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ABSTRACT
Background: In the past, insulin was considered a peripheral hormone, unable to affect the
central nervous system. Now, it is well established that insulin occurs in the brain where it
exerts regulatory and trophic effects. This study was undertaken to determine the effect of subacute insulin administration on long-term visuo-spatial and short-term working memory.
Methods: Twenty four mice, weighing between 18 – 22 g, were used. Two groups of six mice
each were used during elevated plus maze and Y-maze, to determine long-term visuo-spatial
and short-term spatial working memory, respectively. Control group received deionized water,
while insulin group received insulin at 10 I.U./kg/day, subcutaneously. Results: In the elevated
plus maze, acquisition and retention latencies were the same (P > 0.05) when compared
between the groups. In the Y-maze test, number of entries into arms was similar (P > 0.05)
within and between groups. Time spent in the novel arm by mice in the insulin (103.83 ±7.4
seconds) and control (108.00 ± 13.6 seconds) groups was higher (P < 0.05) when compared to
time spent in arm A (68.33 ± 10.0 and 74.50 ± 5.6 seconds, respectively) and B (59.17 ± 9.5
and 69.67 ± 10.7, respectively). Number of triads and percent alternations were also the same
(P > 0.05) when compared between the groups. Conclusion: It was concluded, that sub-acute
insulin administration did not affect long-term visuo-spatial memory and short-term working
memory in mice.
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INTRODUCTION
In the past, insulin was considered only as a peripheral
hormone, unable to cross the blood-brain barrier
(Laron, 2009). Now, it is well established that insulin
occurs in the brain where it exerts regulatory and
trophic effects (Blázquez et al., 2014). Specifically,
insulin has been reported to affect cognition (Ghasemi
et al., 2013). Although researches have been
undertaking to investigate the effect of insulin on
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learning and memory, the reported findings are often
conflicting (Moosavi et al., 2007a; McNay et al.,
2010). In addition, there is dearth of information on the
effect of sub-acute insulin administration on the various
forms of learning and memory. Thus, this study was
undertaken to determine the effect of sub-acute insulin
administration on long-term visuo-spatial learning and
memory using elevated plus maze (EPM); and shortterm working memory using Y-maze (YM).
METHODS
Animal Conditions, Grouping and Treatment
Young, 34 – 42 days old mice of both sexes, weighing
between 18 – 22 g, were used for the study. They were
kept in large cages in the Animal House and allowed
free access to feed and drinking water. They were
maintained under the prevailing natural light-dark cycle
(photophase: 6:22 – 18:11). Experimental protocols
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were approved by local Institutional Research
Committee and were in accordance with the guidelines
for animal research, as stated in the NIH Guidelines for
the Care and Use of Laboratory Animals (National
Academy of Sciences and National Institutes of Health
Publications, 2011).
Insulin (Actrapid®, Solution for injection in vial,
human, ATC code: A10AB01, Novo Nordisk A/S,
Denmark) was reconstituted 1:3 with deionized water
for ease of dosing; and administered for seven days
(Francis et al., 2008) using insulin syringe daily
between the hours of 8:00 – 9:00 am. Actrapid® is fast
acting insulin that is immediately and slowly absorbed
upon subcutaneous injection, and maximum plasma
concentration is reached within 1.5 hours (Product
Information, 2011). This was considered in timing of
the neurobehavioural tests to ensure adequate blood
concentrations during the trials. Two groups of six mice
each (n = 6) were used during each of the two
neurobehavioural paradigms. The mice were treated as
follows: mice in the control group received deionized
water, while those in the insulin group received insulin
at 10 I.U./kg/day, subcutaneously (Sharma et al., 2007).
Behavioural tests were commenced 30 minutes and 1
hour 30 minutes after the last insulin injection for Ymaze and elevated plus maze tests, respectively.

