
法医中毒品和毒物的分析通常使用血液和尿液等体液样
本，因为它们易于处理，并且方便数据收集。但在一些情况下
很难采集体液，例如，腐烂或烧焦的尸体或出血性死亡。在这
种情况下，可将器官作为样本。器官内成分复杂，使用仪器分
析器官需要进行复杂的预处理，因此需要耗费很长时间才能获
得分析结果。

截至目前，研究一直围绕着用 QuEChERS法加速和简化器
官的预处理。为了进一步缩短器官分析所需的时间，本文介绍
了使用新开发的 DPiMS-8060质谱仪（图 1）直接分析器官中
毒品含量的方法，这种方法结合使用了新型电离法探针电喷雾
电离技术（PESI）和串联质谱，只需简单的预处理，且分析耗
时非常短。

T. Murata

探针电喷雾电离质谱仪

利用 DPiMSTM-8060快速分析法医标本中
的毒品
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图 1 DPiMSTM-8060

图 2 MT-45的结构式和各个器官中 MT-45的产物离子对扫描结果
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■定性分析
DPiMS-8060分析需要用探针反复刺穿样品。同时，向探

针尖端施加电压，使附着在探针表面上的样品电离，将样品直
接引到质谱仪中。

2016年 6月 26日，日本将 1-环己基 -4-（1,2-二苯基乙基）-

哌嗪（以下称MT-45）列为致幻毒品。取摄入MT-45器官（肝、
脑、肾、心脏、肺）的法医样品，使用产物离子对扫描法对这
些器官中的 MT-45进行定性分析。结果见图 2。同时，使用产
物离子对扫描法分析了 MT-45的预期代谢物，结果见图 3。

样品制备过程操作简便，无需进行复杂的预处理。分析样
品的制备：分别对每种器官切取 3 mm的正方形切片，将每个
切片分别放置在样板中。分别向样品加入 35 μL的 10 mmol/L

甲酸铵水溶液和乙醇 1:1溶液，上机分析。
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■结论
DPiMS-8060在无需任何预处理的情况下即可快速检测器官中

的致幻毒品。
另外，经过简单的预处理还可将DPiMS-8060应用于定量分析。
这些结果表明，法医学领域中分析毒品和毒物时，

DPiMS-8060是一种可行的简便快速方法。

■定量分析
使用 QuEChERS法预处理器官样品。使用标准添加法通过

DPiMS-8060和 LC-MS/MS对获得的样品溶液进行定量，以便比
较定量值。

按照表 1质谱条件进行分析绘制校准曲线（n=6）。校准曲
线的线性（r）大于 0.996，准确度（%RE）介于 -5.0至 9.4之间，
表明仪器线性良好。校准曲线见图 4。

使用该校准曲线定量每个器官的毒品浓度，结果见表 2。
结果显示，使用 DPiMS-8060和 LC-MS/MS所获得的值总

体上处于同等级别。此外，DPiMS-8060无需 LC洗脱时间，单
次分析耗时仅 0.5分钟，使用 DPiMS-8060可将测量时间缩短
97.5%。
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 Local Distribution of Anthocyanin Pigment 
Both the red area and white area of a petunia petal were 
sampled and analyzed by product ion scanning. The 
obtained qualitative results are compared as follows. 
As shown in Fig. 3, anthocyanin pigment was found in the 
red area of a petunia flower petal, but not in the white area. 
This demonstrates that the correlation between 
anthocyanin pigment distribution and the color of a 
flower petal can be verified by mass spectrometry. 
Since there is no need for pretreatment such as extraction 
or complicated operations using an analysis instrument, 
one sample can be analyzed in merely 0.2 min, indicating 
that the DPiMS-8060 can be used for rapid and simple 
measurements of substances contained or locally present 
in plants. 

 Conclusion 
The anthocyanin pigment in petunia flower petals was 
rapidly detected by using the DPiMS-8060 without any 
pretreatment. 
In addition, the local distribution of the anthocyanin 
pigment within petunia flower petals was measured 
easily. 
These results suggest that for the quality control of foods 
with function claims and functional plants, the DPiMS-
8060 may be used for the simple and rapid analysis of 
the substances which cause high functions and high 
added values. 

 

Product Ion Scan Results of Petunia Flower Petals 
 
Acknowledgments 
The data in this article was provided by Associate Professor Katsuhiro Shiratake at the Graduate School of Bioagricultural Sciences and Associate 
Professor Kei Zaitsu at the Graduate School of Medicine, both of Nagoya University. 
We would like to thank them for their generous support and collaboration. 
 
DPiMS is a trademark of Shimadzu Corporation. 

