International Journal of Obesity (2014) 38, 259-265
© 2014 Macmillan Publishers Limited All rights reserved 0307-0565/14

www.nature.com/ijo

ORIGINAL ARTICLE
Glucose-dependent insulinotropic polypeptide has impaired

effect on abdominal, subcutaneous adipose tissue metabolism
in obese subjects

M Asmar'?3, L Simonsen’, N Arngrim'?, JJ Holst>*, F Dela® and J Bulow'?

OBJECTIVE: Glucose-dependent insulinotropic polypeptide (GIP) appears to have a role in lipid metabolism. Recently, we showed
that GIP in combination with hyperinsulinemia and hyperglycemia increases triglyceride uptake in abdominal, subcutaneous
adipose tissue in lean humans. It has been suggested that increased GIP secretion in obesity will promote lipid deposition in
adipose tissue. In light of the current attempts to employ GIP antagonists in the treatment and prevention of human obesity, the
present experiments were performed in order to elucidate whether the adipose tissue lipid metabolism would be enhanced or
blunted during a GIP, hyperinsulinemic and hyperglycemic (HI-HG) clamp in obese subjects with either normal glucose tolerance
(NGT) or impaired glucose tolerance (IGT).

DESIGN: Sixteen obese (BMI>30kgm ~?) subjects were divided into two groups, based on their plasma glucose response to an
oral glucose challenge: (i) NGT and (ii) IGT. Abdominal, subcutaneous adipose tissue lipid metabolism was studied by conducting
measurements of arteriovenous concentrations of metabolites and regional adipose tissue blood flow (ATBF) during GIP
(1.5pmolkg ™" min~") in combination with a HI-HG clamp.

RESULTS: In both groups, ATBF responses were significantly lower than what we have found previously in healthy, lean subjects
(P<0.0001). The flow response was significantly lower in the IGT group than in the NGT group (P=0.03). It was not possible to
show any increase in the lipid deposition in adipose tissue under the applied experimental conditions and likewise the circulating
triglyceride (TAG) concentrations remained constant.

CONCLUSION: The applied GIP, HI-HG clamp did not induce any changes in TAG uptake in adipose tissue in obese subjects. This
may be due to a blunted increase in ATBF. These experiments therefore suggest that GIP does not have a major role in postprandial

lipid metabolism in obese subjects.
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INTRODUCTION

Glucose-dependent insulinotropic polypeptide (GIP) is a 42-amino-
acid polypeptide produced by enteroendocrine K-cells in response
to oral ingestion of glucose or fat." In addition to its insulinotropic
effect, GIP may have other physiological effects. It has been
suggested to have a role in the postprandial lipid metabolism via
promotion of the deposition of circulating triglycerides (TAGs) in
adipose tissue.*” In addition, it has been suggested that increased
GIP secretion in obesity will promote further lipid deposition in
adipose tissue and thus aggravate the above state.® Furthermore,
antagonizing GIP action has been proposed as a therapeutic
strategy for obesity based on the observations in GIP receptor
knockout mice and in mice with high-fat-induced obesity treated
with a GIP antagonist.”® No human in vivo data are available
demonstrating any effect of such GIP antagonists on body weight.

In a recent study, we assessed the effects of GIP on abdominal,
subcutaneous adipose tissue in vivo in healthy, lean, male
subjects.” We found that GIP per se does not have effects on
human subcutaneous adipose tissue in lean healthy subjects.

