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痦 1 畎 餘靶䪮助ꬠ倝Q-TOF 䒸곭⼕蚋ⴔ區倝⠏⸷ 
1.1 餘靶䪮助굷駟䒭〄㾝 

荈 20 ⚆紬 60 䎃去孞湱蒀靶-餘靶翫欽䪮助GC-MS霣欰⟄勻餘靶ⴔ區곭㚖鵓勻✫ꅾ㣐瑲灶կ搬罜
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♧ꦼ곿猰㷖㹻又㼜湡⯕䫏ぢ✫巊湱蒀靶♸餘靶涸翫欽⽰넞佪巊湱蒀靶-餘靶翫欽䪮助HPLC-MS鵯♧
䪮助⚁⚹ⴔ區副鶣ꦼ곿⻊ざ暟罜霃雦կ 

ꥥ满傞ꢂ涸硼獴暵ⵆ僽鵳Ⰶ 20 ⚆紬 60 䎃去劣劍♧고Ⱒꝶ䪮助ˋˋ㣐孞⾓歏猌API䪮助⚥涸歏
㌂꨺歏猌ESI䖤ⵌ✫䎛岌䎾欽կESI 䪮助涸ⴀ梡匧㣐㖑佖㊤✫巊湱蒀靶呋ㅷぢ餘靶鲮獴涸佪桧♸珘㹁
䚍⢪䖤 HPLC-MS 䪮助腊㢿刿넞佪㖑ⴔ區撑勇呋ㅷ⚥涸䗎ꆀ䧭ⴔկ 

ⵌ✫ 20 ⚆紬 90 䎃去餘靶䪮助ⱄ妃鵓勻ꬠ倝굷遤傞ꢂ餘靶TOF-MS㔔Ⱖⴀ蒀涸䚍腊䒓映「ⵌ䎛
岌Ⱒ岤կTOF-MS ⟄Ⱖ넞ⴔ鳹桧ծ넞餘ꆀ礵䏞ㄤ䘯鸟䪊䲽鸟䏞瘝⠏⸷鴽鸟䧭⚹餘靶ⴔ區곭㚖涸倝㹍կ刿ꅾ
銳涸僽TOF-MS ♸⺫䭍巊湱蒀靶㖈ⰻ涸㢴猫ⴔ區䪮助翫欽割➑䬪㺈✫餘靶ⴔ區涸䎾欽薴㔵鵮匧㣐㖑䲿
넞✫ⴔ區佪桧ㄤⲥ烁䚍䧭⚹梡去猰㷖灇瑕⚥割〳䧴緃涸䊨Ⱘ⛓♧կ 

LC-MS 䪮助暵ⵆ僽 HPLC ♸ TOF-MS 涸翫欽絑鵂侨⼧䎃涸封㾝溶絑》䖤✫儑衼鵳姿⚹ⴔ區⻊
㷖곭㚖䌄勻✫ꬠㄐ䚍涸」⻊կ鵯♧䪮助割➑鍒Ɀ✫吗絡餘靶ⴔ區ꦼ⟄䎾㼆涸ꦼ곿鵮硼⸓✫欰ㄐ猰㷖ծ蚋暟
灇封ծ梠㞯港崵瘝㢴⚡곭㚖涸䘯鸟封㾝կ 

㕃 1. Q-TOF ⟉㐼䊩LCMS-9030〸LCMS-9050 

1.2 饥鵳 Q-TOF 涸⚆歲 

ⵄ欽猌㶩➢猌㶩彂ⵌ鴪唬崵㐼涸傞ꢂ割ず鴪ⵌ⼓ⴔ割ず餘蚚嫱涸佪卓鵯㽠僽굷遤傞ꢂⴔ餘靶涸⾲锐կ
猌㶩「ⵌ⸈鸟歏⾓涸⡲欽猌䒓猌㶩彂た㖈♧⚡偽㖞⼓㚖ⰻ굷遤湬荛䫻鴪唬崵㐼ぐ猫餘蚚嫱涸猌㶩䱹「湱
ず⸓腊歋✵㸐又涸餘ꆀ割ず㔔罜鸟䏞剣䊵䒗կ 

Q-TOF 餘靶⟉⚺銳僽歋猌㶩彂ծ餘ꆀⴔ區㐼㔋匧勍ծ焥中寑ծ굷遤盗ծ唬崵㐼瘝絆䧭կ 
㖈巊餘翫欽⟉⚥䧮又䌢欽ⵌ涸猌㶩彂剣歏㌂꨺猌㶩彂ESIծ㣐孞⾓⻊㷖歏猌彂APCIծ⿽猌㶩彂

DUIS瘝կ鵛Ⳝ䎃鵮䒓封✫霽㥵䗎崨ꆀ猌㶩彂Micro-ESI⚹ Q-TOF 䲿⣘✫䗎崨ⴔ區涸⸆腊⾲⡙
确ꛏ歏㌂꨺猌㶩彂PESI欽确ꛏꅷ꧋䗎ꆀ呋ㅷた湬䱹猌㶩⻊偽꨽㼆呋ㅷ鵳遤撑勇곫㢅锐ㄤ巊湱ⴔ猌勵
⟝霃縨⢪䖤蚋暟呋ㅷ涸ⴔ區刿⸈倰⤑ㄤ䘯䰦կ 
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㕃 2. Q-TOF 䌢錛猌㶩彂 

㖈餘靶⟉涸礵㺙匬鸣⚥餘ꆀⴔ區㐼⽑研满偽〳剏去涸呍䗱㖑⡙կ㖈⠍㢴餘ꆀⴔ區㐼碫㘗⚥㔋匧勍ծ
굷遤傞ꢂTOFㄤ猌㶩꣆ぐⰨ暵蒀罜㸐又⛓ꢂ涸䊫㦪絆ざ刿僽㶲肫ⴀ✫⸆腊㢴呋涸餘靶⟉㐼㹻偛կ㖈鵯
⚡䏐㣐涸㹻偛⚥䀙峸 TOF 餘靶⟄Ⱖ杝暵涸 UF-accumulationTM 猌㶩稡獤䪮助㕃 3a膴곽罜ⴀկ䟝韌♧
♴㖈 TOF 餘靶ⰻ鿈UF-accumulationTM 䪮助㥵ず♧⡙礵僈涸靈䏞プ㖈焥中寑⚥礵䗱絆絉猌㶩涸稡獤կ
鵯⚡鵂玐㽠⫸僽㖈⚹♧㖞渿㣐莺⠔ⲥ㢊㎗㺉嫦⚡猌㶩鿪鄄絈䗱㖑䒸㼋ⵌ剒⢕⡙縨瘝䖉满㸐又涸ⴀ㖞
傞ⵠկ䔲焥中㹔⚥涸猌㶩ꅺ佞♸姻❜⸈鸟㐼涸猌㶩封㼘鴪ⵌ礵ⲥず姿傞鵯㖞莺⠔⤑姻䒭䬘䒓䎸䍋կ鵯
猫ず姿ꅺ佞♸封㼘涸劼ⵖ割➑䲿⼮✫猌㶩涸ⵄ欽桧鵮烁⥂✫餘靶ⴔ區涸ⲥ烁䚍ㄤ珘㹁䚍կ㽠⫸♧㖞礵䗱
綘䱗涸❜ㆇ⛙嫦♧⚡갉痗猌㶩鿪㖈姻烁涸傞ⵠㆇ饰Ⱏず靶ⱗⴀ暟餘䗎錜⚆歲涸㡫⚽⛙畎կ 

㕃 3. TOF ⴯倝䪮助a. UF-accumulationTM 猌㶩稡獤; b. Funnel MCP 唬崵㐼 

㖈餘靶⟉涸劣畮唬崵㐼㥵ず♧⡙併Ꝙ涸ㆩⰥ餏餓䯲䯝䎇雵䔶猌㶩涸㶸㖈♸䔂䏞կ䀙峸 Q-TOF ꂁ㢊
✫ Funnel MCP 䗎鸑麤匣唬崵㐼㕃 3b鵯♧霃雦䊫㦪㖑⦶ꊹ✫怩修⾲锐鸑鵂㟞㣐䒓〡꬗獤⢪䖤刿㢴
猌㶩腊㢿곡ⵄ鵳Ⰶ唬崵⼓㚖կ♸吗絡涸歏㶩⦔㟞㐼湱嫱Funnel MCP 割➑䲿넞✫猌㶩涸鸑鵂桧鵮㼜猌㶩
ⵄ欽桧➢ 60%䲿⼮荛 90%➢罜㹊梡✫⾝併䏞涸굷駟䒭䲿⼮կ 

絾副Q-TOF 餘靶⟉⳪⦶㼆猌㶩彂ծ餘ꆀⴔ區㐼⿺唬崵㐼瘝呍䗱炽⟝涸䭯絯⴯倝㹊梡✫㼆撑勇呋ㅷ
涸넞佪⚂礵ⲥⴔ區䎇帿Ⰶ䎾欽✵猰灇⚰䎯确程ծ蚋暟䧭ⴔⴔ區瘝㢴⚡Ⱒꝶ곭㚖㾝梡✫Ⱖ䔂㣐涸ⴔ區腊⸂
ㄤ䎛岌涸⟟⧩կ 

1.3 HPLC-Q-TOF 翫欽䪮助㖈ぐ⼕蚋곭㚖涸鍒Ɀ倰呩 

㖈⼕蚋곭㚖Q-TOF 餘靶䪮助⾝崞䎾㼆㣔搬❡暟ծ蚋去⸓⸂ծ勇餘ꊹ㹁⿺去靧絆㷖瘝꨽宠կꛏ㼆撑勇㛇
餘㢴湡叻暟䀙峸 4in1 㖈絁ⴔ區禹絡⽰Ⰼ靶✳絶巊湱蒀靶翫ざ Q-TOFLCMS-9050鸑鵂暵蒀⚮翫 HILIC
♸ RPLC 䪮助♧妃鵳呋〳㹊梡➢⡛匧䚍ⵌ넞匧䚍湡叻暟涸ⴔ猌䎇⚂〳蒜溁 3/4 涸呋ㅷꆀㄤ䚪ⴔ區傞ꢂ
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欰暟䟘䚍巊湱禹絡鍒Ɀ欰暟蚋エ꣡婎殆꡼곿✳絶勇餘ꊹ㹁禹絡⸔⸂勇餘ⴔ猌馄⚰歲崨⡤蒀靶乼⡲⤑䰦ծ
荈⸓⻊玐䏞넞ծ⵸㢅锐ꂁ縨⚪㺢确ꛏ歏㌂꨺㹊梡㖈絁⾲⡙ⴔ區䧭⫸餘靶儑䗎Ꞥⴭ䲿⣘絆ⴔ瑟ꢂⴔ䋒涸〳
錠⻊鵯❈䪮助Ⱏず硼⸓✫⼕蚋ⴔ區涸넞佪♸礵ⲥ㕃 4կ 

 
㕃 4. Q-TOF ⾝崞的㾝⽀⯋ 

1.3.1 蚋暟勇餘ⴔ區 

㖈ⵖ蚋遤⚌⚥烁⥂⾲俱蚋涸紱ⲙ䏞僽⥂ꥻ蚋ㅷ㸝Ⰼ䚍ㄤ剣佪䚍涸ꅾ銳⵸䲿կꥥ满岁錞叻ⲥ涸䲿⼮吗
絡涸勇餘唬崵倰岁溶ꦼ⟄忘駈꨽宠կ2D-LCMS-QTOF 䪮助⚹ⵖ蚋遤⚌䲿⣘♧猫넞佪ծ礵烁涸勇餘唬崵鍒Ɀ
倰呩կ 

鸑鵂絕ざ⚙猫割ず䚍餘涸蒀靶叙㹊梡✫撑勇幊ざ暟涸넞佪ⴔ猌կ痦♧絶蒀靶叙餏餓ⴲ姿ⴔ猌㼜⚺銳
䧭ⴔㄤⰦ➭勇餘ⴔ䒓痦✳絶蒀靶叙ⴭ㼆鸑鵂ⴗ䰃ꢎ䒸Ⰶ鵂勻涸♧絶蒀靶⚥涸湡叻蒀靶油鵳遤鵳♧姿涸
霫絈ⴔ猌կ鵯猫絆ざ倰䒭儑衼䲿넞✫ⴔ猌佪桧㽍Ⱖ僽㖈㢅锐撑勇㛇餘涸呋ㅷ傞邍梡ⴀ蒀կ 

姼㢪㔋匧勍굷遤傞ꢂ餘靶Q-TOFⰨ剣넞ⴔ鳹桧ㄤ넞⾝併䏞涸暵挿腊㢿ⲥ烁唬崵ㄤꊹ㹁䗎ꆀ勇餘կ
QTOF 鸑鵂崵㹁礵烁餘ꆀ侨蜦䖤⚪㺢涸絕匬⥌䜂鵳♧姿䌐⸔灇瑕➃プ烁㹁勇餘涸⻊㷖絆䧭ㄤ絕匬կ 

 
㕃 5. Trap free 2D-LCMS 崨騟⿺⠏⸷ 
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1.3.2 ⚥蚋䧭ⴔⴔ區 

⚥蚋僽♧⚡ꬋ䌢撑勇涸⡤禹，ゎ剣涸⻊㷖䧭ⴔ䖃䖃猫碫⠍㢴ծ絕匬撑勇ծゎꆀ鳅⡛，〳 腊鿈ⴔ珘㹁䚍鵮
䊵կꅷ欽䌢錞倰岁ꊹ㹁⚥蚋崞䚍䧭ⴔ，꨽鵳遤㣐ꆀ䲿》ծⴔ猌ծ紱⻊た，ⱄ鵳遤㔋㣐⯕靶崵㹁，侮⚡鵂玐署
傞Ɤծ籖椫ծ湡涸䚍䊵կ 

ꅷ欽蒀靶餘靶翫欽䪮助，⯓絑鵂巊湱ⴔ猌，ⱄ鵳遤 Q-TOF 餘靶唬崵，Ⱘ剣넞佪䘯鸟ծ⾝併䏞넞ծ呋ㅷ
곫㢅锐皍⽀瘝⠏挿կⵄ欽 Q-TOF 䪮助鵮〳⟄蜦䖤刿㢴涸⻊㷖⥌䜂，⺫䭍ぐ猫絆ⴔ⿺Ⱖ✳紩烱晙猌㶩涸ⲥ烁
ⴔ㶩餘ꆀծ⯋稇絆䧭⟄⿺㼆䎾涸⻊㷖絕匬瘝，㽍Ⱖ鷓欽✵ゎꆀ㼱ծ割㹆ⴔ猌䧴㖈ⴔ猌鵂玐⚥㺂僒封欰」⻊䧴
䰀㣟涸䧭ⴔⴔ區，⢪吗絡⚥蚋唬崵倰岁⚥㺂僒鄄牌殜涸䗎ꆀ䧴汚ꆀ䧭ⴔ䖎㺂僒鄄唬崵ⵌ，䎇鸑鵂㣐ꆀ涸⻊
㷖絕匬⥌䜂㼆Ⱖ鵳遤㹁䚍կ 

 
㕃 6. LabSolutions Insight Explore 鲱⟝ⴔ㶩䒭곫崵⟄⿺✳紩烱晙ⴔꂁ⸆腊 

1.3.3 㣐ⴔ㶩欰暟蚋 

鵛䎃勻⚹✫㹊梡㼆欰暟䪮助蚋暟鵳遤Ⰼ꬗䘯鸟涸㹁䚍邍䖄欰暟䪮助蚋暟곭㚖涸곭ⱙ⟱⚌⟄⿺넞畮⟉
㐼ⵖ鸣㉁䶀䩛䎇鵳割倗确程䎇䒓封ⴀ㢴猫餘靶䪮助㽍Ⱖ僽넞ⴔ鳹餘靶䪮助鵯❈䪮助溶䧭⚹霪碫蚋暟䘯
鸟㹁䚍ⴔ區涸ꅾ銳䊨Ⱘկ㖈鵯♧胜兞♴LabSolutions Insight Explore CSD 㢴歏蚚ⴔ區⸆腊⳪⦶Ⱖ䔂㣐涸
鍒⽷獤㢅锐腊⸂膴곽罜ⴀ⚹ⲥ烁崵㹁蚋暟ⴔ㶩ꆀ䲿⣘✫㗏㹊涸䪮助佅丒կ 

⟄⽀⯘ꥑ䫒⡤鵯♧欰暟䪮助蚋暟涸Ⱙ㘗去邍⚹⢾կ鸑鵂 Q-TOF 灇瑕➃プ〳⟄䒓㾝♧禹⴩霫㽴涸㹁䚍ⴔ
區⺫䭍告割ꣳ✵礵烁ⴔ㶩ꆀ崵㹁鵯巑渷✫侮⡤跗涯涸ⴔ㶩ꆀⴔ區⟄⿺❇㛇㽻꬗涸礵絈鍒區⚹锐鍒蚋暟
涸㛇劥絕匬暵䖄䲿⣘✫Ⱒꝶ侨研կ姼㢪胂㕃ⴔ區⡲⚹确程跗涯餘缺霖た⥝껑PTMs涸ꅾ銳䩛媯㖈 Q-
TOF 鳇⸔♴䖤⟄帿Ⰶ㹊倶䳶爙✫䫒⡤ⴔ㶩⚥撑勇涸⥝껑朐䙖㼆✵锐鍒蚋暟崞䚍ծ珘㹁䚍⿺㸝Ⰼ䚍荛Ⱒ
ꅾ銳կ 

炻ꝶⴔ區⡲⚹䫒⡤絕匬灇瑕⚥涸Ⱒꝶ梠蒜⛲鸑鵂 Q-TOF 䪮助䖤ⵌ✫礵ⲥ涸䪄遤կ✳炻ꝶ⡲⚹珘㹁跗
涯餘♲紩絕匬涸ꅾ銳咕咿Ⱖ⡙縨♸朐䙖湬䱹Ⱒ翫ⵌ䫒⡤涸欰暟崞䚍♸⸆腊邍梡կ㔔姼鵯♧ⴔ區割➑⸈帿
✫㼆䫒⡤絕匬撑勇䚍涸雩霋⛲⚹た絯涸蚋暟霃雦ծ⠏⻊⿺餘ꆀ䱽ⵖ䲿⣘✫㹈餥涸䭷㼋կ 

絾副䨾鶣Q-TOF 餘靶䪮助♸ LabSolutions Insight Explore CSD 㢴歏蚚ⴔ區⸆腊涸絕ざ䎾欽⚹欰暟
䪮助蚋暟涸Ⰼ倰⡙ծ䘯鸟㹁䚍邍䖄䒓鳧✫倝涸騟䖈匧㣐㖑硼⸓✫霪곭㚖灇瑕涸封㾝♸鵳姿կ 
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㕃 7. LabSolutions Insight Explore CSD 㢴歏蚚ⴔ區⸆腊 

1.3.4 䘯鸟㹁䚍癃叅 

㼆湡叻暟涸㹁䚍䘯癃⛲僽 Q-TOF 䪮助涸♧㣐⠏⸷կⰦ⚥LabSolutions Insight Explore 鲱⟝䧭⚹㹊梡
鵯♧湡叻涸Ⱒꝶ䊨Ⱘ霪鲱⟝⢪ⴔ區罏腊㢿鴽鸟⚂礵烁㖑癃叅湡叻⻊ざ暟կ㖈乼⡲鵂玐⚥偽雿僽ꅷ欽侨研
⣜饆ꅷ꧋DDA鵮僽侨研杝用ꅷ꧋DIA垷䒭鿪腊넞佪㢅锐㣐ꆀ呋ㅷ侨研կ絕ざ䀙峸䒓封涸㢴猫 QTOF
넞ⴔ鳹餘靶䎽巑渷岁⼕嫫暟ծⰰ蚋婎殆ծⱚ蚋猫碫⿺䫒欰稇勇餘瘝䎛岌곭㚖LabSolutions Insight Explore
鲱⟝涸䪠ꆀ社䎽⸆腊䖤⟄⯎ⴔ封䮦㹊梡㼆呋ㅷ⚥湡叻暟絆ⴔ涸䘯鸟罜Ⰼ꬗涸癃叅կ 

鵳♧姿㖑霪鲱⟝佅䭯⚡䚍⻊霃縨⼐ꂁ㹁䚍䭷叻鸑鵂 Flag ⸆腊涸兰腊䎾欽⚹割ず涸癃叅絕卓餻✮
됮僈괃蒀叻雵կ鵯♧⴯倝霃雦割➑䲿⼮✫癃叅絕卓涸湬錜䚍鵮匧㣐㖑㟞䔂✫癃叅鵂玐涸⾝崞䚍ㄤⲥ烁䚍կ
㖈굹ㅷ㸝Ⰼծ⥂⨴ㅷ餘ꆀ䱽ⵖծ⻊㥿ㅷ㸝Ⰼ霉⠮⟄⿺⼕毫䱹鍘勞俱港盗瘝곭㚖鵯♧䪮助ꬠ倝剣佪⸔⸂꣈姺
鵵犜暟餘涸幷Ⰶ➢罜⥂䫡Ⱆ⠍⯝「悶㖈⨴䐀굥ꤗ涸㪭胇⚹遤⚌叻ⲥ涸䲿⼮ㄤ嶊餩罏㸝Ⰼ涸⥂ꥻ䲿⣘✫
㗏㹊涸䪮助佅丒կ 

 

 
㕃 8. LabSolutions Insight Explore 侨研䎽䘯癃歲꬗ 

1.3.5 ➿靧絆㷖 

ꛏ㼆撑勇㛇餘㢴湡叻暟ⴔ區嫱㥵ꬋꬶ去靧絆㷖ㄤ腒餘絆㷖ծ㣔搬❡暟瘝倰ぢ呋ㅷ⠔ず傞ゎ剣⡛匧䚍
ㄤ넞匧䚍湡叻暟兜鸑巊湱♧ꛏꦼ⟄ず傞䖤ⵌ姻猌㶩ծ餏猌㶩ծ넞匧䚍⿺⡛匧䚍涸侨研⚂㢅锐侨研餩傞餩
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⸂䀙峸㛇✵姼灇封✫ 4in1 絆㷖䪮助⽰Ⰼ靶✳絶巊湱蒀靶翫ざ Q-TOFLCMS-9050鸑鵂暵蒀⚮翫 HILIC
♸ RPLC 䪮助♧妃鵳呋〳㹊梡➢⡛匧䚍ⵌ넞匧䚍湡叻暟涸ⴔ猌կ䎇⚂〳蒜溁 3/4 涸呋ㅷꆀㄤ䚪ⴔ區傞ꢂկ
ⰻゎ♧㤛叻ꂁ UHPLC偽꨽⟣⡦盗騟佖⸓⽰〳荈歋ⴗ䰃䌢錞 UHPLC ㄤⰌ靶✳絶巊餘禹絡կ 

 
㕃 9. Ⰼ靶✳絶巊餘翫欽禹絡⿺Ⱖ⚁ⵄ䪮助  
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痦 2 畎 Q-TOF 㖈蚋暟⚥剣Ⱒ暟餘勇餘ꊹ㹁涸䎾欽 

㖈蚋暟灇封♸欰❡곭㚖暟餘勇餘暵䭷⾲俱蚋⿺ⵖ⵫⚥涸剣劼䧭ⴔⰦ勻彂䎛岌巑渷✫ⵖ㢊䊨蒌⚥
涸ⶰ导䎾❡暟ծ⾲俱劥魧䶀䌄涸勇餘ծ紱⻊♸礵ⵖ姿낢䒸Ⰶ涸勇餘⟄⿺䧭ㅷ⪰㶸勵⟝」⻊䨾荝涸倝欰䧭
暟կ㖈蚋暟勇餘ꊹ㹁涸곭㚖⚥♧⚡禹絡罜⚚靭涸倰岁雿㼆✵鍒區劢濼⻊ざ暟荛Ⱒꅾ銳կ鵯♧鵂玐鸑䌢黽䗄
⟄♴鹤鳓幡兠ծ鵶餟涸姿낢 

껷⯓䧮又ⵄ欽♧紩餘靶侨研⡲⚹饰挿鸑鵂礵烁ⴔ區鵯❈侨研곫崵ⴀ〳腊涸ⴔ㶩䒭⚹た絯絕匬硼
倗㤭㹁㗏㹊㛇炄կ䱹满⦶⸔✳紩餘靶侨研鵳♧姿硼崵ⴀ悶㖈絕匬䒭鵯♧姿낢僽䳶爙⻊ざ暟낧卹♸㸽腊㔙
涸Ⱒꝶկ 

ꥥた⚹✫낉霆䎇絈⻊鵯❈絕匬⧺霃䧮又㼆✳紩餘靶⚥涸烱晙猌㶩鵳遤霫絈涸絕匬䔱㾩ⴔ區鵯♧鵂
玐㥵ず䭨㕃康䧬鸑鵂烱晙ꢂ涸鵶䱹♸⼐ꂁ鷶姿⺠⹗ⴀ⦫鷥⻊ざ暟涸Ⰼ頗կ姼꣌媯割➑罌낉ⴔ區罏涸⚁⚌
濼霋⛲⣜饆✵⯓鵳涸侨研㢅锐䊨Ⱘկ 

㖈姼㛇炄副⚹✫剒絊烁雩⦫鷥⻊ざ暟涸姻烁䚍䧮又ꅷ欽叻ⲥㅷ嫱㼆鵯♧Ɀ㹁䚍姿낢կ鸑鵂嫱㼆劢濼
暟♸叻ⲥㅷ㖈餘靶⚥涸⥂殆傞ꢂծ猌㶩⚪䏞嫱瘝Ⱒꝶ⿬侨䧮又腊㢿烁ⴈ偽毟㖑낉霆䨾硼崵絕匬涸ⲥ烁䚍կ
鵯♧梠蒜割➑僽㼆⵸劍ⴔ區䊨⡲涸剣⸂낉霆⛲僽烁⥂ꊹ㹁絕卓〳ꬑ䚍涸䗳銳䩛媯կ 

㖈侮⚡ꊹ㹁崨玐⚥䀙峸侨研鍒區鲱⟝ LabSolutions Insight Explore 넞紩⸆腊㥵 Analyze 油䲿》ծ
ⴔ㶩䒭곫崵⟄⿺✳紩猌㶩烱晙ⴔꂁ瘝垷懈匧㣐㖑䲿⼮✫侨研㢅锐涸佪桧♸礵䏞䌐⸔㹊낉罏刿帿Ⰶ㖑确
程劢濼勇餘涸餘靶鄬鍒錞䖒硼⸓✫蚋暟勇餘ꊹ㹁곭㚖涸䪮助鵳姿♸封㾝կ 

 

 

 

㕃 1. 劢濼暟ꊹ㹁㛇劥䙼騟 㕃 2. Insigh Explore 鲱⟝넞紩⸆腊 
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2.1 SEC-RPLC-QTOF MS 岁ꊹ㹁岤㼘⵫⚥翸ざ暟勇餘 

䶰 銳劥俒䒊用㖈絁⡤獤䱗꣖-导湱巊湱蒀靶-굷遤傞ꢂ餘靶岁(SEC-RPLC-QTOFMS)欽✵岤㼘欽㣢㷋ㆆꂼꛧ
莞䊼㗞ꛧ⚥涸翸ざ暟勇餘涸ꊹ㹁կ♧絶ꅷ欽 Shimpack Diol-150 (7.9 mm I. D. × 250 mm L., 5 µm)蒀靶叙
鵳呋ꆀ⚹ 20 μL 䎇⟄ 254 nm ⚹唬崵岚Ɤ䒊用✫㣢㷋ㆆꂼㄤ翸ざ暟勇餘涸 SEC ⴔ猌勵⟝䎇㼜 SEC ⴔ猌
䨾䖤翸ざ暟勇餘鸑鵂⚥䗱ⴗⶶ䪮助佐꧋ⵌ✳絶 RPLC ⚥膴渮ㄤ鵳♧姿ⴔ猌ꅷ欽 Q-TOF ⚹唬崵㐼ꅷ꧋ⴔ
猌䨾䖤勇餘♧紩ㄤ✳紩餘靶⥌䜂た㼆Ⱖ鵳遤絕匬ꊹ㹁կ㖈♧絶勵⟝♴㣢㷋ㆆꂼ♸翸ざ暟油ⴔ猌葻㥩鸑鵂
✳絶 RPLC-QTOFMS 硼崵ⴀ 9 ⚡勇餘涸絕匬Ⱖ⚥剣 4 ⚡⚹꡻梠✳翸暟կ㖈絁 SEC-RPLC-QTOFMS 䪮助〳
⟄㼜翸ざ暟䭷ꛏ䚍㹁⡙♸㖈絁膴渮넞ⴔ鳹餘靶ꊹ㹁剣劼絕ざ饰勻⚹邍䖄翸ざ暟勇餘涸灇瑕䒓䬪✫倝涸䙼
騟կ 

Ⱒꝶ霒㣢㷋ㆆꂼ翸ざ暟勇餘㖈絁⡤獤䱗꣖-导湱巊湱蒀靶-굷遤傞ꢂ餘靶 

 

β-ⰻꃀ腂碫䫒欰稇⺫䭍✫㣢㷋蝒稇ծꫬ꩓稇ㄤ
焫ꫬ꩓掜碫僽⚰䎯剒䌢欽涸岤㼘⵫㘗䫒欰稇կ岤
㼘欽㣢㷋ㆆꂼꛧCefoperazone Sodium莞䊼㗞
ꛧSulbactam Sodium僽♧猫撑ざⵖ⵫僽歋痦
♲去㣢㷋蝒稇碫䫒欰稇㣢㷋ㆆꂼㄤ歋鳋榰Ⱆ尽灇ⵖ
䒓封涸껷⚡β-ⰻꃀ腂ꃍ䫈ⵖ⵫莞䊼㗞ꛧ絆ざ罜䧭կ
β-ⰻꃀ腂碫䫒欰稇䒸封涸鸟封㘗鵂併导䎾♸蚋暟⚥
㶸㖈涸넞ⴔ㶩翸ざ暟勇餘剣ⰢկⰦ⚥ⰻ彂䚍翸ざ暟
僽β-ⰻꃀ腂碫䫒欰稇勇餘䱽ⵖ涸ꅾ挿կ 

翸ざ暟勇餘唬崵涸ꦼ挿僽ゎꆀ⡛ծ碫㘗㢴ծ⚂
絕匬割珘㹁偽㉁欽㼆撑ㅷ蒀靶割僒㹁⡙կշ⚥㕂蚋Ⱙո
2015䎃晜ꅷ欽Sephadex G10袕翸祪ⳕ脸叙㼆β-ⰻ

ꃀ腂碫䫒欰稇⚥넞ⴔ㶩翸ざ暟鵳遤崵㹁霪蒀靶叙
叙佪⡛翸ざ暟勇餘ⴔ猌佪桧⡛鳇俱䎁䪓⚚ꅾ
ꤑⴔ㶩䱗꣖⡲欽㢪鵮⠔❡欰エ꣡ծ毜宐瘝⡲欽կ 

劥俒껷妃⢪欽Shimpack Diol-150蒀靶叙䒊用
✫岤㼘欽㣢㷋ㆆꂼꛧ莞䊼㗞ꛧ⚥涸넞ⴔ㶩翸ざ暟涸
㽯㼄䱗꣖蒀靶岁⢪欽✳絶巊湱ꢎⴗ䪮助䎇鳇⛓♸
餘靶翫欽㼆㣢㷋ㆆꂼ⿺넞ⴔ㶩勇餘ⴔⵆ鵳遤✫♧
紩ծ✳紩餘靶鍒區կ㼆靶㕃鵳遤ⴔ區䔱紵硼崵ⴀ
岤㼘巊㣢㷋ㆆꂼꛧ莞䊼㗞ꛧ⚥9⚡劢濼勇餘Ⱖ⚥4
⚡⚹꡻梠翸ざ暟勇餘կ霪岁鵳呋ꆀ㼭ⴔ猌佪腊넞
ⴔ區傞ꢂ瀊⚁㾩䚍䔂⾝併䏞넞⚹岤㼘欽㣢㷋
ㆆꂼꛧ莞䊼㗞ꛧ涸餘ꆀ䱽ⵖ䲿⣘✫ꅾ銳涸⣜研կ

 
㕃1. 㣢㷋ㆆꂼꛧ絕匬䒭 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 

䀙峸✳絶SEC-RPLC-QTOFMS禹絡㥵㕃2䨾爙կⰨ⡤ꂁ縨⚹LC-20AD×4鳕巊岹SIL-20AC荈⸓鵳呋㐼
CTO-20AC叙庛盲CBM-20A禹絡䱽ⵖ㐼DGU-20A5㖈絁膴孞劼SPD-20A稘㢪唬崵㐼♧絶
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唬崵㐼SPD-M30A(✳匧盗꣋⴩唬崵㐼✳絶唬崵㐼) FCV-32AH×2崨騟鷥䭊ꢎ㹁ꆀ梠⡤獤500 µLկ
LCMS 9030LCMS-QTOF㔋匧勍-굷遤傞ꢂ餘靶⟉ㄤLabSolution Ver.5.96蒀靶䊨⡲畀կ 

 
㕃2. ✳絶SEC-RPLC-QTOFMS勇餘ꊹ㹁禹絡崨騟㕃 

1.2 ⴔ區勵⟝ 

1stD 巊湱蒀靶勵⟝Shimpack Diol-150 (7.9 mm I.D.×250 L. mm, 5 µm, P/N: 228-14775-91)崨⸓湱
熧ꃑ綕Ȿ很巊[5 mmol/L 熧ꃑ孲✳ꛧ-5 mmol/L 熧ꃑ✳孲ꛧ-61:39⡤獤嫱)]-⛩臟(95:5)կ瘝䏞峤膴0.8 
mL/minկꅷ꧋傞ꢂ60 minկ唬崵岚Ɤ254 nm叙庛30˫鵳呋ꆀ20 μLկ 

2ndD 巊湱蒀靶勵⟝ Shimpack VP ODS 蒀靶叙4.6 mm I.D.×250 L.mm5 μmP/N: 228-34937-
92唬崵岚Ɤ254 nm叙庛30˫崨鸟1.0 mL/min㹁ꆀ梠⡤獤: 500 µL崨⸓湱 A0.1%歌ꃑ宐
崨⸓湱 B: 0.1%歌ꃑ⛩臟կ唑䏞峤膴0-10 min (5% B)̔10-20 min (5%-20% B)̔20-30 min(20%-50% B)̔
40-50 min(100% B)̔51-60 min(5% B)կ叙たⴔ崨嫱䏑巊畮餘靶畮=8:2կ鵳餘靶崨鸟紨⚹ 0.2 mL/minկ
〸ꢎⴗⰆ餘靶畮傞ꢂ⚹ 12 minկ 

餘靶勵⟝猌㶩彂ESI+䱹〡歏⾓4.5 kV䪊䲽薴㔵♧紩餘靶 m/z 100 ~3000荈⸓✳紩
m/z 100 ~3000꨺⻊孞宆孞 3.0 L/min䎁醋孞宆孞 10 L/min⸈掚孞瑟孞 10 L/min焥中孞孿
孞膴很⵫盗庛䏞100˫⸈掚垷懈庛䏞100˫䱹〡庛䏞100˫唬崵㐼歏⾓2.5 kV吥ⲥ倰岁
荈⸓靈靕⠏⻊歏⾓㢪叻岁吥ⲥ餘ꆀ侨կ唬崵㐼䊨⡲傞ꢂ 12-50 minկ 
1.3 很巊涸ꂁⵖ 

礵㺙獦》岤㼘欽㣢㷋ㆆꂼꛧ莞䊼㗞ꛧ⾲俱蚋呋ㅷ 0.2 g 縨 5 mL ꆀ櫕⚥⸈宐很鍒䎇獺ꅺ荛ⵠ䏞䶔⺣
応鵂⡲⚹⣘霚ㅷ很巊(⚰欽倝ⵖ)կ 

 

2絕卓♸雭雿 

2.1 ♧絶蒀靶㕃 

 䭽撑 1.3 ⵖ㢊⣘霚ㅷ很巊䭽1.2고♴涸<LC 1stD>蒀靶勵⟝鵳遤ⴔ區<LC 1stD>蒀靶㕃㥵㕃 3 䨾爙
油 1R.T. = 8.66 min⚹넞ⴔ㶩翸ざ暟勇餘油 2R.T. = 10.60 min⚹㣢㷋ㆆꂼ⚺油կ劥㹊낉灇瑕㼆韌⚹
翸ざ暟勇餘㖈 SEC 蒀靶叙副Ⱖⴀ油傞ꢂ㖈⚺油⛓⵸կ㖈油 1 ⵸剣♧㼭油絑ꊹ㹁割僽湡叻暟劥俒割
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⨞雭雿կ 

 
㕃 3. 㣢㷋ㆆꂼ<LC 1stD>蒀靶㕃1 翸ざ暟 (polymer)2㣢㷋ㆆꂼCefoperazone 

2.2 㣢㷋ㆆꂼ⚺䂽絕匬ꊹ㹁 

 

 

 

 
㕃 4. 㣢㷋ㆆꂼ⚺油<LC 2ndD>巊湱蒀靶㕃ծTIC 㕃⿺ MS1 ㄤ MS2 餘靶㕃 
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㕃 5. 㣢㷋ㆆꂼ⚺油〳腊涸鄬鍒錞䖒 

⢪欽 SEC-RPLC-QTOFMS 禹絡ꊹ㹁⚺油涸⾲㔔僽⚹✫䖤ⵌ⚺油㖈✳絶叙副涸ⴀ油傞ꢂ⤑✵絕ざ✳絶
⥂殆傞ꢂꊹ㹁翸ざ暟勇餘կ㖈 SEC-RPLC-QTOFMS 禹絡⚥㼜㣢㷋ㆆꂼ⚺油ⴗ䰃ⵌ㹁ꆀ梠鲮荛✳絶膴渮ⴔ
區䊩ꢎⴗꢎ傞ꢂ⚹ 10.5-11.1 minկ껰ⴔ絑鵂<2ndD LC>ⴔ區䖤ⵌ㣢㷋ㆆꂼ⚺油涸✳絶巊湱蒀靶㕃TIC
䚪猌㶩崨蒀靶㕃ㄤ㢴紩餘靶㕃㥵㕃 4 䨾爙կ㣢㷋ㆆꂼ⚺油㖈✳絶涸ⴀ油傞ꢂ⚹ 28.76 minTIC 㕃副❠〳錛
僈儑ㆇ䎾կ㼆㣢㷋ㆆꂼ⚺油鵳遤✳紩餘靶ⴔ區絕卓㥵♴㣢㷋ㆆꂼⴔ㶩䒭 C25H26N9NaO8S2礵烁餘ꆀ侨⚹
645.1424♧紩餘靶㕃⚥ m/z 646.1506 ⚹M + H+m/z 668.1321 ⚹M + Na+m/z 530.1347 ⚹㣢㷋
ㆆꂼ㖈猌㶩彂ⴔ鍒❡欰涸烱晙⟄副猌㶩♸鲱⟝雦皾锐雿餘呍嫱霴䊵㖲㖈 2 ppm ⰻկ㣢㷋ㆆꂼ✳紩餘靶烱
晙⚺銳剣 m/z 530.1339ծ388.0636ծ360.0639ծ318.1089ծ290.1127ծ186.0867 ㄤ 143.0804կ硼崵Ⱖ〳腊
涸鄬鍒錞䖒錛㕃 5կ 

2.3 翸ざ暟勇餘絕匬ꊹ㹁 

㖈SEC-RPLC-QTOFMS禹絡⚥㼜㣢㷋ㆆꂼ翸ざ暟油ⴗ䰃ⵌ㹁ꆀ梠鲮荛✳絶膴渮ⴔ區䊩ꢎⴗꢎ傞ꢂ⚹
8.5-9.1 minկ껰ⴔ絑鵂<2ndD LC>ⴔ區䖤ⵌ翸ざ暟油涸✳絶巊湱蒀靶㕃㥵㕃6䨾爙կ♸瑟涯很⵫湱嫱翸ざ
暟油㖈✳絶稘㢪蒀靶㕃⚥ⴔ猌ⴀ㢴猫絆ⴔ霹僈翸ざ暟油僽幊ざ暟կ餘靶唬崵㐼副剣9⚡暟餘油唬ⴀկ⵸4
⚡勇餘✳絶ⴀ油傞ꢂ㖈⚺油⛓⵸た5⚡勇餘涸✳絶ⴀ油傞ꢂ㖈⚺油⛓たկ 

翸ざ暟油-1涸MS1⚹m/z 234.0434MS2⚺銳烱晙⚹m/z 217.1043ծ146.0537ծ124.0744瘝絑ꊹ㹁Ⱖ
⚹⾲俱蚋⚥涸莞䊼㗞կ翸ざ暟油-2涸MS1⚹m/z 377.1457MS2⚺銳烱晙⚹m/z 164.0705ծ143.0805ծ115.0486
瘝硼崵Ⱖ絕匬〳腊僽㣢㷋ㆆꂼβ-ⰻꃀ腂ꝶ倗鄬欰䧭涸ⶰ❡暟կ翸ざ暟油-3涸MS1⚹m/z 548.1453MS2⚺
銳烱晙⚹m/z 406.0703ծ319.0749ծ143.0802瘝կⰦ絕匬〳腊僽㣢㷋ㆆꂼⰻꂾ涸宐鍒❡暟կ翸ざ暟油-4暟餘
涸MS1⚹m/z 761.2280MS2⚺銳烱晙⚹m/z 575.1555ծ532.1819ծ390.1110ծ186.0867ㄤ143.0802瘝կm/z 
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186.0867ㄤ143.0802✳宆Ⱉ⯋勇梠涸暵䖄烱晙m/z 532.1819ㄤ390.1110⚹㣢㷋ㆆꂼⰻꂾ⿺暵䖄烱晙涸⸈
孲鵮⾲油կ硼倗翸ざ暟油-4⚹㣢㷋ㆆꂼ涸剣Ⱒ暟餘烱晙⥌䜂剣ꣳ劢硼㼋ⴀⰦ〳腊涸絕匬կ翸ざ暟油-5涸MS1

