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Introduction: Managing training load and recovery in professional athletes requires
a precise understanding of the kinetics of inflammatory markers. The present study
aimed to investigate the time-course responses of interleukin-6 (IL-6) and C-reactive
protein (CRP) to a single specialized throwing exercise session in elite athletes in this
discipline.

Methods: In this quasi-experimental study with a repeated-measures design, 10
professional male throwers were purposively selected. The participants performed a
maximal-intensity throwing exercise session. Blood samples were collected at three
time points: baseline, immediately after exercise, and 2 hours after exercise, to
measure serum IL-6 and CRP levels. Data were analyzed using repeated-measures
analysis of variance (ANOVA).

Results: The results showed that IL-6 levels increased significantly immediately
after exercise, from 1.25 to 10.84 pg/mL (P < 0.001). At the second hour of recovery,
despite the onset of a decreasing trend, IL-6 levels remained significantly higher than
baseline (7.52 pg/mL, P < 0.001). The difference between the immediately post-
exercise and 2-hour recovery values was also significant (P < 0.001). In contrast,
CRP levels did not change significantly immediately after exercise compared with
pre-exercise values (P > 0.05); however, at the second hour of recovery, they showed
a significant increase compared with both pre-exercise and immediately post-
exercise values, increasing from 0.65 to 1.95 mg/L (P < 0.001).

Conclusion: Explosive and power-based throwing exercise stimulates a rapid
response in circulating cytokines (IL-6) and a delayed response in acute-phase
proteins (CRP). Given the increase in inflammatory markers during the early hours
of recovery, coaches should pay particular attention to this inflammatory window
when scheduling consecutive training sessions for professional athletes.
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Extended abstract

Introduction

Managing training load and recovery in professional
athletes requires precise understanding of inflammatory
marker  kinetics.  Exercise-induced inflammation
involves interplay of cytokines and acute-phase
proteins, among which interleukin-6 (IL-6) and C-
reactive protein (CRP) are notable for their distinct
temporal patterns. 1L-6 is a rapid, sensitive marker of
exercise-induced  infllammation,  often increasing
immediately after strenuous activity. CRP, synthesized by
the liver, shows a delayed response, peaking hours after
exercise.

Understanding these responses is crucial for athletes in
explosive, power-based sports like throwing, where
high-intensity efforts impose unique mechanical and
metabolic demands. Despite extensive research on
inflammatory responses to endurance and resistance
exercise, data on IL-6 and CRP Kinetics following
specialized throwing exercise in elite athletes remain
scarce. Throwing events involve maximal-intensity
efforts with explosive and eccentric contractions,
potentially causing muscle damage and systemic
inflammation. However, how quickly IL-6 peaks, how
long it stays elevated, and CRP's delayed kinetics
remain poorly characterized in this population. This gap
is relevant for coaches and practitioners making
decisions about training scheduling and recovery.

This study investigated IL-6 and CRP time-course
responses to a single throwing session in elite athletes,
aiming to provide practical insights for optimizing
training load and recovery in professional throwers.

Methods

This quasi-experimental study used a repeated-measures
design. Ten professional male throwers were
purposively selected (mean age: 24.20 + 1.71 years;
height: 191.10 + 7.08 cm; weight: 101.2 + 8.21 kg; BMI:
27.73 + 1.71 kg/m?). All provided written informed
consent. The protocol was approved by Kharazmi
University Ethics Committee (IR.KHU.REC.1405.066)
and followed Declaration of Helsinki standards.
Participants avoided strenuous activity for 48 hours
before testing and maintained similar dietary habits.
Testing occurred at the same time of day to control
circadian variations.

The exercise protocol comprised 6 sets of 4-6 maximal-
intensity throws with competition-weight implements,
with 60 seconds rest between repetitions and 5 minutes
between sets. RPE scale confirmed intensity >8 ("very
hard" to "maximal").

Blood samples were collected at baseline, immediately
after exercise, and 2 hours post-exercise. Samples were
centrifuged (3,000 rpm, 10 min, 4°C) and stored at -
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80°C. Serum IL-6 and hs-CRP were measured using
validated ELISA Kkits (Pars Azmoon, Iran). Intra- and
inter-assay CVs were <10%.

