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Abstract

� Insulin aspart is a recombinant analogue of human in-
sulin. Following subcutaneous insulin injection (0.15 to
0.2 U/kg), significantly higher serum insulin concentra-
tions are achieved in a shorter time with insulin aspart
than with human insulin. The subsequent decline in se-
rum insulin concentrations is also more rapid with in-
sulin aspart.

� In healthy individuals undergoing euglycaemic glucose
clamp testing, glucose infusion rates were higher and
reached maximum concentrations significantly earlier
after insulin aspart than after human insulin.

� Interindividual variability in pharmacodynamic and
pharmacokinetic parameters with insulin aspart was
generally less than that with human insulin, whereas the
intraindividual variability in these parameters was sim-
ilar after each insulin.

� In patients with type 1 diabetes postprandial glucose ex-
cursions were less pronounced with insulin aspart than
human insulin. Daytime glucose control was better and
minimum glucose levels during the night were not as
low with insulin aspart as with human insulin.

� In diabetic patients treated with insulin aspart there was
generally a lower frequency of hypoglycaemic events
than in patients treated with human insulin.
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Features and properties of insulin aspart
(B28-Asp)

Indications

Type 1 & type 2 diabetes
mellitus

Late phase III clinical trials

Mechanism of action

Recombinant insulin analogue Ornithine carboxylase,
phosphokinase and tyrosine
kinase stimulant

Dosage and administration

Usual dosage in clinical trials 0.15 to 0.20 U/kg bodyweight

Route of administration Subcutaneous

Frequency of administration Before each main meal

Pharmacokinetic profile (after 0.15 to 0.20 U/kg)

Peak plasma concentration 334 to 514 pmol/L

Time to peak plasma
concentration

32 to 71 min

Area under the plasma
concentration-time curve for
0 to 2 hours

3.23 nmol/L • 120 min

Area under the plasma
concentration-time curve for
0 to 10 hours

4.33 nmol/L • 600 min

Adverse events

Most frequent Hypoglycaemia



The current treatment of choice for patients with
type 1 diabetes mellitus is the injection of human
insulin approximately 30 minutes before a meal.
This time delay is inconvenient and reduces patient
compliance and treatment consistency. Advances
in recombinant DNA technology have led to the
production of several insulin analogues with single
or multiple substitutions in the A or B chains of
human insulin. Some of these analogues are more
rapidly absorbed from the injection site than hu-
man insulin because of a lower tendency for self-
association into hexameric complexes. This results
in an earlier glucose-lowering effect, avoiding the
need for a time delay between the injection and the
meal and more accurately mimics the physiological
action of insulin in response to food.

Insulin aspart (human insulin B28 Asp), in which
the proline at position B28 of the insulin molecule
is replaced with a negatively charged aspartic acid
residue, is a novel short-acting insulin analogue
which consists of a mixture of monomers and di-
mers in solution.

1. Pharmacodynamic Profile

• In a human hepatoma cell line (Hep-G2 cells)
insulin aspart had an association rate constant of
3.3× 105 and a dissociation rate constant of 2.8× 10–4;
which were similar to the values for human insulin
(3.3 × 105 and 2.5× 10–4, respectively).[1]

• The in vitro and in vivo potencies of insulin
aspart were similar to those of human insulin as
assessed by displacement of125I-insulin into Hep-
G2 cells (79%vs human insulin),[2] incorporation

of [3H]glucose into lipids (99%)[2] or rat aortic
smooth muscle cells [concentration producing
50% maximal effect (IC50) of 5.4vs8.9 pmol/L][3]

or a blood glucose assay in mice (104%).[2] How-
ever, potency was 104% greater than that of human
insulin according to activation of the receptor tyro-
sine kinase from Hep-G2 cells.[4]

