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ABSTRACT
Background: Identification of appropriate biomarker involved in the pathophysiology of diabetesassociated cognitive decline in animal model is necessary. Glucose transporter 4 (GLUT4) is the
component of insulin-dependent neuronal signaling pathway needed for maintaining cognitive
function. It is highly expressed in hippocampal neurons.
Objective: To investigate the effect of GLUT4 expression in hippocampal neurons on the spatial
memory of diabetes-induced Rattus novergicus.
Methods: This experimental study used 24 male Rattus novergicus divided into control groups
terminated on day-0 (C0), 14 (C1) and 28 (C2) and diabetic groups terminated on day-0 (D0), 14 (D1)
and 28 (D2). Diabetes was induced using streptozotocin injections intraperitoneally. Spatial memory
(travel time) of rats was assessed on day-14 and 28. Brain tissue sampling was performed for
assessment of GLUT4 expression using immunohistochemical methods. Significant differences in
means of GLUT4 expression and travel time between groups on day-0, 14 and 28 as well as
correlation between means of GLUT4 expression and travel time in D1 and D2 were analyzed
statistically.
Results: The mean of GLUT4 expression in diabetic group was significantly higher compared to
control on day-14, but not on day-0 and 28. The immunohistochemical examination confirmed this
results. There were no significant differences in mean of travel time between control and diabetic
groups on day-14 and 28. There were no significant correlation between means of GLUT4 expression
and travel time in diabetic groups on day-14 and 28.
Conclusion: The GLUT4 expression of hippocampal neurons did not significantly affect spatial
memory of diabetes-induced Rattus novergicus.
Keywords: GLUT4, spatial memory, diabetes mellitus, cognitive decline, animal model

Introduction
Diabetes mellitus is a component of vascular risk factors
that play an important role for cognitive decline, both
independently and through its interaction with other
vascular risk factors.1,2 The prevalence of diabetesassociated cognitive decline varies in several studies,
ranged from 2.2-28.8%.3,4 Its prevalence is influenced by
many factors, including the differences in clinical and
demographic characteristics of the subjects studied as well
as the cognitive assessment instruments used. The clinical
manifestation of diabetes-associated cognitive decline may
ranging from mild to severe forms.5
The cognitive domains most affected in diabetes-associated
cognitive decline are memory, either verbal or visual type,
attention, and executive function.6,7 Imaging studies showed
that diabetes mellitus was significantly associated with the
decrease of hippocampal volume and atrophy of the frontal

and temporal lobes.8,9 The mechanism underlying the
occurrence of diabetes-associated cognitive decline is not
well established yet. It is proposed that the disruption of
insulin signaling in neurons and neuroinflamation play an
important role in its pathogenesis.10
Analysis of the role of diabetes mellitus in causing
cognitive decline through examination of appropriate
biomarkers in brain tissue is important, especially in efforts
to improve our understanding of the pathomechanism of
diabetes-associated cognitive decline. Therefore, the
selection of appropriate biomarker for such study is
necessary. Glucose transporter 4 (GLUT4), a glucose
transporter isoforms whose regulation of expression is fully
controlled by insulin, needs to be considered as an
important component of the insulin-dependent neuronal
signaling pathway which is needed for maintaining the
cognitive function.11 GLUT4 expression is highly increase
in the hippocampal neurons, a population of neuron which
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is important in carrying out cognitive functions. 12,13 Thus,
GLUT4 expression in these neurons can be considered as
an appropriate biomarker for the investigation of the
pathomechanism of diabetes-associated cognitive decline.14
The animal model suitable for the investigation of the
pathogenesis of diabetes-associated cognitive decline and
widely used in many studies is diabetes-induced Rattus
novergicus.15,16,17 The method of induction of diabetes in
those animal model most commonly used is by chemically
destruction of pancreatic beta cells using alloxan18,19 and
streptozotocin.20,21 Between these two chemical induction
methods, streptozotocin is superior since it has greater
range of toxic doses compared to alloxan.22 Our previous
studies used a combination of streptozotocin and
nicotinamide in the chemically diabetes induction in Rattus
novergicus.23 The use of nicotinamide in the chemically
diabetes induction using streptozotocin in animal model
was aimed to prevent the excessive damage of pancreatic
beta cell which is lethal to these animal model.24 The
impact of the pancreatic beta cells destruction related to this
chemically diabetes induction is the decrease of the insulin
secretion.
Evaluation of cognitive function in animal model can be
performed by using several tests, including the Morris
Water Maze (MWM) test, Y-Maze Spontaneous
Alternation test, Passive Avoidance test and Rotarod test.25
Among them, the Morris Water Maze test is the widely
used test in previous studies since it consist of simple
procedure but with high reliability in evaluating spatial
memory. The procedure of this test including repeated
training of sessions of swimming in a standardized chamber
of water to find a platform submerged in this pool of water
and stand on it. This test has complexity in measuring the
parameter of travel distance, which measure the distance
the rat traveled when starting to swim until it reached the
platform, so the measurement of this parameter requires
special computer program.26 However, these technical
difficulties can be overcome by replacing this parameter
with another one, called travel time, which measure the
time taken by the rat when starting to swim until it reach
the platform.27,28
This study aims to investigate the effect of GLUT4
expression on hippocampal neurons on the spatial memory
of Rattus novergicus rats induced diabetes by injection of
streptozotocin and nicotinamide. This was our effort to
prove the role of GLUT4 in the pathomechanism of
diabetes-associated cognitive decline. Evaluation of spatial
memory is performed by using MWM test as previously
described. The use of animal models and the induction
technique used in this study refer to our previous studies.

