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Abstract 
Diabetes mellitus is a major public health problem due to its global spread and 
the severity of its complications, particularly cognitive impairment, which af-
fects life expectancy and quality of life. The aim of this study was to evaluate 
the effect of alloxan-induced experimental diabetes on memory performance 
in mice. The study was conducted on adult male mice aged 12 to 14 weeks, 
weighing between 28 and 33 g, divided into a diabetic group and a non-dia-
betic control group. Diabetes was induced by a single intraperitoneal injection 
of alloxan (220 mg/kg). Blood glucose levels and body weight were measured 
weekly over the four weeks of the experiment. Spatial memory was assessed 
using the T-maze test according to the spontaneous alternation method. Dia-
betic mice showed severe and persistent hyperglycemia and significant pro-
gressive weight loss compared to controls. The memory performance of dia-
betic mice declined progressively, with the alternation rate falling from 81.05 
± 1.61% to 60.52 ± 1.96% over four weeks, while the control group remained 
stable at around 83.68 ± 1.99 % and 85.79 ± 1.12%. The differences between 
groups were significant (p < 0.05) from the first week and highly significant 
from the second week onwards (p < 0.001). Alloxan-induced experimental di-
abetes significantly impairs spatial memory in mice, confirming the link be-
tween diabetes mellitus and cognitive deficits. 
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1. Introduction 

Diabetes mellitus is a major public health problem due to its global spread, the 
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severity of its complications, which affect life expectancy and quality of life, and 
the excessive costs it generates, which place a strain on the budgets of the poorest 
countries [1]. It is generally classified as type 1 diabetes (T1D) and type 2 diabetes 
(T2D). T1D is an autoimmune disease characterized by a defect in the secretion 
of endogenous insulin by the pancreas [2] [3]. It manifests as high blood glucose 
levels, causing regular episodes of hypoglycemia and hyperglycemia that require 
regular self-monitoring and daily insulin administration [4]. In 2024, approximately 
9.2 million people worldwide, including 7.4 million under the age of 20, were living 
with T1D [5]. The main goal of diabetes mellitus management is to restore glycemic 
balance in order to prevent complications [6]. Among these complications, cog-
nitive dysfunction is a major concern due to its potential impact on patients’ qual-
ity of life and independence [7]. However, most studies on the link between chronic 
hyperglycemia and cognitive impairment focus on T2D [8]. This is because the pop-
ulation living with T2D is growing [9] [10]. Furthermore, the management of T2D 
in this population poses particular problems [11] [12]. Furthermore, among the 
various conditions associated with T2D, cognitive frailty plays an important role 
because it directly impacts adherence to any proposed treatment and promotes 
medication errors, especially given the high frequency of polypharmacy in this 
population [13]. One of the factors put forward to explain this problem is that T2D 
occurs mainly in older people, since age is also a risk factor for cognitive impairment 
[14] [15]. In this context, it seems necessary to continue research on T1D in order 
to better understand, in a comprehensive manner, the links between diabetes melli-
tus and cognitive impairment. 

Animal models, particularly mice, provide a better understanding of the bio-
logical mechanisms involved in these cognitive deficits because the murine and 
human genomes are relatively similar in structure [16]. Furthermore, the induc-
tion of experimental diabetes, usually by alloxan, reproduces several metabolic 
characteristics of human type 1 diabetes [17]. It is therefore essential to evaluate 
the effects of experimental diabetes on spatial memory in order to better under-
stand the mechanisms involved and identify possible therapeutic avenues. The 
present study is part of this effort and aims to evaluate the impact of alloxan-in-
duced diabetes on spatial memory performance in mice. 

2. Materials and Methods 
2.1. Experimental Animals 

This study was conducted on adult male mice (Mus musculus Linnaeus, 1758) of 
the Swiss strain, aged 12 to 14 weeks and weighing between 28 and 33 g. These 
animals came from the vivarium of the École Normale Supérieure Abidjan (Côte 
d’Ivoire). They were kept at a constant temperature of 27 to 29˚C, relative humid-
ity of 65%, and 12-hour light/dark cycles. They were fed and watered ad libitum 
throughout the experiment. The animals used in this study were treated in accord-
ance with the ethical principles of the Canadian Council on Animal Care regard-
ing the use of animals in science. 
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2.2. Technical Equipment 

The technical equipment consisted mainly of 98% alloxan monohydrate supplied 
by Polychimie (Abidjan, Côte d’Ivoire), a glucometer with test strips (On Call® 
Extra, San Diego, United States) for measuring blood glucose levels, insulin sy-
ringes (BD Micro-Fine, France) for intraperitoneal injections of the alloxan solu-
tion, and a T-maze. The latter is made of gray Plexiglas. The T-maze was designed 
according to the model described by Badjo et al. [18]. It consists of a starting com-
partment (15 × 10 × 22), a central corridor (45 × 10 × 22), and two identical exit 
arms (31 × 10 × 22). Access to each compartment can be closed using a system of 
side-sliding guillotine doors. 

