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Summary

A personalized antidiabetic therapy is not yet part of the official
guidelines of professional societies for clinical practice. The aim
of this study was to evaluate the serum C-peptide and plasma
glucose levels in patients with type 2 diabetes mellitus (T2DM)
after oral administration of whey proteins. Sixteen overweight
T2DM Caucasians with good glycemic control and with preserved
fasting serum C-peptide levels (>200 nmol/lI) were enrolled in
this study. Two oral stimulation tests — one with 75 g of glucose
(OGTT) and the other with 75 g of whey proteins (OWIST) —
were administered for assessing serum C-peptide and plasma
glucose levels in each participant. Both oral tests induced similar
pattern of C-peptide secretion, with a peak at 90 min. The serum
C-peptide peak concentration was 2.91+£0.27 nmol/l in OWIST,
which was 22 % lower than in OGTT. Similarly, the C-peptide
iAUCo.10 Were 32 % lower in the OWIST than in the OGTT
(p<0.01). Contrary to OGTT the OWIST did not cause
a significant increase of glycemia (p<0.01). Our study showed
that the OWIST represents a useful tool in estimation of
stimulated serum C-peptide levels in patients with T2DM.
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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic
heterogeneous disease characterized by progressive loss
of insulin secretion (B-cell dysfunction) in parallel with
impaired whole-body insulin
Diabetes Association 2016). It
(DeFronzo

sensitivity (American
is well established
1988) that a chronic hyperglycemia is
primarily caused by various degrees of impaired insulin
sensitivity (insulin resistance) and secondarily by B-cell
dysfunction as a manifestation of the progressive loss of
the pancreatic islet B-cell followed by a decreasing
maximal capacity of insulin secretion. Importantly,
progressive decline in insulin secretion is affecting
different patients to a different degree (U.K. Prospective
Diabetes Study 16 1995, Saisho 2015). Progressive loss
of B-cell function is often associated with deterioration of
T2DM control, i.e. a higher level of glycated hemoglobin
(HbAlc), and therefore with higher risk of long-term
complications (DeFronzo 2009). Better understanding of
mechanisms driving B-cell dysfunction as well as
development of specific test evaluating actual insulin
secretion in large number of patients in a routine clinical
setting is highly needed. Insulin secretion is often
evaluated indirectly in clinical practice and research by
studying C-peptide secretion, because its levels are more
stable in blood circulation and C-peptide is released from
B-cell in pancreas in equimolar amount to insulin.
Several clinical studies showed that knowledge
of stimulated serum C-peptide secretion (Meier et al.
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2009) should be an accurate marker for the treatment
decision for each patient at the beginning and during the
course of the disease (U.K. Prospective Diabetes
Study 16 1995, Wajchenberg 2007). Majority of T2DM
patients have: 1) preserved fasting C-peptide levels and at
least twice as high postprandial serum C-peptide levels,
2) a preponderance of insulin deficiency and have
preserved fasting but reduced postprandial serum
C-peptide levels (i.e. C-peptide levels not rising above
twice the value of fasting C-peptide; Ratheiser er al.
1990), and 3) reduced fasting and postprandial C-peptide
levels. It seems that the patients in the two last groups
would benefit from early initiation of exogenous therapy
with insulin (Harrison et al. 2012).

This
antidiabetic therapy is not yet part of the official

approach  of setting personalized
guidelines of professional societies for clinical practice
(Monnier et al. 2006, Robertson 2007, Roy et al. 2007,
American Diabetes Association 2016). The main reason
seems to be the lack of a standardized insulin secretion
stimulation test. Insulin secretion stimulation tests
frequently used in clinical trials — mixed meal tolerance
test (MMTT), oral glucose tolerance test (OGTT) or
(GST) -
hyperglycemia and are time-consuming. In our previous

glucagon stimulation test mostly cause
paper, we showed that standard OGTT and orally whey
administration had a comparable effect on C-peptide
secretion in healthy participants (Wildova et al. 2013).
Therefore, the aim of this study was to compare
the serum C-peptide and plasma glucose levels after
administration of whey protein concentrate (OWIST) and
standard OGTT in T2DM patients achieving a good
glycemic control. The overarching goal was to define,
whether OWIST might represent a tool investigating

insulin secretion in a clinical setting.
Methods

Patients
Sixteen overweight Caucasians (6 men and
10 women; aged 56-80 years, BMI (body mass index):
26.4-29.8 kg/m?), with T2DM (Genuth ez al. 2003), with
a glycated hemoglobin (HbAlc) than

