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Conclusions 
 Automated sample extraction is amenable to high-throughput analysis, 

thus decreasing sample preparation times. 

 Insulin MSIA D.A.R.T.’S equivalently extract multiple insulin variants 

present at different concentrations for simultaneous detection and 

quantification for research.  

 HRAM MS affords qualitative confirmation and quantification of the insulin 

variants present in one LC/MS run.  

 Pinpoint software version 1.3 provides automated data extraction, 

confirmation, and quantification for all insulin analogs. 

 Reduced complexity affords shorter LC gradients, and, therefore, shorter 

LC/MS analysis times. 

 An LLOD < 15 pM and an LLOQ of 15 pM (87 pg/mL) in 0.5 mL of plasma 

were achieved. 

 Intra- and inter-day repeatabilities were < 3%, thus making the insulin 

MSIA workflow highly reproducible. 
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Overview 
Purpose: To perform simultaneous qualitative and quantitative analyses of endogenous 

insulin and/or therapeutic analogs at biological levels for research.  

Methods: We used a pan-anti insulin antibody in Thermo Scientific™ Mass 

Spectrometric Immunoassay (MSIA) D.A.R.T.’STM pipette tips for highly-selective affinity 

purification of all insulin analogs. Analogs were detected, verified, and quantified using 

high-resolution, accurate-mass (HRAM) MS and MS/MS data from a  

Thermo Scientific™  Q Exactive™ mass spectrometer. 

Results: We achieved a lower-limit-of-detection (LLOD) of 15 pM in plasma for all 

variants used with linear regressions of 0.99 or better. Further, we demonstrate inter- 

and intra-day CV’s of < 3% and spike and recovery resulted in recoveries of 96–100%. 

Introduction 
The measurement of insulin is a paramount metric in clinical research, therapeutic 

research, forensic, and sports doping applications. Conventional insulin analytical 

methods are plagued by the inability to differentiate endogenous insulin from exogenous 

insulin analogs. The use of LC/MS can overcome this shortcoming1; however, the 

LC/MS methods to date lack the analytical sensitivity demanded by the field. Therefore, 

a highly selective sample interrogation workflow is required to address the complexity of 

plasma samples and, ultimately, for accurate and sensitive LC/MS detection and 

quantification. To meet these requirements, a MSIA research workflow was developed 

for the high-throughput, analytically sensitive quantification of insulin and its analogs 

from human donor plasma. 

Methods  
Sample Preparation 

For spike and recovery studies, both neat and donor plasma samples containing a mix 

of insulin and its analogs were prepared. Insulin was added at three different amounts 

that spanned the dynamic range to the donor plasma. Up to four analogs were prepared 

in a single sample. For the limit-of-detection and limit-of-quantification studies, 1.5 pM to 

960 pM insulin was added to bovine serum albumin in phosphate buffered saline. 

Additionally, either 0.05 nM of a heavy version of insulin or porcine insulin was added as 

an internal reference standard to each well of 500 µL plasma.  

Samples were then addressed for the first stage in the MSIA workflow. Targeted 

selection was achieved using insulin MSIA Disposable Automated Research Tip’s 

(D.A.R.T.’S) (Figure 1). The affinity purification step in the MSIA workflow was automated 

by the Thermo Scientific™ Versette™ automated liquid handler. Following extraction, 

intact insulin analogs were eluted with 75 µL 70:30 water/acetonitrile with 0.2% formic 

acid with 15 µg/mL ACTH 1-24. The final concentration was adjusted to 75:25 

water/acetonitrile with 0.2% formic acid for LC/MS analysis. 

Liquid Chromatography  

A Thermo Scientific™ Dionex™ UltiMate™ 3000 RSLC system was used for all 

experiments. 100 µL of each sample was separated on a 100 x 1 mm Thermo 

Scientific™ ProSwift™ column using a linear gradient (10–50% in 10 min) comprised of 

A) 0.1% formic acid in water and B) 0.1% formic acid in acetonitrile. The column was 

heated to 50 ºC.   

Mass Spectrometry 

All data was acquired using a Q Exactive Orbitrap mass spectrometer operated in data-

dependent mode with dynamic exclusion enabled. Full scan MS data was acquired with 

a resolution setting of 70,000 (at m/z 200) and using a mass range of 800–2000 Da. A 

targeted inclusion list was used to trigger MS/MS events and MS/MS was acquired with 

a resolution setting of 17,500 (at m/z 200).  

Data Analysis 

Thermo Scientific™ Pinpoint™ software version 1.3 was used to analyze all LC/MS 

data.  HRAM measurements were used for qualitative and quantitative measurement of 

insulin and its analogs.  

The three most abundant precursor charge states per analog and the six most abundant 

isotopes per charge state provided qualitative validation for insulin and its analogs. 

Qualitative scoring was based on mass error, precursor charge state distribution, 

isotopic overlap, and corresponding LC elution peak profiles. Product ion data was used 

for sequence verification.  

FIGURE 1. Targeted selection using insulin MSIA D.A.R.T.’S.. First, insulin and 

its analogs are selectively bound. Then, a wash step removes background 

compounds. Lastly, the insulin and insulin variants are eluted into a new plate, 

which is ready for LC/MS analysis. 

Results  

Quantitative Measurement of Insulin and Its Analogs 

Additional limitations to high-throughput targeted quantification of insulin and its 

analogs in research are inefficient sample preparation protocols that result in their lack 

of analytical sensitivity and robustness. Using the insulin MSIA workflow described 

above, we achieved an LLOQ and LOD of 15 pM (87 pg/mL) for the intact variants in 

plasma. Quantification curves for Lantus and Apidra are shown in Figure 4. Tables 1 

and 2 display LOQ and LOD. 

