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Why measure total GLP-1?
Why is amidated GLP-1 so important?
What is the expected level of GLP-1 in different patient samples?
How is GLP-1 targeted in treatment strategies?
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It is amazing how fast it happened. From initial reports about the incretin Glucagon-Like Peptide (GLP-1)
with glucose lowering effects in the late 1980’s, until the time point when the first GLP-1 receptor agonist
exenatide to treat Type 2 Diabetes Mellitus (T2DM) was launched onto the market in 2005. The story is
continuously developing as we learn more about the fascinating, multi-tasking incretin GLP-1. But to acquire more knowledge, it is crucial to design relevant studies and to use measurement methods that ensure
scientists know exactly what form(s) of GLP-1 they are measuring. This white paper addresses some of
the important analytical factors to consider when measuring circulating GLP-1, from degradation to the
different forms of GLP-1.

An incretin hormone
Because of the ability of
GLP-1 to decrease blood
sugar levels in a glucose-dependent manner by
enhancing the secretion of
insulin and suppressing the
glucagon response, GLP1 receptor agonists have
attracted attention for their
potential to treat T2DM
patients

Incretin hormones are released in the gut and stimulate glucose-dependent insulin secretion in response
to food intake. The two major incretin hormones are GLP-1 and Glucose-dependent Insulinotropic Peptide
(GIP). They execute their actions by binding to their respective receptors (GLP-1R and GIP-R) and activating
signaling inside target cells. Both hormones stimulate insulin secretion, but a major difference between
them is that GIP enhances the postprandial glucagon response, while GLP-1 suppresses it. Because of the
ability of GLP-1 to decrease blood sugar levels in a glucose-dependent manner by enhancing the secretion
of insulin and suppressing the glucagon response, GLP-1 receptor agonists have attracted attention for their
potential to treat T2DM patients.
GLP-1 is also a satiety-signaling hormone1. Obese patients can have high levels of GLP-1 and still not feel
satisfied, indicating that they may suffer from GLP-1 insensitivity, much like T2DM patients are insensitive to
insulin2-4. GLP-1 satiety-related signaling is likely to be mediated through the nervous system via the vagus
nerve5,6.

Processing of proglucagon to GLP-1
GLP-1 is derived from proglucagon, which is also the precursor for several other peptides such as glucagon,
GLP-2, oxyntomodulin, glicentin, and major proglucagon fragment (MPGF). MPGF shares sequences with
both GLP-1 and GLP-2 and is a product released mainly from pancreatic cells. Depending on the type of
prohormone convertase (PC) present in the cell, proglucagon takes different paths in its posttranslational
processing. The L-cells in the gastrointestinal tract predominantly express PC 1/3 and process proglucagon
into GLP-1 as well as GLP-2, oxyntomodulin and glicentin. Expression of PC 2, as in pancreatic alpha-cells,
results in MPGF and glucagon. (Fig. 1)

Figure 1. Posttranslational processing of proglucagon
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Cross-reactivity to MPGF
should be evaluated to
determine if GLP-1 measurement is specific enough

The fact that MPGF shares sequence similarity with GLP-1 must
be considered when measuring GLP-1. Cross-reactivity to MPGF
should be evaluated to determine if GLP-1 measurement is specific
enough. Assays detecting amidated GLP-1 have an advantage in
this respect, since they are less likely to suffer from cross-reactivity
to MPGF due to the C-terminal specificity of the antibodies. Mercodia has developed a GLP-1 assay that has no cross-reactivity to
MPGF (Fig. 2). The use of this assay will help scientists to avoid drawing
a wrong conclusion from inaccurate data, which may be generated from
other less specific commercially available tests.

Figure 2. Positional binding of
monoclonal antibodies in the
Mercodia GLP-1 NL-ELISA

Amidation dominates
GLP-1(1-37) corresponds to amino acid residues 72-108 of proglucagon, but this is an inactive form of
GLP-1. GLP-1 needs to be further processed into GLP-1(7-37) or GLP-1(7-36) amide to become active, with
the latter version being amidated after removal of the C-terminal glycine residue. Both isoforms have been
shown to be equally potent in activating the GLP-1R, and the active forms are sometimes also referred to as
“intact” GLP-17,8. GLP-1(7-36) amide is the major secretory isoform, and it has been shown that the levels
of circulating amidated GLP-1 change significantly upon stimulation, while the levels of glycine-extended
GLP-1(7-37) remain relatively unchanged7.
50

GLP-1 (x-36)amide

GLP-1 (x-37)

Figure 3. The amidated
forms of GLP-1, (x-36)
amide, rise in the circulation
postprandially, while there
is very little change in the
glycine-extended isoforms
(x-37)1. This means that in
order to detect the changes
in GLP-1 concentration that
occur after a meal, one
must measure the amidated isoforms of GLP-1. 7
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In fact, most GLP-1 leaving the gut is amidated (»80%). When GLP-1 secretion needs to be measured, it is
important to accurately detect the amidated isoforms, since they predominate.
It has been established that some commercially available assays lack specificity to detect the amidated
isoforms, and as a consequence these assays will underestimate the true levels of GLP-19.