However, when combined with hyperinsulinemia and
hyperglycemia, adipose tissue hydrolysis of TAG, glucose and
fatty acid uptake and fatty acid re-esterification increased. These
findings thus suggest that GIP in combination with insulin has a
role in the postprandial lipid metabolism in lean subjects. These
metabolic effects were accompanied by a significant
vasodilatation in adipose tissue. However, neither GIP alone nor
insulin and hyperglycemia had any vascular effects in adipose
tissue, but when GIP was infused in combination with insulin and
hyperglycemia a pronounced vasodilatation in adipose tissue was
induced in these experiments. It has been shown that the
postprandial vasodilatation taking place in adipose tissue has a
role in the hydrolysis of circulating TAG by enhancing the
substrate supply to the capillary-bound lipoprotein lipase.’
Therefore, these effects seem beneficial, as efficient fat
deposition in the subcutaneous depots protects other tissues
from prolonged exposure to high levels of lipids postprandially.
On the other hand, it has been shown that the postprandial
vasodilatation in adipose tissue is blunted in obese subjects.'
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Therefore, in this perspective, postprandial lipid deposition in
adipose tissue is rendered more difficult in obese subjects. As the
concentrations of active GIP in lean and obese subjects are
comparable postprandially,'’ we hypothesize that adipose tissue
may be GIP and insulin resistant with respect to postprandial lipid
metabolism in obese subjects. Therefore, the aim of the present
experiments was to study the effects of a GIP, hyperinsulinemic
and hyperglycemic (HI-HG) clamp on abdominal, subcutaneous
adipose tissue metabolism in obese subjects and to investigate
whether the degree of insulin resistance has a role in the GIP
metabolic effects in adipose tissue in obese subjects.

MATERIALS AND METHODS
Subjects

We studied 16 obese (BMI>3Okgm*2) males. Based on their plasma
glucose response to an oral glucose challenge, subjects were classified as
having normal glucose tolerance (NGT; that is, fasting glucose <6.1 mm and
2-h glucose < 7.8 mm, n = 8) and impaired glucose tolerance (that is, fasting
glucose <7 mm and 2-h glucose between 7.8 and 11.1 mm, n = 8) according
to the American Diabetes Association criteria.'”> Anthropometric
characteristics of the two groups appear in Table 1 and did not differ
significantly. Percentage of fat (% fat mass) was measured using a total-
body dual-energy X-ray (DXA) scan. A standard examination includes total
body and regional measurements of the trunk, arms and legs, and the
amount of fat is automatically generated in the total-body dual-energy
X-ray body composition report. The subcutaneous abdominal adipose
tissue thickness was measured on the total-body dual-energy X-ray scan.
This was done manually at the horizontal level with the largest
subcutaneous thickness between the upper iliac crest and the umbilicus.
The delineation of the subcutaneous tissue and the underlying abdominal
muscle was defined as a clear shift in the gray scale on the scan.

All subjects signed a consent declaration after having received written
and oral information about the study protocol. The scientific ethics
committee in Copenhagen Municipality approved the protocol and the
study was performed in accordance with the Helsinki Declaration II.

Experimental design

Each subject underwent a hyperinsulinemic (7mUm ?min~") and a
hyperglycemic (7 mm) clamp keeping plasma glucose and insulin concen-
trations to the levels seen after ingestion of a carbohydrate-rich meal, with
continuous infusion of GIP (1.5 pmolkg ™" min~") during 180 min.

2

Protocol

The subjects were instructed to abstain from drinking alcohol during the
48 h before the study. On the day of the experiment, subjects arrived at the
department at 0900 hours, having used non-strenuous transportation and
after having fasted for at least 12h. The investigations were performed
with the subjects in supine position in a room kept at 24°C. After

Table 1. Anthropometric characteristics
Parameter Obese subjects Obese subjects
with NGT with IGT
Age (years) 36t4 41+3
Body weight (kg) 112+4.8 119156
Subcutaneous fat (cm) 34+t14 3.5+20
Fat mass (%) 321124 349125
Body mass index (kgm ~2) 336+ 1.4 36.0+ 1.4
Triacylglycerides (mm) 20103 1.8+0.2
HDL (mm) 0.8%0.1 1.0+0.1
LDL (mwm) 3.6+0.2 33103
Cholesterol (mm) 53+0.2 52103
HOMA-1r 3.1+£04 45+0.7
Baseline absolute ATBF (ml per 26104 23107

100g per min)

Abbreviations: ATBF, adipose tissue blood flow; HDL, high-density
lipoprotein; HOMA-1r, homeostatic model assessment; LDL, low-density
lipoprotein.
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catheterizations as described below, baseline measurements (time =30, 15
and 0 min) were commenced. Thereafter, a continuous infusion of GIP in
combination with a HI-HG clamp was initiated at time=0.

