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Background and Aim: Diabetes mellitus is a metabolic disorder linked to neurologi complications, hippocampal
tress, neuroinflammation,
and disrupted insulin signaling can reduce brain-derived neurotrophic factor (BD al neurotrophin for neuronal

survival, synaptic remodeling, learning, and memory. BDNF, through its tr Si pior kinase B (TrkB), regulates

binding protein (CREB), and the mammalian target of rapamycin (mT, , which together modulate synaptic plasticity, gene

transcription, protein synthesis, and neuronal adaptation. e tral is a non-pharmacological strategy known to

enhance metabolic and neural health; however, the differen i olecular effects of endurance training versus high-intensity
interval training (HIIT) on hippocampal mMTOR/CREB/CaMKI| sig

-week of endurance training and HIIT on the mTOR/CREB/CaMKI|

ing under diabetic conditions remain unclear. This study

aimed to investigate and compare the effects of ei

signaling pathway and BDNF gene expreision i mpus of diabetic rats.

Materials and Methods: This experimenta incltided 40 male Wistar rats, aged 8—10 weeks and weighing 200-250 g.
Animals were housed under controlled conditions(22+2 °C, 50-60% humidity, 12:12 hours light/dark cycle) with ad libitum
access to standard food and wat tes was induced via a single intraperitoneal injection of Streptozotocin (55 mg/kg).
Seventy-two hours post-injection aftér 8 hours fasting, rats with fasting blood glucose above 250 mg/dL were considered
diabetic. Rats were randomly

training (DE), and di

d to four groups including normal control (NC), diabetic control (DC), diabetic endurance

eti IIT), with 10 rats per group. During the intervention, two DE rats and one DHIIT rat died

and were excluded fr alyses.

on a rodent treadmill five days per week for eight weeks. Endurance training included warm-up and

in, with progressive increases in running speed and duration, advancing from 20 min in weeks 1-2 to

ks 7-8. The HIIT consisted of repeated high-intensity running bouts interspersed with active recovery,
increasing“from 15 min in weeks 1-2 to 45 min in weeks 7-8, with peak speed reaching 22 m/min. Control groups were

exposed to treadmill duration without intensity to control for stress.

Forty-eight hours after the final session, rats were anesthetized with Ketamine/Xylazine, and hippocampal tissues were

rapidly isolated and stored at —80°C. Total RNA was extracted, cDNA synthesized, and Real-time PCR using SYBR Green
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was performed to assess relative mRNA expression of BDNF, CaMKIIl, CREB, and mTOR, with B-actin as the reference

gene. Relative gene expression was calculated using the AACT method. Data normality and variance homogeneity were
evaluated via Shapiro-Wilk and Levene tests, and group differences were analyzed using two-way analysis of variance

(ANOVA) followed by Tukey'’s post hoc test, with significance set at p<0.05.

Findings: At baseline, fasting blood glucose levels were similar among all groups, indicating comparable metabolic
conditions before the intervention. By the end of the study, the DC group showed significantly higher fasting bl glucose
than the normal control group, confirming successful diabetes induction. Both DE and DHIIT groups signific ced
fasting blood glucose compared with the DC group, with no significant difference between the two exer€ise 000ls. This

indicates that both training modalities were effective in improving glycemic control in diabetic rats (Ei 1A and B).

Body weight changes varied across groups during the eight-week intervention. The normal t showed an initial
increase in body weight, whereas the diabetic control group exhibited progressive wei s. The DE group showed a
continuous and more pronounced decline in body weight throughout the study. In t, the” DHIIT group experienced

weight reduction until week 4, followed by relative stabilization until week 8 (Figure

At the molecular level, diabetes significantly reduced the relative expressi @ NF 0.009), CaMKII (p < 0.0001),
CREB (p < 0.009) and mTOR (p<0.0001) genes in the hippocampus a the NC group (Figure 1 D,E,F,G).

