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OBJECTIVEdTo investigate concentration of plasma insulin glargine after its subcutaneous dos-
ing comparedwith concentration of itsmetabolites 1 (M1) and2 (M2) in subjectswith type 2diabetes.

RESEARCH DESIGN AND METHODSdNine subjects underwent a 32-h euglycemic
glucose clamp study (0.4 units/kg glargine after 1 week of daily glargine administration). Glargine,
M1, and M2 were measured by a specific liquid chromatography-tandem mass spectrometry assay.

RESULTSdGlargine was detected in only five of the nine subjects, at few time points, and at
negligible concentrations. M1 was detected in all subjects and exhibited the same pattern as
traditional radioimmunoassay-measured plasma insulin. M2 was not detected at all.

CONCLUSIONSdAfter subcutaneous injection, glargine was minimally detectable in blood,
whereas its metabolite M1 accounted for most (.90%) of the plasma insulin concentration and
metabolic action of the injected glargine.
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A fter subcutaneous injection in vivo,
the long-acting insulin analog glar-
gine undergoes a sequential cleavage

of the COOH terminus of the B-chain–
forming metabolites M1 and M2 (1,2).
M1 and M2 fully retain the same meta-
bolic properties as human insulin (HI),
but in contrast to glargine, they do not
differ from HI in affinity for IGF-1 recep-
tor (IGF-1R) and mitogenesis (3). In the
companion article in this issue (Bolli et al.
[4]), glargine metabolism has been stud-
ied in subjects with type 1 diabetes, but
there are no data on type 2 diabetes. The
aim of the current study was to shed light
on this question.

RESEARCH DESIGN AND
METHODSdAfter approval by an
ethics committee and informed written

consent, 18 type 2 diabetic subjects
underwent a euglycemic glucose clamp
study after subcutaneous injection of
0.4 units/kg glargine and 1 week of daily
glargine treatment, as previously reported
(5). Subjects were fasted throughout the
clamp studies. Glargine metabolism was
studied in nine subjects (Supplementary
Table 1) fromwhomplasmawas still avail-
able (5).

The 31-h blood samples (samples
after 31 h were not available) were pro-
cessed for radioimmunoassay determina-
tion of plasma concentration of insulin
(which detects endogenous insulin plus
injected glargine and its metabolites) (5)
and for a liquid chromatography-tandem
mass spectrometry (LC-MS/MS) assay
specific for glargine and metabolites 1
(M1) and 2 (M2) (6) (Supplementary

Data). The lower limit of quantification
for this method was 33 pmol/L for insulin
glargine, M1, and M2.

The maximum plasma concentration
(Cmax), time to reach Cmax, and predose
plasma concentration were read directly
from the plasma concentration-time data
for each subject. The area under the con-
centration-time curve (AUC) between
0 and 31 h (AUC0–31) was determined
using the trapezoidal rule in which con-
centrations less than the lower limit of
quantification were set at zero. Percentage
of glargine andM1was calculated accord-
ing to the equation: (glargine or M1/total
insulin [glargine + M1]) 3 100.

Data are expressed as medians (25th
and 75th percentiles). Calculations were
performed using NCSS 2007 (NCSS,
LLC, Kaysville, UT, www.ncss.com).

RESULTSdPlasma glucose was main-
tained at 101 mg/dL (25th and 75th per-
centiles, 99 and 103 mg/dL, respectively)
as a result of variable glucose infusion (0.47
mg/kg/min [0.26 and 0.82mg/kg/min]) for
31 h (Supplementary Fig. 1).