58 mmol/mol (7.5 %) at the time of recruitment, normal

level less

or higher fasting C-peptide secretion (0.39-1.33 nmol/l)
and 5 years or longer after diagnosis of T2DM were
enrolled in this study. All participants were treated with
metformin (500 mg dose per day), had a prescribed
diabetic diet and were engaged in regular physical

activity. Additionally, all participants were generally in
good health, with no signs or symptoms of any acute
diseases, renal insufficiency or lactose intolerance.
Insulin resistance by Homa2 IR was 2.42+0.23; mean +
SEM (Levy et al. 1998).

Study protocol

We used a controlled cross-over study design to
evaluate fasting and stimulated C-peptide secretion after
the administration of the whey proteins (OWIST) and
glucose alone (OGTT) in patients with T2DM.

OGTT drink contained 75 g oral glucose load
(Glukopur; Natura, Hamry u Havlickova Brodu, Czech
Republic) in 300 ml of water (Small ez al. 1985).

OWIST drink consisted of 75 g of flavored whey
proteins (whey protein concentrate 80, WPC 80) in
300 ml of water so that it had the same dose as OGTT.
The WPC80 was manufactured by Volactive
UltraWhey80; DVN, Hoogeveen, the Netherlands and it
contained 81 % high-quality nutritional whey proteins,
6 % lactose, 6 % fat, 4 % moisture and 3 % minerals,
flavoured with 0.4 g of strawberry aroma AFFRAI 0005
(RJP International, Prague, Czech Republic) and 0.4 g of
vanilla extract (RAPS-CZ, Prague, Czech Republic).

The study protocol was designed in accordance
to the principles of the Helsinki Declaration and received
prior approval by the Ethics Committee of the Third
Faculty of Medicine, Charles University, Prague, Czech
Republic. All participants were fully informed and gave
their written consent.

All patients with T2DM underwent both tests
after overnight fasting for at least 12 h. They were tested
on two different occasions in a random order within a one
month period. The tests were carried out in the research
unit of the 2nd Department of Internal Medicine at the
University Hospital Kralovské Vinohrady, Prague, Czech
Republic. Both of tests were performed at 8§ a.m., when
a peripheral venous catheter was inserted for obtaining
samples of venous blood into the antecubital vein using
the aseptic technique. The participants rested quietly on
bed during the test. Samples for fasting values of the
plasma glucose levels and serum C-peptide measurement
were collected at time 0 (just before administration of the
OGTT or OWIST). Within 3 min the
administered. Other blood samples were collected at 30,
60, 90, 120 and 180 min in a closed blood collection
system (S-Monovette; Sarstedt, Niimbrecht, Germany)

drink was

after the drink administration. The catheter was flushed
with 0.9 % saline after each blood sample draw.



2017

The Effect of Whey Proteins in Type 2 Diabetes 995

The samples for the serum C-peptide concentration
determination were centrifuged for 15 min at 3,000 g
Jouan BR4i (DJB Labcare, Buckinghamshire, England)
and analyzed using a 2-site immunochemiluminometric
assay by the Immunolite 2000 immunoassay system
(Diagnostic  Products Corporation, Los Angeles,
California, USA). The analytical range of the assay was
0.17-2.32 nmol/l and the lower limit of sensitivity was
0.017 nmol/l. The inter- and intra-assay coefficients of
variation (CVs) were less than 6 %. The plasma glucose
levels were determined using the hexokinase method by
a Konelab Glucose analyzer (Thermo Fisher Scientific
Oy, Vantaa, Finland). The detection limit was
0.1 mmol/l. Side effects of both OGTT and OWIST were
evaluated in regards to hyperglycemia and general

tolerance (nausea, vomiting).