Both types of exercise training significantly compensated fq
(p<0.0001), CaMKII (p<0.001), CREB (p<0.0001), and mT

DHIIT group showed a more pronounced increase in the expré

@ ecre and resulted in increased expression of BDNF
ORN(P<0.0001) genes compared to the DC group. However, the
ion of CREB (p<0.0001) and mTOR (p<0.0001) genes

compared to the DE group (Figure 1 D,E,F,G).
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Fiqure 1: Compari ) FBS at baseline, (B) FBS at the end of the intervention, (C) body weight, (D) BDNF relative gene
expressi ) relative gene expression, (F) CREB relative gene expression, and (G) mTOR relative gene
ex ion between groups. FBS: Fasting blood sugar; BDNF: brain-derived neurotrophic factor; CaMKII: Ca?*/calmodulin-
depende ein kinase Il; CREB: cAMP response element-binding protein; mTOR: mammalian target of rapamycin, HIIT:

High intensity interval training. Data are presented as Mean+SE. Horizontal lines indicate significant pairwise comparisons.

*p<20.05, ** p<0.01, *** p<0.001.

Conclusion: The present study demonstrated that diabetes markedly reduced hippocampal BDNF expression and

suppressed key components of the mTOR/CREB/CaMKIl signaling pathway, indicating impaired neurotrophic signaling,
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synaptic plasticity, and neuroplastic adaptation. Both 8-week of endurance training and HIIT attenuated these diabetes-
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induced molecular disturbances and improved fasting blood glucose levels in diabetic rats. The exercise-induced increases
in BDNF, CaMKIl, CREB, and mTOR expression suggest enhanced neurotrophic support, calcium-dependent signaling,
transcriptional regulation, protein synthesis capacity, and synaptic remodeling in the diabetic hippocampus. Since CREB
contributes to activity-dependent BDNF transcription, its elevation may partly explain the increased BDNF mRNA expression
following exercise training. In direct comparison, HIIT produced greater increases than endurance training, particularly in
CREB and mTOR expression, possibly due to its intermittent and metabolically demanding nature, which induce
stronger adaptive cellular signaling. Overall, both exercise protocols improved diabetes-related molecular imp ents, but
HIIT appeared to activate neuroplasticity-related signaling more robustly. These findings support str xercise,
especially HIIT, as a promising non-pharmacological strategy for targeting molecular disturbance ci ith diabetic
neurocomplications. However, future studies should examine protein levels, phosphorylation status,&nd behavioral cognitive

outcomes to confirm the functional relevance of these molecular adaptations.

Keywords: High-intensity interval training, Endurance training, Diabetes mellit in-derived neurotrophic factor,

Hippocampus.
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Abstract u

Background and Objective: Diabetes impairs hippocwxy a ticity®y reducing brain-derived neurotrophic factor

(BDNF) and its associated cellular pathways. Exer isa intervention in improving this process, but its molecular
mechanisms are not well understood. This study ai pare the effects of endurance training and high-intensity
interval training (HIT) on the AMP-activated p inase (CaMKIl)/cAMP response element binding protein
(CREB)/mechanistic target of rapamycin (mTOR)gignali athway and BDNF expression in the hippocampus of diabetic
rats. Materials and Methods: In this_exp ntal studyy40 male Wistar rats were randomly divided into healthy control
ining (DE), and diabetic + high-intensity interval training (DHIIT) groups.
eﬁ rmed for 8 weeks, 5 days a week for the respective groups. In both
protocols, the intensitkd

total time of exercise sessi ificantly increased compared to the beginning of the course. Diabetes was induced by

ise gradually increased during the course, so that at the end of 8 weeks, the

hippocar‘.‘il tis d by Real-time PCR. Differences between groups were examined using two-way analysis

of variance a 's posthoc test at the p < 0.05 level. Results: Diabetes caused a significant decrease in the expression

However, the HIIT group showed a more pronounced increase in the expression of CREB (p<0.0001) and mTOR (p<0.0001)
genes compared to the endurance training group. Conclusion: Both endurance training and HIIT are able to restore the
mTOR/CREB/CaMKII signaling pathway and increase BDNF gene expression in the hippocampus of diabetic rats. However,

HIIT seems to be superior in more effective activation of downstream components of this pathway, especially mTOR and
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CREB, which could suggest it as a more efficient exercise strategy to target molecular abnormalities associated with diabetic

neurological complications.

Keywords: High-intensity interval training, endurance training, diabetes mellitus, brain-derived neurotrophic factor,

hippocampus.
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