
在分析内源性代谢物（代谢组分析）过程中，难以完全消
除预处理和采样带来的偏差。因此，为了准确掌握生物标本代
谢组的变化，需要创建一种直接分析代谢组的方法。新型探针
电喷雾电离技术（PESI）是一种直接电离方法，使用超细微创
探针进行采样。向探针尖端施加高电压可以将获得的样品电离，
因此无需色谱仪即可分析组分。当结合配串联质谱的 PESI时，
使用 DPiMS-8060探针电喷雾电离串联质谱仪（图 1）可直接
分析生物样本的代谢组。

本文介绍了使用探针电喷雾电离质谱仪直接分析组织样品
（完整代谢组分析）的方法，以及该方法在 CCl4诱导急性肝
衰竭模型小鼠中代谢组分析的应用。

T. Murata

探针电喷雾电离质谱仪

利用 DPiMSTM-8060直接分析小鼠肝脏
代谢组
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In the analysis of endogenous metabolites 
(metabolome analysis), it is difficult to perfectly remove 
biases caused by pretreatment and sampling. 
Therefore, in order to accurately grasp the changes in 
the metabolome of a biospecimen, the establishment 
of a method for direct analysis of the metabolome is 
indispensable. Probe electrospray ionization (PESI) is a 
new direct ionization method in which an ultrafine and 
minimally invasive probe is used for sampling. 
Acquired samples are ionized by applying a high 
voltage to the probe tip and therefore components can 
be analyzed without using a chromatograph. 
By using the DPiMS-8060 probe electrospray ionization 
tandem mass spectrometer (Fig. 1), which combines 
PESI with tandem mass spectrometry, direct analysis of 
the metabolome of a biospecimen is possible. 
This article introduces a method established to directly 
analyze the metabolome of a tissue sample (intact 
metabolome analysis) using a PESI tandem mass 
spectrometer together with the application of the 
method to the metabolome analysis of CCl4-induced 
acute liver failure model mice. 

T. Murata 
 

 
DPiMSTM-8060 

 Sample Preparation and Analytical Conditions 
Standard metabolite samples including amino acids, 
organic acids, and sugars (26 metabolites) were 
prepared by diluting them with 50 % ethanol solution 
and dripping 10 μL of each sample into dedicated 
sample plates for liquid samples (Shimadzu 
Corporation). We then selected the MRM transitions for 
each compound and optimized the mass spectrometer 
conditions such as collision energy (CE). The 
information on the optimized MRM transitions of the 
26 metabolites is listed in Table 1. 
Next, liver samples were collected from mice by 
dissection. Square sections about 3 mm in size were 
taken from a healthy mouse and liver failure model 
mouse (liver failure induced by administering carbon 
tetrachloride) each. The sections were placed in 
dedicated sample plates for solid samples and then set 
on the instrument. Since solid samples can be analyzed 
by the DPiMS-8060 by simply placing them in a sample 
plate, there is no need for complex pretreatment. 
 

MRM Transitions of 26 Metabolites 

Name Polarity Transition (m/z) Collision  
Energy (V) 

3-hydroxybutyrate ( ) 103.1>59.0 35 
Citric acid/isocitric acid ( ) 191.0>111.1 20 

D-glucose ( ) 179.1>59.2 20 
Glucose-6-phosphate ( ) 259.1>96.9 20 

Glutaric acid ( ) 131.0>87.3 20 
Glycine ( ) 74.2>74.2 20 

L-asparagine ( ) 131.0>113.3 20 
L-asparatic acid ( ) 131.9>88.1 20 
L-glutamic acid ( ) 146.0>102.1 20 

L-lactic acid ( ) 89.0>43.2 20 
L-malic acid ( ) 133.0>114.9 20 

L-serine ( ) 103.9>74.2 20 
Pyruvic acid ( ) 87.1>43.1 20 
Succinic acid ( ) 117.1>73.0 20 