•= Glucose infusion rates (GIR) were higher and
reached maximum levels significantly earlier after
insulin aspart than after human insulin. This was
shown in 4 studies in healthy male volunteers (n =
8 to 24) undergoing euglycaemic glucose clamp
testing. Two were double-blind,[5,6] but informa-
tion regarding blinding was not stated in the re-
mainder.[7,8] Monitoring for 4 to 10 hours after
doses of 0.15 to 0.20 U/kg revealed values for max-
imum glucose infusion rate (GIRmax) ranging from
10.2 to 12.2 mg/kg/min after insulin aspart and 8.4
to 10.6 mg/kg/min after human insulin. The times
to reach maximum glucose infusion rate [tmax(gluc)]
were between 104 and 108 minutes, and 146 and
165 minutes and the times to reach 50% of the max-
imum glucose infusion rate [early t50%(gluc)] were
between 41 and 44 minutes, and 58 and 65 minutes
for insulin aspart and human insulin, respec-
tively.[5-8]

• Results of 2 trials, not using a glucose clamp
technique, and involving 19 and 7 male volunteers
who had fasted overnight, also indicated that greater
and earlier decreases in plasma glucose concentra-
tions are achieved after insulin aspart than after
human insulin.[9,10] Monitoring for 8 hours after a
single injection of either insulin aspart or human
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insulin (0.1 U/kg) revealed maximum changes in
plasma glucose concentration of –2.1 versus –1.4
mmol/L (p < 0.0001) after 94 or 226 minutes (p <
0.0001), respectively, in one study,[9] and –2.9 ver-
sus –1.9 mmol/L (p < 0.001) after 65 or 201 min-
utes (p < 0.005), respectively, in the other.[10]

• In several studies the area under the glucose in-
fusion rate curve (AUCgluc) after insulin aspart was
significantly greater than after human insulin in the
first 2 hours but equivalent to human insulin over
longer periods.[5-8] In a representative double-blind
study in 24 male volunteers (undergoing euglycae-
mic glucose clamp testing) given 0.2 U/kg insulin
aspart or human insulin, the AUCgluc was initially
greater with insulin aspart (0 to 2 hours: 0.76vs
0.45 g/kg/120 min in human insulin recipients, p <
0.001). However, because of a more rapid return of
glucose activity toward baseline levels, as measur-
ed by the time to decline to 50% of maximum glu-
cose concentrations [late t50%(gluc)] [256 vs337 min,
p < 0.001], the AUCgluc values over the entire 10
hour study period for the 2 insulins were not sig-
nificantly different (2.48vs2.46 g/kg/600 min).[6]

• Similarly, after 8 hours there was no significant
difference between the area between the baseline
plasma glucose level and the plasma glucose concen-
tration-time curve after insulin aspart and human
insulin (445vs 436 mmol/L• min) in a double-
blind, crossover study in which 19 evaluable fasting
male volunteers not under glucose clamp condi-
tions were given 0.1 U/kg of each insulin prepara-
tion.[9]

• The mean intraindividual variability of pharma-
codynamic parameters after treatment with insulin
aspart (n = 10) and human insulin (n = 9) [0.2 U/kg
each] was similar (≈25%) between 60 and 360 min-
utes after injection in volunteers. The interindivid-
ual coefficient of variation values (CVs) were≈30
to 50% for both insulins and the interindividual CVs
for several main pharmacodynamic parameters were
significantly less for insulin aspart than human in-
sulin.[8]

• Insulin aspart reduced postprandial glucose ex-
cursions to a greater extent than human insulin in
patients with type 1 diabetes (n = 6 to 24) in 3
crossover trials (2 double-blind[11,12] and 1 in which
blinding was not stated[13]). For example, peak in-
cremental increases in glucose levels after 72 nmol
(≈12 U) of either human insulin (30 minutes before
a meal) or insulin aspart (immediately before a
meal) were significantly lower in the 4-hour period
following the meal in insulin aspart recipients
than human insulin recipients (3.6 mmol/Lvs6.3
mmol/L, p < 0.02). The AUCgluc from 0 to 240
minutes after insulin aspart was 315 mmol/L• min,
compared to 737 mmol/L• min after human insulin
(p < 0.02).[13] In another study that used the same
administration schedule (dose not stated) glucose
excursion with insulin aspart was 32% less than
that after human insulin administered 30 minutes
before the meal (p < 0.0001) and 16% less than that
after human insulin given immediately before the
meal (p < 0.02).[11] When individualised doses of
the 2 insulins were both delivered immediately be-
fore the meal, maximum blood glucose levels of 9.3
versus 12.8 mmol/L were reached in 60 and 90
minutes after insulin aspart and human insulin, re-
spectively.[12]