⚹m/z 664.1614MS2⚺銳烱晙⚹m/z 548.1452ծ406.0703ծ143.0804瘝Ⱖ絕匬〳腊僽㣢㷋ㆆꂼβ-ⰻꃀ腂
ꝶ宐鍒❡暟կ⟄副❀⚡勇餘㖲ꬋ翸ざ暟勇餘կ 

 

 
㕃6. 㣢㷋ㆆꂼ翸ざ暟油<LC 2ndD>巊湱蒀靶㕃⿺瑟涯很⵫✳絶蒀靶㕃 

翸ざ暟油-6 ♸翸ざ暟油-7 涸餘靶㕃錛㕃 7կ⚙罏涸 MS1 㖲⚹ m/z 1175.2797MS2 ⚺銳烱晙⚹ m/z 
1059.2567ծ345.0546ծ530.1317 瘝կ硼崵Ⱖ絕匬僽㣢㷋ㆆꂼㄤ㣢㷋ㆆꂼⰻꂾ꡻梠✳翸罜䧭ⴔ㶩䒭⚹
C48H50N14O16S3♸锐雿餘呍嫱湱㼆霴䊵⚹ 1.02 ppmկ꡻梠✳翸涸导䎾鵂玐〳腊僽㣢㷋ㆆꂼ 7 ⡙⣩Ꝇ
崞䚍孽㛇鵳余ⰻꂾ涸 β-ⰻꃀꝶ8a⛲〳腊僽ⰻꂾ涸 7 ⡙⣩Ꝇ崞䚍孽㛇鵳余㣢㷋ㆆꂼ涸 β-ⰻꃀꝶ8b,
㼆䎾涸絕匬䒭錛㕃 8կ8a ♸ 8b 涸✳紩烱晙模Ⰼ♧荝歋✵尵剣㼆撑ㅷ割腊鵳♧姿ꊹ㹁կ⟄ 8a ⚹⢾硼㼋
Ⱖ〳腊涸鄬鍒錞䖒錛㕃 9կ翸ざ油-6 ♸翸ざ暟油-7 ✳絶ⴀ油傞ꢂ㖈⚺油⛓た忘駈翸ざ暟勇餘⥂殆刿䔂涸
ⴀ油錞䖒կ 

 

 
㕃7. 翸ざ暟油-6ծ7 MS1ㄤMS2餘靶㕃(嫢猌㶩m/z 1175.2797) 

MS1



 

13 
 

 
㕃 8. 翸ざ暟油-6ծ7 〳腊涸絕匬䒭 

 
㕃 9. 翸ざ暟油-6ծ7 〳腊涸鄬鍒錞䖒 

翸ざ暟油-8♸翸ざ暟油-9涸餘靶㕃錛㕃10⚙罏涸MS1㖲⚹m/z 1291.2926կ硼崵Ⱖ絕匬僽㣢㷋ㆆꂼ꡻
梠✳翸❡暟ⴔ㶩䒭⚹C50H54N18O16S4[M+H]+♸锐雿餘呍嫱霴䊵⚹0.38 ppmկ翸ざ暟油-8䔂䏞烯偽✳紩烱
晙翸ざ暟油-9涸✳紩⚺銳烱晙⚹m/z 1175.2793ծ1059.2636ծ1015.2711ծ829.2091瘝副鶣✳紩餘靶烱
晙⡠霆✫翸ざ暟ⰻ鿈Ⱏ⟟ꝶ絕匬涸㶸㖈⚹硼崵翸ざ暟勇餘涸絕匬ㄤ翸ざ倰䒭䲿⣘✫⣜研կ歋✵㣢㷋ㆆꂼ7
⡙⣩Ꝇ剣⚙⚡崞䚍孽㛇⡙挿封欰L㘗翸ざ导䎾剣⚙猫❡暟〳腊涸絕匬䒭錛㕃11կ歋✵尵剣㼆撑ㅷ割腊
鵳♧姿ꊹ㹁կ絕ざ翸ざ暟油-9涸✳紩烱晙⟄11a⚹⢾硼㼋Ⱖ〳腊涸鄬鍒錞䖒錛㕃12կ翸ざ暟油-8♸翸ざ暟
油-9涸✳絶ⴀ油傞ꢂ㖈⚺油⛓た忘駈翸ざ暟勇餘⥂殆刿䔂涸ⴀ油錞䖒կ 

 

 
㕃10. 翸ざ暟油-8ծ9 MS1ㄤMS2餘靶㕃(嫢猌㶩m/z 1291.2961) 

N
N

O
O

HN

O

O

H

HO

N

N

H H

O

S

O OH

S N
N

N
N

N
N

O
O

HN

O

O

H

HO

NH

HN

H H

O

S

O O

N
N

O
O

HN

O

O

H

HO

N

N

H H

O

S

O O

N
N

O
O

HN

O

O

H

HO

NH

HN

H H

O

S

O O

H+ H+

C48H50N14O16S3
m/z 1175.2764

-C2H4N4S

C46H46N10O16S2
m/z 1059.2607

N
N

O
O

HN

O

O

H

HO

N
H

N

H H

O

S

O O H+

C23H23N5O8S
m/z 530.1340

O

H

HO

N
H

N

H H

O

S

O O

C16H13N2O5S+

m/z 345.0545

-C23H23N5O8S
-C7H10O3

MS1



 

14 
 

 
㕃 11. 翸ざ暟油-8ծ9 〳腊涸絕匬䒭 

 
㕃 12. 翸ざ暟油-8ծ9 〳腊涸鄬鍒錞䖒 

 

3. 雭雿 

3.1 㖈絁膴渮巊餘翫欽䪮助 
劥㹊낉ꅷ欽✳絶SEC-RPLC-QTOFMS岁㼆岤㼘欽㣢㷋ㆆꂼ翸ざ暟鵳遤ꊹ㹁霪倰岁㛇✵껰ⴔ佐꧋梠

( Fraction loop) 㼜湡叻껰ⴔ➢♧絶鲮獴荛✳絶巊湱餘靶翫欽禹絡㼆湡叻油䭷ꛏ䚍涸䘯鸟ⴔ區涸ず傞模䧭
崨⸓湱鲮䰃⽰膴渮涸鵂玐⽰㖈割佖」⾲崨⸓湱勵⟝涸㛇炄副㹊梡✫巊餘翫欽ꊹ㹁湡叻翸ざ暟勇餘կꊹ㹁
ⴀ4猫翸ざ暟䎇㼆Ⱖ絕匬⿺鄬鍒錞䖒鵳遤硼崵կ✳紩餘靶烱晙⡠霆✫翸ざ暟ⰻ鿈Ⱏ⟟ꝶ絕匬涸㶸㖈䎇ꬋ
薴䗞⼶⸂絕ざ涸✳翸⡤կ4猫翸ざ暟勇餘✳絶ⴀ油傞ꢂ㖲㖈⚺油✳絶涸ⴀ油傞ꢂ⛓た痗ざ翸ざ暟勇餘⥂殆
刿䔂涸暵䚍կ 

3.2  蒀靶叙涸鷥䭊 
梡遤叻ⲥꅷ欽涸袕翸祪G10涸蒀靶叙蒀靶勵⟝♴歋✵넞ⴔ㶩⸔䝧⵫涸䕧ㆇ翸ざ暟油唬ⴀ侨ꆀ㼱翸

ざ暟油㘗䊵偽岁♸⚺油模Ⰼⴔ猌կ劥俒鷥䭊涸Shimpack Diol-150蒀靶叙ꅷ欽✳ꃫ㛇ꝶざ涸㢴㶰넞紱炊脸
杝剣涸⻊㷖⥝껑䪮助烁⥂ⴔ猌䏞涸ず傞油㘗刿⸈㼺Ꝙկ㹊낉絕卓邍僈翸ざ暟油♸⚺油⛓ꢂⴔ猌䏞剣✫䖎㣐
佖㊤կ㽴盗⣘霚ㅷꅷ欽鵂ꆀ鵳呋♧絶蒀靶㕃⚥⚺油⚹䎂㣢油翸ざ暟油ⴗ荛✳絶絑넞ⴔ鳹餘靶烁霆翸ざ暟
油⚥劢唬崵ⵌ㣢㷋ㆆꂼ⚺油կ邍僈劥岁♧絶翸ざ暟油♸⚺油ⴔ猌䏞葻㥩կ 
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3.3  ♸շ⚥㕂蚋Ⱙո倰岁㼆嫱 
劥岁絕ざQTOFMS㼆㣢㷋ㆆꂼ翸ざ暟勇餘鵳遤礵ⲥ唬崵⯘剪✫蚋Ⱙ倰岁㹁䚍腊⸂割駈涸䪮助緃ꤴկ䭽

շ⚥㕂蚋Ⱙո2015晜佐鲿涸岤㼘欽㣢㷋ㆆꂼ翸ざ暟唬叅倰岁鵳遤㼆嫱㹊낉劥岁涸鵳呋ꆀ刿㼱鷥䭊䚍刿
넞⾝併䏞刿넞ⴔ猌䏞刿㥩կ翸ざ暟油㖈✳絶⚹幊ざ暟絑넞ⴔ鳹餘靶烁霆Ⱖ稘㢪靶㕃⚥ㆇ䎾剒㣐涸油僽
㣢㷋ㆆꂼ宐鍒❡暟䎇ꬋ翸ざ暟勇餘կ翸ざ暟勇餘㖈呋ㅷ⚥涸ゎꆀ䗎勒Ⱖ䗎劥岁ꅷ欽500 µL㹁ꆀ梠㼜♧絶
⚥翸ざ油ⰌⴗⰆ✳絶䩞䖤⟄唬崵կず傞歋✵♧絶崨⸓湱⚥偽剣劼湱䎇劢䒸饰✳絶很⵫佪䎾կⰌⴗ涸〥♧⚡
⠏挿僽㥵剣꨽銳✳絶〳⟄㼆翸ざ暟勇餘鵳遤㹁ꆀ唬崵կ 

3.4  倰岁涸⠏⻊ 
β-ⰻꃀ腂碫䫒欰稇涸翸ざ暟絕匬割珘㹁僒宐鍒꨽⚰欽倝ꂁկ餘靶唬崵傞꨽㼜猌㶩彂庛䏞霃縨⚹鳅⡛

⧩鼙⯝翸ざ暟㖈猌㶩彂副ⴔ鍒կβ-ⰻꃀ腂碫䫒欰稇涸꡻梠✳翸⡤涸ㆇ䎾⚹[2M+H]+կ䔲呋ㅷ崽䏞넞傞歋✵
薴䗞⼶⸂翸ざ㖈猌㶩彂副⛲腊ⴀ梡[2M+H]+涸ㆇ䎾꨽銳絕ざ⥂殆傞ꢂㄤ✳紩餘靶㕃鵳遤⼓ⴔկ 

4. 絕雿 
劥俒䒊用✫㖈絁SEC-RPLC-QTOFMS禹絡㼜翸ざ暟䭷ꛏ䚍㹁⡙♸㖈絁膴渮넞ⴔ鳹餘靶ꊹ㹁剣劼絕ざ饰

勻կ絑넞ⴔ鳹餘靶LCMS-9030ꊹ㹁✳絶蒀靶㕃⚥䔂䏞剒넞油䎇ꬋ翸ざ暟勇餘넞ⴔ鳹餘靶涸⢪欽⯘剪✫蚋Ⱙ
倰岁㹁䚍割駈涸꡼곿կLCMS-9030⾝併䏞넞鷓欽✵⡛ゎꆀ勇餘涸絕匬ꊹ㹁⚹β-ⰻꃀ腂碫䫒欰稇⚥翸ざ暟
涸ⴔ猌ծⴔ區⿺❡ㅷ餘ꆀ䲿넞䲿⣘✫⣜研կ 

5. ꣡⸈邉⯎ 
䫒欰稇⚥涸翸ざ暟勇餘⡲⚹䒸封⚰䎯割葻导䎾涸⚺銳鵂併⾲Ⱖゎꆀ涸⚚呔港䱽荛Ⱒꅾ銳կ吗絡副ꅷ

欽䱗꣖蒀靶岁唬崵姼碫勇餘赡〳遤告꬗⚰唬崵ワ劍Ɤծⴔ猌䏞♸⚁㾩䚍割駈ծ㹁ꆀ割礵烁⿺絕匬ꊹ㹁㔮ꦼ
瘝䮋䧶կ 

⚹⯘剪鵯❈䪮助櫕곯䀙峸⴯倝䚍㖑匬䒊✫ SEC-RPLC-QTOF㽯㼄䱗꣖蒀靶-导湱巊湱蒀靶-㔋匧勍굷
遤傞ꢂ餘靶翫欽ⴔ區䎂〵霪䎂〵꧋䧭✫⚥䗱ⴗⶶ䪮助㹊梡✫㖈絁ꤑ渮䎇넞佪ⴔ猌湡叻勇餘կ絕ざ LCMS-
QTOF 禹絡♸䀙峸荈⚺灇封涸餘靶䎽㹊梡✫㼆勇餘絕匬涸礵烁ꊹ㹁կ姼䎂〵涸硼ⴀ割➑儑衼꣭⡛✫⟱⚌
涸灇封䧭劥鵮⚹䊨蒌⠏⻊ծ⵫㘗⴯倝⿺❡ㅷ餘ꆀ䲿⼮䲿⣘✫䔂剣⸂涸䪮助佅䭯կ 

䀙峸㛇✵Ⱖ✳絶巊湱넞ⴔ鳹餘靶䎂〵䒊用✫շ䫒欰稇勇餘侨㶶⻊叻ⲥㅷ侨研䎽ոP/N232-07103-
41鵯♧侨研䎽䧭⚹⟱⚌꣭劥㟞佪涸Ⱒꝶ䊨Ⱘկ霪侨研䎽䎛岌佐䔶✫շ妍崍蚋Ⱙո⚥β-ⰻꃀ腂碫䫒欰稇湱
Ⱒ勇餘涸叻ⲥㅷ⥌䜂ⵄ欽 LCMS-9030 巊湱蒀靶-넞ⴔ鳹餘靶⟉㖈 ESI 姻餏⿽垷䒭♴ꅷ꧋✫ 7 ⚡割ず焥
中腊ꆀ♴涸✳紩餘靶㕃䎇霫絈雵䔶✫⻊ざ暟⥌䜂ծ硼崵絕匬䒭ծ蒀靶ⴔ區勵⟝⿺շ⚥㕂蚋Ⱙո錞㹁涸崨⸓
湱勵⟝♴涸⥂殆傞ꢂկ姼㢪⚹倰⤑猰灇➃プ㖈割ず餘靶䎂〵ꢂ涸鲮䰃侨研䎽鵮䲿⣘✫ 18 猫䫒欰稇勇餘
涸 MRM㢴导䎾港崵倰岁俒⟝鷓欽✵巊湱蒀靶-♲ꅾ㔋匧勍餘靶⟉涸唬崵匧㣐㖑⤛鵳✫蚋暟灇封佪桧
♸䧭劥佪渤涸⿽ꅾ䲿⼮կ 
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邍 1. 䫒欰稇勇餘侨㶶⻊叻ⲥㅷ侨研䎽ⰻ㺂⥌䜂 

 
 

 
㕃 13. շ䫒欰稇勇餘侨㶶⻊叻ⲥㅷ侨研䎽ո⢪欽崨玐 
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2.2 綮尪㗞⾲俱蚋⚥Ⱉ猫❇炦腂碫麰⠛嫫䚍勇餘ⴔ區 
 

䶰 銳 劥俒ⵄ欽䀙峸 LCMS-9030 㔋匧勍굷遤傞ꢂ巊餘翫欽禹絡䒊用✫綮尪㗞⾲俱蚋⚥Ⱉ猫❇鲜腂碫麰吗
嫫䚍勇餘 NDMAծNMBAծNDEAծNDIPAծNEIPA ㄤ NDBA 涸ⴔ區倰岁կ霪倰岁ꅷ欽㢪叻岁㹁ꆀⰙ猫❇
鲜腂碫勇餘絁䚍湱Ⱒ禹侨㖲㣐✵ 0.999Ⱉ猫❇鲜腂碫⻊ざ暟㹁ꆀꣳLOQ㖈 0.004~0.045 ppm ⛓ꢂ⡛
⚥넞崽䏞幊ざ叻ⲥ䊨⡲很巊ꅾ撑䚍⥂殆傞ꢂ RSD%⚹ 0.05~0.57油꬗獤 RSD%⚹ 0.70~8.48%倰岁㔐佐
桧㖈 82.6~107.5%⛓ꢂկ倰岁ⲥ烁〳ꬑ〳欽✵㹊꣢呋ㅷ涸唬崵կ㹊낉絕卓邍僈霪倰岁腊䘯鸟ⲥ烁㖑崵㹁
綮尪㗞⾲俱蚋⚥Ⱉ猫❇鲜腂碫麰吗嫫䚍勇餘կ 

Ⱒꝶ霒LCMS-9030 㔋匧勍굷遤傞ꢂ巊餘翫欽禹絡  綮尪㗞  ❇鲜腂碫⻊ざ暟 

 
麰吗嫫䚍勇餘僽䭷⻊ざ暟劥魧湬䱹䧴ꢂ䱹䰀⠟

絈脅DNA❡欰㛇㔔瑲」䧴⡤ⰻ霶」Ⱘ剣荝浓〳
腊կ❇鲜腂碫⻊ざ暟NDMAծNMBAծNDEAծNEIPAծ
NDIPA⿺NDBA僽䌢錛涸麰吗嫫䚍勇餘կ綮尪㗞僽♧
妴過盗稒䓎稇II「⡤䭏䫒⵫䫒넞過⾓碫蚋暟欽✵屛
毫넞過⾓氿ծ⯎過䚍䗱⸂邝番ծた䗱聝哥㝱涸蚋暟կ
2018䎃⟄勻尪㗞碫蚋暟⚥꣣絯鄄封梡唬ⴀ❇鲜腂
碫⻊ざ暟䒸饰爢⠔涸䎛岌Ⱒ岤Ⱖ㼜❡欰荝浓굥
ꤗ䎇絛湱Ⱒ⟱⚌鸣䧭䊭㣐䰀㣟佦꨽銳鵳遤⚚呔

涸唬崵ㄤ盗䱽կ 
U.S. FDAFood & Drug Administration溶Ⱆ

䋒尪㗞碫蚋暟⚥❇鲜腂碫勇餘涸LC-HRMSⴔ區倰岁
⿺湱Ⱒ涸ꣳ䏞銳宠շ넞ⴔ鳹餘靶岁崵㹁ARB過盗
稒䓎稇「⡤꣖词⵫⾲俱蚋⚥Ⱉ猫❇鲜腂碫勇餘ոկ
劥㹊낉⢪欽䀙峸LCMS-9030㔋匧勍굷遤傞ꢂ巊餘翫
欽禹絡䒊用✫綮尪㗞⾲俱蚋⚥Ⱉ猫❇鲜腂碫勇餘
NDMAծNMBAծNDEAծNEIPAծNDIPAㄤNDBA涸
ⴔ區倰岁⣘ⵖ蚋蚋唬湱Ⱒ➢⚌➃プ⿬罌կ 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼  

劥㹊낉⢪欽䀙峸 LCMS-9030 㔋匧勍굷遤傞ꢂ巊餘翫欽禹絡կⰨ⡤ꂁ縨⚹ 
禹 絡 䱽 ⵖ 㐼 CBM-20A 㖈 絁 膴 孞 劼 DGU-20A5 

鳕  巊  岹 LC-30AD×2 荈 ⸓ 鵳 呋 㐼 SIL-30AC 

叙 庛 盲 CTO-20AC 唬 崵 㐼 SPD-M20A 

餘 靶 ⟉ LCMS-9030 
蒀 靶 
䊨 ⡲ 畀 

LabSolutions Ver 5.109 
LabSolutions Insight Ver 3.8 

1.2 ⴔ區勵⟝ 
巊湱蒀靶勵⟝ 

蒀  靶  叙 ACE-C18-AR4.6 mm I.D. × 150 mm L., 3 μm 
崨  ⸓  湱 A 湱-0.1%歌ꃑ宐B 湱-0.1%歌ꃑ歌ꃫ 
崨     鸟 0.8 mL/min 
叙     庛 40˫ 
鵳 呋 ⡤ 獤 10 µL 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹30%傞ꢂ玐䎸錛邍1կ 
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邍 1. 唑䏞峤膴傞ꢂ玐䎸 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

1.50 岹 B.Conc 30 

8.50 岹 B.Conc 70 

13.00 岹 B.Conc 75 

14.00 岹 B.Conc 98 

16.00 岹 B.Conc 98 

16.10 岹 B.Conc 30 

20.00 䱽ⵖ㐼 Stop  

餘靶勵⟝ 
猌 㶩 彂 APCI (+, -) 唬 崵 㐼 歏 ⾓ 2.1 kV (+, -) 
꨺ ⻊ 孞 崨 鸟 3 L/min 䪊 䲽 垷 䒭 MS Scan 
䎁 醋 孞 崨 鸟 5.0 L/min ✲ ⟝ 傞 ꢂ 0.1 s 
D L 庛 䏞 180˫ ꢖ ⧩ Low 
䱹 〡 庛 䏞 300˫ 歏 儱 ꛏ 歏 ⾓ (±)3.5 kV 
⸈掚垷懈庛䏞 200˫ E I C 䲿 》 霴 䊵 15 ppm 
M S ⿬ 侨 錛邍 2   

邍 2. MS ⿬侨 

No. ⻊ざ暟ぜ獦 CAS 尼 
餘靶ꅷ꧋傞ꢂ

min 
MS Scan
+/- 

MS Scan 薴㔵
m/z 

EIC 䲿》
m/z 

1 NDMA 62-75-9 2.0-4.0 + 65-85 75.0552 
2 NMBA 61445-55-4 2.5-4.5 - 140-160 145.0623 
3 NDEA 55-18-5 4.5-7.5 + 90-110 103.0859 
4 NEIPA 16339-04-1 6.5-8.5 + 105-130 117.1017 
5 NDIPA 601-77-4 8.0-10.0 + 120-140 131.1175 
6 NDBA 924-16-3 12.0-14.0 + 150-170 159.1490 

2. 呋ㅷ⵸㢅椚 
㼆撑ㅷ很巊涸ⵖ㢊》Ⱉ猫❇鲜腂碫⻊ざ暟幊ざ叻ⲥ餞㢊巊10 mg/L欽歌ꃫ⡲⚹很⵫鷶紩獺ꅺ⚹

1ծ2ծ5ծ10ծ20ծ50ծ75ծ100 ng/mL 涸叻ⲥ禹⴩䊨⡲很巊կ 
⣘霚ㅷ很巊涸ⵖ㢊礵㺙獦》100 mg綮尪㗞⾲俱蚋荛15 mL涸猌䗱盗⚥⸈Ⰶ5.0 mL歌ꃫ馄㡮嶴偒荛⾲

俱蚋模Ⰼ很鍒⽰䖤կ 

3. 絕卓♸雭雿 

3.1 叻ⲥ䊨⡲很巊 EIC 蒀靶㕃♸⣘霚ㅷ很巊 UV 蒀靶㕃 
⚹鼙⯝넞崽䏞涸綮尪㗞⾲俱蚋鵳Ⰶ⟉㐼寓厩餘靶䖉Ⱉ猫❇鲜腂⻊ざ暟Ⰼ鿈ⴀ油た㼜巊湱崨騟ⴗ荛

䏑巊կ歋✵割ず蒀靶禹絡涸䒁鵷⡤獤涸䊵䒗Ⱉ猫❇鲜腂勇餘ㄤ綮尪㗞涸⥂殆傞ꢂ⠔封欰」⻊䒊雳ꂁ縨
稘㢪䧴✳匧盗꣋⴩唬崵㐼鵳遤蒀靶㕃涸港䱽կ 
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》 2 ⚥ꂁⵖ䖤ⵌ涸 50 ng/mL 叻ⲥ䊨⡲很巊副劼ⴔ區䨾䖤蒀靶㕃㥵㕃 1副䨾爙կ》 2 ⚥ⵖ㢊䖤ⵌ
涸⣘霚ㅷ很巊副劼ⴔ區鸑鵂✳匧盗꣋⴩唬崵㐼唬崵岚Ɤ 254nmꅷ꧋ⵌ涸蒀靶㕃㥵㕃 1♴䨾爙
➢㕃⚥〳⟄溏ⴀⰙ猫❇鲜腂勇餘♸綮尪㗞ⴔ猌䏞葻㥩կ荈 13.5 min 䒓映霃縨ⴔ崨ꢎ崨騟ⴗ䰃荛䱗巊⣩䱹
䏑巊⚹鼙⯝ⴗꢎ鸣䧭♴♧ꛏ鵳呋涸㛇絁岚⸓18.0 min 㼜ⴔ崨ꢎ崨騟ⴗ䰃荛鵳呋⣩䱹Ⰶ餘靶կ 

 
㕃 1. 叻ⲥ䊨⡲很巊50 ng/mLEIC 蒀靶㕃副⚥♸⣘霚ㅷ很巊 UV 蒀靶㕃♴ 

3.2 絁䚍薴㔵 
ⴔⵆ》 2 ⚥ꂁⵖ䖤ⵌ涸禹⴩叻ⲥ䊨⡲很巊䭽撑 1.2 涸ⴔ區勵⟝鵳呋ⴔ區կ⟄ぐ湡叻暟崽䏞⚹埇㗂叻

湡叻暟油꬗獤⚹紷㗂叻⟄㢪叻岁絚ⵖ叻ⲥ刼絁絕卓錛邍 3կ  

   

   
㕃 2. ❇鲜腂碫⻊ざ暟叻ⲥ刼絁 

 

Conc. (ng/mL)
0 25 50 75 100

Area

0.0e0

1.0e5

2.0e5

3.0e5 NDMA
y = 2957.295x - 2548.436
R² = 0.9984849    R = 0.9992422

Curve Fit: Default (Linear)
Weighting: 1/C
Zero: Default (Not Forced)

Conc. (ng/mL)
0 25 50 75 100

Area

0.0e0

2.0e4

4.0e4

6.0e4
NMBA
y = 665.2733x - 447.9152
R² = 0.9987803    R = 0.9993900

Curve Fit: Default (Linear)
Weighting: 1/C
Zero: Default (Not Forced)

Conc. (ng/mL)
0 25 50 75 100

Area

0.0e0

2.0e5

4.0e5

6.0e5

8.0e5

NDEA
y = 9408.821x - 2603.626
R² = 0.9995226    R = 0.9997613

Curve Fit: Default (Linear)
Weighting: 1/C
Zero: Default (Not Forced)

Conc. (ng/mL)
0 25 50 75 100

Area

0.0e0

2.0e5

4.0e5

NEIPA
y = 4800.576x - 1195.722
R² = 0.9981757    R = 0.9990874

Curve Fit: Default (Linear)
Weighting: 1/C
Zero: Default (Not Forced)

Conc. (ng/mL)
0 25 50 75 100

Area

0.0e0

2.0e5

4.0e5

6.0e5

NDIPA
y = 6885.025x - 2146.521
R² = 0.9989455    R = 0.9994726

Curve Fit: Default (Linear)
Weighting: 1/C
Zero: Default (Not Forced)

Conc. (ng/mL)
0 25 50 75 100

Area

0.0e0

5.0e5

1.0e6

NDBA
y = 13179.80x - 2739.988
R² = 0.9994755    R = 0.9997377

Curve Fit: Default (Linear)
Weighting: 1/C
Zero: Default (Not Forced)
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邍 3. 叻ⲥ刼絁絕卓 

No. ⻊ざ暟 絁䚍薴㔵(ng/mL) 叻ⲥ刼絁 湱Ⱒ禹侨 (r) ⲥ烁䏞(%) 

1 NDMA 

1.0-100.0 

Y = 2957.304X + (-2548.44) 0.9992 84.0-113.5 
2 NMBA Y =665.273X + (-447.915) 0.9994 88.7-111.8 
3 NDEA Y = 9408.82X + (-2603.63) 0.9998 96.7-105.2 
4 NEIPA Y = 4800.58X + (-1195.72) 0.9991 84.1-110.0 
5 NDIPA Y = 6885.02X + (-2146.52) 0.9995 94.7-109.2 
6 NDBA Y = 13179.8X + (-2739.99) 0.9997 95.1-106.8 

3.3  抳併䏞㹊낉 
䭽撑 1.2 ⴔ區勵⟝崵㹁》幊ざ叻ⲥ䊨⡲很巊⚥剒⡛挿 1.0 ng/mL0.05 ppm雦皾⟉㐼⾝併䏞蒀靶

㕃錛㕃 3կ鸑鵂 LabSolutions 鲱⟝雦皾⟉㐼唬崵ꣳ⿺㹁ꆀꣳ絕卓錛邍 4կ 

   
NDMA NMBA NDEA 

   

NEIPA NDIPA NDBA 

㕃 3. Ⱉ猫❇鲜腂⻊ざ暟 EIC 蒀靶㕃1.0 ng/mL 

邍 4. Ⱉ猫❇鲜腂⻊ざ暟⾝併䏞崵㹁絕卓 

No. ⻊ざ暟ぜ獦 
唬崵ꣳ LOD 㹁ꆀꣳ LOQ 

ng/mL ppm ng/mL ppm 
1 NDMA 0.025 0.001 0.082 0.004 

2 NMBA 0.201 0.010 0.662 0.033 

3 NDEA 0.033 0.002 0.109 0.005 

4 NEIPA 0.170 0.009 0.568 0.028 

5 NDIPA 0.059 0.003 0.196 0.010 

6 NDBA 0.039 0.002 0.129 0.006 

 

1.40e2Q 75.0546 (+)
RT=2.855

2.0 2.5 3.0 3.5
0.00

%

100.00

3.50e1Q 145.0623 (-)
RT=3.482

3.0 3.5 4.0
0.00

%

100.00

9.47e2Q 103.0859 (+)
RT=5.715

5.0 5.5 6.0 6.5
0.00

%

100.00

6.79e2Q 117.1017 (+)
RT=7.442

7.0 7.5 8.0
0.00

%

100.00

8.24e2Q 131.1175 (+)
RT=9.035

8.5 9.0 9.5
0.00

%

100.00

1.66e3Q 159.1490 (+)
RT=13.010

13
0.00

%

100.00
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3.4 礵㺙䏞 
》叻ⲥ䊨⡲很巊♲絆崽䏞ⴔⵆ⚹ 2.0 ng/mLծ10.0 ng/mLծ50.0 ng/mL䭽撑 1.2 ⴔ區勵⟝鵶絯鵳呋

6 妃罌㻋⟉㐼礵㺙䏞絕卓㥵邍 5Ⱉ猫❇鲜腂⻊ざ暟⥂殆傞ꢂ RSD%⚹ 0.05~0.57油꬗獤 RSD%⚹
0.70~8.48%⟉㐼礵㺙䏞葻㥩կ 

⿬撑 U.S. FDAFood & Drug Administrationշ넞ⴔ鳹餘靶岁崵㹁 ARB過盗稒䓎稇「⡤꣖词⵫⾲
俱蚋⚥Ⱉ猫❇鲜腂碫勇餘ո⚥禹絡鷓欽䚍涸錞㹁ꅾ撑鵳呋 6 妃涸㼆撑ㅷ很巊❇鲜腂碫勇餘湡叻油油꬗獤
RSD%䎾割㣐✵ 10%կ 

邍 5. 礵㺙䏞霚낉絕卓n=6 

No. ⻊ざ暟ぜ獦 
2.0 ng/mL 10.0 ng/mL 50.0 ng/mL 

⥂殆傞ꢂ
RSD(%) 

油꬗獤
RSD(%) 

⥂殆傞ꢂ
RSD(%) 

油꬗獤
RSD(%) 

⥂殆傞ꢂ
RSD(%) 

油꬗獤
RSD(%) 

1 NDMA 0.24 6.16 0.17 4.90 0.07 1.18 
2 NMBA 0.57 8.48 0.48 3.25 0.15 2.01 
3 NDEA 0.07 1.26 0.10 3.41 0.09 0.88 
4 NEIPA 0.10 5.08 0.09 2.46 0.08 0.70 
5 NDIPA 0.07 1.18 0.09 2.37 0.07 1.11 
6 NDBA 0.05 0.74 0.08 1.02 0.05 0.98 

3.5 ⸈叻㔐佐桧 
》綮尪㗞⾲俱蚋呋ㅷ䭽 2 ⚥⣘霚ㅷ很巊涸ⵖ㢊鵳遤呋ㅷ⵸㢅锐ⵖ㢊⡛80%ծ⚥100%ծ넞

120%3 猫崽䏞涸很巊嫦⚡崽䏞䎂遤ⵖ㢊♲⼝副劼ⴔ區㔐佐桧崵㹁絕卓錛邍 6կ♲⚡割ず崽䏞⸈叻
㔐佐桧㖈 82.6~107.5%⛓ꢂկ 

邍 6. ⸈叻㔐佐㹊낉絕卓n=3 

No. ⻊ざ暟ぜ獦 
⡛崽䏞

80% 
⚥崽䏞

100% 
넞崽䏞

120% 
1 NDMA 92.8 101.9 86.6 
2 NMBA 95.4 90.1 93.7 
3 NDEA 93.8 95.8 95.8 
4 NEIPA 90.3 92.6 106.2 
5 NDIPA 82.6 92.3 103.6 
6 NDBA 107.5 96.0 95.8 

3.6 呋ㅷ崵㹁 
》 2 ⚥ꂁⵖ䖤ⵌ涸⣘霚ㅷ很巊䭽 1.2 ⚥涸ⴔ區勵⟝鵳遤崵㹁EIC 蒀靶㕃㥵㕃 4 䨾爙Ⱉ猫❇鲜腂碫

勇餘崵㹁絕卓錛邍 7կ 
⿬撑 U.S. FDAFood & Drug Administrationշ넞ⴔ鳹餘靶岁崵㹁 ARB過盗稒䓎稇「⡤꣖词⵫⾲

俱蚋⚥Ⱉ猫❇鲜腂碫勇餘ո⚥䫣デ涸錞㹁⣘霚ㅷ⚥崵䖤❇鲜腂碫勇餘崽䏞ppmLOD 傞䫣唬ⴀ
⣘霚ㅷ⚥崵䖤❇鲜腂碫勇餘崽䏞ppm<LOD 傞䫣劢唬ⴀկ 
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㕃 4. ⣘霚ㅷ很巊 EIC 蒀靶㕃 

邍 7. ⣘霚ㅷ很巊崵霚絕卓 

No. ⻊ざ暟ぜ獦 ゎꆀppm 

1 NDMA 0.289 
2 NMBA N.D. 
3 NDEA 0.147 
4 NEIPA 0.042 
5 NDIPA N.D. 
6 NDBA 0.005 

N.D. = Not Detected 

4. 絕雿 

劥俒⢪欽䀙峸 LCMS-9030 㔋匧勍굷遤傞ꢂ巊餘翫欽禹絡䒊用✫綮尪㗞⾲俱蚋⚥Ⱉ猫❇鲜腂碫麰吗嫫䚍
勇餘 NDMAծNMBAծNDEAծNDIPAծNEIPA ㄤ NDBA 涸ⴔ區倰岁կ㹊낉絕卓邍僈絁䚍ծ⾝併䏞ծ礵㺙
䏞ծ㔐佐桧絕卓㖲痗ざ U.S. FDAFood & Drug Administrationշ넞ⴔ鳹餘靶岁崵㹁 ARB過盗稒䓎稇「
⡤꣖词⵫⾲俱蚋⚥Ⱉ猫❇鲜腂碫勇餘ո涸錞㹁կ霪倰岁腊䘯鸟ⲥ烁㖑崵㹁綮尪㗞⾲俱蚋⚥Ⱉ猫❇鲜腂碫勇
餘⚹ⵖ蚋蚋唬湱Ⱒ遤⚌涸➢⚌➃プ䲿⣘✫⿬罌կ 
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2.3 㹁䚍ⴔ區㹡綫䫈ⵖ⵫꣚䩯銯棴⚥涸㢴翸⡤勇餘 

 

䶰 銳 劥俒ꅷ欽䀙峸✳絶巊湱ㄤ㔋匧勍굷遤傞ꢂ餘靶翫欽⟉ Trap-Free 2DLC+LCMS-9030 㼆㢴胂蚋暟꣚
䩯銯棴⚥涸⽀⡤ㄤ㢴翸⡤勇餘鵳遤㹁䚍ⴔ區կ崵霚絕卓⢪欽䀙峸 Labsolutions Insight Explore 鲱⟝㼆勇餘
涸ⴔ㶩䒭鵳遤곫崵絕卓儑爙꣚䩯銯棴⽀⡤ծ✳翸⡤ㄤ♲翸⡤涸 MS1 涸猌㶩餘蚚嫱ず锐雿⧩㖲㼭✵ 1 mDaկ
⢪欽 LabSolutions Insight Explore 鲱⟝⚥鍒⽷獤⸆腊곫崵湡叻暟涸ⴔ㶩ꆀ곫崵ⴔ㶩ꆀㄤ锐雿ⴔ㶩ꆀ涸霴
䊵㼭✵ 3 ppmկ 
 

Ⱒꝶ霒Trap-Free 2DLC+LCMS-9030  ꣚䩯銯棴  㢴翸⡤勇餘 

 

䪮助暵挿 
ⵄ欽 Trap-Free 2DLC Q-TOF 翫欽禹絡ⴔ區꣚䩯銯棴⚥涸㢴翸⡤勇餘〳 㹊梡♧絶ㄤ✳絶割ず崨⸓湱湬䱹
鲮䰃⛲腊鼙⯝巊湱蒀靶湬䱹ⴔ區崽䏞鵂넞罜㼋荝涸餘靶⥌尼껒涸꡼곿կ 
 LCMS-9030 㖈ⴔ區⚥䭆剣넞ⴔ鳹桧ㄤⲥ烁餘ꆀ侨⚹湡叻⻊ざ暟涸ꊹ㹁䲿⣘〳ꬑ⥌䜂կ 

 
꣚䩯銯棴僽♧猫ざ䧭涸㢴胂碫暟餘Ⱖ⡲欽劼

ⵖ僽♸⪶❡稇畊✰㶩㹡聝㽻ծ蹈芘ծ胢芘副涸⪶❡
稇「⡤䭏䫒⪶❡稇⡲欽➢罜鴪ⵌ䫈ⵖ㶩㹡佐綫
涸⡲欽〳㖈「⡤宐䎂㼆➃⪶❡稇❡欰畊✰䚍䫈ⵖ⡲
欽կ㖈⚰䎯⚥䌢欽✵屛毫㶲劍粉❡կ 

勇餘灇瑕僽蚋暟餘ꆀ灇瑕涸♧고ꅾ銳ⰻ㺂僽
蚋暟餘ꆀ⥂霆涸Ⱒꝶ㔔稇⛓♧կ⚹✫䲿넞⚰䎯欽蚋
㸝Ⰼ꨽㼆ざ䧭鵂玐⚥❡欰涸䊨蒌勇餘ㄤ⪰㶸鵂玐
⚥❡欰涸꣭鍒勇餘鵳遤✫霫絈涸灇瑕կ歋✵䩯銯棴
⻊㷖絕匬暵䚍Ⱖ㖈欰❡ㄤ⪰㶸鵂玐⚥〳腊❡欰勇

餘罜鵯❈勇餘〳腊䒸饰鵂併导䎾ծ嫫䚍⿺Ⱖ➭割
葻导䎾կ 

ꛏ㼆㢴胂蚋暟⚥涸歋⚙⚡䧴㢴⚡㢴胂絆䧭涸珘
㹁涸㢴翸⡤勇餘〳 ⵄ欽⡤獤䱗꣖蒀靶岁SECⴔ
猌湱Ⱒ勇餘կ劥俒ꅷ欽䀙峸✳絶巊湱ㄤ㔋匧勍굷遤
傞ꢂ餘靶翫欽⟉Trap-free 2DLC+LCMS-9030傁腊
鼙⯝SEC涸蒀靶勵⟝✵餘靶猌㶩彂割⼐ꂁ⛲腊剣
佪鍒Ɀ巊湱蒀靶ⴔ區崽䏞鵂넞罜㼋荝涸餘靶⥌尼껒
涸꡼곿կ劥俒䧭⸆㼆꣚䩯銯棴㢴胂蚋暟⚥涸㢴翸勇
餘鵳遤㹁䚍烁霆⚹湱Ⱒ唬崵➃プ䲿⣘⿬罌կ

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼  
䀙峸 Trap-free 2DLC+LCMS-9030 㔋匧勍굷遤餘靶翫欽⟉禹絡կⰨ⡤ꂁ縨⚹ 

