
胰岛素类似物是通过在天然胰岛素结构基础上进行改造，形

成等效或增效血糖控制的胰岛素替代物。它们中的膳食胰岛素类

似物，如赖脯胰岛素、阿斯巴甜胰岛素、格列嗪胰岛素，与人胰

岛素相比更容易吸收、起效更迅速（图1），因此研究此类胰岛素

类似物的药代动力学和药效学属性至关重要。然而，开发灵敏的

液质联用方法，并在基质中定量分析仍然颇具挑战，原因是：1）

分子量相对较大导致离子化和碰撞诱导解离碎片化效率较低；2）

基质中含量较低；3）天然的胰岛素会造成内源性干扰。

在本项研究中，我们基于SCIEX Triple Quad 7500 LC-MS/MS系

统 – QTRAP Ready开发了在大鼠血浆中完整赖脯人胰岛素灵敏的

定量检测方案。配置OptiFlow™ Pro离子源的SCIEX 7500系统采用

D Jet™离子导向技术，使得对于完整胰岛素类似物的检测灵敏度

显著提高。此系统增强了去溶剂化作用和离子聚焦能力，也是实

现仪器灵敏度乃至多反应监测模式（Multiple Reaction Monitoring, 

MRM）定量灵敏度提高的关键因素。不需经过样本富集，在大鼠

血浆中赖脯人胰岛素的定量限为0.1 ng/mL，分析重现性、准确

度、定量线性良好。
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完整赖脯人胰岛素定量检测流程的主要特点

• 通过关键硬件设备的引入：配置OptiFlow Pro离子源的SCIEX 

7500系统采用D Jet离子导向和E Lens™技术，提高离子的产生、

捕获、传输的效率以实现SCIEX Triple Quad 7500 LC-MS/MS系统 – 

QTRAP Ready的检测灵敏度的提高。1

• 简单的样品前处理策略，不需要样品富集步骤。

• 在大鼠血浆中赖脯人胰岛素定量限为0.1 ng/mL，重现性好

• 在标准曲线定量范围内良好的分析重现性、精确度、准确性、

定量线性

• SCIEX OS软件 — 集合数据采集、处理、管理于一体，合规功能

于一体、可定制、简单易用

实验方法

样品前处理：在大鼠血浆中加入赖脯人胰岛素和牛胰岛素

（内标）。通过连续稀释配制标准曲线。样品经过蛋白沉淀，取

上清液过混合型固相萃取小柱处理。洗脱液用纯水稀释后直接进

行液质联用分析。
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Enabling new levels of quantification 
Using the SCIEX Triple Quad™ 7500 LC-MS/MS System – QTRAP® Ready, powered by SCIEX OS 
Software  

The ability to achieve high levels of sensitivity while retaining 
quantitative performance is key to achieving robust analytical 
results. The growing number of demanding workflows requiring 
reliable quantification of more analytes per assay, in increasingly 
complex matrices, highlights the need for a sensitive MS 
instrument capable of providing the high level of performance 
that can meet these analytical challenges. The SCIEX Triple 
Quad™ 7500 LC-MS/MS System – QTRAP Ready is enabling 
new levels of quantification across a large suite of sample types 
and workflows. The greater sensitivity is achieved through the 
introduction of hardware features that enable significant gains in 
the generation, capture and transmission of ions.  

Improvement in the efficiency of ion capture and transmission is 
because of the D Jet™ Ion Guide, which achieves greater 
sensitivity by sampling more ions, and without sacrificing 
robustness. Improved ion generation and sampling is 
accomplished through better desolvation, achieved by the 
addition of the E Lens™ Technology that delivers more 
sensitivity in ESI by increasing the field strength experienced by 
the ESI droplets. The versatility of the OptiFlow® Pro Ion Source 
provides the ability to analyze a wide range of compounds by 
seamlessly switching between ESI and APCI mode. In addition, 
the modular architecture of the source enables users to change 
flow rates by simply changing probes and electrodes in the 
source. This improved versatility enables users to achieve the 
best sensitivity under all conditions, future proofing labs for future 
innovations across many different applications. 

