Physiol. Res. 64 (Suppl. 3): $363-5369, 2015

The Effect of Glucose When Added to a Fat Load on the Response of
Glucagon-Like Peptide-1 (GLP-1) and Apolipoprotein B-48 in the

Postprandial Phase

K. ZEMANKOVA', J. MRAZKOVA', J. PITHA', J. KOVAR!

"Laboratory for Atherosclerosis Research, Centre for Experimental Medicine, Institute for Clinical
and Experimental Medicine, Prague, Czech Republic

Received September 3, 2015
Accepted September 17, 2015

Summary

Increased and prolonged postprandial lipemia has been identified
as a risk factor of cardiovascular disease. However, there is no
consensus on how to test postprandial lipemia, especially with
respect to the composition of an experimental meal. To address
this question of how glucose, when added to a fat load, affects
the selected parameters of postprandial lipemia, we carried out
astudy in 30 healthy male volunteers. Men consumed an
experimental meal containing either 75 g of fat + 25 g of glucose
(F+G meal) or 75 g of fat (F meal) in a control experiment. Blood
was taken before the meal and at selected time points within the
following 8 h. Glucose, when added to a fat load, induced an
increase of glycemia and insulinemia and, surprisingly, a 20 %
reduction in the response of both total and active glucagon-like
peptide-1 (GLP-1) concentration. The addition of glucose did not
affect the magnitude of postprandial triglyceridemia and TRL-C
and TRL-TG concentrations but stimulated a faster response of
chylomicrons to the test meal, evaluated by changes in
apolipoprotein B-48 concentrations. The addition of glucose
induced the physiological response of insulin and the lower
response of GLP-1 to the test meal during the early postprandial
phase, but had no effect on changes of TRL-cholesterol and
TRL-TG within 8 h after the meal.
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Introduction

Increased triglyceride (TG) concentration is
generally accepted as a risk factor for ischemic heart
disease and, according to recent guidelines, lowering TG
has become a therapeutic

target for reducing

cardiovascular disease risk. There is evidence that
triglyceride-rich lipoproteins (TRL) and their remnants
are directly involved in the pathogenesis of
atherosclerosis (Chapman et al. 2011).

Traditionally, TG concentration is measured in
the fasting state (8-12 h after overnight fasting) mainly
because the rise in TG levels after a meal exhibits a high
variation (Kolovou et al. 2011). Recent data from The
Copenhagen City Heart Study and other studies point out
that non-fasting TG concentration is more closely
associated with cardiovascular disease risk than fasting
TG concentration (Nordestgaard et al. 2007, Freiberg et
al. 2008, Mora et al. 2008). It should be pointed out that
humans spend the larger part of the day in a postprandial
state.

Analogous to the oral glucose tolerance test, it
would be convenient to administer a fat tolerance test to
reveal subjects with defective TRL metabolism. It has
been shown in a number of studies that the magnitude of
postprandial lipemia is affected by diet, physical activity,
genetic factors, and by the amount and composition of the
1996, Annuzzi 2008).

However, the interpretation of the results of these studies

experimental meal (Lairon
is complicated due to the use of very different
experimental designs. Moreover, most of these studies do

not pay attention to the fact that the metabolism of

PHYSIOLOGICAL RESEARCH ¢ ISSN 0862-8408 (print) * ISSN 1802-9973 (online)
© 2015 Institute of Physiology v.v.i., Academy of Sciences of the Czech Republic, Prague, Czech Republic

Fax +420 241 062 164, e-mail: physres@biomed.cas.cz, www.biomed.cas.cz/physiolres



S364 Zemankova et al.

