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The addition of mealtime coverage is needed 
when basal insulin is no longer enough
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This may lead to hypoglycaemia 
if food changes or meals are missed

Mealtime insulin response is missing; high 
postprandial readings at every meal

Garber et al. DOM 2009;11(Suppl. 5):14 -8



Rationale for combining basal and bolus 
insulin in a single injection

ÅType 2 diabetes is a progressive disease

ÅThe addition of insulin to provide mealtime coverage is needed when basal insulin is 
no longer enough 1

ÅExisting basal and bolus regimens offer basal and precise postprandial glucose 
control but as separate injections 2,3

ÅA combination of basal and bolus insulin could allow for a simple regimen with fewer 
injections 2

1. Garber et al. Diabetes Obes Metab 2009;11( suppl 5):14 ï18; 2. Inzucchi et al. Diabetes Care 2012;35:1364 ï1379; 
3. Nathan et al. Diabetes Care 2009;32:193 ï203



The insulin co - formulation concept
Mimicking physiological responses

For illustrative purposes only

Action profile of todayôs 
modern insulins

Targeted action profiles 
of future insulins



Challenges with co - formulating IDet or IGlar U100 with 
rapid - acting analogues

IAsp, insulin aspart; IDet, insulin detemir; IGlar U100, insulin glargine U100; PD, pharmacodynamic; PK, pharmacokinetic
1. Lantus ® US Prescribing Information. Sanofi April 2010; 2. Jonassen et al. Pharm Res 2012;29:2104 ï14

IDet IAsp
Mixed hexamers

pH 7.00.0 14.0

IGlar U100 is soluble 
at pH 4

Rapid - acting analogue
soluble at pH 7.4

IGlar U100 is soluble at pH 4 and designed to microprecipitate at neutral pH (7.4) in subcutaneous 
tissue, whereas commercially available rapid - acting analogues are soluble at pH 7.4 1

IGlar U100

IDet

When IDet is co - formulated with commercially available rapid - acting analogues under
standard conditions, mixed hexamers form with unsuitable PK/PD profiles 2



[ Phenol;     Zn 2+ ]

IDegAsp
Mode of protraction at steady state

Phenol diffuses quickly , and IDeg
dihexamers link up via single side -chain 
contacts to form long multi - hexamers

Subcutaneous depot

IDegAsp co - formulation

Injected into the subcutaneous 
space

IDeg dihexamer IAsp hexamer

Zinc diffuses slowly causing individual IDeg
hexamers to disassemble, releasing monomers 

slowly

IAsp monomers are released into the 
circulation rapidly

IAsp , insulin aspart; IDeg, insulin degludec; IDegAsp , insulin degludec/insulin aspart; Zn, zinc
Jonassen et al. Pharm Res 2012;29:2104 ï14



Co- formulation of IDeg with rapid - acting insulin 
possible because of stable dihexamers in solution

IAsp , insulin aspart; IDeg , insulin degludec; IDegAsp, insulin degludec/insulin aspart
Havelund et al. Pharm Res 2015;32:2250 ï8

In the subcutaneous depot

Slow 
dissociation

Subcutis

Capillary

Rapid 
dissociation

IDeg IAsp

IDeg dihexamers IAsp hexamers

In the formulation

IDegAsp = IDeg (70%) + IAsp (30%) 
existing separately in one formulation