Methods
The animal models used in this experimental study were 24
male Rattus novergicus strain wistar rats aged 2-3 months,
body weight 200-300 grams, and healthy without physical
defects. Rats are placed in cages with size of 50x60cm and
each cage contains 4 rats. Rats were divided into six groups
and each group was consisted of 4 rats. Those six groups
were the control group to be terminated on day-0 of
observation (C0), the control group to be terminated on
day-14 of observation (C1), the control group to be

terminated on day-28 of observation (C2), the diabetic
group to be terminated on day-0 of observation (D0), the
diabetic group to be terminated on day-14 of observation
(D1), and the diabetic group to be terminated on day-28 of
observation (D2). Rats were adapted for 7 days and given
standard food and drink every day. This study has received
ethical approval from the Komisi Etik Penelitian Kesehatan
Universitas Mataram with Number 101 / UN18.F7 / ETIK /
2019.
Twelve Rattus novergicus rats from the diabetic group
divided into D0, D1 and D2 were injected with a single
dose of 110 mg/kgBW nicotinamide intraperitoneally. A
single dose of intraperitoneal injection of streptozotocin 70
mg/kgBW was performed in those three groups, 15 minutes
after administration of nicotinamide. Hyperglycemia will be
achieved 72 hours after induction confirmed by fasting
blood glucose levels test using glucometer. All procedures
of diabetes induction was conducted in The Integrated
Laboratory of the Faculty of Medicine, Universitas
Mataram.
The day of confirmation of hyperglycemia by measuring
the fasting blood glucose level, which is 72 hours post
induction, is determined as the day-0 of observation. Thus,
measurement of fasting blood glucose levels for D0, D1
and D2 was conducted on day-0, 14 and 28 of observation.
Blood samples were taken from tail of the rats that had been
previously incised aseptically. On day-0, termination and
sampling of brain tissue in D0 as well as C0 groups were
conducted after fasting blood samples of D0 and other
diabetic groups (D1 and D2) were obtained. The
examination of fasting blood glucose levels using
glucometer was conducted in The Integrated Laboratory of
the Faculty of Medicine, Universitas Mataram.
Both the spatial memory training and assessment were
conducted in four groups (C1, D1, C2, and D2) using the
Morris Water Maze (MWM) test. The spatial memory
training was conducted on day 1 to 4 of observation, while
the assessment of spatial memory was conducted on day-14
and 28 of observation. This test was using an instrument
and procedures as described in previous study.29 On day-14,
a spatial memory cognitive session was conducted in the
same manner in day 1 to 4 in all four groups (C1, D1, C2,
and D2) and followed by termination and sampling of brain
tissue in groups C1 and D1. On day-28, a spatial memory
cognitive session was also conducted in the C2 and D2
groups and was followed by termination and sampling of
brain tissue in both groups. The mean of travel time of each
rats from the four quadrants was measured on day-14 and
28 of observation.
Termination of rats for brain tissue sampling was
performed on day-0 (C0 and D0), 14 (C1 and D1), and 28
(C2 and D2) of observation. Termination of animal models
was conducted using lethal doses of chloroform. Rats brain
tissue was immediately taken by opening the cranium
bones. The brain tissue was fixed in 10% formalin PBS
solution. The process of slicing the hippocampal tissue and
making preparations for GLUT4 immunohistochemical
examination was conducted in the Histology and Cell
Biology Laboratory of Faculty of Medicine, Public Health
and Nursing, Universitas Gadjah Mada. The GLUT4
expression of hippocampal neurons from all six groups of
animal models was assessed using immunohistochemical