• In patients with type 2 diabetes administration
of insulin aspart immediately prior to a meal re-
sulted in improved postprandial glucose control
compared with human insulin at the same time
(hIns0), but similar control to human insulin ad-
ministered 30 minutes before the meal (hIns30).
Glucose excursion from 0 to 6 hours was signifi-
cantly smaller after insulin aspart (899 mmol/L•

min) than after hIns0 (1101 mmol/L• min; p =
0.01), but not different from that after hIns30 (868
mmol/L • min). Maximum serum glucose concen-
tration was also significantly lower after insulin
aspart than after hIns0 (10.8 vs 12 mmol/L; p <
0.02), but similar to hIns30 (11 mmol/L).[14]

• There was less variability in postprandial glu-
cose levels after insulin aspart than after human
insulin for 2 of 3 meals over 24 hours in a random-
ised, double-blind, sequential study in 11 male
patients with type 1 diabetes. Insulin doses were
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adjusted to keep blood glucose levels between 4.0
and 7.0 mmol/L. Mean increases in plasma glucose
levels after the morning and afternoon injection of
insulin aspart were significantly less than those af-
ter human insulin. Conversely, there was no signif-
icant difference between treatments after the noon
injection (fig. 1). The mean time to reach maximum
glucose levels after breakfast was 55 minutes with
insulin aspart treatment, which was not signifi-
cantly different from that with human insulin (74
minutes). Similar findings were reported after other
mealtimes (values not reported).[15]

2. Pharmacokinetic Profile

• In scintigraphic studies in rats, insulin aspart
was taken up into the liver and kidneys in a pattern
similar to that of human insulin.[16]

• Insulin aspart was absorbed approximately
twice as fast as human insulin in 7 male volunteers
randomly given a subcutaneous dose of each insu-
lin (0.6 nmol/kg ≈ 0.1 U/kg) in a randomised,
crossover trial (blinding not stated). The time to
50% residual radioactivity at the injection site was
83 minutes after insulin aspart compared with 182
minutes after human insulin.[10]

• Serum insulin levels were significantly higher and
maximum levels were attained significantly earlier
following treatment with insulin aspart than with
human insulin in healthy volunteers. In studies that
did not use glucose clamping, in which individuals
fasted overnight, maximum serum concentrations
[Cmax(ins)] after insulin aspart versus human insulin
(0.1 U/kg) were 246 versus 108 pmol/L (p <
0.0001) in one study[9] and 227 versus 133 pmol/L
(p < 0.005) in another;[10] the time to Cmax(ins)

[tmax(ins)] values were 52 and 145 minutes (p <
0.0001)[9] and 39 and 80 minutes (not significant),
respectively.[10] In individuals under euglycaemic
glucose clamp conditions, Cmax(ins) values ranged
from 334 to 514 pmol/L and were achieved 48 to
71 minutes after insulin aspart (0.15 to 0.20 U/kg),
whereas serum insulin concentrations after human
insulin (same dose) plateaued at 45 to 60 minutes
before Cmax(ins)values of 195 to 288 pmol/L were
attained after 97 to 133 minutes in 4 crossover trials
(2 double-blind[5,6] and 2 in which blinding was not
stated[7,8]).

• After Cmax(ins) was attained, serum insulin con-
centrations declined more rapidly after injection of
insulin aspart than after human insulin. Results
from 10-hour observations of male volunteers (n = 8
and 24) enrolled in crossover studies (1 double-
blind,[6] 1 in which blinding was not stated[7])
showed that serum insulin concentrations had re-
turned to baseline values 311 or 343 minutes after
insulin aspart (0.2 U/kg), significantly earlier (p <
0.001) than after the same dose of human insulin
(474 or 496 minutes). Mean residence time in a
double-blind crossover trial in 19 male volunteers
was 149 minutes after insulin aspart (0.1 U/kg),
compared with 217 minutes after the same dose of
human insulin (p < 0.0001).[9]

