
White paper

Important aspects to  
consider about GLP-1 and GIP
Reports showing that glucagon-like peptide (GLP-1) lowers glucose levels, and 
glucose-dependent insulinotropic polypeptide (GIP) stimulates insulin secretion 
led to the development of the first GLP-1 receptor agonist exenatide, followed by 
the dual GIP and GLP-1 receptor agonist tirzepatide. As we continue to learn about 
the actions of GLP-1 and GIP, the story keeps evolving. However, it is important to 
use accurate quantitative methods to ensure that scientists can precisely measure 
and analyze these molecules. 

This white paper focuses on some of the significant analytical factors that should 
be considered when measuring circulating GLP-1 and GIP.

Incretin hormones
The two major incretin hormones are glucagon-like peptide 
(GLP-1) and glucose-dependent insulinotropic peptide (GIP) [1,2]. 
Incretin hormones are released in the gut and stimulate glucose-
dependent insulin secretion in response to food intake. They 
execute their actions by binding to their respective receptors 
(GLP-1R and GIP-R) and activating signalling cascades 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 GIP and GLP-1’s ability to decrease glucose levels 
in a glucose-dependent manner by enhancing insulin secretion 
and suppressing the glucagon response, GIP and GLP-1 receptor 
agonists have attracted attention for their potential treating type 2 
diabetes mellitus (T2DM) patients [2,3]. However, in T2DM patients, 
the incretins effect is reduced despite their relatively normal 
secretion, where the insulinotropic effects of GLP-1 are mildly 
impaired and GIP has almost no acute insulinotropic activity [2].

It is important to mention that GIP and GLP-1 have been described 
as satiety-signalling hormones also [4,5]. Patients suffering from 
obesity 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 insulin [6,7,8]. In this scenario, the 
ability for GIP agonism to reduce GLP-1-induced illness behaviours 
may offer a solution in for the treatment of obesity and diabetes [5]. 
GLP-1 satiety-related signalling is likely to be mediated through 
the nervous system via the vagus nerve [9,10].

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, glicentin, 
oxyntomodulin, and major proglucagon fragment (MPGF). MPGF 
shares sequences with both GLP-1 and GLP-2, and it 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 post-translational 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. The L-cells secrete GLP-1 at low 
basal levels during fasting or interprandial state. Pancreatic 
α-cells primarily express PC2 while PC 1/3 is expressed at lower 
levels. They secrete glicentin-related pancreatic polypeptide 
(GRPP), MPGF, and glucagon [11,12] (Figure 1). Depending on 
the N-terminally truncated products, a glycine extended peptide 
GLP-1(7–37) and GLP-1(7–36) amide can be detected by the 
pancreatic receptor, and are the active species in vivo [12]. 

Processing of proGIP to GIP
The glucose-dependent insulinotropic peptide (GIP), the first 
incretin to be described, is a 42-amino-acid hormone secreted 
in response to food intake [13,14]. This incretin is derived from the 
post-translational processing of a 153-amino acid precursor 
encoded by the gip gene, proGIP, by PC1/3 in enteroendocrine K 
cells [15]. 
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GIP is a member of a family of structurally related hormones that 
includes secretin, glucagon, and vasoactive intestinal peptide [15]. 
It is synthesized and secreted from K cells of the upper small 
intestine and acts directly on pancreatic islets to stimulate insulin 
secretion from pancreatic β cells [13,14]. It has been shown however, 
that endogenous GIP may stimulate glucose-dependently insulin 
secretion in gastrectomized patients [13].

GLP-1 amidation
GLP-1(1-37) corresponds to amino acid residues 72-108 of 
proglucagon, an inactive form of GLP-1. For it to be active, 
needs to be further processed into GLP-1(7-37) or GLP-1(7-36) 
amide, 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-1 [16,17,18].

GLP-1(7-36) amide is the major secreted isoform from the gut in 
humans, and it has been shown that levels of circulating amidated 
GLP-1 change significantly upon stimulation, while the levels of 
glycine-extended GLP-1(7-37) remain relatively unchanged [13,16]. 
The amidated forms of GLP-1, (x-36) amide, rise in circulation 
postprandially, while there is very little change in the glycine-
extended isoforms (x-37)1 [16]. 

