-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by University of Birmingham Research Portal

UNIVERSITYOF
BIRMINGHAM

L‘{miversit}{'o{ iIrmingham
esearch at Birmingham

Acute hypercortisolemia exerts depot-specific
effects on abdominal and femoral adipose tissue
function

Manolopoulos, Konstantinos N; O'Reilly, Michael W.; Bujalska, Iwona J.; Tomlinson, Jeremy
W.; Arlt, Wiebke

DOI:
10.1210/jc.2016-3600

License:
Creative Commons: Attribution (CC BY)

Document Version
Peer reviewed version

Citation for published version (Harvard):

Manolopoulos, KN, O'Reilly, MW, Bujalska, 13, Tomlinson, JW & Arlt, W 2017, 'Acute hypercortisolemia exerts
depot-specific effects on abdominal and femoral adipose tissue function', Journal of Clinical Endocrinology and
Metabolism, vol. 102, no. 4, pp. 1091-1101. https://doi.org/10.1210/jc.2016-3600

Link to publication on Research at Birmingham portal

Publisher Rights Statement:
Checked for eligibility: 27/02/2017

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

» Users may freely distribute the URL that is used to identify this publication.

» Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

» User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
» Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy . . _ o . ) .
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 01. Mar. 2020


https://core.ac.uk/display/267297127?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1210/jc.2016-3600
https://doi.org/10.1210/jc.2016-3600
https://research.birmingham.ac.uk/portal/en/publications/acute-hypercortisolemia-exerts-depotspecific-effects-on-abdominal-and-femoral-adipose-tissue-function(1f3d0483-cfe9-4faf-be2d-c657a8945f98).html

THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

JCEM

LL
-
S,
|_
is
<
L
O
Z
<
>
a
<

ENDOCRINE
SOCIETY

ENDOCRINE
SOCIETY

Acute hyper cortisolemia exerts depot-specific effects on abdominal and
femoral adipose tissue function

Konstantinos N. Manolopoulos, Michael W. O’'Reillwona J. Bujalska, Jeremy W.
Tomlinson, Wiebke Arlt

The Journal of Clinical Endocrinology & Metabolism
Endocrine Society

Submitted: November 03, 2016
Accepted: February 13, 2017
First Online: February 16, 2017

Advance Articles are PDF versions of manuscripts that have been peer reviewed and accepted but
not yet copyedited. The manuscripts are published online as soon as possible after acceptance and
before the copyedited, typeset articles are published. They are posted "as is" (i.e., as submitted by
the authors at the modification stage), and do not reflect editorial changes. No
corrections/changes to the PDF manuscripts are accepted. Accordingly, there likely will be
differences between the Advance Article manuscripts and the final, typeset articles. The
manuscripts remain listed on the Advance Article page until the final, typeset articles are posted.
At that point, the manuscripts are removed from the Advance Article page.

DISCLAIMER: These manuscripts are provided "as is" without warranty of any kind, either express
or particular purpose, or non-infringement. Changes will be made to these manuscripts before
publication. Review and/or use or reliance on these materials is at the discretion and risk of the
reader/user. In no event shall the Endocrine Society be liable for damages of any kind arising
references to, products or publications do not imply endorsement of that product or publication.



THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

=
L
O
“

ADVANCE ARTICLE:

ENDOCRINE
SOCIETY

The Journal of Clinical Endocrinology & Metabolis@opyright 2017 DOI: 10.1210/jc.2016-3600

Glucocorticoids and adipose tissue function

Acute hyper cortisolemia exerts depot-specific effects on abdominal and
femor al adipose tissue function

Konstantinos N. Manolopoulb§ Michael W. O'Reilly? Iwona J. Bujalska Jeremy W.
Tomlinsor? *, Wiebke Arlt"?**

! nstitute of Metabolism and Systems Research (IMSR), University of Birmingham, B15 2TT, UK
“Centre for Endocrinology, Diabetes and Metabolism, Birmingham Health Partners, Birmingham, B15 2TH, UK

30xford Centre for Diabetes, Endocrinology and Metabolism, NIHR Oxford Biomedical Research Centre University
of Oxford, Churchill Hospital, Headington, Oxford, OX3 7LJ, UK

*National Insittute for Health Research (NIHR) Birmingham Liver Biomedical Research Unit, University Hospitals
Birmingham NHS Foundation Trust, Birmingham, B15 2TH, UK
Received 03 November 2016. Accepted 13 February.201

*These authors contributed equally.

Context: Glucocorticoids have pleiotropic metabolic func8and acute glucocorticoid excess
affects fatty acid metabolism, increasing systdipmlysis. Whether glucocorticoids exert
adipose tissue depot-specific effects remains ancle

Objective: In vivo assessment of femoral and abdominal agipigsue responses to acute
glucocorticoid administration.

