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Abstract 
Background: Myokines are set free during physical activity from the working 
muscles. The investigated autocrine, paracrine and endocrine effects support 
the immune system, lipid and carbohydrate metabolism, brain function, and 
vascular health. Methods: This review summarizes the current evidence on 
the myokines Interleukin-6 (IL-6), Irisin, and brain-derived neurotrophic fac-
tor (BDNF). In addition, the literature was reviewed to identify further health 
benefits associated with physical activity. Two aspects of muscular activity 
were examined: the acute effects of a single bout of exercise and the effects of 
endurance training interventions on basal myokine concentrations. Results: 
A single bout of exercise leads to a rise in IL-6, Irisin and BDNF, varying with 
intensity and duration. Training results in lowering the basal concentration of 
Irisin and IL-6 and in elevating BDNF. Most research focused on healthy vol-
unteers. Few results obtained in obesity, type 2 diabetes mellitus in neurologic 
and oncologic patients were reported according to the rising evidence. Con-
clusion: The presented research points towards preventive and rehabilitative 
applications of myokines in the future. More investigations are needed to 
specify the kind of exercise, intensity and duration for general prevention and 
for personalized therapy in rehabilitation. 
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1. Background 

Myokines belong to a group of peptides and other signaling molecules named ex-
erkines. Exerkines are released from various organs during physical exercise. Since 
the first description in 2003, the number of identified myokines has increased rap-
idly to more than 600 [1] [2]. They play a central role in maintaining energy ho-
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meostasis during exercise, facilitate communication between muscles and the 
brain, liver, pancreas, adipose tissue, and bone, and exert beneficial effects on the 
endothelium [1]. According to estimates, only approximately 5% have been char-
acterized in detail, and this paper focuses on the most investigated ones. Myokines 
comprise interleukins and other peptide signaling molecules that exert autocrine, 
paracrine, and endocrine functions [2] [3]. They are released during muscular con-
traction, whereas a lack of exercise leads to a deficit. As the expression of myokine 
receptors varies across tissues and can be up- or downregulated depending on phys-
iological conditions [2], their biological actions are highly context-dependent. This 
means changes in concentration in serum or plasma should be interpreted to a lim-
ited extent. Nevertheless, reliable investigations are available for some myokines. 

This narrative review summarizes current knowledge on the preventive and re-
habilitative potential of myokines, with particular emphasis on the changes in 
concentrations after an acute bout of exercise and adaptations in basal concentra-
tions induced by training. 

IL-6 is considered an important, long-established marker of both acute and 
chronic inflammation. Its role as a muscle-derived signaling molecule was first iden-
tified through experiments demonstrating the transfer of a circulating factor from 
exercising animals to resting animals [2]. Released from contracting muscles, it ex-
erts predominantly anti-inflammatory effects by suppressing the production of 
tumor necrosis factor α (TNF-α). In addition, IL-6 enhances insulin sensitivity [4] 
and interacts with carbohydrate metabolism with sensor properties for intramus-
cular glycogen reserves [5]. During long-term exercise with low initial glycogen 
reserves, a 100-fold increase was documented with increased glucose release from 
the liver and an insulin-like effect [6]. 

In human intervention studies, IL-6 also activates lipid metabolism with lipol-
ysis and increased fat oxidation [1] [5]. Beyond its metabolic functions, infusions 
with recombinant IL-6 result in delayed gastric emptying [1]. The different cellu-
lar and metabolic actions are summarized in Figure 1. 