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methods. Sliced hippocampus samples prepared for
examination of GLUT4 expression were dropped with xylol
I, xylol II, ethanol 100%, ethanol 95%, ethanol 90%,
ethanol 80%, ethanol 70%, and distilled solution. The slices
were stored in a 37°C incubator for 3 days, then stored on a
storage shelves until being used for immunohistochemical
staining. An endogenous peroxidase blocking process was
performed using H2O2 0.3%, retrieval antigen with HIER
(Heat Induced Epitope Retrieval) technique using TRIS
EDTA buffer pH 9.0 at moderate temperature for 20
minutes, and washed with PBS solution at pH 7.4. The
slices were given a sniper background for 10 minutes to
prevent binding with non-specific proteins and were
incubated with anti-GLUT4 primary antibodies (polyclonal
antibodies, abcam ab33780) overnight at 4°C. In the next
step, the slices were incubated with secondary antibodies
(trekki universal link) for 10 minutes and washed using
PBS pH 7.4 for 5 minutes 3 times. At the final step,
Streptavidin peroxidase (Track Avidin HRP label) was
given to the slices for 10 minutes, then washed again using
PBS pH 7.4. Betazoid DAB 1:100 for 5 minutes without
light was given for visualization and followed by washing
using distilled water. Immunohistochemical examination of
GLUT4 hippocampus was conducted in the Anatomical
Pathology Laboratory of the Faculty of Medicine, Public
Health and Nursing, Universitas Gadjah Mada.
Data analysis was performed using a computer program
using independent t, Mann-Whitney, One-way ANOVA,
Kruskal-Wallis, and Pearson correlation tests. Statistical
results were significant if the p-value <0.05.

Figure 1. The comparison of mean of fasting blood glucose of
diabetic rats based on different day of observation. Wilcoxon test
(blue band) showed significant difference in mean of fasting blood
glucose among diabetic rats on different day of observation. Post
hoc Mann-Whitney test showed that hyperglycemic state achieved
on day-0 were decrease significantly on day-14 (green band), but
not significantly on day-28 (red band). The mean of fasting blood
glucose on day-28 was increased significantly compared to those
on day-14 (black band). Note: * indicate p<0.05.

Results
The mean of fasting blood glucose (FBG) level of diabetesinduced rats (D0, D1 and D2) in 72 hours post induction
were 211.1±27.7 mg/dl (n=12). This result showed that
hyperglycemic state was achieved in both groups in day-0
of observation. The mean of FBG level of diabetic groups
on day-14 and 28 were 93.4±5.9 mg/dl and 139.5±32.2.
The FBG levels both on day-14 and 28 were lower
compared to FBG level on day-0. There were significant
difference in the mean of FBG level among day-0, 14 and
28 in Kruskal-Wallis test (p=0.000). In post hoc analysis
using Mann-Whitney test, the FBG level on day-0 was
significantly higher compared to its level on day-14
(p=0.000), but not on day-28 (p=0.058). The FBG level on
day-14 was significantly higher compared to its level on
day-28 (p=0.048) (Figure 1).
The mean of GLUT4 expression of hippocampal neurons in
diabetic group was significantly higher compared to control
group on day-14 (D1vsC1; p=0.006) in independent t-test,
but not on day-0 (D0 vs C0; p=0.486) and day-28 (D2 vs
C2; p=0.057) in Mann-Whitney tests (Figure 2A). Based on
the time of observation, the mean of GLUT4 expression in
diabetic group among day-0 (D0), day-14 (D1) and day-28
(D2) of observations was significantly difference (p=0.039)
in One-way ANOVA test, but in post hoc Tukey, there
were no significant difference in the mean of GLUT4
expression between D0 and D1 (p=0.068), D0 and D2
(p=0.055), and D1 and D2 (p=0.990) (Figure 2B). The
immunohistochemical examination confirmed this results
(Figure 2C-H).

