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This study investigated the effects of high-intensity interval training (HIIT) on

Online ISSN the lactate-MCT2—-GPX4-BDNF axis and its potential role in mitochondrial
3060-7078 function and amyloid-beta (AP) accumulation in the hippocampus of male rats
with type 2 diabetes.
Pouria Khosravi Materials and Methods:

Department of Sports Physiology, | Thirty-two male Wistar rats were divided into four groups: healthy control (CO),
Faculty of Physical Education and | exercise (EX), type 2 diabetes (CO+DB), and type 2 diabetes plus exercise

Sports Sciences, Shahid (DB+EX). Diabetes was induced using a high-fat diet followed by a
Rajaee Teacher Training streptozotocin injection (35 mg/kg). The exercise groups performed an eight-
University, Tehran, Iran week treadmill-based HIIT protocol consisting of 4-10 bouts at 80-100% of

Fereshteh Shahidi maximal running velocity (Vmax). Serum lactate and hippocampal MCT2,

Department of Sports Physiology, | BDNF, and GPX4 protein levels were measured using enzymatic assays, ELISA,
Faculty of Physical Education and | and Western blotting. Differences among the groups were analyzed using

Sports Sciences, Shahid analysis of variance or the Kruskal-Wallis test, followed by appropriate post hoc
Rajaee Teacher Training tests. Statistical significance was set at p < 0.05.
University, Tehran, Iran Results:

Arezoo Eskandari Compared with the healthy control group, the CO+DB group showed significant

Department of Sports Physiology, | increases in blood glucose, insulin resistance, and hippocampal AB accumulation,
Faculty of Physical Education and | together with decreases in MCT2, BDNF, and GPX4 levels (p < 0.0001). HIIT

Sports Sciences, Shahid increased serum lactate levels and the expression of these proteins and reduced
Rajaee Teacher Training AP accumulation in the DB+EX group (p < 0.0001), suggesting improved
University, Tehran, Iran mitochondrial function and antioxidant capacity.

Conclusion:

By increasing lactate levels and activating the MCT2—-GPX4-BDNF axis, HIIT
may improve mitochondrial function and reduce the accumulation of neurotoxic
proteins, thereby exerting a neuroprotective effect against diabetes-associated
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Extended Abstract

Introduction:

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by insulin
resistance, hyperglycemia, and mitochondrial dysfunction. It can lead to neurodegenerative
complications. The hippocampus, a brain region essential for learning and memory, is particularly
vulnerable to diabetes-induced oxidative stress and amyloid-beta (AP) accumulation. Recent
studies have highlighted the role of exercise-induced lactate as a signaling molecule that promotes
neuroplasticity and mitochondrial biogenesis through pathways involving monocarboxylate
transporter 2 (MCT2) and brain-derived neurotrophic factor (BDNF). However, the molecular
mechanisms linking lactate metabolism to antioxidant protection in diabetic neuropathology
remain poorly understood. This study aimed to investigate the effects of HIIT on the lactate—
MCT2-GPX4-BDNF signaling axis and its potential role in improving mitochondrial function
and reducing AP accumulation in the hippocampus of rats with type 2 diabetes.

Methodology:

Thirty-two adult male Wistar rats were randomly assigned to four groups of eight animals each:
control (CO), exercise (EX), diabetic (CO+DB), and diabetic plus exercise (DB+EX). Type 2
diabetes was induced by feeding the animals a high-fat diet for eight weeks followed by a single
intraperitoneal injection of streptozotocin (35 mg/kg). The HIIT protocol consisted of treadmill
running at 80—-100% of Vmax, with 4-10 bouts per session, five days per week for eight weeks.
Serum lactate levels were measured enzymatically. Hippocampal MCT2, BDNF, and GPX4
protein expression was assessed using Western blotting, and AP levels were measured using
ELISA. Data normality and homogeneity of variance were assessed before analysis. Group
differences were analyzed using one-way analysis of variance or the Kruskal-Wallis test with
appropriate post hoc comparisons. Data are presented as mean = standard deviation, and statistical
significance was set at p < 0.05.

Results:

Compared with the control group, diabetic rats showed significantly higher fasting blood glucose
and insulin resistance, lower hippocampal expression of MCT2, BDNF, and GPX4, and greater
AP accumulation (p < 0.0001). In contrast, HIIT markedly increased serum lactate levels and
upregulated hippocampal MCT2, BDNF, and GPX4 expression in both the EX and DB+EX groups
(p < 0.0001). HIIT also significantly attenuated hippocampal AP accumulation and restored
mitochondrial function, suggesting enhanced antioxidant defense and neuroprotection.

Discussion:

The findings indicate that HIIT promotes lactate production, which may activate the MCT2—
GPX4-BDNF axis and thereby improve mitochondrial function and reduce neurotoxicity in
diabetic rats. This metabolic—neurotrophic interaction may underlie the beneficial effects of HIIT
on oxidative balance and cognitive function. The study provides mechanistic insight into how
exercise-induced lactate signaling may mitigate diabetes-associated hippocampal damage and
supports the potential of HIIT as a therapeutic intervention for preventing or delaying diabetes-
related neurodegenerative changes. Overall, HIIT may exert neuroprotective effects in type 2
diabetes by enhancing lactate-mediated signaling through the MCT2-GPX4-BDNF pathway. This
adaptive response may improve mitochondrial efficiency, reduce oxidative stress, and decrease
AP accumulation in the hippocampus. These findings highlight the therapeutic potential of HIIT
as a non-pharmacological strategy for counteracting diabetes-induced cognitive decline.
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Table 2. Body weight and fasting blood glucose (mean + standard deviation) before the intervention (Month 0), after
diabetes induction (two months of high-fat diet and STZ injection) (Month 2), and 48 hours after the last training

session (Month 4) in all groups (n = 8).

CO: Control group; CO+DB: Type 2 diabetes group (STZ-injected); EX: Exercise-only group; DB+EX: Type 2 diabetes

with exercise group.
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