


Adipose tissue lipid mobilization during Exercise
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TRENDS in Endocrinology & Metabalism

Fig. 1. Whole-body lipolytic rate (Ra glycerol) at rest and during 30 min of exercise
al 25%, 65% and 85% VO, 0 Values represented as mean * s£. Data from [2,4].
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Fig. 2. Fatty acid mobilization in the circulation (Ra fatty acids) at rest and during
A0 min of exercise at 25%, 65% and 85% VO, ... *Significantly different from
wvalue at 25% V0o 0 & < 0L.058 TSignificantly different from value at 659% V0
P =2 0,05, Values represented as mean = seE. Data from [2,4].
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Fig. 3. Estimate of the relative proportion of fatty acid availability from different
lipid stores for oxidation during moderate-intensity exercise.
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Fig. 4. The lipolytic cascades. Abbreviations: oz, a-agdrenoceptor; B B-ad remo o pos-
tor; Catecholamimnes, epimzphirine andfor norepimnmephrireee; G, inhbhibitory G protedn;
S, stirmulatory G protein HSL, hormone-sensitive lipase; P, phosphate groop,. Sea
taxt for details.
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278 M. Lafontan, D Langin/Progress in Lipid Research 48 { 2009) 275-297

Inhibitory
Receptors . . .
c:z-adrgnergi[: receptors {o,-AR) Atrial natriuretic
Stimulatory Adenosine (A1-R) peptides receptors
Receptors Prostaglandin (EP-3 R) Insulin
B, s-adrenergic MPY (NPY-R1) receptor
receptors Adenylyl metabolites (GPRE1,GPR109)

cyclase

PI3-K 4= IRS-1
PKB/Akt

5’-A:H:;- / 5-GMP
G PKe

\ / ®)(P) (FABP4 -
—

NEFA
-— = [MGL| = 31y cerol

perilipin ﬁg::i::2:a£5:::::::} = =

Triacylglycerols

Fig. 2. Major pathways involved in the stimulation of human fat cell lipolysis. Signal transduction pathways for catecholamines via adrenergic receptors, autacoids- and
metabolite-driven inhibitory receptors and atrial natriuretic peptides via type A receptor (NPR-A)L Protein kinases (PEA and PRG [cGE-[)) are involved in target protein
phosphorylation. HSL phosphorylation promotes its translocation from the cytosol to the surface of the lipid droplet. Perilipin phosphorylation induces an important physical
alteration of the droplet surface that facilitates the action of HSL and the initiation of lipolysis. Docking of adipocyte lipid-binding protein (FABP4) to HSL favors the outflow
from the cell of MEFAs released by the hydrolysis of triacylglycerols. Insulin, via stimulation of fat cell insulin receptors and phosphodiesterase-36 stimulation promotes cAMP
degradation and antilipolytic effects while it is not active on cCMP-dependent pathways (not shown in the diagram ). ATGL adipose triglyceride lipase; FABP4, adipocyte fatty
acid binding protein 4; GC guanylyl cvclase; Gi, inhibitory GTP-hinding protein; Gs, stimulatory GTP-binding protein; HSL, hormone-sensitive lipase; MGL, monoacylglyvcerol
lipase; MEFA, nonesterified fatty acid; MPR-A, type A natriuretic peptide receptor.
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Figure6.2 Schematic diagram of the microdialysis probe and the process of collecting
samples from a probe placed below the skin and into adipose tissue.
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Figure 6.3 Coordinated increase in fatty acid rate of appearance in plasma (fatty acid
Ra) and in adipose tissue blood flow (ATBF) in response to a physiological increase in the
concentration of plasma epinephrine in lean men (n = 5).

Data from 62.
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Figure 6.4 The increase in lipolytic rate (glycerol Ra) during exercise at low intensity
(25% VO,max) in lean men (n = 6).
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H exercise+lipolysis

Growth and differentiation factor 15 is secreted by skeletal muscle during [HTML]
exercise and promotes lipolysis in humans
Am Soc Clin Investig - C Laurens, & Parmar, E Murphy, D Carper, B Lair... - JCI .__, 2020

We hypothesized that skeletal muscle contraction produces a cellular stress signal,
triggering adipose tissue lipolysis to sustain fuel availability during exercise. The present
study aimed at identifying exercise-regulated myokines, also known as exerkines, able to ...

48 4 sleessals P9 Yy

How to exercise to increase lipolysis and insulin sensitivity: fasting or following
a single high-protein breakfast.
europepmc.org - M Saghebjoo, M Mohammadnia-Ahmadi... - The Journal of Sports ..., 2020

BACKGROUMD: The purpose of this study was to investigate the lipolysis response and
insulin sensitivity to high-intensity interval exercise (HIIE) upon fasting (HIIEFAST) and
following the intake of a high-protein breakfast (HIEHPFED). METHODS: Overweight men ..