Taurine ( ) 124.0>80.0 20 
2-aminobutyric acid (+) 104.1>58.1 20 

L-glutamine (+) 147.1>84.2 20 
L-histidine (+) 156.1>110.3 20 

L-leucine/L-isoleucine (+) 132.1>86.2 20 
L-methionine (+) 150.3>104.1 20 

L-ornithine (+) 132.9>70.0 20 
L-phenylalanine (+) 166.2>120.2 20 

L-proline (+) 116.2>70.0 20 
L-threonine (+) 120.1>74.0 20 

L-tryptophan (+) 205.2>146.1 20 
L-tyrosine (+) 182.1>136.1 20 
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■样品制备和分析条件
标准代谢物样品包括氨基酸、有机酸和糖（26种代谢物），

制备方法为用 50%乙醇溶液分别进行稀释，得到样品溶液，
分别取 10 μL样品溶液滴到专用样板（岛津制作所）中。选择
各化合物 MRM通道，优化碰撞能量（CE）等质谱条件。26种
代谢物的 MRM参数见表 1。

解剖小鼠以获得肝样品。分别从健康小鼠和肝衰竭模型小
鼠（给药四氯化碳以诱导肝衰竭）取约 3 mm大小的正方形切片。
将切片放置在专用的样板中以获得固体样品，然后放置在仪器
中。只需将样品放置在样板中即可使用 DPiMS-8060分析固体
样品，无需进行复杂的预处理。
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表 1 26种代谢物的 MRM参数

名称 模式 离子对（m/z） CE（V）
3-羟基丁酸脂 (-) 103.1>59.0 35

柠檬酸 /异柠檬酸 (-) 191.0>111.1 20

D-葡萄糖 (-) 179.1>59.2 20

葡萄糖 -6-磷酸 (-) 259.1>96.9 20

戊二酸 (-) 131.0>87.3 20

甘氨酸 (-) 74.2>74.2 20

L-天冬酰胺 (-) 131.0>113.3 20

L-天冬氨酸 (-) 131.9>88.1 20

L-谷氨酸 (-) 146.0>102.1 20

L-乳酸 (-) 89.0>43.2 20

L-苹果酸 (-) 133.0>114.9 20

L-丝氨酸 (-) 103.9>74.2 20

丙酮酸 (-) 87.1>43.1 20

琥珀酸 (-) 117.1>73.0 20

牛磺酸 (-) 124.0>80.0 20

2-氨基丁酸 (+) 104.1>58.1 20

L-谷氨酰胺 (+) 147.1>84.2 20

L-组氨酸 (+) 156.1>110.3 20

L-亮氨酸 /L-异亮氨酸 (+) 132.1>86.2 20

L-蛋氨酸 (+) 150.3>104.1 20

L-鸟氨酸 (+) 132.9>70.0 20

L-苯丙氨酸 (+) 166.2>120.2 20

L-脯氨酸 (+) 116.2>70.0 20

L-苏氨酸 (+) 120.1>74.0 20

L-色氨酸 (+) 205.2>146.1 20

L-酪氨酸 (+) 182.1>136.1 20
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■结论
使用 DPiMS-8060在未进行任何复杂预处理的情况下成功分

析了小鼠肝代谢组。
由于在 CCl4诱导的肝衰竭模型小鼠中成功观察到代谢物因

肝衰竭导致的变化，因此可证实该方法适合实际使用。

■健康小鼠和肝衰竭小鼠的完整代 
   谢组分析

已知四氯化碳（CCl4）会引起急性肝衰竭，使用 DPiMS/MS

对 CCl4诱导急性肝衰竭模型小鼠组（以下称“模型组”）和对照
组开展完整的代谢组分析。主成分分析（PCA）结果显示，两组
沿图 2(a)中 PCA得分图所示的第一成分轴完全分离。图 2(b)中
的 PCA载荷图表明牛磺酸严重影响分离，因此创建图 2(c)所示的
牛磺酸箱线图，并进行显著性检验。结果表明，模型组和对照组
之间存在显著差异（p<0.001，Welch t检验）。

将释放的酶，即丙氨酸转氨酶（ALT）和天冬氨酸转氨酶（AST）
的量用作诊断急性肝衰竭的指标。观察这两种酶，发现模型组存
在显著增加，并且与模型组的牛磺酸水平存在显著的负相关（皮
尔逊相关系数 r=-0.975（ALT）和 -0.785（AST））。

