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Extended Abstract

Introduction

The growing prevalence of obesity and metabolic disorders has become a major public health concern because excessive
dietary fat intake can disrupt several physiological processes beyond energy balance and body-weight regulation. A high-
fat diet (HFD) is associated with disturbances in glucose and lipid metabolism, insulin resistance, chronic low-grade
inflammation, and increased oxidative stress. These metabolic alterations can affect the function of multiple organs and
interfere with cellular mechanisms involved in tissue growth, repair, and vascular adaptation. In particular, changes in the
balance between growth-related and angiogenic signaling pathways may compromise tissue homeostasis and the capacity
of organs to respond to metabolic and physiological demands. Understanding how dietary-induced metabolic disturbances
influence these pathways is therefore important for identifying interventions that may help preserve tissue function and
metabolic health. Among the molecular factors potentially affected by a high-fat diet, insulin-like growth factor-1 (IGF-
1) and vascular endothelial growth factor-A (VEGF-A) are of particular interest because they participate in different but
interconnected aspects of tissue maintenance and adaptation. IGF-1 is an important growth-related peptide that contributes
to cellular proliferation, differentiation, protein synthesis, tissue development, and repair. Its biological activity is closely
associated with the growth hormone (GH)/IGF-1 axis, which involves regulatory interactions among the hypothalamus,
pituitary gland, liver, and peripheral tissues. In addition, IGF-1 signaling is functionally related to insulin and glucose
metabolism, making it potentially sensitive to metabolic disturbances associated with obesity and high-fat feeding. Insulin
resistance, altered insulin availability, chronic inflammation, and oxidative stress may interfere with the regulation of the
GH/IGF-1 axis and modify circulating IGF-1 concentrations. These changes may be particularly relevant in conditions
characterized by prolonged exposure to excessive dietary fat, in which metabolic and inflammatory disturbances can
affect endocrine regulation and cellular signaling. Nevertheless, the relationship between high-fat feeding and IGF-1 is
complex, as its response may depend on the duration and composition of the diet, the severity of metabolic dysfunction,
age, sex, and the physiological condition of the experimental subjects. Consequently, investigating IGF-1 in an animal
model exposed to a high-fat diet may provide insight into the effects of metabolic disturbances on growth-related signaling
and the potential of lifestyle and nutritional interventions to modify this response. VEGF-A is another important regulatory
factor involved in vascular adaptation and angiogenesis, the process through which new blood vessels develop from
existing vasculature. Such alterations can modify angiogenic signaling and affect the ability of tissues to maintain an
adequate vascular supply. Importantly, the relationship between obesity and VEGF-A is not necessarily uniform across
tissues, because adipose tissue expansion, skeletal muscle metabolism, and cardiovascular adaptation may involve
different angiogenic responses. Previous experimental findings have demonstrated that acute endurance exercise can
increase Vegfa messenger RNA expression in adipose tissue of rats consuming a high-fat diet, suggesting that physical
activity may stimulate angiogenic signaling under conditions of diet-induced weight gain. Therefore, VEGF-A may
represent a useful molecular indicator for examining vascular-related responses to metabolic stress and interventions.
Aerobic exercise is widely recognized as an effective non-pharmacological strategy for improving metabolic health and
regulating physiological adaptations in response to obesity and high-fat feeding. Regular aerobic activity can enhance
glucose utilization, improve insulin sensitivity, increase skeletal muscle oxidative capacity, and promote mitochondrial
adaptations. Exercise may also reduce systemic inflammation and oxidative stress, thereby improving the metabolic
environment in which endocrine and vascular signaling pathways operate. In relation to IGF-1, exercise-induced
improvements in insulin sensitivity and metabolic regulation may influence the GH/IGF-1 axis and contribute to the
maintenance or modification of circulating growth-factor concentrations. However, the direction and magnitude of IGF-
1 responses to exercise may vary according to exercise intensity, duration, frequency, training status, age, sex, and
nutritional condition. Aerobic exercise can also stimulate angiogenic signaling through increased tissue oxygen demand,
blood flow, and mechanical forces acting on vascular endothelial cells. These stimuli may activate intracellular pathways
associated with HIF-1a, AMP-activated protein kinase (AMPK), and peroxisome proliferator-activated receptor gamma
coactivator-la (PGC-1a), potentially contributing to the regulation of VEGF-A and vascular adaptation. Thus, aerobic
exercise may influence both growth-related and angiogenic factors through complementary metabolic, endocrine, and
vascular mechanisms. In addition to exercise, natural bioactive compounds have attracted attention as potential
complementary approaches for managing metabolic disturbances. Crocin, a major carotenoid compound found in saffron
(Crocus sativus), has been investigated because of its antioxidant, anti-inflammatory, and metabolic properties.
Experimental evidence suggests that crocin may help regulate glucose metabolism, improve insulin-related responses,
and reduce oxidative and inflammatory disturbances associated with obesity and diabetes. By modulating the cellular
environment and reducing oxidative damage, crocin may influence signaling pathways involved in cell survival, tissue
protection, and metabolic regulation. These properties provide a rationale for investigating its potential effects on IGF-1
and VEGF-A under high-fat dietary conditions. Although evidence directly linking crocin supplementation to changes in
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circulating IGF-1 and VEGF-A remains limited, previous animal studies have reported beneficial effects of crocin on
cardiac oxidative stress and angiogenesis-related mechanisms. For example, crocin combined with voluntary exercise
improved cardiac VEGF-A levels and insulin resistance in high-fat diet/streptozotocin-induced diabetic rats. Other
experimental findings have associated the combination of crocin and exercise with changes in Akt and ERK1/2 signaling
and increased expression of angiogenesis-related markers in cardiac tissue.

Methods

This experimental laboratory study included 40 female Wistar rats. After one week of acclimatization, the rats were
randomly assigned to the study groups. Initially, 32 rats were fed a high-fat diet for 8 weeks, while 8 rats received a
normal diet as the control group. Following obesity induction, the high-fat diet-fed animals were divided into four groups:
high-fat diet control, high-fat diet + aerobic exercise, high-fat diet + crocin, and high-fat diet + aerobic exercise + crocin.
The interventions were performed for 8 weeks. Aerobic exercise was conducted on a treadmill with a gradual increase in
exercise intensity and duration. Crocin was administered orally by gavage at a dose of 60 mg/kg body weight, 5 days per
week. Serum IGF-1 and VEGF-A levels were assessed using the ELISA method. Data were analyzed using one-way
analysis of variance (ANOVA) followed by the Bonferroni post hoc test at a significance level of p < 0.05.

Results

The results showed that the high-fat diet decreased IGF-1 and VEGF-A levels. Aerobic exercise and crocin
supplementation separately resulted in a relative improvement in these indices; however, the greatest effect was observed
in the group receiving both aerobic exercise and crocin. The combined intervention also significantly increased IGF-1
and VEGF-A levels compared with the high-fat diet group.

Conclusion

Aerobic exercise and crocin supplementation, particularly when administered together, may help counteract high-fat diet-
induced alterations in factors involved in cardiac growth and remodeling. By increasing IGF-1 and VEGF-A levels, these
interventions may support myocardial growth, vascular adaptation, and tissue repair. Their potential antioxidant, anti-
inflammatory, and metabolic effects may further contribute to maintaining cardiac homeostasis under dietary stress.
However, the combined effects should be interpreted cautiously, as increased circulating growth and angiogenic factors
do not necessarily confirm improved cardiac structure or function. Further studies are needed to clarify the underlying
mechanisms.
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