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临床检测及研究现状

随着“大健康时代”的来临，人们对生命健康越来越

关注，如何能够提前预知疾病，精准治疗疾病，变得

越来越迫切。为了达成人类未来健康目标，让临床检

验分析更精准，就需要升级目前检测方法的灵敏度、

特异性、分析速度、提高检测通量的同时，满足不同

样品种类，分析分子类型要求，赛默飞可以提供包括

高效液相、电感耦合质谱仪、三重四极杆液质联用仪

等更精准的分析平台支持，从而实现精准诊断、精准

治疗。

目前，提升检测质量，达到精准要求，世

界各国更是积极投入大量资源在临床研究

领域，特别是以多组学技术为核心的“精

准医学计划”。而赛默飞在精准医学领域

的领先地位是有目共睹的，作为一家全流

程方案供应商，能够提供在基因组学，蛋

白质组学，代谢组学数据挖掘，临床病理

诊断，大数据分析云平台到 LIMS 实验室

信息管理全流程方案。
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临床检测及研究困境

用于临床检验的样品通常具有基质复杂、干扰物多、待分析化合物浓度低等特点，大量的样品检测任务使日常检

测工作变得异常困难。

临床检测及研究困境

样品检测通量小

软件应用困难

冗长的分析时间 

仪器维护困难

稳定性差
结果准确度低

样本成分复杂

多成分分析困难
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赛默飞整体解决方案，助力临床精准医疗
从诊断治疗到健康管理，我们想您所想

                  从取样测试到报告结果，我们急您所急

过去赛默飞推出了世上首台商品化的三重四极杆质谱仪

现在赛默飞是全球最大的科学仪器供应商 , 为您打造着最全备的质谱为核心的检验诊断平台

将来赛默飞更是精准医疗的领导者。

赛默飞的色谱质谱临床方案特点

色谱方法

• 可配备多通道

• 简化前处理流程

• 节省人工和时间

• 提高质谱利用率

• 缩短方法开发周期

• 色谱柱种类齐全

质谱方法

• LC-MS,GC-MS,ICP-MS

• 配备 HESI 和 APCI 探头

• 一针进样，正负快速切换

• 动态浓度范围宽

• 残留低

• 出众的耐用性，维护方便

与传统检验方法学相比

• 高灵敏度 特异性好 

• 标志物灵活组合

• 抗干扰能力强

• 试剂成本低

25

 TraceFinder™ 质谱数据采集和分析软件

TraceFinder™是一款快速、灵活、易用的以工作流程为导向的质谱数据采集和分析软件。本软件应用于所有 

MS 平台，集方法开发、数据采集、处理、审查及生成自定义报告功能于一体。它不仅能提供集成化的工作

流程，实现基于SRM的常规/高分辨定量分析，满足常规定量分析的实验室的仪器控制和方法开发，数据处

理等需求；还可提供基于数据库、自建谱库和m/z cloud谱库的Targeted Screening及Unknown Screening工

作，满足实验室的筛查及化合物鉴定等定性分析需求。TraceFinder软件提供了功能强大的自动报告功能，

还提供了大量报告模板。Active View Reporting（活动视图报告）可动态链接数据查看和报告功能，从而

方便用户在这两者之间快速切换。软件中包含五十个预配置的报告模板，满足各应用领域用户的需求，包

括：环境检测、食品安全、临床研究、法医毒物学等。技术人员和方法开发人员仅需使用一款软件便能实

现简便、快速且高效的常规定量和定性分析。

色谱、质谱、LIMS 软件

定量分析

安全和
审计追
踪 自定义报告

自定义结果报告模板

结果
可靠

方法
开发

化合物
数据库

目标物和未
知物筛查

定性
分析

数据
标记

智能排序

TraceFinder 

TraceFinder™
The Power to Know

76

UltiMate 3000 RSLCnano 系统

UltiMate 3000 RSLCnano系统可提高低流量

分离效率，轻松偶联质谱仪，具有出色的分辨

率、灵敏度和选择性，适用于纳升级 LC 和蛋

白质组学应用。

• 非常适合分析复杂样品

• 高灵敏度，适用于femtomole级或更低级别

检测

• 更高稳定性和重现性，提供一致结果

• 分辨率和选择性提高，鉴定更可靠

• 更宽（纳升 /毛细管 /微升）级流速范围

（20  nL/min～50 μL/min）

Transcend II 系统采用了多通道和 
TurboFlow 技术

目前，Thermo Scientific™ Transcend™ II 系统

搭载了高效Ultimate 3000 RSLC 液相泵，结合

了 Thermo Scientific™ TurboFlow 技术和自动 

2X 和 4X 多通道技术，为复杂基质样品提供在

线净化，并提高了 LC 系统中非平行进样样品

的样品通量。

EASY-nLC 1200

ThermoScientific™ EASY-nLC™ 1200提供更

高系统压力, 可以获得更尖锐的色谱峰，更高

的分辨率使得蛋白质覆盖范围更宽广。先进的

溶剂流量管理，混合器前的双流传感器可提供

出色的梯度，帮助获得高重复的结果。专利的

nanoViper 技术和大触屏操控便于系统安装，使

用和维护。无论新手还是专家都可获得高品质

数据，得到理想结果。

Prelude SPLC 系统

如今，Thermo Scientific LC-MS 分析系统已可用

于临床研究和法医毒理学实验室，分析通量及性

价比高。Thermo Scientific™ PreludeSPLC™ 样

品前处理及液相色谱系统具有高效的色谱分离技

术，能够快速、反复、可靠地进行在线样品制

备。

更专业的 纳升级 LC 系统

Thermo Fisher作为 LC-MS 分析系统的领导者，为一系列专业的分析应用提供了更多的液相色谱解决

方案。Thermo Scientific LC、UPLC、nano-LC 及 LC-MS 系统的分析性能可满足您实验室的各种分析

需求。

样品处理

自动化液体处理平台

高通量

免疫提取 蛋白沉淀

固相萃取板

数据处理

TraceFinder

iRC Pro

高度定制

（汉化版软件）

色谱分析

UHPLC

多通道 LC 

TurboFlow TM 技术

齐全的色谱耗材

质谱检测

三重四极杆质谱

高分辨质谱

ICP-，GC-, 

LC-MS（MS/MS）

临床整体解决方案
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体外诊断本土化

赛默飞一直在关注临床市场，全面布局重磅出击。通过 OEM 战略，使赛默飞的先进色谱质谱技术将能够更好、

更广泛地服务中国临床检测市场。

赛默飞先后与丰华、英盛、美康、云检、和合、睿康等合作方签订战略协议，将依托赛默飞先进色谱质谱技术平台，

整合双方技术力量，结合合作方近千名销售，近万家医院渠道，优势互补，将联合研发、注册、生产医用色谱质

谱仪及配套试剂盒产品，为中国客户降低使用成本，提高临床服务水平，提供强大助力。

未来几年，将通过合作，在全国布局近千家独立医学实验室，近万家医院，率先将色谱质谱仪和配套试剂盒投放

市场，让检测结果更加准确、快速、有效地造福中国患者。

IVD 本土化

全产线布局，助力临床 IVD系统本土化生产

本土化
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案例：三重四极杆液质联用测定血清中儿茶酚胺
● 低样品量的处理（250 µL）

● 低洗脱体积带来的高灵敏度（低至 50 µL，灵敏度提升）

● 高重现性

● 低分析样品失败率

● 易于使用

● 高通量处理（96 well format）

样品提取 色谱分离 数据采集 数据分析

SOLAµ WCX SPE
前处理方法

色谱柱

Accucore PFP
三重四极杆质谱仪 TraceFinder

25

 TraceFinder™ 质谱数据采集和分析软件

TraceFinder™是一款快速、灵活、易用的以工作流程为导向的质谱数据采集和分析软件。本软件应用于所有 

MS 平台，集方法开发、数据采集、处理、审查及生成自定义报告功能于一体。它不仅能提供集成化的工作

流程，实现基于SRM的常规/高分辨定量分析，满足常规定量分析的实验室的仪器控制和方法开发，数据处

理等需求；还可提供基于数据库、自建谱库和m/z cloud谱库的Targeted Screening及Unknown Screening工

作，满足实验室的筛查及化合物鉴定等定性分析需求。TraceFinder软件提供了功能强大的自动报告功能，

还提供了大量报告模板。Active View Reporting（活动视图报告）可动态链接数据查看和报告功能，从而

方便用户在这两者之间快速切换。软件中包含五十个预配置的报告模板，满足各应用领域用户的需求，包

括：环境检测、食品安全、临床研究、法医毒物学等。技术人员和方法开发人员仅需使用一款软件便能实

现简便、快速且高效的常规定量和定性分析。

色谱、质谱、LIMS 软件

定量分析

安全和
审计追
踪 自定义报告

自定义结果报告模板

结果
可靠

方法
开发

化合物
数据库

目标物和未
知物筛查

定性
分析

数据
标记

智能排序

TraceFinder 

TraceFinder™
The Power to Know

QC样品测定结果

化合物

0.1ng/mL 1ng/mL 5ng/mL

准确度
重复性

%CV（n=3）
准确度

重复性
%CV（n=3）

准确度
重复性

%CV（n=3）

E 109.0% 4.2% 94.6% 6.7% 100.4% 7.4%

NE 114.0% 9.3% 101.4% 3.2% 96.6% 9.3%

IVD 本土化

体外诊断本土化

8
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儿茶酚胺类血清样品典型提取离子流图
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RT: 3.14

