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Abstract

Background and Aim: Evidence suggests that both chamomile extract and endurance training independently
improve metabolic status and neurobiological indices in Type 1 Diabetes Mellitus. Vascular endothelial growth
factor (VEGF) is a key marker of neuroangiogenesis and neuronal health in the hippocampus. Therefore, the
present study aimed to investigate the effects of chamomile extract supplementation combined with endurance
training on blood glucose levels and hippocampal VEGF protein levels in type 1 diabetic rats.

Methods: In this experimental study, 30 adult male Wistar rats (195-200 g) were randomly divided into five
equal groups (n = 6): control (C), diabetic (D), diabetic + endurance training (DT), diabetic + chamomile extract
(DS), and diabetic + chamomile extract + endurance training (DTS). Moderate-intensity endurance training was
performed five sessions per week for eight weeks. Chamomile extract was administered orally at a dose of 250
mg/kg daily. Blood glucose levels and hippocampal VEGF protein levels were measured using the enzyme-linked
immunosorbent assay (ELISA).

Results: Blood glucose levels were significantly higher in the diabetic groups compared with the control group
(p = 0.001). Both endurance training and chamomile extract significantly reduced blood glucose levels, with the
combined intervention showing a greater reduction (p = 0.001). Hippocampal VEGF levels were significantly
lower in the diabetic group compared with the control group (p = 0.001). In contrast, VEGF levels increased
significantly in all intervention groups compared with the diabetic group (p < 0.05). No significant difference was
observed between the DT and DS groups (p = 0.37), nor between the DT and DTS groups (p = 0.13), whereas the
DTS group showed a significant increase in VEGF levels compared with the DS group (p = 0.002).

Conclusion: The findings indicate that endurance training and chamomile extract supplementation, both
individually and in combination, improve glycemic control and increase hippocampal VEGF levels in type 1
diabetic rats. The combined intervention appears to exert a neuroprotective effect against diabetes-induced neural
damage by improving metabolic status and enhancing neuroangiogenic factors.
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Extended Abstract

Background and Objective

Type 1 Diabetes Mellitus (T1D) is a chronic
metabolic  disorder characterized by
autoimmune destruction of pancreatic beta
cells, leading to absolute insulin deficiency
and chronic hyperglycemia (Ho et al.,
2013). TID can lead to numerous
secondary complications affecting various
organs, including the brain, with the
hippocampus being particularly vulnerable
to elevated blood glucose levels,
undergoing neurophysiological, structural,
and molecular changes such as decreased
neurogenesis, hippocampal atrophy, and
reduced dendritic branching (Reagan, 2007;
Momeni et al., 2011). Vascular endothelial
growth factor (VEGF) is a key angiogenic
factor that plays a crucial role in
neuroangiogenesis and neuronal health.
Studies have shown that increased blood
glucose in T1D leads to decreased VEGF
and its receptor levels in the hippocampus,
contributing to spatial memory deficits and
vascular abnormalities (Viboolvorakul &
Patumraj, 2014; Yin et al., 2021). Both
chamomile extract and endurance training
have independently demonstrated
beneficial effects on metabolic status and
neurobiological indices in diabetes (Rafraf
etal., 2015; Colberg et al., 2016). However,
limited research has examined their
combined effects. This study aimed to
investigate the effects of chamomile extract
supplementation combined with endurance
training on blood glucose levels and
hippocampal VEGF protein levels in type 1
diabetic rats.

Methods

This experimental study was conducted on
30 adult male Wistar rats (195-200 g).
After a 14-day acclimatization period, T1D
was induced by a single intraperitoneal
injection of streptozotocin (STZ; 45 mg/kg)
dissolved in fresh citrate buffer (0.1 M, pH

4.5). Forty-eight hours after STZ injection,
fasting blood glucose levels were measured
using a glucometer (Glucotrend 2, Roche,
Germany) from tail vein blood samples.
Rats with blood glucose levels above 14
mmol/L (approximately 252 mg/dL) were
considered diabetic. Animals were then
randomly divided into five equal groups (n
= 6 each): control (C; non-diabetic, no
exercise), diabetic (D; no exercise), diabetic
+ endurance training (DT), diabetic +
chamomile extract (DS), and diabetic +
chamomile extract + endurance training
(DTS).