Integrated into the SCIEX 7500 System, these technology 
features result in average peak area gains, across many different 
types of analytes, of approximately 7-fold (Figure 1), providing 
significant assay sensitivity gains across many applications.1,2,3    

 

Key innovations in the SCIEX Triple Quad 
7500 System − QTRAP Ready 
• D Jet Ion Guide—improved ion capture and transmission, 

combined with an orifice with increased sampling area for 
increased ion sampling, resulting in greater sensitivity 

• E Lens Technology—improved ion generation through more 
energetic ESI droplet desolvation and more efficient ion 
collection 

• OptiFlow Pro Ion Source—designed for robustness and 
ruggedness with modular architecture to future proof the lab 

• QTRAP ready4—triple quadrupole functionality for 
quantification, plus full scan linear ion trap MS/MS for 
confirmation and MRM3 for selectivity5 

• Detection system with high energy dynode and pulse counting 
detector—fast polarity switching (5 msec) and up to 6 orders 
of magnitude across the linear dynamic range 

• SCIEX OS Software—designed for quick, intuitive and 
streamlined data acquisition and data processing, all on one 
single platform6 

  

 

  
 

  

 

Figure 1. Sensitivity gains for SCIEX 7500 System over QTRAP 
6500+ System. Large numbers of analytes were run in various 
matrices on both systems and the peak areas and S/N gains were 
measured. (Left) Example data from propranolol in rat plasma, area 
gain of 9x with S/N gain of 3x. (Right) Summary of comparison of 
1244 MRMs in positive and negative mode across 10 studies 
(pesticides, drugs, peptides), average peak area gain across the 
compounds was 7x. 
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Insulin analogs are altered forms of natural insulin that offer 
options for insulin replacement strategies with similar or 
improved actions for glycemic control. Among them are prandial 
insulin analogs, such as insulin lispro, aspart and glulisine, which 
tend to be more readily absorbed and act faster than human 
insulin (Figure 1). It is vital to study the pharmacokinetic and 
pharmacodynamic profiles of insulin analogs. However, 
developing sensitive LC-MS methods to quantify them in 
matrices remains challenging for multiple reasons: 1) the low 
ionization and CID fragmentation efficiency related to the high 
molecular weights, 2) low concentrations in matrices, 3) 
endogenous inferences from natural insulin.  

In this technical note, a sensitive LC-MRM method was 
developed for the quantification of intact insulin lispro in rat 
plasma using the SCIEX Triple Quad 7500 LC-MS/MS System – 
QTRAP Ready. The OptiFlow® Pro Ion Source, together with the 
D Jet™ Ion Guide, offers significantly improved sensitivity for 
intact insulin analogues. It improves desolvation and focusing to 
improve instrument sensitivity and thus MRM performance. 
Insulin lispro was quantified at 0.1 ng/mL in rat plasma without 
analyte enrichment, with outstanding reproducibility, accuracy 
and linearity.   

 

Key features of cyclic peptide quantification 
workflows  
• Enhanced sensitivity of the SCIEX Triple Quad 7500 LC-

MS/MS System – QTRAP Ready through the introduction of 
key hardware features that provide significant gains in the 
generation, capture and transmission of ions1: the OptiFlow 
Pro Ion Source with E Lens™ Technology combined with the 
D Jet Ion Guide 

• Simple sample preparation strategy, requiring no enrichment 
step 

• Robust quantification of insulin lispro at 0.1 ng/mL in rat 
plasma  

• High reproducibility, precision and accuracy across the 
calibration curve, with excellent linearity 

• A 4-fold improvement in S/N was observed when compared to 
the performance of the SCIEX Triple Quad™ 6500+ LC-
MS/MS System 

• SCIEX OS Software—a single, compliant-ready platform for 
acquisition, processing and data management, that is 
customizable and easy to use  

 

 

 

Figure 1.  The amino acid sequences of insulin lispro and human 
insulin. The sequence difference is labeled in green. 图1. 赖脯人胰岛素和人胰岛素的氨基酸序列。序列的差异用绿色进行标

注。



液质联用分析条件：样品通过ExionLC ™串联SCIEX Triple 

Quad™ 7500系统 - QTRAP® Ready，进行三次平行分析。详尽方法

列于表1和2。

数据处理：数据通过SCIEX OS 软件2.0中的定量功能（点击

“Analytics”）进行处理。
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赖脯人胰岛素定量结果