NE E DA NMN MN

化合物

0.05ng/mL 0.1ng/mL 1ng/mL

准确度
重复性

%CV（n=3）
准确度

重复性
%CV（n=3）

准确度
重复性

%CV（n=3）

DA 115.0% 3.8% 94.0% 0.8% 93.3% 2.5%

MN 102.0% 6.0% 97.0% 1.7% 94.0% 1.8%

NMN 92.0% 5.9% 104.0% 3.8% 97.5% 4.9%

IVD 本土化

临床应用方案：

• 内源性激素检测

• 神经递质类化合物分析

• 维生素检测

• 治疗药物监测

体外诊断本土化

9
FH-6000 MD  粤械注准 20182220784 
YS EXACT 9050MD 鲁械注准 20192220473
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案例：三重四极杆液质联用测定血清中维生素D代谢物

● 简单快速、特异性强、灵敏度高

● 适用于血清基质中维生素 D 临床样本的快速检测

样品提取 色谱分离 数据采集 数据分析

LLE 前处理方法 色谱柱  Accucore aQ 三重四极杆质谱仪 TraceFinder

25

 TraceFinder™ 质谱数据采集和分析软件

TraceFinder™是一款快速、灵活、易用的以工作流程为导向的质谱数据采集和分析软件。本软件应用于所有 

MS 平台，集方法开发、数据采集、处理、审查及生成自定义报告功能于一体。它不仅能提供集成化的工作

流程，实现基于SRM的常规/高分辨定量分析，满足常规定量分析的实验室的仪器控制和方法开发，数据处

理等需求；还可提供基于数据库、自建谱库和m/z cloud谱库的Targeted Screening及Unknown Screening工

作，满足实验室的筛查及化合物鉴定等定性分析需求。TraceFinder软件提供了功能强大的自动报告功能，

还提供了大量报告模板。Active View Reporting（活动视图报告）可动态链接数据查看和报告功能，从而

方便用户在这两者之间快速切换。软件中包含五十个预配置的报告模板，满足各应用领域用户的需求，包

括：环境检测、食品安全、临床研究、法医毒物学等。技术人员和方法开发人员仅需使用一款软件便能实

现简便、快速且高效的常规定量和定性分析。

色谱、质谱、LIMS 软件

定量分析

安全和
审计追
踪 自定义报告

自定义结果报告模板

结果
可靠

方法
开发

化合物
数据库

目标物和未
知物筛查

定性
分析

数据
标记

智能排序

TraceFinder 

TraceFinder™
The Power to Know

25OH-VD 灵敏度及线性范围结果汇总

化合物
检出限

（ng/mL）
线性范围
（ng/mL）

线性相关系数（R2）

25-OH-VD2 0.5 0.5~100 0.9987

25-OH-VD3 0.5 0.5~100 0.9991

C:\Users\PC\Desktop\sample 09/16/18 09:21:07
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25OH-VD 典型提取离子流图 25OH-VD 线性范围

25-OH-VD3

25-OH-VD2

25-OH-VD2 25-OH-VD3

IVD 本土化

体外诊断本土化

临床应用方案：

• 内源性激素检测

• 神经递质类化合物分析

• 维生素检测

• 治疗药物监测

10 FH-6000 MD  粤械注准 20182220784 
YS EXACT 9050MD 鲁械注准 20192220473
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超大样品通量

案例：TranscendTM LX-2多通道液相色谱技术

• 多通道智能操作系统：最大化的提高效率

多通道液相工作流

9 Proprietary & Confidential

LX-2技术提升2倍分析通量
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10 Proprietary & Confidential
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灵活的多通道系统

可在独立的通道运行不同的方法可在独立的通道运行不同的方法

LX-2 可提高高达 2 倍的通量，可在两个独立通道系统运行同一方法或两个不同的方法。

临床应用方案：

• 氨基酸分析方法

• 维生素 D 分析方法

• 脂溶性维生素分析方法

样品前处理样品前处理

LEAP CTC 
Autosampler

LC Pump

LC Pump

Column

MS/MS 
Detector

Column

11
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案例：Transcend II TLX-4四通道在线前处理液相系统

• 在线自动化样品前处理 : 大大简化样品处理流程

• 多通道只能操作系统 : 最大化的提高效率

样品前处理自动化

Sample Loading

Analyte Transfer

Analyte Elution

在线样品前处理流程
Focus mode

Sample Loading

Analyte Transfer

Analyte Elution

在线样品前处理流程
Focus mode

Sample Loading

Analyte Transfer

Analyte Elution

在线样品前处理流程
Focus mode

在线样品前处理流程

Focus mode

Analyte Elution

Analyte Transfer

Sample Loading 色谱梯度 5 分钟质谱采集窗口 1 分钟

临床应用方案：

• 类胰岛素生长因子 1（IGF1）

• 胰岛素（insulin）

样品前处理

3

TurboFlow Technology
The TurboFlow technology found in the 

Transcend II system uses the combined 

chromatographic techniques of diffusion, 

velocity, chemistry, and size exclusion to 

capture analytes of interest while eliminating 

unwanted matrix interferences. Depending on 

sample complexity, analyte abundance, and 

MS sensitivity, raw samples can be directly 

loaded or precipitated and centrifuged 

before loading. Once loaded, samples are 

automatically prepared, separated by HPLC or 

UHPLC, and analyzed by mass spectrometry.

Multiplexing Technology
The Transcend II system's multiplexing 

technology dramatically increases mass 

spectrometer utilization. Traditional single-

channel LC-MS systems process samples 

serially; the MS is idle during much of the  

LC method. The Transcend II system includes 

either two or four LC channels that operate 

independently and in parallel but feed into a 

single mass spectrometer. A single method 

can be run on all channels or each channel 

can simultaneously run a different method. 

The Aria software schedules and coordinates 

runs, maximizing MS utilization while 

ensuring the mass spectrometer is dedicated 

to a single LC channel for the entire length  

of that channel's analyte elution.

•  Simplifies or eliminates offline  
sample preparation

•  Increases data confidence by  
removing interferences

•  Streamlines method development—the 
same method can be used for  
multiple matrices

•  Reduces ion suppression  
through greater specificity  
and cleaner samples

•  Lowers costs, labor, and time

Benefits

Benefits

•  Increases flexibility by running up to four 
different methods simultaneously

•  Improves ROI by getting more productivity  
from capital equipment

•  Increases throughput up to 400% 
without compromising data quality  
or sensitivity

� 
The Transcend II system features 2 or 4 completely independent  
LC channels that can operate simultaneous.

� 
Analyte elution only occurs during a small portion  
of the total LC method.

� 
Typical sample  

preparation steps  
using four different 

technologies.

� 
Multiplexing interleaves samples to maximize throughput and 
MS utilization.

0 min 4 min

Analyte elution

LC gradient 

MS chromatogram

Liquid-Liquid Extraction (LLE)

1. Aliquot of sample
2. Spike with IS
3. Add buffer
4. Add MTBE
5. Shake 10 min
6. Centrifuge
7. Remove organic
8. Evaporate to dryness
9. Reconstitute

10. Transfer to plate
11. Inject onto column

Solid Phase Extraction (SPE)

1. Aliquot of sample
2. Spike with IS
3. Add 0.1N HCL
4. Condition sorbent
5. Add sample to sorbent
6. Wash
7. Evaporate
8. Reconstitute
9. Transfer

10. Inject onto column

Protein Precipitation (PPT)

1. Aliquot of sample
2. Spike with IS
3. Add acetonitrile
4. Centrifuge
5. Remove supernatant
6. Reconstitute
7. Transfer to plate
8. Inject onto column

TurboFlow Method

1. Aliquot of sample
2. Spike with IS
3. Centrifuge
4. Inject onto column

ColumnLC Pump

ColumnLC Pump

ColumnLC Pump

ColumnLC Pump

CTC Autosampler

CTC Autosampler

Mass
Spectrometer

4 Channel LC System
Parallel Separation, Serial Data

0 min
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多成分分析，一针分析多项指标

案例：iCAP RQ全血中多元素分析方案
● 15 秒完成 14 种元素分析

元素 95% 置信区间下不确定区间
（μg/L）

实测值
（μg/L）

Sb 17.5-26.3 23.7

As 21.8-32.7 28.8

Cd 7.9-11.9 9.1

Cr 28.4-42.6 38

Co 8.3-12.4 10.4

Cu 1.66-2.50 ppm 2.10 ppm

I 132-199 153.6

Pb 289-434 304.3

Mn 26.6-39.9 37

Hg 17.9-26.9 20.1

Mo 4.9-7.4 6.9

Ni 8.8-13.3 10.5

Se 158-238 180

Tl 20.1-30.2 24.4

Sn 7.9-11.9 7.9

V 3.5-5.3 5

Zn 6.44-9.68 ppm 7.44 ppm

临床应用方案：

• 血铅快速筛查

• 血液痕量金属高通量检测

• 人造关节：血清中钛元素分析

ICP-MS 检出限和标准品检测结果比对
● 易于操作：安装，调试，分析，维护

● 工效更高：工作模式简单，优化快速

● 性能稳健：样品基体耐受性，长期稳定

使用全消解：

• 能够更好地去除基质干扰

• 有效降低雾化器堵塞的概率

• As、Hg、Se 等与蛋白结合紧密的元素回收率较好

• 测试重现性较好

样品分析

3

TurboFlow Technology
The TurboFlow technology found in the 

Transcend II system uses the combined 

chromatographic techniques of diffusion, 

velocity, chemistry, and size exclusion to 

capture analytes of interest while eliminating 

unwanted matrix interferences. Depending on 

sample complexity, analyte abundance, and 

MS sensitivity, raw samples can be directly 

loaded or precipitated and centrifuged 

before loading. Once loaded, samples are 

automatically prepared, separated by HPLC or 

UHPLC, and analyzed by mass spectrometry.

