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Abstract

Features and properties of insulin aspart
A Insulin aspart is a recombinant analogue of human in- (B28-Asp)

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-

Indications

Type 1 & type 2 diabetes Late phase IlI clinical trials
mellitus

Mechanism of action

sulin aspart. Recombinant insulin analogue Ornithine carboxylase,
T . . phosphokinase and tyrosine
A In healthy individuals undergoing euglycaemic glucose P el

clamp testing, glucose infusion rates were higher and

reached maximum concentrations significantly earlier |2°529€ and administration

after insulin aspart than after human insulin. Usual dosage in clinical trials 0.15 to 0.20 U/kg bodyweight
A Interindividual variability in pharmacodynamic and | R0t of administration SUESIEMEOE
pharmacokinetic parameters with insulin aspart was) ~"équency of administration Before each main meal
generally less than that with human insulin, whereas the Pharmacokinetic profile (after 0.15 to 0.20 U/kg)
intraindividual variability in these parameters was Sim- | peak plasma concentration 334 to 514 pmol/L
ilar after each insulin. Time to peak plasma 32to 71 min
A In patients with type 1 diabetes postprandial glucose ex{concentration
cursions were less pronounced with insulin aspart thar| Area under the plasma 3.23 nmol/L + 120 min

human insulin. Daytime glucose control was better and|concentration-time curve for
minimum glucose levels during the night were not as| 22 fours .
low with insulin aspart as with human insulin. Area under the plasma 4.33 nmol/L. + 600 min
concentration-time curve for
A Indiabetic patients treated with insulin aspart there wag o to 10 hours
generally a lower frequency of hypoglycaemic events

. . . K . Adverse events
than in patients treated with human insulin.

Most frequent Hypoglycaemia
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Insulin aspart

The current treatment of choice for patients with of [3H]glucose into lipids (99%3! or rat aortic
type 1 diabetes mellitus is the injection of human smooth muscle cells [concentration producing
insulin approximately 30 minutes before a meal. 50% maximal effect (IG) of 5.4vs8.9 pmol/LJ3
This time delay is inconvenient and reduces patientor a blood glucose assay in mice (104%}ow-
compliance and treatment consistency. Advancever, potency was 104% greater than that of human
in recombinant DNA technology have led to the insulin according to activation of the receptor tyro-
production of several insulin analogues with single sine kinase from Hep-G2 cell¥.

or multiple substitutions in the A or B chains of . . .
; . * Glucose infusion rates (GIR) were higher and
human insulin. Some of these analogues are more

. L . Feached maximum levels significantly earlier after
rapidly absorbed from the injection site than hu- 9 y

. : insulin aspart than after human insulin. This was
man insulin because of a lower tendency for self- - L _
shown in 4 studies in healthy male volunteers (n =

. . . - 3B to 24) undergoing euglycaemic glucose clamp
in an earlier glucose-lowering effect, avoiding the testing. Two were double-blin@$! but informa-

need for a time delay between the injection and the

s . . _tion regarding blinding was not stated in the re-
meal and more accurately mimics the physiological . 7.8] I
. : - mainder’-81 Monitoring for 4 to 10 hours after
action of insulin in response to food.

. . . . . dosesof0.15t0 0.20 U/kg revealed values for max-
Insulin aspart (human insulin B28 Asp), in which imum glucose infusion rate (G|R,) ranging from
the proline at position B28 of the insulin molecule 9 ging

. : : ; - 10.2 to 12.2 mg/kg/min after insulin aspart and 8.4
is replaced with a negatively charged aspartic aci . . . :

: : S : to 10.6 mg/kg/min after human insulin. The times
residue, is a novel short-acting insulin analogue

. . . .“to reach maximum glucose infusion ratgftgic]
wh|ch. COﬂSIS.tS of a mixture of monomers and di- were between 104 and 108 minutes, and 146 and
mers in solution.

165 minutes and the times to reach 50% of the max-
imum glucose infusion rate [earl¥ghygiuc] Were
between 41 and 44 minutes, and 58 and 65 minutes

« In a human hepatoma cell line (Hep-G2 cells) fpr insulin aspart and human insulin, respec-
insulin aspart had an association rate constant ofively.l>8l

3.3x 10° and a dissociation rate constant of 2. 80
which were similar to the values for human insulin
(3.3x 105 and 2.5x 104, respectivelyjl!

