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The effect of hypoxia and re-oxygenation
on adipose tissue lipolysis in COPD patients

To the Editor:

Severe chronic obstructive pulmonary disease (COPD) is a progressive disease associated with excessive
mortality; however, mechanisms driving disease progression remain unclear [1]. A pro-inflammatory state,
metabolic impairments and respiratory muscle weakness contribute to deterioration of lung function [1, 2].
Furthermore, a poor COPD prognosis appears to be associated with unintentional weight loss [3, 4], which
has been observed in ∼50% of severe COPD patients [5].

Adipose tissue secretion of pro-inflammatory substances is modified by tissue O2 levels [6]. Transient
drops in blood oxygenation dropping to arterial oxygen saturation measured by pulse oximetry (SpO2)
levels of 60–70% have been shown to induce profound adipose tissue hypoxia with oxygen tension (PO2)
levels as low as 30–40 mmHg [7], which resemble levels typically observed in obesity and which are
associated with augmented lipolysis and elevated levels of circulating free fatty acids (FFA) [8, 9]. In fact,
elevated plasma FFA levels in COPD patients [10] could be due to increased adipose tissue lipolysis.
Considering that chronic exposure to higher plasma FFA concentrations can lead to lipotoxicity in cardiac
muscle and impaired energy metabolism in skeletal (respiratory) muscle, it can be hypothesised that
enhanced lipolysis worsens the COPD prognosis through its negative impact on respiratory muscle
function, progression of right heart failure, and development of cachexia.

Regulation of adipose tissue lipolysis in COPD patients is potentially associated with adipose tissue
hypoxia, activation of the sympathetic autonomic nervous system and/or elevation of pro-inflammatory
cytokines [11, 12]. Additionally, elevated plasma levels of lipolysis-stimulating natriuretic peptides (atrial
natriuretic peptide (ANP) and brain natriuretic peptide (BNP)) have been found in COPD patients, which
provides an additional mechanism for enhanced lipolysis [13].

The aim of this study was to investigate the lipolytic response, of adipose tissue, to acute changes in
arterial oxygen levels and to assess the role of acute ANP and catecholamine administration in a group of
severe COPD patients.

Eight subjects (four men, aged 61.4±2.8 years, body mass index (BMI) 24.4±0.8 kg·m−2) with severe
COPD (GOLD IV category diagnostic criteria) who had been prescribed long term oxygen therapy
(LTOT) >1 year were recruited. Exclusion criteria included acute exacerbation of COPD, other acute or
decompensated illnesses (inflammatory, endocrine), unstable body weight over the 3 months prior to
entering the study, age >75 years and cancer. All subjects gave written informed consent and the study was
approved by the Ethics Committee of the Third Faculty of Medicine, Charles University in Prague.

Two microdialysis probes (20.000 Da cut-off, CMA Microdialysis, Kista, Sweden) were inserted into the
subcutaneous abdominal adipose tissue. The probes were perfused with Ringer’s solution (Baxter, Prague,
Czech Republic) supplemented with 1.7 g·L−1 ethanol with or without 10−6 mol·L−1 ANP or 10−6 mol·L−1

adrenaline. The outflowing dialysate was collected for glycerol (Randox Laboratories, Crumlin, UK),
ethanol (BioVision, Milpitas, CA, USA) and urea (Abcam, Cambridge, UK) quantification. The dialysate
glycerol concentration served as a marker of lipolysis, while the ethanol inflow/outflow ratio and urea
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concentrations were used to assess changes in tissue blood flow. After introduction of intravenous cannulas
and microdialysis probes, supplemental oxygen delivery was interrupted for 3 h to induce hypoxaemia. The
dialysate was collected at 20 min intervals. Baseline sampling for 60 min was followed by a 60 min
perfusion with 10−6 mol·L−1 human recombinant ANP (Neosystem, Strasbourg, France) or 10−6 mol·L−1

adrenaline (Zentiva, Prague, Czech Republic). Subsequently, subjects were administered 100% oxygen for
240 min through a nasal cannula (1–2 L·min−1) according to their individual recommendations for LTOT.
After 180 min, three baseline dialysate samples were collected and probes were again perfused with freshly
prepared 10−6 mol·L−1 ANP or 10−6 adrenaline for 60 min.

Fasting plasma samples were stored at −80 °C. Plasma FFA (Wako Chemicals Inc., Richmond, VA, USA),
insulin (EIA insulin kit; Mercodia, Uppsala, Sweden), glucose (Biotrol kit; Merck-Clevenot, Paris, France),
and ANP (RIA kit; Peninsula Laboratories, San Carlos, CA, USA) were measured. Dialysate glycerol and
urea were measured using colorimetric assays (Sigma-Aldrich, St. Louis, MI, USA), and the ethanol was
determined using a colorimetric/fluorometric assay (Abcam).