Multiplexing Technology
The Transcend II system's multiplexing 

technology dramatically increases mass 

spectrometer utilization. Traditional single-

channel LC-MS systems process samples 

serially; the MS is idle during much of the  

LC method. The Transcend II system includes 

either two or four LC channels that operate 

independently and in parallel but feed into a 

single mass spectrometer. A single method 

can be run on all channels or each channel 

can simultaneously run a different method. 

The Aria software schedules and coordinates 

runs, maximizing MS utilization while 

ensuring the mass spectrometer is dedicated 

to a single LC channel for the entire length  

of that channel's analyte elution.

•  Simplifies or eliminates offline  
sample preparation

•  Increases data confidence by  
removing interferences

•  Streamlines method development—the 
same method can be used for  
multiple matrices

•  Reduces ion suppression  
through greater specificity  
and cleaner samples

•  Lowers costs, labor, and time

Benefits

Benefits

•  Increases flexibility by running up to four 
different methods simultaneously

•  Improves ROI by getting more productivity  
from capital equipment

•  Increases throughput up to 400% 
without compromising data quality  
or sensitivity

� 
The Transcend II system features 2 or 4 completely independent  
LC channels that can operate simultaneous.

� 
Analyte elution only occurs during a small portion  
of the total LC method.

� 
Typical sample  

preparation steps  
using four different 

technologies.

� 
Multiplexing interleaves samples to maximize throughput and 
MS utilization.

0 min 4 min

Analyte elution

LC gradient 

MS chromatogram

Liquid-Liquid Extraction (LLE)

1. Aliquot of sample
2. Spike with IS
3. Add buffer
4. Add MTBE
5. Shake 10 min
6. Centrifuge
7. Remove organic
8. Evaporate to dryness
9. Reconstitute

10. Transfer to plate
11. Inject onto column

Solid Phase Extraction (SPE)

1. Aliquot of sample
2. Spike with IS
3. Add 0.1N HCL
4. Condition sorbent
5. Add sample to sorbent
6. Wash
7. Evaporate
8. Reconstitute
9. Transfer

10. Inject onto column

Protein Precipitation (PPT)

1. Aliquot of sample
2. Spike with IS
3. Add acetonitrile
4. Centrifuge
5. Remove supernatant
6. Reconstitute
7. Transfer to plate
8. Inject onto column

TurboFlow Method

1. Aliquot of sample
2. Spike with IS
3. Centrifuge
4. Inject onto column

ColumnLC Pump

ColumnLC Pump

ColumnLC Pump

ColumnLC Pump

CTC Autosampler
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仅供研究使用，不用于临床诊断 13
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分析物 芬太尼

母离子 (m/z) 337.2

定量离子 (m/z) 105.2

定性离子 (m/z) 188.2

离子比率 (%) 67.0

多成分分析，高通量分析平台

案例：三重四极杆质谱对人血浆中药物快速筛查
● 提供高通量、高灵敏度、高准确度的定量数据

● 6 分钟内针对芬太尼等 43 种药物的快速检测方法

芬太尼

人尿液中选择 20 种药物叠加色谱图

芬太尼 QED 子离子全扫谱图

芬太尼定量曲线（2ppb-1000ppb, R2=0.9975）

样品分析

临床应用方案：

• 内源性激素检测

• 神经递质类化合物分析

• 维生素检测

• 治疗药物监测

5

Method precision was also assessed with spiked human 
urine samples at low and high quality control (QC) 
concentrations of 20 and 200 ng/mL, respectively (Table 2). 
Precision values at low (20 ng/mL) and high (200 ng/mL) 
quality control concentrations ranged between 1.1% and 
10.9% (Table 2). Figure 2 shows both the quantifier and 
qualifier SRM chromatograms of 20 selected pain 
management drugs spiked at 20 ng/mL in human urine.
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Figure 1. Calibration curves of six selected drugs in spiked human urine

Figure 2. SRM chromatograms of 20 selected drugs at 20 ng/mL in spiked human urine
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concentrations of 20 and 200 ng/mL, respectively (Table 2). 
Precision values at low (20 ng/mL) and high (200 ng/mL) 
quality control concentrations ranged between 1.1% and 
10.9% (Table 2). Figure 2 shows both the quantifier and 
qualifier SRM chromatograms of 20 selected pain 
management drugs spiked at 20 ng/mL in human urine.
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Figure 1. Calibration curves of six selected drugs in spiked human urine

Figure 2. SRM chromatograms of 20 selected drugs at 20 ng/mL in spiked human urine
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案例：双三元液相色谱治疗药物监测解决方案
● 无需复杂前处理，全过程自动化

在线固相萃取

1. 样品首先经过固相萃取小柱，杂质被直接洗脱排出，待测物被选择性保留，实现样品净化（若样品含量太低，

可选择大体积进样或多次进样进行样品浓缩）；

2. 切换流路，将待测物由固相萃取小柱转移至分析柱

3. 再次切换流路，待测物在分析柱上进行分离测定，同时固相萃取小柱得以清洗、再生。

无需复杂的前处理，全过程自动化 ! ! !

转移 / 分离样品净化 分离 / 再生

持续更新中 ......

已有分析方案药物清单

分类 药物名称

抗癫痫药物 卡马西平 苯妥英钠

抗真菌药物 羟基伊曲康唑 伊曲康唑 酮康唑

抗精神病药物

氯氮平 帕罗西汀 齐拉西酮 氨磺必利

氟西汀 去甲氟西汀 奥氮平 奎硫平

文拉法辛 米氮平 利培酮 西酞普兰

9- 羟基利培酮

呼吸系统平喘药 茶碱

抗生素 伏立康唑

临床应用方案：

• 维生素检测

• 抗癫痫药物监测

• 临床药物浓度监测

样品分析

多成分分析，一针分析多项指标

仅供研究使用，不用于临床诊断 15
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重现性佳

案例：Ultimate 3000液相对血液中维生素A、E快速分析
● 无需复杂前处理，全过程自动化

● 重现性佳

 

 

 

 

 

 

 

 

 

 

 

 

图 1. 三针连续进样叠图（VA约 0.35 ug/mL，VE约 10.5 ug/mL） 

 

进样序号 保留时间min 峰面积counts*min 分离度EP 塔板数EP 

10 2.91  593013  5.59 15798 

11 2.90  588933  2.77 15801 

12 2.91  590586  2.87 15710 

相对标准偏差 0.12% 0.35%   

表 2. 三针连续进样数据（VA约 0.35 ug/mL，VE约 10.5 ug/mL） 

 

0.6 ug/mL – 36 ug/mL。 

2.2.2  配制VA内标溶液7.5 ug/mL，VE内标溶液7.5 

mg/mL 

2.3色谱条件 

色谱柱：Thermo Accucore aQ （50×3.0mm）  

柱温：35 ℃；  

进样量：5 µL；  

波长：荧光检测器波长设置见表3 

流动相：详情请咨询赛默飞液相应用工程师，梯度洗

脱程序（表1）  

表 1. 梯度洗脱程序 

时间 A B 流速 

0.00 89 11 1.0 

0.26 89 11 1.0 

1.30 95 5 1.0 

2.80 95 5 1.0 

2.90 89 11 1.0 

3.90 89 11 1.0 

 

3. 实验结果与讨论 

3.1 重现性测试   

采用上述仪器分析方法，维生素 A、E 及其内标在 3.9

分钟内均可获得良好的色谱峰，图 1为三针连续进样叠

图其中维生素 A、E的测试结果见表 2。 

三针连续进样叠图（VA 约 0.35 μg/mL, VE 约 10.5 μg/mL）

维生素 A、E 线性叠图（7 个浓度点）

表 3 荧光检测器时间程序波长 

3.2 线性范围测试   

采用上述仪器分析方法，对维生素 A、E进行线性范围测试，线性相关系数 r2均大于 0.999，线性关系良好。维生素 A、

E线性叠图见图 2，线性范围、线性相关系数等结果见表 4，线性方程图见图 3。 

 

