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ABSTRACT

Objective: The effect of exercise training on the energy needs of muscle tissues through an
adaptive increase in capillary density, resulting in greater blood supply, along with the
consumption of some supplements, can improve cellular function. Combining supplements
together with concurrent training is a new considerable approach. Therefore, the aim of the
present study was to determine the effect of resistance-aerobic trainings and mixed
supplementation (L-arginine/caffeine/L-carnitine) on vascular endothelial growth factor and
hypoxia-inducible factor 1a (VEGF and HIF-1a) in inactive obese men.

Methodology: 28 inactive obese men from Rasht city (age 37.02+3.89 yrs, height 1.74+0.66 m,
and BMI 34.04+1.24 kg/m”) were randomly were divided into three groups of resistance-aerobic
training/combined supplementation (n: 10), resistance-aerobic training/placebo (n: 9) and
combined supplement/detraining (n: 9). Aerobic (30 min with 55-75% MHR), resistance
trainings (30 min with 50-70% 1-RM) and a mixed supplement were including 1000 mg of L-
arginine, 200 mg of caffeine and 1000 mg of L-carnitine that were performed during 10 weeks
(3 session a week). Blood samples were collected before and after exercise training.

Results: The results of the MANCOVA test showed that the resistance-aerobic exercises
training with moderate intensity along with the mixed supplement) significantly increased the
blood levels of VEGF (p=0.001) and significantly decreased HIF1-a (p=0.0001) in inactive
obese men.

Conclusion: In summary, the results of the present study showed that the resistance-aerobic
training with moderate intensity in intraction with the mixed supplement (L-arginine/caffeine/L-
carnitine) were increased angiogenic and hypoxi istimulation factors in inactive obese men.
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Extended Abstract

Introduction and State of Problem

Obesity, is a primary risk factor for chronic diseases such as cardiovascular
diseases. Physical exercise, particularly by reducing fat mass and increasing
muscle mass, can shift this balance favorably by promoting capillary network
development. Angiogenesis, the formation of new capillaries from pre-existing
ones, is critically mediated by the Vascular Endothelial Growth Factor (VEGF).
Exercise acts as a potent stimulus for angiogenesis, with endurance training
playing a special role through hemodynamic forces like shear stress.
Conversely, high-intensity exercise can induce localized hypoxia, triggering Hypoxia-Inducible
Factor-1a (HIF-1a), a key transcriptional regulator of cellular adaptation to low oxygen, which
in turn up-regulates VEGF. The potential synergistic effect of ergogenic aids like L-arginine,
caffeine, and L-carnitine on exercise-induced angiogenesis represents a novel approach.
Therefore, this study investigated the effects of combined training and a multi-ingredient
supplement on HIF-1a and VEGF in inactive obese men.

Methodology

This applied research employed a pre-test/post-test design. Twenty-eight participants (BMI >30
kg/m?) completed the study. The combined supplement contained 200 mg caffeine, 1000 mg L-
carnitine, and 1000 mg L-arginine, prepared in identical capsules by a pharmaceutical
laboratory. The placebo group received maltodextrin. The Exercise/Combined Supplement
group consumed one supplement capsule 60 minutes before each training session. Training
protocol lasted 10 weeks, with three 60-minute sessions per week. Each session comprised 30
minutes of resistance training (9 exercises, 3 sets of 10-15 reps at 50-70% of 1-RM) followed by
30 minutes of continuous treadmill running at 55-75% of maximum heart rate (monitored with a
Polar H7). The principle of progressive overload was applied bi-weekly.

Blood samples (10 ml) were drawn from the antecubital vein 48 h before/after the intervention.
Statistical analysis was performed using SPSS v.24. Between-group comparisons were made
using MANCOV A and Bonferroni post-hoc tests, with a significance level of p <0.05.

Results

The results indicated a significant interaction effect (TimexGroup) for the changes in both HIF-
la (p =0.001) and VEGF (p =0.021) levels, demonstrating that the impact of the intervention
differed significantly among the groups (in HIF-1a between the mixSUP and Exercise/PLB
groups (p =0.023); in VEGF between the mixSUP and Exercise/PLB groups (p =0.023) in.

Table 1. HIF-1a and VEGF serum consentration in difrent groups
Exercise/PLB (n:9) Exercise/mixSUP (n:10) mixSUP (n:9)
pre post pre post pre post
HIF-lo (ng/mL)  0.915#0.153  1.126+0.174  0.827+0.086 1.32+0.339 0.908+0.094 1.06£0.136
VEGF (ng/L) 333.94+37.12 340.57£42.91 333.01+x41.86 356.84x21.79 335.74£28.71 339.27+49.33

Discussion and Conclusion

This study evaluated the interactive effects of a 10-week combined resistance-aerobic training
program and a multi-ingredient supplement on angiogenic factors in inactive obese men. The



primary finding was a significant interaction effect, indicating that the combination of exercise
and supplementation uniquely altered serum levels of both VEGF and HIF-1a.

The observed changes can be attributed to several potential mechanisms. L-arginine likely acted
as a vasodilator by increasing nitric oxide (NO) production, thereby improving blood flow and
potentially stimulating angiogenesis over the long term. The vasodilatory effect of arginine may
have interacted with, or even overridden, the transient vasoconstrictive properties of caffeine,
ultimately facilitating enhanced perfusion and oxygen delivery to active muscle tissues. This
increased metabolic demand, coupled with L-carnitine's role in fatty acid oxidation, could have
created a potent stimulus for vascular adaptation.

The significant difference in VEGF between the combined intervention group and the
supplement-only group underscores the indispensability of the exercise stimulus for robust
angiogenic adaptation. Conversely, the difference in HIF-1a suggests that the supplement may
have potentiated the hypoxic signaling response induced by training, possibly by improving
exercise performance or metabolic efficiency, allowing for a greater training stimulus.

In conclusion, a 10-week combined resistance-aerobic training synergized with a supplement
containing L-arginine, caffeine, and L-carnitine to significantly modulate key regulators of
angiogenesis, HIF-10, and VEGF, in obese men.

This research is the first to investigate the synergistic effect of combined exercise and a novel multi-
ingredient supplement on key angiogenic and hypoxic factors in obese men.

Findings are limited by the use of serum biomarkers without direct measures of capillary density.
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