• The area under the concentration time curve
for serum insulin (AUCins) soon after injection was
greater after insulin aspart than after human insu-
lin. However, over longer time periods the values
for the 2 insulins were similar.[6-8] Results from a
representative double-blind, crossover trial in which
24 healthy male volunteers were observed under
euglycaemic glucose clamp conditions over 10
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Fig. 1. Blood glucose variations over 24 hours in 90 patients with

type 1 diabetes after 4 weeks treatment with insulin aspart or hu-

man insulin (mean doses 40.9 and 39.7 U/day, respectively) in a

multicentre, randomised, double-blind, crossover trial.[15] *p < 0.02

versus insulin aspart.
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hours showed that AUCins values between 0 and 2
hours after insulin aspart (0.2 U/kg) were signifi-
cantly greater than those after the same dose of
human insulin (3.23vs1.75 nmol/L• 120 min, p <
0.001). However, when the entire 10-hour period
was considered AUCins values for each insulin
preparation were similar (4.33vs4.75 nmol/L• 600
min).[6] Results from non-glucose-clamped male
volunteers, who had fasted overnight (n = 19), in-
dicated that AUCins values from 0 hours to∞ were
similar following treatment with 0.1 U/kg of either
insulin aspart or human insulin (6740± 1294 vs
6961± 4192 mU/L• min).[9]

• After insulin aspart (0.2 U/kg) there was lower
intraindividual variability in tmax(ins)and lower in-
terindividual CVs in Cmax(ins), tmax(ins)and AUCins

over 0 to 2 hours than after the same dose of human
insulin in 10 and 9 healthy volunteers, respec-
tively.[8]

• Cmax(ins) values were significantly higher and
were reached significantly earlier after insulin as-
part than after human insulin in patients with type
1 diabetes in 3 crossover trials (2 double-blind,[11,12]

1 in which blinding was not stated[13]). For exam-
ple, plasma free insulin concentrations peaked at
32 minutes after injection of 72 nmol (≈ 12 U)
insulin aspart (administered immediately before a
meal) compared with 111 minutes after the same
dose of human insulin (given 30 minutes before a
meal) [p < 0.05]. The 30-minute postmeal free in-
sulin concentrations were also significantly higher
after insulin aspart than after human insulin (414
vs 157 pmol/L, p < 0.001).[13] In another study
which used the same administration schedule (dose
not stated) a Cmax(ins)value of 493 pmol/L after 39
minutes was achieved after insulin aspart com-
pared with 239 pmol/L (p < 0.0001) after 85 min-
utes (p < 0.01) after human insulin.[11] When in-
dividualised doses of both insulins were given
immediately before the meal, serum free insulin
concentrations peaked at 356.0 pmol/L 45 minutes
after injection of insulin aspart, whereas after hu-
man insulin, concentrations peaked at 252.6
pmol/L 90 minutes after injection.[12] AUCins val-
ues were 264 mol/L• min and 196 mol/L• min, re-

spectively, for insulin aspart and human insulin
(p < 0.05).[12]

3. Therapeutic Potential

• The efficacy of insulin aspart has been evalu-
ated in a multicentre, randomised, double-blind,
crossover trial in 90 patients with type 1 diabetes.
Insulin aspart or human insulin were administered
for 4 weeks each, before each meal to optimise
blood glucose control (mean dose 40.9 U/day in-
sulin aspart; 39.7 U/day human insulin). Over a
24-hour period, the glucose excursion outside the
range of 4.0 to 7.0 mmol/L was significantly less
pronounced (22% less) with insulin aspart than
with human insulin. Mean 24-hour AUCgluc values
outside the range of 4.0 to 7.0 mmol/L were calcu-
lated as 4713 mmol/L• min after insulin aspart and
5260 mmol/L• min after human insulin (p <
0.01).[17] However, serum fructosamine levels
were not significantly different between insulin
treatments (insulin aspart 3.76 mmol/Lvs human
insulin 3.82 mmol/L) indicating no difference in
blood glucose control. Daytime glucose control, as
assessed by maximum and minimum glucose lev-
els, was better with insulin aspart than with human
insulin, whereas during the night minimum glu-
cose levels were not as low with insulin aspart as
with human insulin (fig. 2).[17]

4. Tolerability

• The incidence of hypoglycaemic events after
administration of insulin aspart was similar or less
frequent than after human insulin in double-blind,
randomised, crossover trials of single, individual-
ised doses of insulin aspart or human insulin before
a meal.[12,15]A total of 16 hypoglycaemic events (8
after each insulin) with blood glucose levels≤3.3
mmol/L occurred in 9 patients out of 14 in 1
study.[12] In contrast, there were significantly more
hypoglycaemic events after human insulin (17 in
10 patients) than after insulin aspart (11 in 17 pa-
tients, p < 0.05) in another trial.[15]

