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ABSTRACT

Objective: The main objective of this work was to study the memory-enhancing activity of docosahexaenoic acid (DHA) supplementation in normal
memory function and scopolamine-induced impaired memory in mice.

Methods: The gum acacia suspension of DHA was administered by gavage at the dose of 200 and 300 mg/kg in mice for 30 days to evaluate memory-
enhancing potential on normal and scopolamine-induced impaired memory in albino mice. Escape latency in Morris water maze (MWM) and transfer
latency (TL) in elevated plus maze (EPM) were recorded, respectively. Mice were given four trial sessions per day to locate the platform for 4 days in
MWM model. Scopolamine 1 mg/kg was injected i.p. to produce memory impairment in mice.

Result: DHA suspension at the dose of 300 mg/kg showed significant reduction of escape latency and TL as compared to control group, and the effect
was comparable to that of standard nootropic agent piracetam at the dose of 100 mg/kg in normal and scopolamine-treated mice. However, DHA at
the dose of 200 mg/kg showed significant memory-enhancing effect in only scopolamine-induced impaired memory model.

Conclusion: The study revealed that the chronic administration of DHA exhibited significant memory-enhancing activity against both normal as
well as scopolamine-treated impaired memory mice groups, however, this effect was more marked on scopolamine-induced memory impairment as

compared to normal memory function.

Keywords: Docosahexaenoic acid, Scopolamine, Morris water maze, Elevated plus maze, Piracetam.

© 2018 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This isan open access article under the CC BY license (http://creativecommons.
org/licenses/by/4. 0/) DOI: http://dx.doi.org/10.22159/ajpcr.2018.v11i6.25187

INTRODUCTION

Learning is defined as the acquisition of information and skills and
subsequent retention of that information is called memory. Learning
and memory are fundamental higher brain functions that allow the
individual to adapt to the environment. Learning is acquired when
a stimulus or a sequence of stimuli are transmitted to the brain
which is encoded into memory trace, possibly by formation of new
synaptic connections in the brain areas involved in forming and
storing the acquired information including hippocampus, cortex, and
cerebellum [1].

The cognition refers to the process of acquiring, storing, and utilizing
intellectual knowledge. Cognitive enhancers such as piracetam (PCT),
oxiracetam, and aniracetam are used primarily to treat cognitive
or motor function in disorders such as Alzheimer’s disease, mental
retardation in children, and memory impairment due to brain injury [2].
These drugs work by increasing the brain’s supply of acetylcholine,
increase perfusion of brain’s oxygen or by activating nerve growth [3].
The main concern with these drugs is their efficacy in such clinical
conditions and adverse effects [4].

Docosahexaenoic acid (DHA) (DHA, C22;6 w-3) is a long-chain
polyunsaturated omega-3 fatty acid and is an integral part of neural
membrane phospholipids [5]. DHA has been shown to accumulate
in areas of the brain involved in memory and attention such as the
cerebral cortex and hippocampus [6]. Advanced cognitive function
is uniquely human and impairment of cognitive abilities affects the
quality of life [7]. The use of cognition enhancers by healthy individuals
in the absence of a medical indication is one of the most debated topics
among neuroscientists and psychiatrists. DHA additions to various
foods such as dairy products, juices, beverages, and bakery products
are being tried and are available in some countries. Nonetheless, the

international sales of cognition-enhancing supplements exceeded US$1
billion in 2015, and the global demand for these compounds is still
growing rapidly [8].

The effect of DHA supplementation on cognition during childhood
is controversial [9]. Some studies reporting no effect [10], whereas
some suggesting improvement in verbal learning and memory [11].
Therefore, the present study is planned to clearly define the role of
chronic DHA supplementation in specific aspects of normal memory
function and scopolamine impaired memory function in mice.

MATERIALS AND METHODS

Materials

Drugs and chemicals

DHA was purchased from Green Heaven India (A Herbal Manufacturing
Unit), Nagpur, Maharashtra. Scopolamine hydrobromide (Injection
Buscogast - Sovereign Pharma Pvt.,, Ltd.) and PCT (Tablet Nootropil
Dr. Reddy’s Laboratories Ltd.) were purchased from the medical store.
All the drugs were administered as 2% gum acacia (GA) suspension.