Catheterizations

One catheter (BD Venflon, PRO, Becton Dickinson, Singapore) was inserted
into the antecubital vein for the infusion of GIP, glucose and insulin. The
subjects were then catheterized in a subcutaneous vein on the anterior
abdominal wall and in a radial artery.

A vein draining the subcutaneous, abdominal adipose tissue on the
anterior abdominal wall was catheterized antegradely as previously
described'® during ultrasound/color-Doppler imaging of the vein. A 22-g
10-cm polyurethane catheter (Arrow International, Reading, PA, USA) was
inserted using the Seldinger technique. The tip of the catheter was
positioned above the inguinal ligament in order to minimize the risk of
withdrawing blood from the femoral vein. After insertion, the catheter was
kept patent throughout the experiment by continuous infusion of saline at
a rate of 40mlh ~'. Another catheter was inserted percutaneously into the
radial artery of the nondominant arm under local analgesia (1ml 1%
lidocaine) with an Artflon (Becton Dickinson, Temse, Belgium). The catheter
was kept patent with regular flushing with saline.

GIP infusion and HI-HG clamp

GIP. Synthetic human GIP (1-42) (Polypeptide Laboratories, Wolfenbiittel,
Germany) was dissolved in sterilized water containing 2% human serum
albumin (human albumin, CSL Behring, Marburg, Germany) and subjected
to sterile filtration. Vial content was tested for sterility and bacterial
endotoxins

(Ph. Eur. 2.6.14, Method C: turbidimetric kinetic method). The peptide was
demonstrated to be >97% pure and identical to the natural human
peptide by high-performance liquid chromatography, mass and sequence
analysis.

HI-HG clamp. Insulin (Actrapid Human; Novo Nordisk, Copenhagen,
Denmark) was infused at a continuous rate of 7mUm ~2min ', which
resulted in physiological postprandial plasma insulin levels. Variable
glucose infusion was used to clamp blood glucose at hyperglycemia
corresponding to the levels found after a mixed meal (6.5-7.5 mwm) for the

duration of the experiments.

Measurements

Adipose tissue blood flow. Adipose tissue blood flow measurements were
performed continuously for the duration of the experiment by recording
washout of "*3*Xenon, which was injected in gaseous form in the adipose
tissue. This technique has previously been validated in our laboratory.'
About 1MBq gaseous '*3*Xenon (The Hevesy Laboratory, Risoe National
Laboratory, Roskilde, Denmark) mixed in ~ 0.1 ml of atmospheric air was
injected into the para-umbilical area of the subcutaneous adipose tissue.
The washout rate of '**Xenon was measured by a scintillation-counting
device (Mediscint, Oakfield Instruments, Oxford, UK).

Blood samples and analysis

Blood samples were drawn at time points of -30, -15 and O0min, and
thereafter every 30 min until discontinuation of the infusion. Plasma glucose
concentrations were measured every 5-10 min for clamp adjustments.

Blood samples were drawn simultaneously from the two catheters for
measurements of TAG, glycerol, free fatty acids (FFA) and glucose. In
addition, blood was collected from the artery for measurements of GIP and
insulin.

Blood samples were collected into ice-chilled tubes (Vacuetta, Greiner
Labortechnic, Kremsmiinster, Austria). Tubes for intact GIP contained EDTA
and a specific DPP-4 inhibitor (valine-pyrrolidide; 0.1 umollq, final
concentration; a gift from Drs RD Carr and LB Christiansen, Novo Nordisk
A/S Bagsveerd, Denmark), and the tube for insulin contained heparin.
Tubes for glucose, TAG, FFA and glycerol contained EDTA. All samples were
centrifuged for 15 min at 5000 g at 4 °C and stored at — 80 °C until analysis.