2.3. Diabetes Induction and Experimental Design 

Diabetes induction follows the protocol described by Bégbin et al. [19]. A total of 
32 mice were included in the study. Of these, 22 underwent diabetes induction, 
while 10 made up the healthy control group. After a 16-hour fast imposed on all 
animals, the mice in the experimental group received a single intraperitoneal in-
jection of alloxan at a dose of 220 mg/kg body weight, dissolved in isotonic saline 
(0.9% NaCl). The control mice received, under the same conditions, an equivalent 
volume of pure saline solution. 

Hyperglycemia developed three days after alloxan administration. One week 
after induction, blood glucose levels were measured to validate the model: only 
mice with blood glucose levels above 300 mg/dL were considered diabetic. Of the 
22 treated mice, 4 that did not reach this threshold and 8 that died were excluded 
from the study. The remaining 10 diabetic mice and the 10 control mice were di-
vided into two groups of 10 animals each: 

1) the diabetic group; 
2) the non-diabetic control group. 
The animals’ cognitive performance was then assessed using the T-maze test. 

This assessment took place over a four-week period, beginning one week after the 
induction of diabetes (with week 0 corresponding to the first day of the behavioral 
test). At the same time, fasting blood glucose levels and body weight were meas-
ured weekly. 

2.4. T-Maze Test 

Spontaneous alternations are assessed using the method described by Doubran 
et al., which includes a habituation phase, a pre-test session, and then the test ses-
sion itself [20]. 

1) Habituation phase 
The mice are first subjected to two habituation sessions of ten minutes each 

(one per day), during which they freely explore the entire maze. This step aims to 
familiarize them with the environment and reduce stress related to novelty. 

2) Pre-test session 
The animals then undergo an initial session of sequential alternations designed 
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to accustom them to the experimental procedure (confinement, opening and clos-
ing of doors, handling). This also helps to establish the alternating behavior, as 
repeated exploration contributes to the development of a spatial representation of 
the device. This session consists of five consecutive trials, separated by a 30-second 
inter-trial interval (ITI). 

3) Test session 
The next day, the test phase takes place, consisting of twenty (20) consecutive 

trials, each separated by a 30-second ITI. In each trial, the animal is first held in 
the starting compartment for 30 seconds. The door is then opened and the animal 
is free to choose one of the two arrival arms, in which it remains confined for 30 
seconds. It is then returned to the starting compartment for 30 seconds before the 
next trial. The experiment was conducted over four weeks at a rate of one T-maze 
test per week. 

4) Measured parameters 
A point is awarded when the animal chooses a different arm from the one se-

lected in the previous trial; otherwise, the trial is scored as 0. The percentage of 
spontaneous alternation (AS%) over all 20 trials is obtained by the ratio between 
the number of alternations achieved (NAP) and the number of possible alterna-
tions (NPA) multiplied by one hundred. 

2.5. Statistical Analysis 

Data are presented as the mean ± standard error of the mean (M ± SEM). Statis-
tical analyses were performed using GraphPad Prism 8.0.1 software (San Diego, 
California, United States). Comparisons between the diabetic group and the con-
trol group were performed separately for each week of follow-up using a Student’s 
t-test for independent samples. This approach was chosen because the objective 
was to compare the two groups at each measurement time point, independently 
of the other weeks, rather than to analyze the longitudinal changes in the same 
animals over time. Differences were considered statistically significant at a p-value 
< 0.05. 

