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Aims: A multinational, randomized, double-blind, two-way crossover trial to compare the pharmacokinetic and pharmacodynamic properties of
bolus, subcutaneously administered insulin glulisine (glulisine) and insulin aspart (aspart) in insulin-naive, obese subjects with type 2 diabetes.
Methods: Thirty subjects [9/21 females/males; mean 4 SD age: 60.7 # 7.7 years; body mass index (BMI): 33.5 % 3.3 kg/m?; duration of
diabetes: 6.8 4= 4.6 years; HbA1c: 7.1 £ 0.8%] were included in the analysis. They fasted overnight and then received a 0.2 U/kg subcutaneous
dose of glulisine or aspart 2 min before starting a standardized test meal, 7 days apart, according to a randomization schedule. Blood samples
were taken every 15 min, starting 20 min before the meal and ending 6 h postprandially.

Results: The area under the absolute glucose concentration-time curve between 0 and 1 h after insulin injection and maximal glucose
concentration was significantly lower with glulisine than with aspart (p = 0.0455 and 0.0337, respectively). However, for the total study period,
plasma glucose concentration was similar for glulisine and aspart. Peak insulin concentration was significantly higher for glulisine than for insulin
aspart (p < 0.00071). Hypoglycaemic events (<70 mg/dl with or without symptoms) occurred in 13 and 16 subjects treated with glulisine and
aspart, respectively, but there were no cases of severe hypoglycaemia requiring intervention.

Conclusions: Glulisine was associated with lower glucose levels during the first hour after a standard meal; the remaining glucose profiles
were otherwise equivalent, with higher insulin levels observed throughout the study period.

Keywords: insulin analogues, insulin aspart, insulin glulisine, insulin therapy, obesity, obesity therapy, pharmacodynamics, pharmacokinetics,
type 2 diabetes
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T2DM treatment is to support and/or supplement the insulin
deficit to replicate as closely as possible the normal insulin
secretory pattern, including an early response to a nutrient
challenge. The time—action profile of subcutaneously injected
regular human insulin (RHI) provides a slow onset of action,
with a peak effect at 3 h after dosing and a relatively prolonged
duration of action beyond 8 h [4]. This requires the insulin to be
administered up to 1 h premeal in an attempt to accommodate
these deficiencies.

Introduction

The ultimate goal of therapy in type 2 diabetes (T2DM) is to
achieve near-normoglycaemia [1]. The Global Task Force on
Glycaemic Control recommended HbAlc levels of less than
6.5% as a good target for certain people with T2DM [2],
although it also stated that HbAlc and blood glucose targets
should be individualized, taking into account factors such
as age, existing complications, risk of future complications,

diabetes duration and risk of hypoglycaemia. Type 2 diabetes
is generally characterized by the presence of relative insulin
deficiency, including postprandial insulin deficiency [3], in the
presence of insulin resistance. Therefore, an important facet of
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In response to these limitations of RHI, three rapid-acting
insulin analogues have been introduced: insulin aspart (aspart),
insulin glulisine (glulisine) and insulin lispro (lispro). These
analogues all have a rapid onset of action (within 30—60 min)
and a peak action within 2 h to allow for appropriate control
of postprandial glucose (PPG) fluctuations when given within
5 min preprandially [5]. Glulisine differs from RHI by the
replacement of asparagine by lysine at position B3 and lysine by
glutamic acid at B29 [6]. The modifications in glulisine allow it
to exist as more stable dimers and monomers at pharmaceutical
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concentrations, allowing glulisine to be suspended inazinc-free  their OHAs for 12 h before the visit. In accordance with the
buffer, unlike RHI and other rapid-acting insulin analogues [6]. =~ randomization scheme, subjects received a 0.2 U/kg dose of
Lispro differs in that the lysine and proline residues at the  either glulisine or aspart subcutaneously within 2 min before
C-terminal end of the B chain are reversed, which prevents the  starting a standardized meal (692 kcal: 54% carbohydrate, 17%
formation of insulin dimers and hexamers. Aspart differs in  protein and 28% lipid), which they had to finish within 30 min.
that the amino acid residue at position B28 is substituted with ~ After a 7-day washout period, the same procedure was repeated
aspartic acid, which increases charge repulsion to inhibit the  using the alternative insulin preparation.
formation of hexamers [6]. Blood samples were collected at —20 and —10 min and