Irisin, first analyzed in 2012, is characterized by a functional conversion of white 
adipose tissue into brown-like adipose tissue, a process referred to as “browning” 
[7]. This leads to thermogenesis and enhances lipid metabolism without physical 
activity, referred to as shivering-free heat production [8]. Besides regulating lipid 
metabolism, Irisin contributes to glucose homeostasis and promotes glucose up-
take into the muscles [7]. Anti-inflammatory properties were documented; alt-
hough evidence regarding its role in cancer remains inconsistent, Irisin appears to 
exert protective effects in most tumor types, with the possible exception of hepato-
cellular carcinoma [9]. In autocrine function, it activates satellite cells, builds mus-
cle, and contributes to bone health [7] (Figure 1). 
Irisin crosses the blood-brain barrier, enters the cerebrospinal fluid, and leads to 
the release of the brain-derived neurotrophic factor (BDNF) in the brain [1] [10]. 
BDNF improves memory, cognitive function, and neural plasticity [2] [9]. The 
myokine cathepsin B has likewise been shown to mediate the exercise-induced 
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upregulation of BDNF in the brain [7] [10]. As a myokine, BDNF is also expressed 
in the muscles and leads to satellite cell activation and optimizes fat and carbohy-
drate metabolism [1]. Whether muscle-derived BDNF is released into the systemic 
circulation remains a matter of ongoing debate. Consequently, its biological ef-
fects are currently thought to be predominantly autocrine and paracrine rather 
than endocrine [4]. 

 

 
Figure 1. Postulated effects of myokines on organs, cells and metabolism. Arrows to the side indicate the direction 
of myokine influence. Perpendicular arrows upwards characterize a rise and downwards a slowing by the myokine 
influence. For clarification, IL-6 is marked green and Irisin red. IL-6: Interleukin 6; GLP1: Glucagon-like peptide 
1; BDNF: Brain derived neurotrophic factor; TNF-α: Tumor necrosis factor α; NK cells: Natural killer cells (Mod-
ified and updated according to [3]). 

 
Many types of muscular exercise exist, basically endurance and resistance exer-

cise. From a preventive perspective, it is important to understand how myokine 
concentrations respond to a single bout of exercise of different modality, intensity 
and duration. Equally important is the duration of the change in baseline. 

A second focus addresses the persistent change in baseline concentration in-
duced by regular exercise training. As with the acute response to exercise, the in-
fluence of exercise modality, intensity, and duration on these long-term adapta-
tions requires further investigation. 

2. Myokine Response to a Single Bout of Exercise 

Given the functions of myokines outlined above, understanding their response to 
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acute exercise is of importance. Both the magnitude and duration of changes in 
circulating myokine concentrations are influenced by the type, intensity, and du-
ration of the exercise performed. 

IL-6 may increase by up to 85% following a single resistance training session, 
when large muscle groups are recruited or exercise is performed at high intensity. 
The response is more pronounced in trained individuals [4] [11] [12]. Prolonged 
endurance exercise, such as a single bout of activity like running a marathon, leads 
to an increase in IL-6 and a decrease in TNF-α, peaking after 1 - 2 hours and 
returning to baseline after 24 hours. The increase is less pronounced in trained 
individuals [2]. 

High-intensity endurance exercise such as cycling may lead to a 1.5-fold in-
crease in BDNF [12]. According to several studies, trained individuals show a sig-
nificant increase in BDNF after a single bout of exercise [12], while according to 
another study, it remains unchanged [2]. A review found a clear rise after one bout 
of high-intensity interval training (HIIT), but none after aerobic exercise [13]. Ev-
idence regarding the acute BDNF response in older adults remains limited [13]. 

Irisin concentration generally increases only moderately immediately after a 
session of high-intensity interval training (HIIT), but rises exponentially with in-
creasing duration of exercise during endurance exercise, remaining significant for 
up to 60 minutes [1] [14]. A study in adults older than 70 years demonstrated a 
clear increase in Irisin after intensive resistance exercise, after intensive endurance 
and after low-intensity endurance exercise comparable to those observed in younger 
adults [15]. The response to exercise is similar in trained and untrained individu-
als and is generally greater following aerobic than anaerobic exercise [16]. De-
pending on the exercise protocol, circulating Irisin concentrations return to base-
line within 3-24 hours [14]. 

All increases in myokine concentrations are transient and influenced, at least 
in part, by training status. Consequently, long-term adaptations in basal myokine 
concentrations following regular exercise training are of particular interest. 