Petunia petals with differing 
edge and center colors

250.0 275.0 300.0 325.0 350.0 375.0 400.0 425.0 450.0 475.0 m/z
0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

Inten. (x10,000)

449.10
405.00 431.00362.80307.00

275.0 300.0 325.0 350.0 375.0 400.0 425.0 450.0 475.0 m/z
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

Inten. (x100,000)

449.10

287.00

250.0

Red area

White area

图 4  MT-45标准添加法校准曲线

表 2 DPiMS-8060和 LC-MS/MS定量结果比较

切片 DPiMS-8060
(μg/mL)

LC-MS/MS
(μg/mL)

肝脏 4.1 3.9

脑 1.6 1.5

心脏 1.8 2.0

肺脏 8.7 10.9

肾脏 1.7 1.5

测量时间 0.5 min 20 min

表 1  DPiMS-8060质谱条件

碰撞能量 25 V

扫描范围 m/z  50-450

扫描速度 405 u/sec

事件时间 1 s

DL温度 250℃
加热块温度 50℃
极性 +

采集时间 0.5 min
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Structural Formulae of MT-45 Metabolites and Product Ion Scan Results of Expected MT-45 Metabolites in Liver 

 

 Quantitative Analysis 
Organ samples were prepared by the QuEChERS method. 
Using the obtained sample solution and the standard 
addition method, quantitation was performed using the 
DPiMS-8060 and an LC-MS/MS to compare quantitation 
values. 
A calibration curve (n=6) was created by analyses using 
the conditions listed in Table 1. The linearity (r) of the 
calibration curve was higher than 0.996 and the accuracy 
(%RE) was within -5.0 to 9.4, demonstrating favorable 
analysis precision. Fig. 4 shows the calibration curve. 
The drug concentration in each organ was quantitated using 
this calibration curve and the results are shown in Table 2. 
The results show that the values obtained using the 
DPiMS-8060 and those with an LC-MS/MS are overall of 
the same level. Furthermore, since the DPiMS-8060 does 
not require the time for elution that an LC does, the time 
required for a single analysis is only 0.5 min. This means 
that by using the DPiMS-8060, the measurement time can 
be reduced by 97.5 %. 

 
MT-45 Calibration Curve by Standard Addition 

Analytical Conditions Using DPiMS-8060 
Collision Energy 25 V 

Mass Range m/z 50-450 
Scan Speed 405 u/sec 
Event Time 1 sec 

Desolvation Line 250 C 
Heat Block 50 C 

Polarity Positive 
Acquisition time 0.5 min/event 

 
Comparison of DPiMS-8060 

and LC-MS/MS Quantitation Results 

Section DPiMS-8060 
(μg/mL) 

LC-MS/MS 
(μg/mL) 

Liver 4.1 3.9 
Brain 1.6 1.5 
Heart 1.8 2.0 
Lung 8.7 10.9 

Kidney 1.7 1.5 
Measurement time 0.5 min 20 min 

 

 Conclusion 
The DPiMS-8060 enabled rapid detection of a narcotic in 
organs without any pretreatment. 
In addition, application of the DPiMS-8060 to quantitative 
analysis is also possible with minimal pretreatment. 
These results suggest that the use of the DPiMS-8060 is 
viable as a simple and rapid method for analyzing the drug 
and toxic substance content in organs in the field of 
forensics. 
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图 3 MT-45代谢物的结构式和肝脏中预期 MT-45代谢物的产物离子对扫描结果
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Structural Formulae of MT-45 Metabolites and Product Ion Scan Results of Expected MT-45 Metabolites in Liver 

 

 Quantitative Analysis 
Organ samples were prepared by the QuEChERS method. 
Using the obtained sample solution and the standard 
addition method, quantitation was performed using the 
DPiMS-8060 and an LC-MS/MS to compare quantitation 
values. 
A calibration curve (n=6) was created by analyses using 
the conditions listed in Table 1. The linearity (r) of the 
calibration curve was higher than 0.996 and the accuracy 
(%RE) was within -5.0 to 9.4, demonstrating favorable 
analysis precision. Fig. 4 shows the calibration curve. 
The drug concentration in each organ was quantitated using 
this calibration curve and the results are shown in Table 2. 
The results show that the values obtained using the 
DPiMS-8060 and those with an LC-MS/MS are overall of 
the same level. Furthermore, since the DPiMS-8060 does 
not require the time for elution that an LC does, the time 
required for a single analysis is only 0.5 min. This means 
that by using the DPiMS-8060, the measurement time can 
be reduced by 97.5 %. 

 
MT-45 Calibration Curve by Standard Addition 

Analytical Conditions Using DPiMS-8060 
Collision Energy 25 V 

Mass Range m/z 50-450 
Scan Speed 405 u/sec 
Event Time 1 sec 

Desolvation Line 250 C 
Heat Block 50 C 

Polarity Positive 
Acquisition time 0.5 min/event 

 
Comparison of DPiMS-8060 

and LC-MS/MS Quantitation Results 

Section DPiMS-8060 
(μg/mL) 

LC-MS/MS 
(μg/mL) 

Liver 4.1 3.9 
Brain 1.6 1.5 
Heart 1.8 2.0 
Lung 8.7 10.9 

Kidney 1.7 1.5 
Measurement time 0.5 min 20 min 

 

 Conclusion 
The DPiMS-8060 enabled rapid detection of a narcotic in 
organs without any pretreatment. 
In addition, application of the DPiMS-8060 to quantitative 
analysis is also possible with minimal pretreatment. 
These results suggest that the use of the DPiMS-8060 is 
viable as a simple and rapid method for analyzing the drug 
and toxic substance content in organs in the field of 
forensics. 
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