禹絡䱽ⵖ㐼 CBM-20A 膴  孞  劼 DGU-20A5R 
鳕  巊  岹 LC-20AD XR × 4 荈⸓鵳呋㐼 SIL-20ACXR 
叙  庛  盲 CTO-20AC 餘  靶  ⟉ LCMS-9030 
唬 崵 㐼 A  SPD-M20A  唬 崵 㐼 B  SPD-20A  
ⴗ 䰃 ꢎ FCV-32AH2×2 蒀靶䊨⡲畀 LabSolutions Ver. 5.98 
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1.2 ⴔ區勵⟝ 
♧絶巊湱蒀靶勵⟝ 

蒀 靶 叙 SHIMSEN Ankylo SEC-150300 mm×7.8 mm I.D., 3.0 μm䀙峸副嵳㹊
낉㐼勞剣ꣳⰖ尽P/N: 380-01215-04 

崨 ⸓ 湱 宐䒗⚋ꃫ⛩ꃑ150/150/200, V/V/V 
崨 鸟 0.3 mL/min 
叙 庛 30˫ 
鵳 呋 ꆀ 10 μL 
峤 膴 倰 䒭 瘝䏞峤膴 

✳絶巊湱蒀靶勵⟝ 
蒀 靶 叙 Shim-Pack GISS C18100 mm×2.1 mm I.D., 1.9 μm䀙峸副嵳

㹊낉㐼勞剣ꣳⰖ尽P/N: 227-30048-02 
崨 ⸓ 湱 A 湱-0.5%⛩ꃑ宐 B 湱-⛩臟 
崨 鸟 0.3 mL/min 
叙 庛 30˫ 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 10%傞ꢂ玐䎸錛邍 1կ 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 

31.60 叙庛盲 CTO.RVR 0* 

31.70 叙庛盲 CTO.RVR 1* 

34.50 岹 B.Conc3 10 

50.00 岹 B.Conc3 90 

52.00 岹 B.Conc3 90 

52.10 岹 B.Conc3 10 

60.00 䱽ⵖ㐼 Stop  

岤* 0 邍爙崨騟ⴗ䰃荛䯲꧋㹁ꆀ梠崨騟ⴗ䰃涸傞ꢂ呏研♧絶巊湱蒀靶涸⥂殆傞ꢂ」⻊ 
 1 邍爙♧絶崨騟湬䱹鵳䏑巊  

 LCMS-9030 餘靶勵⟝ 
猌 㶩 彂 ESI (+)  䱹 〡 歏 ⾓ 4.5 kV 
⸈掚垷懈庛䏞 400˫ ꨺ ⻊ 孞 崨 鸟 3.0 L/min 
D L 庛 䏞 300˫ 䎁 醋 孞 崨 鸟 10.0 L/min 
䱹 〡 庛 䏞 300˫ ⸈ 掚 孞 崨 鸟 10.0 L/min 
焥 中 孞 孿孞 䪊 䲽 垷 䒭 MS 

1.3 呋ㅷ⵸㢅椚倰岁 
ⲥ烁獦》㢴胂呋ㅷ紨5 mg⸈Ⰶ♧絶崨⸓湱1.6 mL䮷䶔很鍒た副劼ⴔ區կ 
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2. 絕卓♸雭雿 

2.1 Trap-Free 2DLC 禹絡➝絏 
Trap-Free 2DLC 禹絡僽♧㤛佅䭯㖈絁崨⸓湱鲮䰃涸✳絶巊湱♸蒀靶-餘靶翫欽⟉涸絆ざ禹絡կ劥禹絡涸

痦♧絶巊湱蒀靶禹絡〳 ⢪欽ꬋ䮦封䚍崨⸓湱䧴罏♸餘靶ⴔ區割⼐ꂁ涸崨⸓湱⡤禹鸑鵂禹絡⚥ⴗ䰃ꢎծ玐
䎸ㄐ⟁涸絆ざ㼆痦♧絶巊湱蒀靶禹絡ⴔ猌涸絆ⴔ鵳遤ⴔ껰կ劥禹絡涸痦✳絶巊湱蒀靶禹絡〳 ⟄ꅷ欽鷓ざ
LCMS ⴔ區涸巊湱蒀靶勵⟝ꛏ㼆ⴔ껰涸絆ⴔ鵳遤ꛏ㼆䚍涸餘ꆀⴔ區կ 

 
㕃 1. Trap-free 2DLC Q-TOF 禹絡涸⾲锐㕃 

呋ㅷⴔ區鵂玐 
1 痦♧絶 HPLC⢪欽 PDA 唬崵㐼唬崵勇餘溶勇餘油涸⥂殆傞ꢂ⚹䭷叻㼜湡叻絆ⴔⴔ껰荛呋ㅷ梠կ
2呋ㅷ梠㖈呋ㅷ梠 1-5 ⰻ⥂殆ⴔ껰た涸絆ⴔկ呋ㅷ梠 6 欽✵痦♧絶♸痦✳絶涸崨⸓湱縨䰃կ3痦✳絶
LCMSⵄ欽痦✳絶涸蒀靶叙ⴔ猌呋ㅷ梠ⰻ涸絆ⴔた⢪欽 UV 唬崵㐼ㄤ MS 唬崵㐼鵳遤唬崵կ 

2.2 㢴胂呋ㅷ♧絶 SEC 蒀靶㕃 
껷⯓呋ㅷ鸑鵂♧絶巊湱蒀靶ⴔ區烁雩ぐ湡叻暟涸ⴀ油傞ꢂկ呏研ⴔ㶩䱗꣖蒀靶涸⾲锐湡叻⻊ざ暟

⣜研ⴔ㶩涸⡤獤㣐㼭罜ⴔ猌呋ㅷ䭽撑ⴔ㶩ꆀ歋㣐ⵌ㼭涸곡䎸ⴀ油կ㖈꣚䩯銯棴呋ㅷ涸♧絶巊湱蒀靶㕃⚥
〳⟄溏ⵌ⽀⡤⿺㢴翸⡤涸蒀靶油Ⱖ⚥⽀⡤油 3涸ⴀ油傞ꢂ剒儻ⴀ油傞ꢂ刿粉涸油 1ծ2 ⚹割ずⴔ㶩
ꆀ涸勇餘կ 

 
㕃 2. ꣚䩯銯棴呋ㅷ♧絶巊湱蒀靶㕃 

2.3 鸑鵂 MS1 餘靶㕃㹁䚍㢴翸⡤勇餘 
歋✵♧絶 SEC ⴔ區涸崨⸓湱⚥ゎ剣 40%⛩ꃑ割腊湬䱹䎾欽✵餘靶ⴔ區⚥կ⢪欽 Trap-free 2DLC 禹

絡〳⟄ꛏ㼆䚍ⴔ껰湡叻絆ⴔ搬た欽✵餘靶⼐ꂁ涸崨⸓湱勵⟝鵳遤ⴔ猌ⴔ區䎇✵餘靶翫欽鵳遤餘ꆀⴔ
區կꛏ㼆割ずⴔ껰絆ⴔ꨽銳呏研ⴔ區湡叻油涸♧絶 SEC ⴔ猌涸⥂殆傞ꢂ⥝佖㼆䎾涸傞ꢂ玐䎸կ 

2.3.1 ꣚䩯銯棴✳翸⡤勇餘 
呏研꣚䩯銯棴✳翸⡤㖈♧絶巊湱蒀靶⚥涸⥂殆傞ꢂ刿倝傞ꢂ玐䎸⚥涸ꢎⴗ䰃⢪傞ꢂկ✳絶巊湱 UV 蒀

靶㕃ㄤ MS1 䚪猌㶩崨蒀靶㕃㥵㕃 3 䨾爙✳翸⡤勇餘涸ⴀ油傞ꢂ紨⚹ 42.5 minկ㔔⚹♧絶蒀靶涸崨⸓湱⚥

0 10 20 30 40 50 min

0.0

2.5

5.0

7.5

10.0

12.5

15.0
mAU

0.0

2.5

5.0

7.5

10.0

MPa
泵B压压276nm,4nm 

1
2

3
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䒗⚋ꃫㄤ⛩ꃑ涸嫱⢾鳅넞✳絶巊湱蒀靶油ⴀ梡✫僈儑涸⵸屠油կ꣚䩯銯棴✳翸⡤䎂㖲餘靶㕃錛㕃 4〳⟄
ⴔⵆ錜㻋ⵌ䌄⿽歏蚚ㄤ♲歏蚚涸ⴔ㶩猌㶩油կ 

 
㕃 3. ꣚䩯銯棴✳翸⡤✳絶巊湱 UV 蒀靶㕃Aㄤ MS1 䚪猌㶩崨蒀靶㕃B 

 
㕃 4. ꣚䩯銯棴✳翸⡤涸䎂㖲餘靶㕃 

⢪欽LabSolutions Insight Explore鲱⟝⚥ⴔ㶩䒭곫崵⸆腊㼆ⴔ㶩猌㶩油㛇✵ⲥ烁ⴔ㶩ꆀㄤず⡙稇⚪䏞
嫱鵳遤곫崵곫崵絕卓儑爙꣚䩯銯棴✳翸⡤涸[M+2H]2+涸餘蚚嫱霴䊵⚹0.09 mDa[M+3H]3+涸餘蚚嫱霴䊵
⚹-0.19 mDa湱㼆⨊䊵㖲㼭✵1 ppmկ 

 
㕃 5. ꣚䩯銯棴✳翸⡤涸[M+2H]2+ 油ⴔ㶩䒭곫崵絕卓 

  

3.02e51:MS(+) RT:[42.208-42.729]

197.00002
252.01899 511.20743 657.62896

663.63555

664.96945

681.27404 938.40800

994.95003

996.45053

1005.94062 1454.64643 1988.89193
0.0e0

2.5e4

5.0e4

7.5e4

1.0e5

1.3e5

1.5e5

1.8e5

2.0e5

2.3e5

2.5e5

2.8e5

3.0e5

A
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㕃 6. ꣚䩯銯棴✳翸⡤涸[M+3H]3+ 油ⴔ㶩䒭곫崵絕卓 

⢪欽 LabSolutions Insight Explore 鲱⟝⚥鍒⽷獤⸆腊곫崵꣚䩯銯棴✳翸⡤涸ⴔ㶩ꆀ㥵㕃 7 䨾爙곫
崵絕卓儑爙꣚䩯銯棴✳翸⡤涸곫崵ⴔ㶩ꆀ⚹ 1987.88611霴䊵⚹-3.58 mDa湱㼆⨊䊵⚹-1.80 ppmկ 

 
㕃 7. ꣚䩯銯棴✳翸⡤鍒⽷獤ⴔ區絕卓 

2.3.2 ꣚䩯銯棴♲翸⡤ 
呏研꣚䩯銯棴✳翸⡤㖈♧絶巊湱蒀靶⚥涸⥂殆傞ꢂ刿倝傞ꢂ玐䎸⚥涸ꢎⴗ䰃⢪傞ꢂկ✳絶巊湱蒀靶

ㄤ MS1 䚪猌㶩崨蒀靶㕃㥵㕃 8 䨾爙♲翸⡤勇餘涸⥂殆傞ꢂ紨⚹ 42.7 minկ㔔⚹♧絶蒀靶涸崨⸓湱⚥䒗⚋
ꃫㄤ⛩ꃑ涸嫱⢾鳅넞✳絶巊湱蒀靶油ⴀ梡✫⵸屠油կ꣚䩯銯棴♲翸⡤勇餘涸䎂㖲餘靶㕃錛㕃 9〳⟄ⴔⵆ
錜㻋ⵌ䌄⿽歏蚚ծ♲歏蚚涸ⴔ㶩猌㶩油կ 
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㕃 8. ꣚䩯銯棴♲翸⡤✳絶巊湱蒀靶㕃Aㄤ MS1 䚪猌㶩崨蒀靶㕃B 

 
㕃 9. ꣚䩯銯棴♲翸⡤涸 MS1 餘靶㕃 

⢪欽Insight Explore鲱⟝⚥ⴔ㶩䒭곫崵⸆腊㼆ⴔ㶩猌㶩油㛇✵ⲥ烁ⴔ㶩ꆀㄤず⡙稇⚪䏞嫱鵳遤곫崵곫
崵絕卓儑爙꣚䩯銯棴♲翸⡤涸[M+2H]2+涸餘蚚嫱霴䊵⚹-0.087mDa[M+3H]3+涸餘蚚嫱霴䊵⚹-0.151mDa
湱㼆⨊䊵㖲㼭✵1ppmկ 

 
㕃 10. ꣚䩯銯棴♲翸⡤涸[M+2H]2+ 油ⴔ㶩䒭곫崵絕卓 

  

1.93e51:MS(+) RT:[42.581-42.758]

197.00005

746.58887

747.83949

995.11644

1002.44287
1492.17097

1503.161800.0e0

2.5e4

5.0e4

7.5e4

1.0e5

1.3e5

1.5e5

1.8e5
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㕃 11. ꣚䩯銯棴♲翸⡤涸[M+3H]3+ 油ⴔ㶩䒭곫崵絕卓 

⢪欽 Insight Explore 鲱⟝⚥鍒⽷獤⸆腊곫崵꣚䩯銯棴♲翸⡤涸ⴔ㶩ꆀ㥵㕃 17 䨾爙꣚䩯銯棴♲翸⡤
涸곫崵ⴔ㶩ꆀ⚹ 2980.32690霴䊵⚹ 3.27 mDa湱㼆⨊䊵⚹ 1.10 ppmկ 

 
㕃 12. ꣚䩯銯棴♲翸⡤鍒⽷獤ⴔ區絕卓 

3. 絕雿 

劥㹊낉ꅷ欽䀙峸✳絶巊湱ㄤ㔋匧勍굷遤傞ꢂ餘靶翫欽⟉ Trap-Free 2DLC+LCMS-9030 㼆㢴胂蚋暟꣚䩯
銯棴⚥涸㢴翸⡤勇餘鵳遤㹁䚍ⴔ區կ崵霚絕卓⢪欽䀙峸 Insight Explore 㼆勇餘ⴔ㶩䒭鵳遤곫崵絕卓儑爙
꣚䩯銯棴✳翸⡤ㄤ♲翸⡤ MS1 猌㶩餘蚚嫱ず锐雿⧩㖲㼭✵ 1 mDaկ⢪欽 Insight Explore 鲱⟝⚥鍒⽷獤⸆腊
곫崵湡叻暟涸ⴔ㶩ꆀ곫崵ⴔ㶩ꆀㄤ锐雿ⴔ㶩ꆀ霴䊵㼭✵ 3 ppmկ  
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2.4 㹁䚍ⴔ區䊩子㽲宝⚥劢濼勇餘 

 
䶰 銳 劥俒ꅷ欽䀙峸✳絶巊湱ㄤ㔋匧勍굷遤傞ꢂ餘靶翫欽⟉ Trap-Free 2DLC+LCMS-9050 㼆䊩子㽲宝⚥
劢濼暟勇餘鵳遤㹁䚍ⴔ區կ崵霚絕卓⢪欽䀙峸 Labsolutions Insight Explore 鲱⟝㼆勇餘涸ⴔ㶩䒭鵳遤곫崵
絕卓儑爙劢濼暟勇餘涸 MS1 涸猌㶩餘蚚嫱ず锐雿⧩㖲㼭✵ 1 mDa ⢪欽 Insight Explore 鲱⟝鵳遤✳紩烱晙
⼐ꂁ⼐ꂁ䏞葻㥩⚂烱晙㖲㼭✵ 1 mDaկ 
 

Ⱒꝶ霒Trap-Free 2DLC+LCMS-9050  䊩子㽲宝  勇餘ꊹ㹁 

 

䪮助暵挿 
ⵄ欽 Trap-Free 2DLC+LCMS-9050 禹絡鸑鵂⚥䗱ⴗⶶ䪮助㹊梡 LCMS 〳欽ꬋ䮦封䚍綕Ȿ渮⨞崨⸓湱կ 
 LCMS-9050 Ⱟ곥넞⾝併䏞ㄤㄤ넞餘ꆀⲥ烁䏞⚹劢濼暟㹁䚍ⴔ區䲿⣘〳ꬑ⥌䜂կ 

 
䊩子㽲宝僽碫絶欰稇蠒Ⱞ巊⿶獦䊩偒聘嫫焦

僽㇄✌⸓暟腊ꆀ去靧⚥䗳꨽涸⡤ⰻ㣔搬暟餘կ子㽲
宝涸⚺銳⚹⡲欽劼锐⚹1⤛鵳腒ꃀ鳇ꃍA涸β孻⻊,
鸑鵂䫈ⵖ⛩ꃀ㛇♸康猌腒ꃀ鳇ꃍA涸絕ざ⤛鵳腒肘
去靧2䕧ㆇ♲續ꃑ䗄梠⤛鵳袕祪祪去靧կ⚰䎯
副羟❈氬氻朐䙖♴,荈魧ざ䧭涸䊩子㽲宝割駈,⠔㼋
荝絈脅去靧鵂玐㣟靈,⚰䎯〳腊ⴀ梡聝䓎⸂Ⲹ⡛ծ聝
汁䮜ㄤ䗱䖒㣟䌢瘝氿朐,꨽鵳遤䗳銳涸䊩子㽲宝邉
⯎屛毫,➢罜索姻䗱聝絈脅涸腒肘去靧ꥻ烯ծ佖㊤䗱
聝腊⸂去靧㣟邂կ 

蚋暟勇餘䕧ㆇⵌ蚋暟欽蚋涸餘ꆀ㸝Ⰼ㖈蚋ㅷ

欰❡ㄤ灇封鵂玐⚥꨽㼆ざ䧭鵂玐⚥❡欰涸䊨蒌勇
餘ㄤ⪰㶸鵂玐⚥❡欰涸꣭鍒勇餘鵳遤✫霫絈涸灇瑕կ
䊩子㽲宝欰❡⿺⪰㶸鵂玐⚥羟❈劢濼勇餘〳腊䒸
饰嫫ⶰ⡲欽ㄤⰦ➭割葻导䎾կ 

劥俒ꅷ欽䀙峸✳絶巊湱ㄤ㔋匧勍굷遤傞ꢂ餘靶
翫欽⟉Trap-free 2DLC+LCMS-9050〳剣佪鍒Ɀ䌢
錞♧絶ⴔ區⚥⢪欽ꬋ䮦封綕Ȿ渮偽岁鵳餘靶涸꡼곿
ず傞♧絶ⴔ區倰岁割欽靈侮〳⥂霆⥂殆傞ꢂⴔ猌
割「䕧ㆇկ劥俒㼆䊩子㽲宝劢濼勇餘鵳遤✫ⲥ烁㹁
䚍⚹湱Ⱒ唬崵➃プ䲿⣘⿬罌կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼  
䀙峸 Trap-free 2DLC+LCMS-9050 㔋匧勍굷遤餘靶翫欽⟉禹絡կⰨ⡤ꂁ縨⚹ 

禹絡䱽ⵖ㐼 CBM-20A 膴  孞  劼 DGU-20A5R 
鳕  巊  岹 LC-20AD XR × 4 荈⸓鵳呋㐼 SIL-20ACXR 
叙  庛  盲 CTO-20AC 餘  靶  ⟉ LCMS-9050 
唬 崵 㐼 A  SPD-M20A  唬 崵 㐼 B  SPD-20A  

ⴗ 䰃 ꢎ 
FCV-12AH×2 
FCV-14AH×2  

蒀靶䊨⡲畀 LabSolutions Ver.5.118 
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1.2 ⴔ區勵⟝ 
♧絶巊湱蒀靶勵⟝ 

蒀 靶 叙 Ultimate NH2250 mm×4.6 mm I.D., 5μm  
崨 ⸓ 湱 熧ꃑ✳孲꜅綕Ȿ巊熧ꃑ✳孲꜅ 6.81g⸈宐很鍒荛 1000 mL熧ꃑ靈蒜 pH ⧩

荛 4.0-⛩臟35:65v:v 
崨 鸟 1.0 mL/min 
叙 庛 30˫ 
鵳 呋 ꆀ 10 μL 
峤 膴 倰 䒭 瘝䏞峤膴 

✳絶巊湱蒀靶勵⟝ 
蒀 靶 叙 Hilic-Z150 mm×2.1 mm I.D., 2.7μm  
崨 ⸓ 湱 0.1%歌ꃑ宐-⛩臟30:70v:v 
崨 鸟 0.3 mL/min 
叙 庛 30˫ 
峤 膴 倰 䒭 瘝䏞峤膴 

LCMS-9050 餘靶勵⟝ 
猌 㶩 彂 APCI(+)  䱹 〡 歏 ⾓ 4.5 kV 
⸈掚垷懈庛䏞 200˫ ꨺ ⻊ 孞 崨 鸟 3.0 L/min 
D L 庛 䏞 200˫ 䎁 醋 孞 崨 鸟 5.0 L/min 
䱹 〡 庛 䏞 350˫ 䪊 䲽 垷 䒭 MS, MS/MS 

1.3 呋ㅷ⵸㢅椚倰岁 
ⲥ烁獦》䊩子㽲宝岤㼘巊1 g/10 mL呋ㅷ鵂0.22 µm応芘鵂応た副劼ⴔ區կ 
 

2. 絕卓♸雭雿 

2.1 ♧絶 UV 蒀靶㕃 
➢㕃⚥〳⟄溏ⴀ㖈䊩子㽲宝⚺油⵸剣 2 ⚡劢濼勇餘油鸑鵂霃縨割ずⴗꢎ傞ꢂ〳㼜湡叻 2 ⚡勇餘油

ⴗⰆ痦✳絶巊湱鸑鵂ⴀ油㢅⾓⸂」⻊〳濼 2 ⚡䧭ⴔ㖲䧭⸆ⴗⰆ痦✳絶巊湱կ 

 
图1. 左卡尼汀一维UV光谱图及切阀压力变化图 
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2.2 勇餘 1 絕匬鍒區  
呏研勇餘1♧絶涸⥂殆傞ꢂ鵳遤ⴗꢎ玐䎸涸霃縨〳 㼜勇餘1ⴗⰆ㼆䎾涸loop⚥鸑鵂㼆餘靶⥌䜂鍒區

⢪欽Insight Explore鲱⟝⚥ⴔ㶩䒭곫崵⸆腊㼆劢濼油㛇✵ⲥ烁ⴔ㶩ꆀㄤず⡙稇⚪䏞嫱鵳遤곫崵곫崵絕卓儑
爙m/z ⚹85.02807涸ⴔ㶩䒭⚹C4H4O2[M+H]+ず锐雿餘蚚嫱霴䊵⚹-0.34 mDa絕卓㥵♴㕃2䨾爙կ 

 
㕃 2. 勇餘 1 ♧紩餘靶㕃⿺ⴔ㶩䒭곫崵絕卓 

(A: EIC 䲿》猌㶩崨B: ず⡙稇油⼐ꂁ㕃C: 㼆䎾 MS1 餘靶㕃D: ⴔ㶩䒭곫崵絕卓) 

㼜 Labsolutions Insight Explore 鲱⟝곫崵ⴀ涸〳腊ⴔ㶩䒭⿺社䎽䖤ⵌ涸〳腊絕匬䒭鵳遤 MS2 涸鵳♧
姿涸⼐ꂁⵄ欽 Labsolutions Insight Explore 鲱⟝ⴔ區⚥涸 Assign ⸆腊㼆餘靶㕃⚥烱晙猌㶩鵳遤⼐ꂁⴔ區, 
鵳罜㼆곫崵ⴀ涸絕匬䒭⨞鵳♧姿烁㹁կ 

絕ざ✳紩烱晙⥌䜂C4H4O2 涸社䎽嫱㼆絕匬〳腊⚹ト废ꂼ⼐ꂁ絕卓㥵♴㕃 3 䨾爙烱晙猌㶩涸⼐ꂁ
䏞葻㥩烱晙猌㶩 m/z 39.02195ծ44.99666ծ57.03330 ず锐雿⧩霴䊵㖲㼭✵ 1 mDaկ 

 
㕃 3. 勇餘 1 C4H4O2 ✳紩絕匬⼐ꂁ絕卓 
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呏研烱晙絕卓硼崵勇餘 1 ト废ꂼ〳腊涸鄬鍒倰䒭㥵♴㕃 4 䨾爙 

 
㕃 4. ト废ꂼ〳腊鄬鍒倰䒭 

2.3 勇餘 2 絕匬鍒區 

呏研勇餘 2 㖈♧絶巊湱蒀靶⚥涸⥂殆傞ꢂ刿倝傞ꢂ玐䎸涸ꢎⴗ䰃傞ꢂկ勇餘㖈✳絶涸 MS1 紩餘靶㕃
㥵♴㕃 5 䨾爙㖈餏猌㶩垷䒭♴⢪欽 LabSolutions Insight Explore 鲱⟝⚥ⴔ㶩䒭곫崵⸆腊㼆劢濼油㛇✵
ⲥ烁ⴔ㶩ꆀㄤず⡙稇⚪䏞嫱鵳遤곫崵곫崵絕卓儑爙 m/z ⚹ 119.03421 涸ⴔ㶩䒭⚹ C4H8O4[M-H]-ず锐雿
餘蚚嫱霴䊵⚹-0.78 mDaկ 

 
㕃 5. 勇餘 2 ♧紩餘靶㕃⿺ⴔ㶩䒭곫崵絕卓 

(A: EIC 䲿》猌㶩崨B: ず⡙稇油⼐ꂁ㕃C: 㼆䎾 MS1 餘靶㕃D: ⴔ㶩䒭곫崵絕卓) 

㼜 Labsolutions Insight Explore 鲱⟝곫崵ⴀ涸〳腊ⴔ㶩䒭⿺社䎽䖤ⵌ涸〳腊絕匬䒭鵳遤 MS2 涸鵳♧
姿涸⼐ꂁⵄ欽 Labsolutions Insight Explore 鲱⟝ⴔ區⚥涸 Assign ⸆腊㼆餘靶㕃⚥烱晙猌㶩鵳遤⼐ꂁⴔ
區կ絕ざ✳紩烱晙⥌䜂C4H8O2 涸社䎽嫱㼆⼐ꂁ涸絕卓⚹ 3,4-✳繿㛇♨ꃑ烱晙猌㶩涸⼐ꂁ䏞葻㥩烱
晙猌㶩 m/z 59.01289ծ73.02855ծ101.02345ծ119.03412 ず锐雿⧩霴䊵㖲㼭✵ 1 mDaկ 

 
㕃 6. 勇餘 2 ✳紩餘靶㕃絕卓 

5.69e53:MSMS(-)[119.2500] CE:10.0 RT:3.513

43.01781 57.03355

59.01289

C2H3O2
-16.27ppm

59.98565

CO3
6.00ppm 73.02855

C3H5O2
-13.01ppm

83.01285
101.02345

C4H5O3
-9.60ppm

119.03412

C4H7O4
-7.22ppm

40 50 60 70 80 90 100 110 120
0.0e0

2.0e5

4.0e5
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3,4-✳繿㛇♨ꃑ硼崵〳腊涸鄬鍒倰䒭㥵♴㕃 7 䨾爙կ 

 
㕃 7. 3,4-✳繿㛇♨ꃑ〳腊鄬鍒倰䒭 

3. 絕雿 

劥㹊낉ꅷ欽䀙峸✳絶巊湱ㄤ㔋匧勍굷遤傞ꢂ餘靶翫欽⟉ Trap-Free 2DLC+LCMS-9050 㼆䊩子㽲宝涸⚙
⚡劢濼勇餘油鵳遤㹁䚍ⴔ區կ崵霚絕卓⢪欽䀙峸 Labsolutions Insight Explore 鲱⟝㼆勇餘涸ⴔ㶩䒭鵳遤곫
崵ⴔ區絕卓儑爙勇餘 1 〳腊⚹ト废ꂼ勇餘 2 〳腊⚹ 3,4-✳繿㛇♨ꃑ⚂ MS1 ㄤ MS2 涸㹊崵ⴔ㶩ꆀず锐
雿ⴔ㶩ꆀ霴䊵㖲㼭✵ 1 mDaկ 
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2.5 䋒繠➭㽲⚥ N-❇炦㛇䋒繠➭㽲涸崵㹁 
 

䶰 銳劥俒ⵄ欽䀙峸馄넞佪巊湱蒀靶-굷遤傞ꢂ餘靶⟉䒊用✫䋒繠➭㽲⚥勇餘N-❇鲜㛇䋒繠➭㽲涸唬崵倰
岁կ❇鲜㛇䋒繠➭㽲㖈1.0։20 ng/mL崽䏞薴㔵ⰻⰦ湱Ⱒ禹侨㣐✵0.999礵烁䏞㖈94.2%։105.2%㔐佐
桧⚹91.59։104.71%㼆割ず崽䏞涸叻ⲥ很巊䎂遤ⴔ區6妃Ⱖ⥂殆傞ꢂRSD⚹0.08։0.16%꬗獤RSD⚹
0.89։2.94%⟉㐼礵㺙䏞葻㥩կ霪倰岁忘駈唬崵銳宠ず傞ꅷ欽✫ⴗꢎ涸倰䒭Ⲹ㼱餘靶涸寓厩〳剣佪䎾
㼆FDA封䋒涸㼆✵䋒繠➭㽲蚋暟❡ㅷ⚥涸❇鲜腂碫勇餘N-❇鲜㛇䋒繠➭㽲涸唬崵կ 
 

Ⱒꝶ霒LCMS-Q-TOF  N-❇鲜㛇䋒繠➭㽲  㹁ꆀ唬崵 
 

䪮助暵挿 
 ⢪欽猌㶩稡獤䪮助〳䲿넞湡叻暟⾝併䏞紨 20 ⦔կ  
 ꅷ欽荈⸓鵳呋㐼涸 Co-injection ⸆腊Ⱏ鵳呋垷䒭嶊ꤑ很⵫佪䎾㼆油䕎涸䕧ㆇկ 
 

䋒繠➭㽲(bumetanide)僽♧䔂佪ⵄ㽶⵫կ⻊㷖
ぜ⚹3-♨孽㛇-4-薅孻㛇-5-熬ꃀ㛇薅歌ꃑկⴔ㶩
䒭:C17H20N20sSⴔ㶩ꆀ364.42կ⚰䎯副䋒繠➭㽲
⚺銳欽✵屛毫宐胅氬氻⺫䭍⯎過䚍䗱⸂邝番ծ聽
炽⻊ծ胄腮氬氻넞過⾓㽍Ⱖ⠶剣胄⸆腊割Ⰼ䧴넞
過⾓⽭韌瘝կ 

㖈♧❈䋒繠➭㽲蚋暟❡ㅷ⚥封梡〳腊㶸㖈䧴䕎
䧭N-❇鲜㛇䋒繠➭㽲կ⚹䌐⸔烁⥂䋒繠➭㽲蚋暟❡
ㅷㄤ蚋暟暟餘涸㸝Ⰼㄤ餘ꆀ劥俒䒊用✫⢪欽䀙峸
㔋匧勍굷遤傞ꢂ餘靶翫欽⟉唬崵䋒繠➭㽲⚥N-❇鲜
㛇䋒繠➭㽲涸倰岁欽✵烁㹁僽や㶸㖈䋒繠➭㽲❇
鲜腂蚋暟湱Ⱒ勇餘(NDSRI)կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 LCMS-9050 馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽⟉Ⱘ⡤ꂁ縨⚹ 

禹 絡 䱽 ⵖ 㐼 SCL-40 膴 孞 劼 DGU-403 
鳕 巊 岹 LC-40D XS × 2 叙 庛 盲 CTO-40C 
荈 ⸓ 鵳 呋 㐼 SIL-40C XS 餘 靶 ⟉ LCMS-9050 
蒀 靶 䊨 ⡲ 畀 LabSolutions Ver. 5.118, Insight Ver. 4.0 SP2 

1.2 ⴔ區勵⟝  

巊湱蒀靶勵⟝ 
蒀 靶 叙 Shim-pack Velox C18100 mm×2.1 mm I.D2.7 µm 

䀙峸副嵳㹊낉㐼勞剣ꣳⰖ尽P/N227-32009-03 
崨 ⸓ 湱 A0.1%歌ꃑ宐很巊B⛩臟  
鵳 呋 ⡤ 獤 10 μL 叙 庛 40˫ 
崨 鸟 0.4 mL/min  鵳 呋 垷 䒭 ず傞岤Ⰶ15 µL 宐 
峤 膴 倰 䒭 唑䏞峤膴ⴲ映崽䏞⚹ B 湱 20 %傞ꢂ玐䎸錛邍 1կ 
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邍 1. 巊湱唑䏞傞ꢂ玐䎸 

Time(min) Module Command Value 

7.00 Pumps Pump B Conc. 40 
7.50 Pumps Pump B Conc. 90 

8.00 Pumps Pump B Conc. 90 

8.10 Pumps Pump B Conc. 20 

11.00 Controller Stop  

餘靶勵⟝ 
猌 㶩 ⻊ 垷 䒭 ESI+ ꨺ ⻊ 孞 崨 鸟 3.0 L/min 
䱹 〡 歏 ⾓ +4.5 kV 䎁 醋 孞 崨 鸟 10.0 L/min 
䱹 〡 庛 䏞 300˫ ⸈ 掚 孞 崨 鸟 10.0 L/min 
D L 庛 䏞 250˫ ⸈ 掚 懈 庛 䏞 400˫ 
䪊 䲽 垷 䒭 SIM (15 ppm)m/z394.1067 
M S 玐 䎸 ⴔ區䒓映傞ⴔ崨ꢎ鷥䭊鵳呋⣩Ⱘ⡤ⴗꢎ玐䎸錛邍2կ 

邍 2. MS 玐䎸 

No. 傞ꢂ ㄐ⟁ 

1 7.800 ⴔ崨ꢎ崨騟ⴗ䰃 䱗巊⣩ 

2 10.500 ⴔ崨ꢎ崨騟ⴗ䰃 䱗巊⣩ 

1.3 吥ⲥㅷ⿺呋ㅷⵖ㢊 
吥ⲥ刼絁ⵖ㢊⟄歌ꃫ⚹獺ꅺ⵫ꂁ縨崽䏞紨⚹ 100 ng/mL 涸 N-❇鲜㛇䋒繠➭㽲㼆撑ㅷ⪰㢊巊ꥥた

欽獺ꅺ⵫㼜叻ⲥㅷ⪰㢊巊很巊ⴔⵆꂁⵖ⚹ 1.0ծ2.0ծ5.0ծ10.0 ㄤ 20.0 ng/mL 涸叻ⲥㅷ很巊կ 

2絕卓♸雭雿 
2.1 Ⱏ鵳呋Co-injection ⸆腊 

ⴔⵆ⢪欽叻ⲥ鵳呋垷䒭⟄⿺ず傞岤Ⰶ垷䒭ꅷ꧋㕃 1⢪欽叻ⲥ垷䒭傞歋✵很⵫佪䎾涸㶸㖈㼋荝油䕎
䊵ず傞岤Ⰶ垷䒭〳⟄嶊ꤑ很⵫佪䎾㼆蒀靶油涸䕧ㆇկ 
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㕃 1. 割ず鵳呋垷䒭涸霃縨倰䒭副⟄⿺叻ⲥ很巊蒀靶㕃♴ 

2.2 猌㶩稡獤䪮助UF-Accumulation 
割⢪欽猌㶩稡獤⸆腊傞㼜鵳遤鵶絯猌㶩崨崵㹁կ⢪欽姼⸆腊傞〳⟄鸑鵂㖈 Q2 焥中寑ⰻ獤稡猌㶩

⢪猌㶩ꅺ佞♸姻❜⸈鸟⽀⯋涸猌㶩㼘ⴀず姿➢罜䲿넞猌㶩涸⢪欽佪桧կ㥵㕃 2 䨾爙⢪欽猌㶩稡獤䪮助
傞⽰ ID 鷥고呥割⺠鷥〳⟄㣐䌴䏞䲿넞湡叻暟涸ㆇ䎾䲿⼮紨 20 ⦔剣ⵄ✵㹁ꆀⴔ區կ 

 
㕃 2. 猌㶩稡獤垷䒭涸霃縨倰䒭副⟄⿺⚙猫垷䒭㼆嫱㕃♴ 

2.3 蒀靶㕃 

N-❇鲜㛇䋒繠➭㽲 MS 蒀靶㕃⿺䋒繠➭㽲 PDA 蒀靶㕃㥵♴䨾爙㖈 7.8։10.5 min ⰻ㼜䋒繠➭㽲ⴗⰆ

䏑巊⚥꣈姺鵂넞涸崽䏞寓厩餘靶կ 

 
㕃 3. N-❇鲜㛇䋒繠➭㽲⿺⾲俱蚋䋒繠➭㽲蒀靶㕃 

2.4 吥ⲥ刼絁 
䭽撑 1.3 고♴ꂁⵖ倰岁ꂁⵖ吥ⲥ刼絁崽䏞挿㼆䎾涸很巊կ⟄⻊ざ暟崽䏞⚹埇㗂叻蒀靶油꬗獤⚹紷㗂

叻鵳遤ⴔ區կN-❇鲜㛇䋒繠➭㽲㖈 1.0։20.0 ng/mL 崽䏞薴㔵ⰻ湱Ⱒ禹侨㣐✵ 0.999礵烁䏞㖈 94.2%։
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105.2%刼絁絕卓㥵㕃 4 䨾爙կ 

 
㕃 4. 吥ⲥ刼絁絕卓 

2.5 礵㺙䏞崵㹁絕卓 
ⴔⵆ》⡛崽䏞ㄤ넞崽䏞挿呋ㅷ鵶絯鵳呋 6 ꛏ罌㻋礵㺙䏞絕卓㥵邍 3 䨾爙կ 

  
㕃 5. 割ず崽䏞宐䎂♴鵶絯 6 ꛏ〜⸈㕃䊩2 ng/mL〸10 ng/mL 

邍 3. 礵㺙䏞崵㹁絕卓n=6 

崽䏞 
2 ng/mL 10 ng/mL 

⥂殆傞ꢂ 油꬗獤 ⥂殆傞ꢂ 油꬗獤 

1 7.46 14488 7.45 75717 
2 7.46 14340 7.45 73903 
3 7.47 13868 7.46 75132 
4 7.44 14875 7.45 73842 
5 7.46 15083 7.46 74955 
6 7.46 14427 7.46 74481 

䎂㖲⧩ 7.46 14514 7.45 74672 
RSD(%) 0.16  2.94  0.08  0.98  

2.6 ⸈叻㔐佐桧⿺㹊꣢呋ㅷ崵霚 
䭽撑 1.3 고♴ꂁⵖ倰岁ⴔⵆꂁⵖ⣘霚ㅷ很巊⟄⿺⸈叻很巊Ⱖ⚥嫦⚡崽䏞宐䎂⸈叻很巊䎂遤ꂁ縨 3

⼝䭽 1.2 ⚥涸ⴔ區勵⟝㼆⣘霚ㅷ⿺⸈叻呋鵳遤ⴔ區崵霚⣘霚ㅷ⚥ N-❇鲜㛇䋒繠➭ゎꆀ⚹ 1.84 ng/mL
蒀靶㕃㥵㕃 6 䨾爙⸈叻㔐佐桧㖈 91.59։104.71%ꢂ㥵邍 4 䨾爙կ 
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㕃 6. ⣘霚ㅷ很巊蒀靶㕃 

邍 4. ⸈叻呋ㅷⴔ區絕卓 

 ⣘霚ㅷ崽䏞 
(ng/mL) 

⸈叻崽䏞  
(ng/mL) 

崵㹁崽䏞 
(μg/mL) 

㔐佐桧 
(%) 

LQC 1.84 2 

3.88 101.63 

3.86 101.07 

3.94 104.71 

HQC 1.84 10 
11.00 91.59 
11.40 95.60 
11.47 96.29 

3絕雿 
劥俒ⵄ欽䀙峸Ⱆ尽涸LCMS-9050㔋匧勍굷遤傞ꢂ巊餘翫欽⟉䒊用✫㼆䋒繠➭㽲⚥N-❇鲜㛇䋒繠➭㽲

涸崵㹁倰岁կ⢪欽SIM垷䒭ꅷ꧋㢪叻岁㹁ꆀⴔ區կN-❇鲜㛇䋒繠➭㽲㖈1.0։20.0 ng/mL崽䏞薴㔵ⰻ湱Ⱒ
禹侨㣐✵0.999礵烁䏞㖈94.2%։105.2%⸈叻㔐佐㹊낉⚥罌㻋✫2⚡割ず崽䏞宐䎂㔐佐桧⚹91.59։
104.71%ꅾ撑䚍㹊낉⚥㼆割ず崽䏞涸叻ⲥ很巊ꅾ撑鵳呋6妃Ⱖ⥂殆傞ꢂRSD⚹0.08։0.16%꬗獤RSD
⚹0.89։2.94%⟉㐼礵㺙䏞葻㥩կ霪倰岁腊忘駈FDA封䋒涸㼆✵䋒繠➭㽲蚋暟❡ㅷ⚥涸❇鲜腂碫勇餘N-❇
鲜㛇䋒繠➭㽲涸唬崵կ 
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痦 3 畎 Q-TOF 㖈⚥蚋勞⿺⚥蚋ꂁ倰곾磜涸䎾欽 

