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Objective: Recent studies link obesity to an increased prevalence of neurological disorders.
This study aimed to investigate the effect of interval versus continuous training on the
expression of GSK-3p and CRMP2 genes in the adipose tissue of obese diabetic male rats.
Methods: Twenty healthy male Wistar rats (10 weeks old, weight 250450 g) were selected.
Fifteen rats were fed a high-fat diet for two weeks and then induced with type 2 diabetes via
a single intraperitoneal streptozotocin injection (25 mg/kg). Animals were divided into four
groups: healthy control, diabetic control, interval training, and continuous training. Both
exercise protocols were conducted five days weekly for eight weeks. Adipose tissue gene
expression was analyzed using Real-Time PCR. Data were evaluated using one-way
ANOVA and Tukey’s post hoc test (p<0.05).

Results: GSK-3p expression significantly decreased in both exercise groups compared to the
diabetic control (p=0.001; p=0.003), with no difference between them (p=0.580). CRMP2
expression was also lower in both trained groups versus the diabetic control (p=0.001;
p=0.005). Furthermore, interval training reduced CRMP2 more than continuous training
(p=0.043).

Conclusion: In conclusion, exercise can be regarded not only as a therapeutic intervention
but also as an effective molecular strategy for modulating signaling pathways involved in the
pathophysiology of obesity and type 2 diabetes.
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Extended Abstract

Introduction

The global rise in obesity and Type 2
Diabetes Mellitus (T2DM) is a major public
health concern, strongly linked to an
increased risk of neurodegenerative diseases
due to shared factors like insulin resistance
and elevated pro-inflammatory cytokines,
which collectively lead to cognitive
impairment. The core molecular connection
involves insulin signaling: the anabolic
function of insulin, mediated through the
PI3K-Akt pathway, results in the inactivation
of Glycogen Synthase Kinase-3 beta (GSK-
3B); conversely, increased GSK-3f activity
observed in obese and diabetic states is
associated with impaired insulin sensitivity.
Furthermore, GSK-38 serves as a vital
regulator of microtubule dynamics by
controlling the phosphorylation of Collapsin
Response Mediator Protein-2 (CRMP2),
whose hyperphosphorylation is an early
event in Alzheimer’s Disease (AD)
progression. Strong evidence suggests a
functional network involving CRMP2, the
cytoskeleton, and GSK-3p in energy
metabolism, pointing to CRMP2’s relevance
in T2DM pathology given its high expression
in pancreatic islets and the pathological
overlap between AD and T2DM.
Consequently, adipose tissue, central to
insulin resistance, provides a crucial focal
point for studying the GSK-3p /CRMP2 axis;
dysregulation here not only initiates systemic
metabolic injury but also bridges to
neurological consequences via molecular and
inflammatory mechanisms, positioning the
GSK-3B/CRMP2 axis as critical for both
energy homeostasis and the link to
neurodegeneration.

Methods: This experimental animal study
utilized 20 male Wistar rats. Type 2 diabetes
and obesity were induced over eight weeks

using a high-fat diet combined with repeated
low-dose streptozotocin injections (25
mg/kg), confirmed by a Lee Index >310 and
fasting blood glucose (FBS) of 150-400
mg/dL. The diabetic animals were then
randomly assigned to Diabetic Control,
Intermittent Training (ITN), or Continuous
Training (CON) groups, alongside a Healthy
Control group. Over an 8-week period, the
ITN group performed high-intensity interval
running (progressing from 10 to 15 sets of 1-
minute runs at ~85% VO.max with 2-minute
rests), while the CON group completed
continuous running sessions (42 minutes
total, with a 30-minute main run at 70-75%
VO:max). The protocols were designed to be
isovolumetric. Forty-eight hours after the
final exercise session and a 12-hour fast,
animals were euthanized. Blood and adipose
tissue samples were collected for analysis.
Metabolic parameters including plasma
glucose (glucose oxidase method), serum
triglycerides (spectrophotometric kit), and
the Triglyceride-Glucose (TyG) index for
insulin  resistance were assessed. All
procedures followed ethical guidelines,
including blinding during sample processing
and analysis.

