
简介

常规采用免疫技术（EMIT）对滥用药物进行筛查，使用GC/

MS或者LC/MS/MS检测技术进行确证。我们提出了一种替代

的分析方法，利用时间飞行（TOF）质谱仪定量和确认这些药

物。PerkinElmer®AxION® 2 TOF MS配有ADC检测器技术，提

供了较宽的动态线性范围，非常适合于目标药物的定量分析。

与全扫描模式不是很灵敏的四级杆仪器相比，TOF可用于未知

化合物的定性筛查。AxION® 2 TOF MS提供的精确质量和同位

素比例的信息，与保留时间一起，用于鉴定和确认已知及未知

目标化合物的存在，且无需碎片的信息。AxION® 2 TOF MS配

利用UHPLC与
精确质量的AxION
 2 TOF质谱仪联用

分析尿液中的

滥用药物
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有双探头的Ultraspray™ 2 ESI离子源，允许同时注入已知质荷比的校准混合

物和LC洗脱组分，因此，通过连续的锁定质量修正，使整个分析过程的质量

精度保持在低ppm的水平。
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图1  7min分析不同类别的21种滥用药物
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Table 1.  LODs of some representative drugs of abuse in 
human urine.

Drug LOD in urine (ng/mL or ppb)

Methamphetamine 1

Amphetamine 5

Diazepam 1

Haloperidol 4

Alpralozam 1

Fluorazepam 5

Codeine 5

Morphine 5

Doxepine 1

Haloperidol 4

Cocaine 1

Benzoylecognine 1

Methadone 1

3, 4 MDA 1

MDEA 1

Oxycodone 1

The linearity of a representative drug, oxycodone, is shown 
in Figure 2. The analysis showed regression values (r2 = 0.999) 
over ~4 orders of dynamic range thereby emphasizing the 
quantitative capabilities of the AxION 2 TOF MS. 

Experimental

SPE extraction: Blank urine samples were spiked with varying 
concentrations of analyte drugs (1-10,000 ppb) and with 
internal standards (d5-diazepam and d3-doxepine at 50 ng/
mL each). Urine (300 µL) was extracted over PerkinElmer HLB 
solid phase cartridges (30 mg/1 mL cartridges, 30 micron 
particle size, Part Number N9306650). The cartridges were 
conditioned with methanol (1 mL) followed by water (1 mL). 
The urine samples were then loaded on the cartridges and 
extracted at a flow rate of 1 mL/min. The cartridges were 
washed with 5% methanol in water (1 mL) dried under 
vacuum for ~ 1 min and eluted with methanol (1 mL). The 
eluate was dried and reconstituted to 300 µL with water. 

LC conditions: 

Pump: PerkinElmer Flexar™ FX-10 pump

Flow: 0.4 mL/min

Mobile phase A: Water containing 0.1% formic acid

Mobile phase B: Acetonitrile containing 0.1% formic acid

Gradient conditions: 95% A/5% B for 1 min., followed by  
 95% A/5% B to 10% A/90% B in 5 min.  
 (linear gradient), maintained at  
 10% A/90% B for next 1.5 min. 

Injection volume: 4 μL in partial fill mode

Column used: PerkinElmer Brownlee™ SPP C-18,  
 2x50 mm, 2.7 μm, 25 °C

MS conditions:

Mass spectrometer: PerkinElmer AxION 2 TOF MS

Ionization source: PerkinElmer Ultraspray™ 2  
 (Dual ESI source)

Ionization mode: Positive

Spectral acquisition rate: 3 spectra/sec

Capillary exit voltage: 100 V

TrapPulse™ mode: 100-1000 m/z (D7:68, D8:91)

Internal calibration was performed using m/z 118.08625 and 
622.02896 as lock mass ions.

Results

The separation and analysis of 21 drugs of abuse belonging 
to several classes including opiates, benzodiazepines, 
amphetamines and cannabinoids was achieved within 7 min 
(Figure 1). The recovery of the drugs over SPE cartridges 
was estimated to be ≥ 80% for nearly all of the analytes 
(determined at 20 ppb concentration spiked in urine). Using 
the proprietary TrapPulse technology of the AxION 2 TOF 
MS, we observed excellent limits of detection (LODs, based 
on S/N ≥ 3) for a majority of the drugs (1-5 ppb, Table 1). In 
the TrapPulse mode of operation, the duty cycle of the TOF 
increases, resulting in significant improvement in signal. The 
LODs measured by the AxION 2 TOF MS were 100-400 times 
lower than the required cut-off levels by the EMIT assays 
for most classes of drugs of abuse showing the excellent 
sensitivity provided by the instrument. 