UPLC-Q-TOF 䪮助㖈⚥蚋勞䭷紻㕃靶涸匬䒊♸餘ꆀ霉⟟⚥䪏怵满呍䗱錭蒀Ⱖ儑衼餑柄㖈✵㼆䭷紻㕃
靶⚥Ⱏ剣油涸礵ⲥ䭷雩♸ꊹ㹁割➑銻渷✫溶濼⻊㷖䧭ⴔ鵮帿Ⰶ确程✫劢濼䧭ⴔկ吗絡副HPLC 䧴 UPLC
溶鄄䎛岌䎾欽✵⚥蚋勞䭷紻㕃靶涸䒊用罜湱⡃䏞霉⟟♸⚺䧭ⴔⴔ區PCA䪮助ⴭ鵳♧姿⸈鸟✫⚺䧭ⴔ油
♸䊵䒗油涸鳹霋鵂玐կ㖈姼㛇炄副UPLC-Q-TOF 䪮助涸䒸Ⰶ鸑鵂馄넞佪巊湱蒀靶♸㔋匧勍굷遤傞ꢂ餘靶
涸⚮翫㹊梡✫㼆䚪猌㶩崨蒀靶㕃涸礵絈ꅷ꧋կ 

霪䪮助崨玐껷⯓翸送✵蒀靶㕃⚥ぐ蒀靶油涸礵烁餘ꆀ侨霋ⵆ絕ざ⥂殆傞ꢂ⥌䜂Ⰼ꬗邍䖄⚥蚋勞⚥
涸撑勇⻊㷖䧭ⴔկꥥたⵄ欽㼆撑ㅷ嫱㼆ծ俒柄⿬撑⿺넞ⴔ鳹餘靶侨研涸帿䏞鍒區⣜研礵烁餘ꆀ侨⿺ず⡙
稇ⴔ䋒錞䖒硼㼋ⴀⴔ㶩䒭䎇鸑鵂✳紩餘靶暵䖄⿺俒柄餴俱涸絾ざⴔ區ⲥ烁ꊹ㹁⚥蚋勞⚥涸⻊㷖䧭ⴔկ
鵯♧禹⴩姿낢割➑帿⻊✫㼆⚥蚋勞⻊㷖絆䧭涸锐鍒刿⚹⚥蚋勞涸餘ꆀ䱽ⵖ䲿⣘✫猰㷖⣜研կ 

㼆✵⚥蚋撑倰ⵖ⵫涸餘ꆀ霉⟟Ⱖ⾲锐赡♸⚥蚋勞⻊㷖䧭ⴔⴔ區湱⡃告Ⱒꝶ㖈✵模䧭⻊㷖䧭ⴔ涸ꊹ
ⵆた鵮꨽鵳♧姿鷅彷鵯❈䧭ⴔ荛Ⱘ⡤蚋勞⟄䳶爙割ず蚋勞㼆撑倰侮⡤⻊㷖䧭ⴔ涸餑柄䏞կ鵛䎃勻UPLC-
Q-TOF 䪮助♸㣔搬❡暟⻊ざ暟-넞ⴔ鳹餘靶侨研䎽涸絕ざ⟄⿺㣐侨研㼆嫱ⴔ區瘻殜涸鵘欽匧㣐㖑⸈鸟✫
⚥蚋撑倰ⵖ⵫⻊㷖䧭ⴔ涸霋ⵆ⿺Ⱖ蚋勞䔱㾩涸ⴼ㹁➢罜䧭⚹⚥蚋ⵖ⵫餘ꆀ霉⟟곭㚖涸♧고ꅾ銳ꬠ倝կ 

劥畎ⰻ㺂㼜㔵絗⟄♴Ⳝ⚡倰꬗㾝䒓霫絈雿鶣♧僽⚥蚋勞䭷紻㕃靶涸匬䒊♸⻊㷖䧭ⴔ鍒區✳僽ⵄ欽
霪䪮助㼆割ず勻彂ծ割ず❡㖑⚥蚋勞涸餘ꆀ鵳遤Ⰼ꬗霉⟟♲僽确雭 UPLC-Q-TOF 㖈⚥蚋撑倰ⵖ⵫灇瑕⿺
餘ꆀ霉⟟⚥涸䎾欽呩⢾⟄劍⚹⚥蚋勞⿺⚥蚋撑倰ⵖ⵫涸餘ꆀ䱽ⵖ䲿⣘㹊騨䭷㼋♸锐雿佅䭯կ 
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3.1 瀖嗊虊ꂁ倰곾磜䧭ⴔ㹁䚍ꊹ㹁 
 

䶰 銳劥俒⢪欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶翫欽⟉㼆瀖嗊虊ꂁ倰곾磜䧭ⴔ鵳遤✫넞ⴔ鳹餘
靶ꊹ㹁կⵄ欽 MSDIAL 鲱⟝ծLabsolutions Insight Explore 鲱⟝ㄤ Chemspider 侨研䎽㼆姻餏⚙猫猌㶩垷
䒭♴涸蒀靶油鵳遤✫ⴔ㶩䒭곫崵ㄤ絕匬䒭鍒區կ絕卓儑爙呋ㅷ⚥Ⱏꊹ㹁ⴀ 22 猫〳腊涸⻊ざ暟⚺銳⚹껺鞝
稇碫⻊ざ暟姼㢪鵮剣㼱ꆀ랕ꂼ碫ծ腒肘ꃑ瘝㣔搬崞䚍暟餘կ 
 

Ⱒꝶ霒㔋匧勍굷遤傞ꢂ餘靶  瀖嗊虊ꂁ倰곾磜  ꊹ㹁 
 

䪮助暵挿 
⢪欽넞ⴔ鳹餘靶㼆瀖嗊虊ꂁ倰곾磜鵳遤䧭ⴔⴔ區կ 
絕ざ MSDIAL ♸ Insight Explore 鲱⟝㼆侨研鵳遤ⴔ區կ 
 

瀖嗊虊⚹蔔껺猰嗃暟瀖嗊虊㾩涸♧猫㢴䎃欰虊
劥嗃暟㖈䧮㕂⚺銳ⴔ䋒✵孞⦫庛ㄤծ弪嶹嵳䬬
1000-2800 碛涸銯⽂㖑⼓㥵✻⽂⚎⻌鿈ծ㔋䊛銯⽂
鿈瘝㖈⽪䏞⚎⻌鿈ㄤ傈劥瘝㖑⛲剣♧㹁ⴔ䋒瀖
嗊虊涸䎁醋Ⰼ虊蚋欽⟟⧩鳅㣐⚹字ꢂ䌢欽嗃暟蚋
Ⱘ剣毜굥鍒邍ծ幡掚鍒嫫ծ遤孞崞過瘝⸆佪〳欽
✵屛毫佅孞盗拧ծ肽拧ծ胊汥艎胆ծ屲㽶禹絡䠭厩
瘝կ姼㢪瀖嗊虊㖈䧮㕂䕇偛吗絡⼕蚋⚥⽑剣ꅾ銳
涸㖑⡙կ 

⚥蚋ꂁ倰곾磜⟄⚥蚋껏晙⚹⾲俱絑梡去䊨蒌
䲿》ծ崽綫ծ䎁醋ծⵖ磜罜ⵖ䧭곾磜ⵖ⵫〳 ⣘⚥⼕
⚰䎯靈ꂁ⢪欽կ㸐⥂殆✫吗絡⚥⼕蚋鳹霆雿屛ծ撑

倰ꂁ⠀ծꥥ霆⸈Ⲹ涸⠏⸷ㄤ暵蒀ず傞䓙邉✫吗絡
⚥蚋寖⵫摚撞餩傞ծ⪰㶸䶀䌄割⤑瘝割駈刿腊⡤
梡⚥蚋欽蚋涸梡去⻊ծ錞薴⻊ㄤ叻ⲥ⻊僽㼆吗絡
⚥蚋涸ꅾ銳⴯倝կ告ꂁ倰곾磜涸⾲俱ㅷ猫♸溫⠦割
僒烁㹁㼋荝Ⱖ餘ꆀꦼ⟄䪾䱽烁⥂Ⱖ餘ꆀ珘㹁ծ
〳ꬑ䧭⚹❑䖉鍒Ɀ涸꡼곿կ 

劥俒⟄瀖嗊虊ꂁ倰곾磜⚹⢾⢪欽䀙峸馄넞佪
巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶翫欽⟉絕ざ湱Ⱒ鲱
⟝ㄤ侨研䎽㼆䲿》巊⚥涸䧭ⴔ鵳遤✫ꊹ㹁⚹䎛
䒓蚋彂佖ꬠ⵫㘗, 䲿넞毫佪䲿⣘䗳銳涸⣜研ず傞
⛲⚹Ⱖ餘ꆀ叻ⲥ涸䒊用䲿⣘⿬罌կ

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 

劥㹊낉⢪欽䀙峸 LCMS-9050 㔋匧勍굷遤傞ꢂ餘靶翫欽⟉禹絡կⰨ⡤ꂁ縨⚹ 
禹 絡 䱽 ⵖ 㐼 SCL-40 㖈絁膴孞劼 DGU-405 
鳕 巊 岹 LC-40D X3  餘 靶 ⟉ LCMS-9050 
荈 ⸓ 鵳 呋 㐼 SIL-40C X3 叙 庛 盲 CTO-40C  
蒀 靶 䊨 ⡲ 畀 LabSolutions  Ver.5.118 

 LabSolutions Insight Explore Ver.4.0 

1.2 ⴔ區勵⟝ 
巊湱勵⟝ 
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蒀 靶 叙 Poroshell 120 SB-C18 (250 mm×4.6 mm,4 μm) 
崨 ⸓ 湱 A-0.1%歌ꃑ-宐,  B-⛩臟 
崨 鸟 1 mL/min叙たⴔ崨ⴔ崨嫱11 
叙 庛 30˫ 
鵳 呋 ⡤ 獤 5 µL  
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹10%傞ꢂ玐䎸錛邍1կ 

邍 1. 唑䏞峤膴玐䎸 
 
 
 
 
 
 
 
 

 
 
 

餘靶勵⟝ 

猌 㶩 彂 ESI± 䱹 〡 歏 ⾓ 4.5 kV/-3.5 kV 

䱹 〡 庛 䏞 300˫ ⸈掚垷懈庛䏞 400˫ 

꨺⻊孞崨鸟 3.0 L/min D L 庛 䏞 250˫ 

⸈掚孞崨鸟 10.0 L/min 焥 中 孞 孿孞 

䎁醋孞崨鸟 10.0 L/min ⴔ 區 垷 䒭 MS & MS/MSDDA 

1.3 呋ㅷ⵸㢅椚 

礵㺙獦》呋ㅷ 0.5 g縨✵ 50 mL 猌䗱盗⚥⸈Ⰶ 10 mL 歌ꃫ馄㡮䲿》 10 ⴔꛦ꫽縨 5-10minկ》
副幡巊0.22 μm 応芘鵂応副劼䖉崵կ 

 

2. 絕卓♸雭雿 

2.1 瀖嗊虊ꂁ倰곾磜䲿》巊蒀靶㕃 

 0.00

0.25

0.50

0.75

1.00

(x1,000,000)
1:TIC(+)

Time(min) Module Command Value 
0.00 岹 B.Conc 10 

30.00 岹 B.Conc 18.5 
40.00 岹 B.Conc 21 
45.00 岹 B.Conc 29 
67.00 岹 B.Conc 36.5 
72.00 岹 B.Conc 64 
82.00 岹 B.Conc 75 
92.00 岹 B.Conc 75 
92.10 岹 B.Conc 10 

100.00 䱽ⵖ㐼 Stop  
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㕃 1. 瀖嗊虊ꂁ倰곾磜䲿》巊 TIC 蒀靶㕃副㕃⚹姻垷䒭♴㕃⚹餏垷䒭 

2.2 ⰖⰟ侨研䎽ⴲ姿癃叅 

⢪欽 MSDIAL 鲱⟝鸑鵂 MSMS-Public-Pos-VS15ծMSMS-Pos-Vaniya-Fiehn_Natural_Products 侨研
䎽ㄤ MSMS-Public-Neg-VS15ծ MSMS-Neg-Vaniya-Fiehn_Natural_Products 侨研䎽ⴔⵆ㼆姻垷䒭侨研ㄤ
餏垷䒭侨研鵳遤ⴲ姿癃叅կ呏研✳紩餘靶㕃⼐ꂁ䞔ⲃ㼆ⴔ區暟鵳遤ⴲ姿癃鷥կ⟄餏垷䒭⥂殆傞ꢂ 37.16 
minm/z 623.1624 ⚹⢾㕃 2 ⚹霪⻊ざ暟✳紩餘靶㕃⼐ꂁ䞔ⲃկ 

 
㕃 2. ⰖⰟ侨研䎽 MSMS-Public-Neg-VS15⚥ m/z 623.1624 ✳紩餘靶⼐ꂁ㕃 

2.3 ♧紩餘靶㕃䲀倗ⴔ㶩䒭 

絑鵂ⰖⰟ侨研䎽ⴲ姿癃叅䖤ⵌ✳紩餘靶⼐ꂁ䏞鳅넞涸m/z⥌䜂鵳♧姿⢪欽LabSolutions Insight 
Explore 鲱⟝ⴔⵆ㼆姻ծ餏猌㶩垷䒭涸MS1㕃鵳遤鍒區կ⟄䲿》巊餏垷䒭⥂殆傞ꢂ37.16 min⚹⢾կ鸑鵂
㼆霪劢濼油䲿》⿺油䕎嫱㼆〳濼霪㢅㼆䎾涸⻊ざ暟⚹m/z 623.16246㕃3⚹霪⥂殆傞ꢂ♴MS1餘靶㕃㕃
4⚹Ⱖ䲿》猌㶩崨蒀靶㕃կ 

 
㕃 3. RT 37.16 min 㢅涸 MS1 餘靶㕃 

 

㕃 4. m/z 623.16246 䲿》猌㶩崨蒀靶㕃 

0.0 25.0 50.0 75.0 min

0.0

0.5

1.0

1.5

(x1,000,000)
8:TIC(-)

9.38e48:MS(-) RT:[36.876-37.845]

293.10306 417.21323 447.09406 505.09947 565.19354

623.16246
0.00ppm

624.16577
625.16790 723.08617

m/z
200 300 400 500 600 700

0.0e0

5.0e4

2.82e58:623.1625+/-5.0ppm(-)

RT (min)
10 20 30 40 50 60 70 80 90

0.0e0

1.0e5

2.0e5
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㛇✵ⲥ烁ⴔ㶩ꆀㄤず⡙稇⚪䏞嫱ⵄ欽Labsolutions Insight Explore⟝⚥涸Calculate Formula⸆腊곫崵
Ⱖ〳腊涸ⴔ㶩䒭կ곫崵絕卓儑爙m/z 623.16246涸ⴔ㶩䒭⚹C28H32O16[M-H]+餘蚚嫱ず锐雿餘蚚嫱霴䊵⚹
1.123 ppmず⡙稇ⴔ䋒⼐ꂁ䖤ⴔ⚹95.27絕卓錛㕃5կ 

 

 
㕃5. m/z 623.16246ⴔ㶩䒭곫崵絕卓 

2.4 MS2絕匬䒭⿺⻊ざ暟䲀崵 

⚹烁雩霪⻊ざ暟涸絕匬䒭ㄤ⻊ざ暟ぜ獦ⵄ欽 Labsolutions Insight Explore 鲱⟝侨研䎽唬程ㄤ Assign
⸆腊鵳♧姿ⴔ區կ껷⯓鸑鵂곫崵涸ⴔ㶩䒭㖈絁社程 Chemspider 侨研䎽⴩ⴀ♸ⴔ㶩䒭湱痗涸⻊ざ暟կ搬
た⢪欽 Assign ⸆腊㼆 MS2 餘靶㕃⚥烱晙猌㶩♸〳腊涸絕匬䒭鵳遤荈⸓⼐ꂁⴔ區,⚹⻊ざ暟涸鵳♧姿烁㹁
䲿⣘⣜研կ 

C12H12O5 涸곫崵絕卓錛㕃 6霪⻊ざ暟〳腊僽 Narcisin宐➲薗㕃晙䊩⣩儑爙霪⻊ざ暟涸絕匬䒭
〸⣩儑爙Ⱖ烱晙鍒區絕卓կ 

 
㕃 6. C12H12O5 涸곫崵絕卓 

2.5 䲿》巊䧭ⴔꊹ㹁絕卓 

ꅷ欽副鶣崨玐㖈瀖嗊虊ꂁ倰곾磜䲿》巊⚥Ⱏ霋ⵆⴀ 22 猫〳腊涸⻊ざ暟⺫䭍껺鞝稇碫ծ랕ꂼ碫ծ腒
肘ꃑ瘝㣔搬崞䚍暟餘կ邍 2 ⚹ꊹ㹁絕卓⴩邍կ 
  

1.00e6[C28 H32 O16-H]-

623.16176

625.16752

m/z200 300 400 500 600 700

1.0e6

9.38e48:MS(-) RT:[36.876-37.845]

293.10306 417.21323 447.09406 505.09947 565.19354

623.16246
0.00ppm

624.16577
723.086170.0e0

5.0e4
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邍 2. 瀖嗊虊ꂁ倰곾磜䲿》巊䧭ⴔꊹ㹁絕卓⴩邍 

No. 
R.T. 

(min) 
m/z Type Predicted Name 

Predicted 
Formula 

Predicted 
m/z 

Diff. 
(ppm) 

1 3.03 268.1039 [M+H]+ Adenosine/艑薗 C10H13N5O4 268.1040 -0.26 
2 19.24 357.1195 [M-H]- Sweroside /栅暅蝲薗 C16H22O9 357.1191 1.12 
3 22.95 161.0243 [M-H]- 3 hydroxycoumarin/3-繿㛇껺鞝稇 C9H6O3 161.0244 -0.19 
4 28.86 303.0502 [M+H]+ Quercetin/坞淼稇 C15H10O7 303.0499 1.09 
5 28.88 465.1033 [M+H]+ Hyperoside/ꆄ⚏呠薗 C21H20O12 465.1027 1.25 
6 28.88  611.1618 [M+H]+ Rutin/蓧♨ C27H30O16 611.1607 1.87  

7 34.96 505.0994 [M-H]- 
6"-O-Acetylisoquercitrin/ 

6"-O-⛩ꃀ㛇䒗坞淼薗 
C23H22O13 505.0988 1.35 

8 35.52 593.1519 [M-H]- Nicotiflorin/㿋㣽ꂛ-3-O-蔔껺祪薗 C27H30O15 593.1512 1.26 
9 37.17 623.1624 [M-H]- Narcisin/宐➲薗 C28H32O16 623.1618 1.12 

10 38.99 277.1072 [M+H]+ Dihydromethysticin/✳孲띿ꃯ嗊稇 C15H16O5 276.0997 0.69 
11 37.15 317.0659 [M+H]+ Isorhamnetin/䒗롖勚稇 C16H12O7 317.0655 1.14 
12 50.97 353.0662 [M+H]+ Dephnoretin/銯榰껺稇 C19H12O7 353.0655 1.81 
13 50.97 659.1611 [M+H]+ Rutarensin/糈朐蔔껺欦ꂾ C31H30O16 659.1606 0.79 

14 52.87 237.0760 [M+H]+ 
5,6,7-Trimethoxy-2H-chromen-2-

one/5,6,7-♲歌孻㛇껺鞝稇 
C12H12O5 237.0757 1.43 

15 56.02 217.0495 [M+H]+ Bergapten/껺厦ⰻꂾ C12H8O4 217.0495 -0.05 
16 60.20 207.0654 [M+H]+ Scoparone/忡襧ⰻꂾ C11H10O4 207.0651 1.26 

17 62.32 329.2335 [M-H]- 
9,10,13-Trihydroxy-11-octadecenoic 
acid/9,10,13-♲繿㛇-11-⼧Ⱃ焫掜ꃑ 

C18H34O5 329.2333 0.46 

18 63.37 247.0604 [M+H]+ Pimpinellin/蘛蔗ⰻꂾ C13H10O5 247.0601 1.34 

19 72.23 317.1021 [M+H]+ 
4',6-Dihydroxy-5,7-

dimethoxyflavanone/ 
4',6-✳繿㛇-5,7-✳歌孻㛇랕掬ꂼ 

C17H16O6 317.1019 0.57 

20 72.90 259.0967 [M+H]+ Luvangetin/됓劅命ⰻꂾ C15H14O4 259.0964 0.81 
21 74.42 229.0861 [M+H]+ trans-resveratrol/导䒭涯诽蓧ꃫ C14H12O3 229.0859 0.79 

22 79.15 255.1018 [M+H]+ 
3-(alpha,alpha dimethylallyl)psoralen/

朐蔔껺稇 
C16H14O3 255.1015 0.90 

 

3. 絕雿 

劥俒⢪欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶翫欽⟉㼆瀖嗊虊ꂁ倰곾磜䲿》巊䧭ⴔ鵳遤✫ꊹ㹁
ⵄ欽ⰖⰟ侨研䎽⿺䀙峸 Labsolutions Insight Explore 鲱⟝㼆湱Ⱒ䧭ⴔ鵳遤ⴔ㶩䒭곫崵ㄤ絕匬䒭鍒區կ絕卓
儑爙㖈霪呋ㅷ䲿》巊⚥Ⱏꊹ㹁ⴀ 22 猫〳腊涸⻊ざ暟⺫䭍껺鞝稇碫ծ랕ꂼ碫ծ腒肘ꃑ瘝㣔搬崞䚍暟餘〳
⚹湱Ⱒ灇瑕➃プ䲿⣘⿬罌կ 

  



 

46 
 

3.2 SFE-LCMS-QTOF 翫欽崵㹁邉낧腒⚺銳䧭ⴔ  

 

䶰 銳劥俒ⵄ欽䀙峸馄⚰歲崨⡤蟋》䪮助SFE䲿》✫⚥蚋邉낧腒⚥涸⚺銳䧭ⴔ䎇ⵄ欽Ⱖ⚥ 9 猫暟餘
涸叻ⲥㅷ㖈䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶⟉LCMS-QTOF副䒊用✫㹁ꆀ叻ⲥ刼絁ㄤ넞ⴔ鳹
✳紩餘靶䎽կ叻ⲥ刼絁♴ꣳ 0.2~1 μg/L副ꣳ 50~500 μg/LR2>0.990կ㖈叻ⲥ餘靶䎽涸㛇炄副硼倗✫
⚺銳✳紩烱晙猌㶩涸鄬鍒騟䖈կ呏研叻ⲥ刼絁崵㹁邉낧腒呋ㅷ⚥湱Ⱒ暟餘涸ゎꆀ⚹ 0.27~38.52 mg/gկ呋
ㅷ⚥湱Ⱒ暟餘涸✳紩餘靶♸叻ⲥ靶䎽⼐ꂁ葻㥩䎽社程⼐ꂁ䏞>90%կ 
 

Ⱒꝶ霒㔋匧勍굷遤傞ꢂ餘靶  猌絁馄⚰歲蟋》Offline-SFE  邉낧腒  넞ⴔ鳹餘靶䎽 
 

邉낧腒僽鞝猰嗃暟邉낧腒涸䎁醋䧭擿卓㹊䚍
㄂鳟ծ蕱ծ庛䔱胄ծ臍絑կ邉낧腒Ⱘ剣庛胄⸔꣉ծ
紵孞䎂㋉ծ庛臍姺峀瘝⸆佪㢪欽〳嶊굥牙俤⚺
銳欽✵屛毫胄꣉割駈䨾荝꣉沫麰礵ծ舸芛ⲇ汥ծ胄
贞⡲㋉ծ㢪欽⛲〳屛毫涯洏굥ծ俤猜կ⚺銳⻊㷖䧭
ⴔ⚹껺鞝稇碫ծ⽀蠂ꂛ碫ծ랕ꂼ碫Ⱘ剣꧘慨稇呋
⡲欽⟄⿺䫒拧ծ䫒蝒ծ䫒溫蝒ծ䫒孻⻊ծ䫒胅泿ㄤ⯝
氋靈蒜涸崞䚍欽✵곫꣈ㄤ屛毫낧餘毜匠ծ絈蝒䠭
厩ծㆲ㋉ㄤ낧Ⱒ蒜拧瘝կ搬罜Ɤ劍䧴㣐ꆀ剪欽邉낧
腒Ⱘ剣䒸封聽䰀⠟涸悶㖈⽭ꤗ䎇剣⯕嫫䚍ծ胄嫫
䚍ㄤ欰婤嫫䚍ꣳⵖ✫Ⱖ㖈⚰䎯⚥涸䎾欽կ㔔姼

⯎ⴔ✫鍒邉낧腒涸⻊㷖䧭ⴔ靶㼆Ⰼ꬗䱍䳣邉낧腒
荝嫫劼ⵖ荛Ⱒꅾ銳կ 

吗絡ⴔ區倰岁꨽ⵄ欽歌ꃫ瘝剣劼很⵫㼆邉낧腒
呋ㅷ鵳遤蟋》餩傞餩⸂⚂寓厩鳅㣐կ劥俒ꅷ欽䀙
峸Ⱆ尽馄⚰歲崨⡤蟋》SFE䪮助ⵄ欽馄⚰歲䙖
✳孻⻊焫㼆邉낧腒涸⚺銳䧭ⴔ鵳遤✫䘯鸟䲿》կ㖈
LCMS-9030馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫
欽⟉副䒊用✫9猫⚺銳䧭ⴔ涸叻ⲥ刼絁⿺넞ⴔ鳹叻
ⲥ✳紩餘靶䎽鍒區✫✳紩餘靶鄬鍒錞䖒կ㖈姼㛇
炄副鸑鵂礵烁餘ꆀ侨⿺✳紩餘靶㼆SFE䲿》呋ㅷ
⚥湱䎾暟餘鵳遤✫烁霆䎇㹁ꆀⴔ區✫湱䎾崽䏞կ

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

䀙峸 Nexera-UC Offline-SFE 馄⚰歲蟋》禹絡Ⱘ⡤ꂁ縨SFE-30A 馄⚰歲崨⡤蟋》⽀⯋LC-30ADSF ✳
孻⻊焫鳕巊岹LC-20ADXR 鳕巊岹ゎ LPGE ⡛⾓唑䏞嫱⢾ꢎSFC-30A×2 胜⾓靈蒜⽀⯋CBM-20A 禹絡
䱽ⵖ㐼LabSolutions V 5.91 䊨⡲畀鲱⟝կ 

䀙峸 LCMS-9030 馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽⟉Ⱘ⡤ꂁ縨LC-30AD×2 鳕巊岹DGU-
20A5R 㖈絁膴孞劼SIL-30AC 荈⸓鵳呋㐼CTO-20AC 叙庛盲CBM-20A 禹絡䱽ⵖ㐼LCMS-9030 㔋匧勍굷
遤傞ꢂ餘靶⟉LabSolutions V 5.97 䊨⡲畀鲱⟝餘靶鍒區鲱⟝ LabSolutions Insight Explore LCMSկ 

1.2 ⴔ區勵⟝  

SFE 蟋》勵⟝ 
蟋》⵫A馄⚰歲䙖✳孻⻊焫B⛩ꃫ 
蟋》崨鸟 5 mL/min 
蟋》⵫嫱⢾10% B 
꫽䙖蟋》3 min 

⸓䙖蟋》8 min 
蟋》庛䏞45˫ 
蟋》胜⾓20 MPa 
蟋》妃侨3 妃䗄梠蟋》 
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巊湱蒀靶勵⟝ 
蒀 靶 叙Shim-pack GISS, 2.1 mm I.D.×100 mm L., 
1.9 μm 
崨 ⸓ 湱A宐B歌ꃫ 
崨    鸟0.3 mL/min 
鵳呋⡤獤1 μL 
叙    庛40˫ 
峤膴倰䒭唑䏞峤膴邍 1 

邍 1. 巊湱唑䏞傞ꢂ玐䎸 
Time(min) %B 

0.00 50 
1.00 50 
5.00 95 
8.00 95 
8.10 50 

10.00 STOP 

餘靶勵⟝ 

猌㶩彂         ESI+ծESI- 

猌㶩彂䱹〡歏⾓ 4.0 kV (+)ծ-3.0 kV (-) 

꨺⻊孞         宆孞 3.0 L/min 

䎁醋孞         宆孞 10 L/min 

⸈掚孞         瑟孞 10 L/min 

焥中孞         孿孞 

膴很⵫盗庛䏞   250˫  

⸈掚垷懈庛䏞   400˫  

䱹〡庛䏞       300˫  

ꅷ꧋垷䒭 MS1 (m/z 50 -400) 

MS/MS (m/z 50 - 350) 

焥中腊ꆀCE  (35±17) V 

IDON 

1.3 湡叻暟⥌䜂 

劥妃㹊낉 9 猫湡叻暟餘㛇劥⥌䜂㥵邍 2 䨾爙կ 

邍 2. 湡叻暟餘㛇劥⥌䜂 

綘尼 暟餘 ⻊㷖䒭 ⴔ㶩ꆀ 絕匬䒭 
ⴔ區垷

䒭 

1 邉낧腒稇 C11H6O3 186.17 
OO O  

+ 

2 䒗邉낧腒稇 C11H6O3 186.17 O OO

 
+ 

3 邉낧腒歌稇 C20H20O4 324.37 
OH O

O

OH

CH3

CH3  

- 

4 邉낧腒⛩稇 C20H20O4 324.37 OH

CH3 CH3

OH

O

OH

 

- 

5 
邉낧腒✳孲랕ꂼ

歌ꄍ 
C21H22O4 338.40 

O O

O

OH

CH3

CH3

CH3

 

- 
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6 
4’-O-歌㛇邉낧腒

叅㼷ꂼ B 
C21H22O4 338.40 

O OH

O

OH

CH3

CH3

CH3

 

- 

7 倝邉낧腒䒗랕ꂼ C20H18O4 322.35 
OH O

O OH

CH3

CH3

 

- 

8 邉낧腒㹁 C20H16O5 336.34 O

OH O

CH3

CH3

OH

O

 

- 

9 邉낧腒ꂛ C18H24O 256.37 

OH

CH2

CH3

CH3 CH3 

- 

 

2呋ㅷ⵸㢅椚 
欽 24 湡⚥虊蚋磋烱劼㼜渮持邉낧腒熋䧭磋劣ⲥ烁獦》 2 g 䊩〸邉낧腒磋劣呋ㅷ佞縨✵ 5 mL SFE

蟋》緵⚥歋馄⚰歲崨⡤蟋》蟋》勵⟝錛 1.2 SFE 蟋》勵⟝蟋》崨ⴀ巊欽⛩ꃫエ佐䎇剒絊㹁㺂荛 20 
mLկ 

3絕卓♸雭雿 

3.1 叻ⲥ刼絁絚ⵖ 
㼜 9 猫湡叻暟叻ⲥㅷꂁⵖ䧭幊叻很巊副劼ⴔ區呏研 MS1 礵烁 m/z 䲿》蒀靶㕃㹁ꆀⴔ區㕃 1ծ2

絚ⵖ叻ⲥ刼絁㕃 3絁䚍薴㔵⿺湱Ⱒ禹侨錛邍 3կ 

 
㕃 1. ESI (+) 垷䒭 100 μg/L 幊叻䲿》猌㶩崨㕃綘尼㼆䎾暟餘⿬錛邍 2 

 
㕃 2. ESI (-) 垷䒭 100 μg/L 幊叻䲿》猌㶩崨㕃綘尼㼆䎾暟餘⿬錛邍 2 
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邉낧腒稇 䒗邉낧腒稇 邉낧腒歌稇 

   
邉낧腒⛩稇 邉낧腒✳孲랕ꂼ歌ꄍ 4'-O-歌㛇邉낧腒叅㼷ꂼ B 

   
倝邉낧腒䒗랕ꂼ 邉낧腒㹁 邉낧腒ꂛ 

㕃 3. 湡叻暟餘叻ⲥ刼絁 

邍 3. 叻ⲥ刼絁倰玐⿺絁䚍薴㔵 

綘尼 暟餘 
⥂殆傞ꢂ 

(min) 
吥ⲥ刼絁 湱Ⱒ禹侨 

絁䚍薴㔵 
(μg/L) 

1 邉낧腒稇 3.337 Y=2007.36X+164.720 r2=0.990 0.5-50 
2 䒗邉낧腒稇 3.543 Y=2143.19X+287.446 r2=0.999 0.5-50 
3 邉낧腒歌稇 5.663 Y=1699.27X-236.984 r2=0.999 0.5-200 
4 邉낧腒⛩稇 6.359 Y=3003.99X-335.959 r2=0.998 0.2-200 
5 邉낧腒✳孲랕ꂼ歌ꄍ 6.412 Y=1113.00X-77.1179 r2=0.998 1-100 
6 4’-O-歌㛇邉낧腒叅㼷ꂼ B 7.108 Y=4773.52X-95.5994 r2=0.999 0.2-100 
7 倝邉낧腒䒗랕ꂼ 5.799 Y=3208.57X-174.052 r2=0.997 0.5-100 
8 邉낧腒㹁 6.688 Y=5080.87X+80.8283 r2=0.998 0.5-50 
9 邉낧腒ꂛ 7.249 Y=469.491X-194.737 r2=0.999 1-500 

3.2 叻ⲥ餘靶䎽䒊用⿺✳紩餘靶鍒區 
鵶䱹⚙鸑湬䱹鵳呋 1 pg 叻ⲥㅷ⽀叻邉낧腒稇ծ䒗邉낧腒稇ծ邉낧腒ꂛ 10 pg蜦》湡叻暟涸叻ⲥ♧

紩ㄤ✳紩餘靶㕃䒊用叻ⲥ餘靶䎽䎇硼倗⚺銳烱晙猌㶩涸鄬鍒騟䖈կ㕃 4 荛㕃 6 ⿺邍 4 㾝爙✫邉낧腒稇
涸湱䎾絕卓9 猫暟餘涸模侮絕卓錛꣡⟝կ 

0.0 25.0 浓浓
0.0

2.5

5.0

7.5

面面(x10,000)

0.0 25.0 浓浓
0.00

0.25

0.50

0.75

1.00
面面(x100,000)

0 50 100 150 浓浓
0.0

1.0

2.0

3.0

面面(x100,000)

0 50 100 150 浓浓
0.0

2.5

5.0

面面(x100,000)

0.0 25.0 50.0 75.0 浓浓
0.00

0.25

0.50

0.75

1.00
面面(x100,000)

0.0 25.0 50.0 75.0 浓浓
0.0

2.5

面面(x100,000)

0.0 25.0 50.0 75.0 浓浓
0.0

1.0

2.0

3.0
面面(x100,000)

0.0 25.0 浓浓
0.0

1.0

2.0

面面(x100,000)

0 250 浓浓
0.0

1.0

2.0

面面(x100,000)
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㕃 4. 邉낧腒稇♧紩餘靶㕃 

 
㕃 5. 邉낧腒稇✳紩餘靶㕃 
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㕃 6. 邉낧腒稇〳腊涸✳紩餘靶鄬鍒錞䖒 

25.0 50.0 75.0 100.0 125.0 150.0 175.0 m/z
0.00

0.25

0.50

0.75

1.00

1.25
Inten.(x100,000)

187.03932

189.04450149.52300

25.0 50.0 75.0 100.0 125.0 150.0 175.0 m/z
0.0

1.0

2.0

3.0

4.0

5.0

Inten.(x10,000)
131.04908

77.03825

115.05414

187.03911
103.05377

143.0492689.0383551.02232 159.04373
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邍 4. 邉낧腒稇 MS1 ⿺⚺銳 MS2 猌㶩⥌䜂 
猌㶩碫㘗 锐雿 m/z 㹊崵 m/z  ⴔ㶩䒭곫崵M ⨊䊵ppm) ず⡙稇䖤ⴔ 

[M+H]+ 187.03897  187.03932  C11H6O3 1.85 99.5  
[M+H]+ 159.04406  159.04373  C10H6O2 -2.07  0.0  
[M+H]+ 143.04914  143.04926  C10H6O 0.82  98.5  
[M+H]+ 131.04914  131.04908  C9H6O -0.45  99.9  
[M+H]+ 115.05423  115.05414  C9H6 -0.72  100.0  
[M+H]+ 103.05423  103.05377  C8H6 -4.46  97.4  

[M]+ 102.04640  102.04612  C8H6 -2.76  52.0  
[M+H]+ 89.03858  89.03835  C7H4 -0.22 mDa  96.5  
[M+H]+ 77.03858  77.03825  C6H4 -0.32 mDa 99.3  
[M+H]+ 51.02293  51.02232  C4H2 -0.61 mDa 0.0  

 

3.3 㹊꣢呋ㅷⴔ區 
㼜邉낧腒磋劣蟋》巊獺ꅺ♧㹁⦔侨た副劼ⴔ區蒀靶㕃㥵㕃 7ծ8 䨾爙կ呏研 3.1 䒊用涸叻ⲥ刼絁雦皾

副劼呋ㅷ⚥湡叻暟崽䏞ⱄ絕ざ獺ꅺ⦔侨ծ蟋》巊⡤獤ㄤ䨾蟋》涸邉낧腒磋劣ꅾꆀ雦皾ⴀ磋劣⚥涸崽䏞邍
5կ㼜㹊꣢呋ㅷ⚥湡叻暟涸✳紩餘靶㕃㖈 3.2 ⚥䒊用涸叻ⲥ靶䎽⚥鵳遤社程⼐ꂁ䏞㖲>90%邍 5⚂腊
㢿䖎㥩㖑⼓ⴔ邉낧腒稇ㄤ䒗邉낧腒稇鵯♧㼆ずⴔ䒗匬⡤㕃 9կ 

 
㕃 7. 1000 ⦔獺ꅺた姻垷䒭♴㹊꣢呋ㅷ TIC 㕃ㄤ䲿》猌㶩崨㕃 

 
㕃 8. 1000 ⦔獺ꅺた餏垷䒭♴㹊꣢呋ㅷ TIC 㕃ㄤ䲿》猌㶩崨㕃 

  

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 min

0.00

0.25

0.50

0.75

1.00

1.25

1.50
(x1,000,000)

1:187.0390(+)
1:TIC(+)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 min

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0
(x100,000)

1:255.1754(-)
1:321.1132(-)
1:337.1445(-)
1:335.0925(-)
1:323.1289(-)
1:TIC(-)
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邍 5. 邉낧腒磋劣呋ㅷ湡叻暟崽䏞 

綘尼 暟餘 很巊崽䏞(μg/L) 獺ꅺ⦔侨 磋劣崽䏞(mg/g) 䎽社程䖤ⴔ 

1 邉낧腒稇 37.992 10000 3.74 100  
2 䒗邉낧腒稇 26.726 10000 2.63 100  
3 邉낧腒歌稇 158.143 1000 1.56 99  
4 邉낧腒⛩稇 125.340 1000 1.23 99  
5 邉낧腒✳孲랕ꂼ歌ꄍ 47.791 10000 4.70 100  
6 4’-O-歌㛇邉낧腒叅㼷ꂼ B 27.913 1000 0.27 100  
7 倝邉낧腒䒗랕ꂼ 77.004 1000 0.76 94  
8 邉낧腒㹁 49.573 1000 0.49 98  
9 邉낧腒ꂛ 391.573 10000 38.52 97  

 
㕃 9. 㹊꣢呋ㅷ⚥邉낧腒稇✳紩䎽社程絕卓 

 

4絕雿 
劥俒ⵄ欽 LCMS-9030 䒊用✫邉낧腒⚥ 9 猫暟餘涸叻ⲥ刼絁叻ⲥ刼絁♴ꣳ 0.2~1 μg/L副ꣳ 50~500 

μg/L絁䚍薴㔵 100-1000 ⦔R2>0.990MS1 霴䊵<2 ppmず⡙稇䖤ⴔ>97MS2 霴䊵<5 ppmկ㹊꣢呋ㅷ
✳紩餘靶♸叻ⲥ靶䎽⼐ꂁ䖤ⴔ>90%湱䎾暟餘崽䏞 0.27~38.52 mg/gկ 
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3.3 Ⰼ靶✳絶巊湱蒀靶♸ Q-TOF 翫欽ⴔ區♶ず❡㖑䔲䔱崞䚍䧭ⴔ 

 

䶰 銳⚹确瑕割ず❡㖑䔲䔱崞䚍䧭ⴔ涸䊵䒗ꅷ欽Ⰼ靶✳絶巊湱蒀靶♸㔋匧勍굷遤傞ꢂ餘靶翫欽ꬋꬶぢ去
靧絆㷖崵㹁倰岁㼆欥聍ծ✻⽂䔲䔱⚥涸崞䚍䧭ⴔ鵳遤嫱鳅կꅷ꧋た侨研絑 MS-DIAL 鲱⟝鵳遤油䲿》ㄤ㼆
룅たꅷ欽 Metaboanalyst 鵳遤絡雦㷖ⴔ區絑侨研䎽嫱㼆ծLabsolutions Insight Explore ꊹ㹁䊵䒗崞䚍
䧭ⴔկ絕卓邍僈Ⰼ靶✳絶巊湱蒀靶Polarity-Extended Liquid Chromatography- PELC倰岁湱㼆✵
♧絶巊湱蒀靶One-Dimensional Liquid Chromatography -1D-LC倰岁〳䲿넞䔲䔱䧭ⴔ涸ⴔ區銻渷桧鸑
鵂⚺䧭ⴔⴔ區PCAㄤ姻❜⨊剒㼭✳⛧ⴼⵆⴔ區(OPLS-DA)封梡割ず❡㖑涸䔲䔱㶸㖈儑衼䊵䒗絑侨研䎽
嫱㼆ծLabsolutions Insight Explore 鲱⟝곫崵Ⱏꊹ㹁ⴀ 43 猫䊵䒗䚍⻊ざ暟⺫䭍薅ꂠ碫ծ剣劼ꃑ碫瘝㣔搬
崞䚍暟餘կ 
 