1. Pharmacodynamic Profile

» 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

e Thein vitro andin vivo potencies of insulin

and earlier decreases in plasma glucose concentra-

aspart were similar to those of human insulin astions are achieved after insulin aspart than after

assessed by displacementt&i-insulin into Hep-
G2 cells (79%vs human insulin}2! incorporation

O Adis International Limited. All rights reserved.

human insulir?: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 * Insulin aspart reduced postprandial glucose ex-
plasma glucose concentration of —2.1 versus —1.4&ursions to a greater extent than human insulin in
mmol/L (p < 0.0001) after 94 or 226 minutes (p < patients with type 1 diabetes (n = 6 to 24) in 3
0.0001), respectively, in one stuyand —2.9 ver- ~ crossover trials (2 double-blifid!2land 1 in which

sus —1.9 mmol/L (p < 0.001) after 65 or 201 min- blinding was not statét?!). For example, peak in-
utes (p < 0.005), respectively, in the otfét. cremental increases in glucose levels after 72 nmol

| | studies th der the al . (=12 U) of either human insulin (30 minutes before
n severaistudies the area under the giucose in; meal) or insulin aspart (immediately before a

“_‘S"?f_‘ rate curve (AUg) after insulin f';\spart \_/vas meal) were significantly lower in the 4-hour period
significantly greater than after human insulinin the following the meal in insulin aspart recipients
first 2 hours but equivalent to human insulin over than human insulin recipients (3.6 mmoWE6.3
longer period$>8l In a representative double-blind mmol/L, p < 0.02). The AUG, from O to 240
study in 24 male volunteers (undergoing euglycae-minutes after insulin aspart was 315 mmoiftin,
mic glucose clamp testing) given 0.2 U/kg insulin compared to 737 mmol/Lmin after human insulin
aspart or human insulin, the AUfz. was initially  (p < 0.02)[23] In another study that used the same
greater with insulin aspart (0 to 2 hours: 0.v6  administration schedule (dose not stated) glucose
0.45 g/kg/120 min in human insulin recipients, p < excursion with insulin aspart was 32% less than
0.001). However, because of a more rapid return ofthat after human insulin administered 30 minutes
glucose activity toward baseline levels, as measurbefore the meal (p <0.0001) and 16% less than that
ed by the time to decline to 50% of maximum glu- after human insulin given immediately before the
cose concentrations [lat@dqiuc) [256 vs337 min,  meal (p < 0.02J*Y1 When individualised doses of
p < 0.001], the AUG, values over the entire 10 the 2 insulins were both delivered immediately be-
hour Study period for the 2 insulins were not sig- fore the meal, maximum blood glUCOSQ levels of 9.3
nificantly different (2.48/52.46 g/kg/600 minjél ~ versus 12.8 mmol/L were reached in 60 and 90
minutes after insulin aspart and human insulin, re-
spectivelyl2

» Similarly, after 8 hours there was no significant ) ith diab dmini _
difference between the area between the baseliné !n patients with type 2 labetes administration
f insulin aspart immediately prior to a meal re-

plasma glucose level and the plasma glucose concerf: o i
. . . X sulted in improved postprandial glucose control
tration-time curve after insulin aspart and human

insulin (445vs 436 mmol/L- min) in a double- compared with human insulin at the same time

) . . . hing), but similar control to human insulin ad-
blind, crossover study in which 19 evaluable fasunggninissot)ered 30 minutes before the meal (h)s

male voluntgers not under glucoge le”lmp Condi'Glucose excursion from 0 to 6 hours was signifi-
tions were given 0.1 U/kg of each insulin prepara- cantly smaller after insulin aspart (899 mmol/L
tion % min) than after hing (1101 mmol/L- min; p =

« The mean intraindividual variability of pharma- 0.01), but not different from that after hips(868
codynamic parameters after treatment with insulin™mol/L - min). Maximum serum glucose concen-
aspart (n = 10) and human insulin (n = 9) [0.2 U/kg tration was also significantly lower after insulin
each] was similarf25%) between 60 and 360 min- asSpart than after hipg(10.8 vs 12 mmol/L; p <
utes after injection in volunteers. The interindivid- 0-02), but similar to hing (11 mmol/L)14

ual coefficient of variation values (CVs) wer@0  « There was less variability in postprandial glu-
to 50% for both insulins and the interindividual CVs cose levels after insulin aspart than after human
for several main pharmacodynamic parameters werénsulin for 2 of 3 meals over 24 hours in a random-
significantly less for insulin aspart than human in- ised, double-blind, sequential study in 11 male
sulin/8] patients with type 1 diabetes. Insulin doses were