Data were analyzed using SPSS v26. Repeated-
measures ANOVA compared markers across time
points, with Bonferroni post-hoc tests for specific
differences. Significance was set at P < 0.05.

Results

Participants exhibited the muscular physique typical of
elite throwers. Significant time effects were found for
both IL-6 (F=91.52, P <0.001, n?>=0.976) and CRP (F
= 5291, P <0.001, n?> = 0.939). Serum IL-6 increased
from 1.25 £ 0.26 pg/mL at baseline to 10.48 £ 1.25
pg/mL immediately post-exercise, decreasing to 7.25 *
0.95 pg/mL at 2 hours. CRP changed from 0.45 £ 0.21
mg/L at baseline to 0.75 £ 0.26 mg/L immediately post-
exercise, rising to 1.95 + 0.48 mg/L at 2 hours.
Bonferroni tests showed IL-6 increased significantly
from baseline to immediately post-exercise (~8-fold, P
< 0.001), remained elevated at 2 hours (P < 0.001), with
significant difference between immediate and 2-hour
values (P < 0.001). CRP showed no significant
immediate change (P > 0.05) but increased significantly
at 2 hours compared to both baseline and immediate
values (P < 0.001).

IL-6 exhibited rapid increase immediately post-exercise,
partial decline at 2 hours, but remained above baseline.
CRP showed delayed response, with marked increase
only at 2 hours. These divergent patterns indicate
explosive throwing exercise stimulates rapid cytokine
(IL-6) and delayed acute-phase protein (CRP)
responses, with implications for recovery monitoring
and training scheduling.

Conclusion

This study examined IL-6 and CRP time-course
responses to specialized throwing exercise in
professional athletes. The explosive protocol induced
systemic inflammation with distinct temporal phases.
IL-6 peaked immediately post-exercise, while CRP rose
in early recovery.

The dramatic IL-6 increase likely stems from
mechanical stress on muscle fibers from maximal power
production and intense eccentric contractions, causing
rapid IL-6 release as a myokine. Unlike trauma-induced
inflammation, this increase likely reflects glycogen
depletion and metabolic signaling. IL-6's role in glucose
homeostasis and lipolysis suggests the ~8-fold increase
indicates high metabolic demand on elite athletes.
IL-6's declining trend within 2 hours indicates its short
plasma half-life and efficient regulation in professional
athletes. However, elevated levels above baseline at 2
hours suggest ongoing tissue repair and systemic
signaling despite ceased muscle contraction, consistent



~ University of Tehran Press

with studies showing continued repair processes hours
after activity.

CRP's delayed increase at 2 hours confirms its "delayed
acute-phase protein" nature. CRP synthesis requires
chemical signals (mainly IL-6) and gene transcription,
causing natural time delay. Even a single throwing
session sufficiently stimulates acute-phase response.
CRP increase reflects innate immune activation for
debris breakdown and anabolic phase initiation for
tissue repair.

The sequential relationship between markers is
confirmed: IL-6 rapidly elevates, triggering CRP
production in subsequent hours. This is practically
important for coaches, as early recovery represents a
"hazardous"” inflammatory window when athletes are
vulnerable to illness due to temporary immune
suppression.

Compared to similar research, this explosive protocol
caused high cytokine response but shorter persistence.
Professional athletes likely possess efficient antioxidant
and anti-inflammatory mechanisms from chronic
training exposure. However, the nearly 3-fold CRP
increase at 2 hours warns that even short maximal
exercise creates severe systemic stress requiring precise
recovery strategies.

In conclusion, a single throwing session triggers
biphasic inflammatory response with different temporal
patterns for IL-6 and CRP. IL-6 peaks immediately post-
exercise; CRP elevates significantly at 2 hours. Coaches
should consider this inflammatory window when
scheduling consecutive training sessions. Practitioners
should account for inflammatory marker temporal
dynamics when designing training and recovery
interventions, implementing adequate recovery time,
nutritional strategies, and targeted modalities (massage,
nutrition,  hydrotherapy) to  mitigate negative
consequences and optimize training adaptation.
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