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Overview
Purpose: Perform simultaneous qualitative and quantitative analyses of 
endogenous insulin and/or therapeutic analogs at biological levels for research 
purposes. 

Methods: Incorporate pan-anti insulin antibody in Thermo ScientificTM MSIA 
D.A.R.T.ʼS™ technologies for increased extraction efficiency of all insulin 
analogs that are detected, verified, and quantified using high-resolution 
accurate-mass (HRAM) MS and MS/MS data from a Thermo ScientificTM

Q ExactiveTM mass spectrometer.

Results: LLOD 7.5pM in plasma for all variants used in the experiment with 
linear regressions of 0.99 or better. In addition, reproducibility studies 
demonstrated inter- and intra-day CVʼs of < 3% and spike and recovery resulted 
in recoveries of 96–100%.

Introduction
Measurement of insulin has been identified as a paramount metric for specific 
clinical research, therapeutic development, forensic and sports doping 
applications. Conventional assays are plagued by the simple inability to 
differentiate endogenous from insulin analogs. While LC-MS has demonstrated 
the ability to overcome this shortcoming, these methods have lacked analytical 
sensitivity demanded by the field.  Complicated by the presence of high plasma 
background, selective sample interface workflows are required for proper LC-MS 
detection/quantification.  To satisfy all the listed capabilities, a Mass 
Spectrometric Immunoassay (MSIA) method was developed for the high-
throughput, highly analytically sensitive quantification of insulin and its analogs 
from human donor plasma for clinical research.

Methods
Sample Preparation

A series of samples consisting of insulin mixes were prepared both neat and in 
donor plasma, spanning the concentration range of 1.5 pM to 960 pM. Individual 
insulin analogs were prepared independently and applied at different levels to 
characterize the method employed. To each well 500 µL plasma and 0.05 nM
internal reference, porcine insulin or heavy insulin, were added. Up to 4 analogs 
were prepared in a single sample. For MSIA, targeted selection using D.A.R.T.ʼS 
technologies derivatized with a pan-anti insulin antibody were employed as the 
sample interface. Automated processing was performed using the Thermo 
Scientific™ Versette™ automated liquid handler.2 Following extraction, intact 
insulin analogs were eluted with 75 µL 70:30 0.2% water/MeCN/formic acid with 
15 µg/mL ACTH 1-24, then adjusted to 75:25 0.2% water/MeCN/formic acid for 
LC loading.

Liquid Chromatography (or more generically Separations) 

An Thermo Scientific™ Dionex™ UltiMate™ 3000 RSLC system was used for all 
experiments and100 µL of each sample was separated on a 100 x 1 mm Thermo 
Scientific™ ProSwift™ column using a linear gradient (10–50% in 10 minutes) 
comprised of A) 0.1% formic acid in water and B) 0.1% formic acid in MeCN.
The column was heated to a temperature of 50ºC.  

Mass Spectrometry

All experiments were acquired using a Thermo Scientific Q Exactive mass 
spectrometer operated in data dependent/dynamic exclusion.  A resolution 
setting of 70,000 (@ m/z 200) was used for full scan MS and 17,500 for MS/MS 
events.  Full-scan MS data was acquired using a mass range of 800–2000 Da
and a targeted inclusion list was used to trigger all data dependent events.   

Data Analysis

All data was processed using Thermo Scientific™ Pinpoint™ software.  HRAM 
MS data extraction was used for quantification.  Providing additional qualitative 
analysis, the three most abundant precursor charge states per analog were used 
as well as the six most abundant isotopes per charge state.  A mass tolerance of 
±5 ppm was used for all data extraction. 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. 
Amounts of each insulin analog were determined by converting AUC values, 
normalized to the AUC of the internal reference, using generated standard 
curves.

Results
The resulting protocol for targeted detection and quantification of insulin and 
different therapeutic variants must have specific attributes to be effective.  The 
analytical sensitivity and selectivity of extraction and detection methods must 
reach biological levels as well as provide qualitative measurements per target.  A 
useful internal standard was included to normalize the entire method—from the 
sample preparation, LC-MS analysis, and data processing.  Lastly, the protocol 
must be effective for most insulin variants to reduce cost and complexity for the 
workflow.  

The subsequent LC-MS detection using HRAM MS data enabled sufficient 
analytical selectivity to distinguish insulin variants from the background signal 
using multiple precursor charge states and isotopes.  The data extraction 
approach as shown in Figure 2 demonstrates multiple verification attributes from 
the LC and MS profiles.  Data dependent MS/MS acquisition can also be used 
for specific variant determination as well. (data not shown)  Decoupling the 
quantitative method (MS data) from sequence confirmation (MS/MS) enables the 
method to probe not only for known variants, but to perform significant post-
acquisition processing as new variants become known, provided the b-chain 
epitope region remains conserved.  Figure 3 shows the comparative extraction 
and detection efficiency of the workflow across four different insulin variants. 
Figure 4 is an example of standard curves, normalized to porcine insulin, 
generated for two variants in the presence of endogenous insulin residing in 
donor plasma.

Conclusion
The targeted workflow successfully demonstrated analytically selective and sensitive 
insulin variant extraction, LC separation, and quantitation using HRAM MS.  The pan 
insulin Ab was sensitive for all six insulin variants used in the study.

 The automated sample extraction utilized one step as opposed to multiple 
enrichment/extraction steps.

 LLOD of 7.5 pM (~43 pg/mL) in 0.5 mL of plasma were achieved.

 The insulin MSIA D.A.R.T.ʼS showed equivalent extraction and quantitative 
efficiency for singly or multiply spiked insulin variants at different concentration 
ranges.