48 4resils 99 Ty

Lipolysis and Fat Oxidation Are Not Altered with Presleep Compared with
Daytime Casein Protein Intake in Resistance-Trained Women
academic.oup.com - BR Allman, MC Morrissey, JS Kim._. - The Journal of ___, 2020

... Lipolysis and Fat Oxidation Are Mot Altered with Presleep Compared with Daytime Casein Protein
Intake in Hesistance-Trained Women. Brittany R Allman. Institute of Sports Sciences and Medicine,
Department of Nutrition, Food and Exercise Sciences, Florida State University ...

4 saasii i bfjmcyVie 99 vy

Molecular adaptations of lipolysis to physical activity
jbrms.medilam.ac.ir - 5 Farsi, M Ghahramani - Journal of Basic Research in Medical ..., 2020

... Physical activity improves lipid oxidation by decreasing the concentration of malonyl coenzyme
A Circular resistance exercise elevates lipolysis in obese individuals by stimulating growth
hormone and catecholamines, and the enzymes involved in the lipolysis process .
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Growth and differentiation factor 15 is secreted by skeletal
muscle during exercise and promotes lipolysis in humans

Claire Laurens, ... , Donal O'Gorman, Cedric Moro
JC! Insight. 2020:5(6):e131870. https://doi.org/10.1172/c.insight.131870.

Research Article | EELGIE)

We hypothesized that skeletal muscle contraction produces a cellular stress signal, triggering adipose tissue lipolysis to
sustain fuel availability during exercise. The present study aimed at identifying exercise-regulated myokines, also known
as exerkines, able to promote lipolysis. Human primary myotubes from lean healthy volunteers were submitted to
electrical pulse stimulation (EPS) to mimic either acute intense or chronic moderate exercise. Conditioned media (CM)
experiments with human adipocytes were performed. CM and human plasma samples were analyzed using unbiased
proteomic screening and/or ELISA. Real-time gPCR was performed in cultured myotubes and muscle biopsy samples.
CM from both acute intense and chronic moderate exercise increased basal lipolysis in human adipocytes. Growth and
differentiation factor 15 (GDF15) gene expression and secretion increased rapidly upon skeletal muscle contraction.
GDF15 protein was upregulated in CM from both acute and chronic exercise-stimulated myotubes. We further showed
that physiological concentrations of recombinant GDF15 protein increased lipolysis in human adipose tissue, while
blocking GDF15 with a neutralizing antibody abrogated EPS CM-mediated lipolysis. We herein provide the first evidence
to our knowledge that GDF15 is a potentially novel exerkine produced by skeletal muscle contraction and able to target
human adipose tissue to promote lipolysis.
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How to exercise to increase lipolysis and insulin sensitivity: fasting or following a single
high-protein breakfast

Marziyeh SAGHEB|O0 B Nasrin KARGAR AKBARIYEH, Mohsen MOHAMMADNIA-AHMADI, Iman SAFFAR]
LDepartment of Exercise Physiology, Feculty of Sport Soences, University of Biand, Bigand fran

PDF Supplementary Materials

BACKGROUND: The purpose of this study was to investigate the lipolysis response and insulin sensitivity to high-
intensity interval exercise (HIIE) upon fasting (HIEFAST) and following the intake of a8 high-protein breakfast
(HIEHPFED).

METHODS: Overweight men participated in two sessions of HIIE after an overnight fast and post-HPFED with an
interval of one week. Metabolic biomarkers were assessed before, immediately after, and 3h post-exercize. To
evaluate the metabaolic effects of HIIE, two-way repeated-measures ANOVA was used.

RESULTS: Glyceral levels increased immediately after HIEFAST and HIEEHPFED (P = 0.0001) and decreased 3h after
exercise in both states (P = 0.001). There were no significant changes in free fatty acid (FFA] levels immediately after
exercise, but & significant increase was observed 3h after exercise compared to the baseline and immediately after
exercise in HIEFAST and HIEHPFED (P = 0.0001). Insulin sensitivity was increased for 3h after HIIEHPFED compared to
the baseline and immediately after exercise (P = 0.04).

CONCLUSIONS: These findings suggest that fasting during exercise is not necessary for the greater stimulation of
ipalysis and an increase in insulin sensitivity and that exercise following a high-protein breakfast can have a similar
effect in overweight young men.