Statistics

The incremental area under the curve (iIAUC) of
glucose and C-peptide in OWIST and OGTT were
calculated using the trapezoid rule for both the plasma
glucose levels and the serum C-peptide levels. For the
serum C-peptide concentration, several iAUCs were
calculated: iIAUC 3 (the early phase of insulin secretion),
iAUCyq (insulin secretion during a proposed shorter
measurement period), iAUCy. g0 (the whole measured
insulin secretion), iAUC5q.139 (the late phase of insulin
secretion). For the plasma glucose level only iAUC_ g
was calculated.

Statistical total
C-peptide response and plasma glucose level, relative to

comparison between the
the reference was carried out using the two-sided paired
Student’s t-test (assumptions were tested using Fisher’s
test of equality of variances and the Kolmogorov-
Smirnov normality test). Pearson's product moment
correlation was used for testing the association between
the paired samples of data values.

All the data in the text are presented as mean +
SEM. All tested at
a significance level of 0.01 using R software (2.14.1,

statistical hypotheses were
R Foundation for Statistical Computing, Vienna, Austria)
with Bonferroni corrections for multiple comparisons.
Modified version of the insulinogenic index
(Wareham et al. 1995, Tura et al. 2006) was calculated

as:
IGI = C30-C0/G30

where C;p is the serum C-peptide concentration at
30 min, C, is the fasting serum C-peptide concentration
and Gg is the plasma glucose level at 30 min.

Results

C-peptide response

The average fasting level of the serum C-peptide
was 0.9440.07 nmol/l. Both oral tests resulted in a similar
shape of the C-peptide response curve, with a peak at
90 min. In the case of OGTT (reference), the serum
C-peptide concentration peaked at 3.72+0.30 nmol/l.
The serum C-peptide peak concentration was
2.914+0.27 nmol/l in OWIST, which was 22 % lower than
in OGTT. Subsequent serum C-peptide concentrations
steadily decreased after 90 min (OWIST) and 120 min
(OGTT) while not reaching the baseline within the test
180 min. Individual
concentrations after the OWIST were significantly lower
(p<0.01) at 90, 120, 180 min than after the OGTT. Both
tests induced the same slope of C-peptide curve in the

duration of serum C-peptide

first 30 min (the early phase of insulin secretion). Data
are summarized in Figure 1.
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Fig. 1. The absolute values (mean * SEM) of the serum
C-peptide levels in response to oral tests — OGTT (reference) and
OWIST in patients with T2DM (n=16). * indicates values
significantly different from the reference (p<0.01).

Glucose response

The average fasting plasma glucose level
(baseline) was 8.11+0.57 mmol/l. The OGTT showed
aplasma glucose level peak at 19.1£1.33 mmol/l. After
90 min, the curve was steadily decreasing towards the
baseline, but not reaching it within the test duration.
Contrary to OGTT the OWIST did not cause a significant
increase of glycemia (p<0.01). Data are summarized in
Figure 2.

The assessment of the C-peptide secretion and glycemic
response in patients with T2DM

The average fasting plasma glucose level
(baseline) was 8.114+0.57 mmol/l. The administration of
the OGTT increased glycemia, on average 2.1 times, on
the other hand, the administration of the OWIST did not
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induce a glycemia increase (plasma glucose level
8.89+1.15 mmol/l at 120 min). The incremental area
under the curve of the whole measured C-peptide
response (1IAUC.1g9) was 32 % lower after the OWIST, in
comparison to the OGTT. Data are summarized in
Table 1.

.20

3

=

E 15

@© —O— OGTT
E -\ = OWIST
S10

>

(O]

0 30 60 90 120 150 180
time [min]

Fig. 2. The absolute values (mean + SEM) of the plasma glucose
levels in response to oral tests — OGTT (reference) and OWIST in
patients with T2DM (n=16). * indicates values significantly
different from the reference (p<0.01).

The early phase of insulin secretion (1AUC_30)
was similar for both the OGTT and the OWIST. The IGI,
calculated from the OWIST and OGTT, correlates with
each other (p<0.01), while being 47 % higher after the
administration of OWIST. No correlation was found
between the stimulated late phase insulin secretion
(1AUC3¢.150) using the OGTT and OWIST, however the
OGTT stimulation achieved a 34 % higher 1AUC5(._1g0
than the OWIST. Furthermore, a very strong correlation
(r=0.94; p=0.0002) was found between the iIAUC9, and
1AUC,.1g9 for both OGTT and OWIST.