 The Pinpoint 1.3 software provides automated data extraction, verification, and 
quantification for all insulin analogs.
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FIGURE 2. Targeted data extraction approach in the Pinpoint 1.3 software 
based on HRAM MS data.  Data from each targeted insulin variant was 
extracted based on isotopic m/z values from three precursor charge 
states.  Integrated AUC values from each isotope was co-added to 
generate the reported values.  In addition, qualitative analysis was 
performed to score each insulin variant based on 2A) comparative peak 
profiles (peak start and stop, apex, and tailing factors) as well as 2b) 
isotopic distribution overlap.
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FIGURE 4. Comparative quantitation curves for Lantus and Apidra that 
were spiked into plasma at different.  All AUC values were normalized to 
the porcine AUC response.

FIGURE 1. Targeted selection process using MSIA D.A.R.T.ʼS technologies 
derivatized with a pan-anti insulin antibody. Following automated 
extraction, washing, and elution, insulin analogs were loaded onto LC-MS 
system.
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FIGURE 3. LC-MS data analysis of sample processing of four insulin 
variants.  The four analogs are LantusTM and ApidraTM spiked at 0.48 nM,
Humulin® S (0.06 nM), and porcine as the internal standard.  The resulting 
full-scan spectrum was averaged across the three co-eluting variants.  
LantusTM elutes 0.5 minutes prior to the three displayed insulin variants.

Our workflow has been shown to reach the required biological levels, facilitate a 
low-cost internal standard , and automate the workflow to expedite sample 
analysis and data processing.  The key aspect is based on effective targeted 
extraction using the insulin MSIA D.A.R.TʼS.  Figure 1 shows the automated 
steps to first selectively bind the insulin analogs, wash off background 
compounds, and elution into a new plate.  Once the extraction was performed, 
the plate was then prepped for LC-MS analysis.  This process eliminates the two 
steps (reduction/alkylation and digestion) previously reported while increasing 
the detection/quantitative capabilities using the Q Exactive mass spectrometer.

Limit of Quantitation

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%

Intra-Day Repeatability

STD Conc
(pM)

Mean
(3 controls x

5-curves) Stdevp %CV Accuracy

50.00 51.21 1.33 0.03 2.43%

Inter-Day Repeatability

STD Conc
(pM)

Mean 
(3 Controls x 

5-curves) Stdevp %CV Accuracy

50.00 51.07 0.81 0.02 2.15%

Spike and Recovery

Sample
Spike Conc. 

(pM)
Exp. Conc. 

(pM)
Average 

(pM)

Exp 
Recovery 

Conc. (pM) % Yield
Neat_1

0.00
43.79

44.59Neat_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

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

FIGURE 5. Method characteristics for insulin MSIA
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Overview
Purpose: Perform simultaneous qualitative and quantitative analyses of
endogenous insulin and/or therapeutic analogs at biological levels for research 
purposes.

Methods: Incorporate pan-anti insulin antibody in Thermo ScientificTM MSIA
D.A.R.T.ʼS™ technologies for increased extraction efficiency of all insulin 
analogs that are detected, verified, and quantified using high-resolution 
accurate-mass (HRAM) MS and MS/MS data from a Thermo ScientificTM

Q ExactiveTM mass spectrometer.

Results: LLOD 7.5pM in plasma for all variants used in the experiment with 
linear regressions of 0.99 or better. In addition, reproducibility studies
demonstrated inter- and intra-day CVʼs of < 3% and spike and recovery resulted 
in recoveries of 96–100%.

Introduction
Measurement of insulin has been identified as a paramount metric for specific
clinical research, therapeutic development, forensic and sports doping 
applications. Conventional assays are plagued by the simple inability to 
differentiate endogenous from insulin analogs. While LC-MS has demonstrated 
the ability to overcome this shortcoming, these methods have lacked analytical
sensitivity demanded by the field.  Complicated by the presence of high plasma 
background, selective sample interface workflows are required for proper LC-MS 
detection/quantification. To satisfy all the listed capabilities, a Mass
Spectrometric Immunoassay (MSIA) method was developed for the high-
throughput, highly analytically sensitive quantification of insulin and its analogs
from human donor plasma for clinical research.

Methods
Sample Preparation
A series of samples consisting of insulin mixes were prepared both neat and in 
donor plasma, spanning the concentration range of 1.5 pM to 960 pM. Individual
insulin analogs were prepared independently and applied at different levels to 
characterize the method employed. To each well 500 µL plasma and 0.05 nM
internal reference, porcine insulin or heavy insulin, were added. Up to 4 analogs
were prepared in a single sample. For MSIA, targeted selection using D.A.R.T.ʼS
technologies derivatized with a pan-anti insulin antibody were employed as the 
sample interface. Automated processing was performed using the Thermo 
Scientific™ Versette™ automated liquid handler.2 Following extraction, intact
insulin analogs were eluted with 75 µL 70:30 0.2% water/MeCN/formic acid with
15 µg/mL ACTH 1-24, then adjusted to 75:25 0.2% water/MeCN/formic acid for 
LC loading.

Liquid Chromatography (or more generically Separations)

An Thermo Scientific™ Dionex™ UltiMate™ 3000 RSLC system was used for all
experiments and100 µL of each sample was separated on a 100 x 1 mm Thermo 
Scientific™ ProSwift™ column using a linear gradient (10–50% in 10 minutes)
comprised of A) 0.1% formic acid in water and B) 0.1% formic acid in MeCN.
The column was heated to a temperature of 50ºC.

Mass Spectrometry

All experiments were acquired using a Thermo Scientific Q Exactive mass
spectrometer operated in data dependent/dynamic exclusion. A resolution 
setting of 70,000 (@ m/z 200) was used for full scan MS and 17,500 for MS/MS
events. Full-scan MS data was acquired using a mass range of 800–2000 Da
and a targeted inclusion list was used to trigger all data dependent events.

