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Abstract

Excessive consumption of dietary sugar has been linked to metabolic and neurocognitive dysfunction, yet the behavioral
consequences remain insufficiently characterized. Using the IntelliCage automated behavioral system, we investigated
the long-term impact of a high-sugar diet (HSD) on learning, memory, cognitive flexibility, activity, and addiction-like
behaviors in mice. Adult swiss albino mice were divided into control (standard chow) and HSD groups for 6 weeks.
Behavioral tasks included place learning, reversal learning, activity monitoring, and sucrose preference. Mice on HSD
exhibited deficits in acquisition and retention of memory tasks, impaired reversal learning indicative of reduced
cognitive flexibility, altered locomotor activity, and enhanced sugar preference resembling addiction-like behavior.
These findings suggest that chronic HSD consumption impairs cognitive performance in mice, with implications for
understanding diet-related neurocognitive disorders in humans.
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1. Introduction

The global increase in sugar consumption has raised concerns about its potential impact on health, not only in terms of
obesity and metabolic syndrome but also regarding cognitive and behavioral outcomes [1,2]. Epidemiological studies
suggest links between excessive sugar intake and cognitive decline, particularly in hippocampus-dependent memory
[3]- Animal models have shown that high-sugar diets can impair learning, memory, and synaptic plasticity [4-6].

Traditional behavioral assays for rodents often involve human interference, which may introduce bias and stress. The
IntelliCage system provides an automated, high-throughput, and ethologically relevant platform for behavioral
assessment in group-housed mice [7]. This system allows continuous monitoring of activity, learning, and preference
behaviors under minimally invasive conditions.

The present study aimed to evaluate the effects of chronic high-sugar diet consumption on neurobehavioral functions
in mice, focusing on memory, activity, cognitive flexibility, and addiction-like behaviors using IntelliCage paradigms.

2. Materials and Methods

2.1. Animals and Housing

Adult male swiss albino mice (n=4, 8 weeks old) were housed in groups under standard 12:12 h light-dark cycles. All
experimental procedures were approved by the Institutional Animal Ethics Committee.

* Corresponding author: Venkateshwara Rao Joginapally

Copyright © 2025 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjbphs.com/
https://doi.org/10.30574/wjbphs.2025.24.1.0896
https://crossmark.crossref.org/dialog/?doi=10.30574/wjbphs.2025.24.1.0896&domain=pdf

World Journal of Biology Pharmacy and Health Sciences, 2025, 24(01), 186-192

2.2. Diets

Control group (Group-1) (n=2): standard rodent chow and water ad libitum. High-sugar diet (HSD) group (Group-2)
(n=2): chow supplemented with 25% sucrose solution as drinking water. The dietary regimen lasted 6 weeks.

2.3. IntelliCage System

The IntelliCage (TSE Systems, Germany) consists of four operant conditioning corners equipped with RFID detectors,
doors, and lick sensors. Mice were identified via RFID microchips.

2.4. Behavioral Protocols

Adaptation Phase: all corners accessible, free exploration.

Place Learning Task: mice learned to associate one corner with water access.

Reversal Learning (Cognitive Flexibility): correct corner shifted after acquisition.

Activity Monitoring: spontaneous visits and nose-pokes recorded.

e Sucrose Preference Test (Addiction-like behavior): preference for sucrose vs water monitored.

2.5. Data Analysis

Behavioral parameters (learning curves, error rates, corner visits, lick counts) were extracted using IntelliCage
software. Group comparisons were performed using t-tests, with significance set at p = 0.05 (Fig. 1C).

3. Results

3.1. General Activity

HSD mice displayed decreased nosepokes and corner visits and reduced exploratory variability, suggesting lesser
activity with restricted patterns (Fig. 14, 1B, 1C).