Ⱒꝶ霒Ⰼ靶✳絶巊湱蒀靶 欥聍䔲䔱 ✻⽂䔲䔱 ꬋꬶぢ去靧絆㷖ⴔ區 
 

䪮助暵挿 
 PELC 倰岁湱㼆✵ 1D-LC 倰岁〳䲿넞䔲䔱䧭ⴔ涸ⴔ區銻渷桧կ 
 MSDIALծMetaboAnalystծInsight Explore 㢴鲱⟝翫ざ⢪欽䘯鸟烁㹁䊵䒗䚍叻䘋暟կ 
 

䔲䔱Angelicae sinensis (Oliv.) Diels ⚹㦀猰
㖁蚋Ⱘ剣邉過崞過ծ靈絑姺汥ծ嶹肃鸑⤑⛓⸆佪
⚺銳ゎ剣薅ꂠ碫ծ⽀蠂ㄤ⦔⼱蠂碫ծ蔉껺碫⻊ざ暟ծ
腒肘捎⿺Ⱖ遥欰暟ծ㢴祪ծ剣劼ꃑ⿺Ⱖ➭碫⻊㷖䧭
ⴔ⻊ざ暟➢⡛匧䚍ⵌ넞匧䚍㖲剣覆⿺կ䔲䔱䎾欽
薴㔵䎛岌㖈⚥蚋ꂁ倰⚥剣⼧倰⛰䔱⛓霹⾎勻
⟄⼕㹻棇ㅷ衼獦կ湡⵸䧮㕂Ⱆ雩涸䔲䔱麤㖑❡⼓⚹
欥聍䁖⿦瘝㖑姼㢪䧮㕂✻⽂ծ餥䊜ծ㔋䊛ծ廩⻌ծ
꣹銯瘝㖑涸䔲䔱❡ꆀ⛲㖈鷶䎃⸈㣐䎇鄄獦⚹✻

䔱䊛䔱璙䔱瘝կ⵸劍灇瑕邍僈䔲䔱僽Ⱙ㘗涸
欰㞯⚺㼋㘗蚋勞Ⱖㅷ餘「❡⼓欰䙖梠㞯䕧ㆇ儑衼կ
㔔姼灇瑕割ず❡㖑䔲䔱ㅷ餘䊵䒗㼆✵䔲䔱錞薴⻊
猫嗃ծ⥂ꥻ蚋勞餘ꆀ⟄⿺⚰䎯毫佪㖲Ⱘ剣ꅾ銳䠑⛐կ 
    劥俒ꅷ欽Ⰼ靶✳絶巊湱蒀靶♸㔋匧勍굷遤傞ꢂ
餘靶翫欽涸ꬋꬶぢ去靧絆㷖崵㹁倰岁㼆欥聍ծ✻
⽂䔲䔱⚥涸崞䚍䧭ⴔ鵳遤嫱鳅ⴔ區➢罜ꢞ僈割ず
❡㖑䔲䔱蚋勞涸餘ꆀ暵䖄⚹䔲䔱涸❡㖑彷彂霋ⵆ
⿺餘ꆀ䱽ⵖ䲿⣘✫猰㷖⣜研կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸Ⰼ靶✳絶巊湱蒀靶♸ LCMS-9050 翫欽⟉Ⱘ⡤ꂁ縨⚹ 

鳕 巊 岹 : LC-30AD×4 禹 絡 䱽 ⵖ 㐼 : CBM-20A 
荈 ⸓ 鵳 呋 㐼 : SIL-30AC  㖈 絁 膴 孞 劼 : DGU-20A5 
叙 庛 盲 :CTO-20AC (ⰻ縨 FCV-32AH×2) 굷 遤 傞 ꢂ 餘 靶 ⟉ :LCMS-9050 
蒀 靶 䊨 ⡲ 畀 :LabSolutions Ver. 5.118; LabSolutions Insight Ver. 4.0 
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1.2 ⴔ區勵⟝

巊湱蒀靶勵⟝ 
蒀 靶 叙 痦♧絶SeQuart ZIC-HILIC (2.1 ×150 mm, 3 μm)  

痦✳絶Phenomenex Kinetex C8 (2.1 × 150 mm, 2.6 μm) 
崨 ⸓ 湱 痦♧絶A 湱-5mM 涸⛩ꃑꜽB 湱-⛩臟 

痦✳絶A 湱- 0.05%歌ꃑ+2mmol/L 涸⛩ꃑꜽ很巊 B 湱-⛩臟 
ⴔ 區 崨 鸟 痦♧絶0.3 mL/min   痦✳絶0.3 mL/min 

叙 庛 35˫ 鵳 呋 ⡤ 獤3 μL 

峤 膴 倰 䒭 唑䏞峤膴傞ꢂ玐䎸錛邍 1-邍 3   

邍 1. ♧絶巊湱蒀靶涸傞ꢂ玐䎸 (ⴲ映崨⸓湱 B ⚹ 95%) 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

3.00 岹 B.Conc 95 
15.00 岹 B.Conc 70 
18.00 岹 B.Conc 50 
21.00 岹 B.Conc 50 
21.10 岹 B.Conc 95 
39.50 䱽ⵖ㐼 Stop  

邍 2. ✳絶巊湱涸傞ꢂ玐䎸ⴲ映崨⸓湱 B ⚹ 20% 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

19.00 岹 B.Conc3 22 
31.00 岹 B.Conc3 100 
36.00 岹 B.Conc3 100 
36.10 岹 B.Conc3 20 
39.50 䱽ⵖ㐼 Stop  

邍 3.ꢎⴗ䰃玐䎸ⴲ映 CTO.RVL=1CTO.RVR=1 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

2.45 叙庛盲 CTO.RVL 0 
2.45 叙庛盲 CTO.RVR 0 

22.50 叙庛盲 CTO.RVL 1 
22.50 叙庛盲 CTO.RVR 1 
39.50 䱽ⵖ㐼 Stop  

 

餘靶勵⟝ 
猌   㶩   彂 ESI ⸈ 掚 垷 懈 庛 䏞 400˫ 
꨺ ⻊ 孞 崨 鸟 3.0 L/min DL   庛   䏞 250˫ 
⸈ 掚 孞 崨 鸟 10.0 L/min 䱹 〡 庛 䏞 300˫ 
䎁 醋 孞 崨 鸟 10.0 L/min   
䪊  䲽  垷  䒭 MS Scan(m/z 50 -1200)✲⟝傞ꢂ0.1s 

DDA MS/MS (m/z 50 -1200)5 ⚡⣜➢✲⟝✲⟝傞ꢂ 0.1s 
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1.3 呋ㅷ㢅椚⿺ꅷ꧋ 
》劥ㅷ磋劣紨 100 mg礵㺙獦㹁縨✵ 15 mL 猌䗱盗⚥⸈Ⰶ 70%歌ꃫ 5 mL佞縨鵂㢹馄㡮 30 ⴔ

ꛦ12000 r/min 넞鸟猌䗱 3 min鵂 0.22 μm 応芘⣘崵㹁կ 

1.4 侨研㢅椚 
 

 
 

2絕卓♸雭雿 

2.1 ⚙猫倰岁涸銻渷桧㼆嫱 
⽀♧涸 HILIC 倰岁ㄤ RPLC 倰岁㖈娥傞ꢂ꣡鵛㖲剣⚚ꅾ涸Ⱏ峤膴梡韌呋ㅷ⚥涸⻊ざ暟偽岁㹊梡葻㥩涸

ⴔ猌QC 呋ㅷ涸 TIC 蒀靶㕃錛㕃 1㕃 2կ罜 PELC 絕ざ✫ HILIC ㄤ RPLC 鵯⚙猫ⴔ猌蒀靶鸑鵂 HILIC ⥂
殆匧䚍䧭ⴔHILIC 割腊⥂殆涸⡛匧䚍䧭ⴔⴭ鲮獴荛痦✳絶 RPLC 鵳遤ⴔ猌➢罜鼙⯝✫娥傞ꢂ꣡鵛涸Ⱏ峤
膴⚚ꅾ涸꡼곿QC 呋ㅷ涸 TIC 蒀靶㕃錛㕃 3կ⿡ꤑ娥傞ꢂ꣡鵛崨ⴀ涸⻊ざ暟ꅷ欽 1D-LC 倰岁♸ PELC 倰
岁唬崵ⵌ涸暵䖄油侨錛邍 4絕卓邍僈湱鳅✵ 1D-LC 倰岁䨾䒊用涸 PELC 倰岁〳䲿넞䔲䔱䧭ⴔ涸ⴔ區銻
渷桧կ 

 
㕃 1. HILIC 倰岁ⴔ區 QC 呋ㅷ蒀靶㕃 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 min

0.0

0.5

1.0

1.5

(x10,000,000)

5:TIC(-)
1:TIC(+)



 

56 
 

 
㕃 2. RPLC 倰岁ⴔ區 QC 呋ㅷ蒀靶㕃 

 
㕃 3. PELC 倰岁ⴔ區 QC 呋ㅷ蒀靶㕃 

  邍 4. ꅷ欽 1D-LC 倰岁♸ PELC 倰岁唬崵ⵌ涸暵䖄油侨 

⵸畮ⴔ猌垷䒭 餘靶ꅷ꧋垷䒭 暵䖄油侨 

1D-LCHILIC 
ESI(+) 

1619 

1D-LCRPLC 1529 
PELC 2164 

1D-LCHILIC 
ESI(-) 

3965 
1D-LCRPLC 2222 

PELC 4275 

2.2 䊵䒗䚍⻊ざ暟癃鷥 
ⴔ區た侨研絑 MSDIAL 鲱⟝鵳遤油䲿》ㄤ㼆룅た㼜油㼆룅邍㼋Ⰶ MetaboAnalyst 䎂〵霃㹁緃㣟⧩

㢅锐ծ侨研鵂応⿺叻ⲥ⻊瘝⿬侨鵳遤絡雦㷖ⴔ區կ 

2.2.1 ⚺䧭ⴔⴔ區PCA 
割ず❡㖑䔲䔱⿺餘䱽呋ㅷQC涸PCA 䖤ⴔ㕃錛㕃4嫦⚡侔挿邍爙♧⚡呋劥呋劥Ⰼ鿈㢅✵95% 縨⥌⼓

ꢂ㖈姻猌㶩垷䒭♴PC1 涸餑柄桧⚹50.30%PC2 涸餑柄桧⚹19.40%㖈餏猌㶩垷䒭♴PC1 涸餑柄
桧⚹38.30%PC2 涸餑柄桧⚹32.70%ぐ絆呋劥⛓ꢂ邍梡ⴀ僈儑涸ⴔ猌馋⸷邍僈欥聍䔲䔱♸✻⽂⻊ざ暟
䊵䒗儑衼餘䱽絆⚥涸䎂遤呋劥翸꧋㖈♧饰邍僈崵㹁鵂玐⚥劢ⴀ梡僈儑⨊䊵霹僈ぐ❡㖑䔲䔱去靧絆侨研
涸珘㹁䚍鳅㥩կ 

0.0 5.0 10.0 15.0 20.0 25.0 min

0.00

0.25

0.50

0.75

1.00

1.25

(x10,000,000)

5:TIC(-)
1:TIC(+)

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 min
0.0

0.5

1.0

1.5

2.0

(x10,000,000)

5:TIC(-)
1:TIC(+)
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a) 姻垷䒭 b) 餏垷䒭 

㕃 4. PCA 䖤ⴔ㕃A欥聍䔲䔱B✻⽂䔲䔱QC餘䱽 

2.2.2 姻❜⨊剒㼭✳⛧岁ⴼⵆⴔ區OPLS-DA 
割ず❡㖑䔲䔱涸 OPLS-DA ⴔ區絕卓㥵㕃 5 䨾爙垷㘗⚥ぐ絆呋ㅷ㖲⡙✵ 95% 縨⥌⼓ꢂⰻ2 絆呋劥

挿ꢂ模Ⰼⴔ猌偽ꅾ〜⼓㚖⼓ⴔ佪卓鳅㥩邍僈欥聍䔲䔱♸✻⽂䔲䔱Ⱘ剣僈儑涸䊵䒗䚍կ姼㢪垷㘗낉霆
絕卓錛㕃 6R2Y ㄤ Q2 ⴔⵆ去邍䨾䒊垷㘗涸鍒ꅺ桧ㄤ곫崵腊⸂㸐又涸⧩馊䱹鵛✵ 1 邍僈垷㘗涸䬾ざ䏞馊
㥩〳⥌䏞馊넞姻猌㶩垷䒭♴ R2Y=0.982Q2=0.956餏垷䒭♴ R2Y=0.981Q2=-0.955邍僈垷㘗珘⨴
〳ꬑկ㼆垷㘗鵳遤縨䰃唬낉鸑鵂錜㻋䩧包⵸涸⾲映垷㘗㖈 100 妃ꥥ劼䩧包呋劥涸ꥥ劼縨䰃唬낉絚ⵖ縨
䰃唬낉㕃㕃 7կ絕卓邍僈姻垷䒭ㄤ餏垷䒭♴ P ⧩㖲㼭✵ 0.01垷㘗尵剣鵂䬾ざկ 

    
a)姻垷䒭 b)餏垷䒭 

㕃 5. OPLS-DA 䖤ⴔ㕃A欥聍䔲䔱B✻⽂䔲䔱 

  
a)姻垷䒭 b)餏垷䒭 

㕃 6. 垷㘗낉霆㕃 
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a)姻垷䒭 b)餏垷䒭 

㕃 7. OPLS-DA 100 妃縨䰃唬낉絕卓 

2.2.3 䊵䒗⻊ざ暟抠㿋㕃 
ⵄ欽t唬낉ㄤ」䒗禹侨岁嫱鳅⚙絆⛓ꢂ涸崞䚍䧭ⴔ䊵䒗霃用癃鷥勵⟝㼆姻ծ餏猌㶩垷䒭♴唬崵ⵌ涸

䨾剣崞䚍䧭ⴔ鵳遤䊵䒗ⴔ區ꅷ欽抠㿋㕃鵳遤〳錠⻊㾝爙 (㕃8)欥聍䔲䔱ㄤ✻⽂䔲䔱㖈姻猌㶩ㄤ餏猌㶩垷
䒭♴Ⱏ癃鷥ⴀ䊵䒗邍鴪崞䚍䧭ⴔⴔⵆ⚹1458ㄤ1843 ⚡Ⱖ⚥姻猌㶩崞䚍䧭ⴔ副靈ず♧⻊ざ暟:欥聍䔲䔱
ゎꆀ㣐✵✻⽂䔲䔱823⚡ծ♴靈ず♧⻊ざ暟:欥聍䔲䔱ゎꆀ㼭✵✻⽂䔲䔱635⚡餏猌㶩崞䚍䧭ⴔ副靈
1001 ⚡ծ♴靈842 ⚡կ 

  

a)姻垷䒭 b)餏垷䒭 
㕃 8. 抠㿋㕃絕卓 

2.2.4 䊵䒗崞䚍䧭ⴔ⚥儑衼䧭ⴔ涸癃鷥絕卓 
鸑鵂㼜⽀」ꆀ絡雦ㄤ㢴⯋絡雦ⴔ區湱絕ざ涸倰岁㼆崞䚍䧭ⴔ鵳遤䮔硝կ呏研㢴⯋絡雦ⴔ區 OPLS-DA 

絕卓涸 VIP ⧩ (邍爙㼆䎾崞䚍䧭ⴔ涸絆ꢂ䊵䒗㖈ぐ絆呋劥ⴔ碫ⴼⵆ⚥涸䕧ㆇ䔂䏞)〳 ⟄ⴲ姿癃鷥ⴀ欥聍❡
䔲䔱ㄤ✻⽂❡䔲䔱涸䊵䒗崞䚍暟餘鵳♧姿癃鷥ⴭ鸑鵂絕ざ⽀」ꆀ絡雦抠㿋㕃絕卓P-value ♸ Fold 
change 鵳遤կ劥霚낉癃鷥叻ⲥ⚹崞䚍䧭ⴔ㖈割ず呋劥ꢂ涸䊵䒗⚹ 2 ⦔⟄副䧴 0.5 ⟄♴⚂ P-value 㼭
✵ 0.05⽰ Fold change  0.5 ㄤ Fold change  2P-value 㼭✵ 0.05VIP  1կ剒絊姻垷䒭♴癃
鷥䖤ⵌ 1351 ⚡䊵䒗暟餘餏垷䒭♴癃鷥䖤ⵌ 1716 ⚡䊵䒗暟餘կ 

2.3 䊵䒗䚍⻊ざ暟ꊹ㹁 
鸑鵂 MSDIAL 鲱⟝㼆⻊ざ暟鵳遤ꊹ㹁կ䨾䖤絕卓鵳♧姿⢪欽 Insight Explore 鲱⟝涸ⴔ㶩䒭곫崵ծ㖈

絁侨研䎽唬程ChemSpider/PubChemㄤ Assign ⸆腊㕃 9烁雩կⰟꊹ㹁ⴀ 43 猫䊵䒗䚍⻊ざ暟⺫
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䭍诀薅ⰻꂾ碫ծ剣劼ꃑ碫瘝㣔搬崞䚍暟餘邍 5 ⚹鿈ⴔ䊵䒗䚍⻊ざ暟ꊹ㹁絕卓邍կ 

 
㕃 9. ⵄ欽 MS-DIAL ꊹ㹁䊵䒗崞䚍暟餘 

邍 5. 鿈ⴔ䊵䒗䚍⻊ざ暟ꊹ㹁絕卓邍 

䎸尼 Rt (min) ⻊ざ暟ぜ獦 ⴔ㶩䒭 ⸈ざ猌㶩 㹊崵m/z 锐雿m/z 霴䊵(ppm) 

1 12.15 ✳ㄳ㉰ꃀ㤇㽲ꃑ C25H24O12 [M-H]- 515.1181 515.1195 -2.72 

2 13.21 3-O-꣚눚ꃀ㤇㽲ꃑ C17H20O9 [M-H]- 367.1030 367.1035 -1.36 
3 22.87 胐焦 C5H13NO [M+H]+ 104.1070 104.1070 0.00 
4 25.64 ꣚눚ꃑ C10H10O4 [M-H]-  193.0493 193.0498 -2.59 
5 25.84 峕䊛蒰ⰻꂾA C12H16O2 [M+H]+ 193.1224 193.1223 0.52 
6 27.98 E-♨掜㛇薅ꂠ C12H12O2 [M+H]+ 189.0910 189.0910 0.00 
7 29.15 Z-诀劥ⰻꂾ C12H14O2 [M+H]+ 191.1065 191.1067 -1.05 

 

3絕雿 
ꅷ欽Ⰼ靶✳絶巊湱蒀靶♸㔋匧勍굷遤傞ꢂ餘靶翫欽涸ꬋꬶぢ崵㹁倰岁㼆欥聍ծ✻⽂䔲䔱⚥涸崞䚍䧭

ⴔ鵳遤嫱鳅կ絑 MSDIAL 鲱⟝鵳遤油䲿》ㄤ㼆룅た鸑鵂 MetaboAnalyst 䎂〵鵳遤侨研곫㢅锐ծ絡雦㷖ⴔ
區䖤ⵌ䊵䒗崞䚍䧭ⴔ㖈♸ MSDIAL 侨研䎽嫱㼆ծLabsolutions Insight Explore 鲱⟝곫崵Ⱏꊹ㹁ⴀ 43 猫䊵
䒗䚍⻊ざ暟⺫䭍薅ꂠ碫ծ剣劼ꃑ碫瘝㣔搬崞䚍暟餘կ 
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3.4 Ⰼ靶✳絶巊湱蒀靶♸Q-TOF翫欽欽✵꣈굥껏晙涸䭷紻㕃靶灇瑕 
 

䶰 銳劥俒껷妃ꅷ欽Ⰼ靶✳絶巊湱蒀靶禹絡䒊用✫꣈굥껏晙涸䭷紻㕃靶ⴔ區倰岁կ㼜危宐⡲欽蒀靶HILIC
ㄤ导湱巊湱蒀靶C8湱絕ざ♧ꛏ鵳呋㹊梡㼆꣈굥껏晙ⰻ割ず匧䚍䧭ⴔ涸ず傞⥂殆ㄤⴔ猌կ鸑鵂✳絶叙
たⴗ䰃ꢎ涸䒸Ⰶ㣐㣐꣭⡛✫ HILIC 垷䒭ㄤ导湱ⴔ猌垷䒭ⴗ䰃䒸饰涸⥌尼岚⸓嶊ꤑ✫㼆♧絶ꢎⴗ䰃傞ꢂ꣡
鵛蒀靶油涸䕧ㆇկ㖈霪禹絡♴呋ㅷ鵶絯崵㹁 6 妃䭷紻㕃靶⚥ 20 猫絆ⴔ蒀靶油⥂殆傞ꢂ RSD%割㣐✵
0.35%油꬗獤 RSD%割㣐✵ 3.90%⟉㐼礵㺙䏞葻㥩կ㼜Ⰼ靶✳絶巊湱禹絡♸㔋匧勍굷遤傞ꢂ餘靶 LCMS-
9050 翫欽鵳遤꣈굥䭷紻㕃靶ⴔ區涸ず傞㼆䭷紻㕃靶⚥⚺銳暵䖄油ꊹ㹁ꅷ欽姻餏匧ず傞ⴗ䰃涸垷䒭ꅷ꧋
侨研Ⱏꊹ㹁ⴀ 12 猫䧭ⴔկ 

 

Ⱒꝶ霒Ⰼ靶✳絶巊湱  굷遤傞ꢂ餘靶  ꣈굥껏晙  䭷紻㕃靶  
 

䪮助暵挿  
 껷妃ꅷ欽Ⰼ靶✳絶巊湱蒀靶䪮助䒊用⚥蚋䭷紻㕃靶ⴔ區倰岁♧ꛏ鵳呋㹊梡꣈굥껏晙⚥割ず匧䚍䧭ⴔ涸
⥂殆ㄤⴔ猌蒀靶油⥌䜂刿⚪㺢կ 
 鸑鵂✳絶叙たⴗ䰃ꢎ涸䒸Ⰶ㣐㣐꣭⡛✫HILIC垷䒭ㄤ导湱ⴔ猌垷䒭ⴗ䰃䒸饰涸⥌尼岚⸓嶊ꤑ✫㼆♧絶
ꢎⴗ䰃傞ꢂ꣡鵛蒀靶油涸䕧ㆇկ 
 넞ⴔ鳹餘靶姻餏猌㶩垷䒭ず傞ⴔ區䲿넞油ꊹ㹁佪桧կ 
 

꣈ 굥 僽 ⚹ ⠙ 䕎 猰 嗃 暟 ꣈ 굥 (saposhnikovia 
divaricate (turcz.) schischk)涸䎁醋呏կ꣈굥映鲿✵
շ牟ⱚ劥虊絑ո梡去蚋锐灇瑕邍僈꣈굥Ⱘ剣鍒掚ծ
䫒拧ծꞏ꫽ծꞏ汥⟄⿺䫒胅泿瘝蚋锐崞䚍⡲欽僽
䧮㕂剒䌢欽涸吗絡⚥蚋⛓♧կ꣈굥⻊㷖䧭ⴔ撑勇
⚺銳⺫ゎ蒀⾲ꂼ碫ծ껺鞝稇碫ծ㢴祪碫ծ䮦封屘碫ծ
翸⛩拳碫ծ欥屘ꂾ碫瘝կ 

䭷紻㕃靶僽䱽ⵖ⚥蚋䧴㣔搬蚋勞餘ꆀ涸剣佪䩛
媯Ⱒ✵꣈굥蚋勞䭷紻㕃靶涸灇瑕䫣麤䖎㢴➢湱
Ⱒ俒柄⚥䧮又〳⟄溏ⵌ꣈굥蚋勞⚥涸䧭ⴔ匧䚍騗䏞
鳅㣐⽀♧涸ⴔ猌垷䒭䖎ꦼ㼜匧䚍騗䏞鳅㣐涸鵯❈

䧭ⴔず傞鵳遤鳅㥩㖑⥂殆䎇㾝梡㖈䭷紻㕃靶副կ䀙
峸Ⰼ靶✳絶巊湱蒀靶禹絡〳⟄㹊梡♧ꛏ鵳呋ず傞
ⴔ區넞ծ⚥ծ⡛匧䚍暟餘割➑〳⟄㼜湱ずⴔ猌垷
䒭鵳遤絆ざ鵮〳⟄㼜割ずⴔ猌垷䒭㥵危宐⡲欽蒀
靶垷䒭HILICㄤ导湱巊湱蒀靶垷䒭C8䧴罏C18
絆ざ僽ꬋ䌢剣䎾欽⵸兞涸ⴔ猌ⴔ區䪮助կ〥㢪
䀙峸LCMS-9050㔋匧勍굷遤傞ꢂ餘靶⟉Ⱘ㢊姻餏匧
ず傞ⴗ䰃⸆腊㼜Ⰼ靶✳絶巊湱蒀靶♸LCMS-9050
翫欽〳⟄㹊梡♧ꛏ鵳呋姻餏猌㶩垷䒭ず傞鵳遤
侨研ꅷ꧋䲿넞䭷紻㕃靶⚥暵䖄油涸㹁䚍佪桧կ

1㹊낉鿈ⴔ 
1.1 ⟉㐼  
劥㹊낉ꅷ欽䀙峸Ⰼ靶✳絶巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽禹絡Ⱘ⡤ꂁ縨⚹ 

鳕 巊 岹 : LC-30AD×4 禹 絡 䱽 ⵖ 㐼 : CBM 20A 
㖈 絁 膴 孞 劼 : DGU-405 荈 ⸓ 鵳 呋 㐼 : SIL-40C X3 
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叙 庛 盲 : CTO-20AC 唬 崵 㐼 : SPD-M20A 
굷 遤 傞 ꢂ 餘 靶 ⟉ : LCMS-9050 ⴗ 䰃 ꢎ : FCV-12AH×3 
蒀 靶 䊨 ⡲ 畀 : LabSolutions Ver. 5.118; LabSolutions Insight Ver. 4.0 

 
㕃1. Ⰼ靶✳絶巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽禹絡爙䠑㕃 

1♧絶巊湱鳕巊岹 A2♧絶巊湱鳕巊岹 B3✳絶巊湱鳕巊岹 A4✳絶巊湱鳕巊岹 B5荈⸓鵳呋㐼6♧絶蒀靶叙7✳⡙Ⱉ鸑ꢎ䊩
8✳⡙Ⱉ鸑ꢎ〸9✳絶蒀靶叙10500 μL 呋ㅷ梠11✳⡙Ⱉ鸑ꢎ 312唬崵㐼PDA+MS1314幊ざ㐼 

1.2 ⴔ區勵⟝  

巊湱蒀靶勵⟝ 
蒀 靶 叙 痦♧絶SeQuart ZIC-HILIC (2.1 × 150 mm, 3 μm)  

痦✳絶KinetexӧR  C8 (2.1 × 150 mm, 2.6 μm) 

崨 ⸓ 湱 痦♧絶A 湱-2 mM ⛩ꃑꜽ很巊B 湱-⛩臟  
痦✳絶A 湱- 0.1%歌ꃑ宐很巊 B 湱-0.1% 歌ꃑ⛩臟 

ⴔ 區 崨 鸟 痦♧絶0.4 mL/min痦✳絶0.6 mL/min 
叙 庛 30˫ 鵳 呋 ⡤ 獤2 μL 

峤 膴 倰 䒭 唑䏞峤膴傞ꢂ玐䎸錛邍 1-邍 3   

邍 1. ♧絶巊湱蒀靶涸傞ꢂ玐䎸 (ⴲ映崨⸓湱 B ⚹ 96%) 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

6.00 岹 B.Conc 92 
10.00 岹 B.Conc 82 
18.00 岹 B.Conc 75 
20.00 岹 B.Conc 50 
30.00 岹 B.Conc 50 
30.10 岹 B.Conc 96 

邍 2. ✳絶巊湱蒀靶涸傞ꢂ玐䎸ⴲ映崨⸓湱 B ⚹ 10% 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

19.00 岹 B.Conc3 10 
20.00 岹 B.Conc3 25 
25.00 岹 B.Conc3 50 
32.00 岹 B.Conc3 75 
35.00 岹 B.Conc3 95 
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39.00 岹 B.Conc3 95 
39.01 岹 B.Conc3 10 

邍 3. Ⱖ➭傞ꢂ玐䎸 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

0.01 叙庛盲 CTO.RVL 1 
0.01 叙庛盲 CTO.RVR 1 
1.70 叙庛盲 CTO.RVL 0 
1.70 叙庛盲 CTO.RVR 0 

15.00 䱽ⵖ㐼 Event 0 
20.10 叙庛盲 CTO.RVL 1 
20.10 叙庛盲 CTO.RVR 1 
38.00 叙庛盲 CTO.RVL 0 
38.00 叙庛盲 CTO.RVR 0 
40.00 䱽ⵖ㐼 Stop  

岤叙庛盲ꢎㄐ⟁0⚹♧絶蒀靶叙鵶唬崵㐼1⚹♧絶蒀
靶叙鵶㹁ꆀ梠䱽ⵖ㐼 Event1⚹✳絶叙た崨⸓湱鵳 CTO.RVL
涸 a 尼⡙랾雩⚹ⴗ䏑巊 

餘靶勵⟝ 
猌 㶩 彂 ESI+/ESI- 䱹 〡 歏 ⾓ 4.5 kV/-3.5 kV 

䱹 〡 庛 䏞 300˫ ⸈ 掚 垷 懈 庛 䏞 400˫ 

꨺ ⻊ 孞 崨 鸟 3.0 L/min D L 庛 䏞 250˫ 

⸈ 掚 孞 崨 鸟 10.0 L/min 焥 中 孞 孿孞 

䎁 醋 孞 崨 鸟 10.0 L/min 䪊 䲽 垷 䒭 MS & MS/MSDDA 

2呋ㅷ⵸㢅椚 
》꣈굥껏晙紨1.0 g礵㺙獦㹁⸈歌ꃫ10 mL馄㡮45 min10000鲮猌䗱10 min0.22 μm応芘鵂応

》副幡巊⽰䖤կ 

3絕卓♸雭雿 
3.1 呋ㅷ䲿》很⵫涸鷥䭊 

㖈շ⚥㕂蚋Ⱙո2020晜꣈굥蚋勞ゎꆀ崵㹁고⿺⚥㕂굹ㅷ蚋ㅷ唬㹁灇瑕ꤎⰖ䋒涸㕂㹻蚋ㅷ䬄唬确程䚍灇
瑕痦Ⱉ劍꣈굥껏晙巊湱䭷紻㕃靶唬낉倰岁⚥꣈굥㖲ꅷ欽100%歌ꃫ⡲⚹䲿》很⵫կ劥㹊낉㼆嫱✫100%歌
ꃫծ70%歌ꃫ⿺宐3猫很⵫涸䲿》佪卓կ3猫䲿》很⵫㖈♧絶巊湱HILIC垷䒭♴涸䭷紻㕃靶侨研㥵㕃2䨾爙կ
〳⟄溏ⴀ100%歌ꃫㄤ70%歌ꃫ䲿》ⴀ涸蒀靶油侨ꆀ㣐⡤湱䔲告100%歌ꃫ勵⟝♴10 min⛓⵸涸蒀靶油⥌
尼刿넞油䕎刿㥩宐⡲⚹䲿》很⵫傞10 min⛓た涸蒀靶油侨ꆀ湱嫱Ⱖ㸐⚙猫很⵫刿㢴10 min⛓⵸涸
蒀靶油侨ꆀ僈儑⨊㼱⽰烯匧䚍⻊ざ暟䲿》佪桧⡛կ㼆嫱3猫䲿》很⵫〳⟄封梡꣈굥껏晙⚥10 min⛓⵸涸
蒀靶油⚹Ⱖ⚺銳䧭ⴔ佦絾ざ罌贊鷥䭊100%歌ꃫ⡲⚹䲿》很⵫կ 
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㕃2. 割ず䲿》很⵫♴涸蒀靶㕃 

3.2 ♧絶巊湱ⴔ區勵⟝涸⠏⻊ㄤⴗꢎ傞ꢂ涸烁雩 
㖈Ⰼ靶✳絶巊湱涸ⴔ區⚥㼆♧絶巊湱ⴔ區勵⟝⠏⻊䖎ꅾ銳㽍Ⱖ꨽銳㼆崨⸓湱ⴲ映嫱⢾⿺唑䏞俷桧

涸⠏⻊ㄤ烁雩㸐割➑⠔䕧ㆇ♧絶 HILIC 垷䒭♴ぐ絆ⴔ涸ⴔ猌㼆ⴗⰆ✳絶巊湱涸⻊ざ暟侨ꆀ⛲⠔❡欰䕧
ㆇկ鳅锐䟝涸ⴔ區勵⟝⚹ HILIC 垷䒭♴割⥂殆絆ⴔ腊㽴〳腊模Ⰼ㖑ⴗⰆ荛㹁ꆀ梠⚥Ⱖ㸐〳⥂殆絆ⴔ㖈♧絶
勵⟝♴㽴〳腊䖤ⵌ模Ⰼⴔ猌կ鸑鵂⠏⻊♧絶巊湱蒀靶勵⟝꣈굥껏晙♧絶巊湱蒀靶㕃㥵㕃 3 䨾爙♧絶呋
ㅷ㼋Ⰶ㹁ꆀ梠涸ⴗꢎ傞ꢂ霃⚹ 1.7 minկ歋✵♧絶 20 min た偽僈儑蒀靶油㼜✳絶ⴔ區涸ⴗ䰃傞ꢂ霃㹁⚹
20 min⽰♧絶巊湱 20 min た絩絯넞嫱⢾宐湱Ȿ峤ㄤ䎂邂蒀靶叙✳絶巊湱㖈 20 min た䒓映峤膴綫瀊
侮⡤ⴔ區傞Ɤկ 

 
㕃3. ꣈굥껏晙♧絶巊湱蒀靶㕃 

3.3 ♧絶ⴗꢎ㼆꣡鵛蒀靶䂽䕧ㆇ涸鍒Ɀ倰岁 
♧絶巊湱ⴔ區勵⟝ㄤⴗꢎ傞ꢂ烁㹁た㽠銳㼜 HILIC 垷䒭♴割⥂殆涸絆ⴔ㼋Ⰶ荛㹁ꆀ梠佐꧋⟄鵳遤✳

絶ⴔ區⢪欽կ䖉㹁ꆀ梠ⰻ呋ㅷ佐꧋模䧭㖈ⴗꢎ傞ꢂ⛓た涸 HILIC 垷䒭♴腊⥂殆涸絆ⴔ䒓映㖈♧絶鵳遤ⴔ
區ず傞㹁ꆀ梠ⰻ呋ㅷ㖈✳絶蒀靶叙叙㣢鵳遤翸送կ䖉♧絶ⴔ區絕勲叙㣢翸送絆ⴔ䒓映鄄✳絶崨⸓湱峤
膴剒た✳絶蒀靶叙䎂邂荛ⴔ區絕勲կ歋✵㖈鵳遤鵯猫䌢錞Ⰼ靶✳絶ⴔ區傞副♧ꛏ呋ㅷⴔ區絕勲傞唬崵㐼
ⰻ⯎忘涸僽✳絶崨⸓湱⡤禹鸑䌢⚹넞嫱⢾宐湱罜♴♧ꛏ呋ㅷ䒓映ⴔ區傞唬崵㐼ⰻ崨Ⰶ涸僽넞嫱⢾剣劼
湱姼傞⚙猫匧畮嫱⢾涸崨⸓湱㖈唬崵㐼ⰻ封欰幊ざ僒鸣䧭⥌尼岚⸓㼆ⴗꢎ傞ꢂ꣡鵛涸蒀靶油⥌尼❡欰
䕧ㆇ㥵㕃 4 紤蒀嗱㕐叻雵⼓㚖涸蒀靶油կ⚹嶊ꤑ姼䕧ㆇ䧮又㖈✳絶蒀靶叙♸唬崵㐼⛓ꢂ⸈Ⰶ♧⚡✳⡙
Ⱉ鸑ꢎ⢪嫦♧ꛏ呋ㅷ✳絶ⴔ區絕勲⵸✳絶蒀靶叙䎂邂傞㼜♧絶涸崨⸓湱㼋Ⰶ唬崵㐼✳絶涸넞嫱⢾崨

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 min

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00uV(x100,000)
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⸓湱ⴗⰆ荛䏑巊⥂霆䨾剣呋ㅷ♧絶ⴔ區䒓映⵸唬崵㐼ꅽ鿪僽♧絶涸ⴲ映崨⸓湱⡤禹剣佪鼙⯝✫⚙湱幊
ざ❡欰涸⥌尼岚⸓㼆ⴗꢎ꣡鵛蒀靶油涸䕧ㆇ㹊꣢佪卓㥵♴㕃覰蒀蒀靶㕃䨾爙կ 

 
㕃4. ♧絶ⴗꢎ㼆꣡鵛蒀靶油涸䕧ㆇ⿺鍒Ɀ倰岁 

3.3 ✳絶巊湱ⴔ區勵⟝涸⠏⻊ 
✳絶巊湱ⴔ區勵⟝割➑䕧ㆇ✳絶涸ⴔ猌佪卓⛲䕧ㆇ满㹁ꆀ梠ⰻ呋ㅷ㼋Ⰶ✳絶巊湱た㖈蒀靶叙叙㣢涸

翸送佪卓կ⿬罌 AP_News_303 䎾欽灇瑕絕卓500 μL 㹁ꆀ梠㖈 10%剣劼湱ⴲ映嫱⢾涸勵⟝♴翸送⡤獤
✳絶巊湱⚥ⵄ欽剣劼湱㼜湡叻暟➢㹁ꆀ梠⚥䶀䌄ⴀ勻涸⡤獤㖈800 μL 涸䞔ⲃ♴䨾崵⻊ざ暟油꬗獤䩞
腊馋✵珘㹁կ㖈⥂霆翸送⡤獤涸ず傞⛲꨽銳罌贊✳絶巊湱副넞剣劼湱ⴲ映嫱⢾〳腊⠔鸣䧭蒀靶油⚗㣟涸
굥ꤗկ劥㹊낉✳絶巊湱ⴔ區勵⟝⠏⻊た涸꣈굥蚋勞⿺瑟涯很⵫蒀靶㕃㥵♴㕃䨾爙կ 

 
㕃5. ꣈굥껏晙ㄤ瑟涯很巊Ⰼ靶✳絶巊湱䭷紻㕃靶 

3.4 礵㺙䏞 
》呋ㅷ很巊鵶絯崵㹁6妃罌㻋⟉㐼礵㺙䏞絕卓儑爙20猫絆ⴔ蒀靶油涸⥂殆傞ꢂRSD割㣐✵0.35%

油꬗獤RSD⧩割㣐✵3.90%⟉㐼礵㺙䏞葻㥩կ 
邍 4. 礵㺙䏞絕卓 

油尼 1 2 3 4 5 6 7 8 9 10 
⥂殆傞ꢂRSD(%) 0.18 0.16 0.18 0.35 0.30 0.30 0.16 0.10 0.06 0.06 

油꬗獤RSD(%) 3.20 2.81 2.23 1.90 2.68 3.50 1.23 2.10 3.90 1.71 
油尼 11 12 13 14 15 16 17 18 19 20 

⥂殆傞ꢂRSD(%) 0.03 0.04 0.03 0.03 0.02 0.03 0.04 0.03 0.03 0.03 
油꬗獤RSD(%) 1.52 2.87 2.38 2.32 2.73 2.51 1.74 0.92 1.84 2.27 

3.5 暵䖄䂽ꊹ㹁 
㼜Ⰼ靶✳絶巊湱♸LCMS-9050㔋匧勍굷遤傞ꢂ餘靶⟉翫欽㼆꣈굥껏晙䭷紻㕃靶⚥⚺銳暵䖄油鵳遤㹁
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䚍ⴔ區ꅷ欽姻餏猌㶩垷䒭ず傞䪊䲽涸侨研ꅷ꧋倰䒭䨾䖤TIC㕃㥵♴䨾爙կ 

 
㕃6. ꣈굥껏晙姻餏猌㶩垷䒭餘靶䪊䲽㕃靶 

欽䀙峸Labsolutions Insight Explore侨研㢅锐鲱⟝絕ざ俒柄⥌䜂㼆⻊ざ暟鵳遤ꊹ㹁կ⟄꣈굥⚥7尼暵䖄
油ꊹ㹁⚹⢾㾝爙ꊹ㹁鵂玐կ䲿》7尼暵䖄油⥂殆傞ꢂ㢅涸餘靶⥌䜂㛇✵礵烁ⴔ㶩ꆀㄤず⡙稇⚪䏞嫱ⵄ
欽Labsolutions Insight Explore⟝⚥涸Calculate Formula⸆腊곫崵Ⱖ〳腊涸ⴔ㶩䒭կ곫崵絕卓儑爙m/z 
469.17052涸ⴔ㶩䒭⚹C22H28O11[M+H]+ず锐雿餘蚚嫱霴䊵⚹0.171 ppmず⡙稇ⴔ䋒⼐ꂁ䖤ⴔ⚹100.00
絕卓㥵㕃7䨾爙կ 

 

 
㕃7. 油7涸ⴔ㶩䒭곫崵絕卓 

⚹烁雩霪⻊ざ暟涸絕匬䒭ㄤ⻊ざ暟ぜ獦ⵄ欽 Labsolutions Insight Explore 鲱⟝侨研䎽唬程ㄤ Assign
⸆腊⿺俒柄⥌䜂鵳遤鵳♧姿ⴔ區կ㼜 MS1 餘蚚嫱㼆䎾涸✳紩餘靶㕃封鷐荛鲱⟝涸 Assign 歲꬗鸑鵂곫崵涸
ⴔ㶩䒭㖈絁社程 PubChem/Chemspider 侨研䎽䖤ⵌ〳腊涸⻊ざ暟絕匬⥌䜂ず傞ꅷ欽 Assign ⸆腊㼆✳
紩餘靶㕃鵳遤⼐ꂁ䎇㼆烱晙猌㶩鵳遤䔱㾩䨾⼐ꂁ䖤ⵌ涸⻊ざ暟䭽䖤ⴔ㣐㼭⣜妃鵳遤䱗䎸儑爙կ絑⼐ꂁ
Assign 絕 卓 儑 爙 (2S)-2-(2-hydroxypropan-2-yl)-4-methoxy-7-[[(2R,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)oxan-2-yl]oxymethyl]-2,3-dihydrofuro[3,2-g]chromen-5-one⚥俒ぜ⼮띿稇薗瘝䖤ⴔ
鳅넞㥵㕃 8叅ꢓ湱Ⱒ俒柄⼮띿稇薗⚹꣈굥⚥⚺銳⻊㷖䧭ⴔ⚂ MS2 涸 Assign 䖤ⴔ⚹ 100✳紩烱晙
䔱㾩た⨊䊵割㣐✵-4.15 ppm佦硼崵油 7 ⚹⼮띿稇薗կ꣈굥䭷紻㕃靶⚥Ⱖ㸐溶硼崵涸暵䖄油絕卓㥵邍 5 䨾
爙կ 

 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5 35.0 37.5 min

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0
(x1,000,000)

5:TIC(-)
1:TIC(+)
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㕃8. 油7涸MS2餘靶㕃⿺Assign⼐ꂁ絕卓 

邍5. ꣈굥껏晙䭷紻㕃靶鿈ⴔ暵䖄油硼崵絕卓⴩邍 

ID 
R.T. 