SCIEX Triple Quad™ 7500系统 - QTRAP® Ready通过创新的硬件

设计实现仪器检测灵敏度的提高。首先是OptiFlow Pro离子源和E 

Lens技术。1 E Lens技术在ESI喷针处形成更强的电场，提升了离子

从带电液滴中释放的效率，并使更多的离子偏转进入孔口以提升

检测灵敏度。

其次是D Jet离子导向技术的引入，可以提高在高真空环境中

离子的捕获和传输效率。锥形渐缩设计的十二极杆能有效地将离

子聚焦进入下一级的QJet™离子导向。

通过这些技术的整合使得SCIEX 7500系统与之前的产品相比，

灵敏度有显著的提升。胰岛素标准曲线的分析在SCIEX 7500系统

（图2）。
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Figure 1. Sensitivity gains for SCIEX 7500 System over QTRAP 
6500+ System. Large numbers of analytes were run in various 
matrices on both systems and the peak areas and S/N gains were 
measured. (Left) Example data from propranolol in rat plasma, area 
gain of 9x with S/N gain of 3x. (Right) Summary of comparison of 
1244 MRMs in positive and negative mode across 10 studies 
(pesticides, drugs, peptides), average peak area gain across the 
compounds was 7x. 

表1. 色谱条件

表2. SCIEX 7500系统的质谱参数

参数 数值

色谱柱 Phenomenex bioZen Peptide XB-C18 50×2.1 mm; 
2.6 μm

流动相A 含0.1%甲酸的水

流动相B 含0.1%甲酸的乙腈

流速 500 μL/min

柱温 40 ℃

进样体积 10 μL

时间 （min） 流动相A （%） 流动相B （%）

0 95 5

0.1 95 5

5 60 40

5.1 10 90

6.0 10 90

6.1 95 5

7.0 95 5

参数 数值 参数 数值

气帘气 40 psi 源温度 450 ℃

雾化气 70 psi 辅助气 70 psi

 碰撞诱导解离气 12 离子喷雾电压 2000 V

名称 Q1 Q3 碰撞能量 碰撞池出口电压

赖脯人胰岛素 1162 217.1 46 18

牛胰岛素 956.4 1114.8 31 18
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Methods 
Sample preparation: Insulin lispro and bovine insulin (internal 
standard) were spiked into rat plasma. Serial dilution was 
performed to prepare calibration curve standard samples. The 
samples were protein precipitated, and the supernatants were 
collected and processed by mixed-mode SPE. The eluents from 
the SPE plate were diluted with water and injected directly into 
the LC-MS/MS for analysis. 

LC-MS conditions: Samples were analyzed in triplicate by a 
SCIEX Triple Quad 7500 LC-MS/MS System – QTRAP Ready, 
coupled with an ExionLC™ system. The method details are 
summarized in Table 1 and 2. The same sample set was also 
injected into a SCIEX Triple Quad 6500+ LC-MS/MS System, 
coupled with the same HPLC system, to measure the sensitivity 
difference between the two mass spectrometers. All MRM 
parameters were optimized on both systems for accurate 
performance comparison. 

Data processing: Calibration curves were processed using 
Analytics in SCIEX OS Software 2.0. 

 

 

 

Insulin lispro quantification results 
The SCIEX Triple Quad 7500 LC-MS/MS System – QTRAP 
Ready has multiple novel hardware features to improve 
instrument sensitivity. First is the OptiFlow Pro Ion Source with E 
Lens Technology.1 The E Lens Technology creates a stronger 
field at the ESI probe that the droplets must traverse, leading to 
more efficient release of ions from the droplet, and deflection of 
more ions towards the orifice, improving sensitivity.  

Next is the addition of the D Jet Ion Guide, which  more 
efficiently captures and transmits the ions in the higher vacuum 
region behind the orifice plate. Its tapered dodecapole geometry, 
efficiently focuses the ions into the second stage QJet® Ion 
Guide.  

Together these technologies result in a significant sensitivity 
improvement in the SCIEX 7500 System over previous 
generations. To characterize the sensitivity improvement, the 
insulin calibration curves were analyzed on both the SCIEX 7500 
System and the SCIEX Triple Quad 6500+ System. A 4-fold 
increase in S/N was observed (Figure 2). 

Table 1. Chromatographic conditions. 

 Parameter Value 

 Column Phenomenex bioZen Peptide XB-C18 50×2.1 
mm; 2.6 µm   

 Mobile Phase A Water with 0.1 % formic acid   

 Mobile Phase B Acetonitrile with 0.1 % formic acid   

 Flow Rate 500 µL/min   

 Column Temperature 40 °C   

 Injection Volume 10 µL   

Time [min] Mobile Phase A [%] Mobile Phase B [%] 

0 95 5 

0.1 95 5 

5 60 40 

5.1 10 90 

6.0 10 90 

6.1 95 5 

7.0 95 5 

Table 2.  MS parameters on SCIEX 7500 System. 

