
环肽类化合物如今已成为重要药物。这与其在血液中的稳定

性以及口服给药剂量相关。采用液质联用技术开发对生物样本中

环肽类化合物的痕量定量检测仍具有非常大的挑战，生物样本基

质中的高背景干扰要求液质方法有很好的选择性，都能获得期望

的灵敏度。由于环肽类化合物的三级折叠结构以及其结构中缺乏

活泼的质子，也会经常防碍产生碎片离子。

促尿钠排泄肽类（natriuretic peptide, NP）家族是一组具有

相似结构的基因序列特异性的环肽类化合物，是由分子内两个半

胱氨酸残基之间二硫键连接形成的氨基酸环（图1）。它们目前

已作为重要的候选药物用于心血管疾病的诊断和治疗1。在本项研

究中，选择了来自NP家族的两个环肽类化合物，心房促尿钠排泄

肽（atrial natriuretic peptide, ANP）和B型促尿钠排泄肽（B-type 

natriuretic peptide, BNP），作为模型化合物用于SCIEX 7500系统的

定量性能测试。OptiFlow™ Pro离子源结合D Jet™离子导向技术的使

用使得环肽类化合物定量灵敏度显著提高。通过对离子去溶剂化

和离子聚焦过程的优化，使得多反应监测模式（Multiple Reaction 

Monitoring, MRM）检测性能得以提高。ANP和BNP在大鼠血浆中的

定量限为0.05 ng/mL，优于之前报道检测的定量下限2。在获得优

异灵敏度的同时，出色的分析重现性、准确性和定量线性使得整

个分析流程更加可靠。
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基于SCIEX Triple Quad™ 7500 LC-MS/MS系统 

- QTRAP® Ready定量检测环肽类化合物方法的主

要特点

• 大鼠血浆中环肽类化合物（A N P和B N P）在定量限均为

0.05 ng/ mL，该分析方法重现性、准确性和定量线性良好

• 硬件提升包括：

• D Jet离子导向 技术— 不损失耐受性的情况下捕获更多离子3

• OptiFlow Pro离子源 — 新一代的离子源技术，不需要手动调

整，即可在各种条件下均实现优异的灵敏度

• E Lens™技术 — 通过提高电场作用产生更多离子，并提高带

电液滴去溶剂化作用，以实现大气压电喷雾电离（Electron 

Spray Ionization, ESI）模式分析时灵敏度的提升

• SCIEX OS软件用于数据采集和数据处理 —集合数据采集、处

理、管理于一体，方便客户使用
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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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Cyclic peptides have been identified as important therapeutic 
modalities. This is related to their stability in blood and their 
potential for oral dosing. LC-MS method development to quantify 
trace levels of cyclic peptides in biological matrices has 
remained challenging. High baseline interference in matrices 
requires the method to be highly selective to obtain the desired 
S/N. They are often resistant to CID fragmentation, due to their 
knotted tertiary structure and/or non-mobile proton.  

The natriuretic peptide (NP) family is a group of genetically 
distinct cyclic peptides with similar structure, containing an amino 
acid ring formed by a disulfide bond between two cysteine 
residues (Figure 1). They have emerged as important candidates 
for development of diagnostic tools and therapeutic agents in 
cardiovascular diseases.1 In this project, two peptides in the NP 
family, atrial natriuretic peptide (ANP) and  B-type natriuretic 
peptide (BNP) were selected as model analytes to evaluate the 
quantification capability of the SCIEX 7500 System. The 
OptiFlow® Pro Ion Source, together with the D Jet™ Ion Guide, 
offers significantly improved sensitivity for cyclic peptide 
quantification. Improved ion desolvation and ion focusing 
improves MRM performance. Both ANP and BNP were 
quantified at 0.05 ng/mL in rat plasma, multiple times lower than 
the previously published LLOQ.2 Outstanding reproducibility, 
accuracy, and linearity was also achieved, proving the workflow 
robustness in parallel with the superior sensitivity.  