(min) 
Predicted Name Type Meas. m/z 

Predicted 
Formula 

Predicted 
Mass 

MS1Diff. 
(ppm) 

1 2.23 ⼮띿稇 [M+H]+ 307.1175 C16H18O6 307.1176 -0.22 

3 5.21 ❞嬁ꂛ薗 [M+H]+ 439.1598 C21H26O10 439.1598 -0.06 

4 7.22 5-O-歌㛇絶倛꣚碛ꃫ薗 [M+H]+ 453.1752 C22H28O10 453.1755 -0.68 

5 8.00 艑薗 [M-H]- 266.0894 C10H13N5O4 266.0894 0.00 

7 10.42 ⼮띿稇薗 [M+H]+ 469.1705 C22H28O11 469.1704 0.17 

11 22.24 5-O-歌㛇絶倛꣚碛ꃫ [M+H]+ 291.1225 C16H18O5 291.1227 -0.55 

12 22.94 邉낧腒稇 [M+H]+ 187.0388 C11H6O3 187.0389 -0.53 
13 23.32 蔄嗊嫫稇 [M+H]+ 217.0494 C12H8O4 217.0495 -0.64 
14 23.92 껺厦ⰻꂾ [M+H]+ 217.0494 C12H8O4 217.0495 -0.32 

15 26.08 3-O-⛩ꃀ㛇❞薹ꂛ [M+H]+ 319.1176 C17H18O6 319.1176 0.18 

16 26.54 棂榨蝲ⰻꂾ [M+H]+ 301.1069 C17H16O5 301.1070 -0.498 

18 28.72 3'-O-䔲䔱ꃀ㛇❞薹ꂛ [M+H]+ 359.1487 C20H22O6 359.1489 -0.473 

3.6 ♸䌢錞♧絶⿿湱巊湱蒀靶ⴔ區涸嫱鳅 
湡⵸㼆✵⚥蚋䭷紻㕃靶ⴔ區⚺銳ꅷ欽兜鸑导湱ⴔ猌涸垷䒭㥵C18䧴C8կ⽀♧垷䒭♴鿈ⴔㅷ猫ꦼ⯝⠔

ⴀ梡剣❈⻊ざ暟割腊䖎㥩㖑⥂殆ㄤⴔ猌涸䞔ⲃկ劥㹊낉⚥㼜HILIC♸C8垷䒭絕ざⴔ猌䖤ⵌ20⚡蒀靶油կ
♸㕂㹻蚋ㅷ䬄唬确程䚍灇瑕痦Ⱉ劍꣈굥껏晙巊湱䭷紻㕃靶湱嫱蒀靶油侨ꆀ刿㢴⥌䜂刿⚪㺢կ䨾⟄Ⰼ靶✳
絶䪮助〳⟄⡲⚹封梡⚥蚋⚥刿㢴⻊㷖䧭ⴔ涸♧猫䩛媯䌐⸔䒊用刿模㊤涸餘ꆀ䱽ⵖ䭷叻կ 
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㕃9. 㕂㹻蚋ㅷ䬄唬确程䚍灇瑕痦Ⱉ劍꣈굥껏晙巊湱䭷紻㕃靶 

勻彂https://www.nifdc.org.cn/directory/web/nifdc/bshff/gjchj/yjxglj/jyffsix/20200408221030207.html 

4絕雿 

劥俒껷妃ꅷ欽Ⰼ靶✳絶巊湱蒀靶禹絡䒊用✫꣈굥껏晙涸䭷紻㕃靶ⴔ區倰岁կ㼜危宐⡲欽蒀靶HILIC
ㄤ导湱巊湱蒀靶C8湱絕ざꅷ欽♧ꛏ鵳呋涸倰䒭㖈 40 min ⰻ㹊梡㼆꣈굥껏晙ⰻ 20 猫割ず匧䚍䧭ⴔ
涸ず傞⥂殆ㄤⴔ猌ⵄ欽 LCMS-9050 㔋匧勍굷遤傞ꢂ餘靶⟉㼆⚺銳暵䖄䧭ⴔ鵳遤䘯鸟ꊹ㹁կ霪禹絡珘㹁䚍
㥩腊蜦》刿㢴⚥蚋⻊㷖䧭ⴔ⥌䜂〳 ⟄⡲⚹⚥蚋䭷紻㕃靶涸♧猫ⴔ區䩛媯⚹䒊用刿模㊤涸⚥蚋餘ꆀ䱽ⵖ
䭷叻䲿⣘⿬罌կ 
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痦 4 畎 Q-TOF 㖈⻊㥿ㅷ⿺⥂⨴ㅷ⚥ꬋ岁幑⸈⻊ざ暟 

䘯鸟癃叅涸䎾欽 

湡⵸Ⱒ✵⻊㥿ㅷ⿺⥂⨴굹ㅷ⚥ꬋ岁幑⸈蚋暟涸唬崵倰岁⚺銳剣⯕靶岁ծ猌㶩鴲獴靶岁ծ謭㽻蒀靶岁ծ
넞佪巊湱蒀靶岁ㄤ巊餘翫欽岁瘝կⰦ⚥巊餘翫欽岁Ⱘ剣⾝併䏞넞ծⲥ烁䏞䔂ծ넞鸑ꆀ涸暵挿僽湡⵸ꅷ欽
剒㢴涸ⴔ區䪮助կ巊餘岁呏研⟉㐼割ず⾲锐⚺銳剣♲ꅾ㔋匧勍涸㹁䚍㹁ꆀ倰岁կ霪倰岁㹁ꆀⲥ烁告㹁䚍
殜剣割駈罜굷遤傞ꢂ餘靶㾩✵넞ⴔ鳹餘靶〳 礵烁崵㹁ⴔ㶩餘ꆀ侨ㄤ✳紩餘靶Ⱘ剣넞暵䒗䚍ծ넞鸑ꆀծ
넞䪊䲽鸟䏞瘝⠏⸷腊䘯鸟鵳遤㹁䚍癃叅〳㹊梡偽叻呋涸㹁䚍ⴔ區կ 

⟄ DDA 䧴 DIA 垷䒭䪠ꆀꅷ꧋呋ㅷ侨研絕ざ䀙峸շ⻊㥿ㅷ굥ꤗ暟餘넞ⴔ鳹餘靶侨研䎽ոծշⱚ蚋넞ⴔ鳹
餘靶侨研䎽ո⿺շⰰ蚋넞ⴔ鳹餘靶侨研䎽ո⢪欽 LabSolutions Insight Explore 鲱⟝涸䪠ꆀ社䎽⸆腊㼆呋
ㅷ⚥ꬋ岁幑⸈絆ⴔ鵳遤䘯鸟癃叅կ割➑䲿넞✫癃叅佪桧ㄤⲥ烁桧鵮㣐㣐綫瀊✫侮⚡ⴔ區傞ꢂ⚹⥂⨴ㅷㄤ
⻊㥿ㅷ㸝Ⰼ䲿⣘ꅾ銳䪮助佅丒կ 

侨研䎽䘯鸟癃叅崨玐㥵♴ 

 
㕃 1. Insight Explore ✳紩餘靶䎽癃叅崨玐 

Ⱖ⚥叻ⲥ⚥㼆✵꣉䚍呋ㅷ涸ⴼ倗⣜研⚹呋ㅷ⚥湡叻暟涸蒀靶油⥂殆傞ꢂ♸叻ⲥ暟餘䊨⡲很巊♧荝
湱㼆霴䊵㖈±2.5%⛓ⰻ⚂呋ㅷ⚥湡叻暟⵸⡤猌㶩涸餘蚚嫱♸锐雿餘蚚嫱♧荝餘蚚嫱㣐✵瘝✵200傞
餘ꆀ礵䏞㼭✵瘝✵5 ppm餘蚚嫱㼭✵200傞餘ꆀ礵䏞㼭✵1 mDaず傞荛㼱1⚡✳紩餘靶暵䖄猌㶩♸叻
ⲥ暟餘䊨⡲很巊♧荝餘蚚嫱㣐✵瘝✵200傞餘ꆀ礵䏞㼭✵瘝✵5 ppm餘蚚嫱㼭✵200傞餘ꆀ礵䏞㼭✵
1 mDaկ 

 
㕃 2. ⻊㥿ㅷ굥ꤗ暟餘 QTOF 餘靶䎽 
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4.1 LCMS-9050 䘯鸟癃叅⥂⨴ㅷ⚥ꬋ岁幑⸈暟 
 

䶰 銳劥俒ⵄ欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ⚮翫餘靶⟉絕ざշ⥂⨴ㅷꬋ岁幑⸈ QTOF 餘靶䎽ո
䒊用✫♧猫㼆⥂⨴ㅷ⚥ꬋ岁幑⸈暟餘涸䘯鸟癃叅倰岁կ㼆 7 ⚡呋劥⚥涸ꬋ岁幑⸈暟餘鵳遤㹁䚍ⴔ區Ⱖ絕
卓儑爙㖈 7 ⚡呋劥⚥Ⱏ癃叅ⴀ 13 猫幑⸈⻊ざ暟✳紩烱晙♸侨研䎽⼐ꂁ䏞넞կ⢪欽霪倰岁〳鸑鵂♧ꛏ
鵳呋䘯鸟模䧭湡叻暟涸㹁䚍癃叅絕卓ⲥ烁〳ꬑկ 
 

Ⱒꝶ霒㔋匧勍굷遤傞ꢂ⚮翫餘靶⟉  ⥂⨴ㅷ  ꬋ岁幑⸈ 
 

ꥥ满爢⠔涸封㾝馊勻馊㢴涸➃Ⱒ岤⥂⨴㖈
欰崞⚥⛲䌢剪欽⥂⨴ㅷկ⚹✫鷅宠ⵄ渤, 鿈ⴔ割岁
欰❡罏⠔㖈♧❈⥂⨴굹ㅷ⚥ꬋ岁幑⸈ぐ猫蚋暟⟄鴪
ⵌ㹒吗涸佪卓エ䒸嶊餩罏Ɤ劍餝✈կ搬罜Ɤ劍굹
欽鵯猫굹ㅷ, 〳腊⠔絛嶊餩罏鸣䧭⚚ꅾ涸魧⡤⨴䐀
꡼곿կ 

㼆✵⥂⨴ㅷ⚥ꬋ岁幑⸈暟涸唬崵♧湬僽湱Ⱒ鿈
꡶ꅾ挿Ⱒ岤涸곭㚖կ告僽歋✵⥂⨴ㅷ涸猫碫籖㢴
꨽銳ꛏ㼆嫦♧碫涸⥂⨴ㅷ佐꧋䨾꨽涸叻ⲥㅷた䩞腊

䒊用㼆䎾涸唬崵倰岁䊨⡲ꆀ㣐⚂佪桧⡛կ㔔姼, ꬋ
䌢꨽銳♧猫⾝併ծ넞佪涸唬崵倰岁腊㢿䘯鸟㼆㢴猫
碫涸呋ㅷ⟄⿺ꬋ岁幑⸈暟鵳遤唬崵կ 

劥俒⢪欽䀙峸LCMS-9050馄넞佪巊湱蒀靶-㔋
匧勍굷遤傞ꢂ⚮翫餘靶⟉䒊用✫♧猫㼆⥂⨴ㅷ⚥
ꬋ岁幑⸈暟䘯鸟㹁䚍涸ⴔ區倰岁կ㼆7⚡呋ㅷ鵳遤✫
ⴔ區〳䘯鸟癃叅ⴀ呋ㅷ⚥涸ꬋ岁幑⸈䧭ⴔ霪倰
岁ⲥ烁〳ꬑ〳⚹⥂⨴ㅷ涸唬崵䲿⣘䌐⸔կ

1㹊낉鿈ⴔ 

1.1 ⟉㐼 
䀙峸 LCMS-9050 馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽⟉Ⱘ⡤ꂁ縨⚹ 

鳕 巊 岹 : LC-40B X3×2 禹 絡 䱽 ⵖ 㐼 : CBM-40 
荈 ⸓ 鵳 呋 㐼 : SIL-40C 굷遤傞ꢂ餘靶⟉ :LCMS-9050  
叙 庛 盲 : CTO-40S 㖈 絁 膴 孞 劼 :DGU-405 
蒀 靶 䊨 ⡲ 畀 :LabSolutions Ver. 5.118; LabSolutions Insight Ver. 4.0SP2 

1.2 ⴔ區勵⟝ 

巊湱蒀靶勵⟝ 
蒀  靶  叙 GIST-HP_C18-AQ (150 mm×2.1 mm., 1.9 μm (䀙峸副嵳㹊낉㐼勞剣ꣳⰖ

尽P/N: 227-30807-03 ) 
崨  ⸓  湱 A 湱-5 mM ⛩ꃑꜽ0.1%歌ꃑ 

B 湱-⛩臟 
崨     鸟 0.3 mL/min 
鵳 呋 ⡤ 獤 1 µL 叙庛 40˫ 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹30%峤膴玐䎸錛邍1կ 
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邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 

0.50 岹 B.Conc 15 

9.50 岹 B.Conc 75 

20.00 岹 B.Conc 95 
30.00 岹 B.Conc 95 
30.10 岹 B.Conc 15 
30.00 䱽ⵖ㐼 Stop  

餘靶勵⟝ 
猌  㶩  彂 ESI(+/-) ⸈掚垷懈庛䏞 400˫ 
꨺⻊孞崨鸟 3.0 L/min DL   庛   䏞 250˫ 
⸈掚孞崨鸟 10.0 L/min 䱹 〡 庛 䏞 300˫ 
䎁醋孞崨鸟 10.0 L/min 䪊  䲽  垷  䒭 MS Scan(m/z 100 -1000) 

DDA MS/MS (m/z 100 -1000) 

1.4 呋ㅷ⵸㢅椚  
1.4.1 䲿》很巊ꂁⵖ 
ⴔⵆꂁ縨⟄♴ 3 猫䲿》很巊ぐ 500 mLկ 
䲿》很巊 1⛩臟歌ꃫ10 mM ⛩ꃑꜽ=105535 
䲿》很巊 2⛩臟歌ꃫ10 mM ⛩ꃑꜽゎ 0.1%歌ꃑ=105535 
䲿》很巊 3⛩臟歌ꃫ0.2%♲⛩腂宐很巊=403030 

1.4.2 呋ㅷ很巊ꂁⵖ 
》呋ㅷ灇絈獦》 0.3 g縨✵ 50 mL 㺂ꆀ櫕⚥ⴔⵆ⸈Ⰶ副鶣䲿》巊鷓ꆀ馄㡮 10 min ⢪Ⱖ很鍒

佞縨ⲇ⽲荛㹔庛⸈䲿》巊獺ꅺ荛ⵠ䏞䶔⺣կ佞縨鵂㢹》副幡巊鷓ꆀ넞鸟猌䗱10000 r/min礵
㺙エ》副幡巊 1 mL荛✵鵳呋㼭櫕⚥嫦猫呋ㅷⴔⵆ欽副鶣♲猫䲿》巊䲿》կ 
 

2絕卓♸雭雿 
ⴔⵆ⢪欽 DDA(+/-)垷䒭㼆嫦⚡呋ㅷ絑鵂♲猫割ず䲿》た涸很巊鵳遤ꅷ꧋絕ざշ⥂⨴ㅷꬋ岁幑⸈✳紩

餘靶䎽ո⢪欽 Insight Explore 鲱⟝涸䪠ꆀ社䎽⸆腊㼆嫦⚡呋ㅷ⚥涸ꬋ岁幑⸈鵳遤䘯鸟癃叅կ侨研㢅锐
姿낢㥵♴ 
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2.1 㼋Ⰶ⻊ざ暟⥌䜂 
㼜 DDA 侨研㼋Ⰶ Insight Explore 鲱⟝㖈Edit Method고♴涸Compounds⴩邍⚥幑⸈꨽銳

癃叅涸ꬋ岁幑⸈暟涸ぜ獦⟄⿺ m/z ⥌䜂կ 

 
㕃 1. Insight Explore 鲱⟝䨔㕃 

2.2 㼋Ⰶ⥂⨴ㅷ✳紩餘靶䎽 
㖈Edit Method고♴涸(MSn)Library⚥幑⸈շ⥂⨴ㅷꬋ岁幑⸈✳紩餘靶䎽ոկ㥵㕃 2 䨾爙幑

⸈✫⥂⨴ㅷ⚥ꬋ岁幑⸈暟涸✳紩侨研䎽ず傞霃縨✫社程湱ず涸⵸⡤猌㶩瘝勵⟝կ 

 
㕃 2. Insight Explore 鲱⟝䨔㕃 
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2.3 綘鳓Flags 
㖈Edit Flags고♴綘鳓絕卓ⴼ㹁涸⣜研կ㥵㕃3䨾爙劥俒⚥幑⸈✫⚙⚡ⴼ㹁⣜研ⴔⵆ僽Lib 

Compound NameㄤMin. Library Similarity Index,㼆✵割忘駈Ⱖ⚥⟣♧勵⟝涸絕卓⠔剣㼭偫
㕃叻儑爙կ 

 
㕃 3. Insight Explore 鲱⟝䨔㕃 

2.4 䪠ꆀ䵂䎽⿺絕卓霹僈 
㼆㼋Ⰶ涸侨研⢪欽Search Library կ㥵㕃4䨾爙䪠ꆀ㼆㼋Ⰶ涸♲⚡侨研鵳遤社程կ 

 
㕃 4. Insight Explore 鲱⟝䨔㕃 

社程絕卓㥵♴㕃5䨾爙⻊ざ暟⴩邍⚥涸ぜ獦ぼ㇬N-⿡歌㛇銯㖑齡ꬋ✳紩烱晙♸侨研䎽⚥餘靶㕃
⼐ꂁ葻㥩⼐ꂁ䏞㣐✵70佦Lib. SI尵剣覰蒀㞅⯎告僽ぜ獦♸鸑鵂✳紩烱晙嫱㼆䖤ⵌ涸⻊ざ暟ぜ獦
割㼆佦㖈ぜ獦齡♧吃儑爙✫紤蒀Flag ID儑爙✫Name銯㖑齡ꬋN-孻⻊暟✳紩烱晙♸侨研䎽⚥
餘靶㕃⼐ꂁ葻㥩⼐ꂁ䏞㣐✵70⚂♸侨研䎽⚥ぜ獦♧荝佦尵剣Flag儑爙կ 
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㕃 5. Insight Explore 鲱⟝䨔㕃 

2.5 呋ㅷ絕卓 

ⵄ欽副鶣倰䒭鵳遤䪠ꆀ社䎽7⚡呋劥涸絕卓宨䚪㥵♴邍䨾爙կ 
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邍 2. 13 猫⻊ざ暟㖈 7 ⚡呋ㅷ⚥涸唬ⴀ絕卓꬗獤⧩ 
䎸尼 ⻊ざ暟ぜ獦 呋ㅷ 1 呋ㅷ 2 呋ㅷ 3 呋ㅷ 4 呋ㅷ 5 呋ㅷ 6 呋ㅷ 7 

1 銯㖑齡ꬋ 2769373 2714488 2717451 3384771 8664063 8483894 19569747 

2 ➭鴪䬘ꬋ 1921641 1767011 2562125 1450922 N.D. N.D. 1392645 

3 膴炻⠄㖑齡ꬋ 13431 12999 31523 ND 789323 765683 15615 

4 N-⿡⛩㛇⠄㖑齡ꬋ 189833 N.D. N.D. N.D. N.D. N.D. N.D. 

5 N-⿡歌㛇銯㖑齡ꬋ 515718 438505 364713 355004 N.D. N.D. 417011 

6 ぼ㇬ N-⿡歌㛇銯㖑齡ꬋ 63472 58470 54230 98954 1417040 1342914 76381 

7 䒗♨㛇銯㖑齡ꬋ 84509 77690 152554 116668 2711682 2596266 96092 

8 銯㖑齡ꬋ N-孻⻊暟 3089885 2948318 2977523 2316950 54638 77938 2534576 

9 ⿽⿡焫銯㖑齡ꬋ 25523 23882 25478 95905 219525 227367 26553 

10 㼆⛩ꃀ孽㛇ꂛ N.D. N.D. N.D. 73844 N.D. N.D. N.D. 

11 繿㛇韝蜒銯㖑齡ꬋ N.D. N.D. N.D. 19930 N.D. N.D. N.D. 

12 ⿡歌㛇ㆆ㍟㛇銯㖑齡ꬋ熬ꃑ N.D. N.D. N.D. 14699 50303 49254 N.D. 

13 孽㛇銯㖑齡ꬋ N.D. N.D. N.D. N.D. 15201 15492 N.D. 

岤N.D.邍爙劢唬ⴀկ 

3絕雿 

劥俒ⵄ欽䀙峸Ⱆ尽 LCMS-9050 馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽⟉絕ざշ⥂⨴ㅷꬋ岁幑⸈

✳紩餘靶䎽ո䘯鸟㼆 7 ⚡⥂⨴ㅷ呋ㅷ⚥ꬋ岁幑⸈暟鵳遤癃叅կ絕卓儑爙7 ⚡⥂⨴ㅷ呋劥⚥㹁䚍ⴀ 13 猫

ꬋ岁幑⸈暟䨾剣㹁䚍ⴀ涸⻊ざ暟涸✳紩烱晙♸餘靶䎽⼐ꂁ葻㥩կ鸑鵂 7 ⚡⥂⨴ㅷ呋劥涸崵霚낉霆霪倰

呩〳⟄㹊梡♧ꛏ鵳呋䘯鸟模䧭湡叻暟涸㹁䚍癃叅ⴼ㹁⥂⨴ㅷ⚥〳腊涸ꬋ岁幑⸈暟Ⱘ剣♧㹁涸㹊꣢䎾

欽⟟⧩⣘湱Ⱒ➃プ⿬罌կ 
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4.2 LCMS-9030 䘯鸟癃叅⻊㥿ㅷ⚥ 214 猫굥ꤗ暟餘 

䶰 銳劥俒ⵄ欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ⚮翫餘靶⟉䒊用✫⻊㥿ㅷ⚥ 214 猫굥ꤗ暟餘涸ꊹ
ⵆㄤ烁雩倰岁կ⢪欽 LabSolutions insight 䒊用✫ 200 ⡮猫굥ꤗ暟餘涸넞ⴔ鳹✳紩餘靶䎽呏研⥂殆傞ꢂ
⿺礵烁餘ꆀ侨鵳遤ꊹⵆ䎇⢪欽✳紩餘靶䎽⿺Ⱙ㘗✳紩烱晙猌㶩⚪䏞嫱鵳遤烁雩կ10 ng/mL 崽䏞涸⚙猫㛇
餘⸈叻呋ㅷ厫肌宐ծ䫡肌꩹⟄很⵫叻巊鵳遤㹁ꆀ雦皾馄鵂 70%涸⻊ざ暟㔐佐桧㖈 50-120%⛓ꢂկ霪
倰岁〳欽✵⻊㥿ㅷ⚥굥ꤗ暟餘涸䘯鸟癃叅կ 

Ⱒꝶ霒LCMS-Q-TOF  ⻊㥿ㅷ 굥ꤗ暟餘  

⡲⚹♧猫湬䱹⡲欽✵➃⡤涸⻊㷖䊨⚌❡ㅷ⻊
㥿ㅷ絛䧮又䌄勻繠⚽涸ず傞⨴䐀㸝Ⰼ䗳곢䖤ⵌ⥂
ꥻ搬罜䧮㕂⻊㥿ㅷ遤⚌♧❈割⨴䐀涸梡韌⢾
㥵割岁⾊㹻絛⻊㥿ㅷ⚥幑⸈〳腊⽭㹲⨴䐀涸犜欽
暟餘瘝遤⚹絛昶繠➃㡦涸⨴䐀䌄勻ꥧ䝖կ 

㢊「Ⱒ岤涸շ⻊㥿ㅷ港漛盗锐勵⢾ո姻䒭ⴀ〵
✵ 2021 䎃 1 剢 1 傈饰倶遤կշ勵⢾ոⰟ 6 畎 80 勵

➢㔋⚡倰꬗㼆⻊㥿ㅷ欰❡絑蠒崞⸓⿺Ⱖ港漛盗锐✮
⟄錞薴կ 

劥俒⿬罌湱Ⱒ叻ⲥ䒊用✫㛇✵䀙峸馄넞佪巊
湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶涸⻊㥿ㅷ⚥굥ꤗ暟餘
暟餘涸癃叅倰岁MS1 ♧紩넞餘ꆀⲥ烁䏞侨研䘯鸟
癃叅MS2 ✳紩暵䖄烱晙猌㶩⼐ꂁ礵ⲥ㹁䚍կ⚹⻊
㥿ㅷ⚥굥ꤗ暟餘暟癃叅倰岁䒊用䲿⣘⿬罌կ

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 LCMS-9030 馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽⟉Ⱘ⡤ꂁ縨⚹ 

鳕 巊 岹 :LC-30AD×2 禹 絡 䱽 ⵖ 㐼 :CBM-20Alite 
荈 ⸓ 鵳 呋 㐼 :SIL-30AC 굷遤傞ꢂ餘靶⟉ :LCMS-9030 
叙 庛 盲 :CTO-20AC 

蒀 靶 䊨 ⡲ 畀 
:LabSolutions Ver. 5.98 

㖈 絁 膴 孞 劼 :DGU-20A5R LabSolutions Insight Ver. 3.7 

1.2 ⴔ區勵⟝

巊湱蒀靶勵⟝ 
蒀  靶  叙 Shim-pack GIST-HP C18 100 mm I.D.× 2.1 mm I.D., 1.9 μm, P/N: 227-30807-02 
崨  ⸓  湱 A 湱-0.1%歌ꃑ宐+2 mM 歌ꃑꜽB 湱-⛩臟 
峤 ꛏ 垷 䒭 鵳呋⵸た峤ꛏExternal only鵳呋ꛏ㢪㠗幡峤Rinse Port 
崨     鸟 0.25 mL/min 叙     庛 40˫ 
鵳 呋 ⡤ 獤 5 µL 峤  ꛏ  巊 歌ꃫ/宐=1:1v:v 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹5%傞ꢂ玐䎸錛邍1կ 

餘靶勵⟝ 
猌   㶩   彂 ESI +/ - ⸈掚垷懈庛䏞 400˫ 
꨺ ⻊ 孞 崨 鸟 3.0 L/min DL   庛   䏞 250˫ 
⸈ 掚 孞 崨 鸟 10.0 L/min 䱹 〡 庛 䏞 300˫ 
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䎁 醋 孞 崨 鸟 10.0 L/min 䪊  䲽  垷  䒭 MS Scan (m/z 50 -1000) 
MS2 DDA (m/z 50 -1000) 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 

0.50 岹 B.Conc 5 

5.00 岹 B.Conc 30 

13.00 岹 B.Conc 60 

16.00 岹 B.Conc 98 

18.00 岹 B.Conc 98 

18.50 岹 B.Conc 5 

22.00 䱽ⵖ㐼 Stop 

1.3 霚⵫  
⛩臟蒀靶紩㹔庛⥂㶸կ 
㹊낉欽宐歋 Milli-Q Plus 宐ⲙ⻊禹絡絑⿡猌㶩♸✳妃ⲙ⻊ⵖ䖤կ 
歌ꃑ蒀靶紩紱䏞 98 %㹔庛⥂㶸կ 
歌ꃑꜽ蒀靶紩紱䏞 99 %㹔庛⥂㶸կ 

1.4 呋ㅷ⵸㢅椚 
礵㺙獦ꆀ 0.5 g 厫肌宐ծ䫡肌꩹呋ㅷ縨✵ 15 mL 猌䗱盗⚥⸈Ⰶ 2 mL ⛩臟⯎ⴔ嶴偒 2 min⢪Ⱖ⯎

ⴔ♸呋ㅷ幊ざ㖲⺣ⱄ⸈Ⰶ 7 mL ⛩臟馄㡮䲿》 10 min꫽縨荛㹔庛⛩臟㹁㺂 10 mL⯎ⴔ䶔⺣4000 
r/min 猌䗱 5 min》 1 mL 副幡巊鵂 0.22 μm 応芘た副劼ⴔ區կ 

2絕卓♸雭雿 

2.1 ⲥ烁餘ꆀ侨䲿》絕卓 
214 猫굥ꤗ暟餘䲿》猌㶩崨蒀靶㕃 EIC 㕃10 ng/mL㥵㕃 1 䨾爙կ 

㕃 1. 214 猫굥ꤗ暟餘䲿》猌㶩崨蒀靶㕃 EIC 㕃10 ng/mL 

2.2 倰岁唬ⴀꣳ 
ꂁⵖ崽䏞 10 ng/mL 涸 214 猫굥ꤗ暟餘幊ざ叻ⲥ呋ㅷ副劼鵳遤崵㹁214 猫굥ꤗ暟餘ㅷ猫⥌䜂ծ⚥薉

俒ぜծCASծ♧紩猌㶩ծ⥂殆傞ꢂծ㹁ꆀꣳASTMS/N=10瘝絕卓錛邍 2կ 
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邍 2. 214 猫굥ꤗ暟餘⻊ざ暟⥌䜂 

碫㘗 䎸尼 ⚥俒ぜ獦 薉俒ぜ獦 CAS 尼 ⴔ㶩䒭 猌㶩碫㘗 ♧紩猌㶩 
⥂殆傞ꢂ

min) 

䫒
蝒
蚋 

1 熬腂ꃲꃀ Sulfacetamide 144-80-9 C8H10N2O3S [M+H]+ 215.04849 5.8 

2 熬腂㢴鳟 Sulfadoxine 2447-57-6 C12H14N4O4S [M+H]+ 311.08085 8.7 

3 熬腂✳歌㛇䒗必㊋ Sulfisomidine 515-64-0 C12H14N4O2S [M+H]+ 279.09102 5.3 

4 熬腂必㊋ Sulfadiazine 68-35-9 C10H10N4O2S [M+H]+ 251.05972 6.3 

5 熬腂✳歌必㊋ Sulfamethazine 57-68-1 C12H14N4O2S [M+H]+ 279.09102 7.5 

6 楉梵ꃀ熬腂㑞㇬ Succinylsulfathiazole 116-43-8 C13H13N3O5S2 [M+H]+ 356.03694 6.9 

7 熬腂✳歌䒗䜌㇬ Sulfisoxazole 127-69-5 C11H13N3O3S [M+H]+ 268.07504 9.0 

8 熬腂✳歌孻㍟ Sulfadimethoxine 122-11-2 C12H14N4O4S [M+H]+ 311.08085 9.9 

9 熬腂㌄䜌㉆ Sulfaquinoxaline 59-40-5 C14H12N4O2S [M+H]+ 301.07537 9.9 

10 熬腂鲜薅 Sulfanitran 122-16-7 C14H13N3O5S [M-H]- 334.05032 11.5 

11 渮ꃑ✳孮尪僤 Difluoxacin hydrochloride 91296-86-5 C21H20ClF2N3O3 [M+H]+ 400.14673 7.7 

12 ゜㆕繠鳟 Indometacin 53-86-1 C19H16ClNO4 [M-HCl+H]+ 358.08406 15.6 

13 ⥂岲匠 Phenylbutazone 50-33-9 C19H20N2O2 [M+H]+ 309.15975 16.2 

14 渮ꃑ峫繠尪僤 Lomefloxacin hydrochloride 98079-52-8 C17H20ClF2N3O3 [M-HCl+H]+ 352.14673 6.7 

15 孮歌㌄ Flumequine 42835-25-6 C14H12FNO3 [M+H]+ 262.08740 11.3 

16 鲜ꃑㅔ䐀㇬ Miconazole nitrate 22832-87-7 C18H15Cl4N3O4 [M-HNO3+H]+ 414.99330 15.0 

17 渮ꃑ蟼剏蓷 Naftifine hydrochloride 65473-14-5 C21H22ClN [M-HCl+H]+ 288.17468 11.8 

18 剏鲜㇬ Tinidazole 19387-91-8 C8H13N3O4S [M+H]+ 248.06995 7.0 

19 鲜ꃑ渤䐀㇬ Econazole nitrate 24169-02-6 C18H16Cl3N3O4 [M-HNO3+H]+ 381.03227 13.9 

20 㖑紤꩓稇 Dirithromycin 62013-04-1 C42H78N2O14 [M+H]+ 835.55258 8.5 

21 紤꩓稇 Erythromycin 114-07-8 C37H67NO13 [M+H]+ 734.46852 9.9 

22 楉⛩紤꩓稇 Erythromycin ethylsuccinate 1264-62-6 C43H75NO16 [M+H]+ 862.51586 12.5 

23 銯ㅔ剏♨ Cimetidine 51481-61-9 C10H16N6S [M+H]+ 253.12299 5.2 

24 徃蜒㽲㹁 Brimonidine 59803-98-4 C11H10BrN5 [M+H]+ 292.01923 5.4 

25 蜒⼐縄僤 Mupirocin 12650-69-0 C26H44O9 [M+H]+ 501.30581 11.7 
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26 ➭䩟縄宝 Tazarotene 118292-40-3 C21H21NO2S [M+H]+ 352.13658 18.6 

27 ⯘縄碛鸑 Crotamiton 483-63-6 C13H17NO [M+H]+ 204.13829 13.7 

28 ♲歌孻蔮孽必 Trimethoprim 738-70-5 C14H18N4O3 [M+H]+ 291.14517 6.6 

29 ✳歌孻歌㛇蔮孽必㊋ Ormethoprim 6981-18-6 C14H18N4O2 [M+H]+ 275.15025 6.9 

30 䊼㌄兜卌 Baquiloprim 102280-35-3 C17H20N6 [M+H]+ 309.18222 1.3 

31 莞䊼㗞ꛧ Sulbactam sodium 69388-84-7 C8H10NNaO5S [M+H]+ 256.02502 15.6 

32 ⚋熬莞 Probenecid 57-66-9 C13H19NO4S [M-H]- 284.09620 13.8 

33 ꣚㖑兜卌 Aditoprim 56066-63-8 C15H21N5O2 [M+H]+ 304.17680 1.4 

34 渮ꃑ䋒剏蟼ꂛ Butenafine hydrochloride 101827-46-7 C23H28ClN [M-HCl+H]+ 318.22163 14.1 

35 ⽔用䐀㇬ Luliconazole 187164-19-8 C14H9Cl2N3S2 [M+H]+ 353.96877 15.0 

36 ⠃用䐀㇬ Voriconazole 137234-62-9 16H14F3N5O [M+H]+ 350.12232 11.9 

37 齡孮尪僤 Nadifloxacin 124858-35-1 C19H21FN2O4 [M+H]+ 361.15581 10.6 

38 ⵄ䬘蟼ꂾ Liranaftate 88678-31-3 C18H20N2O2S [M+H]+ 329.13183 18.2 

39 熬腂✳歌㇬ Sulfamoxol 729-99-7 C11H13N3O3S [M+H]+ 268.07504 7.1 

40 歌鲜㇬ Metronidazole 443-48-1 C6H9N3O3 [M+H]+ 172.07167 5.4 

41 孻孮尪僤 Ofloxacin 82419-36-1 C18H20FN3O4 [M+H]+ 362.15106 6.4 

42 䊩孻孮尪僤 Levofloxacin hydrochloride 100986-85-4 C18H20FN3O4 [M+H]+ 362.15106 6.4 

43 梠⚋尪僤 Ciprofloxacin 85721-33-1 C17H18FN3O3 [M+H]+ 332.14050 6.5 

44 ⯘卌꩓稇 Clindamycin 18323-44-9 C18H33ClN2O5S [M+H]+ 425.18715 8.1 

45 卌〳꩓稇 Lincomycin 154-21-2 C18H34N2O6S [M+H]+ 407.22104 5.3 

46 㢴銯梠稇 Doxycycline 564-25-0 C22H24N2O8 [M+H]+ 445.16055 8.4 

47 碛霿梠稇 Minocycline 10118-90-8 C23H27N3O7 [M+H]+ 458.19218 6.6 

48 ꣚㣼꩓稇 Azithromycin 83905-01-5 C38H72N2O12 [M+H]+ 749.51581 7.8 

49 ⯘䬘꩓稇 Clarithromycin 81103-11-9 C38H69NO13 [M+H]+ 748.48417 11.6 

50 縄紤꩓稇 Roxithromycin 80214-83-1 C41H76N2O15 [M+H]+ 837.53185 11.9 

51 ⯘꩓㇬ Clotrimazole 23593-75-1 C22H17ClN2 [M-C3N2H3]+ 277.07785 12.8 
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52 ꂼ䐀㇬ Ketoconazole 65277-42-1 C26H28Cl2N4O4 [M+H]+ 531.15604 11.1 

53 孮䐀㇬ Fluconazole 86386-73-4 C13H12F2N6O [M+H]+ 307.11135 7.5 

54 翫薅蔮㇬ Bifonazole 60628-96-8 C22H18N2 [M+H]+ 311.15428 12.7 

55 熬腂ぼ㊋ Sulfapyridine 144-83-2 C11H11N3O2S [M+H]+ 250.06447 6.7 

56 熬腂歌必㊋ Sulfamerazine 127-79-7 C11H12N4O2S [M+H]+ 265.07537 7.0 

57 熬腂歌✳㇬ Sulfamethizole 144-82-1 C9H10N4O2S2 [M+H]+ 271.03179 7.4 

58 熬腂歌孻㍟ Sulfamethoxypyridazine 80-35-3 C11H12N4O3S [M+H]+ 281.07029 7.5 

59 熬腂守ㆍ㍟ Sulfachloropyridazine 80-32-0 C10H9ClN4O2S [M+H]+ 285.02075 8.3 

60 熬腂歌㛇䒗㏲㇬ Sulfamethoxazole 723-46-6 C10H11N3O3S [M+H]+ 254.05939 8.7 

61 ⣜霿尪僤 Enoxacin 74011-58-8 C15H17FN4O3 [M+H]+ 321.13575 6.2 

62 尪䬘尪僤 Sarafloxacin 98105-99-8 C20H17F2N3O3 [M+H]+ 386.13108 7.6 

63 㛆孮尪僤 Pefloxacin 70458-92-3 C17H20FN3O3 [M+H]+ 334.15615 6.7 

64 孮縄尪僤 Fleroxacin 79660-72-3 C17H18F3N3O3 [M+H]+ 370.13731 6.4 

65 ⿽孮尪僤 Difloxacin 98106-17-3 C21H19F2N3O3 [M+H]+ 400.14673 7.7 

66 蜒銯尪僤 Moxifloxacin 151096-09-2 C21H24FN3O4 [M+H]+ 402.18237 7.9 

67 霿孮尪僤 Norfloxacin 70458-96-7 C16H18FN3O3 [M+H]+ 320.14050 6.3 

68 䛸霿尪僤 Enrofloxacin 93106-60-6 C19H22FN3O3 [M+H]+ 360.17180 7.1 

69 ト废㸐ꂼ Furaltadone 139-91-3 C13H16N4O6 [M+H]+ 325.11426 6.0 

70 㔋梠稇 Tetracycline 60-54-8 C22H24N2O8 [M+H]+ 445.16055 7.1 

71 㕼꩓稇 Oxytetracyclin 79-57-2 C22H24N2O9 [M+H]+ 461.15546 6.7 

72 轠ⰻꂾ Spironolactone 52-01-7 C24H32O4S [M+H]+ 417.20941 11.9 

73 抪랕꩓稇 Griseofulvin 126-07-8 C17H17ClO6 [M+H]+ 353.07865 12.9 

74 守꩓稇 Chloramphenicol 56-75-7 C11H12Cl2N2O5 [M-H]- 321.00505 9.1 

75 守꩓稇✳ꃫ暟 
1-p-nitropheny-2-amino1.3-

propanediol 
CB13962449 C9H12N2O4 [M+H]+ 213.08698 1.5 
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慨
稇 

