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ABSTRACT
Objective: To study the effect of metformin and simvastatin on diazepam-and sodium nitrite-induced anterograde amnesia in male Swiss albino mice.

Methods: A total of 56 healthy male Swiss albino mice weighing 20-30 g were included in the study Mice were divided into seven groups (n=8) and
received a specific dosage of drugs including metformin and simvastatin. Anterograde amnesia was induced by diazepam and sodium nitrite. Morris
water maze paradigm was used to study amnesia in which the mice were trained to locate a hidden platform by releasing them into the opaque
water for four times a day for four consecutive days. The acquisition of this task was evaluated by measuring escape latency time on all the days of
study and by measuring the index of retrieval on day 5 of the study. These observations were compared among the test groups and drug-induced
amnesia groups. The time was expressed as meanzstandard error of the mean.

Results: Significant reduction in the mean escape latency time (25.25+5.09 s) and index of retrieval (52.38 +3.55 s) was observed in groups
administered with sodium nitrite and metformin (p<0.001). In groups administered with sodium nitrite and simvastatin, the mean escape latency
time and index of retrieval were 47.66 +7.69 s and 40.75 +4.13 s, respectively (p<0.05)). In addition, metformin completely ameliorated sodium
nitrite-induced anterograde amnesia.

Conclusion: Metformin and simvastatin ameliorated sodium nitrite-induced anterograde amnesia pointing toward a possible antioxidant role and
can, therefore, be used to potentially inhibit oxidative stress-induced neurodegeneration. However, the pleiotropic roles of metformin and

simvastatin are the areas that warrant further investigation before their clinical use.
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INTRODUCTION

Anterograde amnesia is a type of memory loss due to impairment in
the medial temporal lobe of the brain involved in the retention of
memory. The condition of anterograde amnesia renders the person
incapable of storing, retaining, and recalling the memories of recent
events [1]. It can also be one of the symptoms or conditions in
earlier stages of dementia [2].

Psychogenic (due to stress or trauma) or biological (insufficient
cerebral circulation, substance abuse, and brain diseases) can
contribute to the development of amnesia. Neuronal degeneration in
the medial temporal lobe occurs mainly due to biological factors and
is the main focus of treatment in the recent times [3]. Various
hypotheses of pathologies leading to neuronal death in amnesia have
been proposed such as amyloid cascade hypothesis, tau hypothesis,
excitotoxicity, inflammatory hypothesis, oxidative stress hypothesis,
vascular hypothesis, cholesterol hypothesis, and diabetes and
abnormal insulin signalling hypothesis [4]. However, recent research
has documented the presence of stem cells (neural precursor) in the
brain [5] and this neurogenesis in the hippocampus is reported to
play an important role in the abilities of an individual, especially in
learning and memory [5, 6]. Hence, pharmacotherapy of amnesia can
be directed either at neuroprotection or promoting neurogenesis.

Drugs such as N-methyl-D-aspartate (NMDA) antagonists,
acetylcholinesterase inhibitors, and nootropics have been indicated
to be mostly beneficial in improving symptoms of cognitive
disorders such as dementia due to Alzheimer’s disease, vascular
dementia, senile dementia, which predominantly affects the elderly
population [6, 7]. More scientific research is required to develop
efficacious and safe drugs for amnesia treatment, particularly to
evaluate additional mechanisms of safeguarding neurogenesis, as
these drugs are unable to arrest the pathologies of amnesia or treat
them to complete remission [7, 8].

In this continuum, many drugs are being tested for the treatment of
amnesia, such as statins, nonsteroidal anti-inflammatory drugs
(NSAIDs), omega 3 fatty acids, vitamins [9, 10]. Diabetes mellitus (DM)
and dyslipidemia are among the modifiable risk factors for the
neurodegenerative disease [11, 12]. They have been associated with
increased risk of cognitive impairment and dementias, both
individually and collectively [12-15]. The drug, such as metformin, is
widely used in the treatment of type II DM, as it sensitizes the tissues
to insulin [16]. It is also being tested for its use in treating anterograde
amnesia. Wang et al. [17] have demonstrated the beneficial effects of
metformin in reducing neuritic plaques and tangles. This could be
attributed to reduced hyperglycemia and insulin resistance [18] on
metformin use. Wang et al. also reported the metformin activity of
promoting neurogenesis and spatial memory formation [17].
However, in a multicentric randomized clinical trial, intensive control
of hyperglycemia failed to show any significant cognitive improvement
[19]. This finding definitely warrants a review of metformin’s
additional mechanism of action. In view of this inconclusive and
limited literature, this study is planned to explore and substantiate the
effects of metformin in an animal model of induced amnesia. A further
attempt has been made to delineate the mechanism for the same.