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 

Preproglucagon

Proglucagon 1-61 

Proglucagon

Glicentin

Oxyntomodulin

Proglucagon 1-61 

Post-translational
processing

GRPP

Glucagon

IP-1

GRPP Glucagon

GLP-2

Pcsk1 Pcsk2

GRPP Glucagon IP-1 GLP-1 IP-2 GLP-2PS

GRPP Glucagon IP-1 GLP-1 IP-2 GLP-2

GRPP Glucagon IP-1 Glicentin

Glucagon IP-1 Oxyntomodulin

GLP-1 GLP-1 (7-36) amide
GLP-1 (7-37)

GLP-1 GLP-2 MPGFIP-2

Proglucagon 1-61

GRPP

MPGF

Figure 1. Schematic processing of proglucagon, showing post-translational processing by Pcsk1 (brain and intestinal L-cells) or Pcsk2 (Pancreatic α-cells). 
PS: Signal peptide; GRPP: glicentin-related polypeptide; IP-1: intervening peptide-1; GLP-1: glucagon-like peptide-1; IP-2: intervening peptide-2; GLP-2: 
glucagon-like peptide-2; MPGF: major proglucagon fragment; PCSK1: prohormone convertase 1/3; PCSK2: prohormone convertase 2 (modified from [11,12]).

assays lack specificity to detect the amidated isoforms, and as 
a consequence these assays will underestimate the true levels 
of GLP-1 [18,19].

DPP-4 degradation of GLP-1
Upon stimulation, GLP-1(7-37) and GLP-1(7-36) amide are 
secreted. However, GLP-1 presents a short half-life of only a 
couple of minutes after been cleaved by the enzyme dipeptidyl 
peptidase IV (DPP-4), which is expressed near the site of GLP-1 
secretion from the enteroendocrine L-cells.

DPP-4 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 
effects [20,21,22]. Other studies point out that GLP-1R stimulation 
by exendin-4 [23] and treatment with GLP-1(9-36) amide have 
protective effects in neurodegenerative disease models improving 
stroke outcome by reducing the inflammatory response, in both 
cultured cells and animal models [24,25,26].

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 
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reflect the levels of secretion but also provide a better picture of 
the total effects of GLP-1 [27]. Detecting circulating GLP-1(9-36) 
amide provides information about the secretion of GLP-1 and 
that the brain received its signal via the vagus nerve [28]. Thus, 
studying both secretion and actions give better information and 
in a more comprehensive way. Certainly, for some applications, 
specific (7-36) amide assays may be needed, e.g., when studying 
DPP-4 inhibitors [29].

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 [19]. 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, and some only detected amidated GLP-1 [19]. This 
indicates that the variable performance of the tested assays 
should be considered 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 (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.

DPP-4 degradation of GIP
DPP-4 is a serine protease that rapidly inactivates the incretin 
peptides to modulate postprandial islet hormone secretion and 
glycemia [30]. This means that similarly to GLP-1, GIP has also a short 
half-life in plasma of approximately 7 minutes in healthy individuals, 
and 5 minutes in individuals with type 2 diabetes [31]. This is due 
to its inactivation by DPP-4 into GIP(3-42) [14]. Like GLP-1, GIP in 
circulation is degraded by cleavage of the N-terminal two amino 
acids very efficiently from DPP-4, this results in the elimination 
of the glucoregulatory action due to a decrease in the receptor’s 
affinity (GIP-R) [30].As described by Trzaskalski et al. degradation 
occurs within the vessels draining the mesentery and within the 
portal circulation and hepatic bed [30].

For detection of different fragments, some immunoassays 
have employed antisera directed towards the C-terminus or the 
mid-region of the GIP molecule. This means that such assays 
are unable to differentiate between intact GIP (1–42) and the 
N-terminally truncated peptide [32]. Nevertheless, the improvement 
of assays with time allowed further investigation of intact GIP and 
the cleaved form, making possible a better understanding of the 
actions in healthy humans. Moreover, this allowed a way to address 
to what extent DPP-4 played a physiological role in vivo [32].

