Initially, the
short term memory starts declining (5).
This is mainly due to neuronal dysfunction
and degeneration 1in amygdala and
hippocampus which leads to synaptic
dysfunction and loss, neuronal death and
eventually causes cognitive decline (1).

Diabetes mellitus (DM) affects 150 billion
people worldwide. There are reports that
AD is associated with brain insulin
resistance, insulin deficiency and deficits in
insulin signaling making DM as one of the
risk factor for AD (6,7,8,). Various oral
antidiabetic medications are being used in
patients to maintain the blood glucose level.
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memory (9). Treatment of AD is currently
aimed at the cholinergic and glutaminergic
hypothesis. Rivastigimine, an
anticholinesterase agent has shown to
reduce the symptoms of memory and
cognitive impairment in patients with AD
(10). However the he outcome of treatment
1s far from satisfactory. Hence, there has
been a continuous search for drugs that will
control symptoms; slow, reduce and/or
reverse mental and behavioral symptoms;
and prevent or halt the disease. This study
was aimed at evaluating the effects of
metformin on memory and cognition in an
experimental animal model of Alzheimer’s
disease (11, 12, 13).

Materials and Methods
Animals

The present study was carried out on 30
adult Wistar rats (weighing 140-200 g)
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obtained from Central animal house,
Manipal University, Manipal, India. The
animals were maintained on normal diet
and water ad libitum. They were housed
individually and a temperature of 28+1°C,
humidity 50+5°C was maintained. 12/12-h
light and dark cycle was maintained. The
study was done after obtaining the
clearance from the institutional ethical
committee and experiments were In
accordance with the guideline stated by the
Ministry of Social Justice & Empowerment,
Govt. of India & Committee for the Purpose
of Control and Supervision on Experiments
on animals (CPCSEA).

Drugs & Reagents

Drugs, chemicals and reagents were
obtained commercially.

Induction of Alzheimer’s Disease in
Animals

Aluminium chloride (17 mg/kg) was
administered orally to the animals for a
period of 4 weeks once daily to induce
Alzheimer’s disease. (12, 14)

Adult Wistar rats were randomly allocated
into five groups of six animals each. Group
1 : normal healthy animals serving as the
control group; Group 2: Aluminium chloride
induced disease model; Group 3
Aluminium chloride induced AD treated
with oral rivastigmine (0.3 mg/kg body
weight) ; Group 4: Aluminium chloride
induced AD treated treated with  1i.p.
metformin (100 mg/kg body weight) ; Group
5 : normal healthy rats treated with 1i.p.
metformin (100 mg/kg body weight).

Passive Avoidance Test

Passive avoidance test assesses learning,
memory and fear-motivated avoidance task.
The test is carried out in three phases: 1)
exploration test, 2) an electrical stimulation
and learning test and 3) memory retention
test. The apparatus has two parts- one well
lighted big compartment-and one small
dark compartment. The light compartment
is in a form of a square box — 3 walls made
up of wood and one wall made of plexiglass.

The base of the dark compartment is made
up of stainless steel grid. Light and dark
compartment are separated by a sliding
door.
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During the procedure the light
compartment was lighted by a 15 watt bulb.
The experiment was started with
exploration trial. During this trial the
sliding door between the two compartments
was kept open. The animal was placed away
from the dark compartment gate and
allowed to explore the apparatus three
successive times for three minutes each. In
each trial, the total time taken by the
animal to enter the dark compartment was
noted using a stop-watch. At the end of the
trial, the rat was replaced back in the home
cage, where it remained during an inter-
trial interval of 5 minutes.

After the last exploration trial, the rat was
again placed in the light compartment.
When the animal entered the dark
compartment, the sliding door between the
two compartments was closed and three
strong foot shocks (50 Hz, 1.5 mA, and 1 s
duration) were delivered at 5-second
intervals. The ceiling was then opened and
the rat was replaced back in its home cage.