On the other hand, statins have been known to be used in the treatment
of dyslipidemia (one of the risk factors for Alzheimer's dementia) [12]. It
has been proposed that hypercholesterolemia leads to  amyloid
generation [20-22]. However, preclinical studies have not only found a
decrease in 3 amyloid but reductions in inflammation and oxidant
generation with the use of statin as well [23, 24]. It would, therefore, be
prudent to know whether statins ameliorate neuropathologies of
dementia by reducing cholesterol levels, or by additional pleiotropic
actions [25]. In this study, an attempt has been made to screen the
pleiotropic effects of lipophilic statin and simvastatin on varied
mechanisms of induced amnesia.

In this study, the use of diazepam and sodium nitrite is rationalized
by the fact that these are pharmacological agents to induce amnesia.
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As there is a lacuna in studies with respect to use of metformin and
simvastatin in treating diazepam and sodium nitrite-induced
anterograde amnesia, the present study was undertaken with an
objective to investigate the roles of metformin and simvastatin on
diazepam-and sodium nitrite-induced anterograde in male Swiss
albino mice.

MATERIALS AND METHODS
Test animals

Adult male Swiss albino mice weighing 25+5 g were selected on the
basis of their swimming ability. The selected mice were secured
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from the central animal house of ]. N. Medical College, Belgaum. The
study was ratified by Institutional animal ethical committee (IAEC),
constituted as per the guidelines of Committee for the purpose of
control and supervision of experiments on Animals (CPCSEA), New
Delhi (MDC/AH/3(1)).

The mice were sustained on standard rat chow pellet (Amrut Brand)
and water ad libitum and were acclimatized for 10 d to a
photoperiod of 12 h, before carrying out the experiments.
Subsequently, they were divided into seven groups including eight
mice in each group. Each of the groups received a specific dosage of
the drugs as described in table 1.

Table 1: Categorization of mice and dosage of drug in each group

Groups Drugs for acquisition trial

I Distilled water(10 mg/kg, i. p) 30 min before trials

11 Diazepam(1 mg/kg, i. p) 30 min before trials [26, 27]

I Sodium nitrite(75 mg/kg, i. p) 30 min before trials [28]

v Diazepam (1 mg/kg) 30 min before trials+metformin (200 mg/kg oral) 60 min before trials [17]
\ Sodium nitrite (75 mg/kg) 30 min before trials+metformin (200 mg/kg) 60 min before trials

VI Diazepam (1 mg/kg) 30 min before trials+simvastatin (5 mg/kg oral) 60 min before trials

VII Sodium nitrite (75 mg/kg) 30 min before trials+simvastatin (5 mg/kg) 60 min before trials

i. p. Intraperitoneally

Chemicals

Diazepam (Valium, 5 mg) was purchased from the hospital
pharmacy whereas sodium nitrite was obtained from Anmol
Chemicals Pvt. Ltd., Gujarat. The test drugs—metformin (Glycomet,
500 mg) and simvastatin (Zocur, 10 mg) were procured from USV
pharmaceuticals and Merck pharmaceuticals, respectively.

Preparation

Suspensions of diazepam and simvastatin were prepared in gum
acacia and sterile distilled water [26, 27]. On the other hand, sodium
nitrite and metformin preparations were made in sterile distilled
water prior to administration.

Administration

Diazepam and sodium nitrite were administered by injection
(intraperitoneally) in the selected mice whereas metformin and
simvastatin were administered orally.