• In a double-blind, randomised study involving
16 patients with type 1 diabetes receiving 2.0
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mU/kg/min of either human insulin or insulin asp-
art (a dosage selected to induce hypoglycaemia), it
was shown that the sympatomatic and physiologi-
cal responses to hypoglycaemia induced by the 2
insulins did not differ significantly. Heart rate, sys-
tolic blood pressure, hypoglycaemia symptoms and
counterregulatory hormone levels were similar in
each case.[18]

• The total number of hypoglycaemic events
was similar after both insulins in a randomised,
double-blind trial including 90 patients with type 1
diabetes given insulin at doses intended to optimise
blood glucose control (mean dose 40.9 æ 13.6
U/day insulin aspart; 39.7± 13.5 U/day human in-
sulin) before each main meal for 4 weeks. How-
ever, there were significantly fewer major hypo-
glycaemic episodes (in which the patient required
help from a third party) with insulin aspart than
with human insulin (20 events in 16 subjectsvs44
events in 24 subjects, p < 0.002). Furthermore, the
incidence of hypoglycaemic events during the last
2 weeks of the study with insulin aspart was half
that with human insulin (11vs 22 events, p <
0.05).[17]

• In the above study, 81 adverse events (excluding
mild to moderate hypoglycaemia) were reported
with insulin aspart compared to 66 adverse events
with human insulin (no significant difference). Of
these only 5 and 8 of the reported events with in-
sulin aspart and human insulin, respectively, were
assessed as bearing some relationship to insulin.
With insulin aspart these included fatigue, anor-
exia, vomiting, pyrexia and hypoglycaemia with
convulsions, whereas after human insulin, serious
adverse events included confusion and hypogly-
caemia with convulsions. Measurements of insulin
antibodies were made in 83 individuals before and
after the trial and the difference in change from
baseline (i.e., change with insulin aspart minus the
change with human insulin) was not significant be-
tween treatments (0.4± 3.0%).[17]

5. Insulin Aspart: Current Status 

Insulin aspart is a recombinant analogue of hu-
man insulin that is in late phase clinical trials. It has
shown clinical efficacy and a faster onset of action
in the treatment of type 1 diabetes and may provide
better glucose control than normal human insulin.
Insulin aspart is well tolerated.

References
1. Drejer K, Kruse V, Larsen UD, et al. Receptor binding and

tyrosine kinase activation by insulin analogues with extreme
affinities studied in human hepatoma HepG2 cells. Diabetes
1991 Nov; 40: 1488-95

2. Volund A, Brange J, Drejer K, et al.In vitro andin vivopotency
of insulin analogues designed for clinical use. Diabet Med
1991 Nov; 8: 839-47

3. Bornfeldt KE, Gidlöf RA, Wasteson A, et al. Binding and bio-
logical effects of insulin, insulin analogues and insulin-like
growth factors in rat aortic smooth muscle cells. Comparison
of maximal growth promoting activities. Diabetologia 1991
May; 34: 307-13

4. Drejer K. Bioactivity of insulin analogues. In: Berger M, Gries
FA, editors. Frontiers in insulin pharmacology: international
symposium, Hamburg. Stuttgart: Georg Thieme Verlag, 1993:
17-27

5. Heinemann L, Heise T, Jorgensen LN, et al. Action profile of
the rapid acting insulin analogue: human insulin B28Asp. Di-
abet Med 1993 Jul; 10: 535-9

6. Heinemann L, Kapitza C, Starke AAR, et al. Time-action profile
of the insulin analogue B28Asp. Diabetic Med 1996 Jul; 13:
683-4

7. Heinemann L, Weyer C, Rave K, et al. Comparison of the time-
action profiles of U40- and U100-regular human insulin and
the rapid-acting insulin analogue B28 Asp. Exp Clin En-
docrinol Diabetes 1997; 105: 140-4

0

2

4

6

8

10

12

14

16

18

B
lo

od
 g

lu
co

se
 le

ve
l (

m
m

ol
/L

)

*

*

* *

*

0830-1300 1330-1700 1800-2200 2300-0800

Time (hours)

Insulin aspart
Human insulin

Fig. 2. Mean increase in plasma glucose levels in 11 patients with

type 1 diabetes after pre-meal treatment with either insulin aspart

or human insulin. Doses were individually adjusted throughout a 1

day study period in this randomised, double-blind, sequential

study.[17] *p < 0.05 versus insulin aspart.