Glulisine has been shown to have a more rapid onset  immediately before the meal (0 min), every 10 min for the
of action and a shorter duration of action compared with  first 2h after the meal and then every 15min for the
RHI in obese subjects without diabetes [7]. In addition,  remaining 4-h period of the study. Plasma glucose, insulin,
glulisine was shown to have a faster onset of action in obese ~ C-peptide (Invitron, Monmouth, UK) and non-esterified fatty
subjects without diabetes [8] and faster absorption with higher ~ acid (NEFA; Wako NEFA-C kit, Wako Chemicals, Neuss,
postprandial insulin levels in people with T2DM compared  Germany) levels were determined using validated techniques.
with lispro [9]. Similar findings have also been reported in ~ Aspart (Capio Diagnostics AS, Copenhagen, Denmark) and
healthy individuals [10] and individuals with type 1 diabetes  glulisine (Linco Research, Missouri, USA) concentrations were
(T1DM) [11,12]. A recent study in healthy individuals has also ~ determined using analogue-specific assay kits at a central
shown a more rapid onset of action for glulisine compared with ~ laboratory. All adverse events and episodes of hypoglycaemia
aspart [13]. were recorded.

To date, however, no study has directly compared the
pharmacokinetic (PK) and pharmacodynamic (PD) properties ~ Outcome Measures

of glulisine with those of aspart in people with T2DM.  The primary objective of this study was to assess the PD effect of

Therefore, the aim of this study was to conduct such a studyin = glylisine compared with aspart on PPG excursions during the
obese subjects with T2DM with the comparative insulins given  frst hour after a standard meal, as measured by the area under

immediately before a standardized test meal. the glucose concentration—time curve (AUC) between 0 and
1 h after insulin injection (AUCy_; ). Secondary objectives
Materials and Methods included assessment of the PD effects of these insulins on

PPG excursions up to 6 h after a standard meal (AUCy_g 1)
This was a multinational, randomized, double-blind, two-way ~ and assessment of the postprandial insulin excursion after
crossover trial comparing the PK and PD characteristics of  a standard meal in each treatment group. Other objectives
glulisine with those of aspart. were to evaluate C-peptide and NEFA levels in each treatment
group.
Study Population

Obese [body mass index (BMI) 30—40 kg/m?] males or females
aged 18—70 years with T2DM for at least 1 year, treated with Pharmacodynamic parameters were derived from the individ-
oral hypoglycaemic agents (OHAs) for at least 6 months and ual glucose concentration profiles and PK parameters from
with HbAlc levels of less than 8.5% were eligible for this study. the serum aspart and glulisine concentrations. The AUCs were
Subjects were excluded if they had TIDM or were currently calculated according to the linear trapezoidal rule [14]. PK anal-
using insulin. Further exclusion criteria were pregnancy  Yses were carried out using a non-compartmental approach in
or breastfeeding, taking medications known to influence order to determine maximum insulin concentration (Cpax)

insulin sensitivity (e.g. corticosteroids), a history of acute and time to maximum insulin concentration (Tmax) parame-
ters from serum insulin concentrations. Also, the incremental

AUCs (0-1, 0-2, 0—4 and 0—6 h for PD and PK), maximum
glucose concentration (GLUy,,x), maximum incremental glu-
cose excursion (AGLU y,y) and Cpy,y were analysed by analysis

study was approved by an independent ethics committee at of variance with subject, treatment, sequence group and period

each of the three study sites (Perugia, Italy; Nantes, France and effects. Two-sided ?00/ o confidence inter.vals (,CIS) were calcu-
Cardiff, UK). lated for the mean differences or mean ratios. Time to AGLU .

and time to fraction of total glucose AUC (10 and 20%) and cor-
responding PK parameters [T,y and time to fraction of total
insulin AUC (10 and 20%)] were analysed using Wilcoxon’s
Subjects attended a screening visit, performed 1-2 weeks  signed rank test and Hodges—Lehmann 90% CIs were calcu-
before the first study day, to confirm eligibility. At this  lated for the median difference, as previously described [15].
visit, baseline characteristics, vital signs and laboratory tests  Superiority testing was carried out at the 5% significance level.
(haematology, clinical chemistry, C-peptide level, HbAlclevel ~ For any given variable (except time measurements), glulisine
and urinalysis) were evaluated after a 12-h fast. On the first  and aspart were considered to be clinically similar if the dif-
study day, the subjects arrived at the respective research  ference between them was non-significant and if the two-sided
centres at approximately 8 a.m., after fasting and omitting ~ 90% Cls for the ratios of the means were within 80—125%.

