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Abstract
Introduction: Type 1 diabetes (T1D) induces central nervous system complications via
impaired hippocampal insulin signaling. The present study investigated the therapeutic
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pathway markers in diabetic rats.

Materials and Methods: Fifty-six male Wistar rats were divided into eight groups (n=7):
healthy control (H-C), H-Ex, H-Ud, H-Ex-Ud, diabetic control (D-C), D-Ex, D-Ud, and D-Ex-
Ud. Diabetes was induced by streptozotocin (45 mg/kg). Over 6 weeks, Ex groups
underwent moderate treadmill running (5 days/week), while Ud groups received
hydroalcoholic extract (50 mg/kg/day orally).

Results: Following diabetes induction, glucose levels significantly increased in diabetic
groups. Therapeutic interventions (Ud and Ex) showed positive effects: the D-Ex-Ud group
exhibited the fastest glycemic improvement by the second week (p=0.02), with sustained
blood glucose reduction until the final week. Western blot analyses revealed decreased
insulin and GLUT4 proteins in the diabetic hippocampus. Monotherapies (Ud and Ex)
increased insulin expression (p=0.03) and GLUT4 (p=0.001), respectively, while the
combined therapy (D-Ex-Ud) simultaneously and synergistically improved both markers
(p=0.001).

Conclusion: Six weeks of endurance training and Urtica dioica extract improve glycemic
control and restore hippocampal insulin/GLUT4 expression in T1D rats, with combined
intervention yielding superior outcomes. This dual approach represents a promising non-
pharmacological strategy for mitigating diabetic neuropathology.
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INTRODUCTION

Type 1 diabetes mellitus (TIDM) is a chronic metabolic
disorder characterized by the autoimmune destruction
of pancreatic beta cells, leading to an absolute
deficiency of insulin. This state of hypoinsulinemia and
chronic hyperglycemia initiates a cascade of metabolic
disturbances that extend beyond peripheral tissues,
profoundly impacting the central nervous system.
Emerging evidence suggests that the hippocampus, a
brain region critical for neuroplasticity, learning, and
memory consolidation, is particularly vulnerable to the
systemic effects of diabetes. Hyperglycemia-induced
oxidative stress and impaired insulin signaling
pathways within the hippocampus have been
implicated in the pathophysiology of diabetes-
associated cognitive dysfunction. Given the systemic
nature of TADM complications, there is growing clinical
interest in non-pharmacological interventions that
enhance metabolic homeostasis. Endurance exercise
has long been considered a potent physiological
stimulus that improves insulin sensitivity, promotes
glucose uptake in peripheral tissues, and modulates
key intracellular signaling pathways, such as the
PI3K/Akt axis, which is fundamental for neuronal
survival. Complementary to this, Urtica dioica
(common nettle) has garnered attention in
ethnopharmacology due to its rich profile of bioactive
constituents, including flavonoids, polyphenols, and
potent antioxidants. These compounds are
hypothesized to exert neuroprotective effects by
mitigating inflammation and reducing oxidative stress,
thereby potentially facilitating the restoration of insulin
signaling sensitivity. The present study aimed to
investigate the combined and independent effects of
endurance training and Urtica dioica hydroalcoholic
extract on insulin signaling markers in the hippocampal
tissue of streptozotocin-induced T1DM rats.

MATERIALS AND METHODS

This experimental study was conducted on male Wistar
rats, which were randomly assigned into distinct
groups following the induction of T1DM. The
experimental design included a healthy control group,
a sedentary diabetic group, a diabetic group
undergoing endurance training, a diabetic group
receiving Urtica dioica extract, and a combined
intervention group. The endurance training protocol
consisted of a progressive treadmill running regimen,
designed to induce aerobic adaptations while ensuring
animal welfare and adherence to standard exercise
science protocols. The Urtica dioica extract was
administered via oral gavage at a standardized dosage
determined by preliminary pharmacokinetic studies to
ensure therapeutic efficacy. Following the intervention
period, all animals were sacrificed, and hippocampal
tissues were carefully dissected and preserved for
biochemical analysis. To evaluate the efficacy of the
interventions, key components of the insulin signaling
pathway, including phosphorylation levels of insulin
receptors and downstream targets, were quantified
using Western blotting and molecular analysis
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techniques. Furthermore, systemic markers of
metabolic health were assessed to correlate central
changes with peripheral glycemic status. Statistical
analyses were performed using one-way ANOVA
followed by Tukey’s post-hoc test to determine
significant differences between groups. A P-value <
0.05 was considered statistically significant. The
primary objective of this methodology was to isolate
the molecular alterations within the hippocampal
tissue and evaluate whether these behavioral and
herbal interventions could effectively attenuate the
deleterious signaling disruptions caused by the diabetic
state.

RESULTS

The experimental results revealed that the induction of
diabetes resulted in a significant impairment of insulin
signaling pathways within the hippocampus. Compared
to the healthy control group, the sedentary diabetic
group exhibited marked reductions in the expression
and activation of key signaling proteins, confirming that
chronic hyperglycemia severely disrupts neuro-
metabolic communication. Endurance training, when
implemented as a standalone intervention, proved
effective in partially reversing these impairments.
Exercise promoted a notable increase in the
phosphorylation of downstream signaling components,
indicating enhanced insulin sensitivity in the
hippocampal neurons. Similarly, administration of the
Urtica dioica hydroalcoholic extract produced positive,
albeit distinct, improvements in signaling markers
compared to the sedentary diabetic group. The
combined intervention group (subjects receiving both
endurance training and the herbal extract) exhibited a
superior restorative effect on the insulin signaling
cascade compared to either intervention applied
individually. These findings indicate a potential
synergistic interaction between aerobic physical
activity and the bioactive compounds found in Urtica
dioica. Furthermore, metabolic profile assessments
showed significant improvements in serum glycemic
markers within the intervention groups, suggesting
that the central neuroprotective benefits were
positively correlated with improved systemic metabolic
control. Overall, the data suggest that both endurance
training and Urtica dioica exert a stabilizing effect on
the intracellular pathways essential for neuronal insulin
responsiveness.

CONCLUSION

In conclusion, the findings of this study reinforce the
hypothesis that TLDM-induced neuro-metabolic deficits
are linked to impaired insulin signaling within the
hippocampus, a factor likely contributing to the
cognitive decline frequently observed in diabetic
subjects. This research highlights the promising
therapeutic potential of combining lifestyle-based
interventions, specifically endurance training, with
natural pharmacological agents such as Urtica dioica.
The mechanism through which endurance training
improves signaling likely involves the optimization of
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glucose transporter translocation and the attenuation of
cellular stress. Concurrently, the antioxidant properties
of Urtica dioica appear to shield hippocampal neurons
from oxidative damage, thereby creating a more
favorable environment for insulin-mediated signaling.
The observed synergy in the combined intervention
group is particularly significant, suggesting that multi-
modal therapeutic approaches are more effective than
isolated interventions for neuro-metabolic rehabilitation
in diabetic conditions. While these results provide a
compelling molecular basis for the integration of
exercise and herbal medicine into the management of
diabetes-associated complications, further translational
research is essential. Future studies should focus on
elucidating the exact signaling nodes affected by these
interventions in humans and conducting well-controlled
clinical trials to determine optimal dosages and exercise
intensities. By validating these findings across broader
models, clinicians may eventually offer more
comprehensive, non-invasive strategies to preserve
cognitive function and overall brain health in the diabetic
population.
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