Side effects

The OWIST was well-tolerated by all
participants. The administration of the OGTT induced
nausea in three participants and eight participants
complained about the unusual sweet taste of the drink. In
two participants, the OGTT induced hyperglycemia had
to be managed with insulin administration. No other side
effects were observed.

Table 1. Measurements of the fasting and stimulated C-peptide and plasma glucose levels during the OGTT and OWIST.

OGTT OWIST A%
Plasma glucose — fasting [mmol/l] 8.11 £0.57 8.13+£0.54 0%
Plasma glucose — 120 min value [mmol/l] 16.89 + 1.32 8.89+£1.15 47 %"
C-peptide — fasting [nmol/l] 0.94 + 0.07 0.92+0.11 2%
C-peptide — peak [nmol/l] 3.72+£0.30 2.91+£0.27 22 %
C-peptide — iAUC .3y [nmol.min/l] 15.00 +£2.70 15.20+2.10 1%
C-peptide — iAUC.gg [nmol. min/l] 128.40 + 18.30 97.90 £ 10.40 -24 %
C-peptide — iAUC3y.;59 [nmol.min/l] 324.50 = 37.00 214.80 +£21.10 34%
C-peptide — iAUCy. 159 [nmol.min/l] 339.50 +38.90 230.00 £21.90 32%
Plasma glucose —iAUC,._ ;59 [mmol.min/l] 1251.00 £+ 109.40 89.30 +29.70 92 %"
IGI [107] 0.56 +0.12 0.82+0.13 47 %"

The values show mean + SEM. The A% column indicated the mean percentage change between the OGTT (reference) and OWIST.

* t-test (p<0.01) OGTT vs. OWIST.

Discussion

Diabetes
updates its recommendations for clinical practice based

International Association annually
on the state-of-the-art findings from clinical trials.
Assessment of the B-cell function, i.e. stimulated insulin
(C-peptide)
implemented in the official recommendations even

secretory response, has not yet been

though several clinical trials demonstrate its impact on
therapy of T2DM (Kramer et al. 2013) and sometimes

even in type 1 diabetes mellitus (Greenbaum et al. 2008).

Our results demonstrated that the OWIST
correctly assessed the stimulated C-peptide secretion
(both the early and late phase of insulin secretion) in
patients with T2DM. The results indicate that the oral
stimulus (both glycemic and non-glycemic) administered
to the patients with well-controlled T2DM leads to
a characteristic shape of stimulated C-peptide secretion
with a peak at 90 min. The administration of OWIST
induced C-peptide 1AUCy3, that was similar to the
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iAUCy30 induced by administration of OGTT. This
corresponds with the fact that both whey proteins and
glucose activate a cephalic and entero-insular axis in
a similar way (Salehi ef al. 2012). A linear trade-off was
found between the OGTT and OWIST values of the IGI
that corresponds with the early phase of insulin secretion
(Wareham et al. 1995). The IGI is commonly used
because it highly correlates with the acute insulin
response (AIR) during the intravenous glucose tolerance
test (Kosaka et al. 1996) and is considered a sensitive
marker of insulin secretion after glucose stimulus (Tura
et al. 2006, Kahn et al. 2001). It was suggested that the
progressive loss of the total B-cell number in the islets of
Langerhans first becomes apparent as a disorder of the
early phase of the stimulated insulin or C-peptide
secretion, followed by a disorder of the late phase
(Calles-Escandon and Robbins 1987) with a more
pronounced concomitant postprandial hyperglycemia
(Del Prato 2003) and unsatisfactory diabetes control.
As 1AUC.139 was highly correlated with iAUC,, after
the administration of both the OGTT and OWIST, it
seems that in order to assess the late phase of insulin
secretion, a 90-minute-long test is sufficient. However,
confirmation on a larger number of patients is needed.
Our study showed that the patients with
well-controlled T2DM had their
preserved or, more precisely, their stimulated maximum

insulin  secretion
serum C-peptide concentration was at least twice their
fasting level (Kahn et al. 2001).

The late phase of insulin secretion (IAUC;¢._150)
is primarily regulated by the substrate phase of the insulin
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