Statistical Analysis

metabolic complications in the past 3 months, recurrent severe

hypoglycaemia or hypoglycaemia unawareness, impaired renal

or hepatic function and any history of drug or alcohol abuse.
All subjects provided written informed consent and the

Study Design and Treatment
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PK and PD analyses were performed in all subjects who
completed the study with no major protocol deviations and
who had data considered as evaluable. Safety (hypoglycaemia
and adverse events) was assessed for all subjects who were
exposed to study treatment.

Results
Subject Disposition

A total of 43 subjects were screened, of whom six were
excluded because of having a BMI outside the predefined
range (n = 2), an HbAlc level of more than 8.5% (n = 2),
age over 70 years (n = 1) or taking prohibited medication
(n = 1). Therefore, 37 subjects [mean (= standard deviation)
age 60.3 = 8.3 years, BMI 33.7 & 3.3 kg/m?, diabetes duration
7.3 4.9 years, HbAlc 7.1 & 0.8%] were randomized. Of the
37 subjects randomized, seven were subsequently excluded
from the PK and PD analyses: one for premature withdrawal
after the first study day (having received aspart) and six
for major protocol deviations [two subjects with medical
conditions at inclusion who were erroneously included; one
each for use of corticosteroids during the study, missing PK/PD
values in the first hour after drug administration, unusable PK
assessments (very low aspart plasma levels, incompatible with
aspart administration) and duration of meal intake longer
than 30 min (85 min)]. The latter two subjects were excluded
after the database lock, following a recommendation by the
Steering Committee. Therefore, 30 subjects were included in
the final analysis and the baseline characteristics are represented
in Table 1. There were no differences between the subjects
included in the final analysis and all randomized subjects (data
not shown). The mean doses of glulisine and aspart were
19.5+£ 2.7 and 19.4 & 2.7 U, respectively.

Pharmacodynamics

Mean blood glucose levels at baseline were 137.4 & 33.2
and 140.5 £ 32.5 mg/dl for the glulisine and aspart groups,
respectively. The plasma glucose concentrations over time are

Table 1. Baseline characteristics of the study subjects.

Sequence glulisine/aspart

(n=16)

shown in figure 1. Both mean AUC,_; 1, (149 vs. 158 mg-h/dl;
p =0.0455) and mean GLUp, (170vs. 181 mg/d; p =
0.0337) were significantly lower with glulisine than with aspart.
Point estimates (glulisine/aspart) for AUCy_; , and GLU
were 94% (90% CI: 90-99) and 94% (90% CI: 90-99),
respectively (Table 2). No statistically significant differences
were observed with baseline-subtracted data in any of the
periods analysed (data not shown).

The AUC ratios for AUCy_; h,/AUCy_gh (p = 0.0334) and
AUC)_, h/AUCy_¢ 1, (p = 0.0341) were significantly lower for
glulisine than aspart, with point estimates of 95% (90% CI:
92-99) and 96% (90% CIL: 94-99), respectively (Table 2).
Moreover, taking into account the total study duration (6 h),
the overall plasma glucose concentration was similar between
groups treated with glulisine and aspart.

Mean C-peptide plasma concentration profiles were similar
after glulisine and aspart injections (data not shown),
with maximum concentrations of 2.08 and 2.07 pmol/ml,
respectively, occurring at 90 min for both insulin analogues.

Mean NEFA concentrations decreased from 0.50 to
0.11 mmol/l at 180 min with glulisine and from 0.51 to
0.11 mmol/l at 120 min with aspart; the NEFA concentrations
then increased to 0.32 and 0.31 mmol/l with glulisine and
aspart, respectively.