Differences in spontaneous lipolysis between hypoxic and normoxic states were analysed using the paired
T-test. The effect of in situ ANP and adrenaline administration was assessed by calculation of
drug-induced fold-changes in lipolysis and analysed using a paired t-test. Data are presented as mean±SEM,
and p<0.05 was considered statistically significant.

Interruption of supplemental oxygen resulted in blood hypoxaemia with an average haemoglobin
saturation of 88.5±1.8%. After supplemental oxygen was resumed at flow rates identical to recommended
O2 flow rates for LTOT, haemoglobin saturation normalised to 97.7±0.6% (p<0.05). Plasma ANP (0.5±0.1
versus 0.5±0.1 ng·mL−1) and FFA levels (429.9±52.5 versus 452.4±36.8 µmol·L−1) remained unchanged
after resumption of supplemental O2.

Spontaneous lipolysis, decreased by 24% after reoxygenation (dialysate glycerol: 170.4±70.1 versus
129.9±79.2 µmol·L−1; p<0.05) while adipose tissue blood flow remained unchanged as demonstrated by the
stable ethanol in-flow/out-flow ratio (34.9±5.6 versus 36.5 ± 5.1%, p>0.95) and dialysate urea concentration
(0.9±0.1 versus 0.9±0.1 mmol·L−1). Furthermore, adipose tissue lipolysis, stimulated by local ANP
administration, was lower in normoxia compared to hypoxia (fold change: 4.41±0.26 versus 3.75±0.23; p<0.05)
while adrenaline-induced lipolysis was not affected by reoxygenation (fold change: 4.27±0.28 versus 4.04±0.39;
p=0.51) (figure 1).

The present study provides direct evidence that basal and stimulated lipolysis is enhanced in subcutaneous
adipose tissue in hypoxic COPD patients and that administration of exogenous oxygen can inhibit
lipolysis. Although enhanced lipolysis was observed in hypoxic adipose tissue in obesity and obstructive
sleep apnoea syndrome [8, 9], we have extended these observations to chronically hypoxic COPD patients.
In fact, augmented lipolysis and associated weight loss represent an important factor inducing metabolic
impairments in heart [14] and skeletal muscle and might also contribute to progression of COPD by
inducing cachexia and muscle weakness.

Plasma ANP levels are increased in COPD patients, particularly in those with right heart failure and
pulmonary hypertension [13]. In-situ ANP administration not only increased lipolysis, confirming the
potent lipolysis-stimulating effects of ANP [15], but this effect was augmented in hypoxic conditions,
probably via receptor and/or post-receptor mechanisms, since plasma ANP levels remained unchanged. In
contrast, the lipolytic response to adrenaline was not affected by hypoxia, probably due to adrenergic
receptor desensitisation.
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FIGURE 1 Adipose tissue spontaneous lipolysis and blood flow. a) Basal adipose tissue lipolysis assessed by extracellular glycerol adipose tissue
concentration; b) cumulative adipose tissue lipolytic response after in situ administration of 10−6 mol·L−1 atrial natriuretic peptide for 1 h;
c) cumulative adipose tissue lipolytic response after in situ administration of 10−6 mol·L−1 adrenaline for 1 h. Data are presented as mean±SEM,
n=8 for adrenaline and n=7 for ANP group. *: p<0.05 for comparison between hypoxic and normoxic conditions; NS: not significant.
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The study was limited by its focus on severe COPD patients, the use of pharmacological concentrations of
ANP and adrenaline in microdialysis perfusions, and by the use of semi-quantitative methods for assessing
adipose tissue blood flow. It should be noted that plasma FFA levels remained unchanged during the
study, suggesting that FFA re-esterification is decreased in adipose tissue after reoxygenation. Establishing
a causal role of ANP in COPD-associated lipolysis requires specific ANP receptor antagonists, which are
currently not available for human use.

In conclusion, this study showed that spontaneous and ANP-stimulated subcutaneous adipose tissue
lipolysis is enhanced during acute withdrawal of supplemental oxygen in COPD patients and appears to
exert lipotoxic effects. By demonstrating that reoxygenation decreased adipose tissue lipolysis, the study
underscores the need for long term oxygen therapy in patients with hypoxaemia.

@ERSpublications
Oxygen administration inhibits spontaneous and ANP-stimulated lipolysis in adipose tissue in
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