图 2 维生素 A、E线性叠图（7个浓度点） 

 

 
 

 

 

 

 

 

表 4 维生素 A、E的线性范围、线性相关系数等 

 

 

图 3. 维生素 A、E线性标曲图 

 

峰序号 峰名称 保留时间min R2  % 相关系数 % C0(截距) C1(斜率) 

1 VA 0.77  99.94  99.97  12.09  456.06  

4 VE 2.89  99.97  99.99  32.40  64.22  

表5 维生素A、E的标曲方程等 

峰
面
积

化合物 
线性范围 
(ug/mL) 

相关系数 
(r2) 

LOD 
(ug/mL) 

LOQ 
(ug/mL) 

维生素 A 0.06-3.6 0.9994 0.004 0.015 

维生素 E 0.6-36 0.9997 0.008 0.027 

化合物 线性范围
（μg/mL）

相关系数
（r2）

LOD
（μg/mL）

LOQ
（μg/mL）

维生素 A 0.06-3.6 0.9994 0.004 0.015

维生素 E 0.6-36 0.9997 0.008 0.027

维生素 A、E 的线性范围、线性相关系数等

样品分析

临床应用方案：

• 维生素检测

• 抗癫痫药物监测

• 临床药物浓度监测

仅供研究使用，不用于临床诊断16
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卓越的灵敏度及稳定性

案例：血液中 8种激素类化合物检测解决方案

• RSD% ≤ 5%

• 采用该分析方法，进行相对标准差测试（n=6）实验结果证明 8 种化合物相对标准偏差 RSD% 均≤ 5%

• 其中，雄烯二酮 （n=6） RSD% 为 3.39%

3. 实验结果与讨论

3.1 灵敏度测试  

采用上述仪器分析方法，8 种激素类化合物及其内标物在 7

分钟内均可获得良好的色谱峰，图 1 为 8 种激素类化合物

在 LOQ 处的选择离子流提取图，各化合物灵敏度测试结果

见表 4。

4

 5 

灵敏度测试结果见表 4。 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
图 1 八种化合物及其内标物的色谱图（LOQ） 

Fig.1 EIC Chromatogram of 8 Compounds and Internal Standards (LOQ) 
 
 

3.2 线性范围测试   

采用上述仪器分析方法，对 8 种激素类化合物进行线性范围测试，线性相关系数

r2 均≥ 0.99，线性关系良好。8 种激素类化合物线性方程及线性相关系数结果见

表 4，选取部分化合物线性方程图见图 2。 
表 4 8 种化合物的线性范围、线性方程及相关系数 

Table 4 Linear Ranges, Linear equations and correlation coefficients of 8 compounds   

化合物 
线性范围 

(ng/mL) 
线性方程 

相关系数 

(r2) 

LOD 

(pg/mL) 

LOQ 

(pg/mL) 

皮质酮 0.05-10 y=-940.681+73526.1*x 0.9989 10 50 

可的松 0.05-10 y=2714.25+88018.3*x 0.9991 10 50 

氢化可的松 0.05-10 y=-1921.51+64621.4*x 0.9964 10 50 

RT: 2.00 - 5.00

2.0 2.5 3.0 3.5 4.0 4.5 5.0
Time (min)

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

RT: 3.40
AA: 3261

RT: 3.40
AA: 794288

RT: 3.24
AA: 6060

RT: 3.25
AA: 147777

RT: 3.31
AA: 2226

RT: 3.30
AA: 318411

RT: 3.24
AA: 5639

RT: 3.18
AA: 70665

NL: 1.67E3
m/z= 292.65-293.65 F: + c ESI SRM ms2 347.150 
[293.154-293.156, 311.154-311.156, 329.136-329.138]  
MS  ICIS 50ppt_01

NL: 3.18E5
m/z= 336.73-337.73 F: + c ESI SRM ms2 355.200 
[337.237-337.239]  MS  ICIS 50ppt_01

NL: 1.70E3
m/z= 120.50-121.50 F: + c ESI SRM ms2 361.162 
[120.999-121.001, 163.124-163.126, 343.136-343.138]  
MS  ICIS 50ppt

NL: 5.10E4
m/z= 167.62-168.62 F: + c ESI SRM ms2 368.200 
[168.124-168.126]  MS  ICIS 50ppt

NL: 1.38E3
m/z= 308.58-309.58 F: + c ESI SRM ms2 363.150 
[121.041-121.043, 309.082-309.084, 327.136-327.138]  
MS  ICIS 50ppt

NL: 1.28E5
m/z= 330.66-331.66 F: + c ESI SRM ms2 367.200 
[331.166-331.168]  MS  ICIS 50ppt

NL: 2.63E3
m/z= 188.50-189.50 F: - c ESI SRM ms2 359.180 
[189.070-189.072, 331.207-331.209]  MS  ICIS 500ppt

NL: 2.79E4
m/z= 337.73-338.73 F: - c ESI SRM ms2 366.200 
[338.237-338.239]  MS  ICIS 500ppt

RT: 2.00 - 5.00

2.0 2.5 3.0 3.5 4.0 4.5 5.0
Time (min)

0
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100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

0

50

100

RT: 3.85
AA: 25471

RT: 3.86
AA: 2366228

RT: 3.52
AA: 50475

RT: 3.53
AA: 220956

RT: 3.51
AA: 1337

RT: 3.51
AA: 72237

RT: 3.48
AA: 297

RT: 3.47
AA: 21797

NL: 8.88E3
m/z= 96.47-97.47 F: + c ESI SRM ms2 315.112 
[96.969-96.971, 108.969-108.971, 297.136-297.138]  
MS  ICIS 50ppt

NL: 9.17E5
m/z= 111.50-112.50 F: + c ESI SRM ms2 318.200 
[111.999-112.001, 256.219-256.221]  MS  ICIS 50ppt

NL: 1.82E4
m/z= 96.47-97.47 F: + c ESI SRM ms2 287.200 
[96.969-96.971, 108.999-109.001]  MS  ICIS 50ppt

NL: 9.04E4
m/z= 99.50-100.50 F: + c ESI SRM ms2 290.200 
[99.999-100.001, 242.237-242.239]  MS  ICIS 50ppt

NL: 8.44E2
m/z= 144.50-145.50 F: - c ESI SRM ms2 269.062 
[144.999-145.001, 183.053-183.055]  MS  ICIS 50ppt

NL: 2.96E4
m/z= 146.50-147.50 F: - c ESI SRM ms2 273.082 
[146.999-147.001]  MS  ICIS 50ppt

NL: 2.13E2
m/z= 182.50-183.50 F: - c ESI SRM ms2 271.082 
[145.041-145.043, 183.041-183.043]  MS  ICIS 
100ppt

NL: 9.27E3
m/z= 184.50-185.50 F: - c ESI SRM ms2 274.092 
[185.053-185.055]  MS  ICIS 100ppt

Cort 
 

Cort-D8 
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Cor-D7 

F 

F-D4 
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A-C3 

ALD 

ALD-D7 

E1 
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E2 
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表 4. 8 种化合物的线性范围、线性方程及相关系数

Table 4 Linear Ranges, Linear equations and correlation coef�cients of 8 compounds  

化合物 线性范围 (ng/mL) 线性方程 (r2) 相关系数 LOD (pg/mL) LOQ (pg/mL)

皮质酮 0.05-10 y=-940.681+73526.1*x 0.9989 10 50

可的松 0.05-10 y=2714.25+88018.3*x 0.9991 10 50

氢化可的松 0.05-10 y=-1921.51+64621.4*x 0.9964 10 50

醛固酮 0.5-50 y=796.593+10944.2*x 0.9948 100 500

孕酮 0.05-10 y=1245.64+430947*x 0.9995 10 50

雄烯二酮 0.05-10 y=-523.444+930850*x 1.0000 10 50

雌酮 0.05-50 y=-167.166+29794.7*x 1.0000 10 50

雌二醇 0.1-50 y=-245.945+6928.3*x 0.9977 50 100

图 1. 八种化合物及其内标物的色谱图（LOQ）

Fig.1 EIC Chromatogram of 8 Compounds and Internal Standards (LOQ)

3.2 线性范围测试  

采用上述仪器分析方法，对 8 种激素类化合物进行线性范围

测试，线性相关系数 r2 均 ≥ 0.99，线性关系良好。8 种激素

类化合物线性方程及线性相关系数结果见表 4，选取部分化

合物线性方程图见图 2。

八种化合物及其内标物的色谱图（LOQ）

临床应用方案：

• 内源性激素检测

• 神经递质类化合物分析

• 维生素检测

• 治疗药物监测

样品分析

仅供研究使用，不用于临床诊断 17
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快速筛查

案例一：尿液中 134 种有机酸快速检测解决方案
● 完整方法包，方便易用

● 操作简单，重现性好

● 通过质谱 SIM/Full Scan 模式进行分析，在准确定量的同时还能有效排除假阳性，提高了检测结果的可靠性

Succinic-2 33182759 36058299 39586493 37408871 37607798 37451279 5.79

Glutaric-2 54082961 58315207 46495429 45239266 47061336 45603228 10.96

3-Methylglutaconic-2(1) 3208827 3626416 3653114 3152271 3318732 3157523 6.87

3-Methylglutaconic-2(2) 7984367 7856629 8436446 7587433 7891808 7801069 3.57

Thiodiglycolic-2 124322536 110564428 105484607 108780148 101227143 106282813 7.27