Pharmacokinetics

Table 2 also represents the PK results derived from the
insulin concentration profiles illustrated in figure 2a. Peak
insulin concentration was significantly higher for glulisine
than for aspart (geometric mean of 534 vs. 363 pmol/l;
p < 0.0001; figure 2b). Although Ty tended to be longer
with glulisine (median of 120.0 vs. 93.0 min), this difference
was not significant (p = 0.5133). Glulisine was associated with
significantly higher AUCs for all four measurement durations
(0-1, 0-2, 0—4 and 0-6h; all: p < 0.0001), with point
estimates for mean ratios (glulisine/aspart) ranging from 155%
(90% CI: 141-171) for AUCy_g 1, to 197% (90% CI: 157—248)
for AUCy_ p. Interms of AUCratios, only AUCy_; ,/AUCq_¢ 1,
was significantly different between the groups, with the value

Sequence aspart/glulisine

Females/males, n 3/13
Age, years* 61.2+7.7
Weight, kg* 100.4 + 16.1
Height, cm* 173.1+ 8.6
BMI, kg/m?* 33.3+3.4
Diabetes duration, years* 6.3 +4.0
HbAlc, %* 7.0+£0.8
Oral hypoglycaemic agents, n (%) 16 (100)
Biguanides 15 (3.8)
Sulphonylureas 5(31.3)
Thiazolidinediones 3(18.8)
Glinides 1(6.3)

(n=14)

6/8 9/21

59.7 +£8.3 60.7 +7.7
94.1 £10.7 96.3 + 14.3
166.3+7.2 169.4 + 8.7
34.0+3.3 33.54+3.3
7.5+£5.3 6.8+ 4.6
7.24£0.8 7.1+£0.8
14 (100) 30 (100)

14 (100) 29 (96.7)

9 (64.3) 14 (46.7)
3(21.4) 6 (20.0)
1(7.1) 2(6.7)

BMI, body mass index.

*Data are mean =+ standard deviation.
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Figure 1. Mean plasma glucose concentrations over time. SEM, standard error of the mean.

of this ratio for glulisine being 127% of the equivalent ratio for ~ (p = 0.0455). Furthermore, the peak glucose concentration

aspart (90% CI: 106—152; p = 0.0340; Table 2). was also significantly lower after glulisine administration than
after aspart (p = 0.0337). When considering the overall dura-
Hypoglycaemia and Safety Parameters tion of the study, however, the plasma glucose levels and glucose
excursions were similar between the two rapid-acting insulin

A total of 13 (36.1%) subjects given glulisine and 16
(43.2%) subjects receiving aspart experienced an episode of
hypoglycaemia (blood glucose <70 mg/dl with or without
symptoms). Among these, 10 and 15 subjects, respectively,
experienced an episode of hypoglycaemia 3—-6h after the
insulin administration. The remaining episodes occurred 30,
110 and 135 min after glulisine administration and 60 min after
aspart administration. Five and eight subjects, respectively,

experienced an episode of hypoglycaemia with blood glucose o e ) )
levels below 56 mg/dl. None of the episodes was considered to the measured mean insulin concentration over the first 20 min

be severe nor required intervention. (figure 2b). The C-peptide and NEFA levels throughout the
Five treatment-emergent adverse events were reported in 6-h period were comparable in both groups, indicating that
four subjects, including injection-site pain (glulisine, one; the results were not influenced by changes in endogenous
aspart, one), headache (glulisine, one; aspart, one) and nausea insulin secretion and that both insulins have similar effects on
(aspart, one). None of the adverse events was reported as  carbohydrate utilization.
serious. Opverall, these findings are consistent with previous results
obtained in a similar study comparing glulisine and lispro in
. . obese subjects with T2DM [9], which also showed a lower
Discussion maximum PPG excursion with glulisine. The findings are also
This two-way crossover study is the first to compare the  consistent with the PD data observed in a study in healthy
PK/PD profiles of glulisine and aspart in people with T2DM,  individuals [13]. These PK and PD differences could be related

analogues.

Care must be taken when interpreting the PK data, owing
to the different assays used for each insulin analogue. As
analogue-specific assays were used for determination of aspart
and glulisine, the PK data were normalized to a percentage of
Crnax so that the data for the two analogues could be compared.
Although there was no difference between groups over the
study duration, there was a statistically significant difference in

given a standard meal under identical baseline plasma glu-  to the zinc-free formulation of glulisine, which, along with the
cose concentrations. During the first hour following insulin  structural modifications, help to prevent dimerization. Indeed,
injection, the absolute plasma glucose concentration was signif-  these changes facilitate the rapid uptake of glulisine from the

icantly lower after administration of glulisine than with aspart ~ subcutaneous depot after injection [5,6]. The addition of zinc
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Table 2. Pharmacodynamic and pharmacokinetic results.