Parameter Value Parameter Value 

Curtain gas 40 psi Source temperature 450 °C 

Ion source gas 1 70 psi Ion source gas 2 70 psi 

CAD gas 12 psi Ion spray voltage 2000 V 

Name Q1 Q3 CE CXP 

Insulin lispro 1162 217.1 46 18 

Bovine insulin 956.4 1114.8 31 18 

     

 

Figure 2. Sensitivity gains with the SCIEX 7500 System. MRM XIC 
comparison between the SCIEX 7500 System (right) and the SCIEX 
Triple Quad 6500+ System (left) for insulin lispro at 1 ng/mL. 

赖脯人胰岛素与人胰岛素有几乎一致的氨基酸序列，仅仅是B

链C端两个氨基酸调换了位置（图1）。这使得赖脯人胰岛素和人

胰岛素的区分变得相当困难。区分赖脯胰岛素和人胰岛素的特征

性碎片离子仅有B链的y2离子。所有其他的y离子与人胰岛素产生

的质荷比均相同。因此，y2离子被用做在人源基质分析时的定量

离子。如图3、图4和图5所示，在大鼠血浆中完整赖脯人胰岛素的

定量下限为0.1 ng/mL，在整个线性定量范围（0.1-100 ng/mL）内

重现性差异小（CV<13%）,准确度高（87-111%）。100 ng/mL为此

样品配制的最高浓度，但由于100 ng/mL并未出现信号饱和，故定

量上限可能不止于此。

图2. SCIEX 7500系统灵敏度的提升。SCIEX 7500系统（右）检测赖脯人胰

岛素在1 ng/mL水平的MRM 提取离子流图。
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结论

• 建立了基于SCIEX Triple Quad™ 7500 LC-MSMS系统 - QTRAP® 

Ready检测大鼠血浆中赖脯人胰岛素MRM定量方法，该方法灵

敏度高。

• 赖脯人胰岛素在大鼠血浆中的定量下限为0.1 ng/mL，该方法分

析重现性、准确度、定量线性良好。

• SCIEX 7500系统有超高的灵敏度，得益于其配有E Lens技术加持

的OptiFlow Pro离子源和D Jet离子导向技术。

参考文献

1.  Enabling new levels of quantification. SCIEX technical note RUO-

MKT-02-11886-A.

2.  Improved LC-MRM quantification sensitivity for cyclic peptides 

from the natriuretic peptide family. SCIEX technical note RUO-MKT-

02-11883-A.

SCIEX临床诊断产品线仅用于体外诊断。仅凭处方销售。这些产品并非在所有国家地区都提供销售。获取有关具体可用信息，请联系当地销售代表或查阅https://sciex.com.cn/diagnostics 。
所有其他产品仅用于研究。不用于临床诊断。本文提及的商标和/或注册商标，也包括相关的标识、标志的所有权，归属于AB Sciex Pte. Ltd. 或在美国和/或某些其他国家地区的各权利所有
人。© 2020 DH Tech. Dev. Pte. Ltd. 

 RUO-MKT-02-11884-ZH-A

SCIEX中国
北京分公司
北京市朝阳区酒仙桥中路24号院
1号楼5层
电话：010-5808-1388
传真：010-5808-1390

上海公司及中国区应用支持中心
上海市长宁区福泉北路518号
1座502室
电话：021 - 2419-7200
传真：021 - 2419-7333

广州分公司
广州市天河区珠江西路15号 
珠江城1907室
电话：020-8510-0200
传真：020-3876-0835

全国咨询电话：800-820-3488, 400-821-3897 官网： sciex.com.cn 官方微信：ABSciex-China

 

p 1 
 

 

Enabling new levels of quantification 
Using the SCIEX Triple Quad™ 7500 LC-MS/MS System – QTRAP® Ready, powered by SCIEX OS 
Software  

The ability to achieve high levels of sensitivity while retaining 
quantitative performance is key to achieving robust analytical 
results. The growing number of demanding workflows requiring 
reliable quantification of more analytes per assay, in increasingly 
complex matrices, highlights the need for a sensitive MS 
instrument capable of providing the high level of performance 
that can meet these analytical challenges. The SCIEX Triple 
Quad™ 7500 LC-MS/MS System – QTRAP Ready is enabling 
new levels of quantification across a large suite of sample types 
and workflows. The greater sensitivity is achieved through the 
introduction of hardware features that enable significant gains in 
the generation, capture and transmission of ions.  