Figure 2. The comparison of mean of GLUT4 expression between
diabetic and control groups on different day of observation. (A)
The mean of GLUT4 expresion in diabetic group was significantly
higher compared to control on day-14, but not on day-0 and 28. (B)
One-way ANOVA test showed significant difference in mean of
GLUT4 expression of diabetic rats in different day of observation
(blue band), but post hoc Tukey showed no significant difference
among those groups (green, red, and black bands). The results of
immunohistochemical examination in control on day-0 (C), day-14
(D) and day-28 (E) as well as in diabetic groups on day-0 (F), day
14 (G) and day-28 (H) confirmed those findings. Neurons that
expressed GLUT4 are shown as blue-colored nuclei surrounded by
brown-colored cystoplasm on immunohistochemical examination
(arrowhead). Note:* indicate p<0.05.

.
Figure 3. The comparison of mean of travel time between diabetic
and control groups. (A) The mean of travel time of diabetic groups
was not significantly slower compared to control on day-14 and
28. (B) The mean of travel time of diabetic groups was also not
significantly different based on day of observation (blue band).

MNJ (Malang Neurology Journal) Vol. 7, No. 2, July 2021

Page 117 of 6

As noted earlier, the assessment of spatial memory
function in this study was represented by mean of
travel time of the rats in both control and diabetic
group on day-14 and 28 of observations. There were
no significant difference in the mean of travel time
between control and diabetic groups both on day-14
(C1vsD1; p=0.728) in independent t-test and day-28
(C2vsD2; p=0.886) in Mann-Whitney test (Figure
3A). Based on the time of observation, there was also
no significant mean of travel time difference in
diabetic group between day-14 (D1) and day-28 (D2)
of observations (p=0.686) in Mann-Whitney test
(Figure 3B). There were no significant correlation
between the mean of GLUT4 expression and the mean
of travel time in diabetic group both on day-14
(p=0.755) and 28 (p=0.841) in the Pearson correlation
tests

Discussion
Epidemiological studies show that cognitive decline is one
of the important complications of diabetes mellitus,
eventhough its mechanism is still poorly understood. 1,3
Current available drugs are effective only in regulating
blood glucose levels, but not in preventing diabetesassociated cognitive decline.30,31 Better understanding of
the pathophysiology of diabetes-associated cognitive
dysfunction is needed in order to identify a biomarker
which has important roles in the regulation of glucose
homeostasis as well as neuroprotection against diabetesassociated cognitive decline. At present, many studies have
been carried out for this purpose using experimental
animals, including diabetes-induced Rattus novergicus.15,16
Glucose transporter 4 (GLUT4) is the appropriate candidate
of biomarker that play the important roles in the regulation
of cell glucose homeostasis and neuroprotection, for at least
two important reasons. First, the GLUT4 protein is one of
the glucose transporter isoforms facilitating transport of
glucose into cells.32 Second, GLUT4 protein is also
expressed in the brain, including in the hippocampus. 11,23,33
The hippocampus is a well known as brain structure that
carrying out memory function, one of domains of cognitive
function.
As a glucose transporter, the GLUT4 protein acts as a part
of integral proteins located at the cell membrane, thus
facilitating influx glucose into cell. The regulation of
GLUT4 protein expression is highly dependent on insulin
activity. Thus, this protein is an important part of the
insulin signaling pathway in maintaining cell glucose
homeostasis.34 Consistent with the role of GLUT4 in
neuronal glucose homeostasis regulation, the result of this
study showed that the mean of GLUT4 expression in
hippocampal neurons was significantly higher in the
diabetic rats compared to control rats on day-14, but not on
day-0 and 28. This was consistent with the results of
previous studies.23 At day-0, the mean of GLUT4
expression in diabetic rats, although not significantly
different, was lower than in control. It was probably due to
the decreased of insulin production related to
streptozotocin-induced β-cells damage.35 The mean of
GLUT4 expression of hippocampal neurons in the diabetic