DPP-IV degradation is fast
Upon stimulation, GLP-1(7-37) and GLP-1(7-36) amide is secreted. However, cleavage by the enzyme dipeptidyl peptidase IV (DPP-IV), which is expressed near the site of GLP-1 secretion from the enteroendocrine
L-cells, results in a short GLP-1 half-life of only a couple of minutes. DPP-IV is responsible for creating
the metabolites GLP-1(9-37) and GLP-1(9-36) amide. Traditionally, the metabolites have been considered inactive, but several studies performed in dogs, rats and mice suggest that GLP-1(9-36) amide have
cardioprotective effects10-12. Other studies point towards that GLP-1 receptor stimulation by exendin-413
and treatment with GLP-1(9-36) amide14,
7
36 37
have neuroprotective effects in Alzheimer’s
NH2
disease models, including both cultured cells
ACTIVE
GLP-1
and mice.
Figure 4. Active GLP-1 is
degraded within minutes.
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When to measure total GLP-1?
for most applications it
is best to measure total
GLP-1, since it will not only
reflect the levels of secretion but also provide a
good picture of the actions
already performed
upstream

If the assay specificity is
only 50% to the metabolite, the advantage is gone.

Since GLP-1(7-36) amide is rapidly degraded, its concentration in plasma is very low and small meals
resulting in minor changes in GLP-1 concentrations can be difficult to detect. However, measuring both the
concentration of (7-36) amide and the metabolite (9-36) amide, together called “total” GLP-1, provides a
better chance of detecting small changes.
In fact, for most applications it is best to measure total GLP-1, since it will not only reflect the levels of secretion but also provide a good picture of the actions already performed upstream. Detecting circulating
GLP-1(9-36) amide tells us that GLP-1 was secreted and that the brain received its signal via the vagus
nerve. Thus, we are studying both secretion and actions in an easy and comprehensive way. Certainly, for
some applications, specific (7-36) amide assays may be needed, e.g., when studying DPP-IV inhibitors.
Several commercial assays measuring GLP-1 were evaluated in a publication by Bak et al in 2014, both
examining performances of the assays and the implications for clinical studies.9 The results showed that the
specificity and sensitivity of commercially available kits for the analysis of GLP-1 levels varied considerably.
One assay detected none of the tested synthetic GLP-1 isoforms (GLP-1(1-36) amide, (7-36) amide, (9-36)
amide, (1-37), (7-37) and (9-37)). Other assays had low recovery of non-active forms in plasma, some only
detected amidated GLP-1. This indicates that the variable performance of the tested assays should be taken
into account when selecting which assay to use and when comparing data from different studies.
The molecule (7-36) amide will have the same chance to be detected as the molecule (9-36) amide. This is,
of course, only true if the specificity to GLP-1(7-36) amide is the same as to GLP-1(9-36) amide. If the assay
specificity is only 50% to the metabolite, the advantage is gone. GLP-1 levels will then be underestimated
and any changes could go unnoticed, making such an assay suboptimal. When measuring total GLP-1 with
the Mercodia Total GLP-1 NL-ELISA, the risk of pre-analytical errors is minimized, since degradation of GLP1 (7-36) will not affect the results.

Wide range of physiological actions
GLP-1 is being studied in many different research settings due to the fact that it seems to affect a variety of
physiological processes. Although the pancreatic islet cells are the major targets for GLP-1, it also inhibits
gastrin-induced acid secretion15, slows gastric emptying, inhibits motility of the stomach16,17, and affects food
intake and body weight18. All of these actions combined with GLP-1’s role in insulin stimulation and glucagon
inhibition have established GLP-1 as a critical metabolic hormone. It has also been shown that GLP-1 improves flow mediated dilation (a phenomenon in which a vessel dilates or expands when blood flow increases
through it) and has cardiovascular protective effects19, as well as other functions such as expansion and
preservation of pancreatic β-cell mass20-22, bone metabolism23 and neuroprotection24. GLP-1 is a versatile
hormone whose function needs further exploration within many research areas.
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Different physiological levels of GLP-1
Since the levels of GLP-1
in healthy individuals
are low, there is a strong
need for sensitive
methods to accurately
detect GLP-1 as a
biomarker in human
plasma, with a starting
point below 1 pmol/L