Design and outcome measur es. Nine healthy male volunteers studied on two ocresi

following a hydrocortisone infusion (0.2 mg-kenin™ for 14 hours) and saline, respectively,
given in randomized double-blind order. Subjectsengtudied in the fasting state and following
a 75g glucose drink withn vivo assessment of femoral adipose tissue blood flolB@ using
radioactive Xenon washout, and lipolysis and gleagstake using the arterio-venous difference
technique. In a separate study (same infusion dgs8gurther healthy male subjects underwent
assessment of fasting abdominal ATBF and lipolgsly. Lipolysis was assessed as the net
release of non-esterified fatty acids (NEFA) fraembral and abdominal subcutaneous adipose
tissue.

Results. Acute hypercortisolemia significantly increasegdddaand postprandial ATBF in
femoral adipose tissue, but femoral net NEFA redeid not change. In abdominal adipose
tissue, hypercortisolemia induced significant iases in basal ATBF and NEFA release.
Conclusions: Acute hypercortisolemia induces differential lipgis and ATBF responses in
abdominal and femoral adipose tissue, suggestipgtégecific glucocorticoid effects.
Abdominal, but not femoral, adipose tissue contabuo the hypercortisolemia-induced
systemic NEFA increase, with likely contributiomerh other adipose tissue sources and
intravascular triglyceride hydrolysis.

Acute experimental hypercortisolemia induces differential metabolic responses in abdominal and femoral
adipose tissue in vivo, suggesting depot-specific glucocorticoid effects in humans.

I ntroduction

Glucocorticoids (GC) are important pleiotropic hames that exert anabolic effects during
physiological conditions, but also play a pivotalerin tissue catabolism when acutely elevated
as part of an acute stress response (1). In conthasnic pathophysiological GC excess in
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Cushing’s syndrome is characterised by a distieatentripetal fat mass redistribution and in
particular visceral fat mass accumulation and s®asted with increased morbidity and
mortality (2,3). Body fat mass distribution is ampiortant determinant of health and abdominal
fat mass accumulation represents a major risk fdotaardiovascular disease (4). In contrast, a
larger thigh subcutaneous fat mass is independassigciated with favorable cardiovascular and
metabolic profiles (5), and relative scarcity afnferal fat may have important implications for
cardiometabolic health (6,7). Femoral adipose &ssass is determined by the balance between
fatty acid uptake and their release, lipolysis, kgbg the latter is regulated vivo in a depot-
specific manner via selective adrenoceptor ac&n (

Acute hypercortisolemia results in an increase lobie body lipolysis, i.e. the release of
non-esterified fatty acids (NEFA) from adiposeuissbut the exact effects of GC on depot-
specific lipolysis remain unclear (9). Murinevitro models have yielded conflicting results,
with only some reporting induction of lipolysis BC in a dose-dependent manner (reviewed in
(1)). Inintact human adipocytes isolated fromabeominal subcutaneous depot, cortisol
treatment resulted in inhibition of basal ghddrenergic-mediated lipolysis (10). In contrast,
lipolysis appeared unaffected by the synthetic @tocticoid dexamethasone (11,12). Eanly
vivo studies also showed that GC inhibit sympathetiwiggiand adrenoceptor function in
humans (13,14), suggesting this could affect lipolsesponses. However, femoral lipolysis,
determined as glycerol release using the microsisiyechnique, has been found to either
increase (15) or remain unchanged (16) in expeltiah€C excess.

The aim of our study was to study lipolysis in @sge to acute GC excess, using an
integrativein vivo physiology approach. In particular, we sought testigate the depot-specific
contribution of femoral adipose tissue to wholeobplolysis during hypercortisolemia. Based
on previous studies (17,18), we hypothesized thatieselevation of cortisol concentrations
would affect femoral adipose tissue blood flow (AH)Eand NEFA release in line with an acute
catabolic response. Furthermore, we studied fenaaliglose tissue postprandial glucose uptake,
as well as, in a separate study, abdominal adijesge fasting ATBF and NEFA release as
markers of depot-specific adipose tissue fundtmovivo.

M ethods

Subjects

Healthy male individuals with no medical conditiand not on any drug therapy were recruited
using print and electronic advertising. All subgeahderwent a medical evaluation during the
screening visit to ensure they were healthy, andrmamal liver and kidney function parameters
as well as normal blood counts. No subject hadsagmnificant past medical history, smoked
tobacco or took any regular medications that caifielct the study’s outcome measures. All
parts of this study were conducted at the Natitmstltute for Health Research/Wellcome Trust
Clinical Research Facility (CRF) of the UniversitlyBirmingham/Queen Elizabeth Hospital
Birmingham. The study was approved by Solihull biaéil Health System Research Ethics
Committee (12/WM/0327), and all subjects gave imfed consent in writing prior to
participation.