Figure 1.  Analysis of different classes of drugs of abuse within 7 min.

Figure 2.  Calibration curve of oxycodone over a concentration range of 
1-10,000 ppb (d3 doxepine used as internal standard).

实验

SPE萃取：在空白的尿液样品中加入不同浓度的被分析药物

（1-10000ppb）和内标物质（d5-安定、d3-多虑平各50ng/

mL）。尿液（300μL）使用PerkinElmer的HLB固相萃取柱

(30 mg/1 mL 滤芯, 30μm, 产品型号 N9306650)进行萃

取。使用甲醇（1mL），水（1mL）依次淋洗萃取柱。然后加

入尿液样品，以1mL/min速度的流过萃取柱，萃取柱使用

5%的甲醇水溶液（1mL）冲洗，在真空条件下抽干约1min，

然后使用甲醇（1mL）淋洗。淋洗液干燥后，再使用300μL

的水定溶。

结果

在7min之内完成21种不同类别的滥用药物分离、分析，

这些药物包括阿片类、苯二氮平类药物、安非他命和大

麻（图1）。几乎所有通过SPE萃取柱的被分析药物（尿液

中的加标浓度为20ppb）回收率都≥ 80%。利用AxION® 

2 TOF MS的专利捕集脉冲技术，我们在分析多数药物

（1-5ppb，表1）时均获得了良好的检测限（LODs，基于

S/N≥3）。在捕集脉冲的操作模式，TOF的占空率（即离子

利用率）增加，导致信号显著改善。AxION® 2 TOF MS测

定的LODs比EMIT方法分析大多数滥用药物的极限水平

要低100-400倍，由此证明该仪器具有优越的灵敏度。

代表性药物-氧可酮的线性响应如图2所示。线性相关系

数r2 = 0.999，5个数量级的动态范围，从而进一步证明

AxION 2 TOF MS的定量分析能力。

图2 浓度范围1-10000ppb氧可酮的回归曲线（d3多虑平作为内

标物质）

表１人体尿液中一些典型的滥用药物的检测限

LC条件 

泵： PerkinElmer Flexar™ FX-10 

流速： 0.4mL/min

流动相Ａ： ０.１％甲酸水溶液

流动相Ｂ： ０.１％甲酸的乙腈溶液

梯度条件： ９５％Ａ／５％Ｂ保持１ｍｉｎ 随后的

 ５ｍｉｎ变为９５％Ａ／５％Ｂ（线性  

 梯度）最后的１.５ｍｉｎ，

 维持１０％Ａ／９０％Ｂ

进样体积： ４μL部分环注射模式

色谱柱： PerkinElmer Brownlee™ SPP C-18，２Ｘ  

 ５０ｍｍ，2.7 μm, 25 °C

MS条件 

质谱仪： PerkinElmer AxION 2 TOF MS

离子源： PerkinElmer Ultraspray™ 2　(双喷ESI 源)

离子化模式： 阳离子

质谱扫描速率： 3 spectra/sec

毛细管出口电压： １００Ｖ

捕集脉冲模式： 100-1000 m/z (D7:68, D8:91)

内部校准使用m/z 118.08625 和622.02896作为锁定质量离

子
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Table 2.  Shows  theoretical mass, observed mass and mass error of representative drugs of abuse. 

  Monoisotopic Mass 
Analyte Formula [M+H]+ Observed Mass Mass Error (ppm)

Methamphetamine C10H15N 150.1277 150.1273 -2.66

Amidarone C25H29I2NO3 646.0310 646.0312 0.39

Amphetamine C19H13N 136.1121 136.1113 -5.88

Codeine C18H21NO3 300.1594 300.1594 -0.07

Diazepam C16H13ClN2O 285.0789 285.0792 0.98

Doxepine C19H21NO 280.1696 280.1695 -0.36

Haloperidol C21H23ClFNO2 376.1474 376.1474 0.00

Morphine C17H19NO3 286.1438 286.1434 -1.40

Flurazepam C21H23ClFN3O 388.1586 388.1593 1.80

Alprolazam C17H13ClN4 309.0902 309.0900 -0.65

Cocaine C17H21NO4 304.1543 304.1550 2.30

EDDP perchlorate  C20H24ClNO4 278.1903 278.1906 1.08 
(fragment, [M-O4Cl]+) 

Benzoylecognine C16H19NO4 290.1387 290.1394 2.41

Methadone C21H27NO 310.2165 310.2171 1.93

3,4 MDA C10H13NO2 180.1019 180.1016 -1.67

MDEA C12H17NO2 208.1332 208.1326 -2.88

MDMA C11H15NO2 194.1176 194.1169 -3.61

Phenylpropylamine C9H13NO 152.1069 152.1060 -5.92

Oxycodone C18H21NO4 316.1543 316.1545 0.54

Figure 3.  (a-c) Shows the effect of narrowing the extracted ion mass window 
on the S/N of 1 ppb of alpralozam in urine. Blue trace is of control urine and 
the black trace is of spiked urine.