Estimated sample mean (n = 30)

Glulisine

Estimate and 90% CI
for mean ratios*

Estimate and 90% CI
for mean differences$

Pharmacodynamics results

AUCo,l h (mgh/dl) 149
AUC0_5 h (mgh/dl) 738
AUCy_1 h/AUCy_¢ 1 (%) 20
AUCy_5 h/AUCy_g 1 (%) 41
AUC)_4 h/AUCq_g 1, (%) 74
AGLU gy (mg/dl) 33
GLU pax (mg/dl) 170
Time to AGLU 5 (min) 60.0F
Time to 10% of total glucose AUC (min) 40.0t
Time to 20% of total glucose AUC (min) 67.5F
Pharmacokinetics results
AUCy-; h (pmol-h/l) 272 (297)%
AUC)_g 1 (pmol-h/l) 2002 (2077)%
AUCy_1 h/AUCy_¢ 1 (%) 14 (2.6)%
AUCy_5 h/AUCy_g 1 (%) 36 (3.6)
AUC)_4 h/AUCy_¢ 1, (%) 78 (4.3)%
Cinax (pmol/1) 534 (570)%
Time to fraction of total insulin AUC (10%) (min) 60.01
Time to fraction of total insulin AUC (20%) (min) 90.0F
Tmax (min) 120.01

Aspart

p value

(glulisine/aspart)

(glulisine/aspart)

158 0.0455  94% (90—99) —
750 0.5382  98% (95-104) —

21 0.0334  95% (92-99) —

12 0.0341  96% (94-99) —

75 0.0912  99% (97—100) —

40 0.0634  81% (70—100) —8(—15to —10)
181 0.0337  94% (90-99) —11 (=19 to —3)
59,5 03328 — —5(=20t0 5)9
40.01 0.3566 ~ — —2(—6t02)F
65.07 0.9681 — 0(—4to3)9
138 (167)  <0.0001  197% (157-248) —

1289 (1333)% <0.0001  155% (141—171) —

11 (2.4)% 0.0340  127% (106—152) =

35 (3.6)% 0.5566  103% (95—110) —

77 (4.3)% 0.3716  101% (99—103) —

363 (385)F  <0.0001  147% (133-163) =

60.51 0.0372 — —12 (—26to —1)9
91.01 09109 — 0(—12to 14)9
93.01 05133 — 17 (=10 to 37)9

CI, confidence interval; AUCy_x, area under the curve for the period 0—X h; AGLUp,y, maximum glucose excursion; GLUp,y, peak glucose
concentration; Cp,y, peak insulin concentration; Thy,y, time to peak insulin concentration.

*For pharmacodynamic parameters, point estimate and 90% CI for the ratio of treatment means according to Fieller’s Theorem, based on untransformed
data. For pharmacokinetic parameters, point estimate and 90% CI for the ratios of the treatment means, based on In-transformed data.

fData are median.
$Data are sample geometric mean (arithmetic mean).

§Point estimate and 90% CI for the difference of treatment means, from parametric data analysis (analysis of variance), based on untransformed data.
9Point estimate and 90% CI for the difference of treatment medians from non-parametric analysis (Hodges and Lehmann method).

to the rapid-acting analogues lispro and aspart formulations
is necessary to prevent the formation of fibrils [5,16] and to
promote the formation of stable hexameric and higher-order
aggregates [17,18].

Excess adiposity can adversely affect the PK and PD
properties of RHI [19-21]. Indeed, the site of injection may
influence the PK and PD of short-acting insulins because
body regions with greater skin thickness may show protracted
absorption [22]. For example, ter Braak et al. reported that the
Ciax and Ty, values for insulin (lispro and human insulin)
varied between the two types of insulin and between the three
injection sites (abdominal, deltoid and femoral sites) [22].
However, in that study, lispro was consistently associated with
better PK and PD parameters vs. RHI, irrespective of the site
of injection. Based on the results of the present study in obese
individuals with T2DM and other studies in lean to obese
subjects without diabetes, it transpires that the onset of action
of the rapid-acting insulin analogues is not delayed in obese
subjects when using a specific injection site [8]. Unfortunately,
in both studies, the actual subcutaneous fat thickness was
not assessed and BMI per se may not be a good marker for
subcutaneous fat at the injection site.