Y-maze, as developed by Dellu et al. (1992), was used
to assess hippocampal-dependent spatial recognition
memory. The Y-maze consisted of three identical
wooden arms (50 cm L, 16 cm W, 32 cm H) with
multiple extra-maze cues (Conrad et al., 1996), located
around the perimeter of the maze. The maze was
rotated between training and testing. Hence, the arms,
termed Novel, Start and Other, referred to the location
of the arm in the room and not the actual arm. An
overhead video camera recorded movement of the mice
for later quantification, and the investigator stood in
white coat in the same position during training and
testing. Mice were tested on the Y-maze with a 1 hour
delay between training and testing. Y-maze navigation
relies upon a mouse’s innate tendency to explore novel
environments (Ennaceur and Delacour, 1988). In the
present experiments mice that recognized and choose
the Novel arm more than the other arms were defined
as having intact spatial working memory, whereas
those that entered the Novel and Other arms similarly
were considered to have impaired spatial working
memory.
During training, one arm (Novel) of the Y-maze was
blocked with a shutter, allowing the mice to explore the
Start and Other arms for 15 min. The shutter that
blocked the novel arm was the height of the arms (32
cm), preventing mice from rearing and seeing into the
Assessment of long-term visuo-spatial memory using
novel arm or viewing the spatial cues, visible only from
elevated plus maze.
the novel arm. Following training, mice were returned
An elevated plus-maze test was conducted as described
to their home chambers during the 1 hour delay. After
by Komada et al., (2008). Briefly, the elevated plusthe delay, the shutter was removed, and mice were
maze consisted of two open arms (25 × 5 cm) and two
placed in the same Start arm, and allowed to explore
enclosed arms of the same size with 15-cm high
the Y-maze for 5 min. Each mouse was given one trial
wooden walls. The arms and central square were made
during training and testing. A blind investigator
of wood, elevated 55 cm above the floor. Each mouse
unaware of the treatment groups determined the
was placed at the distal part of an open arm maze (5 ×
number of entries made into, and time spent (dwell) by
5cm), facing away from the closed arms. On the
each mouse in the Novel (arm C), Start (arm A), and
training day (first day), each animal was placed at the
Other (arm B) arm across all five minutes. An entry
end of one open arm, facing away from the central
was counted, when the forearms of the mouse entered
platform. The latency of the mouse to move from the
the arm. The number and the sequence of arms entered
open to the enclosed arms was recorded within 90
were also recorded. The parameters were activity,
seconds. Following entry into the arm, the animals
defined as the number of arms entered, and percent
were allowed to explore the apparatus for 20 seconds.
alternation, calculated as the number of alternations or
Twenty-four hours later, the second trial (retention test)
triads (entries into three different arms consecutively)
was performed and the animals were observed for 90
divided by the total possible alternations (i.e., the total
seconds. Reduction in latencies between day one
number of arms entered minus 2) and multiplied by 100
(acquisition) and day two (retention) indicates memory
(Sarnyai et al., 2000).
of the learned task. After each trial, the maze was
Statistical Analyses
wiped with a cloth dipped in 70% ethanol, and allowed
All data were collated and analyzed using Statistical
to dry to remove any olfactory cue. An overhead video
Package for the Social Sciences (SPSS) version 20.0.
camera recorded movement of the mice for later
General Linear Model-repeated measures ANOVA was
quantification.
used to compare means of day 1 and day 2 latencies
Assessment of Short-term Spatial Working Memory
(EPM), time spent in and number of entries into arms
using Y-Maze
(YM). Independent samples t-test was used to compare
The test was conducted as described by Wright et al.
mean values of number of triads and percent
(2006), and slightly modified. Briefly, the symmetrical
alternations (YM). Bonferroni test was employed for
42
J. Afr. Ass. Physiol. Sci. 4 (1): July, 2016
Yarube et al.

Sub-acute insulin and memory in mice
post-hoc multiple comparisons. Values of P ˂ 0.05
were considered significant.
RESULTS
Assessment of Long-term Visio-spatial Memory using
Elevated plus Maze for Memory
Acquisition and retention latencies
Acquisition latencies (seconds) were 39.13 ± 5.05 and
40.63 ± 5.79 for the control and insulin groups; while
retention latencies (seconds) were 41.50 ± 9.77 and
56.00 ± 9.77 for the two groups, respectively. There
was no significant difference between acquisition and
retention latencies within each of the insulin-treated
and control groups (Wilks’ lambda = 0.928, F(1, 15) =
1.081, P = 0.316, multivariate partial Eta squared [Eta2]
= 0.072, n = 6) (Figure 1). The fact that the latencies
did not increase or decrease between day 1 and day 2
suggests that there was no impairment or improvement
of memory. There was also no significant difference in
the latencies between the two groups (F(1, 15) = 1.069, P
= 0.319, Eta2 = 0.071, n = 6), indicating that insulin
treatment had no significant effect on the treated
animals.

