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Glucagon-like peptide-1 (GLP-1) and 

glucose-dependent insulinotropic 

polypeptide (GIP) are the two main incretin 

hormones that are released from the 

intestine in response to food intake. Both 

hormones stimulate glucose-dependent 

insulin secretion. Analogs of the incretin 

hormone GLP-1 are being used for the 

management of type 2 diabetes and are 

often accompanied by modest weight loss. 

Evidence from animal studies suggests that 

anti-obesity efficacy of GLP-1 can be 

enhanced by co-administration with the 

incretin hormone GIP. 

 

We here present data for novel balanced 

GLP-1-GIP receptor dual incretin agonists 

(DI) with varied pharmacokinetic properties. 

The pharmacodynamic effects of the DIs  

were  characterised in normal, diabetic and 

diet-induced obese mice. 
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The designed compounds are full dual agonists with EC50 values of 4-35 pM and 11-

40 pM, for the human GIP and GLP-1 receptors respectively (Table 1).  

 

By adjusting the linker, the length of fatty acid chain, functional group at the end of 

the fatty acid chain and a limited number of amino acid changes in the peptide 

sequence, it was possible to vary the terminal half-lives of the DI compounds in 

mice from 2 to 20 hours (after s.c. administration). 

Well-balanced dual agonists with large variation in pharmacokinetics 

 

Conclusions 
 

Co-activation of GLP-1 and GIP receptors are considered as a promising new strategy  for the 

treatment of obese type 2 diabetic patients.  The presented pharmacokinetic and pharmacodynamic 

results demonstrate the possibility to prolong the activity of GLP1-GIP dual agonists. The data show 

promise for the future development of a possible once-weekly GLP-1-GIP agonist drug candidate for 

the treatment of type 2 diabetes. 

Table 1: Effects of the tested DI compounds and Liraglutide (GLP-1-R agonist) on the GIP and 

GLP-1 receptors measured as cAMP formation in HEK293 stably expressing human GIP-R or 

GLP-1-R, the estimates are based on n=2-5 replicates. Terminal half-lives and Tmax estimated in 

mice after s.c. administration. 

The sub-chronic effects of dual agonists on body weight in diet-induced obese mice 

Figure 1: Pharmacokinetic profiles of DIs in mice after s.c. administration of 200 nmol/kg. DI-1, DI-2 and DI-3 

share the same amino acid sequence but differ in the linker, the length and the functional group at the end of 

the fatty acid chain. 
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Variable EC50 (pM) Efficacy (%) EC50 (pM) Efficacy (%) T½ (h) Tmax (h) 

DI-1 35 (±1) 101 (3) 31 (±8) 100 (±0) 3.7 2 

DI-2 4 (±1) 103 (3) 13 (±0.9) 101 (1) 2.0 2 

DI-3 9 (±0.3) 104 (3) 11 (±4) 102 (2) 13.1 8 

DI-4 24 (±9) 106 (5) 17 (±10) 88 (27) 14.1 2 

DI-5 16 (±9) 102 (4) 11 (±0) 99 (1) 20.2 8 

DI-6 7 (±2) 101 (2) 16 (±7) 102 (3) 15.1 8 

DI-7 16 (±5) 98 (4) 40 (±2) 99 (1) 11.8 8 

DI-8 12 (±3) 97 (4) 15 (±6) 99 (1) 17.1 8 

Liraglutide - - 27 (±6) 100 (1) 4.4 6 

Figure 3: Change in body weights (%) of DIO mice when dosed s.c. every 3rd day with 

vehicle or DIs from day 0 to day 18 (A). The average starting body weight of the mice 

were 45 grams. The total body weight change after 18 days is shown in B. Data are 

means with SEM (n=7-9/group). Statistics: total body weight changes were compared by 

1-way ANOVA followed by Dunnett's multiple comparison tests vs. vehicle group: 

**p<0.01, ***p<0.001. 

Figure 2: Change in body weights (%) of DIO mice when dosed s.c. twice-daily with vehicle, short-

acting DI, or liraglutide from day 0 to day 21 (A). The average starting body weight of the mice 

were 45 grams. The total body weight change after 21 days is shown in B. Data are means with 

SEM (n=9-10/group). Statistics: total body weight changes were compared by 1-way ANOVA 

followed by Dunnett's multiple comparison vests vs. vehicle group: ***p<0.001. Liraglutide and DI 

(25 nmol/kg) were compared by Students two-tailed, unpaired t-test: #p<0.05. 

DIs were evaluated for their sub-chronic effects on body weight in high-fat diet-induced obese (DIO) mice.  

 

The short-acting DI-1 and the GLP-1 receptor agonist Liraglutide have similar GLP-1 receptor activity and PK properties (Table 1). When dosed s.c. twice-daily to DIO mice for 21 days, DI-1 dose-dependently and 

significantly reduced body weight when compared to vehicle (-18 and -23% versus -2% for vehicle). At an equimolar dose (25 nmol/kg), DI-1 induced significantly greater weight loss than Liraglutide (Figure 2 A and B).  

 

DIs with extended half-lives (DI-4 to DI-8) were dosed s.c. only once every third day to DIO mice (Figure 3 A and B). All five tested DIs, at 3 nmol/kg, significantly reduced body weights after 18 days of treatment when 

compared to vehicle (between -9 and -14% versus -0.1% for vehicle).  
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Figure 4: Effect of a single s.c. administration of vehicle, DIs or GLP-1 receptor agonist liraglutide on blood glucose levels during an IPGTT in 5 h fasted normal mice (A 

and B) or db/db mice (C and D). Time profiles are shown in A and C and area under the blood glucose curves (AUCs) are shown in B and D. Vehicle and DIs were 

administered 22 h and liraglutide 4 h prior to the i.p. injection of glucose (2 g/kg for normal mice and 1.5 g/kg for db/db mice). Data are means with SEM (n=6-8/group). 

Statistics: AUCs were compared by 1-way ANOVA followed by Dunnett's multiple comparison tests vs. vehicle group: *p<0.05, ***p<0.001. 

Selected DIs with extended half-lives were evaluated for their acute effects in intraperitoneal glucose tolerance tests (IPGTT) 

in normal and diabetic db/db mice. Most of the DIs dose-dependently and significantly improved glucose tolerance in both 

mouse models when compared to vehicle. The DIs affected glucose tolerance 22 h after s.c. injection which is in accordance 

with their long systemic half-lives in mice. 