Intact GIP was measured as described in Deacon et al.'* The assay is
specific for the intact N-terminus of GIP, the presence of which is required
for biological activity of the peptide.

Plasma glucose (Glucose/HK, Roche Diagnostics, Mannheim, Germany),
TAG (Triglyceride GPO-PAP, Roche Diagnostics), FFA (NEFA C kit,
Wako Chemicals, Neuss, Germany) and glycerol (Boehringer Mannheim,
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Germany) were measured by enzymatic methods modified to run on a
Hitachi 912 automatic analyzer (Boehringer).

Plasma insulin and C-peptide concentrations were measured by
ELISA-immunoassay (DRG Instruments, GmbH, Germany).

Plasma glucose was measured bedside during the clamp experiments
using the Radiometer ABL 725 blood gas analyzer (Radiometer Corp.,
Copenhagen, Denmark).

Calculations and statistical analysis
The adipose tissue blood flow was calculated from the mean washout rate
constant determined in 30-min periods corresponding to the time points
when blood samples were drawn. ATBF was then calculated according to
the equation ATBF = — k x 4 x 100. A tissue/blood partition coefficient (1)
for Xenon of 10mlg ™" was used.”>™"’

Subcutaneous adipose tissue metabolic net fluxes were calculated by
multiplication of the arterial-venous or venous-arterial concentration
differences of the metabolite and the appropriate flow value (whole blood
for calculation of glycerol and glucose fluxes'® and plasma flow for
calculation of fatty acid and TAG fluxes).

All results are presented as mean = s.e.m. Areas under the curve (AUC)
were calculated using the trapezoidal rule and are presented as the
incremental values (baseline levels subtracted). The significance in changes
in ATBF, arterial hormone and metabolite concentrations with time between
the groups was tested using two-way analysis of variance with repeated
measures. Significant differences in AUC-ATBF and metabolite fluxes within
the group were evaluated by paired t test. Differences in metabolite fluxes
between the groups were evaluated by two-way analysis of variance with
repeated measures. A significance level of 0.05 was chosen.

The Statistical Analysis Software, version 9.1 (SAS Institute Inc., Cary, NC,
USA) was used for statistical calculations.

RESULTS
Arterial hormone and metabolite concentrations

Intact GIP concentrations reached physiological postprandial
levels after approximately 30 min at 39.5 = 1.2 pm in subjects with
NGT and 36.7 + 4.3 pm in subjects with IGT (P=NS, Figure 1a).

Insulin concentrations increased rapidly during the first 30 min
from 92 £ 4 and 120 £ 1 pm, respectively (P<0.01), at baseline to a
mean plateau level of 357+ 17 and 381 13 pm, respectively
(P=NS, Figure 1b). C-peptide concentrations increased from
738+ 6.5 and 910+ 19.4 pwm, respectively, in the NGT and IGT
groups (P=0.02), at baseline to a mean plateau level of 1678 £ 50
and 1731 £ 26 pwm, respectively (P=NS).

In both groups, glucose levels increased from 5.30+ 0.03 and
5701 0.02mwm, respectively, at baseline toward target levels
during the first 60min and remained virtually constant and
similar during 60-180 min (7.0 £ 0.1 mm in subjects with NGT and
7.3+£0.06 mm in subjects with IGT, P=NS, Figure 1c).

There was a significant difference between the total amounts of
glucose infused during the experiment between the two groups
(57.4 £33 g in subjects with NGT and 41.6 £ 5.2 g in subjects with
IGT, P<0.05). During steady-state conditions 90-180 min after the
commencement of the clamp, the glucose infusion rates were
significantly different in the two groups (3.3 +0.3mgkg ™' min '
in subjects with NGT and 24+0.2mgkg "min~' in subjects
with IGT, P=0.03).

