
河豚（河豚鱼）长期以来一直是日本人熟悉的优质食用鱼，
现如今在其它国家 /地区也有食用。尽管大家已经认识到河豚
的某些部分和种类含有致命的河豚毒素（TTX，也称为“河豚
毒”），但是由于控制不良，河豚中毒事件频频发生。

对于食品卫生和质量控制机构，以及高度注意食品安全的
广大消费者而言，都迫切需要开发一种快速方便检测河豚毒素
TTX的方法。

本文介绍了一种使用岛津新型 DPiMS-8060质谱仪（图 1）
的快速 TTX分析方法，这种方法结合了探针电喷雾电离技术
（PESI）和串联质谱仪。另外，还介绍了一种无需预处理直接
快速分析河豚 TTX的方法。这种方法不仅适用于分析有毒河豚
（广为人知含有 TTX的河豚）的肝脏和卵巢，也适用于可能含
有 TTX的皮肤和肌肉（取决于种类）。

T. Murata

探针电喷雾电离质谱仪

用 DPiMS™-8060直接快速分析河豚含有
的河豚毒素
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Fugu (pufferfish) has long been a familiar to the Japanese as 
high-quality food fish, and is now consumed in other 
countries as well. Even though it is widely known that certain 
parts and species of fugu contain the deadly poison 
tetrodotoxin (TTX, also called fugu poison), incidents of fugu 
poisoning occur frequently due to careless control. 
Establishment of a quick and simple detection method for 
TTX originating from fugu has been strongly desired, not only 
for sites involved in food hygiene and quality control, but 
also for general consumers, who have a heightened 
awareness of food safety.  
This article introduces a quick TTX analysis method using the 
new Shimadzu DPiMS-8060 mass spectrometer (Fig. 1), which 
combines the new ionization method called probe electro spray 
ionization (PESI) and a tandem-type mass spectrometer. A direct 
rapid analysis method for TTX contained in fugu which does not 
require pretreatment is also introduced. This method is 
applicable not only to the liver and ovaries of poisonous fugu, 
which are widely known to contain TTX, but also to the skin and 
muscles, which may contain TTX depending on the species. 

T. Murata 
 

Measurement of Tetrodotoxin Standard 
Sample 

As a standard sample, Tetrodotoxin, from fugu (FUJIFILM 
Wako Pure Chemical Corporation) was prepared in a 50 % 
ethanol solution, and 10 μL of the sample solution was 
injected in the dedicated liquid sample plate of the DPiMS-
8060 and measured. 
A product ion scan was carried out, conditions which enable 
confirmation of the characteristic fragment ion m/z 162.1 of 
TTX (Fig. 2) were studied, and the conditions shown in 
Table 1 were set. The results obtained by the product ion 
scan are shown in Fig. 3. 
Next, 1, 5, 25, 50, 100, and 300 ng/mL of the TTX standard 
sample were prepared. The samples were measured under 
the MRM (Multiple Reaction Monitoring) condition, and a 
calibration curve was prepared. 
Based on the results, the detection limit and the quantitative 
lower limit of TTX by DPiMS-8060 analysis were calculated. 
The calibration curves and the values of these limits are 
shown in Fig. 4. 
 

Table 1  TTX Analysis Conditions for DPiMS-8060 

Collision Energy : -30 V 
MRM Transition : m/z : 320.2 > 162.1 

(Monitoring conducted using proton 
adduct as precursor ion.)  

Survey Event : Product 
Ion Scan MS Range 

: m/z : 100-370 

Scan Speed : 5,000 u/sec 
Event Time : 0.06 sec 
Desolvation Line : 250 °C 
Heat Block  50 °C 
Polarity : Positive 
Acquisition time : 0.5 min 

 
Fig. 1  DPiMS™-8060 

 

 
Fig. 2  TTX and Fragment Ion

  

Probe (Tip diameter 700 nm) Sample plate for liquids 
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Fig. 2  TTX and Fragment Ion

  

Probe (Tip diameter 700 nm) Sample plate for liquids 

CE -30V 

m/z 319.1 

m/z 162.1 

■测量河豚毒素标样
用 50%乙醇溶液溶解来自河豚的河豚毒素（富士胶片和

光纯药株式会社）标样，取 10 μL样液至 DPiMS-8060的专用
液体样品板中并进行测定。

开展产物离子扫描，并设置表 1所示的条件，确认 TTX的
特征性碎片离子m/z  162.1的条件（图 2）。通过产物离子扫
描获得的结果列于图 3中。

制备 1、5、25、50、100 和 300 ng/mL 的 TTX 标样。在
MRM（多反应监测）条件下测量样品，并绘制校准曲线。

根据校准曲线结果，计算 DPiMS-8060分析 TXX的检测限
和定量下限。校准曲线和检出限、定量限列于图 4。
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探针（尖端直径为 700 nm）

图 1  DPiMS™-8060

液体的样品板

表 1 DPiMS-8060的 TTX分析条件
碰撞能量 ： -30 V

MRM通道 ： m/z : 320.2 > 162.1
（将质子加合物作为前体离子进行监测。）

触发事件：产物扫描范围 ： m/z : 100-370

离子扫描质谱仪范围
扫描速度 ： 5,000 u/sec

事件时间 ： 0.06秒
脱溶剂化管温度 ： 250 ° C

加热块 50 ° C

极性 ： 正离子
采集时间 ： 0.5 min
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■结论
根据对河豚毒素（TTX，为河豚鱼组织中含有的致命有毒成分）