Data Analysis

All data was processed using Thermo Scientific™ Pinpoint™ software.  HRAM 
MS data extraction was used for quantification.  Providing additional qualitative 
analysis, the three most abundant precursor charge states per analog were used 
as well as the six most abundant isotopes per charge state.  A mass tolerance of 
±5 ppm was used for all data extraction. 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. 
Amounts of each insulin analog were determined by converting AUC values, 
normalized to the AUC of the internal reference, using generated standard 
curves.

Results
The resulting protocol for targeted detection and quantification of insulin and 
different therapeutic variants must have specific attributes to be effective.  The 
analytical sensitivity and selectivity of extraction and detection methods must 
reach biological levels as well as provide qualitative measurements per target.  A 
useful internal standard was included to normalize the entire method—from the 
sample preparation, LC-MS analysis, and data processing.  Lastly, the protocol 
must be effective for most insulin variants to reduce cost and complexity for the 
workflow.  

The subsequent LC-MS detection using HRAM MS data enabled sufficient
analytical selectivity to distinguish insulin variants from the background signal
using multiple precursor charge states and isotopes. The data extraction 
approach as shown in Figure 2 demonstrates multiple verification attributes from
the LC and MS profiles. Data dependent MS/MS acquisition can also be used 
for specific variant determination as well. (data not shown) Decoupling the 
quantitative method (MS data) from sequence confirmation (MS/MS) enables the 
method to probe not only for known variants, but to perform significant post-
acquisition processing as new variants become known, provided the b-chain 
epitope region remains conserved. Figure 3 shows the comparative extraction 
and detection efficiency of the workflow across four different insulin variants.
Figure 4 is an example of standard curves, normalized to porcine insulin,
generated for two variants in the presence of endogenous insulin residing in 
donor plasma.

Conclusion
The targeted workflow successfully demonstrated analytically selective and sensitive 
insulin variant extraction, LC separation, and quantitation using HRAM MS. The pan 
insulin Ab was sensitive for all six insulin variants used in the study.

 The automated sample extraction utilized one step as opposed to multiple 
enrichment/extraction steps.

 LLOD of 7.5 pM (~43 pg/mL) in 0.5 mL of plasma were achieved.

 The insulin MSIA D.A.R.T.ʼS showed equivalent extraction and quantitative 
efficiency for singly or multiply spiked insulin variants at different concentration 
ranges.

 The Pinpoint 1.3 software provides automated data extraction, verification, and 
quantification for all insulin analogs.
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FIGURE 2. Targeted data extraction approach in the Pinpoint 1.3 software 
based on HRAM MS data. Data from each targeted insulin variant was 
extracted based on isotopic m/z values from three precursor charge 
states. Integrated AUC values from each isotope was co-added to 
generate the reported values.  In addition, qualitative analysis was 
performed to score each insulin variant based on 2A) comparative peak 
profiles (peak start and stop, apex, and tailing factors) as well as 2b)
isotopic distribution overlap.
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FIGURE 4. Comparative quantitation curves for Lantus and Apidra that
were spiked into plasma at different. All AUC values were normalized to 
the porcine AUC response.

FIGURE 1. Targeted selection process using MSIA D.A.R.T.ʼS technologies 
derivatized with a pan-anti insulin antibody. Following automated 
extraction, washing, and elution, insulin analogs were loaded onto LC-MS 
system.
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FIGURE 3. LC-MS data analysis of sample processing of four insulin 
variants. The four analogs are LantusTM and ApidraTM spiked at 0.48 nM,
Humulin® S (0.06 nM), and porcine as the internal standard. The resulting 
full-scan spectrum was averaged across the three co-eluting variants.
LantusTM elutes 0.5 minutes prior to the three displayed insulin variants.

Our workflow has been shown to reach the required biological levels, facilitate a 
low-cost internal standard , and automate the workflow to expedite sample 
analysis and data processing. The key aspect is based on effective targeted 
extraction using the insulin MSIA D.A.R.TʼS. Figure 1 shows the automated 
steps to first selectively bind the insulin analogs, wash off background 
compounds, and elution into a new plate. Once the extraction was performed,
the plate was then prepped for LC-MS analysis. This process eliminates the two 
steps (reduction/alkylation and digestion) previously reported while increasing 
the detection/quantitative capabilities using the Q Exactive mass spectrometer.

Limit of Quantitation

STD Conc
(pM)
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(5-curves) Stdev %CV Accuracy

0 7.42 1.02
7.5 10.56 0.95 9.04% 40.80%
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Overview
Purpose: Perform simultaneous qualitative and quantitative analyses of
endogenous insulin and/or therapeutic analogs at biological levels for research 
purposes.

Methods: Incorporate pan-anti insulin antibody in Thermo ScientificTM MSIA
D.A.R.T.ʼS™ technologies for increased extraction efficiency of all insulin 
analogs that are detected, verified, and quantified using high-resolution 
accurate-mass (HRAM) MS and MS/MS data from a Thermo ScientificTM

Q ExactiveTM mass spectrometer.

Results: LLOD 7.5pM in plasma for all variants used in the experiment with 
linear regressions of 0.99 or better. In addition, reproducibility studies
demonstrated inter- and intra-day CVʼs of < 3% and spike and recovery resulted 
in recoveries of 96–100%.

Introduction
Measurement of insulin has been identified as a paramount metric for specific
clinical research, therapeutic development, forensic and sports doping 
applications. Conventional assays are plagued by the simple inability to 
differentiate endogenous from insulin analogs. While LC-MS has demonstrated 
the ability to overcome this shortcoming, these methods have lacked analytical
sensitivity demanded by the field.  Complicated by the presence of high plasma 
background, selective sample interface workflows are required for proper LC-MS 
detection/quantification. To satisfy all the listed capabilities, a Mass
Spectrometric Immunoassay (MSIA) method was developed for the high-
throughput, highly analytically sensitive quantification of insulin and its analogs
from human donor plasma for clinical research.

