
The Thermo Scientific MSIA Insulin 
D.A.R.T.
(Mass Spectrometric ImmunoAssay Disposable Automation 
Research Tips)

This new product employs the immobilisation of anti-insulin 
antibodies at the base of a pipette tip to enable high-throughput, 
automatable, 96-well format immunoaffinity cleanup. The 
process is shown in Figure 5.

Figure 5. The MSIA Insulin D.A.R.T. extraction process (image courtesy of 
Thermo Scientific).

Method 2: MSIA Insulin D.A.R.T.
The human plasma samples were processed using the MSIA 
tips and automated pipette. To ensure a fair comparison versus 
the SPE method, the plasma volume (300 µL), final volume  
(140 µL) and LC-MS/MS conditions were the same. The 
extraction procedure was based on the manufacturers 
recommendations with minor alterations. Results are shown in 
Figure 6.

Figure 6. Chromatograms 
for insulin Glargine, 
Lispro and Aspart at  
50 pg/mL by the MSIA 
approach.

Glargine (top): 
Quantification was 
achieved using the 
sensitive MS/MS transition 
(the tyrosine immonium 
ion), which, unlike the SPE 
method, showed no 
interfering peaks.

Lispro (middle): 
Quantification was 
achieved at 50 pg/mL.

Aspart (bottom): 
Quantification was 
achieved using the 
sensitive MS/MS transition 
which unlike the SPE 
method showed no 
interfering peak at the 
Aspart retention time. 

For all three insulin 
analogues, no interfering 
peaks were observed in 
blank samples which could 
have any impact on the 
quantitation.
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Introduction
Insulin analogues are structurally similar to human insulin 
except for minor amino acid modifications to change the PK 
properties. Three examples are Insulin Glargine, Lispro and 
Aspart (Figure 1).

Figure 1. Structure of the three human insulin analogues assessed in 
this work: Glargine (top), Lispro (middle) and Aspart (bottom).

Insulin analogues have received additional interest lately 
because many came off-patent in 2014, but also because novel 
analogues as well as combined therapies are being developed. 

The American Diabetes Association recommends that 
bioanalytical assays for insulins should be able to achieve an 
LLOQ of 70 pg/mL.1 Ligand binding assays are often employed, 
but these may be unable to distinguish metabolites, and risk 
some interference from human insulin. LC-MS/MS overcomes 
these selectivity challenges but achieving the sensitivity has 
been difficult.

Covance has previously published on the challenges of insulin 
bioanalysis2 and we have developed assays for insulin 
analogues using immunoaffinity cleanup to achieve LLOQs of 
200 pg/mL.3 Recently, we reported on the development of a 
LC-MS/MS method using solid phase extraction (SPE) instead 
of immunoaffinity4 to enable a higher throughput assay, achieving 
200 pg/mL for Insulin Glargine as well as its two main 
metabolites, which cannot be independently quantified by ELISA.

We wanted to progress this work by identifying a technique that 
allowed the quantification of insulin analogues at 50 pg/mL, 
while maintaining a selective, high-throughput and robust assay.

Insulin Glargine, Aspart and Lispro are investigated here in 
human plasma, using bovine insulin as an internal standard. 
We present results using a physiochemical extraction (SPE) as 
well as that obtained using the new MSIA insulin D.A.R.T. 
immunoaffinity tips from Thermo Scientific.

Table 1. Summary of the Methods

LC-MS/MS Optimisation
The insulin analogues were optimised on two MS/MS platforms 
(TSQ Vantage and API 5000). The data shown is generated 
using the API 5000 instrument, however, both showed similar 
performance.

For Insulin Glargine and Aspart, high-mass, selective product 
ions were observed. Several were screened to identify which 
gave the best signal to noise for each compound. A more 
abundant product ion (m/z 136.0, the tyrosine immonium ion) 
was also assessed, which showed five-fold more sensitivity, but 
offers no selectivity between the analogues, or against most 
interfering peptides and proteins in the sample.

Insulin Lispro has the same molecular weight as human insulin. 
Therefore, to quantify in human plasma, the product ion must 
enable discrimination based on the two amino acids which are 
reversed in the Lispro sequence. This can only be achieved 
using the product ion of m/z 217.1.

Table 2. Overview of LC-MS/MS Parameters

Two MS transitions are shown for both Aspart and Glargine. One 
uses a higher mass selective product ion and other uses the 
more sensitive 136.0 tyrosine immonium product ion.

Lispro must use the 217.1 product ion to distinguish it from 
natural human insulin.

Method 1: Solid Phase Extraction 
(SPE)
A high-throughput SPE approach was established. The method 
has been validated at Covance to meet FDA/EMA expectations 
for Glargine and its two metabolites at 200 pg/mL using 300 µL 
of plasma.4 The feasibility of further optimising this method to 
achieve sub-200 pg/mL LLOQs for each insulin analogue was 
evaluated (Figure 4).