3. Influence of Training 

Of special interest for prevention and rehabilitation are the responses of myokines 
to training interventions such as resistance training, moderate endurance training 
and high intensity interval training (HIIT). 

Both HIIT and endurance training, lead to a reduction in IL-6 [2], as more mus-
cles are activated [4] and in myostatin after 8 weeks of resistance training [12]. 
BDNF increases following regular exercise training by an average of 50% in men 
and women, with a simultaneous increase in hippocampal volume [2] [12]. Ac-
cording to a recent review, it increases most effectively after resistance training 
[4]. Resistance training in older adults leads to an increase in BDNF and to a de-
crease in IL-6 and TNF-α, the results being clearer in extended investigations (over 
20 weeks), more often per week and at intensities higher than 70% 1RM [17]. HIIT 
seems to be superior to resistance training [13]. 
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Training of any kind appears to reduce the resting concentration of pro-inflam-
matory cytokines IL-6 and TNF-α [1] [2] [10]. Basal Irisin concentrations decline 
most effectively by HIIT, less so by resistance or aerobic endurance training [15]. 
These adaptations are thought to reflect the central role of Irisin in regulating 
metabolic responses to muscular activity rather than a diminished physiological 
function [8]. Inconsistent findings reported for Irisin are likely attributable to dif-
ferences in study design, exercise modality, training intensity, and intervention 
duration [16]. 

Few reports exist on therapeutic exercise interventions, mainly in obesity, type 
2 diabetes mellitus and some neurological diseases [1] [2] [10] [13] [17]-[19]. The 
exercise-induced release of IL-6 and Irisin contributes to reduction in visceral ad-
ipose tissue and suppression of TNF-α [1] [2] [11]. Most type 2 diabetes patients 
display low-grade inflammation. Therapeutic endurance training may lead to re-
duced inflammation status [2]. In oncology, accumulating evidence suggests that 
exercise may contribute to secondary prevention and improve rehabilitation out-
comes [9]. 

Cognitive function is supported in type 2 diabetic patients when performing 
HIIT [18]. Comparing multimodal exercise, endurance exercise, mind-body ex-
ercise and resistance exercise training in type 2 diabetic patients, resistance exer-
cise had no effect, while multimodal exercise was superior in studies lasting longer 
than three months, while mind-body exercise and endurance appeared to be more 
effective after short-term training [18]. 

Opposite to HIIT, aerobic training in patients suffering from depression in-
duces an increase in BDNF and IL-6, correlating with an improvement of symp-
toms [19]. 

Limitations of the presented studies consist of small numbers and predomi-
nantly male and middle-aged participants, different types of exercise protocols 
and intervention duration, as well as different blood sampling procedures [3] [12] 
[14]. The small number of studies in chronic diseases so far limits training recom-
mendations. 

Future studies should adopt standardized training protocols with intervention 
periods of at least 12 weeks, incorporate a follow-up assessment to determine the 
duration of the baseline changes, and use standardized methods for blood sam-
pling and analysis. Such improvements are essential for establishing evidence-
based exercise recommendations. Randomized controlled studies in chronic dis-
ease would establish a firm base for rehabilitative training. 

Looking ahead, therapeutic applications with recombinantly produced my-
okines are conceivable in the future, as already shown for IL-6 [1]. General and 
individualized sport therapy, especially in oncology during and after treatment, 
shows well-documented approaches for effective measures [1] [2] [18]. 

In conclusion, current evidence indicates that myokines form an important 
mechanistic link between physical activity and health, providing a biological basis 
for preventive and rehabilitative interventions. Beneficial persistent changes in 
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myokine concentration and cross-talk with other organs appear to be most pro-
nounced after long or high muscular activity. Although considerable progress has 
been made in elucidating the physiological functions of individual myokines, fur-
ther research is needed before their therapeutic potential can be translated into 
routine clinical practice. 
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