3-Methylglutaconic-2(3) 4601185 4259075 4662344 4287359 4607051 4153600 4.95

5-OH-methyl-2-furoic-1 42280571 48161282 45153057 47525827 49550811 44134394 5.94

Phenyllactic 61642882 62667289 56755275 51959232 54573320 50421420 8.90

*T IS-2(tropic acid) 250816447 257613386 234065384 221655298 224930585 210358580 7.74

3-OH-phenylacetic-2 84297333 81235059 74514623 68734984 71703496 70550047 8.31

4-OH-benzoic-2 423077015 440489474 381645815 360262309 371934203 355250491 9.00

4-OH-phenylacetic 89126416 95202481 79845906 76029189 78654578 74109743 10.02

Aconitic-3 171147163 182659462 152826214 147416770 151795019 144554216 9.52

Vanillic-2 108310378 119231157 99927556 94304195 95827741 92951893 10.02

Homovanillic-2(HVA) 15500117 15831132 15366214 13414990 14549872 12760081 8.52

Azelaic-2 80057013 80399587 70703303 65482434 67629480 62751481 10.52

Citric-4 494170031 527974181 478772051 477092646 481035161 421638205 7.17

Hippuric-1 114479336 120946692 108579568 101492988 101755012 98557053 8.10

Sebacic-2 76374319 74807301 66278463 63189876 64411252 64329588 8.51

Tetracosane(C24) 49515735 43530929 47777281 44346798 45608893 38543447 8.49

2.3 实际样品测定

利用上述方法，对实际样品进行了测定，如下图4，上图为患有癫痫性脑病的4个月婴儿尿样，下图为正常2个月婴儿尿样。
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图 4. 实际样品色谱图

利用上述方法，对实际样品进行了测定，50 分钟分析时间，如图，上图为患有癫痫性脑病的 4 个月婴儿尿样，

下图为正常 2 个月婴儿尿样。

临床应用方案：

• 遗传性代谢病筛查

• 有机酸尿症筛查

样品分析

仅供研究使用，不用于临床诊断18
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快速筛查

案例二：Q ExactiveTM Focus超高分辨质谱对尿液中多种药物进行法医学筛查
● 300 多种化合物一次筛查

● 正负离子化合物同时检测

● 软件界面简单，支持快速方法建立和数据审阅

样品前处理 LC 液相分离 超高分辨率质谱
数据采集 数据处理

UHPLCSPE

LLE

Q Exactive Series

25

 TraceFinder™ 质谱数据采集和分析软件

TraceFinder™是一款快速、灵活、易用的以工作流程为导向的质谱数据采集和分析软件。本软件应用于所有 

MS 平台，集方法开发、数据采集、处理、审查及生成自定义报告功能于一体。它不仅能提供集成化的工作

流程，实现基于SRM的常规/高分辨定量分析，满足常规定量分析的实验室的仪器控制和方法开发，数据处

理等需求；还可提供基于数据库、自建谱库和m/z cloud谱库的Targeted Screening及Unknown Screening工

作，满足实验室的筛查及化合物鉴定等定性分析需求。TraceFinder软件提供了功能强大的自动报告功能，

还提供了大量报告模板。Active View Reporting（活动视图报告）可动态链接数据查看和报告功能，从而

方便用户在这两者之间快速切换。软件中包含五十个预配置的报告模板，满足各应用领域用户的需求，包

括：环境检测、食品安全、临床研究、法医毒物学等。技术人员和方法开发人员仅需使用一款软件便能实

现简便、快速且高效的常规定量和定性分析。

色谱、质谱、LIMS 软件

定量分析

安全和
审计追
踪 自定义报告

自定义结果报告模板

结果
可靠

方法
开发

化合物
数据库

目标物和未
知物筛查

定性
分析

数据
标记

智能排序

TraceFinder 

TraceFinder™
The Power to Know

司法毒物数据库

m/z+RT+IP+IF+LS，五大条件共同判断，结果一

目了然，让结果更具信心

TraceFinder 数据处理流程

临床应用方案：

• 新生儿激素检测

• 抗排异药物检测

• 药物相互作用检测

• 血液中的毒物检测

• 小分子生物标志物诊断

样品分析

仅供研究使用，不用于临床诊断 19
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精准诊断

案例：Q ExactiveTM Focus超高分辨质谱分析血红蛋白的点突变
● 2 分钟快速进样分析

● 自动化定性定量分析

验证方法可行性

11

Our workflow for hemoglobin variants

For research use only. Not for use in diagnostic procedures.

“Confirmation Strategy“

• Dual easy and cheap sample 
preparation of dried blood 
spots (DBS)

• Intact chains and tryptic 
digest (trypsine porcine)

• Hb S/C, Hb S are selectively 
detected in 2 min

• Duplex mode up to 720 
sample/day (3 times fast)

Tryptic peptides
Intact chains

Intact Hb chains Tryptic peptides

Thomas Wiesinger
Research Institute

1.  同时监测α, β和γ完整亚基蛋白，及 Hb A, 
Hb B, Hb C, Hb D, Hb E 和 Hb S 蛋白酶解肽段

2. TraceFinder 软件直接分析

3. 使用 Excel 宏计算确认分析结果

4. 与液相和基因结果对比

样品分析

12

Pilot study to test the workflow

For research use only. Not for use in diagnostic procedures.

Verified the workflow by using 10 positive donor samples confirmed by HPLC and genetic tests 

仅供研究使用，不用于临床诊断20
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一站式分析

案例：iRC Pro 新生儿筛查软件
● 快速方法设定

● 一站式分析

Flow Injection-Tandem Mass Spectrometry for Inborn Error Metabolism Research Using a Meta Calculation Software 5Thermo Scientific Poster Note • PN-64198-AACC-EN-0714S 

Flow Injection-Tandem Mass Spectrometry for Inborn Error Metabolism Research Using a Meta Calculation 
Software 
J. Lai1, B. Hart1, C. De Nardi2, M. Kozak1, K. Van Natta1, B. Duretz3, D. C. Kasper4.  
1. Thermo Fisher Scientific, San Jose, CA, 2. Thermo Fisher Scientific, GMBH, Dreieich, Germany, 3. Thermo Fisher Scientific, Villebon, France,  
4. Medical University of Vienna, Vienna, Austria 

Overview 
Purpose: Streamline tedious and multiple steps of manual calculations; remove 
transcription errors in post-analytical phase of testing processing. 

Methods: Use a new software to automatically process raw data files 
generated from flow injection tandem MS analysis of amino acids and 
acylcarnitines in dried blood spot cards. 

Results: A total of 1312 calculations from 41 donor samples were compared 
between single step software processing with multiple-steps manual 
calculations, including 779 analyte peak areas, 410 analyte concentrations and 
123 user defined formulas.  An agreement of results was demonstrated, and 
processing time reduced from hours to minutes. 

Introduction 
Since bacterial inhibition method was first developed for research of inborn 
error metabolism in 1960, the technology has changed drastically from EIA, 
RIA, FIA, ELISA to LC and Tandem MS [1] over the past 50 years. 
 
Tandem MS allows for higher quality results compared to the old approaches. 
However, manual data processing in the post-analytical phase still remains a 
common cause of errors in the total testing processing (Figure 1) [2]. 
 
This research describes a method of  flow injection-tandem MS in analyzing 
donor samples for the quantitation of amino acids and acylcarnitines with a 
meta calculation software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
 
This off-line automated data processing tool shows a good agreement with 
manual calculation process, and it can process both concentration and user 
defined formulas.  
 
This meta calculation software improves time effectiveness by eliminating the 
manual calculation process and removing transcription errors in the post-
analytical phase.  The processing time is reduced from hours to minutes. 

References 
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iRC PRO is a trademark of 2Next srl.  Excel, and Microsoft are registered 
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TABLE 1. SRMs Monitored for Amino Acids and Acylcaritines 
 

Meta Calculation Software 
 
A new meta calculation software, iRC PRO™ was used for offline 
automated calculation of raw data files generated from Tandem MS in SRM 
scanning mode.  This beta version software is developed for an automatic 
calculation of mass ion ratio and user defined formulas. Software workflow 
is shown in Figures 2 and 3. 