Study design

Anthropometric measurements.
Measurements were taken during the screening Waitst circumference was measured midway
between the lower margin of the last palpable nith the top of the iliac crest, and hip
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circumference at the level of the greater trochanfeotal and regional fat masses (including
estimated visceral fat mass) were measured byehelgy x-ray absorptiometry (DXA) (19).
Blood pressure and heart rate were measured ustagdard oscillometric blood pressure
monitor with an upper arm cuff.

Sudy visits.

For each of the two study visits, subjects wereitddchto the CRF at 17:00h, and a cannula for
infusion purposes was inserted into an antecutu$asia veinEigure 1A). At 18:00h they were
served a standardized calorie-controlled meal (adde lasagne; energy 2634 kJ, total
nutritional content: 14.4 g fat, 93 g carbohydrafss?2 g protein, 11.4 g fibre), and then fasted
until study completion the next day. At 19:00h astant infusion of either hydrocortisone (0.2
mg.kg*.h?, total dose infused equivalent to doses commosigliin the setting of adrenal
insufficiency and acute illness) or saline (conginldy visit) was started and continued over 14
hours until study completion the next day. The sttedy days were separated by at least two
weeks, and hydrocortisone and saline infusions weémainistered in a double-blind, randomized
fashion. At 22:00h lights were switched off for higest. At 08:00h the next morning catheters
were placed into veins draining femoral (study ldaledominal (study 2) subcutaneous adipose
tissue (see below) (20,21). A further cannula wasiited either retrogradely into a vein of the
dorsal hand, which was then placed into a hot b&0&C for obtaining arterialized blood
samples (study 1), or in a radial artery (studyF2). the purposes of ATBF measuremétiXe
was injected into femoral (study 1) or abdomin&ldy 2) subcutaneous adipose tissue (22), and
scintillation was measured continuously with custed Cesium detectors (GMS411 system,
John Caunt Scientific, Bury, UK). After this, stuggrticipants were left to relax for 45 min in
order to allow equilibration df*Xe. Before the start of blood sampling, blood puessnd heart
rate were measured. After study completion, aletrs were removed and the subjects were
given a full meal.

Region-specific blood sampling.

In nine participants (study 1), a venous cathetes placed into the femoral saphenous vein and,
following blood sampling at regular intervals fara hours (fasting phase), a standardized 75g
glucose drink was given at 120 min. Blood samptogtinued for another 2 hours. In a separate
study (study 2) with the same infusion design am@tion as outlined above, we studied
abdominal ATBF and NEFA release in eight particigdy taking samples from a superficial
epigastric vein, whereby sampling was performeceufasting conditions only. In both studies,
all venous and arterial/arterialized samples wakert simultaneously at specified times (arterio-
venous difference technique) (20,23).

Analytical methods

Blood samples were drawn into heparinized syringed,plasma was prepared rapidly at 4°C
and immediately frozen at -80°C before analysiasila glucose, NEFA and glycerol
concentrations were measured enzymatically usingmercially available kits on an ILAB600
or ILAB650 clinical analyser (Instrumentation Labtory UK, Warrington, UK); cortisol was
measured by a colorimetric assay (R&D Systems, gdon, UK); insulin and C-peptide were
measured by ELISA (Invitron, Monmouth, UK) in arceedited reference laboratory (Diabetes
Research Unit, Swansea University). IL-6 was mesasbly ELISA (Thermo Fisher Scientific,
Loughborough, UK).
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Calculations and statistics

Indices of pancreatig-cell function and insulin resistance were caledadccording to the
updated homeostatic model assessment (HOMA) metkiod the computer model (24),
whereby the calculations are given in Swgplemental M ethods section. The mean of three
consecutive plasma glucose and insulin fasting oreagents (time points 0-30 min) was used
for HOMA calculations. Metabolite uptake and rekeasross abdominal and femoral adipose
tissue were calculated with the arterio-venousediffice technique (8). For NEFA and glycerol
release, the veno-arterial concentration differemas multiplied by ATBF for each of the
abdominal and femoral adipose tissue depots raspBctFor glucose uptake, the arterio-venous
concentration difference was multiplied by ATBFdAtailed description of all calculations is
given in theSupplemental M ethods section. For study 1, comparisons between coatrdl
hypercortisolemia were performed for each time p(pairwise comparisons) or by comparing
areas under the curve (AUC). AUC was also useddorparisons between fasting and
postprandial states. Area under the curve was ledézliusing the trapezoid rule and is presented
as a time-averaged value (AUC divided by the raletine period). For study 2, the mean of
three fasting measurements (time points 0-30 mag used for all calculations and
comparisons. To calculate ratios and re-esterifinatates in both studies 1 and 2, the mean of
three measurements (time points 0-30 min) was tesedlculate fasting data, while for femoral
adipose tissue the mean of time points 200-240wasused for postprandial calculations. Data
distribution was tested for normality with the Simapwilk test, and parametric or non-
parametric tests were used as indicated. Data avexlyzed using IBM Statistics for Windows
v21 and GraphPad Prism for Windows v6.05. A p<@@5 considered significant. All data are
presented as mean = SEM, unless otherwise stated.