764 Simpson & Spencer

 Adis International Limited. All rights reserved. Drugs 1999 May; 57 (5)



8. Heinemann L, Weyer C, Rauhaus M. Variability of the metabo-
lic effect of soluble insulin and the rapid-acting insulin analog
insulin aspart. Diabetes Care 1998 Nov; 21 (11): 1910-4

9. Home P, Barriocanal L, Lindholm A. Comparative pharmaco-
kinetics and pharmacodynamics of the novel rapid-acting in-
sulin analogue, insulin aspart, in healthy volunteers. Eur J
Clin Pharmacol (In press)

10. Kang S, Brange J, Burch A, et al. Absorption kinetics and action
profiles of subcutaneously administered insulin analogues
(AspB9GluB27, AspB10, AspB28) in healthy subjects. Diabetes
Care 1991 Nov; 14: 1057-65

11. Lindholm A, McEwen J, Riis A. Significantly improved post-
prandial glycaemic control with the novel rapid-acting insulin
aspart [abstract]. Diabetologia 1998 Aug; 41 Suppl. 1: A49

12. Wiefels K, Hübinger A, Dannehl K, et al. Insulinkinetic and
-dynamic in diabetic patients under insulin pump therapy af-
ter injections of human insulin or the insulin analogue
(B28Asp). Horm Metab Res 1995; 27: 421-4

13. Kang S, Creagh FM, Peters JR, et al. Comparison of subcuta-
neous soluble human insulin and insulin analogues (AspB9,
GluB27; AspB10; AspB28) on meal-related plasma glucose ex-
cursions in type I diabetic subjects. Diabetes Care 1991 Jul;
14: 571-7

14. Rosenfalck AM, Thorsby P, Kjems L, et al. Effects of the rapid-
acting insulin analogue insulin aspart on postprandial glycae-
mic excursions compared to human soluble insulin actrapid
given immediately or 30 minutes before a meal in insulin

treated type 2 diabetes patients. Acta Diabetologica [ab-
stract]. 1998; 35 (4): 246

15. Lutterman J, Pijpers E, Netten P, et al. Glycaemic control in
IDDM patients during one day with injection of human insu-
lin or the insulin analogues insulin X14 and insulin
X14(+Zn). In: Berger M, Gries F, editors. Frontiers in insulin
pharmacology: international symposium, Hamburg. Stutt-
gart: Thieme Medical Publishers, 1993: 102-9

16. Jensen I, Kruse V, Larsen UD. Scintigraphic studies in rats:
kinetics of insulin analogues covering wide range of receptor
affinities. Diabetes 1991; 40 (5): 628-32

17. Home P, Lindholm A, Hylleberg B. Improved glycemic control
with insulin aspart - a multicenter randomized double-blind
crossover trial in type 1 diabetic patients. Diabetes Care 1998
Nov; 21 (11): 1904-9

18. Ewing FME, Frier BM. Comparison of the physiological and
symptomatic responses to hypoglycaemia induced by human
soluble insulin and the insulin analogue aspart in patients with
type 1 diabetes [abstract]. Diabetic Med 1998; 15 Suppl. 2: S34

Correspondence: Kerryn L. Simpson, Adis International
Limited, 41 Centorian Drive, Private Bag 65901, Mairangi
Bay, Auckland 10, New Zealand.
Email: demail@adis.co.nz

Insulin Aspart: New Drug Profile 765

 Adis International Limited. All rights reserved. Drugs 1999 May; 57 (5)


	Contents 759
	Abstract 759
	1. Pharmacodynamic Profile 760
	2. Pharmacokinetic Profile 762
	3. Therapeutic Potential 763
	4. Tolerability 763
	5. Insulin Aspart: Current Status 764
	References 764
	Correspondence 765
	Email 765