The arterial concentrations of the metabolites are given in
Figure 2. In both groups, the TAG concentrations were similar and
virtually constant throughout the study (Figure 2a). Baseline FFA
concentrations were significantly lower in the NGT group
compared with the IGT group (P<0.01, Figure 2b). There was a
tendency of lower baseline glycerol concentration in the NGT
group when compared with the IGT group (P=0.09, Figure 2c).
FFA and glycerol concentrations decreased significantly within the
first 90 min of the clamp and remained decreased during the rest
of the experiment in both groups. The FFA and glycerol
concentrations were significantly higher in the IGT group
compared with the NGT group in the period 90-180 min after
commencement of the clamp (P<0.001 and P<0.001, Figures 2b
and ¢, respectively).
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Figure 1. Plasma arterial GIP (a), insulin (b) and glucose (c)

concentrations during GIP and HI-HG clamp in NGT group (solid
square) and in IGT group (open square). Data are mean * s.e.m.

Adipose tissue blood flow

At baseline, ATBF was similar in the two groups, ~2.5ml per 100g
per min on average (Table 1). In the IGT group, ATBF remained
virtually unchanged throughout the study (Figure 3a). In the NGT
group, ATBF increased transiently, reaching a maximum of about
twice the baseline level at 60 min (P=0.03, Figure 3a) and then
began to decrease to reach the basal level again after 150 min. The
integrated net increase in blood flow in the period 30-180 min
amounted to 267 + 97 ml per 100 g per 150 min in the NGT group
and to 127+32ml per 100g per 150min in the IGT group
(P=0.02, Figure 3b). In the steady period 90-180min, the
integrated ATBF response was 123 £ 29 ml per 100g per 90 min
in the NGT group and 88 =24 ml per 100 g per 90 min in the IGT
group (P<0.01, Figure 3c).
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Figure 2. Plasma arterial TAG (a), FFA (b) and glycerol (c) concentra-

tions during GIP and HI-HG clamp in NGT (solid square) and IGT
group (open square). Data are mean * s.e.m.

Net fluxes of TAG, FFA, glycerol and glucose

Figure 4 shows net fluxes of TAG, FFA, glycerol and glucose in
adipose tissue under baseline and during steady-state conditions
90-180 min after the commencement of the clamp. In both groups,
it was not possible to demonstrate any significant TAG uptake in
adipose tissue, neither in the baseline period nor during the clamp
period, probably due to the limited number of experimental
subjects in relation to the sensitivity of the TAG analysis (Figures 4a
and b). FFA and glycerol output decreased significantly in both
groups (P<0.001, Figures 4c and d). FFA output was significantly
lower in the subjects with NGT compared with subjects with IGT
(P=0.01). In neither group was there a significant change in
glucose uptake (Figures 4g and h); however, there was a tendency
of increased glucose uptake in the NGT group (P=0.1, Figure 4qg).
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FFA/glycerol ratio was decreased in both groups (P<0.0001 and
P<0.001, Figures 4i and j, respectively) during the clamp, however,
to a lesser extent in the IGT group, and was significantly higher
90-180 min after the commencement of the clamp compared with
the NGT group (P<0.001).

DISCUSSION

The major finding in the present study is that GIP in combination
with a HI-HG clamp did not result in lipid deposition in adipose
tissue in obese subjects. This is in contrast to what we have
previously demonstrated in normal-weight, healthy subjects
under similar experimental conditions. A small but significant
vasodilatation took place in adipose tissue in the present subjects
with normal glucose tolerance, whereas it was nearly absent in the
subjects with decreased glucose tolerance. The vasodilatation was
only transient in the present study as compared to the prolonged
and sustained vasodilatation we found in our previous study.* In
that study we found that ATBF increased about fourfolds
during GIP and insulin infusion. In contrast we found a twofold
increase in the present subjects with NGT and no increase in the
subjects with IGT.