Morris water maze

The spatial learning and memory of the mice were analysed by an
exteroceptive behavioural paradigm, the Morris water maze, as

described by Bromley-Brits et al. [29]. The method was slightly
modified by dividing the circular tank into quadrants with the help
of a wire wherein one of the quadrants (goal quadrant—Qg) had the
presence of a platform (29 cm high) at the center. The position of the
platform was fixed and water was made opaque by the addition of 3
L of milk, throughout the acquisition trial. The days of the
experiment were categorized into—training (day 1), acquisition trial
(day 2-5) and retrieval trial (day 6). Similar test conditions were
maintained for all the test groups.

Training for trial

The mice were familiarized with an escape route from the aversive
stimuli (water), prior to the initialization of the trial.

Acquisition trial

Mice (control and drug-treated) were released into the water, in one
of the quadrants (Q), for four consecutive days. They were subjected
to four trials per day, with the subsequent trial being held only after
completion of the ongoing trial. All the eight mice were subjected to
to trial in the same Q. During successive trials and days, starting
points were changed as described in table 2. The dosage of drugs
administered to each of the groups is described in table 1.

Table 2: Order of the release of mice in specific quadrants

Days Firsttrial Second trial Third trial Fourth trial
1 Q1 Q2 Q3 Qg
2 Q2 Q3 Qg Q1
3 Q3 Qg Q1 Q2
4 Qg Q1 Q2 Q3

Q, Quadrants; Qg, goal quadrant

Since the mice were required to locate the hidden platform by ‘hit
and trial’ method with the help of distal cues, several such cues were
provided to the mice with strict adherence to their same fixity for all
the days of the trial. Even the position of the examiner was fixed
with respect to the distal cues. Subsequently, they were allowed to
escape to the platform and stay there for 20 s (to generate a spatial
memory of the hidden platform with the help of distal cues). The
time required to escape to the platform, escape latency time (ELT),
was noted and compared among different days and different groups.
Mice unable to locate the platform within 120 s were guided to the
platform by hand and again kept there for 20 s. However, mice
failing the task on consecutive trials for two successive days were
excluded from the study.

Retrieval trial: On day 6 of study, the platform was removed from Qg
and the time spent in Qg (index of retrieval—IOR) was evaluated for
all the groups of mice, that is among control, drug-induced amnesia,
and drug-treated groups. This was done only once and the farthest
quadrant (quadrant remained same for all the groups) from the Qg
was selected to release the mice. Prior to the trial, all groups were
administered with sterile distilled water 30 min before the trial.

Statistical analysis

Data obtained were analysed by one-way analysis of variance
(ANOVA) followed by Dunnett's test using Graph Pad Prism
software. Data were expressed as meanzstandard error of the mean
(SEM) and P<0.05 was considered statistically significant.
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RESULTS
Morris water maze

The data obtained from the experiment along with the IOR were
categorized into different groups on the basis of the drugs
administered as tabulated in table 3.

Control group

ELT on day 4 was less when compared to that of day 1 indicating the
ability of mice to rapidly learn and acquire the task of locating the
submerged platform. Moreover, the trajectory toward Qg changed
from circumferential on day 1 to goal-directed on the day 4. Thus,
upon removing the platform, it was concluded that they could
retrieve the previous location by spending more time in the Qg.

Diazepam-and sodium nitrite-induced anterograde amnesia: No
significant difference was observed in ELT upon calculation of
mean ELT, indicating the failure of diazepam-treated mice group
and sodium nitrite-treated mice group to acquire the task. The
mice in the two groups were found to swim circumferentially with
minimal goal-directed behaviour even on day 4 of the trial

Int ] Pharm Pharm Sci, Vol 10, Issue 6, 18-22

indicating poor retention of the memory of the location of the
hidden platform.

In the group IV with the administration of metformin 30 min before
diazepam, the acquisition of the task was unsatisfactory with not
significant results. In contrast, metformin was found to ameliorate
the effects of sodium nitrite when administered 30 min before the
administration of sodium nitrite. A significant difference (p<0.001)
was observed IOR along with the difference in the mean ELT of day 4
compared the day 1. In addition, their trajectories were increasingly
goal-directed. On the day 6, the mice spent the majority of their
swimming time locating for the missing platform in the Qg.