Results: Pairwise t-tests for within-group
changes revealed that body weight and the
Lee Index remained unchanged in the healthy
control group (p = 0.894 and p = 0.524,
respectively), while they significantly
increased in the diabetic control group (p =
0.001 and p = 0.002, respectively). In
contrast, both exercise groups (intermittent
and continuous) experienced significant
reductions in both parameters (weight: p =
0.002 and p = 0.005; Lee Index: p =0.001 for
both). To precisely infer the exercise effect,
the calculated changes were compared
between groups using one-way ANONAj



s «»
> = ey QAL
el @le o (30 AADT 3y sy IS cla, o5 SR

which  showed significant inter-group
differences for changes in both weight and
Lee Index (p = 0.001 for each). Post-hoc
Tukey tests indicated that the weight loss in
the intermittent training group was
significantly greater than in the continuous
training group (p = 0.010), while the
reduction in the Lee Index did not differ
significantly between the two exercise
protocols (p = 0.603). However, both
exercise regimens induced favorable and
significant changes compared to the diabetic
control. Furthermore, one-way ANOVA on
GSK-3p gene expression changes in adipose
tissue showed a significant overall difference
(F(3,16)=30.861, p<0.001, n>=0.853). Tukey
post-hoc analysis revealed that both
intermittent and  continuous  training
significantly altered GSK-3p expression
compared to healthy (p=0.005 and p<0.001)
and diabetic controls (p=0.001 and p=0.003),
with a significant difference also observed
between the two control groups (p<0.001),
but no significant difference between the two
exercise  groups (p=0.580). One-way
ANOVA revealed a statistically significant
difference in the changes of CRMP2 gene
expression in adipose tissue among the
groups following eight weeks of intermittent
and continuous training in obese type 2
diabetic rats (F(3, 16) = 18.317, P < 0.001, n?
= 0.894). Post-hoc Tukey tests indicated that
the intermittent training group showed
significant changes in CRMP2 expression
compared to the healthy control (P = 0.003),
diabetic control (P = 0.001), and even the
continuous training group (P = 0.043). The
continuous training group also exhibited
significant changes compared to both the
healthy (P < 0.001) and diabetic (P = 0.005)
control groups. Furthermore, a significant
difference in CRMP2 expression changes
was observed between the healthy and
diabetic control groups themselves (P <
0.001).

Conclusion: Consistent with the present
study, Wang et al. (2025) demonstrated that
neuroinflammation plays a vital role in the
development of Alzheimer's disease (AD)
and is strongly linked to obesity. While
leptin—a protein secreted by fat cells—can
cross the blood-brain barrier and protect
against neural damage, obesity induces leptin
resistance, diminishing its sensitivity. This
resistance, through excessive stimulation of
glial  cell activation and increased
inflammatory factors (such as TNF-o and IL-
6), exacerbates brain  inflammation.
However, the precise mechanisms underlying
these processes in high-fat diet-related
neurodegenerative diseases remain
incompletely  understood. The  study,
conducted on mice fed a high-fat diet,
observed increased body weight and markers
of leptin resistance (such as SOCS3 and
PTP1B). Nevertheless, twelve weeks of
aerobic exercise increased leptin levels,
reduced GSK-3p protein expression, and
decreased markers of inflammation (IBA-1)
and neuronal loss (NeuN), thereby activating
the leptin/leptin receptor/GSK-3p signaling
pathway. Consequently, these findings
confirm that obesity induces and intensifies
the inflammatory response associated with
AD, while aerobic exercise, by activating this
pathway,  reduces  neuroinflammation,
protects neurons, and alleviates memory
deficits in AD. This highlights the potential
of exercise-based  non-pharmacological
interventions for AD treatment.

Keywords: Interval training, Continuous
training, GSK-3B, CRMP2, Adipose tissue,
Type 2 diabetes.
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