GLP-1 circulates at low concentrations in the blood, typically in the range of 0.9-18 pmol/L7. Since the levels
of GLP-1 in healthy individuals are low, there is a strong need for sensitive methods to accurately detect
GLP-1 as a biomarker in human plasma, with a starting point below 1 pmol/L.
In certain patient groups, GLP-1 is present in abnormal concentrations. Patients which have undergone
bariatric surgery show highly increased levels of GLP-1 after a meal; concentrations up to 300 pmol/L
have been reported25,26. Considering the unquestionable effect of bariatric surgery on GLP-1 levels in these
individuals, combined with the fact that insulin levels normalize in most patients within days after surgery,
long before any significant weight loss has occurred, it will be interesting to follow research in this field as
more facts about GLP-1 and its actions are revealed. These findings will contribute to the understanding
of how to develop better drugs for treatment of both diabetes and obesity, emphasizing the importance of
accurate measurement of GLP-1.
Another patient group with reported abnormal GLP-1 levels is T2DM patients. However, the deviation, from
normal levels, is far from what has been reported in the bariatric surgery patient population and not always
consistent across studies. It has been suggested that it is not the fasting GLP-1 levels that differ between
diabetic and normal glucose tolerant patients, but that the postprandial GLP-1 levels are significantly lower
in the diabetic group 27,28. This implies that GLP-1 secretion is impaired in this group of patients.

Treatments addressing GLP-1 function
Due to the blood glucose lowering effect and the impact of GLP-1 on several important metabolic processes, the interest in therapeutically targeting this system has expanded over the last decade. Since both GLP1 and GIP are degraded by DPP-IV within minutes of secretion, large efforts have also been taken to develop
drugs inhibiting the activity of DPP-IV. GLP-1 and DPP-IV based therapies are approved for the treatment of
patients with type 2 diabetes, including GLP-1 receptor agonists exenatide, liraglutide, dulaglutide, albiglutide
and lixisenatide and DPP-IV inhibitors alogliptin, sitagliptin, vildagliptin, saxagliptin, teneligliptin, gemigliptin
and linagliptin29. The functional mechanism of all these drugs is to increase the physiological actions of
GLP-1. GLP-1 receptor agonists (GLP-1 RA) are also approved for the treatment of obesity, because of GLP1’s satiety-signaling effects.

Could a triple agonist be
the optimal treatment?

www.mercodia.com

Additional strategies have been evaluated to further enhance the GLP-1 effect by developing dual agonists
(e.g., GLP-1/GIP receptor agonists)30-32. Dual incretin agonists are sometimes referred to as “Twincretins”,
describing the combination of activation of the sister incretins GLP-1- and GIP-receptors from one molecule. Results from studies of GLP-1/glucagon combinational therapies indicate that combining the effects of
GLP-1 with the lipolytic effects of sustained glucagon receptor activation lower body weight more than what
is seen with a single selective GLP-1 agonist33.
Could a triple agonist be the optimal treatment? In 2015, Brian Finan and colleagues published a study
with a triple agonist acting on the GLP-1-receptor, GIP receptor and glucagon receptor34. The triple agonist
effectively reduced body weight and diabetic complications in rodent models of obesity, and was proven to
be superior to any existing dual coagonists and best available monoagonists34,35. The scientists behind this
monomeric peptide speculate that it “may provide unprecedented opportunities in the personalized treatment of heterogeneous metabolic diseases”36.
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Conclusion
In the last few years, expansion within the incretin field has led to new insights about GLP-1 function and
relevance. The key role of GLP-1 in many metabolic processes and the complex physiological interplay with
its sister incretin GIP, open a window for new promising therapeutic approaches to the treatment of diabetes
and obesity. To continue these advancements, methods to measure GLP-1 must be chosen carefully and the
high demands for specificity and sensitivity must be met.

For more information on GLP-1, please visit the following Mercodia resources.

MERCODIA WEBINARS

www.mercodia.com/webinars

Dr. Jens Juul Holst: GLP-1 Secretion in Humans: Recent Advances:
During this webinar, one of the foremost experts on GLP-1 focuses on how the secretion of this gut hormone
is regulated, including well-established and novel pathways

MERCODIA TOTAL GLP-1 NL-ELISA

https://www.mercodia.se/mercodia-total-glp-1-nl-elisa
Mercodia Total GLP-1 NL-ELISA provides a chemiluminescent method for the quantitative determination of
amidated GLP-1 (glucagon-like-peptide-1) in human serum or plasma samples.
The assay has a low sample volume of 25 μL, a broad measuring range (0.9 - 940 pmol/L) and a low functional sensitivity (LLOQ 1 pmol/L), allowing for precise detection in both fasting samples as well as samples
with highly elevated levels.