Vol. 64

nutrients in the postprandial phase is controlled by
changes in the hormonal milieu induced by the nutrients
themselves. For example, insulin secretion should inhibit
lipolysis in adipose tissue and affect lipoprotein lipase
(LPL) activity in such a way that TG is preferentially
hydrolyzed and uptaken in adipose tissue, not in the
muscle (Goldberg et al. 2009, Kersten 2014). Although
the administration of fat alone stimulates insulin secretion
(Lindgren et al. 2011), its effect is only negligible
compared to the insulin response to glucose
administration. It is not quite clear how the addition of
a relatively small amount of glucose (which induces the
physiological insulin response) affects the magnitude and
duration of postprandial lipemia. To address such
a question, we studied the effect of the addition of 25 g
of glucose to 75 g of fat on selected parameters of
postprandial lipemia for 8 h in 30 healthy volunteers. The
composition of the test meal was close to that
recommended by an expert panel in 2011 (Kolovou et al.
2011). Moreover, we also analyzed the effect of the
addition of glucose on the concentration of glucagon-like
peptide-1 (GLP-1), another important player in the
regulation of hormonal secretion in the postprandial state
(Holst 2007).

Methods

Subjects

Thirty  healthy male  volunteers  with
triglyceridemia lower than 2.5 mmol/l (Table 1) were
included in the study. All participants gave written
informed consent and the study was approved by the
Ethics Committee of the Institute for Clinical and
Experimental Medicine and Thomayer Hospital in
Prague. All work was conducted in compliance with the

principles of the Declaration of Helsinki.

Table 1. Characteristics of volunteers.

Characteristic Mean + SD
Age [years] 34.0+£8.2
BMI [kg/m’] 26.143.2
Waist [cm] 92.149.8
Hip [cm] 101.4+6.8
Glucose [mmol/l] 5.5+0.5
Total cholesterol [mmol/l] 4.41+0.75
TG [mmol/l] 1.10+0.49

Data are presented as mean £ SD (n=30).

Study design

Two experiments were carried out in each of the
volunteers. In one experiment the volunteers consumed
a test meal consisting of 75 g of fat (225 ml of 30 %
whipping cream) and 25 g of glucose (3240 kJ); in the
control experiment the volunteers consumed just 75 g of
fat (2830 kJ). Participants were asked to avoid alcohol
24 h before the study and to consume their last evening
meal by 9p.m. at the latest. The order of both
experiments was randomized and they were carried out
with an interval lasting at least 2 weeks.

At the beginning of each part, a cannula for
collecting blood samples was inserted into the antecubital
vein of the forearm. The first blood sample was obtained
and the test meal was consumed within 5 min. Other
blood samples were obtained 0.5, 1, 1.5, 2, 4, 6 and 8 h
after the test meal. After the last blood collection, 8 h
after meal consumption, heparin (LécCiva, Prague, Czech
Republic) was injected intravenously at a dose of
100 IU/kg and 10 min later blood was taken for
determination of LPL mass in post-heparin plasma.
During the tests, volunteers could drink only water and
were not allowed to eat any food.

Biochemical methods

Blood samples for plasma TG, cholesterol,
HDL-cholesterol, LDL-cholesterol, free fatty acids
(FFA), apoB-48 and GLP-1
concentrations were collected in EDTA vacutainer tubes.

glucose, insulin,
Aliquots of blood for measurement of active GLP-1
concentration were collected according to manufacturer
instructions. Post-heparin plasma was collected into
heparinized vacutainer tubes. Aliquots of plasma acquired
at all time points were stored frozen at—80 °C until
analyzed.

The concentrations of TG and cholesterol in
plasma were measured using enzymatic kits (Roche
Diagnostics, Mannheim, Germany), glucose
concentration was measured using a kit from PLIVA
Lachema Diagnostika (Brno, Czech Republic) and FFA
were measured using a kit from Wako Chemicals GmbH
(Germany). Plasma insulin levels were measured using
IRMA (Immunotech, Beckman Coulter, Prague, Czech
Republic). Apolipoprotein B-48 concentrations in plasma
and in triglyceride-rich lipoproteins (TRL) were
measured using a human ApoB-48 ELISA kit (Shibayagi
Co., Ltd., Shibukawa, Japan). Total apolipoprotein B
concentration in the TRL fraction was measured using an

Apolipoprotein B Human ELISA kit (Abcam plc, United
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Kingdom). Concentrations of total and active GLP-1
were measured using ELISA kits (EMD Millipore,
Missouri, USA). These parameters were measured at all
time points.