rats on day-28, although not significantly different from the
control, still tend to be higher compared to the those mean
in diabetic rats on day-0 and comparable to those mean in
diabetic rats on day-14 (Figure 2A-B). These results had
been confirmed by immunohistochemical examination
(Figure 2C-H). The relatively high mean of GLUT4
expression of hippocampal neurons on days-14 and 28
compared to day-0 was likely due to partial regeneration of
pancreatic β-cells as well as insulin production on day-14 of
observation.36 The regeneration of pancreatic β-cells after
streptozotocin-induced pancreatic β-cell damage might be
associated to the co-administration of nicotinamides in the
time of diabetes induction using streptozotocin aimed to
prevent streptozotocin-induced excessive β-cells damage.24
This regeneration process might partially explained the
occurrence of fasting blood glucose regulation from
hyperglycemic state on day-0 to normal level on day-14 and
28 in diabetic rats (Figure 1).
As stated earlier, GLUT4 protein is widely expressed in the
hippocampal neurons, a brain structure that subserve
memory function. Recent study conducted by PearsonLeary and McNay shows that blockade of GLUT4 protein
in hippocampal neurons causes a decrease in processing
and regulation of memory.12 Administration of GLUT4
blockers, indinavir (protease inhibitors), in HIV patients is
associated with the occurrence of cognitive decline. 37 Based
on these facts, it can be proposed that GLUT4 protein has
potential role in cognitive function. The result of the
present study showed that there was no correlation between
the mean of GLUT4 expression of hippocampal neurons
and the travel time of diabetic rats on day-14 and 28 of
observations (Figure 3A-B). These results were
contradictory to the available facts described above. These
might be due to lack of exposure of neurons of diabetic rats
to hyperglycemic state, either related to the length of time
of hyperglycemic exposure or the stability of the
hyperglycemic state during observation. Alternatively, this
might be true that GLUT4 protein did not involved in
cognitive function in diabetic rats. In theory, the
neurodegeneration process associated with diabetes mellitus
that lead to decrease of cognitive function, including
memory function, can occur after prolonged exposure to
neurons with hyperglycemic state.38 Studies conducted by
Darwatik et al. and Prabawati et al. showed that diabetic
rats had significantly different mean travel time with
healthy controls after the diabetic group rats were given
hyperglycemia exposure for 6 weeks, 2 weeks longer than
the current study.27,28 There is currently no ideal time
reference for exposure to hyperglycemia in diabetic rats
that can significantly influence the cognitive function of
these experimental animals.
Besides the length of time of exposure to hyperglycemia,
another factor probably influencing the results of this study
was the decrease of fasting blood glucose levels in diabetic
rats to the normal range, both on day-14 and 28 of
observation, which showed low stability of the
hyperglycemic condition during period of observation. This
is probably related to the regeneration of pancreatic β-cells,
as previously explained, which causes insulin secretion so
that the regulation of blood glucose levels leads to its
normal value. Thus, the relatively short time of exposure to
hyperglycemia, the lack of stability of hyperglycemic state
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during period of observation, and no measurement of
insulin levels at different time of observation aimed to
evaluate the significance of pancreatic beta cell
regeneration processes are the limitation of this study which
need to be corrected if similar studies will be carried out.
Departing from the existing data, there are several
biomarkers, other than GLUT4 protein, involved in the
insulin signaling cascade which are also potential to be
investigated for their role in the pathogenesis of diabetesassociated cognitive decline and to be used as a therapeutic
target for those condition.10,39

7.

8.

9.

Conclusion
In conclusion, the GLUT4 expression of hippocampal
neurons in this study did not significantly affect spatial
memory of diabetes-induced Rattus novergicus. This result
might be associated with the limitation of exposure time to
hyperglycemia and the lack of stability of hyperglycemic
state during period of observation in diabetic rats.
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