Key features of cyclic peptide quantification 
workflows using the SCIEX Triple Quad™ 
7500 LC-MS/MS System – QTRAP® Ready  
• Quantification of cyclic peptides (ANP and BNP) at 0.05 

ng/mL in rat plasma with outstanding reproducibility, 
precision, accuracy, and linearity 

• Hardware improvements including: 

• D Jet Ion Guide—sampling more ions, with no sacrifice 
in robustness3 

• OptiFlow Pro Ion Source—the next generation ion 
source with no physical adjustments required, achieve 
the best sensitivity under all conditions3 

• E Lens™ Technology—delivers greater sensitivity in 
ESI with increased field strength and ion generation, 
through more energetic ESI droplet desolvation3 

• 5-fold improvements in S/N were shown compared to the 
SCIEX Triple Quad™ 6500+ LC-MS/MS System 

• SCIEX OS Software for data acquisition and processing—
single platform for acquisition, processing and management, 
customizable and easy to use 

 

 

 

Figure 1. The amino acid sequences of human ANP and BNP.   A 
disulfide bond is formed between the two cysteine residues, (C7-C23 for 
ANP, C10-C26 for BNP) to form the ring shape.  
图1. ANP和BNP的氨基酸序列。两个半胱氨酸残基（ANP C7-C23，BNP 

C10-C26）之间通过二硫键连接成环。



实验方法

样品前处理：经过蛋白沉淀后的大鼠血浆上样于混合型固相

萃取小柱。洗脱液经过纯水体积比1:1稀释后作为处理过的生物基

质。人ANP、人BNP和大鼠ANP加入处理过后的大鼠血浆基质，其

中内源性的大鼠ANP作为分析内标。通过用处理过后的血浆进行连

续稀释制备标准曲线样品用于分析。

液质联用条件：样品通过ExionLC™串联SCIEX Triple Quad™ 

7500 系统-QTRAP® Ready系统，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。

p 2

环肽类化合物定量结果

SCIEX Triple Quad™ 7500 LC-MS/MS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3。OptiFlow Pro离

子源整合E Lens技术形成通用的几何学设计，不需要调整位置，

只需要更换用于微流或常规流速的喷针即可进行流速1 μL/min到

3000 μL/min的分析3。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锥

孔以提升检测灵敏度3。在锥孔后的D Jet离子导向设置可以提高在

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3。
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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

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 75 25

5.1 10 90

6.0 10 90

6.1 95 5

7.0 95 5

表2. SCIEX 7500系统的质谱参数

参数 数值 参数 数值

气帘气 40 psi 源温度 750 ℃

雾化气 75 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

人ANP 617 584.1 34 15

人BNP 693.8 756 39 15

大鼠ANP 613.3 580.9 36 15
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Methods 
Sample preparation: Rat plasma was protein precipitated and 
loaded onto the mixed mode SPE cartridge. The eluents were 
diluted 1:1 (v/v) by water and served as the processed biological 
matrix.  Human ANP, human BNP and rat ANP were spiked into 
the processed rat plasma, endogenous rat ANP was used as the 
internal standard. Serial dilution with processed plasma was 
performed to create the calibration curves 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 
analyzed using a SCIEX Triple Quad 6500+ LC-MS/MS System, 
coupled with the same HPLC system, to characterize the 
performance difference between the two mass spectrometers. All 
MRM parameters were optimized on both mass spectrometers 
for accurate performance comparison. 

Data processing: Data was processed using the Analytics 
function in SCIEX OS Software 2.0. 

 

 

 

Cyclic peptide quantification results  
The SCIEX Triple Quad 7500 LC-MS/MS System – QTRAP 
Ready has multiple novel hardware features to improve 
instrument sensitivity.3 The  OptiFlow Pro Ion Source with E 
Lens Technology has a universal geometry that supports flow 
rates from 1 µL/min to 3000 µL/min without positional 
adjustment, using exchangeable probes for micro and high-flow 
applications.3 The E Lens Technology creates a stronger field at 
the ESI probe leading to more efficient release of ions from the 
droplet and deflection of ions towards the orifice for improved 
sensitivity.3 The D Jet Ion Guide behind the orifice plate 
efficiently captures and transmits the ions in the higher vacuum 
region. Its tapered dodecapole geometry, efficiently focuses the 
ions into the second stage QJet® Ion Guide.3  

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 75 25 

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 750 °C 

Ion source gas 1 75 psi Ion source gas 2 70 psi 

CAD gas 129 psi Ion spray voltage 2000 V 

Name Q1 Q3 CE CXP 

ANP human 617 584.1 34 15 

BNP human 693.8 756 39 15 

ANP rat 613.3 580.9 36 15 

     

  

Figure 2. Sensitivity gains for peptide quantification. MRM XIC 
comparison between SCIEX 7500 System (right) and Triple Quad 6500+ 
LC-MS/MS System (left) for human ANP and BNP at 0.1 ng/mL. Area 
gains of >10X and S/N gains for ~5X were observed 