Opverall, the findings of the present study must be considered
in light of the exploratory nature of this study and small sample
size. It must also be noted that a strictly defined meal size

Volume 13 I No. 3 | March 2011

and content and a fixed insulin dose were used in this study.
Therefore, the results should not be generalized to the popu-
lation as a whole because meal size and content and insulin
doses will vary not only between individuals but also according
to meals. However, dose proportionality of glulisine has been
described in individuals with TIDM [11] and it is possible that
a similar effect may be seen in individuals with T2DM; thus,
prospectively altering the insulin dose based on meal content
may be more appropriate than a predefined titration algorithm
for some individuals [23]. In terms of PD, a similar pattern
is likely to be seen to that observed in this study, but will
clearly depend on the relative carbohydrate and fat content,
aside from the effects of insulin resistance in individuals with
T2DM.

In conclusion, this study, involving obese subjects with
T2DM, showed that, at identical doses, glulisine was associated
with a lower plasma glucose level than aspart during the
first postprandial hour, in combination with significantly
higher glulisine concentrations and when administered by
bolus subcutaneous injection. During the remaining period
of the test, there were no differences in the glucose profiles
and glulisine levels were higher than aspart. Taken together,
the lower early and late AUC:s for glulisine support the earlier
impact of glulisine, compared with aspart, on the PPG profile
in response to a standard test meal.
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Figure 2. (a) Mean plasma insulin concentrations over time and (b) mean plasma insulin concentrations in percentage of peak insulin concentration
over time. *p < 0.001 compared with insulin aspart at 10 min and fp > 0.001 compared with insulin aspart at 20 min. SEM, standard of the mean; Cpax,

peak insulin concentration.

Acknowledgements

This study was sponsored by sanofi-aventis (Clinical trial
registration number: NCT01159353). Editorial support for this
article was provided by the Diabetes Division of sanofi-aventis.

Conflict of Interest

G. B. B. has received honoraria for consulting and lecturing
from sanofi-aventis and Novartis and honoraria for lecturing
from Eli Lilly. S. M. has received a grant from sanofi-aventis. C.
S.-L. is an employee of sanofi-aventis. B. C. has received
fees for consultancy, advisory boards, speaking, travel or
accommodation from Takeda, GlaxoSmithKline, Merck Sharpe
and Dohme, AstraZeneca, Bristol Myers Squibb, Boehringer
Ingelheim, Novo Nordisk, Roche, sanofi-aventis and Novartis.
D. O. has lecturing commitments with sanofi-aventis and is an
advisory board member for Roche. G. B. B. and C. S.-L. were
involved in the study design, critical review of the manuscript

256 | Bolli et al.

and final approval of manuscript prior to submission. S. L., Y.
Z.and D. O. were involved in the study design, study conduct,
data collection, data analysis, critical review of the manuscript
and final approval of manuscript prior to submission. S. M. and
E. P. were involved in the study conduct, data collection, critical
review of the manuscript and final approval of manuscript prior
to submission. B. C. was involved in the study design, data
analysis, critical review of the manuscript and final approval of
manuscript prior to submission.

References

1. Nathan DM, Buse JB, Davidson MB et al. Medical management of
hyperglycemia in type 2 diabetes: a consensus algorithm for the initiation
and adjustment of therapy: a consensus statement of the American
Diabetes Association and the European Association for the Study of
Diabetes. Diabetes Care 2009; 32: 193-203.

2. Akalin S, Berntorp K, Ceriello A et al. Intensive glucose therapy and clinical
implications of recent data: a consensus statement from the Global Task
Force on Glycaemic Control. Int ) Clin Pract 2009; 63: 1421-1425.

Volume 13 I No. 3 | March 2011




DIABETES, OBESITY AND METABOLISM

. Albarrak Al,

Luzio SD, Chassin IJ, Playle RA, Owens DR, Hovorka R.
Associations of glucose control with insulin sensitivity and pancreatic
beta-cell responsiveness in newly presenting type 2 diabetes. J Clin
Endocrinol Metab 2002; 87: 198-203.

. Heinemann L, Chantelau EA, Starke AA. Pharmacokinetics and pharmaco-

dynamics of subcutaneously administered U40 and U100 formulations of
reqular human insulin. Diabete Metab 1992; 18: 21-24.

. Becker RH. Insulin glulisine complementing basal insulins: a review of

structure and activity. Diabetes Technol Ther 2007; 9: 109-121.

. Becker RH, Frick AD. Clinical pharmacokinetics and pharmacodynamics of

insulin glulisine. Clin Pharmacokinet 2008; 47: 7-20.