When to measure total GLP-1  
and GIP?
Measurement of the products of proglucagon gene expression 
in plasma requires specific assays; as stated by professor 
Jens Juul Holst from the University of Copenhagen in his 2007 
review, “assays for at least eight different peptides, three from 
the pancreas (glucagon, GRPP, major proglucagon fragment) 
and five from the intestine (glicentin, oxyntomodulin, GLP-1, 
GLP-2, and intervening peptide 2)” [18]. Regarding GLP-1, almost 
all intestinal GLP-1 is amidated in humans, and assays directed 
against the amidated form are the only ones that could reliably 
measure intestinal GLP-1 secretion. However, a contribution of 
GLP-1 (1–36) amide from the pancreas cannot be excluded [18].

When it comes to GIP, different processing of the molecule 
together with later enzymatic cleavage of the circulating products 
may lead to the existence of several different immunoreactive 
fragments. Some of these fragments possess biological activity [32]. 
This results in a complicated task for the measurement of GIP 
levels in an accurate way, due to the cross-reactivity with multiple 
fragments. Thus, identifying the right assay for measuring intact 
GIP (1–42) K-cell secretion might be complicated because the 
primary (inactive) metabolite, GIP (3–42), is often expressed in 
higher levels [32]. 

Having in consideration the characteristics of GLP-1 and GIP, and 
the products obtained after the induced-degradation by DPP-4, 
it is important not only to understand the expression levels of the 
molecules, but also to regard the distribution of their receptors 
in different organs and tissues. It has been shown that there are 
seven specific-transmembrane G protein-coupled receptors for 
GIP and GLP-1. These can be found in the islets of Langerhans 
in the pancreas, in the brain, and in other tissues where GIP and 
GLP-1 can exert biological activities. This has been elegantly 
shown in a review by Nauck et al. in 2021 (Figure 2) [2]. 

Further, the measurement of the activity of GLP-1 and GIP can 
be relevant for different treatments. Such is the case of GIP 
receptor agonism and antagonism, which has been highlighted 
for reduce weight or prevent obesity [2]. Other treatments involve 
lowering the effects of DPP-4 by using DPP-4 inhibitors resulting 
in lowering glucose levels [30,32]. Similarly, the antagonism of 
the GLP-1 receptor with exendin 9–39, described to block the 
glucose-lowering and insulinotropic effects of DPP-4 inhibition 
(using sitagliptin or vildagliptin) in patients with T2DM [32]. In other 
cases, osteoclasts depletion through treatment with denosumab 
has been reported to reduce circulating DPP-4 and increase 
GLP-1 levels [30].

Other therapies have aimed for exploiting GLP-1 and GIP 
and their receptors, including agonists and antagonists, and 
combinations with GLP-1. This is the case of the dual glucose-
dependent insulinotropic polypeptides (GIP/GLP-1) receptor 
agonist tirzepatide. Tirzepatide is the most advanced unimolecular 
dual GIP/GLP-1 receptor agonist approved by the European 
Medicines Agency (EMA) for the treatment of T2DM patients [33].
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Figure 2. Biological effects of GLP-1 and GIP in different organs (modified from [2]).

Wide range of physiological 
actions
GLP-1 and GIP are being studied in many different research 
settings due to the variety of physiological processes where they 
seem to be involved. Although the pancreatic islet cells are the 
major targets for GLP-1, the molecule also inhibits gastrin-induced 
acid secretion [34], slows gastric emptying, inhibits motility of the 
stomach [35,36], and affects food intake and body weight [37]. 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 blood vessel dilates or expands when 
blood flow increases through it) and has cardiovascular protective 
effects [38], as well as other functions such as expansion and 
preservation of pancreatic β-cell mass [39,40,41], bone metabolism [42] 
and neuroprotection [43]. 

Similarly, GIP presents a variety of functions within different 
organs. In adipose tissue, GIP plays an important role ensuring 
that ingested lipids are preferentially targeted to adipocytes instead 
of the liver and pancreas, where they would cause lipotoxicity [14]. 
In the skeletal muscle, it has been suggested to facilitate the 
formation of new bone [14]. And in the central nervous system it has 
been shown to have neuroprotective effects in neurodegenerative 
diseases models of Alzheimer’s and Parkinson’s disease [14].

Different physiological levels of 
GLP-1 and GIP
GLP-1 circulates at low concentrations, where “fasting plasma 
concentrations of total GLP-1 (including metabolites generated 
by DPP-4 degradation) are typically in the range of 5-10 pmol/L 
and can increase up to 40 pmol/L in response to a meal” [44]. 
Since the GLP-1 levels in healthy individuals are low, there is a 
strong need for sensitive methods to accurately detect GLP-1 as 
a biomarker in human plasma. 