KEY WORDS: High-intensity interval exercise; Overweight; Diet; Free fatty acid; Glycerol
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Cell Metabolism

Exercise-Induced Changes in Visceral Adipose
Tissue Mass [Are Regulated by IL-6 Signaling: A
Randomized Controlled Trial
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In Brief

Wedeall-MNeaergaard et al. show that in
abdominally obese people, exercise-
mediated loss of visceral adipose tissue
mass requires IL-6 receptor signaling.
Given that abdominal fat is metabolically
harmful to health, this study raises a
potentially important side effect of IL-6

receptor antbodies, such as tocilzumals,

used to treat some forms of arthrntis.
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Exercise-Induced Changes in Visceral Adipose
Tissue Mass Are Regulated by IL-6 Signaling:
A Randomized Controlled Trial
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SUMMARY

Visceral adiposs tissue is harmnful to metabolic
health. Exercise training reduces wvisceral adipose
tissue mass, but the underdying mechanisms are
not known. Interleukin-6 (IL-6}) stimulates lipolysis
and is released from skeletal muscle durning exerciss.
We hypothesized that exercise-induced reductions
in wisceral adipose fissue mass are mediated by
IL=6. In this randomized placebo-controlled trial, we
assigmned abdominally obese adults to tocilmumalby
(IL-& receptor amtibody) o placebo during a 12-
weezk intervention with either bicycle exercise or no
exercise. While exercise reduced visceral adipose
tissue mass, this effect of exercise was abolished in
the presence of IL-6 blockade. Changes in body
weight and total adipose tissue mass showed similar
tendencies, whereas lean body mass did not differ
between groups. Also, IL-6 blockade increased
cholesterol levels, an effect not reversed by exercisa.
Thus, IL-6 is required for exercise to reduce visceral

adipose tissue mass and emphasizes a potentially
et

B (Wadall-Meargaard at al., 201E). Abdominal adiposity re-
flects accumulstion of visceral adiposs tis=sus, which is locatsd
inzida tha abdominal cavity and sumounds imtsrnal organs like
tha liver and the intestines (Despras at al., 2001). Viscaral adi-
posa tissue is characterzed as pro-inflammatony, metabolicaly
activa, and suscaptible to lipolysis (Yudkin at al., 2005). Whila
phyrsical inactivity, without waight gain, kads to accumulation
of viscaral adipose tissus (Ol=san =t al., 2008), physical activity
Exarciss training) reducses viscaral adiposs tissus mass (Mordby
at al, 20712). Tha machanisms driving the sffect of axercise on
wvizcaral adipose tissus mass raemain to be identified.
Imterdasukin-& {IL-5) iz a cytokina implicatad in tha regulation of
anangy matabolizm (Wallenius at al., 2002; Theurnch at al., 2017).
IL<6 can ba parsistantly slevated in obese individuals (Cottam
et al., 2004) and acutely following infecton (Ma =t al., 20156)
and exercisa (O=trowski at al., 18998; Steensbearg et al., 2000).
Blewatad circul ating levals of IL-§ influence both glucosa homao-
stasis (Febbraio at al ., 2004; Lang Lehrskow at al., 201 ) and lipid
metabolism {Petersen et al., 2005). Whila the effects of IL-6 on
glucosa homeostasis are conflicting {Pedaersan and Febbraio,
2007, thara iz more consansus regarding its rols in regulating
lipid metabolism. Infusion of IL-§ into haalthy individuals stimu-
lates lipolysis and fatty acid oxidation {van Hall et al., 2003).
In witro studies in adipocytes and myotubes have confirmead
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The Importance of Fatty Acids as Nutrients during
Post-Exercise Recovery
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* Correspondence: bkiens@nexs. ku.dk; Tel.: +45-35321619
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Abstract: It is well recognized that whole-body fatty acid (FA) oxidation remains increased for
several hours following aerobic endurance exercise, even despite carbohydrate intake. However, the
mechanisms involved herein have hitherto not been subject to a thorough evaluation. In immediate
and early recovery (0—4 h), plasma FA availability is high, which seems mainly to be a result of
hormonal factors and increased adipose tissue blood flow. The increased circulating availability
of adipose-derived FA, coupled with FA from lipoprotein lipase (LPL)-derived very-low density
lipoprotein (VLDL)-triacylglycerol (TG) hydrolysis in skeletal muscle capillaries and hydrolysis
of TG within the muscle together act as substrates for the increased mitochondrial FA oxidation
post-exercise. Within the skeletal muscle cells, increased reliance on FA oxidation likely results
from enhanced FA uptake into the mitochondria through the carnitine palmitoyltransferase (CPT) 1
reaction, and concomitant AMP-activated protein kinase (AMPK)-mediated pyruvate dehydrogenase
(PDH) inhibition of glucose oxidation. Together this allows glucose taken up by the skeletal muscles
to be directed towards the resynthesis of glycogen. Besides being oxidized, FAs also seem to be crucial
signaling molecules for peroxisome proliferator-activated receptor (PPAR) signaling post-exercise,
and thus for induction of the exercise-induced FA oxidative gene adaptation program in skeletal
muscle following exercise. Collectively, a high FA turnover in recovery seems essential to regain
whole-body substrate homeostasis.

Keywords: post-exercise recovery; fatty acid oxidation; skeletal muscle; lipid metabolism; molecular
mechanism; adipose tissue lipolysis; AMP-activated protein kinase (AMPK); pyruvate dehydrogenase
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