Improvement in the efficiency of ion capture and transmission is 
because of the D Jet™ Ion Guide, which achieves greater 
sensitivity by sampling more ions, and without sacrificing 
robustness. Improved ion generation and sampling is 
accomplished through better desolvation, achieved by the 
addition of the E Lens™ Technology that delivers more 
sensitivity in ESI by increasing the field strength experienced by 
the ESI droplets. The versatility of the OptiFlow® Pro Ion Source 
provides the ability to analyze a wide range of compounds by 
seamlessly switching between ESI and APCI mode. In addition, 
the modular architecture of the source enables users to change 
flow rates by simply changing probes and electrodes in the 
source. This improved versatility enables users to achieve the 
best sensitivity under all conditions, future proofing labs for future 
innovations across many different applications. 

Integrated into the SCIEX 7500 System, these technology 
features result in average peak area gains, across many different 
types of analytes, of approximately 7-fold (Figure 1), providing 
significant assay sensitivity gains across many applications.1,2,3    

 

Key innovations in the SCIEX Triple Quad 
7500 System − QTRAP Ready 
• D Jet Ion Guide—improved ion capture and transmission, 

combined with an orifice with increased sampling area for 
increased ion sampling, resulting in greater sensitivity 

• E Lens Technology—improved ion generation through more 
energetic ESI droplet desolvation and more efficient ion 
collection 

• OptiFlow Pro Ion Source—designed for robustness and 
ruggedness with modular architecture to future proof the lab 

• QTRAP ready4—triple quadrupole functionality for 
quantification, plus full scan linear ion trap MS/MS for 
confirmation and MRM3 for selectivity5 

• Detection system with high energy dynode and pulse counting 
detector—fast polarity switching (5 msec) and up to 6 orders 
of magnitude across the linear dynamic range 

• SCIEX OS Software—designed for quick, intuitive and 
streamlined data acquisition and data processing, all on one 
single platform6 

  

 

  
 

  

 

Figure 1. Sensitivity gains for SCIEX 7500 System over QTRAP 
6500+ System. Large numbers of analytes were run in various 
matrices on both systems and the peak areas and S/N gains were 
measured. (Left) Example data from propranolol in rat plasma, area 
gain of 9x with S/N gain of 3x. (Right) Summary of comparison of 
1244 MRMs in positive and negative mode across 10 studies 
(pesticides, drugs, peptides), average peak area gain across the 
compounds was 7x. 
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Insulin lispro shares the same molecular weight, and almost the 
identical amino acid sequence, with human insulin, with only the 
two C terminal amino acids in B chain switched in position 
(Figure 1). This makes the differentiation of insulin lispro from 
human insulin particularly difficult. The only signature fragment 
ion that differentiates insulin lispro from human insulin is the y2 
ion of B chain. All other y ions have the same m/z as human 
insulin. Therefore, the y2 ion was used as the quantifier to make 
the acquisition method applicable to human matrices as well. As 
shown in Figures 3, 4 and 5, the intact insulin lispro was robustly 
quantified at 0.1 ng/mL in rat plasma, with tight %CV (<13%) and 
high accuracies (87-111%) across the entire linear dynamic 
range (0.1-100 ng/mL). 100 ng/mL was the highest concentration 
prepared in the sample set, therefore the assay ULOQ was not 
fully characterized.  

Conclusions 
• An ultra-sensitive MRM based workflow using the SCIEX 

Triple Quad 7500 LC-MS/MS System – QTRAP Ready was 
established for intact insulin lispro quantification in rat plasma 

• Insulin lispro was quantified at 0.1 ng/mL in rat plasma with 
outstanding reproducibility, accuracy and linearity 

• Combining the OptiFlow Pro Ion Source with E Lens 
Technology and D Jet Ion Guide on the SCIEX 7500 System 
provided a 4-fold improvement in S/N over the SCIEX Triple 
Quad 6500+ System. 
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Figure 3.  Representative MRM XICs of insulin lispro in rat plasma. 
From left to right: in matrix blank, at 0.05 ng/mL and 0.1 ng/mL. 

 

Figure 4. The calibration curve (log-log) of insulin lispro from 0.1 to 
100 ng/mL in rat plasma.  

 

Figure 5. The quantification summary of insulin lispro in rat 
plasma. 
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图3. 大鼠血浆中典型的赖脯人胰岛素 MRM提取离子流图。从左到右：基质

空白、0.05 ng/mL、0.1 ng/mL

图4. 大鼠血浆中赖脯人胰岛素0.1 – 100 ng/mL的标准曲线（log-log）

图5. 大鼠血浆中赖脯人胰岛素定量信息总结