76 霿륫 Nandrolone 434-22-0 C18H26O2 [M+H]+ 275.20056 12.6 

77 㖿ⵄꂼ Canrenone 976-71-6 C22H28O3 [M+H]+ 341.21112 14.8 

78 㾅轠ꂼ Drospirenone 67392-87-4 C24H30O3 [M+H]+ 367.22677 14.7 

79 拳꧘ꄍ Quinestrol 152-43-2 C25H32O2 [M+H]+ 365.24751 19.0 

80 拳霿ꂼ Norethindrone 68-22-4 C20H26O2 [M+H]+ 299.20056 13.6 

81 邍潅ꂼ Epitestosterone 481-30-1 C19H28O2 [M+H]+ 289.21621 14.4 

82 䐀⸂륫 Stanozolol 10418-03-8 C21H32N2O [M+H]+ 329.25874 14.0 

83 㶲✳掜ꂼ Gestodene 60282-87-3 C21H26O2 [M+H]+ 311.20056 14.3 

84 끩掜꧘ꂼ Equilin 474-86-2 C18H20O2 [M+H]+ 269.15361 15.0 

85 㔋掜꧘ꂼ Altrenogest 850-52-2 C21H26O2 [M+H]+ 311.20056 15.0 

86 ⚋ꃑ潅ꂼ Testosterone propionate 57-85-2 C22H32O3 [M+H]+ 345.24242 18.0 

87 ꃲꃑ梠⚋㶲ꂼ Cyproterone acetate 427-51-0 C24H29ClO4 [M+H]+ 417.18271 16.4 

88 ꃲꃑ⠏⸂尽暵 Ulipristal Acetate 126784-99-4 C30H37NO4 [M+H]+ 476.27954 15.7 

89 17a-繿㛇랕⡤ꂼ Hydroxyprogesterone 68-96-2 C21H30O3 [M+H]+ 331.22677 14.5 

90 㹈⚸ꂼ Boldenone 846-48-0 C19H26O2 [M+H]+ 287.20056 12.3 

91 薅⚋ꃑ霿륫 Nandrolone phenylpropionate 62-90-8 C27H34O3 [M+H]+ 407.25807 18.7 

92 薅歌ꃑ꧘✳ꃫ Estradiol benzoate 50-50-0 C25H28O3 [M+H]+ 377.21112 18.3 

93 ⿡孻淼餘ꂼ Desoxycorticosterone 64-85-7 C21H30O3 [M+H]+ 331.22677 13.7 

94 ꃲꃑ⿡孻淼餘ꂼ Deoxycorticosterone acetate 56-47-3 C23H32O4 [M+H]+ 373.23734 16.2 

95 ꧘ꂼ炻ꃑꂾㆆ㍟ Estropipate 7280-37-7 C22H32N2O5S [M-C4H10N2-H]- 349.11152 9.8 

96 䊩拳霿㶲ꂼ Levonorgestrel 797-63-7 C21H28O2 [M+H]+ 313.21676 15.1 

97 繠꧆ꂼ Metandienone 72-63-9 C20H28O2 [M+H]+ 301.21621 13.0 

98 ⚋ꃑ霿륫 Nandrolone 17-propionate 7207-92-3 C21H30O3 [M+H]+ 331.22677 17.7 

99 峁㽲匠륫 Prednisolone 50-24-8 C21H28O5 [M+H]+ 361.20095 9.6 

100 峁㽲匠 Prednisone 53-03-2 C21H26O5 [M+H]+ 359.18530 9.7 

101 䒗孮峁㽲匠 9-fluoroprednisolone 338-95-4 C21H27FO5 [M+H]+ 379.19153 9.6 
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102 孲⻊〳涸匠 Hydrocortisone 50-23-7 C21H30O5 [M+H]+ 363.21660 9.7 

103 〳涸匠 Cortisone 53-06-5 C21H28O5 [M+H]+ 361.20095 9.6 

104 歌㛇峁㽲匠륫 Methylprednisolone 83-43-2 C22H30O5 [M+H]+ 375.21660 10.6 

105 ⦔➭碛匠 Betamethasone 378-44-9 C22H29FO5 [M+H]+ 393.20718 10.9 

106 㖑㝱碛匠 Dexamethasone 50-02-2 C22H29FO5 [M+H]+ 393.20718 10.9 

107 孮碛匠 Flumethasone 2135-17-3 C22H28F2O5 [M+H]+ 411.19776 11.0 

108 ⦔守碛匠 Beclomethasone 4419-39-0 C22H29ClO5 [M+H]+ 409.17763 11.3 

109 刼㸝㣽䗞 Triamcinolone acetonide 76-25-5 C24H31FO6 [M+H]+ 435.21775 11.8 

110 㖑程㣽䗞 Desonide 638-94-8 C24H32O6 [M+H]+ 417.22717 11.7 

111 孮㽲綫匠 Flunisolide 77326-96-6 C24H31FO6 [M+H]+ 435.21775 11.8 

112 孮鲽匠 Fluocinolone acetonide 67-73-2 C24H30F2O6 [M+H]+ 453.20833 12.0 

113 刼㸝銯륫⿽ꃲꃑꂾ Triamcinolone diacetate 67-78-7 C25H31FO8 [M+H]+ 479.20758 12.1 

114 孮孲綫匠 Fludroxycortide 1524-88-5 C24H33FO6 [M+H]+ 437.23340 12.1 

115 峁㽲匠륫ꃲꃑꂾ Prednisolone 21-acetate 52-21-1 C23H30O6 [M+H]+ 403.21152 12.3 

116 孮碛륫 Fluorometholone 426-13-1 C22H29FO4 [M+H]+ 377.21227 12.4 

117 孲⻊〳涸匠ꃲꃑꂾ Hydrocortisone 21-acetate 50-03-3 C23H32O6 [M+H]+ 405.22717 12.4 

118 孮孲〳涸匠ꃲꃑꂾ Fludrocortisone 21-acetate 514-36-3 C23H31FO6 [M+H]+ 423.21775 12.5 

119 㖑㣗〳暵 Deflazacort 14484-47-0 C25H31NO6 [M+H]+ 442.22242 12.6 

120 峁㽲匠ꃲꃑꂾ Prednisone 21-acetate 125-10-0 C23H28O6 [M+H]+ 401.19587 12.6 

121 〳涸匠ꃲꃑꂾ Cortisone 21-acetate 50-04-4 C23H30O6 [M+H]+ 403.21152 13.0 

122 ⽖繠➭匠 Halometasone 50629-82-8 C22H27ClF2O5 [M+H]+ 445.15879 12.8 

123 歌㛇峁㽲匠륫ꃲꃑꂾ Methylprednisolone 21-acetate 53-36-1 C24H32O6 [M+H]+ 417.22717 13.4 

124 ⦔➭碛匠ꃲꃑꂾ Betamethasone 21-acetate 987-24-6 C24H31FO6 [M+H]+ 435.21775 11.8 

125 潅ꂼ Testosterone 58-22-0 C19H28O2 [M+H]+ 289.21621 13.4 

126 㖑㝱碛匠ꃲꃑꂾ Dexamethasone 21-acetate 1177-87-3 C24H31FO6 [M+H]+ 435.21775 11.8 

127 䋒㖑㣽䗞 Budesonide 51333-22-3 C25H34O6 [M+H]+ 431.24282 13.7 
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128 孲⻊〳涸匠♨ꃑꂾ Hydrocortisone 17-butyrate 13609-67-1 C25H36O6 [M+H]+ 433.25847 13.8 

129 㶲♲掜ꂼ Gestrinone 16320-04-0 C21H24O2 [M+H]+ 309.18491 14.1 

130 孮碛륫ꃲꃑꂾ Fluorometholone 17-acetate 3801-06-7 C24H31FO5 [M+H]+ 419.22283 14.1 

131 歌潅ꂼ Methyltestosterone 58-18-4 C20H30O2 [M+H]+ 303.23186 14.2 

132 孲⻊〳涸匠䧥ꃑꂾ Hydrocortisone 17-valerate 57524-89-7 C26H38O6 [M+H]+ 447.27412 14.9 

133 刼㸝㣽䗞ꃲꃑꂾ Triamcinolone acetonide acetate 3870-07-3 C26H33FO7 [M+H]+ 477.22831 14.9 

134 ✳孮䬘匠⿽ꃲꃑꂾ Diflorasone diacetate 33564-31-7 C26H32F2O7 [M+H]+ 495.21889 15.1 

135 孮鲽匠ꃲꃑꂾ Fluocinonide 356-12-7 C26H32F2O7 [M+H]+ 495.21889 15.1 

136 拳霿㶲ꂼ Norgestrel 6533-00-2 C21H28O2 [M+H]+ 313.21621 15.1 

137 ⦔➭碛匠䧥ꃑꂾ Betamethasone 17-valerate 2152-44-5 C27H37FO6 [M+H]+ 477.26470 15.6 

138 ㆁ銯㣽䗞 Halcinonide 3093-35-4 C24H32ClFO5 [M+H]+ 455.19951 16.1 

139 峁㽲子ꂾ Prednicarbate 73771-04-7 C27H36O8 [M+H]+ 489.24830 16.1 

140 守剏峁霿 Loteprednol etabonate 82034-46-6 C24H31ClO7 [M+H]+ 467.18311 16.2 

141 ꣚守碛匠⿽⚋ꃑꂾ Alclometasone dipropionate 66734-13-2 C28H37ClO7 [M+H]+ 521.23006 16.9 

142 㸝銯㣽䗞 Amcinonide 51022-69-6 C28H35FO7 [M+H]+ 503.24396 16.2 

143 ⽖⦔➭程⚋ꃑꂾ Halobetasol Propionate 66852-54-8 C25H31ClF2O5 [M+H]+ 485.19009 16.2 

144 守⦔➭程⚋ꃑꂾ Clobetasol 17-propionate 25122-46-7 C25H32ClFO5 [M+H]+ 467.19951 16.3 

145 孮剏子匠⚋ꃑꂾ Fluticasone propionate 80474-14-2 C25H31F3O5S [M+H]+ 501.19171 16.4 

146 蜒碛➭匠禄ꃑꂾ Mometasone furoate 83919-23-7 C27H30Cl2O6 [M+H]+ 521.14922 16.5 

147 ꃲꃑ歌㖑㶲ꂼ Megestrol acetate 595-33-5 C24H32O4 [M+H]+ 385.23734 16.5 

148 ꃲꃑ守㖑㶲ꂼ Chlormadinone acetate 302-22-7 C23H29ClO4 [M+H]+ 405.18272 16.7 

149 ⦔➭碛匠⿽⚋ꃑꂾ Betamethasone dipropionate 5593-20-4 C28H37FO7 [M+H]+ 505.25961 16.6 

150 랕⡤ꂼ Progesterone 57-83-0 C21H30O2 [M+H]+ 315.23186 16.5 

151 ꃲꃑ歌繿㶲ꂼ Medroxyprogesterone 17-acetate 71-58-9 C24H34O4 [M+H]+ 387.25299 16.7 

152 歌繿㶲ꂼ Medroxyprogesterone 520-85-4 C22H32O3 [M+H]+ 345.24242 15.6 

153 ⦔守碛匠⿽⚋ꃑꂾ Beclmetasone dipropionate 5534-09-8 C28H37ClO7 [M+H]+ 521.23006 16.9 
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154 ⿽孮〳륫䧥ꃑꂾ Diflucortolone valerate 59198-70-8 C27H36F2O5 [M+H]+ 479.26036 17.0 

155 守⦔➭匠♨ꃑꂾ Clobetasone 17-butyrate 25122-57-0 C26H32ClFO5 [M+H]+ 479.19951 17.2 

156 䊹ꃑ繿㶲ꂼ Hydroxyprogesterone caproate 630-56-8 C27H40O4 [M+H]+ 429.29994 18.3 

157 梠程㣽䗞 Ciclesonide 126544-47-6 C32H44O7 [M+H]+ 541.31598 18.9 

䫒
絆
腂 

158 ꣚尽ㅔ㇬ Astemizole 68844-77-9 C28H31FN4O [M+H]+ 459.25547 8.8 

159 㖑守ꨭ➭㹁 Desloratadine 100643-71-8 C19H19ClN2 [M+H]+ 311.13096 8.1 

160 ら㑞㍟ Phenothiazine 92-84-2 C12H9NS [M+H]+ 200.05285 16.5 

161 㤃⛇꫽ Desloratadine 58-39-9 C21H26ClN3OS [M+H]+ 404.15579 11.7 

162 守ꨭ➭㹁 Loratadine 79794-75-5 C22H23ClN2O2 [M+H]+ 383.15209 14.3 

163 끩勻ꃑ徃薅齡併 Brompheniramine 980-71-2 C16H19BrN2·C4H4O4 [M-C4H4O4+H]+ 319.08044 8.9 

164 暵ꬋ齡㹁 Terfenadine 50679-08-8 C32H41NO2 [M+H]+ 472.32101 14.5 

165 渮ꃑ薅嵳䬘僈 Diphenhydramine 147-24-0 C17H21NO·HCl [M-HCl+H]+ 256.16959 9.8 

166 渮ꃑ孮㤃⛇꫽ Fluphenazine 146-56-5 C22H26F3N3OS·2HCl [M-2HCl+H]+ 438.18214 12.5 

167 渮ꃑ守⚋㍟ Chlorpromazine 69-09-0 C17H19ClN2S·HCl [M-HCl+H]+ 319.10302 12.0 

168 渮ꃑ刼ぼ齡併 Tripelennamine 154-69-8 C16H21N3·HCl [M-HCl+H]+ 256.18082 8.7 

169 渮ꃑ饋䏊㊋ Cyproheptadine 41354-29-4 C21H21N·HCl·H2O [M-HCl-H2O+H]+ 288.17468 11.1 

170 渮ꃑ銯剏ⵄ㍟ Cetirizine 83881-52-1 C21H25ClN2O3·2HCl [M-2HCl+H]+ 389.16265 11.1 

171 渮ꃑ䒗⚋㍟ Promethazine 58-33-3 C17H20N2S·HCl [M-HCl+H]+ 285.14200 10.5 

172 饋⯘ⵄ㍟ Cyclizine Hydrochloride 303-25-3 C18H23ClN2 [M-HCl+H]+ 267.18558 9.9 

173 ✳薅䬘卌 Diphenylpyraline 147-20-6 C19H23NO [M+H]+ 282.18524 10.6 

174 㢴銯䬘併 Doxylamine 469-21-6 C17H22N2O [M+H]+ 271.18049 6.9 

띿
ꃯ
⵫ 

175 渮ꃑ♨子㔔 Tetracaine hydrochloride 136-47-0 C15H25ClN2O2 [M-HCl+H]+ 265.19106 9.6 

176 薅⡠子㔔 Benzocaine 94-09-7 C9H11NO2 [M+H]+ 166.08626 10.5 

177 ⵄ㢴子㔔 Lidocaine 137-58-6 C14H22N2O [M+H]+ 235.18049 7.0 

178 渮ꃑ守兜됓子㔔 Chloroprocaine hydrochloride 3858-89-7 C13H20Cl2N2O2 [M-HCl+H]+ 271.12078 6.6 

179 渮ꃑ兜됓子㔔 Procaine hydrochloride 51-05-8 C13H21ClN2O2 [M-HCl+H]+ 237.15975 5.9 
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180 兜됓子㔔腂 procainamide 51-06-9 C13H21N3O [M+H]+ 236.17574 4.7 

181 鳟〳子㔔 Cinchocaine 85-79-0 C20H29N3O2 [M+H]+ 344.23325 11.3 

ⱚ
婎 

182 歌蟼㪭 Carbaryl 63-25-2 C12H11NO2 [M+H]+ 202.08626 12.3 

183 㢴蝒⾝ Carbendazim 10605-21-7 C9H9N3O2 [M+H]+ 192.07676 6.2 

184 ♨」佯 Di-allate 2303-16-4 C10H17Cl2NOS [M+H]+ 270.04807 17.8 

185 佯虊ꥑ Diuron 330-54-1 C9H10Cl2N2O [M+H]+ 233.02430 12.7 

186 孮梠㇬ Epoxiconazole 106325-08-0 C17H13ClFN3O [M+H]+ 330.08040 15.3 

187 ♨薅に㉆ Fenpropimorph 67306-03-0 C20H33NO [M+H]+ 304.26349 13.0 

188 礵ぼ孮猒虊⾝ Fluazifop-p-butyl 79241-46-6 C19H20F3NO4 [M+H]+ 384.14172 17.9 

189 ⚋拳孮虊腂 Flumioxazin 103361-09-7 C19H15FN2O4 [M+H]+ 355.10887 14.7 

190 䒗蝒膵 Iprodione 36734-19-7 C13H13Cl2N3O3 [M+H]+ 330.04068 16.0 

191 䒗䜌㇬虊ꂼ Isoxaflutole 141112-29-0 C15H12F3NO4S [M+H]+ 360.05119 15.1 

192 ❇腂蝒 Kresoxim-methyl 143390-89-0 C18H19NO4 [M+H]+ 314.13869 16.7 

193 猒虊佯 Molinate 2212-67-1 C9H17NOS [M+H]+ 188.11037 15.3 

194 ⛉佪熧 Monocrotophos 2157-98-4 C7H14NO5P [M+H]+ 224.06824 6.2 

195 拳輾暵 Propargite 2312-35-8 C19H26O4S [M+NH4]+ 368.18901 18.3 

196 䩣抣峸 Propazine 139-40-2 C9H16ClN5 [M+H]+ 230.11670 14.2 

197 銯桾峸 Simazine 122-34-9 C7H12ClN5 [M+H]+ 202.08540 10.7 

198 ⼧♲に㉆ Tridemorph 24602-86-6 C19H39NO [M+H]+ 298.31044 15.5 

199 ✳薅腂 Diphenylamine 122-39-4 C12H11N [M+H]+ 170.09643 16.2 

200 拳薅ꃀ虊腂 Propyzamide 23950-58-5 C12H11Cl2NO [M+H]+ 256.02905 15.6 

201 歌虊腂 Alachlor 15972-60-8 C14H20ClNO2 [M+H]+ 270.12553 16.2 

202 ⦔炻熧 Fenthion 55-38-9 C10H15O3PS2 [M+H]+ 279.02730 16.9 

203 臟蝒㇬ Myclobutanil 88671-89-0 C15H17ClN4 [M+H]+ 289.12145 15.0 

204 孮炊㇬ Flusilazole 85509-19-9 C16H15F2N3Si [M+H]+ 316.10761 15.8 

205 守薅必㊋ꃫ Fenarimol 60168-88-9 C17H12Cl2N2O [M+H]+ 331.03995 15.0 
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206 暵⛙ꂛ Dinoterb 1420-07-1 C10H12N2O5 [M-H]- 239.06734 16.8 

207 烿薅臟 Ioxynil 1689-83-4 C7H3I2NO [M-H]- 369.82313 13.8 

ꫬ
꩓
稇 

208 孽蔮銯卌♲宐ざ暟 Ampicillin Trihydrate 7177-48-2 C16H19N3O4S·3H2O [M-3H2O+H]+ 350.11690 11.9 

209 ꫬ꩓稇 G ꜅渮 Penicillin G potassium salt 113-98-4 C16H17N2O4SK [M-K+2H]+ 335.10600 10.0 

210 ꫬ꩓稇 V ꜅渮 Penicillin V potassium salt 132-98-9 C16H17N2O5SK [M-K+2H]+ 351.10092 10.8 

211 薅㇬銯卌ꛧ Oxacillin sodium monohydrate 7240-38-2 C19H18N3NaO5S·H2O [M-Na-H2O+2H]+ 402.11182 11.5 

212 守㇬銯卌ꛧ Cloxacillin sodium hydrate 7081-44-9 C19H19ClN3NaO6S·H2O [M-Na-2H2O+2H]+ 436.07285 12.3 

213 蟼㣗銯卌ꛧ Nafcillin sodium hydrate 7177-50-6 C21H23N2NaO6S·H2O [M-Na-2H2O+2H]+ 415.13222 12.7 

214 ⿽守銯卌ꛧ Dicloxacillin sodium hydrate 13412-64-1 C19H16Cl2N3NaO5S·H2O [M-Na-H2O+2H]+ 470.03387 13.4 



 

86 
 

2.3 ✳紩넞ⴔ鳹餘靶䎽䒊用 
ꂁⵖ 100 ng/mL 涸 214 猫굥ꤗ暟餘幊ざ叻ⲥ呋ㅷ很巊䭽撑⵸鶣勵⟝鵳遤⵸㢅锐副劼ⴔ區կ鵳遤♧

紩 MS 䪊䲽⟄⿺ MS/MS(DDA)䪊䲽蜦䖤割ず焥中腊10Vծ20Vծ30Vծ40Vծ50Vծ60V♴涸✳紩餘靶
㕃⢪欽 LabSolutions insight 鲱⟝鵳遤✳紩餘靶䎽涸䒊用կ200 ⡮猫굥ꤗ暟餘넞ⴔ鳹✳紩餘靶䎽佐鲿✫
1000 ⡮䓎✳紩餘靶㕃⟄⿺⻊ざ暟涸⚥薉俒ぜծⴔ㶩䒭ծ⥂殆傞ꢂծ蒀靶勵⟝넞ⴔ鳹餘蚚嫱瘝⥌䜂կ 

 
㕃 2. 굥ꤗ暟餘✳紩餘靶䎽곫錢 

2.4 ⻊㥿ㅷ呋ㅷ⸈叻ꊹⵆ♸烁雩 
䭽撑⵸鶣ⴔ區勵⟝ⵖ㢊 100 ng/mL ⸈叻呋ㅷ呏研⥂殆傞ꢂ⿺礵烁餘ꆀ侨鵳遤ꊹⵆ✳紩餘靶䎽䧴

Ⱙ㘗✳紩烱晙猌㶩⚪䏞嫱鵳遤烁雩կ⟄熬腂守ㆍ㍟⚹⢾怵爙⸈叻呋ㅷ涸㹁䚍鵂玐幊ざ叻巊⚥熬腂守ㆍ㍟
m/z 285.0208 蒀靶ⴀ油傞ꢂ RT=8.321minկⵄ欽䀙峸 LabSolutions Insight Explore 涸靶䎽唬程⸆腊㼆⸈
叻呋ㅷ⚥ m/z 285.0208 涸⻊ざ暟鵳遤✳紩餘靶㕃靶䎽⼐ꂁ湱⡃䏞䖤ⴔ 96 ⴔ㥵㕃 4 䨾爙կⰩ㘗烱晙猌
㶩♸叻ⲥ靶䎽⚥餘ꆀ⨊䊵㼭✵ 5ppm㥵邍 3 䨾爙կ 

  
㕃 3. m/z 285.0208 䲿》猌㶩崨㕃 

9.45e41:285.0208+/-5.0ppm(+)
RT=8.323

RT (min)
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5

0.00

%

100.00
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㕃 4. m/z 285.0208 ✳紩餘靶㕃靶䎽唬程絕卓 

邍 3. m/z 285.0208 ✳紩餘靶㕃Ⱙ㘗烱晙猌㶩餘ꆀ⨊䊵 
⻊ざ暟 Ⱙ㘗✳紩烱晙猌㶩 1 Ⱙ㘗✳紩烱晙猌㶩 2 

叻ⲥ靶䎽 92.04920 156.0115 
⸈叻呋ㅷ 92.04933 156.0110 
餘ꆀ⨊䊵 1.41229 3.076696 

2.5 ⸈叻㔐佐桧 
10 ng/mL 厫肌宐ծ䫡肌꩹⚙猫⸈叻呋ㅷ鵳遤雦皾⸈叻㔐佐桧㔐佐桧絕卓㥵㕃 5ծ6 䨾爙厫肌宐ծ

䫡肌꩹⚙猫⻊㥿ㅷ涸㔐佐桧㖈 50-120%⛓ꢂ涸⻊ざ暟侨ꆀⴔⵆ⚹ 156 ㄤ 179 ⚡կ 

  
㕃 5. 厫肌宐㛇餘⸈叻10 ng/mL㔐佐桧絕卓 㕃 6. 䫡肌꩹㛇餘⸈叻10 ng/mL㔐佐桧絕卓 

3絕雿 
劥俒ꅷ欽䀙峸 LCMS-9030 馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽⟉䒊用✫⻊㥿ㅷ⚥ 214 猫굥ꤗ暟

餘ꊹⵆ♸烁雩涸倰岁ず傞⴯䒊✫✳紩餘靶䎽կ絑幑⸈㔐佐呋ㅷⴔ區餘靶䎽⼐ꂁ䏞葻㥩կ霪倰岁皍⤑ծ⾝
併ծ㹁䚍癃叅ⲥ烁䚍㥩〳欽✵⻊㥿ㅷ⚥굥ꤗ暟餘涸䘯鸟㹁䚍癃叅կ  

0

50

100

150

<50% 50-70% 70-120% >120%

厫肌宐很⵫叻巊㹁ꆀ絕卓㔐佐桧%

0
50
100
150
200

<50% 50-70% 70-120% >120%

䫡肌꩹㛇餘很⵫叻巊㹁ꆀ絕卓㔐佐桧%
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痦 5 畎 Q-TOF 㖈欰暟㣐ⴔ㶩蚋暟涸䎾欽 

ꥥ满欰暟䪮助蚋暟涸鴽枡鵳姿㼆鵯碫蚋暟鵳遤Ⰼ꬗⚂넞佪涸㹁䚍邍䖄䧭⚹✫灇封♸欰❡鵂玐⚥涸Ⱒ
ꝶ梠蒜կ⚹姼欰暟䪮助蚋暟⟱⚌⿺礵㺙⟉㐼ⵖ鸣㉁畊湱灇封ⴀ㢴猫餘靶䪮助㽍Ⱖ僽넞ⴔ鳹餘靶䪮助⟄
⸈鸟䎇帿⻊㼆欰暟䪮助蚋暟涸鍒區腊⸂կ 

⟄⽀⯘ꥑ䫒⡤⽀䫒⚹⢾넞ⴔ鳹餘靶暵ⵆ僽 Q-TOF 餘靶溶鄄䎛岌䎾欽✵Ⱖⴔ㶩ꆀ崵㹁巑渷
侮⡤跗涯⿺❇㛇ⴔ區ծ胂㕃ⴔ區翸送✵缺霖た⥝껑⟄⿺✳炻ꝶⴔ區瘝㹁䚍邍䖄곭㚖կ 

㻑呍薗ꃑ毫岁鵛䎃勻封㾝鴽鸟呍ꃑ蚋暟鄄雩⚹僽絩㼭ⴔ㶩蚋暟ծ䫒⡤蚋暟⛓た痦♲去⴯倝蚋暟կ⚹✫
烁⥂Ⱖ㸝Ⰼ䚍ㄤ剣佪䚍꨽銳㼆㻑呍薗ꃑ屛毫蚋暟⚥涸勇餘鵳遤Ⰼ꬗唬崵ㄤꊹ㹁կ㻑呍薗ꃑ僽歋♧禹⴩ꅾ
撑涸碫⡃呍焦㛇ծ祪ㄤ⚺䎁鵶䱹暟絆䧭կ⽰⢪㻑呍薗ꃑⰨ剣湱ず涸ⴔ㶩㸐又⛲〳腊絆䧭割ず涸䎸⴩կ 

鸑 䌢  ⢪ 欽 侨 研 ⴔ 區 鲱 ⟝ 勻 ꊹ 㹁 㻑 呍 薗 ꃑ 䧭 ⴔ ꬋ 䌢 署 傞 կ LabSolutions Insight Biologics 僽
LabSolutions 禹⴩涸♧⡤⻊鲱⟝侨研〳荈⸓㹊梡➢ꅷ꧋ⵌⴔ區涸䨾剣鵂玐կ霪鲱⟝〳⟄鲽匠ꂁ縨䎸⴩⥌
䜂鵳遤侨研ⴔ區玐䎸〳⟄絾ざ霋ⵆꝆꟋ䊵䒗ծ呍薗ꃑ䊵䒗ծ⥝껑ծ猌㶩⸈ざ暟瘝ぐ碫勇餘⥌䜂կꅷ欽侨研
⣜饆ꅷ꧋(DDA)垷䒭鵳遤侨研ꅷ꧋欽 MS1 靶㕃雦皾勇餘涸ⴔ㶩ꆀ絕ざ MS1 靶㕃♸ MS2 靶㕃➢勇餘涸晙媯
靶⚥霋ⵆ䎸⴩կ姼㢪〳鸑鵂〳錠⻊唬叅晙媯銻渷桧勻烁雩䎸⴩涸剣佪䚍կ 

劥畎翸送✵䀙峸 Q-TOF 餘靶㖈欰暟㣐ⴔ㶩灇瑕곭㚖暵ⵆ僽跗涯碫蚋暟㹁䚍邍䖄倰꬗涸䎾欽㹊⢾կꤑ
✫副鶣⽀䫒蚋暟胂㕃ⴔ區⿺缺霖た⥝껑灇瑕㢪霪餘靶鵮䎾欽✵㻑呍薗ꃑⴔ㶩ꆀ崵㹁♸䎸⴩낉霆ծmRNA 蚋
暟⸈䌨朐䙖ⴔ區瘝곭㚖կ 

姼㢪䀙峸ꛏ㼆欰暟蚋涸鍒Ɀ倰呩割➑⺫ゎ Q-TOF ⟉㐼鵮剣嫱㥵 LCMSMS♲ꅾ㔋匧勍餘靶ծICPMS
歏䠭羒ざ瘝猌㶩⡤餘靶ծMALDI㛇餘鳇⸔慨⯕鍒エ歏猌ծPPSQ跗涯餘崵䎸⟉ծLC巊湱蒀靶瘝
㢴⯋⻊劼猫⚹欰暟䪮助蚋暟灇封♸欰❡䲿⣘✫䔂剣⸂涸䪮助佅䭯կ 

 
㕃 1. 岛津跗涯碫蚋暟侮⡤⟉㐼倰呩  



 

89 
 

5.1 刼㧆棟⽀䫒蚋暟胂㕃ⴔ區 
 

䶰 銳劥俒ꅷ欽䀙峸 LCMS-9030 넞ⴔ鳹 Q-TOF 巊餘翫欽⟉㼆刼㧆棟⽀䫒鵳遤胂㕃ⴔ區䎇絕ざ䀙峸
LabSolutions ㄤ Protein Metrics 鲱⟝㼆胂㕃ⴔ區涸絕卓鵳遤鍒區կ絕卓儑爙㖈〫䎾欽脨跗涯ꃍ涸䞔ⲃ♴
鲽ꝆㄤꅾꝆ涸䎸⴩銻渷桧ⴔⵆ⚹ 97.20%ㄤ 88.44%կⵄ欽 Protein metrics 鲱⟝㼆胂媯副涸⥝껑㛇㔙鵳遤鍒
區絕卓儑爙霪⽀䫒涸⥝껑碫㘗⚺銳剣祪㛇⻊NGlycanծ孻⻊Oxidationծ膴ꃀ腂Deamidated
瘝կ霪倰岁䘯鸟ծⲥ烁ⴔ區礵烁䏞넞䧭⸆䎾欽✵刼㧆棟⽀䫒蚋暟涸唬崵⚹⽀䫒蚋暟涸胂㕃ⴔ區䲿⣘⿬
罌կ 
 

Ⱒꝶ霒Q-TOF  ⽀䫒  胂㕃ⴔ區 
 

刼㧆棟⽀䫒Trastuzumab僽䫒ErbB2/HER2
⾲浓㛇㔔➃碫邍淼欰Ɤ㔔㶩2涸⽀⯘ꥑ䫒⡤⚹
ꅾ絆DNA遥欰涸➃彂⻊䫒P185祪跗涯⽀⯘ꥑ䫒⡤
㾩IgG1䫒⡤ゎ➃涸呥卹⼓⟄⿺腊♸HER2絕ざ涸롖
䫒-p185 HER2䫒⡤涸匹邉Ɀ㹁⼓➃彂⻊鿈ⴔ⽑
95롖䫒鿈ⴔ⽑5կ刼㧆棟⽀䫒鄄䎛岌䎾欽✵ぐ
劍HER-2꣉䚍✌艑浓涸屛毫✵1998䎃鄄繠㕂FDA䪠
ⲥ僽痦♧⚡䫒HER-2涸➃彂⻊⽀⯘ꥑ䫒⡤㼆HER-
2넞邍鴪涸鲮獴䚍✌艑浓Ⱘ剣杝暵⸆佪Ⱖ㖈㽷鿈
儻劍✌艑浓ծ⡛⽭粉劍✌艑浓屛毫⚥涸䎾欽毫佪⿺
㸝Ⰼ䚍溶絑刿倝䎇㖈鵳遤騈帿Ⰶ涸灇瑕鵯㼆HER-
2꣉䚍✌艑浓屛毫涸⠏⻊ㄤ䝖罏Ɤ劍欰㶸桧涸䲿넞

鿪㼜❡欰帿鵴䕧ㆇկ 
㖈⽀⯘ꥑ䫒⡤涸欰❡鵂玐⚥,割ず涸锐⻊㔔稇

僒 ❡ 欰 ぐ 猫 缺 霖 た ⥝ 껑 (post-translational 
modification, PTM)」䒗⡤,㥵祪㛇⻊ծ孻⻊ծ膴ꃀ腂ծ
䒗匬⻊瘝, 鵯❈PTM〳腊䒸饰䫒⡤锐⻊䚍餘」⻊
鵯❈」⻊⠔㼆䫒⡤佪⸂ծ⯝氋⾲䚍ㄤ珘㹁䚍❡欰餏
꬗䕧ㆇկ㔔姼䫒⡤涸PTM♸❡ㅷ涸㸝Ⰼ䚍ծ剣佪䚍
ㄤ珘㹁䚍䜂䜂湱Ⱒկ劥俒ꅷ欽䀙峸LCMS-9030 Q-
TOF㔋匧勍-굷遤傞ꢂ巊餘翫欽⟉㼆刼㧆棟⽀䫒ꃍ鍒
た 胂 媯 鵳 遤 ⴔ 區  䎇 絕 ざ 䀙 峸 LabSolutions ㄤ
Protein Metrics鲱⟝㼆唬崵絕卓鵳遤鍒區կ

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 

劥㹊낉⢪欽넞佪巊湱蒀靶⟉ LC-30AD ♸㔋匧勍굷遤傞ꢂ餘靶⟉ LCMS-9030 翫欽禹絡կⰨ⡤ꂁ縨⚹ 
禹絡䱽ⵖ㐼 CBM-20Alite 膴 孞 劼  DGU-20A5 
鳕 巊 岹  LC-30AD × 2 荈⸓鵳呋㐼 SIL-30AC 
叙 庛 盲  CTO-20AC 蒀靶䊨⡲畀 LabSolutions Ver. 5.96 

1.2 ⴔ區勵⟝ 

巊湱勵⟝ 

蒀 靶 叙 
Shim-pack GISS C18150 mm× 2.1 mm I.D., 1.9 μmPN:227-

30048-03䀙峸副嵳㹊낉㐼勞剣ꣳⰖ尽 
崨 ⸓ 湱 A 湱- 0.1%歌ꃑ宐很巊B 湱-0.1%歌ꃑ⛩臟很巊 
崨    鸟 0.4 mL/min 
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叙    庛 50˫ 
鵳 呋 ⡤ 獤 1 µL 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹3%傞ꢂ玐䎸錛邍1կ 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 

2.00 Pump B.Conc 3 

50.00 Pump B.Conc 50 

51.00 Pump B.Conc 90 

56.00 Pump B.Conc 90 

56.10 Pump B.Conc 3 

60.00 Controller Stop 
 

餘靶勵⟝ 
猌 㶩 ⻊ 垷 䒭 ESI+  ⸈掚垷懈庛䏞 400˫ 
꨺ ⻊ 孞 崨 鸟 3.0 L/min 䎁 醋 孞 崨 鸟 10.0 L/min 
⸈ 掚 孞 崨 鸟 10.0 L/min 䪊 䲽 垷 䒭 MS ㄤ MS/MS (DDA) 
䱹 〡 庛 䏞 300˫ 䱹 〡 歏 ⾓ 4.5 KV 
D L 庛 䏞 250˫ ✲ ⟝ 傞 ꢂ 0.1 s 

2呋ㅷ⵸㢅椚 
ⵄ欽馄紱宐㼜刼㧆棟⽀䫒磋劣ⵖ⵫ꂁⵖ䧭 1.0 mg/mL 涸很巊搬たエ》 10 μL 霪很巊呋ㅷ⸈Ⰶ 80 

μL 鵮⾲很巊50 mM Tris-HCl ゎ 8 M 㽶稇ㄤ 5 mM DTT㖈 37˫♴꩎䶔 60 min絕勲た⸈Ⰶ 4 μL IAA
很巊500 mM㖈㹔庛勵⟝♴鼙⯕꩎䶔 30 min搬た⸈Ⰶ 600 μL ꃍ鍒綕Ȿ巊50 mM Tris-HClㄤ 5 μ
L 脨跗涯ꃍ很巊ゎ 1 μg 脨跗涯ꃍ㖈 37˫♴导䎾 6 㼭傞ꃍ鍒絕勲た⸈Ⰶ 10 μL 50% 歌ꃑ宐很巊絊姺
ꃍ鍒导䎾搬た鲮Ⰶ⡛エ꣡ PP 勞餘涸呋ㅷ櫕鵳遤 LC/MS ⴔ區կ 

3絕卓♸雭雿 
3.1 刼㧆棟⽀䫒胂媯蒀靶㕃 

 
㕃 1. 刼㧆棟⽀䫒ꃍ鍒た涸䚪猌㶩崨蒀靶㕃  
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3.2 侨研㢅椚 
㼜LabSolutionsꅷ꧋㥩涸侨研湬䱹㼋ⰆⵌProtein Metrics鲱⟝涸PMi-PTM垷懈䎇㼋Ⰶ刼㧆棟⽀䫒涸孽

㛇ꃑ䎸⴩鵳遤跗涯䎸⴩銻渷桧涸雦皾ㄤ跗涯⥝껑㛇㔙ⴔ區կ㖈➑⢪欽脨跗涯ꃍ涸勵⟝♴歋㕃2〳濼刼㧆
棟⽀䫒ꅾꝆ涸䎸⴩銻渷桧⚹88.44%鲽Ꝇ銻渷桧⚹97.20%邍2ㄤ㕃2կ鸑鵂霪鲱⟝PMi-PTM垷懈割➑腊叅
溏嫦⚡胂媯涸♧紩餘靶㕃鵮〳⟄呏研✳紩餘靶㕃吥㼆胂媯涸烱晙㽍Ⱖ僽䌄⥝껑涸烱晙㛇㔙⟄胂媯
EVQLVESGGGLVQPGGSLR⚹⢾〳⟄呏研✳紩餘靶㕃幡兠ⴼ倗嫦⚡烱晙涸倗鄬⡙縨㕃3կ 

 

 
㕃 2. 刼㧆棟⽀䫒ꃍ鍒た䎸⴩銻渷㕃 

邍 2. ꃍ鍒胂媯䎸⴩銻渷絕卓 

跗涯ぜ獦 銻渷涸孽㛇ꃑ⚡侨/䚪孽㛇ꃑ⚡侨 䎸⴩銻渷桧% 
刼㧆棟⽀䫒鲽Ꝇ 208 /214 97.20 
刼㧆棟⽀䫒ꅾꝆ 398 / 450 88.44 
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㕃 3. 胂媯 EVQLVESGGGLVQPGGSLR 涸蒀靶㕃ㄤ餘靶㕃 

絑鲱⟝ⴔ區封梡霪刼㧆棟⽀䫒副㶸㖈涸⥝껑剣膴ꃀ腂deamidatedծ祪㛇⻊NGlycanծ孻⻊
Oxidation瘝Ⱖ⚥Heavy chain N300副Ⰼ鿈封欰✫祪㛇⻊W316副涸52.1%封欰✫⿽孻⻊N55副
涸60.9%封欰✫膴ꃀ腂Ⱖ⡮⥝껑碫㘗䨾⽑嫱⢾㖲㖈20%⟄♴邍3կ⟄送靽孽ꃑ梠⻊pyro-Glu⥝껑⚹
⢾胂媯EVQLVESGGGLVQPGGSLR封欰⥝껑た⥝껑た涸胂媯毜宐䚍刿䔂⥂殆傞ꢂ⛲嫱劢⥝껑涸胂媯銳
ꬑた䎇⚂➢餘靶㕃副⛲〳溏ⴀ僈儑䊵䒗劢⥝껑胂媯m/z 932.497䌄2⚡歏蚚⥝껑た胂媯m/z 941.505
䌄2⚡歏蚚㕃4կ 