Results

Baseline anthropometric and metabolic charactesistf subjects are shownTrable 1.
Hydrocortisone infusion did result in a mild incsean heart rate (p=0.033 for study 1, p=0.022
for study 2, compared to control, paired T-test), did not affect blood pressure.

Hydrocortisone infusion leads to increased systemic NEFA and peripheral insulin resistance
In study 1 (femoral adipose tissue depot), hydrisamme infusion resulted in a significant
increase in cortisol concentrations (AUC 0-240 sahnevs hydrocortisone, p=0.008,
Wilcoxon) (Figure 1B). Hypercortisolemia had significant effects onspfea NEFA and glucose
concentrations. Compared to control, plasma NEFAeased 1.6-fold in the fasting state (AUC
0-120 min saliners hydrocortisone, p=0.008, Wilcoxon). Following glseangestion, plasma
NEFA concentrations became suppressed under caainditions (AUC 0-120 mins AUC
120-240 min, p=0.008, Wilcoxon). In hypercortisolanplasma NEFA concentrations also
became suppressed following glucose ingestion (ALK20 minvs AUC 120-240 min,
p=0.008, Wilcoxon). Compared to control, postprahplasma NEFA concentrations remained
higher during hydrocortisone infusion (AUC 120-2#ih salinevs hydrocortisone, p=0.008,
Wilcoxon) (Figure 1C). In response to hydrocortisone infusion, plasfoaase increased 1.3-
fold both in the fasting (AUC 0-120 min salisghydrocortisone, p=0.008, Wilcoxon) and the
postprandial state (AUC 120-240 min salsdhydrocortisone, p=0.008, Wilcoxon) compared to
control study visitsKigure 1D).

Overall plasma insulin concentrations increasedhdurydrocortisone infusion (AUC 0-240
min salinevs hydrocortisone, p=0.018, Wilcoxorfjigure 2A). This was more pronounced for
fasting, i.e. basal, insulin secretion (individtiade points 0-120 min salines hydrocortisone,
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p<0.001 for infusion type, ANOVA), whereas glucastgnulated secretion, both in terms of
response time and magnitude, appeared less affegtegdrocortisone (individual time points
120-240 min salings hydrocortisone, p=0.051 for infusion type, p=0.07fision type x time,
ANOVA). Plasma C-peptide secretion responses todogitisone infusion mirrored that of
insulin, with a significant fasting increase comgzhto control (individual time points 0-120 min
salinevs hydrocortisone, p<0.001 for infusion type, ANOVAimilarly to insulin, this increase
was not seen in the postprandial phase (indivition points 120-240 min salines
hydrocortisone, p=0.441 for infusion type, p=0.@98ision type x time, ANOVA) Figure 2B).
Accordingly, pancreatif-cell function (HOMA %B) did not change significiyhturing
hydrocortisone infusion compared to control (salisbydrocortisone, p=0.374, Wilcoxon), but
insulin sensitivity (HOMA %S) did decrease dramallic (salinevs hydrocortisone, p=0.008,
Wilcoxon) (Figure 2C). In line with this, insulin resistance (HOMA IiR)creased during
hydrocortisone infusion (salins hydrocortisone, p=0.012, Wilcoxorfigure 2D).

Fasting and postprandial femoral ATBF increases during hypercortisolemia

During control conditions, femoral ATBF was stalsiéhe fasting phase and following glucose
ingestion (individual time points 0-240 min salipe0.155 prandial state x time, ANOVA)
(Figure 3A). Hydrocortisone infusion induced a steady inoeaagfemoral ATBF during the
fasting phase (individual time points 0-120 minrsaVs hydrocortisone, p=0.009 infusion type x
time, ANOVA). Following glucose ingestion there wa$urther marked increase in femoral
ATBF compared to control (AUC 120-240 min salishydrocortisone, p=0.011, Wilcoxon). In
addition, hydrocortisone induced a larger ATBF-a@m the fasting to postprandial state
transition A AUC fasting/postprandial salins hydrocortisone, p=0.024, Wilcoxorfigure

3B).

Femoral lipolysis and glucose uptake remain unaffected by hypercortisolemia

Fasting femoral NEFA release rate was 671+232 mmiof-. 100g tissué (AUC 0-120 min)
under control conditiond=(gure 3C). Expectedly, following glucose ingestion lipolysvas
inhibited (AUC 0-120 mirvs 120-240 min, p=0.021, Wilcoxon). During hydrocootie

infusion, fasting and postprandial NEFA release vegre similar to control conditions
(individual time points 0-120 min, p=0.285, andiindual time points 120-240 min, p=0.447,
infusion type x time respectively, ANOVA saline hydrocortisone)Kigure 3C). There was no
difference in the degree of lipolysis suppressipmlicose 4 AUC fasting/postprandial for
salinevs hydrocortisone, p=0.824, Wilcoxorfyigure 3D). Regional glycerol release, a further
marker of lipolysis, essentially mirrored NEFA rate Figure 3E).