Figure 1: Acquisition and retention latencies (seconds)
of control and insulin-treated mice during a 2-day
elevated plus maze for memory task. a = Columns with
the same superscript letters are not significantly
different (P > 0.05). (Mean ± S.E.M, n = 6)

Fig. 2: Number of entries into each arm by control and insulin-treated mice during a Y maze task. a = Columns with the same
superscript letters are not significantly different (P > 0.05). (Mean ± S.E.M, n = 6)

Assessment of Short-term Working Memory using Y
Maze
Number of entries into each arm
Number of entries into arms A, B and C for the control
and insulin groups were 7.33 ± 0.8 and 6.00 ± 0.9; 6.33
± 0.9 and 5.83 ± 1.0; and 7.83 ± 0.7 and 6.67 ± 0.7;
respectively. There was no significant difference in the
number of entries into each arm within the insulintreated and control groups (Wilks’ lambda = 0.676, F(2,
2
9) = 2.159, P = 0.171, Eta = 0.324, n = 6), as well as
between the two groups (F(2, 9) = 0.915, P = 0.361, Eta2
= 0.084, n = 6) (Figure 2). This indicates that both the
insulin-treated and control mice did not show
preference for the novel arm signifying inability to
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retain memory of exposure to the other two arms, and
therefore not recognizing the novel arm.
Time spent in each arm
Time spent (seconds) in arms A, B and C for the
control and insulin groups were 68.33 ± 10.0 and 74.50
± 5.6; 59.17 ± 9.5 and 69.67 ± 10.7; and 108.00 ± 13.6
and 103.83 ±7.4; respectively. The time spent in arms
within the insulin-treated and control groups differed
significantly (Wilks’ lambda = 0.458, F(2, 9) = 5.316, p
= 0.030, Eta2 = 0.542, n = 6), but not between the two
groups (F(2, 9) = 0.832, P = 0.383, Eta2 = 0.077, n = 6)
(Figure 3). The mice in both groups spent more time in
the novel arm, indicating intact memory, but the
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Fig. 3: Time (seconds) spent in each arm by control and insulin-treated mice during a Y maze task.
S.E.M, n= 6)

a,b,c

= P < 0.05. (Mean ±

performance of the two groups were the same. This
suggests that insulin administration had no effect on the
treated mice.
Number of triads and percent alternations performed
by the animals
The animals in the insulin and control groups
performed 5.83 ± 0.9 and 4.50 ± 0.7 triads,
respectively. Percent alternation was 29.51 ± 2.5 and
27.13 ± 1.5 for the mice in the control and insulin
groups, respectively. There was no significant
difference in the number of triads performed by the
insulin-treated and control mice (P = 0.435) (Figure 4).
There was also no significant difference in percent
alternation performed by the animals between the
groups (P = 0.277). The results of these parameters
indicate that insulin treatment had no significant effect
on the treated animals.
DISCUSSION
Diabetes-related cognitive impairment is one of the
consequences of hyperglycaemia in type 2 diabetes
(T2D) (Duarte et al., 2012). But hyperglycaemia in
T2D and pre-diabetic states coexists concurrently with
hyperinsulinaemia (Craft, 2005; WHO, 1999; Reaven,
2003). It is possible that some of the pathophysiological
effects ascribed to hyperglycaemia could actually be
due to hyperinsulinaemia. To resolve this, there is the
need to study the effects of hyperinsulinaemia in nondiabetic normoglycaemic subjects without the
interference
of
hyperglycaemia.
Previously,
hyperinsulinaemia was induced experimentally by
administration of exogenous insulin (Somogyi, 1959;
Patočková et al., 2003; Walrand et al., 2004; Rybicka
et al., 2011). This experimental model was employed in
the present study.
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Fig. 4: Number of triads performed and percent alternations
of control and insulin-treated mice during a Y maze task. a =
Columns with the same superscript letters are not
significantly different (P > 0.05). (Mean ± S.E.M, n = 6).