图2. 肽类定量灵敏度。SCIEX 7500系统（右），峰面积提高超过10倍，信

噪比提高约5倍。

通过以上技术的整合，使得离子化效率和离子聚焦得以提

升，进而实现检测灵敏度的提高。峰面积提高超过10倍，信噪比

提高约5倍（图2）。

如图3、图4和图5所示，在大鼠血浆中ANP和BNP的定量下限

为0.05 ng/mL，在整个定量范围（0.05-100 ng/mL）内重现性差异

小（CV<11%），准确度高（90-114%）。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

能更高。
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结论

• 本文在SCIEX Triple Quad™ 7500 LC-MSMS系统 - QTRAP® Ready上

建立了环肽类化合物定量的方法，该方法灵敏度高。

• 人ANP和BNP在大鼠血浆中的定量下限为0.05 ng/mL，分析方法

重现性、准确度、定量线性良好。

• 在配有E Lens技术的OptiFlow Pro离子源和D Jet离子导向技术的

加持下，本文的方法与之前报道方法相比，灵敏度有显著提高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. 
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Combining these technologies together, greater sensitivity is 
achieved through gains in the ion generation and ion focusing. 
To investigate the sensitivity improvement, the same sample set 
was analyzed on both the SCIEX Triple Quad 7500 LC-MS/MS 
System – QTRAP Ready and the Triple Quad 6500+ LC-MS/MS 
System. A >10-fold increase in peak area and a 5-fold 
improvement in S/N was observed (Figure 2). 

As shown in Figures 3, 4 and 5, both ANP and BNP are robustly 
quantified at 0.05 ng/mL in rat plasma, with tight %CV (<11%) 
and high accuracies (90-114%) across the entire linear dynamic 
range (0.05-100 ng/mL). 100 ng/mL is the highest concentration 
prepared in the sample set, the assay ULOQ would potentially 
be higher than 100 ng/mL as saturation was not yet reached.  

Conclusions 
• An ultra-sensitive MRM based cyclic peptide quantification 

workflow using SCIEX Triple Quad 7500 LC-MS/MS System 
– QTRAP Ready has been presented 

• Human ANP and BNP were quantified at 0.05 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, significant sensitivity 
improvements were observed compared to a previously 
published method 2 

• A greater than 10-fold increase in peak area and a 5-fold 
improvement in S/N was observed versus the SCIEX 6500+ 
System 
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Figure 3.  Representative MRM XICs for human ANP and BNP in rat 
plasma. From left to right: in matrix blank, at 0.01 ng/mL and 0.05 
ng/mL. 

 

Figure 4. Calibration curves (log-log) for human ANP and BNP from 
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Combining these technologies together, greater sensitivity is 
achieved through gains in the ion generation and ion focusing. 
To investigate the sensitivity improvement, the same sample set 
was analyzed on both the SCIEX Triple Quad 7500 LC-MS/MS 
System – QTRAP Ready and the Triple Quad 6500+ LC-MS/MS 
System. A >10-fold increase in peak area and a 5-fold 
improvement in S/N was observed (Figure 2). 

As shown in Figures 3, 4 and 5, both ANP and BNP are robustly 
quantified at 0.05 ng/mL in rat plasma, with tight %CV (<11%) 
and high accuracies (90-114%) across the entire linear dynamic 
range (0.05-100 ng/mL). 100 ng/mL is the highest concentration 
prepared in the sample set, the assay ULOQ would potentially 
be higher than 100 ng/mL as saturation was not yet reached.  

Conclusions 
• An ultra-sensitive MRM based cyclic peptide quantification 

workflow using SCIEX Triple Quad 7500 LC-MS/MS System 
– QTRAP Ready has been presented 

• Human ANP and BNP were quantified at 0.05 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, significant sensitivity 
improvements were observed compared to a previously 
published method 2 

• A greater than 10-fold increase in peak area and a 5-fold 
improvement in S/N was observed versus the SCIEX 6500+ 
System 
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图3. 大鼠血浆中典型的人ANP和BNP MRM提取离子流图。从左到右：基质

空白、0.01 ng/mL、0.05 ng/mL

图4. 大鼠血浆中人ANP和BNP 0.05 – 100 ng/mL的标准曲线（log-log）

图5. 大鼠血浆中人ANP和BNP定量信息总结


