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Introduction
A single bout of exercise has profound effects on whole-body metabolism, increasing insulin
sensitivity [1], fatty acid oxidation [2] and activating metabolic pathways and gene transcrip-
tion in skeletal muscle, adipose tissue and liver during recovery [3–7]. However, the molecular
mechanisms underlying the coordination of whole-body metabolism and tissue specific gene
transcription during recovery from exercise are unclear. Circulating factors such as myokines
may contribute to the regulation of these changes.

Interleukin 6 (IL-6) is a myokine, which has been shown to be released from human skeletal
muscle during exercise [8] and been suggested to be implicated in the regulation of metabo-
lism during exercise. In accordance, infusion of IL-6 in human subjects has been demonstrated
to increase insulin-stimulated whole-body glucose uptake and oxidation [9] as well as exercise-
induced whole-body glucose production and uptake [10]. In fed mice injection of IL-6 has
been shown to reduce pyruvate dehydrogenase (PDHa) activity in skeletal muscle [11] while
lack of skeletal muscle IL-6 has been demonstrated to increase skeletal muscle PDHa activity
in mice [12]. Together this indicates that IL-6 is involved in decreasing carbohydrate metabo-
lism in skeletal muscle.

Infusion of IL-6 has also been shown to increase whole-body lipolysis and fat oxidation in
humans [13, 14]. In accordance, �� ���� incubation of rodent adipose tissue with IL-6 has been
demonstrated to increase lipolysis [15]. Moreover, IL-6 infusion has been reported to increase
hormone sensitive lipase (HSL) mRNA content in human adipose tissue [16] and that IL-6
whole-body knockout (KO) mice have lower 5’AMP activated protein kinase (AMPK) phos-
phorylation in adipose tissue during exercise than wild-type mice [17]. Together this indicates
that IL-6 signaling plays a role in inducing adipose tissue lipolysis with concomitant release of
fatty acids to the circulation and increased fatty acid oxidation.

A previous study has shown that whole-body ablation of IL-6 resulted in lower basal uncou-
pling protein 1 (UCP1) protein content in mouse inguinal adipose tissue (iWAT) and loss of
exercise training-induced increases in iWAT UCP1 mRNA [18]. Although IL-6 has been dem-
onstrated not to affect exercise-induced changes in mitochondrial content in rodent visceral
adipose tissue [19] it may be suggested that IL-6 is important for the ability to uncouple ATP
production in WAT in order to relieve exercise-induced metabolic stress in WAT. In addition,
skeletal muscle specific IL-6 KO mice have been shown to have lower glucose transporter 4
(GLUT4) content in iWAT [20], indicating that skeletal muscle IL-6 may contribute to the reg-
ulation of carbohydrate metabolism in adipose tissue.

Therefore, it may be suggested that skeletal muscle derived IL-6 acts as an endocrine signal
to orchestrate the regulation of glucose and fat metabolism both during and post exercise.
Thus, the aim of this study was to test the hypothesis that knockout of skeletal muscle IL-6
alters protein phosphorylation, protein content and metabolic regulation in skeletal muscle,
adipose tissue and liver during the recovery from a prolonged acute bout of exercise.

Methods

Animals
All experiments were approved by and performed according to the guidelines provided by
Raadet for dyreforsoeg, Danish ministry of food, agriculture and fisheries. Male skeletal mus-
cle-specific IL-6 knockout (IL-6 MKO) mice and floxed littermates (Control), were bred by
crossing C57BL/6 mice carrying a loxP insert surrounding exon 2 of the ��� gene with mice
carrying a Cre recombinase under the control of the myogenin promoter in addition to the
loxP insert as previously described [20, 21]. Skeletal muscle IL-6 deletion was verified in all IL-
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6 MKO mice in the current study by DNA genotyping on muscle tissue. The animals were
housed at 22˚ in a 12:12h light: dark cycle with ad libitum access to standard rodent chow
(#1320, Brogaarden, Lynge, Denmark) and water.

Acute exercise protocol
At 11 weeks of age, IL-6 MKO and Control littermate mice were placed in single housing.
Before the experiment the mice were adapted to treadmill running (TSE Systems, Bad Hom-
burg, Germany), 10 min twice a day, for five consecutive days. Following a 24h resting period
the mice performed a single exercise bout on the treadmill. The exercise bout consisted of 120
min of running at 14 m/min with a 10˚ incline. Immediately following the exercise bout, the
mice were returned to their respective cages with ad libitum access to food and water as no dif-
ference in food intake has previously been observed between IL-6 MKO and control mice.
Mice remaining in their cages during the experiment served as rested controls (Non-exer-
cised). The pre-exercised mice were euthanized by cervical dislocation either 6h (n = 10) or
10h (n = 10) after the exercise bout and the Non-exercised mice were euthanized together with
the prior exercised mice with n = 5 at each time point. Quadriceps muscles were immediately
removed and snap frozen in liquid nitrogen, followed by collection of trunk blood and liver as
well as epididymal and inguinal adipose tissues. Plasma was generated from whole blood by
centrifugation at 2600g, 4˚C, 15 min and both tissue and plasma samples were stored at -80˚C
until further analyses.

Plasma glucose, lactate and FFA
Plasma glucose was measured enzymatically as previously described [22]. Plasma lactate was
measured from PCA extract of plasma samples in a reaction mix containing glycyl-glycine,
H2O, NAD+ and glutamic acid using the same general principles as for plasma glucose. NEFA
content was determined using WAKO HR Series NEFA-HR (2) (WAKO Diagnostics, Rich-
mond, VA, USA) according to manufacturer’s guidelines.

Plasma insulin and IL-6
Plasma insulin and IL-6 concentrations were determined using a mesoscale discovery mouse
insulin kit (K152BZC-2) and V-Plex cytokine assay (K152A0H-2), respectively, according to
the manufacturers guidelines (Mesoscale Discovery, Rockville, MD, USA).

Liver and skeletal muscle glycogen content
Liver and skeletal muscle glycogen content was determined on approximately 10mg of crushed
tissue by boiling in 1M HCl for 2h to convert glycogen to glycosylic units followed by enzy-
matic determination of glycosylic units as previously described [22].

Skeletal muscle PDHa acticity
The activity of PDH in the active form (PDHa) was measured in homogenates from quadri-
ceps as previously described [23–25] with modifications [26] and normalized to the relative
creatine content in the homogenate as previously described [12, 27].

RNA isolation and reverse transcription
Total RNA was isolated from crushed tissue using guanidinium thiocyanate—phenol-chloro-
form extraction [28] as previously described [3]. In addition, Superscript II RNase H� system
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