FIGURE 2. Intuitive Workflow – Icon Based User Interface 
 

The comparison of result of this sample set shows that over 99% of calculations 
of analyte peak area and concentration (Analytes and Formulas) are within 10% 
of bias. Over 87% of Formulas Ratios are within 10% of bias. Table 2 below 
shows comparison between software calculations (One-Step) and manual 
calculations (Multiple-Steps). Figures 4 and 5 show additional statistics for the 
comparison. 
 

 

 

FIGURE 3. Workflow Comparison between Software and Manual Approach 
  

FIGURE 1. Common Errors in Total Testing Processing 

Methods  

Sample Preparation 
 
Samples were extracted from dried blood spot cards; the internal standards 
were added during the extraction procedure and extracted samples were 
derivatized prior to injection onto an LC-Tandem MS system. Quality Control (QC) 
samples were added to the batch. 
 

Liquid Chromatography Tandem Mass Spectrometry  
 
The flow injection was conducted using a LC with open-tube providing an 
automated sample introduction to a Tandem MS (Thermo Fisher Scientific, San 
Jose, CA) without chromatographic separation. The Tandem MS used selected 
reaction monitoring (SRM) scanning for the detection of amino acids and 
acylcarnitines.  Transitions used in this study are listed in Table 1.  

Data Analysis 
 
Manual Calculation: Manual calculation was performed by creating a processing 
method to extract chromatograms and calculate peak areas for each analyte and 
IS using Thermo Scientific™Xcalibur™ software. 

Peak areas were exported in Excel™ format and copied and pasted into an Excel 
worksheet setup to calculate analyte concentrations and values based on the 
same formulas used by the meta-calculation software. 

Software Calculation: The SRM transitions for each analyte and internal standard 
are entered in the software for data analysis; IS concentration and analyte/IS 
relative response factor are also entered to calculate analyte concentration. 

User defined formulas can be created to perform calculations using peak areas or 
analyte concentrations. 

Upper and lower concentration limits can be set for each analyte; different values 
can be used for unknown and quality control samples; the software will flag 
samples outside these acceptance ranges. The same applies to user defined 
formulas. 

A processing method is created by selecting the peak areas, analyte 
concentrations and user defined formula results that will be displayed by the 
software.   Results can be exported in Excel or text format. 

FIGURE 5. Residual Plot of 410 Calculations of Analyte Concentrations from 
41 Donor Samples ( Y = 0.0593 + 0.9993 X    R2 = 0.9986 )  
 

FIGURE 4. Residual Plot of 779 Calculations of Analyte Peak Area from 41 
Donor Samples ( Y = 16296 + 0.9998 X    R2 = 0.9997 )  
 

A-414 

TABLE 2.  Comparison between Software and Manual Calculations 

Results   
A total of 41 samples and 779 analytes were processed, and a total of 1312 
calculations were performed, including 799 analyte peak areas, 410 analyte 
concentrations and 123 user defined formulas. 
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However, manual data processing in the post-analytical phase still remains a 
common cause of errors in the total testing processing (Figure 1) [2]. 
 
This research describes a method of  flow injection-tandem MS in analyzing 
donor samples for the quantitation of amino acids and acylcarnitines with a 
meta calculation software. 
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This off-line automated data processing tool shows a good agreement with 
manual calculation process, and it can process both concentration and user 
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TABLE 1. SRMs Monitored for Amino Acids and Acylcaritines 
 

Meta Calculation Software 
 
A new meta calculation software, iRC PRO™ was used for offline 
automated calculation of raw data files generated from Tandem MS in SRM 
scanning mode.  This beta version software is developed for an automatic 
calculation of mass ion ratio and user defined formulas. Software workflow 
is shown in Figures 2 and 3. 

FIGURE 2. Intuitive Workflow – Icon Based User Interface 
 

The comparison of result of this sample set shows that over 99% of calculations 
of analyte peak area and concentration (Analytes and Formulas) are within 10% 
of bias. Over 87% of Formulas Ratios are within 10% of bias. Table 2 below 
shows comparison between software calculations (One-Step) and manual 
calculations (Multiple-Steps). Figures 4 and 5 show additional statistics for the 
comparison. 
 

 

 

FIGURE 3. Workflow Comparison between Software and Manual Approach 

  

FIGURE 1. Common Errors in Total Testing Processing 

Methods  

Sample Preparation 
 
Samples were extracted from dried blood spot cards; the internal standards 
were added during the extraction procedure and extracted samples were 
derivatized prior to injection onto an LC-Tandem MS system. Quality Control (QC) 
samples were added to the batch. 
 

Liquid Chromatography Tandem Mass Spectrometry  
 
The flow injection was conducted using a LC with open-tube providing an 
automated sample introduction to a Tandem MS (Thermo Fisher Scientific, San 
Jose, CA) without chromatographic separation. The Tandem MS used selected 
reaction monitoring (SRM) scanning for the detection of amino acids and 
acylcarnitines.  Transitions used in this study are listed in Table 1.  

Data Analysis 
 
Manual Calculation: Manual calculation was performed by creating a processing 
method to extract chromatograms and calculate peak areas for each analyte and 
IS using Thermo Scientific™Xcalibur™ software. 

Peak areas were exported in Excel™ format and copied and pasted into an Excel 
worksheet setup to calculate analyte concentrations and values based on the 
same formulas used by the meta-calculation software. 

Software Calculation: The SRM transitions for each analyte and internal standard 
are entered in the software for data analysis; IS concentration and analyte/IS 
relative response factor are also entered to calculate analyte concentration. 

User defined formulas can be created to perform calculations using peak areas or 
analyte concentrations. 

Upper and lower concentration limits can be set for each analyte; different values 
can be used for unknown and quality control samples; the software will flag 
samples outside these acceptance ranges. The same applies to user defined 
formulas. 

A processing method is created by selecting the peak areas, analyte 
concentrations and user defined formula results that will be displayed by the 
software.   Results can be exported in Excel or text format. 

FIGURE 5. Residual Plot of 410 Calculations of Analyte Concentrations from 
41 Donor Samples ( Y = 0.0593 + 0.9993 X    R2 = 0.9986 )  

 

FIGURE 4. Residual Plot of 779 Calculations of Analyte Peak Area from 41 
Donor Samples ( Y = 16296 + 0.9998 X    R2 = 0.9997 )  

 

A-414 
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Results   
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Overview 
Purpose: Streamline tedious and multiple steps of manual calculations; remove 
transcription errors in post-analytical phase of testing processing. 

Methods: Use a new software to automatically process raw data files 
generated from flow injection tandem MS analysis of amino acids and 
acylcarnitines in dried blood spot cards. 

Results: A total of 1312 calculations from 41 donor samples were compared 
between single step software processing with multiple-steps manual 
calculations, including 779 analyte peak areas, 410 analyte concentrations and 
123 user defined formulas.  An agreement of results was demonstrated, and 
processing time reduced from hours to minutes. 

Introduction 
Since bacterial inhibition method was first developed for research of inborn 
error metabolism in 1960, the technology has changed drastically from EIA, 
RIA, FIA, ELISA to LC and Tandem MS [1] over the past 50 years. 
 
Tandem MS allows for higher quality results compared to the old approaches. 
However, manual data processing in the post-analytical phase still remains a 
common cause of errors in the total testing processing (Figure 1) [2]. 
 
This research describes a method of  flow injection-tandem MS in analyzing 
donor samples for the quantitation of amino acids and acylcarnitines with a 
meta calculation software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
 
This off-line automated data processing tool shows a good agreement with 
manual calculation process, and it can process both concentration and user 
defined formulas.  
 
This meta calculation software improves time effectiveness by eliminating the 
manual calculation process and removing transcription errors in the post-
analytical phase.  The processing time is reduced from hours to minutes. 
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A new meta calculation software, iRC PRO™ was used for offline 
automated calculation of raw data files generated from Tandem MS in SRM 
scanning mode.  This beta version software is developed for an automatic 
calculation of mass ion ratio and user defined formulas. Software workflow 
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The comparison of result of this sample set shows that over 99% of calculations 
of analyte peak area and concentration (Analytes and Formulas) are within 10% 
of bias. Over 87% of Formulas Ratios are within 10% of bias. Table 2 below 
shows comparison between software calculations (One-Step) and manual 
calculations (Multiple-Steps). Figures 4 and 5 show additional statistics for the 
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Methods  

Sample Preparation 
 
Samples were extracted from dried blood spot cards; the internal standards 
were added during the extraction procedure and extracted samples were 
derivatized prior to injection onto an LC-Tandem MS system. Quality Control (QC) 
samples were added to the batch. 
 

Liquid Chromatography Tandem Mass Spectrometry  
 
The flow injection was conducted using a LC with open-tube providing an 
automated sample introduction to a Tandem MS (Thermo Fisher Scientific, San 
Jose, CA) without chromatographic separation. The Tandem MS used selected 
reaction monitoring (SRM) scanning for the detection of amino acids and 
acylcarnitines.  Transitions used in this study are listed in Table 1.  

Data Analysis 
 
Manual Calculation: Manual calculation was performed by creating a processing 
method to extract chromatograms and calculate peak areas for each analyte and 
IS using Thermo Scientific™Xcalibur™ software. 

