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Extended Abstract

Background and Aim: Intense exercise is frequently associated with overtraining syndrome and symptoms such as fatigue,
impaired immune function, and inflammation (1). In inflammatory conditions, particularly during intense activities that lead to
increased oxidative stress and the production of free radicals and acute phase proteins, various mediators are affected. This
includes the heightened recruitment of neutrophils. As a result, levels of pro-inflammatory cytokines, such as Interleukin-17
(IL-17) and Tumor Necrosis Factor-alpha (TNF-Q.), increase. Conversely, the levels of anti-inflammatory mediators, such
as IL-10 and Netrin-1, decrease. This condition exacerbates immune and inflammatory responses and further increases the
risk of infectious diseases due to temporary impairment in various aspects of immune system function, such as decreased
immunoglobulin secretion and performance decline after strenuous exercise. According to previous studies, acute bouts of
exercise typically trigger inflammatory responses, whereas regular training induces adaptive anti-inflammatory effects (2,
9). However, what needs to be investigated is the effect of the intensity and duration of exercise on the extent of activation
or stimulation of these inflammatory responses, especially in acute and intense activities. Regarding the cytokine responses
to various types of exercise (continuous and interval), there are conflicting and contradictory findings. Some researchers
suggest that during high-intensity interval activity, the intensity of the activity, by exacerbating blood flow restriction, leads
to greater oxidative damage and inflammation, while some studies have shown that under normal temperature conditions,
the volume and duration of exercise are the main and important factors in causing oxidative stress and inflammation (10,
11). Intense and acute exercise is likely to cause tissue damage—particularly in skeletal muscles—and may impair physical
performance in active individuals by promoting oxidative stress and inflammation. To counteract these effects, the use of

anti-inflammatory and antioxidant supplements such as flavonoids has been recommended, as they may help limit the
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release of inflammatory markers and enhance athletic performance (14, 15).

Quercetin, a prominent flavonoid found in many edible vegetables and fruits, possesses well-documented antioxidant, anti-
inflammatory, and anti-allergic properties. Its regulatory influence on cytokines such as IL-6 and TNF-Q. is also well established
(17). Given the increasing interest among athletes in using natural supplements to boost performance following acute and
intense exercise—and considering the conflicting findings in existing literature—this study aimed to compare the responses of
Netrin-1, TNF-0., and IL-17 to a single session of continuous versus high-intensity interval exercise following short-term quercetin
supplementation in physically active females.

Materials and Methods: This study employed a practical and double-blinded quasi-experimental design with pre-test and post-
test measurements. Forty female students from the university of Zabol were purposefully selected based on inclusion criteria and
physician approval. They were then randomly assigned to four equal groups: continuous + supplement, interval + supplement,
continuous + placebo and interval + placebo.

Participants in the supplement groups received two 500 mg capsules of Quercetin per day (a total of 1000 mg daily) for two
weeks (15, 18). Those in the placebo groups consumed two dextrose capsules daily for the same duration.

At the beginning and end of the two-week supplementation or placebo period, two acute exercise protocols were performed,
including a continuous exercise session and a high-intensity interval exercise session. The high-intensity interval exercise
consisted of five minutes of running on a treadmill at an intensity of 60% of maximum oxygen consumption (VO max), followed
by four intervals at 90% VO max (with a duration of four minutes each) and active recovery between each interval at 60%
VOzmax (for three minutes). The continuous exercise consisted of 40 minutes of running on a treadmill at 60% VO2max. A
10-minute warm-up and cool-down protocol was followed at the beginning and end of each session (19). Blood samples were
collected at four time points: at baseline and after the two-week supplementation/placebo period, both before and after the
exercise sessions. Data were analyzed using two-way repeated measures ANOVA, one-way ANOVA, and LSD post-hoc tests,
with statistical significance set at p<<0.05.

Results: Both continuous and interval exercise protocols resulted in a significant decrease in Netrin-1 levels (p= 0.01 and p=0.001,
respectively) and a significant increase in TNF-0. levels (p=0.01 for both). In contrast, two weeks of quercetin supplementation
was associated with a non-significant reduction in Netrin-1 (p=0.19 and p=0.32 for continuous and interval exercise, respectively)
and a non-significant increase in TNF-Ol levels (p=0.54 and p=0.16, respectively).

Furthermore, no significant differences were observed between the continuous and interval exercise groups in terms of Netrin-1
(p=0.18) and TNF-0. (p=0.42) levels. Lastly, IL-17 responses to both continuous and interval acute exercise sessions, before and
after supplementation, showed no significant changes (p=0.14).

Conclusion: The findings of this study indicate that both continuous and interval exercise led to an increase in TNF-OL and a
decrease in Netrin-1 levels in physically active females. However, following two weeks of Quercetin supplementation (1000 mg/
day), a single session of continuous or high-intensity interval exercise resulted in a non-significant reduction in Netrin-1 and a
non-significant increase in TNF-0L.. Notably, Quercetin appeared to improve the baseline levels of these markers and may have
helped attenuate inflammation induced by acute exercise.

Quercetin is known to modulate the expression of inflammatory cytokines such as IL-6, TNF-0,, and IL-1[ through the inhibition
of NF-KB signaling pathways. Additionally, by reducing oxidative stress and the generation of free radicals, Quercetin may

indirectly protect macromolecules—including proteins, lipid membranes, and muscle DNA—from exercise-induced damage. It

also contributes to lowering pro-inflammatory cytokine production while enhancing anti-inflammatory markers such as Netrin-1.
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4. Inhibitor of nuclear factor kappa-B kinase subunit 3
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