MERCODIA GLP-1 (9-36) AMIDE CONTROL - LOW, MEDIUM, HIGH

https://www.mercodia.se/mercodia-glp-1-9-36-amide-control-low-medium-high
Each Mercodia GLP-1 (9-36) amide Control (Low, Medium, High) contains 3 vials of stabilized serum controls. The content of each vial is lyophilized, containing 500 μL after reconstitution

www.mercodia.com

6

© 2018 Mercodia

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Holst, J. J. Incretin hormones and the satiation signal. International Journal of Obesity
37, 1161–1168 (2013).
Højberg, P. V. et al. Four weeks of near-normalisation of blood glucose improves the
insulin response to glucagon-like peptide-1 and glucose-dependent insulinotropic
polypeptide in patients with type 2 diabetes. Diabetologia 52, 199–207 (2009).
Knop, F. K. et al. Impaired incretin effect and fasting hyperglucagonaemia characterizing type 2 diabetic subjects are early signs of dysmetabolism in obesity. Diabetes
Obes Metab 14, 500–510 (2012).
Sandoval, D. A. & D’Alessio, D. A. Physiology of proglucagon peptides: role of glucagon
and GLP-1 in health and disease. Physiol. Rev. 95, 513–548 (2015).
Abbott, C. R. et al. The inhibitory effects of peripheral administration of peptide YY(336) and glucagon-like peptide-1 on food intake are attenuated by ablation of the
vagal-brainstem-hypothalamic pathway. Brain Res. 1044, 127–131 (2005).
Bucinskaite, V. et al. Receptor-mediated activation of gastric vagal afferents by glucagon-like peptide-1 in the rat. Neurogastroenterol. Motil. 21, 978–e78 (2009).
Orskov, C., Rabenhøj, L., Wettergren, A., Kofod, H. & Holst, J. J. Tissue and plasma
concentrations of amidated and glycine-extended glucagon-like peptide I in humans.
Diabetes 43, 535–539 (1994).
Drucker, D. J. The biology of incretin hormones. Cell Metab. 3, 153–165 (2006).
Bak, M. J. et al. Specificity and sensitivity of commercially available assays for glucagon-like peptide-1 (GLP-1): implications for GLP-1 measurements in clinical studies. Diabetes Obes Metab 16, 1155–1164 (2014).
Nikolaidis, L. A., Elahi, D., Shen, Y.-T. & Shannon, R. P. Active metabolite of GLP-1
mediates myocardial glucose uptake and improves left ventricular performance in
conscious dogs with dilated cardiomyopathy. Am. J. Physiol. Heart Circ. Physiol. 289,
H2401–8 (2005).
Sonne, D. P., Engstrøm, T. & Treiman, M. Protective effects of GLP-1 analogues exendin-4 and GLP-1(9-36) amide against ischemia-reperfusion injury in rat heart. Regul.
Pept. 146, 243–249 (2008).
Ban, K. et al. Cardioprotective and vasodilatory actions of glucagon-like peptide 1
receptor are mediated through both glucagon-like peptide 1 receptor-dependent and
-independent pathways. Circulation 117, 2340–2350 (2008).
Li, Y. et al. GLP-1 receptor stimulation reduces amyloid-beta peptide accumulation
and cytotoxicity in cellular and animal models of Alzheimer’s disease. J. Alzheimers
Dis. 19, 1205–1219 (2010).
Ma, T. et al. Glucagon-like peptide-1 cleavage product GLP-1(9-36) amide rescues
synaptic plasticity and memory deficits in Alzheimer’s disease model mice. J. Neurosci. 32, 13701–13708 (2012).
Schjoldager, B. T., Mortensen, P. E., Christiansen, J., Orskov, C. & Holst, J. J. GLP-1 (glucagon-like peptide 1) and truncated GLP-1, fragments of human proglucagon, inhibit
gastric acid secretion in humans. Dig. Dis. Sci. 34, 703–708 (1989).
Schirra, J. & Göke, B. The physiological role of GLP-1 in human: incretin, ileal brake or
more? Regul. Pept. 128, 109–115 (2005).
Marathe, C. S., Rayner, C. K., Jones, K. L. & Horowitz, M. Effects of GLP-1 and incretin-based therapies on gastrointestinal motor function. Exp Diabetes Res 2011,
279530–10 (2011).
Gutzwiller, J. P. et al. Glucagon-like peptide-1: a potent regulator of food intake in
humans. Gut 44, 81–86 (1999).
Sheikh, A. Direct cardiovascular effects of glucagon like peptide-1. Diabetol Metab
Syndr 5, 47 (2013).
Stoffers, D. A. et al. Insulinotropic glucagon-like peptide 1 agonists stimulate expression of homeodomain protein IDX-1 and increase islet size in mouse pancreas. Diabetes 49, 741–748 (2000).
Farilla, L. et al. Glucagon-like peptide-1 promotes islet cell growth and inhibits apoptosis in Zucker diabetic rats. Endocrinology 143, 4397–4408 (2002).
Li, Y. et al. Glucagon-like peptide-1 receptor signaling modulates beta cell apoptosis.
J. Biol. Chem. 278, 471–478 (2003).
Zhao, C., Liang, J., Yang, Y., Yu, M. & Qu, X. The Impact of Glucagon-Like Peptide-1 on
Bone Metabolism and Its Possible Mechanisms. Front. Endocrinol. 8, 98 (2017).
Hölscher, C. Potential role of glucagon-like peptide-1 (GLP-1) in neuroprotection. CNS
Drugs 26, 871–882 (2012).
Dimitriadis, G. K., Randeva, M. S. & Miras, A. D. Potential Hormone Mechanisms of
Bariatric Surgery. Curr Obes Rep 6, 253–265 (2017).
Madsbad, S. & Holst, J. J. Glycaemic control and weight loss with semaglutide in type
2 diabetes. Lancet Diabetes Endocrinol 5, 315–317 (2017).
Toft-Nielsen, M. B. et al. Determinants of the impaired secretion of glucagon-like peptide-1 in type 2 diabetic patients. The Journal of Clinical Endocrinology & Metabolism
86, 3717–3723 (2001).
Vilsbøll, T., Krarup, T., Deacon, C. F., Madsbad, S. & Holst, J. J. Reduced postprandial
concentrations of intact biologically active glucagon-like peptide 1 in type 2 diabetic
patients. Diabetes 50, 609–613 (2001).
Butler, P. C. Glucagon-like Peptide 1 Drugs as Second-line Therapy for Type 2 Diabetes. JAMA Intern Med 176, 1–3 (2016).
Tamargo, I. A. et al. Novel GLP-1R/GIPR co-agonist ‘twincretin’ is neuroprotective
in cell and rodent models of mild traumatic brain injury. Exp. Neurol. 288, 176–186
(2017).