3. Results 
3.1. Blood Glucose Levels in Mice 

A significant and consistent difference was observed between the blood glucose 
levels of diabetic mice and non-diabetic mice throughout the experiment (Figure 
1). From week zero, diabetic mice had very high blood glucose levels (379.2 ± 6.39 
mg/dL) compared to non-diabetic mice (68.6 ± 1.69 mg/dL), representing a highly 
significant increase (p < 0.001) of more than 450%. In week one, diabetic mice-
maintained blood glucose levels well above normal (333.7 ± 7.85 mg/dL), while 
non-diabetic mice remained stable at 71.5 ± 2.00 mg/dL. The 366.7% increase in 
blood glucose levels remains highly significant (p < 0.001). This trend is also ob-
served in weeks two and three, where blood glucose levels increase by 280.5% and 
275.3%, respectively. In the final week (week 4), diabetic mice still had very high 
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blood glucose levels (259.9 ± 7.26 mg/dL), compared to 71.0 ± 1.41 mg/dL for 
non-diabetic mice, a difference of 266%. This increase remains highly significant 
(p < 0.001). 

 

 
Note: Data are presented as mean ± SEM and analyzed by the Student’s t-test. *p < 0.05, **p < 
0.01 ***p < 0.001 compared to the control (n = 10). 

Figure 1. Changes in blood glucose levels in mice during the experiment. 

3.2. Body Mass of Mice 

Figure 2 shows a clear and gradual decrease in body mass in diabetic mice com-
pared to non-diabetic mice, which gained slightly in weight throughout the exper-
iment. In fact, a significant difference was already apparent in week 0. Diabetic 
mice had an average body mass of 25.6 ± 0.50 g compared to 30.5 ± 0.54 g for non-
diabetic mice, a reduction of more than 16% (p < 0.05). In the first week, weight 
loss continued in diabetic mice, which reached 23.9 ± 0.35 g. The gap widened to 
more than 21% and remained significant (p < 0.05). This decline became more 
pronounced in weeks 2 and 3 (33.75% and 36.19%). Finally, in the fourth week, 
diabetic mice still had a significantly lower weight (21.5 ± 0.34 g) compared to 
non-diabetic mice (33 ± 0.42 g), representing a highly significant (p < 0.001) de-
crease of nearly 34%. 

 

 
Note: Data are presented as mean ± SEM and analyzed by the Student’s t-test. *p < 0.05, **p < 
0.01 ***p < 0.001 compared to the control (n = 10). 

Figure 2. Change in body mass of mice during the experiment. 
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3.3. Memory Performance of Mice in the T-Maze Test 

A gradual and significant decline in memory performance was observed in dia-
betic mice over the course of several weeks (Figure 3). At week zero, both groups 
showed similar spontaneous alternation rates, with 83.68 ± 1.99% for non-diabetic 
mice and 81.05 ± 1.61% for diabetic mice; no statistically significant difference 
was observed (p = 0.317). From the first week onwards, an initial decrease ap-
peared in diabetic mice, whose alternation rate fell to 76.31 ± 2.38%, compared to 
84.21 ± 1.75% in the controls, indicating a significant difference (p = 0.015). This 
decrease became more pronounced in the second week, when diabetic mice showed 
only 65.26 ± 2.11% alternans, while non-diabetic mice remained stable at 84.74 ± 
1.83%. The difference reached 19.48% and became highly significant (p < 0.001). 
The trend continued in the third week, when diabetic mice fell to 62.63 ± 1.46%, 
compared to 86.31 ± 1.16% for the controls, a marked and significant difference 
(p < 0.001). Finally, in the fourth week, the performance of diabetic mice reached 
its lowest level (60.52 ± 1.96%), while non-diabetic mice maintained a rate of 85.79 
± 1.12%, representing an equally significant reduction (p < 0.001) of 25.27%. 

 

 
Note: Data are presented as mean ± SEM and analyzed by the Student’s t-test. *p < 0.05, **p < 
0.01 ***p < 0.001 compared to the control (n = 10). 

Figure 3. Evolution of spontaneous alternations in the T-maze test in diabetic mice compared 
to non-diabetic mice over a four-week period. 

4. Discussion 

Diabetic mice exhibited severe and persistent hyperglycemia and significant pro-
gressive weight loss compared to controls throughout the T-maze tests. Results 
similar to ours also describe a marked and sustained increase in blood glucose 
levels in mice given alloxan [21] or streptozotocin [22], confirming the ability of 
these substances to cause profound pancreatic destruction and stable metabolic 
imbalance. Similarly, the study by Kumar and Sharma on alloxan-induced dia-
betic neuropathy reports persistent hyperglycemia in untreated mice, as well as a 
progressive deterioration in general health, reflected in particular by a decrease in 
body weight [23]. These observations indicate that the results obtained in our T-
maze test are closely related to alloxan-induced experimental diabetes. 