During control conditions, the fasting femoral amlip tissue glucose uptake rate was 0.2+0.1
pmol.min*.100g tissué (AUC 0-120 min) Figure 3F). Following glucose, uptake peaked to
2.3+0.7 umol.mift.100g tissue at 160 min, but the overall postprandial AUC remesi
unchanged to fasting (AUC 0-120 misAUC 120-240 min, p=0.102, Wilcoxon). The fasting
and postprandial glucose uptake responses remuitedlly the same during both control and
hydrocortisone infusion states (AUC 0-240 min salimhydrocortisone, p=0.926 depot x
prandial state x infusion type, ANOVA).
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Acute hypercortisolemia increases fasting abdominal ATBF and lipolytic rate

In study 2 (abdominal adipose tissue depot), wepared fasting abdominal ATBF and lipolysis
in the presence of hypercortisolemia to controldittons using the same infusion regime, which
again resulted in significant increases in plasoréisol (Figure 4A) and NEFA concentrations
(Figure4B). Given that the study was carried out in theifi@sstate only, we did not measure
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abdominal adipose tissue glucose uptake. Hypesotetnia increased fasting ATBF (mean 0-30
min salinevs hypercortisolemia, p=0.039, paired T-testigure 4C). Abdominal fasting net
NEFA release also increased compared to contraifroe30 min saline 1446+334 nmol.min

1 100g tissu@ vs hypercortisolemia 2293+541 nmol.riri00g tissu@, p=0.031, paired T-test)
(Figure4D), as did abdominal fasting net glycerol releasegm0-30 min salines
hypercortisolemia, p=0.021, paired T-tes$tigur e 4E).

NEFA handling in femoral and abdominal adipose tissue

Because of the increased systemic NEFA concentisaiad the marked increases in ATBF
observed during hypercortisolemia, we sought toutate markers of NEFA handling in each
depot that are independent of ATBF. Thus, as a enarklocal lipolysis at the adipocyte level,
we calculated the fasting veno-arterial NEFA raltiofemoral adipose tissue, the ratio decreased
from 1.8+0.2 under control conditions to 1.3+0.hypercortisolemia (mean 0-30 min salvse
hydrocortisone, p=0.035, Wilcoxon). Similarly, ibdlominal adipose tissue it decreased from
2.310.2 to 1.7£0.1 (mean 0-30 min, p=0.035, Wilao)xo

Systemic and regional adipose tissue I L-6 production

Cortisol exerts a wide range of non-metabolic éff@nd we measured IL-6 production as an
inflammatory marker in response to the hydroconesmfusion Suppl. Figure 1). Systemic
fasting plasma IL-6 concentrations did not changeiicantly between control and
hypercortisolemia conditions (time point O min, 2#3.6 pg/mL vs. 12.7+6.9 pg/mL, p=0.798).
Abdominal adipose tissue appeared to be a net peodi IL-6 (release control 12.6+5.6 pg.mL
! 100g tissué; hypercortisolemia 19.7+9.7 pg.il100g tissué); however this did not reach
statistical significance (control p=0.109; hypetsmiemia p=0.087, one-sample T-test
compared to zero). Femoral adipose tissue IL-@Gselavas statistically not different from zero
(femoral IL-6 release control control 1.14+0.56mb*.100g tissué; hypercortisolemia
-0.28+2.86 pg.mL.100g tissue; p=0.077 and p=0.925, respectively, one-samplesT-t
compared to zero).

Discussion

Glucocorticoids have important metabolic functitimst are tissue-specific and vary depending
on the length of exposure (1). In relation to tlegfect onin vivo fatty acid metabolism, there is
general agreement that hypercortisolemia incregalsssna NEFA concentrations (15,17,25,26).
However, the exact source of NEFA is still debateith some studies reporting an increase of
abdominal lipolysis (15,27), while others foundeduction (17). Given the previously reported
differences in the depot-specific regulation oblysis (8), we studied the effects of acute
hypercortisolemia on the femoral and abdominal @sitissue depot using an integrativeivo
physiology approach. We found that during hypersolgmia abdominal net NEFA output
increased, while femoral NEFA release remainedesidéspite a striking increase in femoral
ATBF. We describe potential effects of the increb&@&BF on local NEFA handling during
hypercortisolemia, and suggest that other depasyisceral adipose tissue, may play a role in
the systemic NEFA concentrations increase, in adib the contribution of abdominal NEFA
release.