TRL were isolated from plasma obtained at 0, 1,
2,4, 6 and 8 h by ultracentrifugation (Havel ef al. 1955).
Cholesterol and TG in TRL were measured using
enzymatic kits as described above. LPL mass was
measured in heparinized plasma collected at the end of
each test using ELISA kits (Alpco Immunoassays, Salem,
USA).

Statistical analyses

The differences between changes of parameters
under the study were evaluated using ANOVA for
repeated measurements (JMP® 10.0.0, SAS Institute
Inc.) and corresponding post-hoc tests were carried out
where significant differences were found. The areas
under curves were compared by the paired t-test using
GraphPadInStat.

Results

The addition of 25 g of glucose to a 75 g fat load
induced a 19 % increase in glycemia and a corresponding
4.5-fold increase in insulinemia, both peaking 30 min
after the meal (Fig. 1). Glycemia did not rise after the
pure fat load and only a relatively small increment in
observed (Fig. 1). The
concentration of both total GLP-1 and the active form of

insulin concentration was

GLP-1 increased after the meal. The addition of glucose

Glucose

Insulin

to the fat load resulted in an approx. 22 % reduction of
the total GLP-1 response and an 18 % reduction of the
active GLP-1 response during the first two hours after the
meal (Fig. 1).

The consumption of 75g of fat induced
a significant increase in triglyceridemia peaking between
2 and 4h (Fig.2). The course and magnitude of
postprandial hypertriglyceridemia were not affected by
the added glucose. The same applies for the changes in
concentration of cholesterol and triglyceride in
(TRL) (d<1.006 g/ml)

(Table 2). The magnitude of the response of both plasma

triglyceride-rich  lipoproteins
and TRL apolipoprotein B-48 (apoB-48) concentrations
to the fat load did not differ between both experiments.
However, using ANOVA for repeated measures it was
demonstrated that the course of changes in apoB-48
concentrations differed between both experiments — the
apoB-48 response was faster after glucose addition. No
differences between both experiments were observed for
changes in TRL-apoB concentrations, which included
both hepatic apoB-100 and intestinal apoB-48. The
course of free fatty acid (FFA) concentrations did not
differ both
experiments, significant

statistically ~ significantly  between
although the

decrease of FFA concentration was observed after

statistically

glucose.

Finally, LPL mass in post-heparin plasma
collected 8 h after the meal did not differ between
F and F+G experiments (503+102 vs. 476495 ng/ml,
respectively).

Fig. 1. Concentrations of glucose, insulin

8 601 . and total and active glucagon-like peptide 1
7 -
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TG FFA Fig. 2. Concentrations of triglyceride (TG),
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Table 2. Areas under curves (AUC) of selected parameters during postprandial lipemia.

AUC (0-8 h) 2 h AUC (0-2 h) 4 h AUC (0-4 h)

Parameter F+G F t-test F+G F t-test F+G F t-test
TG [mmol*h/l] 11.8+4.7 11.244.1 ns.

TRL - TG [mmol*h/l] 8.5+4.2 8.6+£3.8 n.s.

Cholesterol [mmol*h/[] 35.7+£6.8 347454 ns.

FFA [mmol*h/l] 4.0+1.0 44+1.2 n.s.

