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Introduction:  Brain-derived neurotrophic factor (BDNF) has beneficial effects on non-
neuronal tissues, particularly cardiovascular cells, but its effects on the BDNF-TrkB pathway
in heart tissue have not been studied. Therefore, the aim of the study was to investigate the
effect of high-intensity interval training (HIIT) and vitamin D supplementation (VitD) on the
protein levels of cardiac BDNF-TrkB in rats fed with a high-fat and high-carbohydrate diet.

Materials & Methods: Sprague Dawley rats were divided into normal diet (ND), high fat and
high carbohydrate (HFD+HC), high fat and high carbohydrate with HIIT (HFD+HC+HIIT),
high fat and high carbohydrate with VitD (HFD+HC+VitD), and high fat and high
carbohydrate with HIIT and VitD (HFD+HC+HII+VitD). Protein levels of BDNF and TrkB
were assessed using Western blotting. Independent t-tests, one-way ANOVA, Tukey's test,
and SPSS V.26 were used to analyze the data.

Results: Consumption of HFD+HC resulted in a decrease in protein levels of BDNF and TrkB
in the heart compared to ND (p<0.05). On the contrary, HIIT and VitD only resulted in a non-
significant increase in protein levels of BDNF and TrkB in the heart compared to the HFD+HC
group. However, the combination of HIIT and VitD resulted in a significant and non-
significant increase in the protein levels of TrkB (P=0.03) and BDNF (P=0.06) compared to
the HFD+HC group.

Conclusion: HIIT+VD, by increasing cardiac BDNF and TrkB, may prevent the deleterious
effects of high-fat and high-carbohydrate diets on this cardiac signaling, while each of these
interventions alone has little effect on cardiac BDNF and TrkB.

Keywords: Brain-derived neurotrophic factor, BDNF, tropomyosin-related kinase receptor B,
TrkB, Exercise, vitamin D

How to cite this paper: Ali Abdulrahim Z, Ghanbarpour Nosrati A, Khalafi M. The effect of vitamin D supplementation and high-
intensity interval training on cardiac BDNF-TrkB protein levels in rats fed with a high-fat and high-carbohydrate diet. Journal of llam
University of Medical Sciences. 2025;33(2):86-99.

Introduction
Brain-derived

neurotrophic  factor

been found to enhance myocardial protein
expression of BDNF-TrkB-T1, a pathway
critical for controlling cardiac function (1-3).

(BDNF) plays a crucial role in neuronal
development and function, particularly in
cardiovascular cells (1). It regulates cardiac
growth and optimizes myocardial function, with
BDNF gene expression increasing blood vessels
and capillaries during rat cardiac development
(2). BDNF is highly expressed in the
myocardium, where the cellular contraction-
relaxation cycle is regulated (3). Disruption of
BDNF and tropomyosin kinase B (TrkB)
expression may contribute to cardiac pathology
(2). High-intensity exercise training (HIIT) has

This suggests that HIIT should be considered a
preferred exercise modality for individuals
needing to maintain or enhance cardiac
function, especially athletes and heart failure
patients (2). However, the utility of HIT in
preventing and treating cardiovascular disease
complications and risk factors remains
unknown (4). Vitamin D deficiency is a
potential risk factor for cardiovascular
mortality, with patients with severe and
moderate vitamin D deficiency being 1.8 to 2.5
times more likely to die from cardiovascular
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disease than those with normal concentrations
(4). Studies have shown that vitamin D
supplementation can increase BDNF expression
in high-fat diet-induced obese rats, improving
cognitive function (5). However, there is no
evidence that vitamin D supplementation
affects cardiac BDNF-TrkB expression (5).
Despite the beneficial clinical effects of exercise
training, especially HIIT, on increasing
myocardial BDNF expression and vitamin D
supplementation on cardiovascular function, the
synergistic effects of these two interventions on
cardiac BDNF-TrkB expression are not
understood (4,5). The aim of this study was to
investigate the effect of HIIT and vitamin D
supplementation on cardiac BDNF-TrkB
expression in rats fed a high-fat, high-
carbohydrate diet.

Methods

Rats were randomly divided into five
groups: standard diet (ND), high-fat and high-
carbohydrate diet (HFD+HC), high-fat and

high-carbohydrate  diet ~ with  exercise
(HFD+HC+HIIT),  high-fat and  high-
carbohydrate  diet  with  vitamin D

supplementation (HFD+HC+VitD), and high-
fat and high-carbohydrate diet with exercise and
vitamin D supplementation
(HFD+HC+HIIT+VitD). The HFD groups
consumed a high-fat diet during the intervention
period, with 60% of total dietary energy coming
from fat, and the ND group consumed a
standard diet consisting of 10% of energy
coming from fat, 26% from protein, and 64%
from carbohydrates. Vitamin D3 with 300,000
IU was mixed with 9 times the amount of
sesame oil, and after calculating the appropriate
dose based on the average weight of the rats, it
was injected intraperitoneally once a week for a
total of 12 sessions for each rat in the
supplement-receiving group. The amount of
vitamin injected was 10,000 IU per kilogram of
body weight. After estimating the maximum
running speed in both training groups (MICT
and HIIT), rats trained on a treadmill (5-degree
incline) 5 sessions per week for 8 weeks. The
HIIT instruction consisted of 6 bouts of 4-
minute activity phases at an intensity of 85-90%
of maximum running speed and 2-minute active
rest at an intensity of 50% of maximum running
speed. The MICT was performed at an intensity
of 65-70% of maximum speed, and the distance
was matched with the HIIT. Warm-up and cool-
down were performed separately for 5 minutes

each at the beginning and end of the exercise.
After the end of eight weeks of intervention and
48 hours after the last training session and 12
hours of overnight fasting, the samples were
anesthetized using a combination of ketamine
(75 mg/kg) and xylazine (10 mg/kg)
intraperitoneally. After complete anesthesia, the
visceral fat tissue was carefully isolated, then
washed in saline, immediately transferred to
coded microtubes, then placed in liquid
nitrogen, and finally transferred to a -70°C
freezer and stored. Western blotting was used to
measure main outcomes in heart tissue.
Independent t-tests, one-way ANOVA, Tukey's
test, and SPSS V.26 were used to analyze the
data.

Results

The results of data analysis showed that
consumption of a high-fat and high-
carbohydrate diet resulted in a significant
decrease in BDNF (p=0.006) and TrkB
(p=0.001) protein levels compared to the ND
group. The results of the ANOVA test showed
that there was no significant difference between
the research groups in BDNF protein levels in
heart tissue (p=0.09). Regarding TrkB, the
results of the ANOVA test showed that there
was a significant difference between the
research groups in TrkB protein levels in heart
tissue (p=0.03). Based on the results, HIIT and
vitamin D led to a non-significant increase, and
the combination of HIIT and vitamin D led to a
significant increase in TrkB compared to the
HFD+HC group (P=0.03).

Conclusion

Consumption of a high-fat, high-
carbohydrate diet resulted in a significant
decrease in cardiac BDNF and TrkB protein
levels. In contrast, the combination of HIIT and
vitamin D resulted in an increase in the levels of
these proteins. However, the effects of HIIT and
vitamin D alone on increasing cardiac BDNF
and TrkB expression were not statistically
significant. Both HIIT intervention and vitamin
D supplementation can partially counteract the
effects of a high-fat, high-carbohydrate diet on
cardiac BDNF and TrkB. However, co-
administration of HIIT and vitamin D has a
more effective role in increasing cardiac BDNF
and TrkB.
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