However, it remains unresolved which adipose tiskpmots contribute to the systemic
increases in plasma NEFA during hypercortisoleiaia, whether differential contribution of
specific adipose tissue depots gives rise to plypiofat mass distribution changes observed in
chronic GC excess. Similar to previous studiesl(1.25,26), we found a marked increase of
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systemic NEFA concentrations in the fasting staiend) GC infusion. Using isotope tracers, it
has been shown that palmitate and glycerol rateppéarance increase with hydrocortisone,
suggesting induction of lipolysis at the systereiel (15,17). Subcutaneous adipose tissue is the
major source of NEFA, driven by the activity of polcyte-specific lipases, most notably adipose
tissue triglyceride lipase (ATGL) and hormone-sewsilipase (HSL) (28). The NEFA rate of
appearance in the systemic circulation is deterdhineATBF and the net lipolytic rate of the
individual adipose tissue depots (20,29). We stilithese parameters in order to measure the
individual contribution of the femoral and abdonideapot to the increased systemic NEFA
concentrations in hypercortisolemia, hypothesizivag femoral adipose tissue is a net
contributor.

We found a steady rise of femoral ATBF during fagtconditions during GC infusion, with
a further major increase in the postprandial ph@kgs. is in stark contrast to the previously
described picture of a mostly unresponsive femaid@F (8). Contrary to our hypothesis, we
found no differences in femoral lipolytic rate chgihydrocortisone infusion. In fact, our data
suggest a strong inhibition of lipolysis at theuattadipocyte level, since the net femoral
lipolytic rate did not change after GC infusionspite the marked local ATBF increase. We
found a moderate increase of basal abdominal ATigFeasmall net increase in the fasting
abdominal NEFA release during hypercortisolemia.

We did not measure triglyceride concentrationsesime were not expecting any changes due
to the nature of the experimental meal stimulusgmlucose) and therefore could not calculate
the exact transcapillary flux of fatty acids (3dence, the exact effects of GC excess on
postprandial fatty acid trafficking, would needa® studied in future experiments ideally
involving a lipid-containing meal.

ATBF is an important determinant of adipose tisunetion as it determines the influx and
efflux of metabolites, systemic hormones and adipes(31). Basal ATBF is determined largely
by nitric oxide, while the postprandial increasensdiated by-adrenergic stimulation (32).
Femoral ATBF is much less responsive to adrenatgiculation due to prevailing inhibitory
a2-adrenoceptor activity, underlining the concepa afepot-specific regulation (8). Vascular
smooth muscle cell tone and endothelial nitric exsginthesis are known to be affected by GC
(reviewed in (33)). Interestingly, while GCs inhibndothelial nitric oxide synthase, they also
inhibit sympathetic nerve outflow in humans (13,14)line with the latter, studies in humans
indicate that resting systemic catecholamine ragpearance does not change during
hydrocortisone infusion and effects are mediatdtiatevel of end-organ responsiveness (34).
However, GC-mediated inhibition of the prevailim2radrenoceptor signalling in femoral
adipose tissue could be a possible mechanism éalepot-specific effect on femoral ATBF
observed in our studies.

In our studies of healthy volunteers, hydrocortesarfusion resulted in a significant plasma
cortisol increase with abolition of the diurnal ti®ol variation. Hypercortisolemia is known to
induce insulin resistance (35) by affecting posegor insulin signalling and decreasing
glucose clearance (36,37). Our systemic metabdéita suggest that we were able to replicate
the effects of GC excess, reflected by our findiolgsicreased basal glucose and insulin as well
as increased postprandial glucose concentratiopep@de secretion was preserved during
hypercortisolemia, suggesting maintained pancr@atiell function. In line with this, HOMA
indices showed an increase in insulin resistante wialtered beta cell function. Taking into
account the high HOMA insulin sensitivity valuesifal during control conditions, these data
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suggest that our study population consisted of wresylin sensitive individuals that were
rendered insulin resistant by the hydrocortisorigsion.

Interestingly, previous findings suggest GC effertsnsulin sensitivity to be tissue specific,
whereby they may induce insulin resistance in ngydmlit increase insulin sensitivity in
subcutaneous adipose tissa&ivo (26). Muscle is the main site of postprandial gke uptake,
while adipose tissue accounts only for a small priopn of glucose clearance (38). We found
that adipose tissue-specific glucose uptake ragzs wot affected by GC-induced whole body
insulin resistance, which supports an adiposedisgecific insulin sensitising GC effect.
Furthermore, insulin is the major inhibitor of adge tissue lipolysis (28). In our study, glucose-
mediated suppression of lipolysis was not affetigtiydrocortisone, underlining the exquisite
ability of insulin to maximally suppress HSL activiand providing further support that GC do
not induce adipose tissue insulin resistance (26).