Glucose [mmol*h/[] 37.7£5.8 34.09+£3.5 0.001 43.846.3 43.0+44.3 n.s.
Insulin [mIU*h/[] 37.9+£17.3 19.246.7 <0.001 51.0+22.4 31.2+10.6 <0.001

GLP-1 Total [pmol*h/l]

28.4£16.4 36.2+19.1 <0.001 59.6+32.5 71.6+38.6 0.001

GLP-1 Active [pmol*h/l] 9.745.2  11.845.7 <0.001 20.4+9.4 22.7+£10.5 0.024
ApoB-48 [mg*h/l] 100.4:43.4 9414429 ns.

ApoB-48 TRL [mg*h/l]  55.6+382  54.0+36.0 n.s.

ApoB [mg*h/l] 710.14432.8 662.3£374.5 n.s.

Data are presented as mean = SD (n=30).

Discussion molecule which potentiates insulin secretion. It is

In this study of young healthy volunteers, we
demonstrate that the addition of 25 g of glucose to a fat
load induced an expected physiological increase of
glycemia and insulinemia and, surprisingly, a suppression
of GLP-1 response compared to a fat load alone. The
addition of glucose did not affect the magnitude and
duration of postprandial triglyceridemia and TRL-C and
TRL-TG concentrations. However, it did stimulate a faster
response of chylomicrons to the test meal as evaluated on
the basis of changes in apolipoprotein B-48 concentrations.

GLP-1 is recognized as an important signaling

secreted from enteroendocrine L-cells after stimulation
with nutrients (carbohydrate, lipid, protein) and bile salts
(Ezcurra et al. 2013). GLP-1 acts as an insulinotropic
peptide in a glucose-dependent manner only (Holz 2004),
a finding for which our results provide elegant support.
In our study, even though the F meal induced a higher
GLP-1 response, it did not induce an insulin response
compared to the F+G meal.

The findings that both active and total GLP-1
secretion are suppressed when glucose is added to a fat
load are rather surprising. Whereas active GLP-1
represents the metabolically active incretin, total GLP-1
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also comprises the molecules that are inactivated by the
proteolytic action of dipeptidyl peptidase-4 (DPP-4). Due
to the very short half-life of active GLP-1, total GLP-1
concentration is considered a better marker of GLP-1
secretion (Holst 2007). Due to the similar course of both
the active and total GLP-1 response, we can assume that
glucose addition to a fat load directly affects GLP-1
production.

It has been described that both glucose and fat
induce a GLP-1 response (Carr ef al. 2008, Herrmann ef al.
1995) and that they use independent regulatory pathways
to stimulate GLP-1 secretion by intestinal L-cells (Ezcurra
et al. 2013). Consequently, the combination of fat and
glucose should not diminish GLP-1 secretion. However, to
the best of our knowledge, no experimental data address
the question of the effect of a similar combination of two
nutrients. We can only speculate why the addition of
glucose to a fat load suppresses the GLP-1 response. First,
glucose added to atest meal could slow down gastric
emptying (Cohen and Berger 1990), but it is unlikely
because it should also slow down the beginning of
postprandial changes in triglyceridemia. Second, there
might be an earlier peak of GLP-1 concentration after the
F+G meal even though this is also highly unlikely — no
such peak has been observed in studies that used different
nutrients to induce an incretin response, including mixed
meals (Carr et al. 2008, Herrmann et al. 1995). Third, we
can speculate that glucose ingestion can activate the
feedback inhibition of GLP-1 secretion by hyperglycemia
and/or hyperinsulinemia. For example, Vollmer et al.
(2009) that
hyperglycemic clamp reduces postprandial GLP-1 levels

reported acute hyperglycemia during
by approximately 50 %. However, it cannot be excluded
from their data that hyperinsulinemia also plays a role in

feedback inhibition of GLP-1 secretion. A 45-min infusion

of insulin at the beginning of their experiments resulted in
a 15-20 % reduction of GLP-1 concentration.