Methods
Sample Preparation

A series of samples consisting of insulin mixes were prepared both neat and in 
donor plasma, spanning the concentration range of 1.5 pM to 960 pM. Individual
insulin analogs were prepared independently and applied at different levels to 
characterize the method employed. To each well 500 µL plasma and 0.05 nM
internal reference, porcine insulin or heavy insulin, were added. Up to 4 analogs
were prepared in a single sample. For MSIA, targeted selection using D.A.R.T.ʼS
technologies derivatized with a pan-anti insulin antibody were employed as the 
sample interface. Automated processing was performed using the Thermo 
Scientific™ Versette™ automated liquid handler.2 Following extraction, intact
insulin analogs were eluted with 75 µL 70:30 0.2% water/MeCN/formic acid with
15 µg/mL ACTH 1-24, then adjusted to 75:25 0.2% water/MeCN/formic acid for 
LC loading.

Liquid Chromatography (or more generically Separations)

An Thermo Scientific™ Dionex™ UltiMate™ 3000 RSLC system was used for all
experiments and100 µL of each sample was separated on a 100 x 1 mm Thermo 
Scientific™ ProSwift™ column using a linear gradient (10–50% in 10 minutes)
comprised of A) 0.1% formic acid in water and B) 0.1% formic acid in MeCN.
The column was heated to a temperature of 50ºC.

Mass Spectrometry
All experiments were acquired using a Thermo Scientific Q Exactive mass
spectrometer operated in data dependent/dynamic exclusion. A resolution 
setting of 70,000 (@ m/z 200) was used for full scan MS and 17,500 for MS/MS
events. Full-scan MS data was acquired using a mass range of 800–2000 Da
and a targeted inclusion list was used to trigger all data dependent events.

Data Analysis

All data was processed using Thermo Scientific™ Pinpoint™ software. HRAM
MS data extraction was used for quantification. Providing additional qualitative 
analysis, the three most abundant precursor charge states per analog were used 
as well as the six most abundant isotopes per charge state. A mass tolerance of
±5 ppm was used for all data extraction. 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.
Amounts of each insulin analog were determined by converting AUC values,
normalized to the AUC of the internal reference, using generated standard 
curves.

Results
The resulting protocol for targeted detection and quantification of insulin and 
different therapeutic variants must have specific attributes to be effective. The 
analytical sensitivity and selectivity of extraction and detection methods must
reach biological levels as well as provide qualitative measurements per target. A
useful internal standard was included to normalize the entire method—from the
sample preparation, LC-MS analysis, and data processing. Lastly, the protocol
must be effective for most insulin variants to reduce cost and complexity for the 
workflow.  

The subsequent LC-MS detection using HRAM MS data enabled sufficient
analytical selectivity to distinguish insulin variants from the background signal
using multiple precursor charge states and isotopes. The data extraction 
approach as shown in Figure 2 demonstrates multiple verification attributes from
the LC and MS profiles. Data dependent MS/MS acquisition can also be used 
for specific variant determination as well. (data not shown) Decoupling the 
quantitative method (MS data) from sequence confirmation (MS/MS) enables the 
method to probe not only for known variants, but to perform significant post-
acquisition processing as new variants become known, provided the b-chain 
epitope region remains conserved. Figure 3 shows the comparative extraction 
and detection efficiency of the workflow across four different insulin variants.
Figure 4 is an example of standard curves, normalized to porcine insulin,
generated for two variants in the presence of endogenous insulin residing in 
donor plasma.

Conclusion
The targeted workflow successfully demonstrated analytically selective and sensitive 
insulin variant extraction, LC separation, and quantitation using HRAM MS. The pan 
insulin Ab was sensitive for all six insulin variants used in the study.

 The automated sample extraction utilized one step as opposed to multiple 
enrichment/extraction steps.

 LLOD of 7.5 pM (~43 pg/mL) in 0.5 mL of plasma were achieved.

 The insulin MSIA D.A.R.T.ʼS showed equivalent extraction and quantitative 
efficiency for singly or multiply spiked insulin variants at different concentration 
ranges.

 The Pinpoint 1.3 software provides automated data extraction, verification, and 
quantification for all insulin analogs.
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FIGURE 2. Targeted data extraction approach in the Pinpoint 1.3 software 
based on HRAM MS data. Data from each targeted insulin variant was 
extracted based on isotopic m/z values from three precursor charge 
states. Integrated AUC values from each isotope was co-added to 
generate the reported values.  In addition, qualitative analysis was 
performed to score each insulin variant based on 2A) comparative peak 
profiles (peak start and stop, apex, and tailing factors) as well as 2b)
isotopic distribution overlap.
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FIGURE 4. Comparative quantitation curves for Lantus and Apidra that
were spiked into plasma at different. All AUC values were normalized to 
the porcine AUC response.

FIGURE 1. Targeted selection process using MSIA D.A.R.T.ʼS technologies 
derivatized with a pan-anti insulin antibody. Following automated 
extraction, washing, and elution, insulin analogs were loaded onto LC-MS 
system.
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FIGURE 3. LC-MS data analysis of sample processing of four insulin 
variants. The four analogs are LantusTM and ApidraTM spiked at 0.48 nM,
Humulin® S (0.06 nM), and porcine as the internal standard. The resulting 
full-scan spectrum was averaged across the three co-eluting variants.
LantusTM elutes 0.5 minutes prior to the three displayed insulin variants.

Our workflow has been shown to reach the required biological levels, facilitate a 
low-cost internal standard , and automate the workflow to expedite sample 
analysis and data processing.  The key aspect is based on effective targeted 
extraction using the insulin MSIA D.A.R.TʼS.  Figure 1 shows the automated 
steps to first selectively bind the insulin analogs, wash off background 
compounds, and elution into a new plate.  Once the extraction was performed, 
the plate was then prepped for LC-MS analysis.  This process eliminates the two 
steps (reduction/alkylation and digestion) previously reported while increasing 
the detection/quantitative capabilities using the Q Exactive mass spectrometer.
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60 58.41 1.61 2.75% -2.66%
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FIGURE 5. Method characteristics for insulin MSIA
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Overview
Purpose: Perform simultaneous qualitative and quantitative analyses of
endogenous insulin and/or therapeutic analogs at biological levels for research 
purposes.