Short term memory retention test was
carried out one hour after the trials were
over. The latency time required for the
animal to enter the dark compartment was
recorded. The latency time was recorded as
2 minutes for those animals that did not
enter the dark compartment within 2
minutes was carried out after 1 hour of
receiving the aversive stimuli. Total time
spent by the rats in each of the dark and
light compartments during the memory
retention trial was recorded. Absence of
entry into the dark compartment and more
time spent in the light compartment
indicated positive memory retention. (15)

Brain Tissue Sampling and

Preparation

At the end of the experiment, animals were
sacrificed by cervical decapitation. The
whole brain tissue was carefully dissected
out and thoroughly washed with ice-cold
phosphate  buffer. Hippocampus was
dissected out and homogenized in
phosphate buffer (10% w/v, pH 7.4). The
homogenate was centrifuged at 3000 rpm
for 10 minutes at 4°C. The supernatant was
utilized for estimating the levels of AChE.
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Anticholinesterase (AChE) Assay

AChE activity was determined using the

colorimetric assay of Ellman et al. with
necessary modifications. The cloudy
supernatant obtained as described above
was used for this assay. This assay was
performed by Acetylcholine idodide as the
final substrate. Enzyme activity was carried
out spetrophtometrically at 420 nm (12).

Statistical analysis: Results were
expressed as mean+SE of the mean. Data
was analysed by one-way analysis of
variance (ANOVA) followed by Tukey’s post
hoc test in the SPSS software, version 20.
The level of significance was set at p<0.05.

Results

Passive Avoidance Test

The result in table 1 shows that Aluminium
chloride  treated group  significantly
decreased  the  step-through latency
compared to control group (p<0.05). During
the retention trial, Aluminium chloride
treated group spent more time in the dark
compartment compared to the control
group, indicating memory impairment
whereas rivastigmine and metformin
treated group showed a significant increase
in step-through latency compared to
Aluminium chloride treated group (p<0.05),
indicating reversal of memory impairment.

Table 1: Effect of drug treatment on passive avoidance group

Groups

Latency to

enter dark | Total time spent in dark

compartment in retention compartment in retention

trial(seconds) trial (seconds)

Control 101.2+11.6* 9.6+7.3*
Disease model 27.2+10.7 56.6+12.9
Disease model treated with 108.0+8.0* 1.2+0.80%*
rivastigmine

Disease model treated with 117.0+3.0% 1.0+0.6*
metformin

Normal rats treated with 72.0£25.5 31.6+15.6
metformin

All data are expressed as mean +SEM.
Disease model- Aluminium chloride treated
p value < 0.05 vs. disease model; n=6

Acetylcholinesterase Activity

The results in table 2 showed that
Aluminium chloride treated group showed
an increased level of acetylcholinesterase
indicating decline in memory. Rivastigmine

and metformin treated group showed a
decrease in acetylcholinesterase level
compared to Aluminium chloride treated
group indicating a reversal of memory
impairment.

Table 2: Effect of drug treatment on Acetylcholinesterase activity

Groups Acetylcholinesterase
activity(pmol/mg/min)
Control 0.73+0.16*
Disease model 1.40+0.15
Disease model treated with rivastig-mine 0.91+0.02%
Disease model treated with metformin 0.92+0.01*
Normal rats treated with metformin 1.07+0.03

All data are expressed as mean +SEM
Disease model- Aluminium chloride treated, p value < 0.05
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vs. disease model; n=6
Discussion

Insulin, not only regulates peripheral
glucose homeostasis, but also has effect on
learning and memory through its role on
neuronal proliferation and apoptosis
(16,17). It is very well established that
hyperglycemia impairs cognitive function
and DM is one of the risk factor for AD
(6,7,8). It is also observed that about 80%
of AD patients suffer from DM.
Hyperglycaemia may increase oxidative
stress, production of advanced glycation
end products leading to structural and
functional abnormalities in the brain.
Since there is insulin resistance and
hyperinsulinaemia, it interferes with the
metabolism and clearance of amyloid beta
proteins eventually leading to its
accumulation and increased production of
hyperphosphorylated ‘tau’ proteins. These
are the classical hallmark of AD. DM has
also been associated with brain atrophy,
decreased brain weight and white matter
abnormalities due to mitochondrial
dysfunction, down regulation of neuronal
insulin receptors and dysfunctional insulin
signaling. These central nervous system
changes are also seen in AD and may also
lead to development of the disease.

Present study showed that step through
latency (STL) and total time spent in light
chamber in STZ group, were significantly
less than those in control group,
suggesting learning and memory
impairment in the STZ group when
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