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, 
with concentrations up to 300 pmol/L [45,46]. 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 has been of interest 
to follow research in this field as more facts about GLP-1 and 
its actions are revealed. These findings have contributed 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.
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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 is 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 
rather the postprandial GLP-1 levels are significantly lower in the 
diabetic group [47,48]. This implies an impaired GLP-1 secretion in 
this group of patients.

For GIP, secretion levels have been described to be correlated to 
blood nutrient levels. This has been shown by analyzing fasting 
levels of GIP, which were measured at around 10 pmol/L, while 
after 1 hour of ingestion of carbohydrate and lipid-rich meals, 
peak up to 70-150 pmol/L [48,49]. Taking this into consideration, diet 
plays a role in GIP secretion and levels, where a high-fat diet 
has shown to increase the gip gene expression and hyperplasia 
resulting in increased levels in K cells and intestinal GIP [49]. This 
has been observed in other studies focused in T2DM patients, 
where it was found that the individuals presented increased 
fasting GIP levels compared to control groups [50,51].

Treatments addressing GLP-1  
and GIP
Due to the blood glucose lowering effect and the impact of GLP-1 
and GIP on several important metabolic processes, the interest 
in therapeutically targeting this system has expanded over the 
last decades. Since both GLP-1 and GIP are degraded by DPP-
4 within minutes of secretion, efforts have also been taken to 
develop drugs inhibiting the activity of DPP-4.

Currently the GLP-1 receptor agonists exenatide, liraglutide, 
dulaglutide, semaglutide, lixisenatide and tirzepatide have been 
approved and used for treatment of patients suffering from 
T2DM [52,53,54]. Similarly, several DPP-4 inhibitors (also known as 
gliptins) have been launched and approved in different parts of 
the world, including alogliptin, sitagliptin, vildagliptin, saxagliptin, 
teneligliptin, gemigliptin, linagliptin, anagliptin, denagliptin, 
omarigliptin, evogliptin and trelagliptin [52,55]. 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 GLP-1’s 
satiety-signaling effects. 

Taking into consideration the interaction between GLP-1 and GIP, 
research has focused as well on the creation of GIP analogs such 
as D-GIP1–30, N-AcGIP(LysPAL16) and N-AcGIP(LysPAL37) [49] 
and GIP receptor agonists and antagonists with peptides such 
as Acyl GIP, LA-agonist, GIPg013, 7, and mGIP-Ant-1 [56].

Additional strategies have been evaluated to further enhance 
the GLP-1 effect by developing dual agonists (e.g., GLP-1/GIP 
receptor agonists) [57,58,59]. Dual incretin agonists are sometimes 
referred to as “twincretins”, describing the combined activation 
of GLP-1- and GIP-receptors from one molecule. Among them 
MAR709 and tirzepatide, being tirzepatide considered “the first 
twincretin”. For tirzepatide, the molecule has been based on 
the human GIP sequence and in which GLP-1R residues were 
introduced to yield a fivefold greater potency at the human GIPR 
relative to GLP-1R [60,61].

Other dual targets have focused on combining studies of GLP-
1/glucagon combinational therapies, which have indicated 
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 agonist [62].

Other studies have focused on triple agonist treatment. In 2015, 
Brian Finan and colleagues published a study with a triple 
agonist acting on the GLP-1R, GIPR and glucagon receptor [63]. 
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 co-agonists and best available 
mono-agonists [63,64]. The positive results and the advantages 
observed with the dual agonist therapies have also reinvigorated 
the development of triagonist peptides [65]. As mentioned 
by Alessandro Pocai in his 2023 Review, it is possible that 
“addressing the translatability and the mechanism(s) involved 
in the anti-emetic actions of GIP, may lead to next generation 
therapeutics without the onerous titration and the tolerability 
issues of current therapeutics” [65].

Conclusions
In the last few years, expansion within the incretin field has led to 
new insights about GLP-1 and GIP function and relevance. The 
key role of these two molecules in many metabolic processes 
and the complex physiological interplay they present, has 
opened a window for new promising therapeutic approaches 
to the treatment of diabetes and obesity. To continue these 
advancements, methods to measure GLP-1 and GIP must 
be chosen carefully and the high demands for specificity and 
sensitivity must be met.
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