In order to evaluate non-metabolic effects of tiduced hypercortisolemia, we measured IL-
6 concentrations as one of the main inflammatotglages (39). Plasma concentrations of IL-6
increase as part of the acute inflammatory resppatevay and acute hydrocortisone
administrations is known to reduce IL-6 concentmadi although it appears that this effect only
becomes apparent after a few days (40). In link this, and because our study participants were
healthy volunteers without any pathophysiologidaVations in IL-6 concentrations, we did not
see any effects of hydrocortisone infusion on sygtéL-6 concentrations. Previously it has
been shown that abdominal adipose tissue is araduper of IL-6, while femoral adipose tissue
is not (41). Our results appear to be in line wiils, although they did not reach statistical
significance, most likely due to the small sampte s

A particular strength of our study is the integraiin vivo physiology approach chosen,
utilizing arterio-venous differences and ATBF maasuents for the assessment of NEFA
release, the direct product of lipolysis, in resgwto GC excess under near-normal conditions.
Most previous studies investigating adipose tiskemot-specific GC effects on lipolysis
employed the microdialysis technique, which rebagshe measurement of interstitial glycerol
concentrations as an indirect index of lipolysig)(4vith only a few studies including femoral
adipose tissue responses to date (15,16,27). Djashal. found an increase in abdominal and
femoral adipose tissue interstitial glycerol foliog short-term (6h) hydrocortisone infusion
(15,27). When assessing metabolite fluxes, it {gartant to take into consideration depot-
specific changes in blood flow. We showed thatrttaeked femoral-specific ATBF effect in
response to hypercortisolemia was augmented ipdbgprandial phase, mostly in response to
insulin. While insulin does not exert direct ATBffeets, it is known to be in important mediator
(43), and in contrast to previous studies usingea@C excess as an experimental approach
(15,27), we saw a small but significant rise inddggasma insulin concentrations. In previous
studies, femoral ATBF was not measured, but insédatbminal ATBF was used as a basis for
calculating femoral interstitial glycerol releadé(16,27). In these studies, abdominal ATBF did
not change in response to hypercortisolemia. lwwagthe previously unknown marked
femoral-specific ATBF effects described here, passible that previous microdialysis studies
overestimated femoral glycerol appearance. Our @bt depot findings are in contrast to
previous results from the only study using the saxperimental approach as here, showing a
significant decrease in abdominal NEFA efflux dgritydrocortisone infusion (17). This could
be due to the slightly higher plasma cortisol coicions achieved in our study, resulting in an
overall increased systemic fatty acid turnovemtbier factors intrinsic to our study population
such as differences in local@HSD1 activity or ATBF responses.
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Our study has some limitations by design, includhlmgsmall size of our sample and the fact
that conclusions can be drawn only about men. Tedeortisone infusion was calculated to
provide around 300mg/24h, which is a dose regulamyployed in clinical practice. This resulted
in supraphysiological plasma cortisol concentratj@around double compared to those found in
acute stress situations (e.g. sepsis) (44). Tkoonledge, there are no published studies
examining the exact dose-dependent metabolic regporacute hypercortisolemiavivo.

While acute dose-dependent GC effects cannot Haded, it is generally accepted that tissue
responses are more dependent on GR expressionaidjlucocorticoid activity modulation by
the 1B-HSD enzymes, than absolute plasma concentratii)s i support of this, our systemic
metabolite data are comparable with studies tHaeaed more physiological hypercortisolemia
(25). The acute nature of the hypercortisolemiatéithhe conclusions we can draw about depot-
specific lipolysis in conditions of chronic glucaticoid excess, i.e. Cushing’s Syndrome.
However, the finding of isolated fasting and poatulial ATBF induction in the femoral adipose
tissue suggests an early signal of GC induced @saimgthis depot. Our calculations were
performed based on the measurement of non-labilgeA and glycerol only, and because our
study protocol did not include any meal contairlipgls, exact modelling of depot-specific fatty
acid trafficking, in particular triglyceride metdtsm in the postprandial state, was not possible.
Also, metabolic flux calculations are based onaksumption of steady state, however, the stark
blood flow effects observed in our study introdueetbn-steady state situation which could
have affected our results. Finally, a direct congoam of the depot-specific contribution to
systemic lipolysis between femoral and abdomingl@gk tissue was not feasible, because
measurements were not paired. With this in minayéwer, there appear to be clear differential
responses between the two depots in hypercortisalem