www.mercodia.com

31.
32.
33.
34.
35.
36.

7

Skow, M. A., Bergmann, N. C. & Knop, F. K. Diabetes and obesity treatment based
on dual incretin receptor activation: ’twincretins’. Diabetes Obes Metab 18, 847–854
(2016).
Finan, B. et al. Unimolecular dual incretins maximize metabolic benefits in rodents,
monkeys, and humans. Sci Transl Med 5, 209ra151–209ra151 (2013).
Day, J. W. et al. A new glucagon and GLP-1 co-agonist eliminates obesity in rodents.
Nat. Chem. Biol. 5, 749–757 (2009).
Finan, B. et al. A rationally designed monomeric peptide triagonist corrects obesity
and diabetes in rodents. Nat. Med. 21, 27–36 (2015).
Jall, S. et al. Monomeric GLP-1/GIP/glucagon triagonism corrects obesity, hepatosteatosis, and dyslipidemia in female mice. Molecular Metabolism 6, 440–446 (2017).
Clemmensen, C., Finan, B., Müller, T., DiMarchi, R. & Tschöp, M. H. A Monomeric Peptide Triagonist for the Treatment of Obesity and Diabetes. Abstract at 5th Annual ESPE
Barecelona, Spain. European Society for Paediatric Endocrinology (2015).

© 2018 Mercodia

WHEN ACCURACY MATTERS

Global Headquarters
Mercodia AB
Phone +46 18 57 00 70
Fax +46 18 57 00 80
E-mail info-europe@mercodia.com

www.mercodia.com

2018-01-31, Version 1.0, Article No 32-4257

www.mercodia.com

Sales Office USA

Sales Office France

Sales Office Germany

Mercodia Inc
Phone +1 (336) 725-8623
Fax +1 (336) 725-8673
E-mail info-usa@mercodia.com

Mercodia France SAS
Phone +33 6 13 38 4802
Fax +46 18 57 00 80
E-mail info-europe@mercodia.com

Phone +49 211 163 568 79
Fax +46 18 57 00 80
E-mail info-europe@mercodia.com

8

© 2018 Mercodia