Animals

Randomly bred 6-8-week-old albino male mice weighing 30-40 g,
raised in the animal house of the Department of Pharmacology, Gajara
Raja Medical College, Gwalior, were used for the study. These were
maintained at 24+2°C, humidity 50+5% with 12 h light and dark cycle
and kept on standard pellet diet (Pranav Agro Industries, Delhi, India)
and water ad libitum. The care and maintenance of animals was as per
the approved guidelines of the Committee for the purpose of Control
and Supervision of Experiments on Animals in India. The Institutional
Animal Ethics Committee approved the protocol. (Registration number
846/GO/Ere/S/04/CPCSEA).
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Methods
Morris water maze (MWM)

The MWM is a white, circular pool with an inner diameter of 110 cm
and walls 20 cm high. It was filled with normal tap water to a depth of
13 cm. The water was at room temperature (+22°C) and made opaque
by adding a small amount of milk powder with no noticeable side effects
to the animals. The entire pool was divided into four quadrants of equal
size by two diagonal lines running through the center of the pool.
A removable circular escape platform (diameter: 10 cm) positioned
at the middle of a quadrant. The pool was placed at the far end of a
rectangular room dimly lit by white light. The walls of the room were
equipped with a variety of spatial cues which remained unchanged
during the whole experiment [12].

On 26" day of drug administration, training of mice was started. Mice
were brought from their housing facility to the behavior room and were
kept in an area where they cannot see the pool or spatial cues to adjust
to the new environment for at least 30 min before testing. During the 4
subsequent days, the mice were given four trial sessions per day with
the platform in place. When mice located the platform, it was permitted
to remain on it for 10 s. The escape latencies (s) to reach the platform
were recorded. If the mice did not locate the platform within 120 s, it
was placed on the platform for 10 s. The time interval between trial
sessions was 30 min. After 24 h learning period, mice were evaluated
for retention of learning (memory). EL was recorded after 45 min of
administration of the last dose of DHA, on 30" day and again after 24 h,
that is, on 31 day in normal mice. To study the effect on impaired
memory, scopolamine (1 mg/kg) was injected i.p. after 45 min of
administration of DHA or standard drugs or vehicle on the 30 day,
and EL was recorded after 45 min of injection of scopolamine on the
30" day and after 24 h.

Elevated plus maze (EPM)

The plus maze was in the shape of a cross or plus with two closed arms
each with roof open measuring 30 cm x5 cm x20 cm, extending from
the central region (5 cm x5 cm) running along a North-South axis and
two open arms each measuring 30 cm x5 cm running East-West. The
wooden apparatus was elevated to a height of 50 cm from the floor in a
dimly illuminated room. Animals were placed individually at the end of
either of the open arms facing away from the central platform. The time
taken by each animal to move from open arm to either of the closed
arms was recorded. This duration of time was called transfer latency
(TL). If the animal does not enter into any of the enclosed arms within
120 s, it was gently pushed into any of the enclosed arms and TL was
considered as 120 s. Later, the animal was allowed to explore the plus
maze for 5 min and send back to the home cage [13,14]. TL measured
On 30™ day serves as a parameter or acquisition (learning), while TL
on 31% day indicates retention of learning (memory). An arm entry
was defined as all four feet in the arm. The apparatus was cleaned with
alcohol after each mouse was tested to remove any residue or odor.

TL was recorded after 45 min of administration of the last dose of DHA
on 30™ day and again after 24 h, that is, on 31 day in normal mice.
To study the effect on impaired memory, scopolamine (1 mg/kg) was
injected i.p. after 45 min of administration of DHA or standard drugs
or vehicle on 30" day and TL was recorded after 45 min of injection of
scopolamine on 30™ day and after 24 h.

Study design

To ensure consistency of experience before the test session, animals
were brought to the testing room 1 h before the start of behavior
testing. Test room lighting, temperature, and noise level were kept
constant for all mice used in the study. DHA or standard drugs were
given for 30 days. Dose of DHA was chosen on the basis of the previous
study done to see effect of DHA.