It is recognized that hypertriglyceridemia in the
postprandial phase results from the accumulation of TRL
of both intestinal and hepatic origin. The addition of 25 g
of glucose to a fat load neither had an effect on the
magnitude and duration of postprandial triglyceridemia nor
on the concentration of TRL-C and TRL-TG. This is in
contrast to a previous study which showed that glucose
addition reduced the magnitude of postprandial lipemia in
a dose-dependent manner (Cohen and Berger 1990). In
their study, glucose ingestion resulted in delayed gastric
The
differences between their and our results could be

emptying and decreased VLDL production.
explained by the lower glucose dose (50 g and 100 g vs.
25 g of glucose, respectively) and higher fat load (40 g vs.
75 g of fat, respectively) in our study. As stated above, it
does not seem likely that decelerated gastric emptying
could take place under the conditions of our study. FFA
concentration is believed to be a major determinant of the
VLDL production rate (Lewis 1997). However, there was
no statistically significant difference in the AUC of FFA
despite the mild suppression of FFA concentration in the
early postprandial phase after the F+G meal, which
suggests that the VLDL production rate may not be
significantly affected in our experiment. Another important
determinant of magnitude of postprandial lipemia is the
amount and activity of lipoprotein lipase, the rate-limiting
factor of TRL-TG clearance from circulation. However,
LPL mass was not affected by glucose when added to a fat
load. Therefore, the glucose in the amount used in our
study (25 g) was not enough to induce marked changes in
VLDL production and metabolism. In support of that, we
did not observe any differences in TRL apoB between both
experiments (Table 3).

Table 3. Changes in triglyceride-rich lipoproteins (TRL) concentrations during postprandial lipemia.

Time [h] 0 1 2 4 6 8 ANOVA
TRL-TG PG 0774049  LO3+0.51%* 123+0.62%%*% 1.3240.73%* 101£0.51*  0.64£041 ¢
[mmol/l] " F  073£0.38 0944045 1.34+£0.59%** 1.40£0.75%+* 0944049  0.58+0.32

TRL-C  F+G 0313021  033:020  034:020 039+024% 0345022 023+0.17*
[mmol/l]  F  02940.15  031£0.15  0.3420.16* 0.38+£0.19**  0.3040.18  0.20+0.14* -
TRL ApoB F+G  90.01+£55.70 85.49+52.10 88.01+52.74 933145528 91.72469.00 77.49+60.25%

[mg/l] F 89.24+47.07 88.23+44.96 81.46+47.27 88.39+49.96 82.11+57.87 66.29+47.63*+ IS

Data are presented as mean = SD (n=30). * p<0.05, ** p<0.01, *** p<0.001 against time 0. ANOVA — the statistical significance for
differences between the F+G meal and the F meal is evaluated using ANOVA for repeated measures.
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In spite of there being no differences during the
course of postprandial triglyceridemia, the ANOVA for
repeated measures detected differences during the course
of changes in plasma and TRL apoB-48 concentrations
between both experiments. ApoB-48 concentration (and
thus a number of chylomicron particles) rose in plasma
earlier after the F+G meal. Previous work has shown that
some TG remains in the enterocytes after each meal and
that these TG are secreted from the intestine very quickly
after glucose administration (Robertson et al. 2003). It
has been demonstrated that glucose ingestion 5 h after
a fatty meal mobilizes lipid droplets in enterocytes,
eliciting an elevation in plasma TG and apoB-48. It has
also been demonstrated that glucose can directly increase
lipid-stimulated  chylomicron  particle  production
independent of changes in pancreatic hormones or gastric
emptying (Xiao et al. 2013). Moreover, a mixed meal
with a high glycemic index results in higher apoB-48
concentrations when compared with a meal with a low
glycemic index (Harbis et al. 2001).

Currently, there is no consensus on the design of
postprandial lipemia-testing with respect to the
composition of the test meal, especially in relation to the
content of nutrients other than fat. Our data suggest that
the addition of 25 g of glucose to 75 g of dairy fat does
not diminish the magnitude of postprandial lipemia
compared to higher glucose loads and that it induces the

physiological response of insulin. For this reason, this
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