Adipose tissue is highly regulated by the nervous system, by the
rate of blood flow through the tissue, and by a complex mixture of
hormones and fats that are delivered with the blood.® The adipose
tissue is extremely dynamic and regulated on a minute-to-minute
basis, and this can only be studied in the living body, which is one
of the major strengths of this study. Using catheters, blood
samples were taken from the arteries leading to the abdominal,
subcutaneous adipose tissue and from the veins draining the
tissue. Another strength of this study is that we compare two
groups of overweight subjects who are matched with respect to
upper-body fat distribution. The only significant difference
between the groups is their glucose tolerance. It can be argued
that a weakness of this study is the lack of a lean, healthy control
group. However, we find that our previous study in such subjects
justifies the omission of a control group in the present study. It
could also be argued that the effect of hyperinsulinemia and
hyperglycemia per se should have been studied in the present
subjects. However, as it is well established that insulin per se does
not have any vascular effects in adipose tissue, as we and others
previously have demonstrated,*'®*° we find that such an
experiment would not add significance to the present findings.

In our previous study, a significant increase in TAG hydrolysis,
glucose uptake and FFA re-esterification took place during the GIP
and insulin clamp.* These changes resulted in an increased TAG
deposition in the subcutaneous adipose tissue. The increase in
TAG deposition is primarily brought about by the large increase in
abdominal subcutaneous ATBF and thereby increased supply of
TAG to the capillary-bound lipoprotein lipase (LPL).?'

We did not find similar metabolic changes in the present study.
In addition, no changes were seen in arterial TAG concentrations
during the experiment. The lack of effects on these parameters is
very likely explained by the reduced/absent effects on ATBF. The
absence of increase in ATBF implies a constant substrate supply to
the capillary-bound LPL in adipose tissue and therefore no
increase in the hydrolytic rate of TAG, as the activity of lipoprotein
lipase is primarily limited by its substrate supply.”’ The
postprandial increase in ATBF helps to ensure optimization of
the supply and thereby has an important role in minimizing the
postprandial excursions of lipids early in the postprandial state.*®
Recent data indicate that the postprandial increase in blood flow
in adipose tissue is partly or totally due to capillary recruitment.
This capillary recruitment expands the endothelial surface area.*?
In this way, increased ATBF will not only increase the TAG supply
to the lipoprotein lipase but also expose more lipoprotein lipase to
its substrate. Pasarica et al.° recently showed decreased capillary
density and reduced expression of angiogenic factors in
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Abdominal, subcutaneous adipose tissue blood flow during the GIP and HI-HG clamp experiment in NGT (solid square) and IGT

(open square) groups (a). *P < 0.05, reflecting the differences with respect to baseline. The integrated net increase in blood flow in the period
30-180min (b) and in the steady period 90-180 min after commencement of infusions (c). Data are mean £ s.e.m.

abdominal, subcutaneous adipose tissue in overweight/obese
subjects. These findings suggest that obese subjects in the
fasting state, because of capillary refraction, might already have
recruited the available capillaries and are therefore unable to
recruit further. In a recent study it has been demonstrated that the
microvasculature in adipose tissue is being remodeled in obesity.?*
This remodeling results in a decreased capillary density and an
increased amount of larger microvessels. However, whether the
vascular effects of GIP in subcutaneous adipose tissue are due to
increased microvascular volume changes or increased transit time
in adipose tissue remains to be elucidated.

In the present study the applied insulin infusion rate demanded
a glucose infusion rate during steady state of about the half of
that demanded in our previous study with healthy subjects (NGT
group 33mgkg 'min~ ', IGT group 24mgkg 'min~' and
healthy subjects 5.8 mgkg ' min ', P<0.05). Therefore, it cannot
be excluded that a similar vascular response in adipose tissue
might be elicited in insulin-resistant subjects if a higher insulin
infusion rate had been applied. This possibility has to be
elucidated in future studies.