O Adis International Limited. All rights reserved. Drugs 1999 May: 57 (5)
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adjusted to keep blood glucose levels between 4.0=  Serum insulin levels were significantly higher and
and 7.0 mmol/L. Mean increases in plasma glucosamaximum levels were attained significantly earlier
levels after the morning and afternoon injection of following treatment with insulin aspart than with
insulin aspart were significantly less than those af-human insulin in healthy volunteers. In studies that
ter human insulin. Conversely, there was no signif-did not use glucose clamping, in which individuals
icant difference between treatments after the noorfasted overnight, maximum serum concentrations
injection (fig. 1). The mean time to reach maximum [Cy,ayins) after insulin aspart versus human insulin
glucose levels after breakfast was 55 minutes with(0.1 U/kg) were 246 versus 108 pmol/L (p <
insulin aspart treatment, which was not signifi- 0.0001) in one stud§ and 227 versus 133 pmol/L
cantly different from that with human insulin (74 (p < 0.005) in anothel? the time to Ghax(ins)
minutes). Similar findings were reported after other [tyaxins] Values were 52 and 145 minutes (p <

mealtimes (values not reportedj! 0.0001)! and 39 and 80 minutes (not significant),
respectively19 In individuals under euglycaemic
2. Pharmacokinetic Profile glucose clamp conditions, (axins) Values ranged

from 334 to 514 pmol/L and were achieved 48 to
« In scintigraphic studies in rats, insulin aspart 71 minutes after insulin aspart (0.15 to 0.20 U/kg),
was taken up into the liver and kidneys in a patternwhereas serum insulin concentrations after human
similar to that of human insulif®! insulin (same dose) plateaued at 45 to 60 minutes

before G,axins)values of 195 to 288 pmol/L were

* Insulin aspart was absorbed approximately 4itained after 97 to 133 minutes in 4 crossover trials
twice as fast as human insulin in 7 male vqunteers(z double-blind®6l and 2 in which blinding was not

randomly given a subcutaneous dose of each insustate(ﬂ7~81).

lin (0.6 nmol/kg= 0.1 U/kg) in a randomised, ) ) )
crossover trial (blinding not stated). The time to * After Craxins)Was attained, serum insulin con-
50% residual radioactivity at the injection site was Centrations declined more rapidly after injection of

83 minutes after insulin aspart compared with 1g2insulin aspart than after human insulin. Results
minutes after human insuli# from 10-hour observations of male volunteers (n =8

and 24) enrolled in crossover studies (1 double-
blind,®l 1 in which blinding was not staté&d)

O Insulin aspart showed that serum insulin concentrations had re-

6 - Ea & Human insulin turned to baseline values 311 or 343 minutes after
e insulin aspart (0.2 U/kg), significantly earlier (p <

°7 x 0.001) than after the same dose of human insulin

4 - (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),

Mean increase in plasma
glucose level (mmol/L)
w
|

2 compared with 217 minutes after the same dose of
1- human insulin (p < 0.00019!
0 * The area under the concentration time curve
Morning Noon Afternoon for seruminsulin (AUG,o) soon after injection was
Time of insulin injection greater after insulin aspart than after human insu-
Fig. 1. Blood glucose variations over 24 hours in 90 patients with lin. Howe}’er' F)VE'I' |Onge.r t!mesperlods the values
type 1 diabetes after 4 weeks treatment with insulin aspart or hu- for the 2 insulins were simildf:8l Results from a

man insulin (mean doses 40.9 and 39.7 U/day, respectively) in a representative double-blind, crossover trial in which
multicentre, randomised, double-blind, crossover trial.[13] *p < 0.02 24 hea|thy male volunteers were observed under
VB 17011 ESPE euglycaemic glucose clamp conditions over 10

O Adis International Limited. All rights reserved. Drugs 1999 May: 57 (5)
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hours showed that AU values between 0 and 2 spectively, for insulin aspart and human insulin

hours after insulin aspart (0.2 U/kg) were signifi- (p < 0.05)12

cantly greater than those after the same dose of

human insulin (3.2%s1.75 nmol/L- 120 min, p < 3. Therapeutic Potential

0.001). However, when the entire 10-hour period ] ) )

was considered AUG values for each insulin The efficacy of insulin aspart has been evalu-
preparation were similar (4.384.75 nmol/L- 600 ated in a m.ulti_centre, r.andom_ised, doub!e—blind,
min) 18] Results from non-glucose-clamped male Crossover trial in 90 patients ywth type 1 Q|a}betes.
volunteers, who had fasted overnight (n = 19), in- Insulin aspart or human insulin were admlnlst_ergd
dicated that AUG, values from 0 hours te were for 4 weeks each, before each meal to op'um!se
similar following treatment with 0.1 U/kg of either Plood glucose control (mean dose 40.9 U/day in-

insulin aspart or human insulin (67401294 vs sulin aspart; 39.7 U/day human insulin). Over a
6961+ 4192 mU/L- min).9! 24-hour period, the glucose excursion outside the
i ) range of 4.0 to 7.0 mmol/L was significantly less
*+ After insulin aspart (0.2 U/kg) there was lower ongunced (22% less) with insulin aspart than
intraindividual variability in faxns)and lower in- yith hyman insulin. Mean 24-hour AU values
terindividual CVs in Gra(ins) tmax(ins)@Nd AUGns o tside the range of 4.0 to 7.0 mmol/L were calcu-

over 0to 2 hours than after the same dose of humaieq as 4713 mmol/tmin after insulin aspart and
insulin in 10 and 9 healthy volunteers, respec-goe0 mmol/L- min after human insulin (p <