To study the effect on normal memory using MWM and EPM model
mice were divided into four groups having six animals in each group
as follows:
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e Groupl: Control received 2% GA at the dose of 10 ml/kg

e Groups 2 and 3: Test drug-treated group received DHA 200 mg/kg
and DHA 300 mg/kg respectively

¢ Group 4: Standard drug-treated group received PCT 100 mg/kg.

To study the effect on impaired memory using MWM and EPM model
mice were divided into five groups having six animals in each group.

e Group 1: Normal control received 2% GA at the dose of 10 ml/kg

e Group 2: Negative control received 2% scopolamine 1 mg/kg

e Groups 3 and 4: Drug-treated group received scopolamine 1 mg/
kg + DHA 200 mg/kg and scopolamine 1 mg/kg + DHA 300 mg/kg,
respectively

e Group 5: Standard drug-treated group received scopolaminel mg/
kg + PCT 100 mg/kg.

Statistical analysis

Statistical evaluation was done using one-way ANOVA followed by
Tukey’s multiple comparison tests. p<0.05 were considered statistically
significant. Data were presented as mean + standard error of the
mean. All statistical analysis was performed by Sigma Stat software
version 2.0, Jandel Scientific Inc. USA.

RESULTS

Effect of DHA on normal memory

EL and TL of the 30™ day of drugs treatment reflected learning behavior
of animals, whereas TL and EL on the 31 day reflected retention
of learned task as memory. Administration of DHA at the dose of
200 mg/kg decreased escape latency by 16% and TL by 6% in MWM,
respectively, and was statistically not significant (p>0.05) as compared
to control. DHA at the dose of 300 mg/kg decreased escape latency by
39%, TL by 45% in MWM and EPM, respectively, and was statistically
significant (p<0.05) as compared to control and DHA 200 mg/kg
suggesting memory-enhancing effect. PCT decreased escape latency by
51% and TL by 54% in MWM and EPM, respectively, and was significant
(p<0.05) as compared to control and DHA 200 mg/kg Effect of DHA
300 mg/kg was comparable to PCT (Tables 1 and 2).

Effect of DHA on impaired memory

Administration of scopolamine 1 mg/kg increased escape latency by
46% in MWM and TL by 94% in EPM as compared to normal control
group and was statistically significant (p<0.05) demonstrating memory
impairment. Administration of DHA at the dose of 200 mg/kg in
scopolamine-treated animals decreased escape latency by 30% and TL
by 23% in MWM and EPM, respectively, and was statistically significant
(p<0.05) as compared to negative control suggesting cognitive-
enhancing effect. DHA at the dose of 300 mg/kg in scopolamine-treated
group decreased escape latency by 39%, TL by 42% in MWM and EPM,
respectively, and was statistically significant (p<0.05) as compared to
negative control suggesting improvement in memory. Administration
of PCT in scopolamine-treated animals decreased escape latency by
57% and TL by 51% in MWM and EPM, respectively, and was significant
(p<0.05) as compared to negative control and DHA 200 mg/kg. Effect of
DHA 300 mg/kg was comparable to PCT (Figs. 1 and 2).

DISCUSSION

Memory is divided into two general types, declarative and non-
declarative. Declarative memory relates to the conscious recollection
of facts and events and can be further subdivided into episodic and
semantic. Episodic memory is memory for personally experienced
events thatoccurataspecific place and time and is measured by memory
of stories, word lists, or figures [15]. In the present investigation, effect
of chronic administration of DHA was studied on learning and memory
of normal and scopolamine-treated mice.

The MWM was described 30 years ago as a device to investigate
spatial learning and memory in laboratory rats. Spatial learning in
general and MWM performance, in particular appear to depend on
the coordinated action of different brain regions and neurotransmitter
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Table 1: Effect of DHA on escape latency using MWM in normal

mice
Treatment Mean escape latency (s)
On 30" day On 31t day
GA10 66.83+2.47 65.17+2.75
DHA200 59.50+9.23 55.17+4.38
DHA300 54.33+2.91 39.67+1.26**
PCT100 50.33+5.19 32.00+2.46**