Peak areas were exported in Excel™ format and copied and pasted into an Excel 
worksheet setup to calculate analyte concentrations and values based on the 
same formulas used by the meta-calculation software. 

Software Calculation: The SRM transitions for each analyte and internal standard 
are entered in the software for data analysis; IS concentration and analyte/IS 
relative response factor are also entered to calculate analyte concentration. 

User defined formulas can be created to perform calculations using peak areas or 
analyte concentrations. 

Upper and lower concentration limits can be set for each analyte; different values 
can be used for unknown and quality control samples; the software will flag 
samples outside these acceptance ranges. The same applies to user defined 
formulas. 

A processing method is created by selecting the peak areas, analyte 
concentrations and user defined formula results that will be displayed by the 
software.   Results can be exported in Excel or text format. 
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Results   
A total of 41 samples and 779 analytes were processed, and a total of 1312 
calculations were performed, including 799 analyte peak areas, 410 analyte 
concentrations and 123 user defined formulas. 
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Overview 
Purpose: Streamline tedious and multiple steps of manual calculations; remove 
transcription errors in post-analytical phase of testing processing. 

Methods: Use a new software to automatically process raw data files 
generated from flow injection tandem MS analysis of amino acids and 
acylcarnitines in dried blood spot cards. 

Results: A total of 1312 calculations from 41 donor samples were compared 
between single step software processing with multiple-steps manual 
calculations, including 779 analyte peak areas, 410 analyte concentrations and 
123 user defined formulas.  An agreement of results was demonstrated, and 
processing time reduced from hours to minutes. 

Introduction 
Since bacterial inhibition method was first developed for research of inborn 
error metabolism in 1960, the technology has changed drastically from EIA, 
RIA, FIA, ELISA to LC and Tandem MS [1] over the past 50 years. 
 
Tandem MS allows for higher quality results compared to the old approaches. 
However, manual data processing in the post-analytical phase still remains a 
common cause of errors in the total testing processing (Figure 1) [2]. 
 
This research describes a method of  flow injection-tandem MS in analyzing 
donor samples for the quantitation of amino acids and acylcarnitines with a 
meta calculation software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
 
This off-line automated data processing tool shows a good agreement with 
manual calculation process, and it can process both concentration and user 
defined formulas.  
 
This meta calculation software improves time effectiveness by eliminating the 
manual calculation process and removing transcription errors in the post-
analytical phase.  The processing time is reduced from hours to minutes. 
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 TraceFinder™ 质谱数据采集和分析软件

TraceFinder™是一款快速、灵活、易用的以工作流程为导向的质谱数据采集和分析软件。本软件应用于所有 

MS 平台，集方法开发、数据采集、处理、审查及生成自定义报告功能于一体。它不仅能提供集成化的工作

流程，实现基于SRM的常规/高分辨定量分析，满足常规定量分析的实验室的仪器控制和方法开发，数据处

理等需求；还可提供基于数据库、自建谱库和m/z cloud谱库的Targeted Screening及Unknown Screening工

作，满足实验室的筛查及化合物鉴定等定性分析需求。TraceFinder软件提供了功能强大的自动报告功能，

还提供了大量报告模板。Active View Reporting（活动视图报告）可动态链接数据查看和报告功能，从而

方便用户在这两者之间快速切换。软件中包含五十个预配置的报告模板，满足各应用领域用户的需求，包

括：环境检测、食品安全、临床研究、法医毒物学等。技术人员和方法开发人员仅需使用一款软件便能实

现简便、快速且高效的常规定量和定性分析。

色谱、质谱、LIMS 软件

定量分析

安全和
审计追
踪 自定义报告

自定义结果报告模板

结果
可靠

方法
开发

化合物
数据库

目标物和未
知物筛查

定性
分析

数据
标记

智能排序

TraceFinder 

TraceFinder™
The Power to Know

汉化版

汉化版 TraceFinder软件，应用更方便
● 快速方法建立

● CDB 数据库功能，可提供未知物多种信息，方便客户快速建立方法，为客户提供常用数据库

● 强大的 QA/QC 功能

● 提供多种报告模板，根据实验需求自行更改报告模板，包含 Excel 功能

● 快速筛查功能

● 一键设定选择离子扫描方法

● 智能化样品测定，根据测定需求，进行智能化开机、关程序，显示报告方法等

适用于赛默飞所有质谱系统

数据分析
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赛默飞整体解决方案，助力临床精准医疗

赛默飞色谱质谱检测项目列表

疾病类型 检查项目 临床意义 适用方案

遗传代谢疾病

（妇幼儿科 产科，

血液科，内科）

新生儿干血斑中遗传病筛查 
氨基酸，游离肉碱，酰基肉碱和琥珀

酸丙酮 ( 非衍生 + 衍生）

新生儿 45 种遗传代谢疾病筛查，包括 17 种

氨基酸代谢疾病，14 种有机酸血症，14 种

脂肪酸 B 氧化代谢性疾病。

串联质谱 （MS/MS）

新生儿干血斑中常染色体隐形遗传病 
（血红蛋白变异体）

镰刀形贫血症，地中海贫血症 串联质谱或高分辨质谱

新生儿尿液中和有机酸相关的先天性

代谢缺陷疾病筛查 
（134 项有机酸）

先天性代谢缺陷疾病 （40 种） 
验证阳性的筛查结果 

气质联用 
（GC-MS 和 GC-MS/MS）

营养代谢不良及临

床毒物检查

 （妇科，幼儿科，

产科， 骨科，老年

科，内分泌，生殖

科， 血科， 眼科，

内科，消化科，皮

肤科）

多种维生素测试

（脂溶性 + 水溶性 ）

色谱质谱联用 

LC-MS/MS

维生素 D  ( 含 D2, D3)

1,25 双羟维生素 D2, D3

参与钙磷代谢，骨骼钙化和退化，儿童佝偻

病，成年软骨症

LC-MS/MS
维生素 D 的测定

维生素 A， E, D2, D3

Vit A: 儿童视力适应明暗能力下降， 成人夜

盲症，皮肤干燥 

Vit E: 溶血性贫血，失去生育能力，流产

LC-MS/MS
脂溶性维生素谱

维生素 K 
参与骨骼代谢，促进血液凝固，凝血功能障

碍，血红蛋白尿，损害肝功能

LC-MS/MS
脂溶性维生素谱

维生素 C, B1, B2, B3, B5, B6, B7, 

B9, B12 

Vit C: 抗氧化，坏血病，抵抗力下降，高尿

酸症

Vit B1: 脚气病，神经性皮炎，头痛眼花烦躁

Vit B2:口腔生殖综合征， 如口角炎，口唇炎，

结膜炎，脂溢性皮炎，阴囊皮炎

Vit B3: 赖皮病，皮炎，腹泻，皮肤红疹

 Vit B5, 疲劳，低血糖， 食欲不振， 消化不

良

Vit B6: 贫血症，脂溢性皮炎， 嗜睡

Vit B7: 皮炎，湿疹，厌食，脱发，倦怠

Vit  B9: 巨幼红细胞贫血，诱发惊厥，锌吸

收异常

Vit B12 ：恶性贫血，记忆力

LC-MS/MS
水溶性维生素谱

脂肪酸测试

花生四烯酸及代谢产物（15 种）
该信号随神经系统疾病而改变，包括疼痛、

阿尔茨海默氏病和重度抑郁症。

LC-MS/MS
花生四烯酸谱

金属元素及微量元素监测

（铅，锌， 铜，硒、锶、镉、汞、铝、

锰、钼、锂、砷、碘）

重金属中毒，微量元素测定
ICP-MS
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疾病类型 检查项目 临床意义 适用方案