In conclusion, we have provided evidence that albypercortisolemia increases plasma
NEFA and exerts selective effects on adipose tipalysis and ATBF, supporting the concept
of tissue-and depot-specific GC actionsivo. Femoral adipose tissue does not appear to be a
net contributor of NEFA in hypercortisolemia, buarked changes in femoral ATBF could
herald effects on femoral fatty acid traffickingatibbecome evident only in chronic
hypercortisolemia. The exact source of the excgsteic NEFA in hypercortisolemia remains
elusive, but it can be speculated that they maielérom the visceral adipose tissue depot. The
increase in abdominal lipolysis we observed appeatrsufficient to explain the marked
increase in plasma NEFA during hydrocortisone immiusFuture studies will need to address
whether altered subcutaneous adipose tissue depaidn and to what extent visceral adipose
tissue lipolysis contribute to the pathophysioladgichanges in fatty acid metabolism in chronic
GC excess.
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Figure 1: Study design and systemic metabolite concentrations. Healthy male volunteers
underwent the study twice, either receiving a camtsbvernight hydrocortisone or saline
infusion until the end of the study. Infusions wgreen in a randomized, double-blind order. A
standard 759 glucose drink was given at 120 mi® (study 1). In eight further individuals
(study 2) blood sampling across abdominal adipissee was performed in the fasting state
only. Plasma cortisdB), NEFA (C), and glucosé€D) during hydrocortisone (black squares) or
saline infusion (open circles). Hypercortisolenmareased plasma NEFA and glucose

12



THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

=
L
O
ﬁ

ADVANCE ARTICLE:

ENDOCRINE
SOCIETY

The Journal of Clinical Endocrinology & Metabolis@opyright 2017 DOI: 10.1210/jc.2016-3600

concentrations. Data from study 1, n=9, *p<0.05 parad to saline for each time point,
Wilcoxon.

Figure 2: Pancreatic function and insulin resistance indexes (HOMA). Plasma insulirfA)
andC-peptide concentratiorfB) during hydrocortisone (HC, black squares) or saiiriusion

(S, open circles). A standard 75g glucose drink grasn at 120 min. HOMA indexes of
pancreati@-cell function (%B) and insulin sensitivity (%83}), and insulin resistance index
(IR) (D). Hypercortisolemia increased basal insulin ande@tide concentrations and resulted in
peripheral insulin resistance. Data from study=19,rp<0.05 compared to saline for each time
point, Wilcoxon.

Figure 3: Femoral adipose tissue responses. Femoral ATBHA) during hydrocortisone (HC,
black squares and bars) or saline infusion (S, apeles and bars). A standard 75g glucose
drink was given at 120 min. ATBF change in theifagto postprandial state transiti(B).
Femoral NEFA releasC) and lipolysis suppression induced by glucose inge$D). Femoral
glycerol releas€¢E) and glucose uptak&). Hypercortisolemia markedly increased basal and
postprandial ATBF, but did not have any effect eméral lipolysis or postprandial femoral
glucose uptake. Release was calculated by mubiglthe veno-arterial concentration difference
with ATBF. Uptake was calculated by multiplying thgerio-venous concentration difference
with ATBF. Data from study 1, n=9, *p<0.05 compatedaline for each time point, Wilcoxon

Figure 4. Abdominal fasting adiposetissue blood flow and lipolysis. Plasma cortisolX) and
fasting NEFA concentration8) during hydrocortisone (HC, black bars) or salmfesion (S,
white bars). Abdominal fasting ATBE), NEFA releas€D), and glycerol releas&) during
control and hydrocortisone infusions. Hypercorgsoia increased abdominal ATBF and NEFA
release. Bars represent the mean of three fastagunements (time points 0-30 min). Release
was calculated by multiplying the veno-arterial cemtration difference with ATBF. Uptake was
calculated by multiplying the arterio-venous cortcation difference with ATBF. Data from
study 2, n=8, *p<0.05, paired T-test.

Table 1. Baseline anthropometric and metabolic charactesisf participants.

Characteristic Study 1 (n=9) Study 2 (n=8) p
Age (years) 28 (19-57) 23 (19-47) 0.53
Weight (kg) 87.3 (67.3-96.4) 80.2 (74.0-93.0) 0.37
BMI (kg/m?) 26.5 (22.7-30.4) 24.1 (23.1-27.5) 0.13
Waist-to-Hip Ratio 0.9 (0.76-1.03) 0.87 (0.78-0.98) 0.47
Trunk fat mass (kg) 13.5 (5.2-19.8) 9.0 (5.9-15.2) 0.24
Leg fat mass (kg) 6.4 (2.9-12.4) 6.1 (4.6-12.4) 70.7
Visceral fat mass (kg) 0.7 (0.3-1.7) 0.3 (0.2-1.2) 0.16
BP systolic (mmHg)

Control 12945 131+3 0.68
Hypercortisolemia 129+6 128+3 0.91
BP diastolic (mmHg)

Control 74+3 702 0.07
Hypercortisolemia 7314 67+3 0.26
Heart rate (bpm)

Control 62+4 63+3 0.72
Hypercortisolemia 73+5* 73+3# 1.0

Median and range shown

BP, blood pressure; mean+SEM shown
*p=0.033 compared to control; #p=0.020 comparecbtatrol
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