Methods: Incorporate pan-anti insulin antibody in Thermo ScientificTM MSIA
D.A.R.T.ʼS™ technologies for increased extraction efficiency of all insulin 
analogs that are detected, verified, and quantified using high-resolution 
accurate-mass (HRAM) MS and MS/MS data from a Thermo ScientificTM

Q ExactiveTM mass spectrometer.

Results: LLOD 7.5pM in plasma for all variants used in the experiment with 
linear regressions of 0.99 or better. In addition, reproducibility studies
demonstrated inter- and intra-day CVʼs of < 3% and spike and recovery resulted 
in recoveries of 96–100%.

Introduction
Measurement of insulin has been identified as a paramount metric for specific
clinical research, therapeutic development, forensic and sports doping 
applications. Conventional assays are plagued by the simple inability to 
differentiate endogenous from insulin analogs. While LC-MS has demonstrated 
the ability to overcome this shortcoming, these methods have lacked analytical
sensitivity demanded by the field.  Complicated by the presence of high plasma 
background, selective sample interface workflows are required for proper LC-MS 
detection/quantification. To satisfy all the listed capabilities, a Mass
Spectrometric Immunoassay (MSIA) method was developed for the high-
throughput, highly analytically sensitive quantification of insulin and its analogs
from human donor plasma for clinical research.

Methods
Sample Preparation

A series of samples consisting of insulin mixes were prepared both neat and in 
donor plasma, spanning the concentration range of 1.5 pM to 960 pM. Individual
insulin analogs were prepared independently and applied at different levels to 
characterize the method employed. To each well 500 µL plasma and 0.05 nM
internal reference, porcine insulin or heavy insulin, were added. Up to 4 analogs
were prepared in a single sample. For MSIA, targeted selection using D.A.R.T.ʼS
technologies derivatized with a pan-anti insulin antibody were employed as the 
sample interface. Automated processing was performed using the Thermo 
Scientific™ Versette™ automated liquid handler.2 Following extraction, intact
insulin analogs were eluted with 75 µL 70:30 0.2% water/MeCN/formic acid with
15 µg/mL ACTH 1-24, then adjusted to 75:25 0.2% water/MeCN/formic acid for 
LC loading.

Liquid Chromatography (or more generically Separations)

An Thermo Scientific™ Dionex™ UltiMate™ 3000 RSLC system was used for all
experiments and100 µL of each sample was separated on a 100 x 1 mm Thermo 
Scientific™ ProSwift™ column using a linear gradient (10–50% in 10 minutes)
comprised of A) 0.1% formic acid in water and B) 0.1% formic acid in MeCN.
The column was heated to a temperature of 50ºC.

Mass Spectrometry

All experiments were acquired using a Thermo Scientific Q Exactive mass
spectrometer operated in data dependent/dynamic exclusion. A resolution 
setting of 70,000 (@ m/z 200) was used for full scan MS and 17,500 for MS/MS
events. Full-scan MS data was acquired using a mass range of 800–2000 Da
and a targeted inclusion list was used to trigger all data dependent events.

Data Analysis

All data was processed using Thermo Scientific™ Pinpoint™ software. HRAM
MS data extraction was used for quantification. Providing additional qualitative 
analysis, the three most abundant precursor charge states per analog were used 
as well as the six most abundant isotopes per charge state. A mass tolerance of
±5 ppm was used for all data extraction. 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.
Amounts of each insulin analog were determined by converting AUC values,
normalized to the AUC of the internal reference, using generated standard 
curves.

Results
The resulting protocol for targeted detection and quantification of insulin and 
different therapeutic variants must have specific attributes to be effective. The 
analytical sensitivity and selectivity of extraction and detection methods must
reach biological levels as well as provide qualitative measurements per target. A
useful internal standard was included to normalize the entire method—from the
sample preparation, LC-MS analysis, and data processing. Lastly, the protocol
must be effective for most insulin variants to reduce cost and complexity for the 
workflow.  

The subsequent LC-MS detection using HRAM MS data enabled sufficient 
analytical selectivity to distinguish insulin variants from the background signal 
using multiple precursor charge states and isotopes.  The data extraction 
approach as shown in Figure 2 demonstrates multiple verification attributes from 
the LC and MS profiles.  Data dependent MS/MS acquisition can also be used 
for specific variant determination as well. (data not shown)  Decoupling the 
quantitative method (MS data) from sequence confirmation (MS/MS) enables the 
method to probe not only for known variants, but to perform significant post-
acquisition processing as new variants become known, provided the b-chain 
epitope region remains conserved.  Figure 3 shows the comparative extraction 
and detection efficiency of the workflow across four different insulin variants. 
Figure 4 is an example of standard curves, normalized to porcine insulin, 
generated for two variants in the presence of endogenous insulin residing in 
donor plasma.

Conclusion
The targeted workflow successfully demonstrated analytically selective and sensitive 
insulin variant extraction, LC separation, and quantitation using HRAM MS. The pan 
insulin Ab was sensitive for all six insulin variants used in the study.

 The automated sample extraction utilized one step as opposed to multiple 
enrichment/extraction steps.

 LLOD of 7.5 pM (~43 pg/mL) in 0.5 mL of plasma were achieved.

 The insulin MSIA D.A.R.T.ʼS showed equivalent extraction and quantitative 
efficiency for singly or multiply spiked insulin variants at different concentration 
ranges.

 The Pinpoint 1.3 software provides automated data extraction, verification, and 
quantification for all insulin analogs.