GA10: Gum acacia 10 ml/kg, DHA200: Docosahexaenoic acid 200 mg/kg,
DHA300: Docosahexaenoic acid 300 mg/kg, PCT100: Piracetam 100 mg/kg
n=6 animals in each group. Values are expressed as mean+SEM, *p<0.05 as
compared to GA10, *p<0.01 as compared to DHA200. SEM: Standard error of
the mean

Table 2: Effect of DHA on TL using elevated plus-maze in normal

mice
Treatment Mean TL (s)
On 30* day On 31t day
GA10 29.50+3.28 26.33+3.77
DHA200 27.50+3.92 24.83+1.67
DHA300 22.83+3.72 14.50+1.40*#
PCT100 19.33+3.68 12.33+£1.02*%#

GA10: Gum acacia 10 ml/kg, DHA200: Docosahexaenoic acid 200 mg/kg
DHA300: Docosahexaenoic acid 300 mg/kg, PCT100: Piracetam 100 mg/kg
n=6 in each group. Values are expressed as mean+SEM, *p<0.01 as compared to
GA10, *p<0.05 as compared to DHA200 group. SEM: Standard error of the mean

systems constituting a functionally integrated neural network. MWM
task has often been used in the validation of rodent models for
neurocognitive disorders and the evaluation of possible neurocognitive
treatments [16].

EPM served as the exteroceptive behavioral model to evaluate memory
in rats. The spontaneous alteration in behavior in the EPM is considered
to reflect working memory. Based on the natural aversion of mice of
high and open spaces reported that TL (the time in which mouse moves
from the open arms to the enclosed arm) on the 2" day onward was
shortened than on the 1% day and suggested that this shortened TL can
be utilized as a parameter for learning and memory [17].

In the present study, chronic administration of DHA in normal mice
significantly decreased escapelatencyin MWM and TLin EPM suggesting
enhancement in memory. Improved spatial learning performance due
to DHA may be associated with enhanced neurogenesis as reported in
earlier studies [18,19]. The hippocampus, in particular, is essential for
memory function. DHA promotes hippocampal neuronal development
and synaptic function [20] contributing to improvements in the
performance of memory-related tasks such as the MWM [21]. On the
other hand, dietary deficiency of n3 fatty acid demonstrated moderate
impairment of Barnes maze performance compared with n3 fatty acid
adequate rats [22].

In the second part of the present study, chronic administration of DHA
significantly reversed scopolamine-induced increased escape latency
to reach the platform in MWM and TL in EPM, respectively, suggesting
spatial memory-enhancing effect.

Memory impairment in the scopolamine-induced animal model is
associated with increased oxidative stress [23,24]. Oxidative stress
is well known to impair learning and memory leading to cognitive
dysfunction [25]. Cognitive-enhancing effect of DHA in scopolamine-
induced memory impairment in the present study could be due to
the free-radical scavenging property of DHA [26]. Oral administration
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Fig. 1: Bar diagram showing increased escape latency following
scopolamine and ameliorative action of docosahexaenoic acid
(DHA) (200 and 300 mg/kg) and piracetam on escape latency

in scopolamine-treated mice using Morris water maze. Each
column represents mean + standard error of the mean, n=6 mice
in each group. *p<0.01 as compared to gum acacia 10 (normal
control),”p<0.01 as compared to SCM1 (negative control),'p<0.01
as compared to DHA200+SCM1 group
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Fig. 2: Bar diagram showing increased transfer latency
(TL) following scopolamine and ameliorative action of
docosahexaenoic acid (DHA) (200 and 300 mg/kg) and piracetam
on TL in scopolamine-treated mice using elevated plus maze.
Each column represents mean * standard error of the mean, n=6
mice in each group *p<0.01 as compared to gum acacia 10(normal
control),”p<0.05 as compared to SCM1 (negative control),'p<0.05
as compared to DHA200+SCM1 group

of DHA is accompanied with an increased activity of catalase and
glutathione peroxidase enzymes [27].

CONCLUSION

Thus, the data of the present study support cognitive-enhancing effect
of chronic DHA intake in normal and impaired memory mice, however,
the memory-enhancing effect of DHA is more marked in scopolamine-
induced memory impairment as compared to normal memory function.
Long-term interventional studies are required to know the exact
mechanism of cognitive enhancing effect of DHA.
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