. Becker RH, Frick AD, Burger F, Potgieter JH, Scholtz H. Insulin glulisine, a

new rapid-acting insulin analogue, displays a rapid time-action profile
in obese non-diabetic subjects. Exp Clin Endocrinol Diabetes 2005; 113:
435-443.

. Heise T, Nosek L, Spitzer H et al. Insulin glulisine: a faster onset of action

compared with insulin lispro. Diabetes Obes Metab 2007; 9: 746-753.

. Luzio S, Peter R, Dunseath GJ, Mustafa L, Owens DR. A comparison of

preprandial insulin glulisine versus insulin lispro in people with type 2
diabetes over a 12-h period. Diabetes Res Clin Pract 2008; 79: 269-275.

. Becker RH, Frick AD, Burger F, Scholtz H, Potgieter JH. A comparison of

the steady-state pharmacokinetics and pharmacodynamics of a3 novel
rapid-acting insulin analog, insulin glulisine, and regular human insulin
in healthy volunteers using the euglycemic clamp technique. Exp Clin
Endocrinol Diabetes 2005; 113: 292-297.

. Becker RH, Frick AD, Nosek L, Heinemann L, Rave K. Dose-response

relationship of insulin glulisine in subjects with type 1 diabetes. Diabetes
Care 2007; 30: 2506-2507.

. Danne T, Becker RH, Heise T, Bittner C, Frick AD, Rave K. Pharmacokinetics,

prandial glucose control, and safety of insulin glulisine in children and
adolescents with type 1 diabetes. Diabetes Care 2005; 28: 2100-2105.

. Arnolds S, Rave K, Hovelmann U, Fischer A, Sert-Langeron C, Heise T.

Insulin glulisine has a faster onset of action compared with insulin

Volume 13 I No. 3 | March 2011

20.

21.

22.

23.

aspart in healthy volunteers. Exp Clin Endocrinol Diabetes 2010; 118:
662-664.

. Porcellati F, Rossetti P, Busciantella NR et al. Comparison of pharmacoki-

netics and dynamics of the long-acting insulin analogs glargine and
detemir at steady state in type 1 diabetes: a double-blind, randomized,
crossover study. Diabetes Care 2007; 30: 2447-2452.

. Chow SC, Liu JP. Design and Analysis of Bioavailability and Bioequivalence

Studies, 2nd edn. Revised and Expanded. New York: Marcel Dekker, 2000.

. Sluzky v, Tamada JA, Klibanov AM, Langer R. Kinetics of insulin aggregation

in aqueous solutions upon agitation in the presence of hydrophobic
surfaces. Proc Natl Acad Sci U'S A 1991; 88: 9377-9381.

. Bakaysa DL, Radziuk J, Havel HA et al. Physicochemical basis for the rapid

time-action of LysB28ProB29-insulin: dissociation of a protein-ligand
complex. Protein Sci 1996; 5: 2521-2531.

. Bhatnagar S, Srivastava D, Jayadev MS, Dubey AK. Molecular variants and

derivatives of insulin for improved glycemic control in diabetes. Prog
Biophys Mol Biol 2006; 91: 199-228.

. Vora JP, Burch A, Peters JR, Owens DR. Absorption of radiolabelled soluble

insulin in type 1 (insulin-dependent) diabetes: influence of subcutaneous
blood flow and anthropometry. Diabet Med 1993; 10: 736-743.

Vora JP, Burch A, Peters JR, Owens DR. Relationship between absorption of
radiolabeled soluble insulin, subcutaneous blood flow, and anthropometry.
Diabetes Care 1992; 15: 1484-1493.

Clauson PG, Linde B. Absorption of rapid-acting insulin in obese and
nonobese NIDDM patients. Diabetes Care 1995; 18: 986-991.

ter Braak EW, Woodworth JR, Bianchi R et al. Injection site effects on the
pharmacokinetics and glucodynamics of insulin lispro and reqular insulin.
Diabetes Care 1996; 19: 1437-1440.

Bergenstal RM, Johnson M, Powers MA et al. Adjust to target in type 2
diabetes: comparison of a simple algorithm with carbohydrate counting
for adjustment of mealtime insulin glulisine. Diabetes Care 2008; 31:
1305-1310.

doi:10.1111/j.1463-1326.2010.01343 x | 257