We applied the same formulation of synthetic GIP and the same
infusion rate per kg body mass in the present study as we did in our
previous study in healthy, lean subjects. This infusion rate raised GIP
plasma levels to the physiological range in obese subjects.'
Therefore, it is unlikely that the reduced/absent effects of GIP in the
present study are due to the inappropriately low dosing of the GIP.
On the other hand, it cannot be excluded that higher infusion rates
of GIP and insulin can elicit significant metabolic and vascular
responses in adipose tissue in obese subjects. This possibility has to
be studied in additional experiments.

We found a difference in ATBF response between the obese
subjects with NGT and IGT. However, the transient increase in
ATBF in the obese subjects with NGT did not affect the adipose
tissue metabolism as seen in lean subjects. As neither GIP nor
insulin per se regulates ATBF, the blunted effect of GIP and insulin
in obese subjects could be due to a decreased sensitivity to one or
both of these hormones. In humans, a major proportion of the
postprandial enhancement of ATBF is under [-adrenergic

© 2014 Macmillan Publishers Limited

regulation,>* which is elicited by central, partly insulin-mediated
activation of sympathetic nerve activity. It has been demonstrated
that the magnitude of the postprandial ATBF response correlates
to insulin sensitivity.”> In obese subjects, the sympathetic
regulation of ATBF might be changed because of the repeated
activation of the autonomic nervous system by constant
hyperinsulinemia. This may cause a blunted systemic
sympathetic response or a local change in receptor distribution
in the adipose tissue mediating a greater a-tone, thus favoring
vasoconstriction. It has been shown that the a,-receptor activity is
increased in adipose tissue in obese subjects.®

In lean, healthy subjects, the intracellular enzyme hormone-
sensitive lipase is very rapidly suppressed by insulin postpran-
dially. However, in obese subjects the hormone-sensitive lipase
becomes insensitive to insulin and adipose tissue lipolysis
continues despite increased plasma insulin concentrations.® In
the present study the adipose tissue glycerol release levels reveal
that the lipolytic activity is inhibited to the same extent in the
obese subjects with NGT as in the obese subjects with IGT.
The FFA released from this remaining lipolytic activity can either
be re-esterified in situ or released into the circulation. The ratio of
glycerol to FFA release was used to estimate the extent of in situ
FFA re-esterification. A ratio of about 3 indicates that the fatty acid
released from the intracellular lipolysis is released into the
circulation, whereas a ratio of ~0 indicates that the released
fatty acids are re-esterificated and stored as TAG again.?’ In both
groups the in situ FFA re-esterification increased, as judged from
the FFA/glycerol release ratio. Pre-infusion FFA/glycerol ratios
were ~ 2.4; however, they decreased to a lesser extent in the IGT
group and were significantly higher 90-180 min after commence-
ment of the clamp compared with the ratio found in the subjects
with NGT (Figure 4). Therefore, the in situ re-esterification of fatty
acids was significantly reduced in the IGT subjects. This is probably
due to the inability to increase the glucose metabolism in the
adipocytes sufficiently under the clamp conditions applied. As
adipose tissue does not have much glycerol kinase activity,
glucose is necessary for the glycerol formation needed for fatty
acid re-esterification in adipose tissue.’” The combination of
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180 min in the NGT group (i) and in the IGT group (j). Data are mean £ s.e.m.

impaired inhibition of lipolysis and low ability to re-esterify results The perspectives of the present findings are therefore that
in surplus release of fatty acids from the adipose tissue compared blunted ATBF response due to GIP/insulin resistance in hyper-
with the metabolic demand. trophic adipose tissue results in decreased deposition/retention of
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TAG in the tissue postprandially. This will promote prolonged
postprandial lipidemia, and excess lipid deposition in other tissues
such as the liver and skeletal muscle; the latter has been
demonstrated to lead to further insulin resistance in the muscles.
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