References (if necessary)
1. Thevis, M, Thomas, A., Schänzer, W. Mass Spectom. Reviews 2008, 27(1), 35-50

2. Nelson, R. W., Krone, J., R., Bieber, A. L., Williams, P.  Anal. Chem. 1995, 67,
1153-58

Acknowledgements
The authors would like to thank Dr. Stephan Morely from the Sheffield Hospital, UK for
the donation of the insulin variants used in the study.

Humulin is a registered trademark of Eli Lilly, Lantus and Apidra are trademarks of Sanofi-Aventis. All other
trademarks are the property of Thermo Fisher Scientific and its subsidiaries.

For Research Use Only.  Not for use in diagnostic procedures.
This information is not intended to encourage use of these products in any manners that might infringe the 
intellectual property rights of others.

FIGURE 2. Targeted data extraction approach in the Pinpoint 1.3 software 
based on HRAM MS data.  Data from each targeted insulin variant was 
extracted based on isotopic m/z values from three precursor charge 
states.  Integrated AUC values from each isotope was co-added to 
generate the reported values.  In addition, qualitative analysis was 
performed to score each insulin variant based on 2A) comparative peak 
profiles (peak start and stop, apex, and tailing factors) as well as 2b) 
isotopic distribution overlap.
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FIGURE 4. Comparative quantitation curves for Lantus and Apidra that
were spiked into plasma at different. All AUC values were normalized to 
the porcine AUC response.

FIGURE 1. Targeted selection process using MSIA D.A.R.T.ʼS technologies 
derivatized with a pan-anti insulin antibody. Following automated 
extraction, washing, and elution, insulin analogs were loaded onto LC-MS 
system.
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FIGURE 3. LC-MS data analysis of sample processing of four insulin 
variants.  The four analogs are LantusTM and ApidraTM spiked at 0.48 nM,
Humulin® S (0.06 nM), and porcine as the internal standard.  The resulting 
full-scan spectrum was averaged across the three co-eluting variants.  
LantusTM elutes 0.5 minutes prior to the three displayed insulin variants.

Our workflow has been shown to reach the required biological levels, facilitate a 
low-cost internal standard , and automate the workflow to expedite sample 
analysis and data processing. The key aspect is based on effective targeted 
extraction using the insulin MSIA D.A.R.TʼS. Figure 1 shows the automated 
steps to first selectively bind the insulin analogs, wash off background 
compounds, and elution into a new plate. Once the extraction was performed,
the plate was then prepped for LC-MS analysis. This process eliminates the two 
steps (reduction/alkylation and digestion) previously reported while increasing 
the detection/quantitative capabilities using the Q Exactive mass spectrometer.

Limit of Quantitation

STD Conc
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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%
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(3 Controls x 
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FIGURE 5. Method characteristics for insulin MSIA
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Overview
Purpose: Perform simultaneous qualitative and quantitative analyses of
endogenous insulin and/or therapeutic analogs at biological levels for research 
purposes.

Methods: Incorporate pan-anti insulin antibody in Thermo ScientificTM MSIA
D.A.R.T.ʼS™ technologies for increased extraction efficiency of all insulin 
analogs that are detected, verified, and quantified using high-resolution 
accurate-mass (HRAM) MS and MS/MS data from a Thermo ScientificTM

Q ExactiveTM mass spectrometer.

Results: LLOD 7.5pM in plasma for all variants used in the experiment with 
linear regressions of 0.99 or better. In addition, reproducibility studies
demonstrated inter- and intra-day CVʼs of < 3% and spike and recovery resulted 
in recoveries of 96–100%.

Introduction
Measurement of insulin has been identified as a paramount metric for specific
clinical research, therapeutic development, forensic and sports doping 
applications. Conventional assays are plagued by the simple inability to 
differentiate endogenous from insulin analogs. While LC-MS has demonstrated 
the ability to overcome this shortcoming, these methods have lacked analytical
sensitivity demanded by the field.  Complicated by the presence of high plasma 
background, selective sample interface workflows are required for proper LC-MS 
detection/quantification. To satisfy all the listed capabilities, a Mass
Spectrometric Immunoassay (MSIA) method was developed for the high-
throughput, highly analytically sensitive quantification of insulin and its analogs
from human donor plasma for clinical research.

Methods
Sample Preparation

A series of samples consisting of insulin mixes were prepared both neat and in 
donor plasma, spanning the concentration range of 1.5 pM to 960 pM. Individual
insulin analogs were prepared independently and applied at different levels to 
characterize the method employed. To each well 500 µL plasma and 0.05 nM
internal reference, porcine insulin or heavy insulin, were added. Up to 4 analogs
were prepared in a single sample. For MSIA, targeted selection using D.A.R.T.ʼS
technologies derivatized with a pan-anti insulin antibody were employed as the 
sample interface. Automated processing was performed using the Thermo 
Scientific™ Versette™ automated liquid handler.2 Following extraction, intact
insulin analogs were eluted with 75 µL 70:30 0.2% water/MeCN/formic acid with
15 µg/mL ACTH 1-24, then adjusted to 75:25 0.2% water/MeCN/formic acid for 
LC loading.

Liquid Chromatography (or more generically Separations)
An Thermo Scientific™ Dionex™ UltiMate™ 3000 RSLC system was used for all
experiments and100 µL of each sample was separated on a 100 x 1 mm Thermo 
Scientific™ ProSwift™ column using a linear gradient (10–50% in 10 minutes)
comprised of A) 0.1% formic acid in water and B) 0.1% formic acid in MeCN.
The column was heated to a temperature of 50ºC.

Mass Spectrometry

All experiments were acquired using a Thermo Scientific Q Exactive mass
spectrometer operated in data dependent/dynamic exclusion. A resolution 
setting of 70,000 (@ m/z 200) was used for full scan MS and 17,500 for MS/MS
events. Full-scan MS data was acquired using a mass range of 800–2000 Da
and a targeted inclusion list was used to trigger all data dependent events.