The results of the T-maze test show a progressive and significant decrease in 
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memory performance in diabetic mice, observed from the first week to the fourth 
week. This decline in spontaneous alternation reflects a growing deficit in spatial 
working memory, which is a primary function of the hippocampus and frontal re-
gions. The widening gap between diabetic mice and controls suggests that chronic 
hyperglycemia has cumulative deleterious effects on the neural circuits involved 
in spatial memory. 

These results are consistent with a series of recent studies on the effects of exper-
imental diabetes on cognitive function. Indeed, mouse models of diabetes, whether 
induced by alloxan [24], streptozotocin [25] or related to metabolic predispositions 
[26] [27], systematically develop deficits in working memory and spatial memory. 
This research indicates that chronic hyperglycemia creates a neurotoxic environ-
ment. Indeed, it has been shown that chronic diabetes alters neuronal plasticity 
and activates inflammatory pathways responsible for cognitive deficits [28]. In 
addition, chronic hyperglycemia promotes ferroptosis of hippocampal neurons, a 
mechanism of cell death that exacerbates memory disorders [29]. More recently, 
Li et al. showed that high concentrations of β-hydroxybutyrate (β-OHB) in dia-
betic mouse models disrupt the α subunit of CaMKII-α (calcium/calmodulin-de-
pendent kinase II-α) in the hippocampus, which could contribute to memory def-
icits in T1D mice [30]. Furthermore, a previous study described a progressive 
worsening of spatial memory deficits proportional to the duration of exposure to 
hyperglycemia in their work on time-dependent alterations in learning and 
memory in streptozotocin-induced hyperglycemic rats [31]. This phenomenon is 
perfectly consistent with the results we obtained in our study. 

However, it is interesting to note that interventions can mitigate these cognitive 
deficits in diabetic mice. Indeed, aerobic exercise could increase the expression of 
MALAT1 (Metastasis-Associated Lung Adenocarcinoma Transcript 1) in exosyl-
serums to competitively inhibit miR-382-3p and increase BDNF (Brain-Derived 
Neurotrophic Factor) expression, thereby improving cognitive impairment in 
mice with type 2 diabetes [32]. Furthermore, Nan et al. demonstrated in diabetic 
ovariectomized mice, in which cognitive impairment is more severe, that forsy-
thoside B could be a new therapeutic target for the treatment of postmenopausal 
diabetic encephalopathy [33]. 

Clinical data in humans confirm our findings. Diabetic patients, particularly 
those with hypertensive comorbidity, have an increased prevalence of cognitive 
impairment [34]. Diabetes has also been shown to interact with markers of cere-
bral vascular disease to accelerate cognitive decline and increase the risk of de-
mentia [35]. The findings of Lu et al. clarify that it is not only chronic hypergly-
cemia that is harmful, but also glycemic variability [36]. This is associated with 
morphological changes in the brain and reduced cognitive performance. At the 
neuropsychological level, diabetes-related disorders preferentially affect certain 
cognitive domains such as attention and executive functions [37]. In addition, Sa-
tapathy et al. have shown that microvascular complications are a major factor in 
cognitive decline through impaired cerebral perfusion and neuroinflammatory 
mechanisms [38]. These mechanisms could contribute to the progressive deterio-
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ration in memory performance observed in our diabetic mice. Similarly, it has 
been reported that even the early stages of cognitive impairment in diabetic pa-
tients are accompanied by disturbances affecting memory, attention, and learning 
[39] [40]. Finally, the summary proposed by Kan et al. reminds us that diabetes 
mellitus is a major and independent risk factor for cognitive decline, through a set 
of mechanisms including oxidative stress, advanced glycation, inflammation, and 
vascular damage [41]. 

Ultimately, this study shows that the alloxan-induced mouse model of diabetes 
effectively replicates the metabolic alterations and early working memory deficits 
associated with chronic hyperglycemia. This model thus serves as a valuable tool 
for exploring the mechanisms involved in diabetes-related cognitive impairments, 
including oxidative stress, neuroinflammation, alterations in synaptic plasticity, 
and neuronal death. However, findings from mouse studies do not allow for direct 
conclusions about the mechanisms of cognitive decline in humans, which results 
from complex interactions between metabolic, vascular, genetic, environmental, 
and age-related factors. Thus, although this model provides valuable insights into 
the biological mechanisms potentially involved, clinical and translational studies 
remain essential to confirm their role in human cognitive decline and assess their 
therapeutic relevance. 
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