Chamomile extract was prepared by boiling
10 g of fresh leaves in 100 mL of distilled
water for 1 hour, followed by 12 hours of
incubation at room temperature (21°C). The
solution was filtered and dried in an oven at
50°C to obtain a powder (yield: 2%).
Groups DS and DTS received 250 mg/kg of
chamomile extract daily via oral gavage at
8:00 AM. The endurance training protocol
consisted of running on a rodent treadmill
five sessions per week for eight weeks, with
progressive increases in speed (10-20
m/min), duration (10-50 minutes), and a
constant 10% incline. The control and D
groups remained sedentary.

Twenty-four hours after the final training
session, animals were anesthetized with
intraperitoneal ketamine (40 mg/kg) and
xylazine (8 mg/kg). Blood samples were
collected, and hippocampal tissues were
extracted. Serum glucose levels were
measured using the enzymatic glucose
oxidase method. Hippocampal VEGF
protein levels were measured using an
ELISA kit (Cusabio, sensitivity: 0.97
pg/mL, detection range: 3.9-250 pg/mL)
according to the manufacturer's
instructions. Data normality was assessed
using the Kolmogorov-Smirnov test, and
one-way ANOVA with Tukey's post hoc
test was used for statistical analysis, with
significance set at P < (.05.
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Results

Blood glucose levels were significantly
higher in all diabetic groups compared with
the C group (P = 0.001). Both endurance
training and chamomile extract
significantly reduced blood glucose levels,
with the combined intervention showing a
greater reduction. Specifically, the DTS
group exhibited significantly lower blood
glucose levels compared with both the DT
and DS groups (P < 0.001), indicating a
synergistic effect. The DS group showed
lower glucose levels than the DT group (P
=0.001), suggesting that chamomile extract
may have been more effective than
endurance training alone for glycemic
control in this model.

Hippocampal VEGF protein levels were
significantly lower in the D group
compared with the C group (P = 0.001),
confirming diabetes-induced reduction in
this neuroangiogenic factor. In contrast,
VEGF levels increased significantly in all
intervention groups compared with the D
group (P < 0.05). No significant difference
was observed between the DT and DS
groups (P = 0.37), indicating that both
interventions had comparable effects on
hippocampal ~VEGF. Similarly, no
significant difference was found between
the DT and DTS groups (P = 0.13),
suggesting that the addition of chamomile
extract to endurance training did not
produce a significantly greater effect than
endurance training alone. However, the
DTS group showed a significant increase in
VEGF levels compared with the DS group
(P = 0.002), indicating that the combined
intervention was more effective than
chamomile extract alone in restoring
hippocampal VEGF levels. Overall, the
DTS group demonstrated the highest VEGF
levels among all diabetic groups,
approaching those of the control group.

These findings suggest that both endurance
training and chamomile extract
independently  improve  hippocampal
VEGEF levels, and their combination may
provide additional benefits, although the
effect was not significantly greater than that
of training alone. The results highlight the
potential neuroprotective effects of both
interventions in counteracting diabetes-
induced reductions in hippocampal VEGF.

Conclusion

This study showed that type 1 diabetes
(T1D) significantly increased blood
glucose levels and reduced hippocampal
VEGF protein levels, suggesting impaired
neuroangiogenesis and an increased risk of
cognitive dysfunction. Endurance training
and chamomile extract supplementation,
both individually and in combination,
lowered blood glucose levels and increased
hippocampal VEGF levels in diabetic rats.
The combined intervention produced
greater improvements in glycemic control
than either treatment alone, indicating a
synergistic effect. However, its effect on
hippocampal VEGF was not significantly
greater than that of endurance training
alone, although it was greater than that of
chamomile extract alone. These benefits
may be linked to improved antioxidant
capacity, reduced oxidative  stress,
enhanced insulin signaling, and increased
angiogenic activity via nitric oxide and
VEGF pathways. Chamomile’s flavonoids,
such as apigenin and luteolin, may also
contribute  to  neuroprotection  and
hippocampal function. Overall, combining
chamomile extract with endurance training
may provide a low-cost strategy for
improving metabolic and neurovascular
health in TID. Future studies should
include cognitive assessments, direct
measures of angiogenesis, and human-
based investigations.
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