A preliminary evaluation of the assay with these LLOQs shows 
accuracy, precision and selectivity that would fulfil regulatory 
expectations.

Figure 4. Chromatograms 
for Insulin Glargine, 
Lispro and Aspart at the 
lowest viable LLOQ that 
could be achieved by SPE.

Glargine (top): 
Quantification by use of the 
selective MS/MS transition. 
The lowest possible LLOQ 
was 200 pg/mL, as obtained 
in the existing validated 
Covance method. The more 
sensitive MS/MS transition 
gave five-fold more signal, 
however, the peak was 
flanked by interfering peaks 
that prohibited quantification 
(data not shown). 

Lispro (middle): 
Quantification was achieved 
at 50 pg/mL.

Aspart (bottom): 
Quantification by use of the 
selective MS/MS transition. 
The lowest possible LLOQ 
was 100 pg/mL. The more 
sensitive MS/MS transition 
gave a higher signal, but an 
interfering peak at the 
Aspart retention time 
prohibited quantification.

A preliminary assessment of the 
precision, accuracy and selectivity for 
each insulin using the MSIA approach 
over the range 50-10000 pg/mL shows 
very encouraging results (Table 3) and a 
full validation of the method is planned.

Table 3. Performance of the MSIA Assay 
All calibration standards were within 85-115% accuracy

Conclusions
Two extraction methods for LC-MS/MS analysis of three  
insulin analogues are presented here. Both allow the 
measurement of all three analogues in a single assay and in 
high-throughput 96-well format, with preliminary indications that 
both methods would be validatable to a FDA/EMA regulatory 
standard.

The SPE method has achieved LLOQs of 200, 50 and  
100 pg/mL for Glargine, Lispro and Aspart respectively, using 
the selective Glargine and Aspart MS/MS transitions. Lower 
LLOQs for Glargine and Aspart are prohibited by the sensitivity. 
The more sensitive transitions to the tyrosine immonium ion 
were assessed but gave too many interfering peaks.

The MSIA insulin D.A.R.T. extraction, thanks to the thorough 
cleanup provided by immunoaffinity extraction, allows utilisation 
of the more sensitive transition to the tyrosine immonium 
product ion, without interferences, to achieve 50 pg/mL for all 
three insulin analogues. This platform enables immunoaffinity 
cleanup to be performed as a high-throughput, simple and 
robust method.
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Parameter Details

Analytes Insulin Glargine, Insulin Lispro, Insulin Aspart

Internal standard Bovine Insulin

Species/matrix Human plasma (EDTA), 300 μL sample volume

Calibration range 0.05 – 10.0 ng/mL for all analytes

Extraction method Method one: 96-well format solid phase extraction
Method two: 96-well format Thermo Scientific MSIA

LC method Ultra-high performance reversed phase LC

Detection Applied Biosystems API 5000 MS/MS system
Thermo Scientific TSQ Vantage MS/MS system

LC-MS/MS runtime 9.8 minutes/sample

LC Parameter Details

LC System Waters Acquity
Analytical column Waters Acquity C18 50 x 2.1 mm 1.7 µm particle size
Mobile phase A Acetic acid-modified water
Mobile phase B Acetic acid-modified acetonitrile
Elution method Gradient 10-30% mobile phase B

MS/MS Parameter Details

System AB Sciex API 5000 in positive Turbo Ion Spray

Transitions Glargine – ‘Selective’
Glargine – ‘Sensitive’

Lispro 
Aspart – ‘Selective’
Aspart – ‘Sensitive’

Bovine (ISTD)

867.2 → 984.4
867.2 → 136.0
968.9 → 217.1

971.9 → 1139.8
971.9 → 136.0

956.5 → 1121.3

Figure 2. Full 
precursor ion scan 
for all insulins. 
Glargine 
demonstrates more 
multiple charging 
due to the additional 
arginine residues.

Figure 3. Product ion 
scan for Aspart 
(collision energy = 28). 
The higher mass 
‘selective’ product ion 
and the lower mass 
‘sensitive’ product ion 
are highlighted. 
Similar product ion 
spectra were obtained 
for the other insulins.

Compound
Calibration line 

R-value (linear 1/x2)
50 pg/mL QC sample 

accuracy (%RSD) (n=3)
100 pg/mL QC sample 
accuracy (%RSD) (n=3)

Glargine 0.9995 113.3% (13.0%) 105.2% (4.5%)
Lispro 0.9997 98.6% (10.9%) 106.5% (7.4%)
Aspart 0.9999 101.0% (15.0%) 95.3% (6.4%)