In short-term memory, a small amount of information is
kept active for random and repeated access for some
seconds up to a minute. It involves the ability to
remember and process information at the same time
(Davelaar et al., 2007). Working memory, assessed by
Y-maze, is a form of short-term memory. It has been
considered to be a core cognitive process that underpins
a range of behaviors, from perception to problem
solving and action control; and is closely related to
measures of intelligence. It has recently been proposed
that working memory might better be conceptualized as
a limited resource that is distributed flexibly among all
items to be maintained in memory (Wei et al., 2014). In
the present study, 34 – 42 days old mice in the
adolescent stage of life (Finlay and Darlington, 1995;
Age Converter, 2016) were used for optimum learning
and memory performance. The animals in insulin-
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treated group showed no preference for the novel arm
treated group was similar to that of the control,
during the Y-maze task. This could indicate memory
indicating that insulin did not enhance or impair
impairment (Ennaceur and Delacour, 1988). However,
learning and memory in the treated mice. Because of
memory impairment here is unlikely because the
anxiety for open space while performing on the EPM
animals in the control group also demonstrated lack of
for memory, the mice in both control and insulin group
preference for the novel arm, suggesting that insulin
tended to quickly escape from the open arm into the
treatment did not alter this behavior from the normal.
closed arm, as proposed by Blat and Takahashi (1998).
In addition, both insulin-treated and control animals
The findings in this study agree with those of Moosavi
showed preference towards the novel arm by spending
et al. (2007a and 2007b), who found no significant
more time in it than in the other arms. This result
effect of low-dose (0.5 and 6 MU), but not high-dose
indicates intact hippocampal-dependent memory
(12 MU) intrahippocampal insulin administration on
(Sarnyai et al., 1997). The apparent discordance
memory deficit. The results also agree with others in
between these two parameters (number of entry and
human studies by Backeström et al. who showed that
time spent in arms) may call for additional tests such as
insulin is not associated with memory performance in
locomotor behaviour to compliment Y-maze test for
middle aged women (Backeström et al., 2015).
spatial memory. Staying in and exploring the novel arm
may arguably be a better index of showing preference
From the literature, there is no debate on the fact, that
than entering (and not staying in) it. This is because
insulin plays a definite role in cognitive function. There
number of entry into arms is more likely to be affected
is evidence demonstrating the fact, that insulin
by locomotor behavior which is influenced by other
signalling is required for normal memory process in
local events within the muscle itself. Spontaneous
drosophila (Chambers et al., 2015), Xenopus tadpols
alternation behaviour is a typical manifestation of
(Chiu et al., 2008), rats (Liu et al., 2013) and humans
short-term spatial (working) memory measured in the
(Fernandez and Torres-Alemán , 2012). However,
Y-maze task (Kim et al., 2008; Mori et al., 2001;
reports on the effect of insulin on long-term spatial
Sarnyai et al., 1997). Mice have natural tendency to
learning and short-term working memory remain scanty
alternate the arm they choose to enter in a Y-maze test
and inconsistent, with some reporting improvement
(Dember and Richman, 1989). Alternation reflects the
(Reger et al., 2006), others – impairment (Krikorian et
motivation of the animal to explore its environment and
al., 2013), and yet others – no effect (Backeström et al.,
locate the presence of resources such as food, water,
2015). As it is inherent in most biological processes,
mates or shelter (Deacon and Rawlins, 2006). Animals
the effects vary based on many influencing
do not need to be deprived of such resources to show
circumstances.
alternation behavior; in this case it is called
Indeed, authors have continued to report incongruent
‘spontaneous alternation’ (Dember and Richman,
findings on the effect of insulin on spatial learning and
1989). Alternation, whether rewarded or spontaneous,
memory. For example, Adzovic et al. reported
is superb at detecting hippocampal dysfunction,
improved performance in the MWM task following
probably even better than the Morris water maze
intra-cerebro-ventricular insulin infusion into the brain
(Deacon and Rawlins, 2006). The time spent in the
of young rats, but no effect in aged ones (Adzovic et
arms by the insulin-treated and control mice was
al., 2015). Earlier, Biessels et al. (1998) reported that
similar. Number of triads (alternations) and percent
insulin treatment may prevent, but not reverse deficits
alternation of the two groups was also similar (Faizi et
in water maze learning and LTP in streptozotocinal., 2012). Taken together, the results of Y-maze test
diabetic rats. The differences in the results may be due
indicate that insulin treatment did not affect short-term
to dose, duration of exposure (acute, sub-acute or
working memory. This is contrary to the findings of
chronic) and route of insulin administration (including
Kamal et al. (2013) who reported impairment of
intraperitonial,
intra-cerebro-ventricular,
memory and defect in synaptic plasticity following
intrahippocampal), details of methodology (use of
hyperinsulinaemia.
different paradigms, many variations and modifications
Long-term memory stores information over a long
of a single paradigm), or even subject used in the
period of time. Short-term memories can become longstudies (age and specie variations).
term memory through the process of consolidation,
involving rehearsal and meaningful association. A
CONCLUSION
group of studies suggests that erasing information from
The results suggest that sub-acute insulin
long-term memory might not typically occur (Storm et
administration did not affect long-term visuo-spatial
al., 2008). In EPM for memory task, which evaluated
memory and short-term working memory in mice.
long-term memory, there was no significant change in
Time is required to accumulate sufficient data for metatransfer latencies for acquisition and retention phases
analysis on the effect of insulin on the different aspects
within each group; and the performance of the insulinof learning and memory in varied situations.
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