在给药 CCl4的小鼠中，其肝脏通过代谢酶 CYP2E1的作用从
CCl4产生三氯甲基自由基，其可引起急性肝衰竭，即可理解为牛
磺酸起到了清除肝脏中自由基的作用。由于 CCl4产生了三氯甲基
自由基，故模型组中肝脏的牛磺酸浓度很可能已降低。
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 Intact Metabolome Analysis of a Healthy 
Mouse and a Liver Failure Mouse 

Carbon tetrachloride (CCl4) is known to induce acute 
liver failure. Taking a CCl4-induced acute liver failure 
model mouse group (hereinafter, model group) and a 
control group, we performed intact metabolome 
analysis by DPiMS/MS. Principal component analysis 
(PCA) of the obtained results revealed that the two 
groups are well separated along the first principal 
component axis as shown in the PCA score plot in 
Fig. 2 (a). Since the PCA loading plot in Fig. 2 (b) 
suggests that taurine is greatly influencing the 
separation, we created a box-whisker plot for taurine as 
shown in Fig. 2 (c) and performed a significance test. 
We found that there is a significant difference between 
the model group and the control group (p<0.001, 
Welch's t-test). 
The amount of released enzymes alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) are used as an index for the diagnosis of acute 
liver failure. Looking at these two enzymes, there is a 
significant increase in the model group and a 

significant negative correlation with the taurine level of 
the model group (Pearson correlation coefficient 
r= 0.975 (ALT) and 0.785 (AST)). The liver of a mouse 
that is administered CCl4 produces trichloromethyl 
radicals from the CCl4 by function of the metabolism 
enzyme CYP2E1 and it is regarded that these 
trichloromethyl radicals induce acute liver failure. On 
the other hand, it is understood that taurine acts as a 
scavenger of radicals in the liver. Therefore, the taurine 
concentration in the model group liver is likely to have 
decreased due to the trichloromethyl radicals that 
were produced from CCl4. 
 

 Conclusion 
The mouse liver metabolome was successfully 
analyzed without any complex pretreatment by using 
the DPiMS-8060. 
Based on the fact that we successfully observed the 
changes in metabolites caused by liver failure in CCl4-
induced liver failure model mice, we were able to 
confirm the applicability of this method to practical use. 

 

 

Results of Intact Metabolome Analysis of a Healthy Mouse and a Liver Failure Model Mouse 
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Mouse and a Liver Failure Mouse 

Carbon tetrachloride (CCl4) is known to induce acute 
liver failure. Taking a CCl4-induced acute liver failure 
model mouse group (hereinafter, model group) and a 
control group, we performed intact metabolome 
analysis by DPiMS/MS. Principal component analysis 
(PCA) of the obtained results revealed that the two 
groups are well separated along the �rst principal 
component axis as shown in the PCA score plot in 
Fig. 2 (a). Since the PCA loading plot in Fig. 2 (b) 
suggests that taurine is greatly in�uencing the 
separation, we created a box-whisker plot for taurine as 
shown in Fig. 2 (c) and performed a signi�cance test. 
We found that there is a signi�cant di�erence between 
the model group and the control group (p<0.001, 
Welch's t-test). 
The amount of released enzymes alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) are used as an index for the diagnosis of acute 
liver failure. Looking at these two enzymes, there is a 
signi�cant increase in the model group and a 

signi�cant negative correlation with the taurine level of 
the model group (Pearson correlation coe�cient 
r= 0.975 (ALT) and 0.785 (AST)). The liver of a mouse 
that is administered CCl4 produces trichloromethyl 
radicals from the CCl4 by function of the metabolism 
enzyme CYP2E1 and it is regarded that these 
trichloromethyl radicals induce acute liver failure. On 
the other hand, it is understood that taurine acts as a 
scavenger of radicals in the liver. Therefore, the taurine 
concentration in the model group liver is likely to have 
decreased due to the trichloromethyl radicals that 
were produced from CCl4. 
 

 Conclusion 
The mouse liver metabolome was successfully 
analyzed without any complex pretreatment by using 
the DPiMS-8060. 
Based on the fact that we successfully observed the 
changes in metabolites caused by liver failure in CCl4-
induced liver failure model mice, we were able to 
con�rm the applicability of this method to practical use. 
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(a) PCA score plot
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(c) Box-whisker plot: Taurine
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箱线图：牛磺酸

图 2健康小鼠和肝衰竭模型小鼠的完整代谢组分析结果