1= osta
Arumals Groups - v
laemels General | Brrors | Preferences | Actoty | Leaming | Vist Timeine | Nosepske Tmelne | Environment | Reporters
EejDefoui kd @ Mode 5 Cumdative Standard Data: Visits Nosepokes | Licks Select Time Frame
o 1 I
- Jarimal 1) Animal Activity
Jaroup 2
a3 )
-

Figure 1A Graph representing the number of nosepokes in control(Group-1) vs. high-sugar diet (HSD) mice(Group-2)
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Figure 1B Table showing the number of corner visits in control(Group-1) vs. high-sugar diet (HSD) mice(Group-2)

t-Test: Two-Sample Assuming Equal Variances
Control Experimental
Mean 18.7 12
Variance 64.23333333 46.88888889
Observations 10 10
Pooled Variance 55.56111111
Hypothesized Mean Difference 0
df 18
t Stat 2.009899508
P(T<=t) one-tail 0.029836806
t Critical one-tail 1.734063592
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Learning task performance
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Figure 1C Statistical analysis (t-Test)

Figure 1 General Activity Patterns

3.2. Learning and Memory

During place learning, control mice quickly acquired the correct corner (corner-2), while HSD mice required
significantly more trials and made more errors for acquiring the correct corner (corner-3) (Fig. 24, 2B, 2C). Retention
tests confirmed impaired memory consolidation in HSD mice.

Figure 2 Learning and Cognitive Flexibility
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Figure 2A Learning and error curves of control(Group-1) and HSD(Group-2) mice during place learning
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Figure 2B Error rates of control(Group-1) and HSD(Group-2) mice during place learning
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Figure 2C Correct corner preference of control(Group-1, corner-2) and HSD(Group-2, corner-3) mice during place
learning

3.3. Cognitive Flexibility

In reversal learning, control mice adapted to new conditions within a day, whereas HSD mice exhibited prolonged
perseveration and significantly delayed adaptation (Fig. 2D, 2E).
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Figure 2D Error rates of control(Group-1) and HSD(Group-2) mice during reversal learning.
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Figure 2E Correct corner preference of control(Group-1, corner-3) and HSD(Group-2, corner-2) mice during reversal
learning

3.4. Addiction-like Behavior

Sucrose preference was significantly higher in HSD mice, with compulsive corner checking as suggested by their
behaviour towards normal water as sucrose was unavailable (Fig. 3).
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Figure 3 Number of licks and duration of contact time of control(Group-1) and HSD(Group-2) mice

Figure 3 Addiction-like Behavior

Table 1 Summary of Behavioral Outcomes

Behavioral Measure Control Gr+oup HSD Group

Domain

General Activity Corner visits, Nosepokes More Fewer

Learning & | Correct corner preference, | More correct corner | Less correct corner
Memory Errors preference, Fewer errors preference, More errors
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Cognitive Reversal learning | Within a day Delayed

Flexibility adaptation

Addiction-like Lick number, Duration of | Fewer lick number, More | Higher lick number, Less
Behavior contact time contact time contact time

4. Discussion

Our findings demonstrate that chronic high-sugar diet impairs learning, memory, and cognitive flexibility in mice while
enhancing addiction-like preference behaviors. These results align with previous rodent studies showing diet-induced
hippocampal dysfunction and dopamine signaling alterations [8-10].

The IntelliCage system allowed continuous, automated assessment, reducing experimenter bias and stress-related
artifacts. Importantly, the observed behavioral impairments mirror early cognitive symptoms in humans with excessive
sugar consumption and metabolic dysfunction [11,12].

Mechanistically, sugar-induced insulin resistance, hippocampal synaptic plasticity reduction, and altered dopamine
transmission may underlie these effects [13,14]. Future studies should integrate neurophysiological and molecular
analyses, as well as test potential interventions such as closed-loop neuromodulation, to mitigate sugar-induced
cognitive decline.

Limitations: This study used only male mice, and effects in females may differ. Additionally, molecular correlates were
not examined.

5. Conclusion

Chronic high-sugar diet leads to reduced activity, impaired memory, reduced cognitive flexibility, and addiction-like
behavior in mice. These results highlight the cognitive risks of modern dietary patterns and support further
translational research.
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