Similarly, simvastatin was observed to be ineffective in ameliorating
the effects of diazepam in group VI. When administered before sodium
nitrite in group VII, no significant difference was observed in the ELT
of day 4 compared to the ELT of day 1. However, the mice did search
for the hidden platform as evidenced by the decrease in ELT on the
day 4. Additionally, as evident on day 6, mice demonstrated retrieval
of the learnt task by spending maximum time in the previously Qg.
Their IOR was significantly (p<0.05) different from group III, where
only sodium nitrite was administered to them.

Table 3: Mean escape latency time and index of retrieval for Morris water maze

Groups(n =8)

ELT in seconds (mean+SEM)

Index of retrieval in seconds

Day 1 Day 2 Day 3 Day 4
I 79.53£5.37 62.64 £ 6.60 48.53+£5.66 31.63+£3.25 39.38+4.71
11 69.94+£5.79 58.34+£7.27 55.28 +4.56 59.31+4.87 25.63 £4.09
11 60.38+£6.24 54.44+£5.71 54.22+£5.29 57.09+5.3 24.75+3.4
IV 53.16+11.17 51.25+11.91 48.71+£8.25 51+£8.99 28.38+3.70
\' 61.41+6.75 35.5+8.06 28.59+6.8 25.25+5.09 52.38 £ 3.55%*
VI 66.69 £8.07 42.47 £10.65 59.5+6.59 51.69+8.34 24.63 £3.43
Vil 66.72+10.91 63.78+9.06 65.94 +5.64 47.66+7.69 40.75+4.13*

*p<0.05; **p<0.001; Data represented as mean+SEM; ELT: escape latency time; N = 2

DISCUSSION

In this study, the effect of metformin and simvastatin on drug-
induced anterograde amnesia in adult male Swiss albino mice was
studied.

Metformin and simvastatin are among the most commonly
prescribed and best-selling drugs, which have brought about
dramatic changes in the prevalence of metabolic diseases. These
drugs have shown benefits beyond their expected indications.
Researchers have thus attributed this wide spectrum of indications
to their pleiotropic actions. A possible role in neuroprotection
and/or neurogenesis would offer a hope in managing otherwise
irreversible neurodegenerative conditions along with the added
benefits of improving the quality of life in the geriatric population.

In this study, anterograde amnesia was induced with the help of
diazepam and sodium nitrite. Diazepam and sodium nitrite affected
both the learning and retrieval activities of the mice in the trials.
These drugs have been used numerous times for studying the effects
of drugs in experimental amnesia. Diazepam, a prototypal
benzodiazepine, facilitates gamma-amino butyric acid (GABA);
major neurotransmitter involved in learning and memory, binding to
GABA 4 subunit of GABA receptors and bring about inhibition of most
neurotransmission in the central nervous system (CNS). It has been
postulated that binding to al subunit of GABAa receptor results in
amnesia, as observed with the use of benzodiazepines [30, 31].
Hence, diazepam finds application as a preanesthetic medicine due
to its ability to cause anterograde amnesia. Diazepam has also been
used in various animal studies to induce amnesia [26, 32].

On the other hand, sodium nitrite, by induction of chemical hypoxia
[33], causes hypoxic neuronal injury. The administration of sodium
nitrite is known to result in the conversion of haemoglobin to
methemoglobin thereby reducing oxygen-carrying capacity of the
blood. Schindler et al. [34] had reviewed the validity of this method
for manipulating brain energy metabolism. Sodium nitrite can also
act by causing oxidative injury to neurons by forming peroxynitrates

[33]. In another study by Bhattacharya[35],cognitive deficits in rats
were induced by administering sodium nitrite (75 mg/kg,
subcutaneously) while studying the zootropic effect of BR16A
(Mentat). In the current study, the doses of diazepam and sodium
nitrite had been selected on the basis of literature [26, 27, 32].