The major advantage of TOF MS is the accurate mass 
capability for confirming the presence of a given analyte. 
Table 2 shows examples of accurate mass of the drugs 
of abuse provided by AxION 2 TOF MS in comparison to 
the corresponding theoretical mass. The accurate mass, 
isotope ratios and retention time is used as confirmation 
of the presence of a given analyte. Analyte detection in 
urine at low parts-per-billion level is significantly improved 
by narrowing the extracted ion mass window as shown 
in Figure 3 (a-c) for alpralozam. The noise is reduced 
considerably with a narrower mass window improving 
overall S/N and thereby providing more confidence in 
analysis of a given compound. 

TOF-MS的主要优势是提供准确的质量信息，从而确认

给定分析物的存在。表2罗列了AxION 2 TOF MS检测

到的滥用药物的准确质量与理论质量。准确质量，同位

素比例和保留时间被用作确认已知分析物的存在。通

过提取较窄离子质量的窗口，尿液中分析物的检测限得

到明显提升，可低至ppb级，如图3（a-c）安定的分析谱

图所示。在较窄质量的窗口，噪声显著减小，S/N全面增

加，因而对于已知化合物可提供更有信心的分析。

图3 （a-c）尿液中1ppb安定提取较窄质量窗口对S/N作用。蓝色

表示控制尿液样品，黑色表示加标尿液

表２典型的滥用药物的理论质量，采集质量和质量误差
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除政府限制的已知化合物的检测项目外，法医毒理学者

经常面临的挑战是寻找样品中的未知化合物。由于TOF采

集的是全扫描数据，TOF MS技术使得用户可以再次利用

已经采集的数据，确定那些未知化合物的存在。例如，我

们分析了一个保留时间约为2.5min的未知化合物（图4）。

利用AxION EC ID软件提供的准确质量和同位素比信息

来鉴定该未知化合物。软件通过数据库检索，获得了一个

给定元素组成的可能目标化合物的排序表，该化合

物被确定为咖啡因，是一种最常规的兴奋剂。使用

AxION EC ID软件进行类似的分析，认为保留时间

1和1.8min的两个未知化合物的最可能是可可碱/茶

碱/副黄嘌呤，这些化合物都是咖啡因代谢的异构体

产物。通过与标准物质保留时间的匹配进一步确证

咖啡因及其代谢产物在尿液中存在。

图4 插图a:利用AxION EC ID软件分析AxION 2 TOF MS采集的数据，鉴定未知目标化合物是咖啡因及其代谢产物； 插图b:使
用AxION EC ID软件，m/z181.0718匹配第一的元素组成是C7H8N4O2； 插图c:为降低AIDS的排序，C7H8N4O2最可能的候选物是

茶碱，其次是副黄嘌呤，两者都是咖啡因的代谢产物
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参考文献

本篇尿液中滥用药物分析的应用文献表明：AxION 2 TOF MS既

可用于尿液的已知化合物的定量分析，又可用于筛查尿液中存在的

其它未知组分。TOF分析几类滥用药物的检测限比对应的非特异性

免疫的分析方法低100-400倍。与三重四级杆的仪器相比，AxION 

2 TOF MS除了具有宽的动态定量范围外，也可提供全扫描的信息，

这可用于非目标化合物的筛查。本应用文献建立了21种滥用药物

的分析方法，然而，该方法在仪器提供的易于定量和报告的软件包

的帮助下，可容易的被应用到更广泛的滥用药物筛查中。

Conclusions

The study of drugs of abuse in urine presented in this 
application note shows the exceptional capabilities of 
the AxION 2 TOF MS for both quantitative analysis and 
for screening of additional components present in urine. 
The detection limits of several classes of drugs of abuse 
analyzed by the TOF were 100-400 times lower than those 
required by non-specific immunoassays. Besides the wide 
quantitative dynamic range of the AxION 2 TOF MS, which 
rivals capabilities of the triple quadrupole instruments, the 
TOF also provides full spectrum information which allows 
for screening of non-target compounds. This application 
note was developed for 21 drugs of abuse; however, it 
can easily be extended to a wider range of drugs of abuse 
used in screening analysis with the help of the easy to use 
quantitation and reporting software package provided with 
the instrument.
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