Data Analysis
All data was processed using Thermo Scientific™ Pinpoint™ software. HRAM
MS data extraction was used for quantification. Providing additional qualitative 
analysis, the three most abundant precursor charge states per analog were used 
as well as the six most abundant isotopes per charge state. A mass tolerance of
±5 ppm was used for all data extraction. 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.
Amounts of each insulin analog were determined by converting AUC values,
normalized to the AUC of the internal reference, using generated standard 
curves.

Results
The resulting protocol for targeted detection and quantification of insulin and 
different therapeutic variants must have specific attributes to be effective. The 
analytical sensitivity and selectivity of extraction and detection methods must
reach biological levels as well as provide qualitative measurements per target. A
useful internal standard was included to normalize the entire method—from the
sample preparation, LC-MS analysis, and data processing. Lastly, the protocol
must be effective for most insulin variants to reduce cost and complexity for the 
workflow.  

The subsequent LC-MS detection using HRAM MS data enabled sufficient
analytical selectivity to distinguish insulin variants from the background signal
using multiple precursor charge states and isotopes. The data extraction 
approach as shown in Figure 2 demonstrates multiple verification attributes from
the LC and MS profiles. Data dependent MS/MS acquisition can also be used 
for specific variant determination as well. (data not shown) Decoupling the 
quantitative method (MS data) from sequence confirmation (MS/MS) enables the 
method to probe not only for known variants, but to perform significant post-
acquisition processing as new variants become known, provided the b-chain 
epitope region remains conserved. Figure 3 shows the comparative extraction 
and detection efficiency of the workflow across four different insulin variants.
Figure 4 is an example of standard curves, normalized to porcine insulin,
generated for two variants in the presence of endogenous insulin residing in 
donor plasma.

Conclusion
The targeted workflow successfully demonstrated analytically selective and sensitive 
insulin variant extraction, LC separation, and quantitation using HRAM MS. The pan 
insulin Ab was sensitive for all six insulin variants used in the study.

 The automated sample extraction utilized one step as opposed to multiple 
enrichment/extraction steps.

 LLOD of 7.5 pM (~43 pg/mL) in 0.5 mL of plasma were achieved.

 The insulin MSIA D.A.R.T.ʼS showed equivalent extraction and quantitative 
efficiency for singly or multiply spiked insulin variants at different concentration 
ranges.

 The Pinpoint 1.3 software provides automated data extraction, verification, and 
quantification for all insulin analogs.
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FIGURE 2. Targeted data extraction approach in the Pinpoint 1.3 software 
based on HRAM MS data. Data from each targeted insulin variant was 
extracted based on isotopic m/z values from three precursor charge 
states. Integrated AUC values from each isotope was co-added to 
generate the reported values.  In addition, qualitative analysis was 
performed to score each insulin variant based on 2A) comparative peak 
profiles (peak start and stop, apex, and tailing factors) as well as 2b)
isotopic distribution overlap.
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FIGURE 4. Comparative quantitation curves for Lantus and Apidra that 
were spiked into plasma at different.  All AUC values were normalized to 
the porcine AUC response.

FIGURE 1. Targeted selection process using MSIA D.A.R.T.ʼS technologies 
derivatized with a pan-anti insulin antibody. Following automated 
extraction, washing, and elution, insulin analogs were loaded onto LC-MS 
system.
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FIGURE 3. LC-MS data analysis of sample processing of four insulin 
variants. The four analogs are LantusTM and ApidraTM spiked at 0.48 nM,
Humulin® S (0.06 nM), and porcine as the internal standard. The resulting 
full-scan spectrum was averaged across the three co-eluting variants.
LantusTM elutes 0.5 minutes prior to the three displayed insulin variants.

Our workflow has been shown to reach the required biological levels, facilitate a 
low-cost internal standard , and automate the workflow to expedite sample 
analysis and data processing. The key aspect is based on effective targeted 
extraction using the insulin MSIA D.A.R.TʼS. Figure 1 shows the automated 
steps to first selectively bind the insulin analogs, wash off background 
compounds, and elution into a new plate. Once the extraction was performed,
the plate was then prepped for LC-MS analysis. This process eliminates the two 
steps (reduction/alkylation and digestion) previously reported while increasing 
the detection/quantitative capabilities using the Q Exactive mass spectrometer.
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FIGURE 5. Method characteristics for insulin MSIA
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Overview
Purpose: Perform simultaneous qualitative and quantitative analyses of
endogenous insulin and/or therapeutic analogs at biological levels for research 
purposes.

Methods: Incorporate pan-anti insulin antibody in Thermo ScientificTM MSIA
D.A.R.T.ʼS™ technologies for increased extraction efficiency of all insulin 
analogs that are detected, verified, and quantified using high-resolution 
accurate-mass (HRAM) MS and MS/MS data from a Thermo ScientificTM

Q ExactiveTM mass spectrometer.

Results: LLOD 7.5pM in plasma for all variants used in the experiment with 
linear regressions of 0.99 or better. In addition, reproducibility studies
demonstrated inter- and intra-day CVʼs of < 3% and spike and recovery resulted 
in recoveries of 96–100%.

Introduction
Measurement of insulin has been identified as a paramount metric for specific
clinical research, therapeutic development, forensic and sports doping 
applications. Conventional assays are plagued by the simple inability to 
differentiate endogenous from insulin analogs. While LC-MS has demonstrated 
the ability to overcome this shortcoming, these methods have lacked analytical
sensitivity demanded by the field.  Complicated by the presence of high plasma 
background, selective sample interface workflows are required for proper LC-MS 
detection/quantification. To satisfy all the listed capabilities, a Mass
Spectrometric Immunoassay (MSIA) method was developed for the high-
throughput, highly analytically sensitive quantification of insulin and its analogs
from human donor plasma for clinical research.