标样的分析，证明使用岛津 DPiMS-8060可以简单、高灵敏度地
对 TTX进行质谱分析，而用传统 LCMS方法分析这种高极性成分
通常较复杂，例如，需要预处理样品。

另外，DPiMS-8060无需预处理即可快速简便地检测河豚组织
中的 TTX。表明 DPiMS-8060在保护食品安全检查领域可成为一种
有效的分析方法。

■河豚 TTX 的检测
从斑点东方豚（网斑河鲀，图 5）的肌肉、皮肤、肝脏和卵

巢分别取约 3 mm的正方形实际样品，斑点东方豚是一种有毒
河豚。将样品插入 DPiMS-8060的专用生物样品板中，并在顶部
滴入 35μL的 50%乙醇溶液作为电离促进剂，并进行产物离子
扫描。结果见图 6。从所有组织中均检测到 TTX的碎片离子。另
外，取决于部位，还可以看到检测灵敏度存在差异，这表明使用
DPiMS-8060无需预处理即可简单地测量有毒河豚各个部位所含
TTX浓度的大小。
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Fig. 3  Product Ion Scan of TTX Standard Sample 

 

 
Fig. 4  Calibration Curve of TTX Standard Sample 

*Values shown here are reference values and are not guaranteed values. 
 

Detection of TTX Contained in Fugu 
Real samples approximately 3 mm square were taken from 
the muscle, skin, liver, and ovary of the finepatterned puffer 
(Takifugu poecilonotus, Fig. 5), which is one species of 
poisonous fugu. The samples were inserted in the dedicated 
biological sample plate of the DPiMS-8060, 35 μL of the 50 % 
ethanol solution was dripped on the top part as an ionization 
accelerator, and a product ion scan was conducted. The 
results are shown in Fig. 6. Fragment ions of TTX were 
detected from all of the tissues. Furthermore, the fact that 
differences in detection sensitivity could also be seen, 
depending on the part, suggested that the magnitude of the 
TTX concentration contained in the respective parts of 
poisonous fugu can be measured simply without 
pretreatment by using the DPiMS-8060. 
 

 
Fig. 5  Finepatterned Puffer 

 

 
Fig. 6  Product Ion Scans of Various Parts of Poisonous Fugu 

(Finepatterned Puffer) 

 
Conclusion 

As a result of an analysis of a standard sample of tetrodotoxin 
(TTX), which is the deadly poisonous component contained 
in the tissue of fugu fish, it was shown that simple and high 
sensitivity mass spectrometry in analysis of TTX is possible by 
using the Shimadzu DPiMS-8060, even though analysis of this 
high polarity component by the conventional LCMS method 
tends to be complicated, for example, requiring sample 
pretreatment. 
Moreover, quick and simple detection of TTX in fugu tissues 
was possible without pretreatment. This suggested the 
possibility that the DPiMS-8060 may become an effective 
analytical method in the field of inspections for protection of 
food safety. 
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图 4 TTX标样的校准曲线
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图 6 有毒河豚（斑点东方豚）各个部位的产物离子扫描

图 5 斑点东方豚
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Fig. 3  Product Ion Scan of TTX Standard Sample 

 

 
Fig. 4  Calibration Curve of TTX Standard Sample 

*Values shown here are reference values and are not guaranteed values. 
 

Detection of TTX Contained in Fugu 
Real samples approximately 3 mm square were taken from 
the muscle, skin, liver, and ovary of the finepatterned puffer 
(Takifugu poecilonotus, Fig. 5), which is one species of 
poisonous fugu. The samples were inserted in the dedicated 
biological sample plate of the DPiMS-8060, 35 μL of the 50 % 
ethanol solution was dripped on the top part as an ionization 
accelerator, and a product ion scan was conducted. The 
results are shown in Fig. 6. Fragment ions of TTX were 
detected from all of the tissues. Furthermore, the fact that 
differences in detection sensitivity could also be seen, 
depending on the part, suggested that the magnitude of the 
TTX concentration contained in the respective parts of 
poisonous fugu can be measured simply without 
pretreatment by using the DPiMS-8060. 
 

 
Fig. 5  Finepatterned Puffer 

 

 
Fig. 6  Product Ion Scans of Various Parts of Poisonous Fugu 

(Finepatterned Puffer) 

 
Conclusion 

As a result of an analysis of a standard sample of tetrodotoxin 
(TTX), which is the deadly poisonous component contained 
in the tissue of fugu fish, it was shown that simple and high 
sensitivity mass spectrometry in analysis of TTX is possible by 
using the Shimadzu DPiMS-8060, even though analysis of this 
high polarity component by the conventional LCMS method 
tends to be complicated, for example, requiring sample 
pretreatment. 
Moreover, quick and simple detection of TTX in fugu tissues 
was possible without pretreatment. This suggested the 
possibility that the DPiMS-8060 may become an effective 
analytical method in the field of inspections for protection of 
food safety. 
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