The paradigm used for studying effects of metformin and
simvastatin on the condition of anterograde amnesia was Morris
water maze [36, 37], as it is considered the ‘gold standard’ for
hippocampal function assessment. The structure of the hippocampus
is conserved across the mammals, which made the mice
hippocampus suitable model for the study of human hippocampal-
dependent processes [37]. Mice, as all rodents, have been known to
have a deep sense of spatial memory and thus, Morris water maze
serves as a natural motivation for them [37]. The other advantages
of the paradigm are that it decreases possible bias due to the scent of
the previous animal, and since it is an open field test, no direction-
specific behaviour needs to be induced [37]. Moreover, mice are
better performers, as they have lesser tendencies to float than other
animal subjects used in studies.

This study is first of its kind in studying the effect of metformin on
diazepam-induced amnesia. However, it was observed from the
study that both metformin and simvastatin failed to ameliorate the
amnesia caused due to diazepam, which raised doubts on the ability
of metformin to cross blood-brain barrier (BBB). However, reports
including that of that of Barker et al. support the ability of metformin
to cross BBB in adequate concentration [38], wherein they
quantified metformin levels in the brain regions and the
cerebrospinal fluid by High-performance liquid chromatography. On
the other hand, Wang et al. showed that metformin in addition to
promoting neurogenesis also improved spatial memory formation in
mice [17]. As there was no evident spatial memory formation in the
acquisition trials, perhaps GABA inhibitory neurons inhibited spatial
memory formation. This also proves that diazepam caused amnesia
via GABA neuronal inhibition of memory processes.

From the current study, it was also found that metformin
ameliorated the sodium nitrite-induced amnesia. This could suggest
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the ability of metformin to inhibit oxidation of haemoglobin by
sodium nitrite in the blood. Hence metformin could produce its
effects without the need of crossing the BBB. The possible role of
metformin as a neuronal antioxidant, promoting neurogenesis, or
enhancing spatial memory formation may be some other reasons for
the significant results [17, 39-41].

Simvastatin is a potent lipophilic statin [42] and was thus selected as
it would easily cross the BBB as evidenced by Bettermann et al. They
observed that the lipophilic statins tended to reduce dementia risk
more than non-lipophilic agents [43]. As evident from the current
study, simvastatin did not show any beneficial effect in diazepam-
induced anterograde amnesia as it does not have any effect on
GABAergic transmission or upregulating neurotransmitters involved
in memory processes.

Simvastatin, when administered before sodium nitrite on day 4 of
acquisition trial, showeda decrease in ELT. However, this difference
was not significant, similar to the reports of Sano et al.[44].

Statins have been shown to have antioxidant and anti-inflammatory
properties [45]. Zhu et al[40] and Keller et al.[46] have reported
that oxidative stress and inflammation are tightly linked to the
pathogenesis and development of Alzheimer’s disease [47] and also
to mild cognitive impairment (MCI) [46]. Statins act by blocking the
isoprenylation and thereby the downstream activation of members
of the Rho family, such as RhoA and Racl, which stimulates
Nicotinamide adenine dinucleotide phosphate (NADP) oxidase—a
major source of reactive oxygen species (ROS) [48].

The present study found a definite role of metformin and the
possible role of simvastatin in ameliorating the sodium nitrite-
induced anterograde amnesia. An obvious next step would be a
demonstration of hypoxic injury to the brain by using pathologic and
neuroimaging techniques and then exploring the effects of these
drugs. Matson, in his review, had suggested the role of oxidative
stress in neurodegeneration [49]. Oxidative stress even may be the
initial cause of neuronal damage [47]. Also, in process of aging, ROS
production increases and ability to fight them decreases. Hence,
metformin and simvastatin, which are usually started in midlife [50,
51], can arrest the process of neurodegeneration at its start and
bring down the prevalence of cognitive impairment.

Alternatively, any observational or randomized studies exploring the
effect of these drugs on dementia in elderly people should take the
long-term usage of concomitant benzodiazepines into account [49].
Also, the studies showing inconsistent results should be re-evaluated
for use of benzodiazepines [52].

CONCLUSION

Thus,it could be suggested from the present study that metformin
and simvastatin, with their repertoire of pleiotropic effects, might
offer benefit in the management of neurodegenerative disorders and
its symptoms. This study also indicates a possible antioxidant role of
metformin and simvastatin in arresting neurodegeneration in
amnesia, which will open new avenues in the management of a
number of neurodegenerative disorders of the brain.
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