Methods
Sample Preparation

A series of samples consisting of insulin mixes were prepared both neat and in 
donor plasma, spanning the concentration range of 1.5 pM to 960 pM. Individual
insulin analogs were prepared independently and applied at different levels to 
characterize the method employed. To each well 500 µL plasma and 0.05 nM
internal reference, porcine insulin or heavy insulin, were added. Up to 4 analogs
were prepared in a single sample. For MSIA, targeted selection using D.A.R.T.ʼS
technologies derivatized with a pan-anti insulin antibody were employed as the 
sample interface. Automated processing was performed using the Thermo 
Scientific™ Versette™ automated liquid handler.2 Following extraction, intact
insulin analogs were eluted with 75 µL 70:30 0.2% water/MeCN/formic acid with
15 µg/mL ACTH 1-24, then adjusted to 75:25 0.2% water/MeCN/formic acid for 
LC loading.

Liquid Chromatography (or more generically Separations)

An Thermo Scientific™ Dionex™ UltiMate™ 3000 RSLC system was used for all
experiments and100 µL of each sample was separated on a 100 x 1 mm Thermo 
Scientific™ ProSwift™ column using a linear gradient (10–50% in 10 minutes)
comprised of A) 0.1% formic acid in water and B) 0.1% formic acid in MeCN.
The column was heated to a temperature of 50ºC.

Mass Spectrometry

All experiments were acquired using a Thermo Scientific Q Exactive mass
spectrometer operated in data dependent/dynamic exclusion. A resolution 
setting of 70,000 (@ m/z 200) was used for full scan MS and 17,500 for MS/MS
events. Full-scan MS data was acquired using a mass range of 800–2000 Da
and a targeted inclusion list was used to trigger all data dependent events.

Data Analysis

All data was processed using Thermo Scientific™ Pinpoint™ software. HRAM
MS data extraction was used for quantification. Providing additional qualitative 
analysis, the three most abundant precursor charge states per analog were used 
as well as the six most abundant isotopes per charge state. A mass tolerance of
±5 ppm was used for all data extraction. 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.
Amounts of each insulin analog were determined by converting AUC values,
normalized to the AUC of the internal reference, using generated standard 
curves.

Results
The resulting protocol for targeted detection and quantification of insulin and 
different therapeutic variants must have specific attributes to be effective. The 
analytical sensitivity and selectivity of extraction and detection methods must
reach biological levels as well as provide qualitative measurements per target. A
useful internal standard was included to normalize the entire method—from the
sample preparation, LC-MS analysis, and data processing. Lastly, the protocol
must be effective for most insulin variants to reduce cost and complexity for the 
workflow.  

The subsequent LC-MS detection using HRAM MS data enabled sufficient
analytical selectivity to distinguish insulin variants from the background signal
using multiple precursor charge states and isotopes. The data extraction 
approach as shown in Figure 2 demonstrates multiple verification attributes from
the LC and MS profiles. Data dependent MS/MS acquisition can also be used 
for specific variant determination as well. (data not shown) Decoupling the 
quantitative method (MS data) from sequence confirmation (MS/MS) enables the 
method to probe not only for known variants, but to perform significant post-
acquisition processing as new variants become known, provided the b-chain 
epitope region remains conserved. Figure 3 shows the comparative extraction 
and detection efficiency of the workflow across four different insulin variants.
Figure 4 is an example of standard curves, normalized to porcine insulin,
generated for two variants in the presence of endogenous insulin residing in 
donor plasma.

Conclusion
The targeted workflow successfully demonstrated analytically selective and sensitive 
insulin variant extraction, LC separation, and quantitation using HRAM MS.  The pan 
insulin Ab was sensitive for all six insulin variants used in the study.

 The automated sample extraction utilized one step as opposed to multiple
enrichment/extraction steps.

 LLOD of 7.5 pM (~43 pg/mL) in 0.5 mL of plasma were achieved.

 The insulin MSIA D.A.R.T.ʼS showed equivalent extraction and quantitative
efficiency for singly or multiply spiked insulin variants at different concentration
ranges.

 The Pinpoint 1.3 software provides automated data extraction, verification, and
quantification for all insulin analogs.
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FIGURE 2. Targeted data extraction approach in the Pinpoint 1.3 software 
based on HRAM MS data. Data from each targeted insulin variant was 
extracted based on isotopic m/z values from three precursor charge 
states. Integrated AUC values from each isotope was co-added to 
generate the reported values.  In addition, qualitative analysis was 
performed to score each insulin variant based on 2A) comparative peak 
profiles (peak start and stop, apex, and tailing factors) as well as 2b)
isotopic distribution overlap.
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FIGURE 4. Comparative quantitation curves for Lantus and Apidra that
were spiked into plasma at different. All AUC values were normalized to 
the porcine AUC response.

FIGURE 1. Targeted selection process using MSIA D.A.R.T.ʼS technologies 
derivatized with a pan-anti insulin antibody. Following automated 
extraction, washing, and elution, insulin analogs were loaded onto LC-MS 
system.
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FIGURE 3. LC-MS data analysis of sample processing of four insulin 
variants. The four analogs are LantusTM and ApidraTM spiked at 0.48 nM,
Humulin® S (0.06 nM), and porcine as the internal standard. The resulting 
full-scan spectrum was averaged across the three co-eluting variants.
LantusTM elutes 0.5 minutes prior to the three displayed insulin variants.

Our workflow has been shown to reach the required biological levels, facilitate a 
low-cost internal standard , and automate the workflow to expedite sample 
analysis and data processing. The key aspect is based on effective targeted 
extraction using the insulin MSIA D.A.R.TʼS. Figure 1 shows the automated 
steps to first selectively bind the insulin analogs, wash off background 
compounds, and elution into a new plate. Once the extraction was performed,
the plate was then prepped for LC-MS analysis. This process eliminates the two 
steps (reduction/alkylation and digestion) previously reported while increasing 
the detection/quantitative capabilities using the Q Exactive mass spectrometer.
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