Glargine was detected in only five of
the nine subjects (Supplementary Fig. 2).
In two subjects, the last measurable con-
centration was at 11 h (25th and 75th
percentiles, 53 and 35 pmol/L, respec-
tively), in two other subjects at 13 h (37
pmol/L for both), and in one subject at
18 h (41 pmol/L). M1 was detected
in all subjects up to 31 h, whereas M2
was not detected in any subjects at any
time point. M1, but not glargine, was de-
tected at baseline (44 pmol/L [19–131
pmol/L]), likely reflecting the metabolism
of glargine injected 24 h before. In fact,
24-h postinjection values of M1 were
similar to baseline values (60 pmol/L [52–
118 pmol/L]). The median glargine phar-
macokinetics-AUC0–31 was 171 pmol z h/L
(0 and 314 pmol z h/L), whereas the M1
pharmacokinetics-AUC0–31 was 2,166
pmol z h/L (1,622 and 4,955 pmol z h/L)
(Fig. 1). Glargine Cmax was 40 pmol/L (0
and 48 pmol/L), and M1 Cmax was 129
pmol/L (75 and 207 pmol/L). Overall,
M1 represented 97% (89 and 100%, re-
spectively) of the total amount of insulin
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detected in blood after injection of glargine,
with glargine contributing only 3% (1 and
8%). The pattern of plasma insulin concen-
tration as measured by radioimmunoassay
was similar to that of M1 as detected by LC-
MS/MS (Supplementary Fig. 1).

CONCLUSIONSdIn the current study
in type 2 diabetic subjects on glargine treat-
ment for 1 week, a subcutaneous injection
of a therapeutic dose of insulin glargine
resulted in biotransformation to M1,
which constituted.90% of circulating in-
sulin, with only a minor presence of the
originally injected glargine in plasma
(,10%).

To the best of our knowledge, this is
the first study reporting the metabolism
of insulin glargine in type 2 diabetic
subjects using a specific LC-MS/MS assay
(6). Overall, the results are in line with
recent findings in type 1 diabetes (Bolli
et al. [4]). Taken together, the results sug-
gest that in humans, glargine is rapidly
metabolized to M1, whereas the originally
injected glargine is, if anything, only min-
imally present in plasma.

These findings in type 2 diabetic sub-
jects are relevant for the interpretation in
vivo of the in vitro data reporting greater
affinity of glargine for IGF-1R and greater

mitogenic potency compared with HI in
some malignant cell lines (7). The present
studies indicate that in vivo, glargine con-
centration in plasma is negligible and well
below that shown in vitro to demonstrate
greater affinity for IGF-1R (3,8) and greater
mitogenesis (9). Because glargine is rapidly
and nearly totally metabolized to M1,
which has effects on mitogenesis no differ-
ent than HI (3,7), it is unlikely that there is
an increased risk of cancer in humans fol-
lowing administration of insulin glargine, at
least via IGF-1R stimulation. Therefore, the
findings of in vitro studies on mitogenesis
using glargine as such (10) are of limited
informative value for interpretation of the
results of glargine administration in vivo.

We acknowledge that the current
study has limitations (i.e., small sample
size and a dose of insulin glargine just
above the therapeutic range of the sub-
jects studied). Nevertheless, the results
are homogeneous in all subjects, consis-
tent with those in type 1 diabetes (Bolli
et al. [4]) and with recent findings of no
stimulation of IGF-1R bioactivity by
plasma of type 2 diabetic subjects who
were given glargine doses greater than
those described in the current study (11).

In conclusion, after subcutaneous injec-
tion of a therapeutic dose in glargine-treated

type 2 diabetic subjects, glargine is only
transiently, and at minimal concentration,
detectable in plasma, whereas its metabo-
lite M1 accounts for most (.90%) of the
plasma insulin concentration. Thus, in vivo,
glargine does not exert its long-actingmet-
abolic effects directly as glargine but pre-
dominantly via its main metabolite M1.

ADDENDUMdWhile this article was
in proof, an elegant in vitro study was pub-
lished that showed that glargine displays
higher potency than human insulin for
stimulationof insulin/IGF-1hybrid receptors
withgreaterproliferative/antiapoptotic effects
in MCF-7 cells. In contrast, M1 and M2
display lower potency than human insulin.

Pierre-Eugene C, Pagesy P, Nguyen TT,
NeuilléM,TschankG,TennagelsN,HampeC,
Issad T. Effect of insulin analogues on insulin/
IGF1 hybrid receptors: increased activation
by glargine but not by its metabolites M1
and M2. PLoS One 2012;7:e41992.
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