: 8 :
tively.[®l 0.01)[*7] However, serum fructosamine levels

* Cpax(ns) Values were significantly higher and Were not signific.antly different between insulin
were reached significantly earlier after insulin as- treatments (insulin aspart 3.76 mmoWs human
part than after human insulin in patients with type insulin 3.82 mmol/L) indicating no difference in
1 diabetes in 3 crossover trials (2 double-bliHe2 blood glucose control. Daytime glucose control, as
1 in which blinding was not statéd). For exam- assessed by maximum and minimum glucose lev-
ple, plasma free insulin concentrations peaked a€ls, was better with insulin aspart than with human
32 minutes after injection of 72 nmok(12 U)  insulin, whereas during the night minimum glu-
insulin aspart (administered immediately before acose levels were not as low with insulin aspart as
meal) compared with 111 minutes after the sameWith human insulin (fig. 2J*7]

dose of human insulin (given 30 minutes before a

meal) [p < 0.05]. The 30-minute postmeal free in- 4. Tolerability

sulin concentrations were also significantly higher . .

after insulin aspart than after human insulin (414 ° T_h_e |nC|_dence_ of hypoglycaemlc_ev_ents aiter
vs 157 pmoliL, p < 0.001}%3) In another study administration of insulin aspart\_/va_s similar or I_ess
which used the same administration schedule (dosgequent than after human insulin in double-blind,

not stated) a Gyine value of 493 pmol/L after 39 randomised, crossover trials of single, individual-
minutes was ;(X:(ﬁiséved after insulin aspart com-S€d doses ofinsulin aspart or human insulin before

pared with 239 pmol/L (p < 0.0001) after 85 min- ameal’2 % Atotal of 16 hypoglycaemic events (8
utes (p < 0.01) after human insulit! When in- after each insulin) with blood glucose leved8.3

dividualised doses of both insulins were given mmol{/llzl occurred in 9 paﬂents_ou_t_ of 14 in 1
immediately before the meal, serum free insulin StUdy: @ In contrast, there were significantly more

concentrations peaked at 356.0 pmol/L 45 minuteg%poal_yc?er%c eve;?ts _aftelr_ human tmijl.m 5177 n
after injection of insulin aspart, whereas after hu- patients) than after insulin aspart (11 in 17 pa-

. . . i i i&l5]
man insulin, concentrations peaked at 252, 6U€NtS, p < 0.08) in another trié
pmol/L 90 minutes after injectio? AUC;¢ val-  In a double-blind, randomised study involving
ues were 264 mol/kmin and 196 mol/L. min,re- 16 patients with type 1 diabetes receiving 2.0

O Adis International Limited. All rights reserved. Drugs 1999 May: 57 (5)
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[ Insulin aspart
[ Human insulin

e O
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Blood glucose level (mmol/L)

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

Time (hours)

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.

mU/kg/min of either human insulin or insulin asp-

* Inthe 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 (04 3.0%)17]

5. Insulin Aspart: Current Status

Insulin aspart is a recombinant analogue of hu-

art (a dosage selected to induce hypoglycaemia), iman insulin that is in late phase clinical trials. It has
was shown that the sympatomatic and phy5i0|ogi-shown clinical efficacy and a faster onset of action
cal responses to hypoglycaemia induced by the 4nthe treatment of type 1 diabetes and may provide

insulins did not differ significantly. Heart rate, sys-
tolic blood pressure, hypoglycaemia symptoms an
counterregulatory hormone levels were similar in
each casé?l

e 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 5
blood glucose control (mean dose 40.9 & 13.6

U/day insulin aspart; 39.% 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 subjeetsA4

events in 24 subjects, p <0.002). Furthermore, the s,

incidence of hypoglycaemic events during the last
2 weeks of the study with insulin aspart was half
that with human insulin (1¥s 22 events, p <
0.05)[17]

O Adis International Limited. All rights reserved.

better glucose control than normal human insulin.

Glnsulin aspart is well tolerated.
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