Further, reproducibility studies demonstrated inter- and intra-day CVs of < 3% 

(Tables 3 and 4) and spike and recovery resulted in recoveries of 96–100% (Table 5). 

In addition to the improved sensitivity, the MSIA workflow significantly reduces the 

background matrix.  The reduced complexity affords shorter LC gradients, and, 

therefore, shorter LC/MS analysis times. 
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FIGURE 2. HRAM MS data analysis in Pinpoint software version 1.3. Extracted 

ion chromatograms for each targeted insulin variant were created using the 

isotopic m/z values from three precursor charge states. Integrated AUC values 

from each isotope were then co-added to generate the reported values.  

Additionally, each insulin variant was qualitatively scored based on 

2a) comparative peak profiles (peak start and stop, apex, and tailing factors) as 

well as 2b) isotopic distribution overlap.  

FIGURE 4. Quantification curves for Lantus and Apidra. Lantus and Apidra were 

spiked into donor plasma at different concentrations. The endogenous insulin 

from the donor plasma is also plotted. Since the same amount of donor plasma 

was used for each sample, the level of endogenous insulin remains static.  All 

AUC values were normalized to the porcine AUC response. 

Qualitative Validation of Insulin and Its Analogs 

One of the primary limitations of current insulin analytical methods is the inability to 

distinguish between endogenous and exogenous insulin analogs. The immobilized 

insulin pan-antibody in the MSIA D.A.R.T.’S recognizes a common epitope region in 

the -chain that is conserved across all of the analyzed variants. This allows the 

capture and detection of all variants from the sample as long as the -chain epitope 

region remains conserved. Further, utilizing full scan MS mode in the analysis stage of 

the MSIA workflow enables simultaneous detection of multiple insulin analogs and the 

ability to screen for unsuspected insulin analogs post-acquisition. 

LC/MS detection using HRAM MS data provided the analytical selectivity to distinguish 

insulin variants from the background signal using the accurate mass of multiple 

precursor charge states and isotopes. Figure 2 demonstrates the HRAM data analysis 

approach. Figure 3 shows simultaneous LC/MS detection of insulin variants. Further, 

fragmentation patterns from data-dependent MS/MS acquisition can also be used to 

confirm the identity of insulin variants (data not shown).   
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TABLE 1. Limit of quantification 

STD Conc.  

(pM) 

Mean  

(5 Curves) 
StDev %CV Accuracy 

0 7.42 1.02     

7.5 10.56 0.95 9.04% 40.80% 

15 16.78 1.42 8.46% 11.87% 

30 28.96 1.12 3.85% -3.46% 

60 58.41 1.61 2.75% -2.66% 

120 115.93 1.96 1.69% -3.39% 

240 232.65 2.80 1.20% -3.06% 

480 473.25 14.41 3.04% -1.41% 

960 963.31 6.47 0.67% 0.34% 

TABLE 2. Limit of detection 

 

STD Conc.  

(pM) 

Mean Total File 

Area 
4  StDev Plus 4  StDev 

0 2.37E+05 2.20E+05 4.57E+05 

7.5 2.80E+05     

15 4.79E+05     

30 8.93E+05     

TABLE 5. Spike and recovery  

Sample 
Spike Conc.  

(pM) 

Exp. Conc.  

(pM) 

Average  

(pM) 

Exp Recovery 

Conc. (pM) 
% Yield 

Neat_1 

0.00 

43.79 

44.59 

    

Neat_2 45.59 

Neat_3 44.38 

Low_1 

19.50 

65.08 

64.11 19.52 100.12% Low_2 63.65 

Low_3 63.61 

Medium_1 

199.50 

241.19 

237.56 192.97 96.73% Medium_2 239.80 

Medium_3 231.70 

High_1 

919.50 

960.91 

928.63 884.05 96.14% High_2 905.35 

High_3 919.64 

TABLE 3. Intra-day repeatability 

STD Conc.  

(pM) 

Mean 

 (3 Controls x 

 5 Curves) 

StDevp %CV Accuracy 

50.00 51.21 1.33 3 2.43% 

TABLE 4. Inter-day repeatability 

STD Conc.  

(pM) 

Mean  

(3 Controls x  

5 Curves) 

StDevp %CV Accuracy 

50.00 51.07 0.81 2 2.15% 

Method Characteristics for the MSIA Insulin Research Workflow 

The LLOQ for the insulin MSIA research workflow is 15 pM (highlighted in red in 

Table 1), which was determined as the lowest concentration where we could achieve a 

%CV of <20% and an accuracy within ±20%. 

An LOD of 15 pM (highlighted in red in Table 2) was also achieved for the insulin MSIA 

workflow. The LLOD was determined as the lowest concentration where the mean total 

area was greater than four standard deviations of the background signal added to the 

mean total area for the blank. 

FIGURE 3. Simultaneous LC/MS detection of four insulin variants. Apidra™ 

(0.48 nM), Humulin® S (0.06 nM), LantusTM (0.48 nM) , and porcine as the internal 

standard were processed from the same sample and detected simultaneously. 

The inset shows an enlargement of the 5+ charge state, and shows all three 

variants. Lantus elutes 0.5 minutes prior to the three displayed insulin variants. 
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For quantification, a mass tolerance of ±5 ppm was used for all data extraction. 

Amounts of each insulin analog were determined by converting area-under-the-curve 

(AUC) values, normalized to the AUC of the internal reference, which was calculated 

from standard curve data. 

  