内分泌激素紊乱

（心血管科，内分

泌科，妇科 , 生殖

科， 内科）

儿茶酚胺类

（血液及尿液中）

肾上腺素，去甲肾上腺素，多巴胺，甲

氧基肾上腺素，甲氧基去甲肾上腺素

嗜铬细胞瘤结合儿茶酚胺导致循环

失常。 超标会引发高血压和心肌梗

塞，过低则通常导致低血压。

LC-MS/MS 儿茶酚胺类测试方案

甾体类激素

醛固酮，皮质醇，脱氧皮质醇，皮质酮

原发性醛固酮增多症，充血性心力

衰竭，肾上腺皮质功能减退 （阿狄

森病），皮质醇增多症 （库欣综合

症），垂体功能减退

LC-MS/MS 甾体类激素测试方案

雄性激素

睾酮，二氢睾酮，

脱氢表雄酮，脱氢表雄酮硫酸盐，雄烯

二酮， 二氢睾酮

多毛症，女性 男性化，女性多囊

卵巢综合症， 性腺功能减退，

Klinefelter & Kallman, 前列腺肥大，

睾丸发育不良

LC-MS/MS 甾体类激素测试方案

雌性激素

17 羟孕酮，孕烯醇酮，孕酮，雌酮，雌

二醇，雌三醇

评价卵巢功能，性成熟， 不育症，

更年期综合症，性腺发育不全
LC-MS/MS 甾体类激素测试方案

甲状腺激素

游离 + 总量 T3， T4

评价甲状腺功能，甲亢，甲减，甲

状腺肥大，甲状腺肿瘤

LC-MS/MS 甾体类激素

测试方案

治疗药物监测

（器官移植科，肿

瘤， 药剂科，心脏

科，精神科）

环孢霉素， 西罗莫斯，他克莫斯，依维

莫斯， 霉酚酸 
免疫抑制剂 （血液及干血斑） LC-MS/MS 临床药物浓度监测

以马替尼 抗肿瘤药物 LC-MS/MS 临床药物浓度监测

万古霉素 抗生素类药物 LC-MS/MS 临床药物浓度监测

地高辛 强心苷药物 LC-MS/MS 临床药物浓度监测

* 氯氮平，* 帕罗西汀， 阿米舒必利，*
氟西汀，诺氟西汀，* 奥氮平，奎硫平，

文拉法辛，O- 去甲文拉法辛米氮平，*
利培酮，9- 羟利培酮，* 西酞普兰， 去

甲舍曲林， 马普替林， 米安色林，# 齐

拉西酮，# 氨磺比利，# 去甲氟西汀，#
奎硫平，# 米氮平，# 三氟拉嗪 等。

抗抑郁和抗精神病药物

LC-MS/MS 临床药物浓度监测

*  Both LC 和 LC-MS/MS  

*  LC Only

* 卡马西平， 10- 羟基卡马西平，二羟

卡马西平，10，11- 环氧化卡马西平，

奥卡西平，拉科酰胺，卢飞酰胺，非尔

氨酯，* 苯妥英钠

茶碱，左乙拉西坦，唑尼沙胺，苯巴比妥，

丙戊酸，司替戊醇，苯妥英，普里米酮， 

PEMA。# 拉莫三嗪，# 奥卡西平等。

抗癫痫药物

临床药物浓度监测

*  LC-MS/MS 

*  Both LC 和 LC-MS/MS  

*  LC Only

色谱技术 LC
临床药物浓度监测

LC 临床药物浓度监测

羟基伊曲康唑，伊曲康唑，

酮康唑，伏立康唑
抗真菌药物 内科，药剂科

盐酸阿米替林 三环唑抗抑郁药物 精神科，药剂科

茶碱 呼吸系统平喘药 呼吸科，内科，药剂科

多肽和蛋白质

妇科，幼儿科，产

科， 骨科，老年科，

内分泌科 , 心血管

科

类胰岛素生长因子 1 
骨骼钙化和退化，生长激素紊乱引
发的青少年生长状况异常，儿童佝
偻病，成年软骨症

色谱质谱联用 LC-MS （单通道 + 
多通道）

肾素活性 / 血管紧张素 1
辅助诊断高血压及原发性醛固酮增
多症

色谱质谱联用 LC-MS/MS

胰岛素 与糖尿病和胰岛素抵抗有关 色谱质谱联用 LC-MS/MS

血红蛋白变异体
常染色体隐形遗传病：
镰刀形贫血症，地中海贫血症

色谱质谱联用 LC-MS/MS 和 LC-

MS
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赛默飞从容面对中国精准临床诊断对技术的挑战

客户

自动化

产品
多样化

简单化本土化

小分子和大分子

耗材 仪器 试剂

筛查 + 定量

ICP-MS，GC，HPLC

LC QqQ 和  HRMS

战略合作成果，为本土

临床客户定制 IVD 系统

多通道在线样品净化液相系统

血清中 IGF1 高通量的检测

Q Exactive Focus

iRC Pro 新生儿筛查软件

76

UltiMate 3000 RSLCnano 系统

UltiMate 3000 RSLCnano系统可提高低流量

分离效率，轻松偶联质谱仪，具有出色的分辨

率、灵敏度和选择性，适用于纳升级 LC 和蛋

白质组学应用。

• 非常适合分析复杂样品

• 高灵敏度，适用于femtomole级或更低级别

检测

• 更高稳定性和重现性，提供一致结果

• 分辨率和选择性提高，鉴定更可靠

• 更宽（纳升 /毛细管 /微升）级流速范围

（20  nL/min～50 μL/min）

Transcend II 系统采用了多通道和 
TurboFlow 技术

目前，Thermo Scientific™ Transcend™ II 系统

搭载了高效Ultimate 3000 RSLC 液相泵，结合

了 Thermo Scientific™ TurboFlow 技术和自动 

2X 和 4X 多通道技术，为复杂基质样品提供在

线净化，并提高了 LC 系统中非平行进样样品

的样品通量。

EASY-nLC 1200

ThermoScientific™ EASY-nLC™ 1200提供更

高系统压力, 可以获得更尖锐的色谱峰，更高

的分辨率使得蛋白质覆盖范围更宽广。先进的

溶剂流量管理，混合器前的双流传感器可提供

出色的梯度，帮助获得高重复的结果。专利的

nanoViper 技术和大触屏操控便于系统安装，使

用和维护。无论新手还是专家都可获得高品质

数据，得到理想结果。

Prelude SPLC 系统

如今，Thermo Scientific LC-MS 分析系统已可用

于临床研究和法医毒理学实验室，分析通量及性

价比高。Thermo Scientific™ PreludeSPLC™ 样

品前处理及液相色谱系统具有高效的色谱分离技

术，能够快速、反复、可靠地进行在线样品制

备。

更专业的 纳升级 LC 系统

Thermo Fisher作为 LC-MS 分析系统的领导者，为一系列专业的分析应用提供了更多的液相色谱解决

方案。Thermo Scientific LC、UPLC、nano-LC 及 LC-MS 系统的分析性能可满足您实验室的各种分析

需求。
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测试血液中或尿液中儿茶酚胺
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TurboFlow Technology
The TurboFlow technology found in the 

Transcend II system uses the combined 

chromatographic techniques of diffusion, 

velocity, chemistry, and size exclusion to 

capture analytes of interest while eliminating 

unwanted matrix interferences. Depending on 

sample complexity, analyte abundance, and 

MS sensitivity, raw samples can be directly 

loaded or precipitated and centrifuged 

before loading. Once loaded, samples are 

automatically prepared, separated by HPLC or 

UHPLC, and analyzed by mass spectrometry.

Multiplexing Technology
The Transcend II system's multiplexing 

technology dramatically increases mass 

spectrometer utilization. Traditional single-

channel LC-MS systems process samples 

serially; the MS is idle during much of the  

LC method. The Transcend II system includes 

either two or four LC channels that operate 

independently and in parallel but feed into a 

single mass spectrometer. A single method 

can be run on all channels or each channel 

can simultaneously run a different method. 

The Aria software schedules and coordinates 

runs, maximizing MS utilization while 

ensuring the mass spectrometer is dedicated 

to a single LC channel for the entire length  

of that channel's analyte elution.

•  Simplifies or eliminates offline  
sample preparation

•  Increases data confidence by  
removing interferences

•  Streamlines method development—the 
same method can be used for  
multiple matrices

•  Reduces ion suppression  
through greater specificity  
and cleaner samples

•  Lowers costs, labor, and time

Benefits

Benefits

•  Increases flexibility by running up to four 
different methods simultaneously

•  Improves ROI by getting more productivity  
from capital equipment

•  Increases throughput up to 400% 
without compromising data quality  
or sensitivity

� 
The Transcend II system features 2 or 4 completely independent  
LC channels that can operate simultaneous.

� 
Analyte elution only occurs during a small portion  
of the total LC method.

� 
Typical sample  

preparation steps  
using four different 

technologies.

� 
Multiplexing interleaves samples to maximize throughput and 
MS utilization.

0 min 4 min

Analyte elution

LC gradient 

MS chromatogram

Liquid-Liquid Extraction (LLE)

1. Aliquot of sample
2. Spike with IS
3. Add buffer
4. Add MTBE
5. Shake 10 min
6. Centrifuge
7. Remove organic
8. Evaporate to dryness
9. Reconstitute

10. Transfer to plate
11. Inject onto column

Solid Phase Extraction (SPE)

1. Aliquot of sample
2. Spike with IS
3. Add 0.1N HCL
4. Condition sorbent
5. Add sample to sorbent
6. Wash
7. Evaporate
8. Reconstitute
9. Transfer

10. Inject onto column

Protein Precipitation (PPT)

1. Aliquot of sample
2. Spike with IS
3. Add acetonitrile
4. Centrifuge
5. Remove supernatant
6. Reconstitute
7. Transfer to plate
8. Inject onto column

TurboFlow Method

1. Aliquot of sample
2. Spike with IS
3. Centrifuge
4. Inject onto column

ColumnLC Pump

ColumnLC Pump

ColumnLC Pump

ColumnLC Pump

CTC Autosampler

CTC Autosampler

Mass
Spectrometer

4 Channel LC System
Parallel Separation, Serial Data
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赛默飞与客户紧密合作，我们一直在身边





赛默飞色谱

与质谱中国

赛默飞

官方微信

热线
电话

800 810 5118            
400 650 5118

www.thermofisher.com