邍 3. 刼㧆棟⽀䫒ꃍ鍒たぐ胂媯副唬崵ⵌ涸⥝껑⟄⿺⥝껑胂媯⽑嫱 
胂媯ぜ獦 ⥝껑碫㘗 鲽Ꝇ/ꅾꝆ ⥝껑孽㛇ꃑ ⥝껑⡙挿 ⥝껑嫱⢾ 

ASQDVNTAVAWYQQKPGK Deamidated/0.9840 鲽Ꝇ 
N 30 11 
Q 27 10.9 

DIQMTQSPSSLSASVGDR Dethiomethyl/-48.0034 鲽Ꝇ M 4 6.95 
DTLMISR Dethiomethyl/-48.0034 ꅾꝆ M 255 13.1 

EEQYNSTYR 
NGlycan/1241.4545 

ꅾꝆ 
N 300 49.4 

NGlycan/1444.5339 N 300 20.2 
NGlycan/1606.5867 N 300 30.3 

EVQLVESGGGLVQPGGSLR Glu->pyro-Glu/-18.0106 ꅾꝆ E 1 1.79 
IYPTNGYTR Deamidated/0.9840 ꅾꝆ N 55 60.9 

SGTASVVCLLNNFYPR Deamidated/0.9840 鲽Ꝇ N 137 3.89 
Deamidated/0.9840 鲽Ꝇ Q 89 3.92 
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SGTDFTLTISSLQPEDFATYY
CQQHYTTPPTFGQGTK 

90 2.3 

Deamidated/0.9840 ꅾꝆ 
N 318 8.78 
Q 314 6.86 

Deamidated/0.9840; 
Dioxidation/31.9898 

ꅾꝆ Q,W 314,316 14.3 

Dioxidation/31.9898 ꅾꝆ W 316 52.1 
Dioxidation/31.9898; 
Deamidated/0.9840 

ꅾꝆ W,N 316,318 18 

WGGDGFYAMDYWGQGTLVT
VSSASTK 

Oxidation/15.9949 ꅾꝆ W 110 11 

 

 
㕃 4. 胂媯 EVQLVESGGGLVQPGGSLR ⥝껑⿺劢⥝껑胂媯涸蒀靶㕃ㄤ餘靶㕃 

4絕雿 
PTM匬䧭✫䫒⡤❡ㅷ餘ꆀ㾩䚍禹⴩䎾㖈䧭蚋䚍䒓封䚍霉⠮劍ꢂ✮⟄罌贊㽍Ⱖ僽䔲㸐又㼆䫒⡤蚋暟

涸屛毫ㄤ㸝Ⰼ䚍❡欰䕧ㆇ傞կꊹ✵PTM㼆䫒⡤蚋暟涸䕧ㆇ䎾ⵄ欽䎇⠏⻊梡剣涸䪮助䩛媯鵳遤唬崵⟄㹊梡
㼆mAb蚋暟涸餘ꆀ䱽ⵖկꥥ满➃又㼆PTM䕧ㆇ涸割倗帿Ⰶ✫鍒鸑鵂⠏⻊䫒⡤涸PTM, 鵳罜蜦䖤⠏葻欰暟崞
䚍ծ㸝Ⰼ䚍넞⟄⿺珘㹁䚍腊㥩涸㖲♧䚍䫒⡤欰暟ⵖㅷ䨾⟄㼆⽀䫒蚋暟鵳遤胂㕃ⴔ區㖈蚋暟灇封欰❡鵂玐
⚥儑䖤荛Ⱒꅾ銳կ劥俒ꅷ欽䀙峸LCMS-9030 Q-TOF巊餘翫欽⟉㼆刼㧆棟⽀䫒呋ㅷ鵳遤胂㕃ⴔ區䎇絕ざ
LabSolutionsㄤProtein Metrics鲱⟝㼆胂㕃ⴔ區絕卓鵳遤鍒區կ絕卓儑爙㖈➑⢪欽脨跗涯ꃍ涸䞔ⲃ♴鲽
ꝆㄤꅾꝆ涸䎸⴩銻渷桧ⴔⵆ⚹97.20%ㄤ88.44%կ絑Protein metrics鲱⟝㼆胂媯副涸⥝껑㛇㔙鵳遤鍒區絕
卓儑爙霪⽀䫒呋ㅷ副涸⥝껑碫㘗剣祪㛇⻊NGlycanծ膴ꃀ腂deamidatedծ孻⻊Oxidation瘝
Ⱖ⚥Heavy chain N300副Ⰼ鿈封欰✫祪㛇⻊W316副涸52.1%封欰✫⿽孻⻊N55副涸60.9%封欰✫膴ꃀ
腂Ⱖ⡮⥝껑碫㘗䨾⽑嫱⢾㖲㖈20%⟄♴կ 
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5.2 刼㧆棟⽀䫒康猌 N 祪涸ⴔ猌♸ꊹ㹁  
 

䶰 銳 劥俒ⵄ欽䀙峸馄넞佪巊湱蒀靶⟉ Nexera LC-40XR 鵶䱹蚃⯕唬崵㐼 RF-20A XS ⿺㔋匧勍굷遤傞ꢂ餘
靶 LCMS-9030 翫欽禹絡䒊用✫⽀䫒康猌 N 祪涸ⴔ猌♸ꊹ㹁倰岁㼆刼㧆棟⽀䫒涸 N 祪鵳遤✫㹁䚍♸㹁ꆀ
ⴔ區կ霪倰岁⢪欽 PNGaseF ꃍ㼜 N 祪➢⽀䫒⚥ꅺ佞ⴀ勻䎇ⵄ欽 2-孽㛇薅歌ꃀ腂2-AB鵳遤叻雵⛓た
⢪欽蚃⯕唬崵㐼 RF-20A XS ♸㔋匧勍굷遤傞ꢂ餘靶 LCMS-9030 鵳遤唬崵蚃⯕唬崵㐼涸油꬗獤欽✵ N 祪涸
湱㼆㹁ꆀ넞ⴔ鳹餘靶䖤ⵌ涸礵烁餘ꆀ侨〳㼆ぐ油鵳遤㹁⡙կ鵶絯鵳呋 6 ꛏ蒀靶⚥䨾剣油涸油꬗獤ㄤ⥂
殆傞ꢂ涸 RSD 㖲㼭✵ 3%, 餘靶⚥ぐ祪㘗涸餘ꆀ侨⨊䊵㖲㼭✵ 2 ppm剒た鸑鵂油꬗獤雦皾ⴀ✫ぐ⚡祪㘗
涸⚪䏞嫱կ霪倰岁珘㹁〳ꬑ油꬗獤ㄤ⥂殆傞ꢂ涸ꅾ撑䚍⿺餘ꆀⲥ烁䏞㖲痗ざ銳宠կ 
 

Ⱒꝶ霒RF-20A XS  LCMS-9030  Nexera LC-40XR  ⽀⯘ꥑ䫒⡤  康猌 N 祪 

 
㖈⠍㢴涸跗涯餘缺霖た⥝껑⚥祪㛇⻊⥝껑僽

剒ꅾ銳ㄤ剒撑勇涸⥝껑⛓♧⛲僽霉⟟䫒⡤涸Ⱒꝶ
餘ꆀ㾩䚍⛓♧կ呏研祪㛇⻊涸⥝껑⡙挿〳㼜祪㛇⻊
ⴔ⚹N⡙祪㛇⻊ㄤO⡙祪㛇⻊կ⸓暟絈脅ⴔ屲涸⯝氋
椕跗涯⚥N⡙涸祪㛇⻊僽剒兜麑涸祪㛇⻊⥝껑ず
傞⛲僽灇瑕剒㢴涸♧猫祪㛇⻊⥝껑կ⟄IgG1⚹⢾
Ⱖꅾ銳涸祪㛇⻊⥝껑⡙挿⡙✵Fc畮⚂呏研Ⱖ劣畮
礵絈絕匬(Ɤ䏞ծⴔ佅⿺⽀祪䱗⴩)涸割ず⿶〳ⴔ⚹撑
ざ㘗ծ勇ざ㘗ㄤ넞欥ꪪ祪㘗կ 

⽀䫒蚋暟⸆腊涸㹊梡♸Ⱖ祪㛇⻊⥝껑㺙ⴗ湱Ⱒ
祪㛇⻊⥝껑⠔䕧ㆇ跗涯涸䚍腊㥵匬韌ծ珘㹁䚍ծ

很鍒䏞ծ蚋暟去靧⸓⸂㷖ծ崞䚍⿺⯝氋⾲䚍瘝կ2020
晜շ⚥㕂蚋Ⱙո痦♲鿈倝㟞✫շ3130-⽀䫒N祪靶崵
㹁岁ո⡲⚹䭷㼋⾲ⴭ鵳♧姿模㊤✫欰暟ⵖㅷⰌ
鵂玐餘ꆀ䱽ⵖ涸銳宠կ 

劥俒ⵄ欽䀙峸馄넞佪巊湱蒀靶⟉Nexera LC-
40XR鵶䱹蚃⯕唬崵㐼RF-20A XS⟄⿺㔋匧勍굷遤傞
ꢂ餘靶LCMS-9030䒊用✫⽀䫒康猌N祪涸ⴔ猌♸ꊹ
㹁倰岁㼆刼㧆棟⽀䫒涸N祪鵳遤✫㹁䚍♸㹁ꆀⴔ
區倰岁珘㹁〳ꬑ油꬗獤ㄤ⥂殆傞ꢂꅾ撑䚍⿺餘
ꆀ侨ⲥ烁䏞㖲痗ざ銳宠ⴔ區唬崵倰岁⣘湱Ⱒ唬崵
➃プ⿬罌կ

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼  
劥㹊낉ꅷ欽䀙峸馄넞佪巊湱蒀靶⟉鵶䱹蚃⯕唬崵㐼ㄤ㔋匧勍굷遤傞ꢂ餘靶կⰨ⡤ꂁ縨⚹ 

禹 絡 䱽 ⵖ 㐼 CBM-40lite 膴 孞 劼 DGU-403 
鳕 巊 岹 LC-40AB XR 荈 ⸓ 鵳 呋 㐼 SIL-40C XR 
叙 庛 盲 CTO-40C 餘 靶 ⟉ LCMS-9030 
蚃 ⯕ 唬 崵 㐼  RF-20A XS 蒀 靶 䊨 ⡲ 畀 LabSolutions LCMS Ver. 5.99 

1.2 ⴔ區勵⟝ 

巊湱蒀靶勵⟝ 
蒀 靶 叙 ꃀ腂㛇ꝶざ炊脸㞅⯎蒀靶叙150 mm x 2.1 mm I.D., 1.7 μm 
崨 ⸓ 湱 A 湱-50mM 歌ꃑꜽ宐很巊 B 湱-⛩臟 
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崨 鸟 0.5 mL/min 叙 庛 60˫ 
鵳 呋 ꆀ 5 µL 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹ 78%傞ꢂ玐䎸錛邍 1 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 

38.5 Pump B.Conc 55.9 

39.5 Pump B.Conc 20.0 

44.5 Pump B.Conc 20.0 

46.5 Pump B.Conc 78.0 

60.0 Controller Stop  

蚃⯕唬崵㐼勵⟝ 
慨 封 岚 Ɤ 330nm 侨 研 鸟 桧 1 pts/s 
封 㼘 岚 Ɤ 420nm 㟞 渤 1 

LCMS-9030 餘靶勵⟝ 
猌 㶩 彂 ESI+ 䱹 〡 歏 ⾓ 4.0 kV 
꨺ ⻊ 孞 崨 鸟 3 L/min ⸈掚垷懈庛䏞 350˫ 
D L 庛 䏞 250˫ ⸈ 掚 孞 崨 鸟 10.0 L/min 
䱹 〡 庛 䏞 400˫ 䎁 醋 孞 崨 鸟 10.0 L/min 
䪊 䲽 垷 䒭 MS 䪊䲽 䪊 䲽 薴 㔵 500-2500 m/z 

1.3 ⵸㢅椚倰岁 

1) N祪涸ꃍⴗ 
ⲥ㢊30 kD涸馄応猌䗱盗⸈Ⰶ150 μL涸馄紱宐13500 g猌䗱5ⴔꛦ莓䒙婎殆剣㣐⡤獤巊⡤涸馄応盗

䎇㢅锐倝涸馄応盗կ⸈Ⰶ200 μL 10 mg/mL 涸呋ㅷ很巊荛馄応盗⚥ 13500 g 猌䗱10ⴔꛦ⚗䒙♴㽻巊
⡤կぢ副㽻䨔殆很巊⚥⸈Ⰶ400 μL 10 mmol/L涸熧ꃑ渮綕Ȿ很巊(PBS, pH7. 4)13500 g猌䗱10ⴔꛦꅾ撑
⚙妃エ》Ⰼ鿈副㽻䨔殆很巊鲮獴荛猌䗱盗⚥կエ》150 μL 10 mmol/L涸PBS嶹峤副㽻馄応盗䎇鲮獴荛
㼆䎾涸猌䗱盗⚥崽䏞紨⚹10 mg/mL) կ》25 μL縨䰃PBSた涸很巊⸈Ⰶ5 μL N祪薗ꃍFPNGase Fㄤ
70 μL 10 mmol/L涸PBS䚪⡤獤⚹100 μL, 幊⺣䎇瀊兽猌䗱37˫宐嵮♴㷱肫20㼭傞կ 
2) 跗涯⿡ꤑㄤN祪涸叻雵 

2-孽㛇薅歌ꃀ腂2-AB叻雵很巊涸ⵖ㢊》350 μL✳歌㛇❇灐(DMSO) ㄤ150 μL⛩ꃑ幊⺣կ礵㺙
獦》25 mg 2-AB⸈Ⰶ副鶣很巊⚥⯎ⴔ很鍒կ礵㺙獦》30 mg孽㛇烕孲⻊紵⸈Ⰶ副鶣很巊⚥⯎ⴔ很鍒〳
鷓䔲⸈掚կ 

ぢꃍⴗ模涸很巊⚥⸈Ⰶ♲⦔⡤獤곫ⲇ涸⛩ꃫ嶴偒幊⺣-20˫佞縨1㼭傞小巤跗涯կ13500 g猌䗱10
ⴔꛦկエ》鷓ꆀ㥵360 μL) 副幡巊荛猌䗱盗⚥猌䗱䎁醋կ䖉模Ⰼ䎁醋た⸈Ⰶ10 μL 2-AB叻雵很巊嶴偒
幊⺣䎇瀊兽猌䗱65˫♴㷱肫2~4㼭傞կ 
3) 叻雵涸N祪紱⻊ 
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叻雵涸N祪紱⻊ꅷ欽㔿湱蟋》䭽撑霹僈⛼鵳遤乼⡲㼆叻雵涸N祪鵳遤紱⻊⟄⿡ꤑ康猌涸2-AB猌
䗱䎁醋紱⻊涸呋ㅷ欽100 μL 70% ⛩臟很巊撑很կ 

2. 絕卓♸雭雿 

2.1 Nexera LC-40 鵶䱹 RF-20A XS 鵶絯鵳呋ꅾ㢕䚍罌㻋 
䭽撑⵸㢅锐倰岁1.3㼆刼㧆棟⽀䫒副鵶䱹涸N祪鵳遤ꃍⴗꃍⴗ♴勻涸康猌N祪鵳呋ⴔ區絕卓㥵㕃1䨾

爙կ㼆⟉㐼涸鵶絯鵳呋䊵䒗䚍鵳遤霉⠮絕卓㥵邍2儑爙鵶絯鵳呋6ꛏ䨾剣油涸油꬗獤ㄤ⥂殆傞ꢂ涸RSD
㖲㼭✵3%, ⟉㐼⿺倰岁ꅾ撑䚍葻㥩〳欽✵㼆N祪涸湱㼆㹁ꆀկ 

 
㕃 1. 刼㧆棟⽀䫒 N 祪鵶絯鵳呋蒀靶㕃 

邍 2. 刼㧆棟⽀䫒 N 祪油꬗獤⿺⥂殆傞ꢂ鵶絯鵳呋ꅾ撑䚍n=6 

油尼 
油꬗獤 ⥂殆傞ꢂ 

䎂㖲油꬗獤 叻ⲥ⨊䊵 RSD% 䎂㖲⥂殆傞ꢂmin 叻ⲥ⨊䊵 RSD% 
油 1 52371 1086 2.075 10.699 0.004 0.036 
油 2 48913 1144 2.339 12.433 0.005 0.039 
油 3 169913 3854 2.268 12.821 0.005 0.042 
油 4 1278049 28948 2.265 14.405 0.006 0.043 
油 5 389980 3491 0.895 17.150 0.008 0.045 
油 6 121318 945 0.779 17.570 0.008 0.045 
油 7 30887 497 1.609 20.124 0.008 0.041 

2.2 㔋匧勍굷遤傞ꢂ餘靶LCMS-9030烁雩刼㧆棟⽀䫒呋ㅷN祪絕匬⥌䜂 
㼆⚺銳涸蒀靶油⢪欽넞ⴔ鳹餘靶鵳遤絕匬烁雩ꊹ㹁ⴀ⺫䭍 G0-GNG0F-GN, G0, G0F, G1Fa/bG2F 瘝

♫猫叻雵涸 N 祪㥵㕃 2 䨾爙կ㕃 3 㾝爙✫ 2-AB 叻雵 N 祪涸锐雿絕匬邍 3 ⴩ⴀ✫ LCMS-9030 䨾䖤ⵌ㹊
꣢餘ꆀ侨♸锐雿餘ꆀ侨涸霴䊵絕卓儑爙餘ꆀ霴䊵㖲㖈 2ppm ⟄ⰻ餘ꆀ侨ⲥ烁䏞痗ざ銳宠կ 
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㕃 2. 刼㧆棟⽀䫒 2-AB 叻雵 N 祪涸䚪猌㶩崨㕃 

  
㕃 3. 刼㧆棟⽀䫒 2-AB 叻雵 N 祪涸锐雿絕匬GN=GlcNA 

邍 3. 刼㧆棟⽀䫒 N 祪ⴔ區餘ꆀⲥ烁䏞 

2-AB  
N-glycan 

㹊崵餘ꆀ 
m/z 

锐雿餘ꆀ 
m/z 

餘ꆀ霴䊵  
ppm 

G0-GN 1234.4823 1234.4832 -0.729 
G0F-GN 1380.5420 1380.5411 0.652 

G0 1437.5629 1437.5625 0.278 
G0F 1583.6214 1583.6205 0.568 

G1Fa/b 1745.6740 1745.6733 0.401 
G2Fz=2 954.3679 954.3667 1.276 

2.3 N祪涸湱㼆㹁ꆀ 

⢪欽넞ⴔ鳹餘靶㼆祪㘗鵳遤邍䖄た㥵㕃4䨾爙〳㼆蚃⯕唬崵㐼⚥涸ぐ油鵳遤䔱㾩䎇鸑鵂油꬗獤烁
雩ぐ⚡祪㘗涸⚪䏞嫱絕卓㥵㕃5䨾爙㖈䨾剣祪㘗⚥G0F僽⽑嫱剒넞涸祪㘗嫱⢾紨⚹61%կ  
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㕃 4. 刼㧆棟⽀䫒 2-AB 叻雵 N 祪蚃⯕蒀靶㕃 

 
㕃 5. 刼㧆棟⽀䫒 2-AB 叻雵ぐ N 祪㘗涸湱㼆⚪䏞 

3. 絕雿 

劥俒ⵄ欽䀙峸馄넞佪巊湱蒀靶⟉ Nexera LC-40XR 鵶䱹蚃⯕唬崵㐼 RF-20A XA ㄤ㔋匧勍굷遤傞ꢂ餘靶
LCMS-9030 䒊用✫⽀䫒康猌 N 祪涸ⴔ猌♸ꊹ㹁倰岁㼆刼㧆棟⽀䫒涸 N 祪鵳遤✫㹁䚍♸㹁ꆀⴔ區鵶絯
鵳呋 6 ꛏ蒀靶⚥䨾剣油涸油꬗獤ㄤ⥂殆傞ꢂ涸 RSD 㖲㼭✵ 3%, 餘靶⚥ぐ祪㘗涸餘ꆀ侨⨊䊵㖲㼭✵ 2 
ppm剒た鸑鵂油꬗獤雦皾ⴀ✫ぐ⚡祪㘗涸⚪䏞嫱կ倰岁珘㹁〳ꬑ油꬗獤ծ⥂殆傞ꢂ⿺餘ꆀ侨ⲥ烁䏞㖲
痗ざ銳宠〳⣘湱Ⱒ唬崵➃プ⿬罌կ  
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5.3 㻑呍薗ꃑⴔ㶩ꆀ崵㹁ㄤ䎸⴩烁雩 
 

䶰 銳劥俒䒊用✫♧猫⢪欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶鵳遤㻑呍薗ꃑⴔ㶩ꆀ崵㹁ㄤ䎸⴩烁
雩涸倰岁կ湡叻㻑呍薗ꃑ僽Ɤ䏞⚹ 21merծ鵳遤✫ 2'-O-methyl ⥝껑涸 RNA 碫㘗涸㻑呍薗ꃑկ⢪欽
LabSolutions Insight Explore CSD 鲱⟝⚥ Respect 皾岁鵳遤㢴歏蚚鍒⽷獤㢅锐㻑呍薗ꃑぐず⡙稇油ⴔ猌
葻㥩⽀ず⡙稇餘ꆀ霴䊵 0.16 ppmկ⢪欽 Protein metrics ⚥ Oligo 垷懈鵳遤✫㻑呍薗ꃑ䎸⴩烁雩絕卓儑
爙湡叻㻑呍薗ꃑ䎸⴩♸霃雦䎸⴩⼐ꂁ葻㥩կ〳⚹㻑呍薗ꃑⴔ㶩ꆀ崵㹁ㄤ䎸⴩烁雩䲿⣘⿬罌կ 
 

Ⱒꝶ霒Q-TOF  LCMS-9030  㻑呍薗ꃑ  ⴔ㶩ꆀ崵㹁  䎸⴩烁雩 
 

㻑呍薗ꃑ蚋暟鸑䌢䭷歋⻊㷖ざ䧭欰❡涸Ɤ䏞
50 ⚡⟄ⰻ呍薗ꃑ絆䧭涸♧碫蚋暟⺫ゎ⽀Ꝇ䧴⿽Ꝇ
DNA 䧴 RNAկ湡⵸灇瑕鳅㢴涸僽导⛐㻑呍薗ꃑ蚋暟
ASOㄤ㼭䎁䪓 RNA 蚋暟(siRNA)կ♸㼭ⴔ㶩蚋暟
ㄤ⽀䫒蚋暟ꬶぢ跗涯餘割ず㻑呍薗ꃑ蚋暟鸑䌢ꬶ
ぢ mRNA➢鲮䔶た宐䎂鵳遤屛毫Ⱘ剣暵䒗䚍㥩ծ
剣佪䚍넞ㄤꟋ佪䚍瑲ⴀ涸⠏⸷կ 

㻑呍薗ꃑ蚋暟鸑鵂㔿湱⻊㷖ざ䧭欰❡Ⱖ焦㛇
䎸⴩鸑䌢僽溶濼涸告㖈ざ䧭ծ紱⻊瘝䊨蒌鵂玐⚥
Ⱖ絕匬剣〳腊封欰佖」佦㼆㻑呍薗ꃑ鵳遤ⴔ㶩ꆀ

崵㹁ㄤ焦㛇䎸⴩烁雩僽⥂霆㻑呍薗ꃑ焦㛇䎸⴩♸
霃雦䎸⴩♧荝涸ꅾ銳䪮助䩛媯կ㻑呍薗ꃑ蚋暟⚹ꃑ
䚍䔂匧䚍⻊ざ暟鸑鵂猌㶩㼆导湱蒀靶餘靶岁鵳遤
ⴔ㶩ꆀ邍䖄僽絑Ⱙ涸ⴔ區倰岁կ 

劥俒ꅷ欽馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘
靶ⵄ欽넞礵䏞♧紩餘ꆀ侨ㄤ✳紩烱鄬猌㶩⥌䜂
絕ざ侨研㢅锐鲱⟝㼆Ɤ䏞⚹21mer涸RNA㘗涸㻑
呍薗ꃑ鵳遤✫ⴔ㶩ꆀ崵㹁ㄤ䎸⴩烁雩⣘湱Ⱒ唬崵
➃プ⿬罌կ 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 LCMS-9030 馄넞佪巊湱蒀靶ˋ㔋匧勍굷遤傞ꢂ餘靶Ⱘ⡤ꂁ縨⚹ 

禹 絡 䱽 ⵖ 㐼 CBM-40 膴   孞   劼 DGU-20A5 

鳕   巊   岹 LC-40AD X3×2 荈 ⸓ 鵳 呋 㐼 SIL-40C X3 

叙   庛   盲 CTO-40C 굷遤傞ꢂ餘靶⟉ LCMS-9030 

蒀 靶 䊨 ⡲ 畀 LabSolutions Ver.5.114ծLabSolutions Insight Explore CSD 

Protein metrics 鲱⟝ Oligo 垷懈 

1.2 ⴔ區勵⟝  

巊湱蒀靶勵⟝ 
蒀  靶  叙 XBridge Oligonucleotide C18 50 mm x 2.1 mm I.D., 2.5 μm 
崨  ⸓  湱 A-15 mM TEA+400 mM HFIP

B-歌ꃫㄤ崨⸓湱 A 瘝⡤獤幊ざ 
崨 鸟 0.2 mL/min 

鵳 呋 ⡤ 獤 1 µL 叙 庛 60˫ 
峤 膴 倰 䒭 唑䏞峤膴B 湱ⴲ映崽䏞⚹20%傞ꢂ玐䎸錛邍1կ 
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邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 

10.00 Pumps Pump B Conc. 40 

11.00 Pumps Pump B Conc. 40 

12.00 Pumps Pump B Conc. 100 

13.00 Pumps Pump B Conc. 100 

13.10 Pumps Pump B Conc. 20 

15.00 Controller Stop  

餘靶勵⟝ 
猌 㶩 ⻊ 垷 䒭 ESI- ꨺ ⻊ 孞 崨 鸟 3 L/min 
⸈掚垷懈庛䏞 400˫ ⸈ 掚 孞 崨 鸟 10 L/min 
䱹 〡 庛 䏞 350˫ 䎁 醋 孞 崨 鸟 10 L/min 
D L 庛 䏞 250˫ 䪊 䲽 垷 䒭 MSծMS/MS 

䪊䲽薴㔵 m/z 
MS1 500-2000 

MS2 100-2000 
焥 中 腊 ꆀ 10~80 V 

1.3 呋ㅷ㢅椚 
㼜㻑呍薗ꃑ呋ㅷ欽馄紱宐很鍒䎇獺ꅺ䧭 100 pmol/µL 涸呋ㅷ很巊湬䱹鵳呋ⴔ區կ 
21mer 㻑呍薗ꃑ䎸⴩⥌䜂㥵♴ 
5'-rGmUrArAmCmCrArArGrArGmUrAmUmUmCmCrAmUTT-3' 
岤r邍爙 RNAm邍爙 2'-O-methyl ⥝껑կ 
⽀ず⡙稇餘ꆀ6761.07876 

2絕卓♸雭雿 
2.1 㻑呍薗ꃑ礵烁ⴔ㶩ꆀ崵㹁 

⢪欽 LCMS-9030 ⴔ區㻑呍薗ꃑ呋ㅷTIC 㕃ㄤ♧紩餘靶㕃ⴔⵆ錛㕃 1 ㄤ㕃 2կTIC 㕃⚥〳錜㻋ⵌ僈儑涸
㻑呍薗ꃑ湡叻油կ♧紩餘靶㕃⚥〳錜㻋ⵌ➢[M-4H]4-ⵌ[M-10H]10-⛓ꢂⴔ䋒涸㻑呍薗ꃑ㢴歏蚚猌㶩կ⢪欽
LabSolutions Insight Explore CSD 涸ReSpect皾岁鵳遤㢴歏蚚鍒⽷獤㢅锐䖤ⵌ⿡⽷獤た涸靶㕃㥵㕃
3 䨾爙կ歋㕃〳濼㻑呍薗ꃑぐず⡙稇油㛇劥㹊梡㛇絁ⴔ猌㹊崵⽀ず⡙稇餘ꆀ⚹ 6761.07764♸锐雿ず
⡙稇餘ꆀ 6761.07876 湱嫱餘ꆀ霴䊵⚹ 0.16 ppm餘ꆀⲥ烁䏞㥩կ 

 
㕃 1. 㻑呍薗ꃑ呋ㅷ TIC 㕃   
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㕃 2. 㻑呍薗ꃑ♧紩餘靶㕃 

 
㕃 3. 㻑呍薗ꃑ⿡⽷獤靶㕃 

2.2 㻑呍薗ꃑ䎸⴩烁雩 
⢪欽 Protein metrics 鲱⟝⚥涸 Oligo 垷懈㼜 LCMS-9030 ꅷ꧋涸⾲映侨研鲿Ⰶ鳕Ⰶ㻑呍薗ꃑ涸霃

雦䎸⴩⽰〳荈⸓鵳遤㻑呍薗ꃑ䎸⴩烁雩絕卓錛㕃 4կ霪㕃僽 ESI ✳紩餘靶㕃〳⟄溏ⵌ⚪㺢涸㻑呍薗
ꃑ烱晙猌㶩㕃⚥溶叻雵ⴀ⼐ꂁ副涸㻑呍薗ꃑ烱晙猌㶩碫㘗կ㕃⚥〸副錭僽㻑呍薗ꃑ霃雦䎸⴩盐絁痗尼
邍爙霪⡙縨㹊崵烱晙猌㶩ㄤ锐雿烱晙猌㶩♧荝կ歋姼〳濼霪㻑呍薗ꃑ䎸⴩♸霃雦䎸⴩⼐ꂁ䏞葻㥩կ 

 
㕃 4. 㻑呍薗ꃑ䎸⴩烁雩絕卓 
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3絕雿 

⢪欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶絕ざ Insight Explore CSD ㄤ Protein metrics 侨研㢅锐
鲱⟝䒊用✫㻑呍薗ꃑⴔ㶩ꆀ崵㹁ㄤ䎸⴩烁雩涸倰岁կ䀙峸 Q-TOF Ⱘ剣넞ⴔ鳹ծ넞餘ꆀ侨ⲥ烁䏞ㄤ넞⾝併
䏞涸暵挿〳 ⟄崵䖤㻑呍薗ꃑ⿺Ⱖ烱晙猌㶩涸礵烁餘ꆀկ鸑鵂 LabSolutions Insight Explore CSD ⚥ Respect
皾岁〳⟄鵳遤넞佪涸㢴歏蚚鍒⽷獤㢅锐⿡⽷獤た㻑呍薗ꃑず⡙稇油㛇劥鴪ⵌ㛇絁ⴔ猌鲽匠䖤ⵌ礵烁⽀
ず⡙稇餘ꆀ♸锐雿⧩餘ꆀ霴䊵⚹ 0.16 ppm餘ꆀⲥ烁䏞㥩կ鸑鵂 Protein metrics ⚥ Oligo 垷懈〳荈⸓ծ
䪠ꆀծ䘯鸟㖑鵳遤㻑呍薗ꃑ䎸⴩烁雩絕卓湬錜ⲥ烁կ劥倰岁乼⡲皍⤑ծⲥ烁䏞넞鷓欽✵㻑呍薗ꃑ蚋暟ⴔ
㶩ꆀ邍䖄ㄤ䎸⴩烁雩կ 

  



 

104 
 

5.4 㢴胂碫蚋暟欰Ɤ䫈稇⚥涸翸꧋⡤㹁䚍ⴔ區 
 

䶰 銳劥俒⢪欽䀙峸 LCMS-Q-TOF 巊餘翫欽禹絡絕ざ㽯㼄䱗꣖蒀靶岁䒓封✫♧猫㹁䚍唬崵㢴胂碫蚋暟欰
Ɤ䫈稇⚥翸꧋⡤涸倰岁⢪欽䀙峸 LabSolutions Insight Explore 鲱⟝㼆蒀靶油鵳遤鍒區䎇㼆㢴歏蚚絕卓
鵳遤鍒⽷獤ⴔ區կ㹊낉絕卓儑爙霪倰岁〳⟄ⴔ猌㢴胂碫蚋暟欰Ɤ䫈稇涸⚺䧭ⴔㄤ翸꧋⡤ⴔ猌ⴀ涸 4 ⚡
蒀靶油ⴔⵆ⚹欰Ɤ䫈稇涸㔋翸⡤♲翸⡤ꬋⰟ⟟✳翸⡤ㄤⰟ⟟✳翸⡤կ 

 

Ⱒꝶ霒Q-TOF 㢴胂碫蚋暟 欰Ɤ䫈稇 翸꧋⡤  

欰Ɤ䫈稇Ⰼ獦⚹欰Ɤ慨稇ꅺ佞䫈ⵖ慨稇歋
Brazeau瘝✵1973䎃껷妃➢絷繙涸♴⚊腰⚥䲿》կ
㣔搬欰Ɤ䫈稇䖎ꦼ㹊梡䊨⚌⻊㣐欰❡梡㖈欰Ɤ䫈
稇溶絑㹊梡✫➃䊨ざ䧭䎇⚂ざ䧭欰Ɤ䫈稇♸㣔搬
欰Ɤ䫈稇涸⻊㷖絕匬⿺蚋锐⡲欽倰꬗模Ⰼ湱ずկ欰
Ɤ䫈稇歋14⚡孽㛇ꃑ婎㛇絆䧭Ⱖ⚥痦3⡙⿺痦14⡙
涸孽㛇ꃑ歋✳炻ꝶ鵶䱹ッ梠朐絕匬կ 

⡲⚹♧猫㢴胂碫蚋暟欰Ɤ䫈稇㖈紱⻊ㄤ佞縨
涸鵂玐⚥「ⵌ⸈掚ծⲇⲏծ䴛䬜瘝㢪⸂⡲欽傞〳
腊封欰絕匬佖」❡欰翸꧋⡤կ翸꧋⡤涸㶸㖈〳腊

⠔꣭⡛蚋暟崞䚍佖」⼱邝劍⿺㟞⸈⯝氋⾲䚍䕧
ㆇ蚋暟涸㸝Ⰼ䚍ㄤ剣佪䚍կ㔔姼㼆蚋暟⚥涸翸꧋⡤
鵳遤港崵ㄤ霉⟟僽㼆蚋暟鵳遤餘ꆀ霉⟟涸♧⚡ꅾ
銳倰꬗կ 

劥俒⢪欽䀙峸LCMS-Q-TOF巊餘翫欽禹絡絕ざ
㽯㼄䱗꣖蒀靶岁䒓封✫♧猫㹁䚍唬崵㢴胂碫蚋暟
欰Ɤ䫈稇⚥翸꧋⡤涸倰岁⢪欽䀙峸LabSolutions 
Insight Explore鲱⟝㼆蒀靶油鵳遤鍒區䎇㼆㢴歏蚚
絕卓鵳遤鍒⽷獤ⴔ區կ  

 

 

欰Ɤ䫈稇絕匬 

1㹊낉鿈ⴔ 

1.1 ⟉㐼 
䀙峸馄넞佪巊湱蒀靶⟉-㔋匧勍굷遤傞ꢂ餘靶⟉ꂁ縨⥌䜂㥵♴ 

禹 絡 䱽 ⵖ 㐼 CBM-40 荈 ⸓ 鵳 呋 㐼 SIL-40C X3 
鳕   巊   岹 LC-40B XS 叙 庛 盲 CTO-40S 
膴 孞 劼 DGU-403 餘 靶 LCMS-9030 

1.2 ⴔ區勵⟝ 

巊湱蒀靶勵⟝
蒀 靶 叙 ⳕ脸蒀靶叙 TSK-GEL G2000SWx1 (7.8x300 mm I.D., 5.0 μm) 
崨 ⸓ 湱 ♲孮⛩ꃑ⛩臟宐=0.2:30:70 
鵳 呋 ⡤ 獤 20 μL 叙 庛 40˫ 
崨 鸟 0.5 mL/min 峤 ꛏ 巊 歌ꃫ/宐=1:1v:v  
峤 膴 倰 䒭 瘝䏞峤膴  

H-Ala-Gly-Cys-Lys-Asn-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH 
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餘靶勵⟝ 
猌 㶩 ⻊ 垷 䒭 ESI(+)  ⸈掚垷懈庛䏞 400 ˫ 
꨺ ⻊ 孞 崨 鸟 3.0 L/min 䎁 醋 孞 崨 鸟 10.0 L/min 
䱹 〡 庛 䏞 300 ˫ 䪊 䲽 垷 䒭 MSm/z 1000-2500 
D L 庛 䏞 250 ˫ 䱹 〡 歏 ⾓ 3.5 kV 
焥 中 孞 孿孞  ✲ ⟝ 傞 ꢂ 0.1s 

1.3 呋ㅷ⵸㢅椚 
礵㺙獦》呋ㅷ10 mg⸈1 mL宐很鍒ⵖ䧭10 mg/mL很巊⸈宐獺ꅺ䧭0.5 mg/mL涸很巊կ 
 

2絕卓♸雭雿 
2.1 欰Ɤ䫈稇蒀靶㕃鍒區 

䭽撑1.2ⴔ區勵⟝ⴔ區0.5 mg/mL涸呋ㅷ很巊䖤ⵌ蒀靶㕃㥵㕃1䨾爙կ➢㕃〳濼欰Ɤ䫈稇涸⥂殆傞ꢂ
⚹18.649 min,㼆霪蒀靶油鵳遤鍒區唬崵ⵌm/z 1637.72272ծ819.36403ㄤ546.57778涸ⲥⴔ㶩猌㶩油կⰦ
⚥m/z 1637.72272⚹[M+H]+油m/z 819.36403⚹[M+2H]2+油m/z 546.57778⚹[M+3H]3+油կ 

  
㕃 1. 欰Ɤ䫈稇涸蒀靶㕃ㄤ餘靶㕃 

2.2 欰Ɤ䫈稇⚥翸꧋⡤蒀靶㕃鍒區 

⚹✫腊唬崵ⵌ欰Ɤ䫈稇⚥涸䗎ꆀ翸꧋⡤勇餘㖈鵳遤勇餘ⴔ區傞䲿넞呋ㅷ崽䏞ⵌ10 mg/mLկ㖈ⴔ區鵂
玐⚥⚹✫鼙⯝넞崽䏞呋ㅷ鵳Ⰶ餘靶㖈鲱⟝⚥霃縨ꢎⴗ䰃玐䎸㼜18 min⟄た涸넞崽䏞絆ⴔⴗⰆ䏑巊կ歋㕃
2〳濼Ⱏ唬崵ⵌ4⚡蒀靶油կ鸑鵂LabSolutions Insight Explore鲱⟝㼆14.5~17.5 min 㔋⚡蒀靶油鵳遤ⴔ區
〳濼⚹欰Ɤ䫈稇涸㔋⚡翸꧋⡤勇餘油կ 
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  㕃 2. 欰Ɤ䫈稇涸翸꧋⡤ⴔ猌蒀靶㕃 

2.2.1 㔋翸⡤蒀靶油鍒區 
㼆㕃2⚥1#油涸餘靶㕃鵳遤鍒區唬崵ⵌm/z 1638.98576涸ⲥⴔ㶩猌㶩油〳⟄溏ⵌず⡙稇油ꢂꥬ⚹

0.25 Da霪翸꧋⡤䌄4⚡歏蚚ⴔ㶩ꆀ紨⚹6550.90⚹欰Ɤ䫈稇涸㔋翸⡤կ 

 
㕃 3. 㔋翸⡤蒀靶油涸餘靶㕃 

2.2.2 ♲翸⡤蒀靶油鍒區 

㼆㕃2⚥2#油涸餘靶㕃鵳遤鍒區唬崵ⵌm/z 1229.30295♸1638.73398涸ⲥⴔ㶩猌㶩油Ⱖ⚥m/z 
1229.30295油涸ず⡙稇油ꢂꥬ⚹0.25 Da霪翸꧋⡤䌄4⚡歏蚚կm/z 1638.73398油涸ず⡙稇油ꢂꥬ⚹0.33 
Da霪翸꧋⡤䌄3⚡歏蚚կ鸑鵂LabSolutions Insight Explore鲱⟝㼆⚙⚡割ず歏蚚侨3⚡歏蚚ㄤ4⚡歏蚚
涸餘靶鵳遤雦皾䖤ⴀ霪翸꧋⡤ⴔ㶩ꆀ紨⚹4913.17⚹欰Ɤ䫈稇涸♲翸⡤կ 

1.69e31:MS(+) RT:[14.853-14.857]-[14.632-15.142]

1637.97654

1638.23030

1638.48458

1638.98576

1639.23231

1639.48335

1639.73734

1639.98070

m/z
1634 1636 1638 1640 1642

2.0e2

4.0e2

6.0e2

8.0e2

1.0e3

1.2e3

1.4e3

1.6e3
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a. 4 ⚡歏蚚餘靶㕃 b. 3 ⚡歏蚚餘靶㕃 

 
c. 鍒⽷獤絕卓㕃 

㕃 4. ♲翸⡤蒀靶油涸餘靶㕃ㄤ鍒⽷獤絕卓 

2.2.3 ꬋⰟ⟟✳翸⡤蒀靶油鍒區 

㼆㕃2⚥3#油涸餘靶㕃鵳遤鍒區唬崵ⵌm/z 1092.82588♸1638.73517涸ⲥⴔ㶩猌㶩油Ⱖ⚥m/z 
1092.82588油涸ず⡙稇油ꢂꥬ⚹0.33 Da霪翸꧋⡤䌄3⚡歏蚚կm/z 1638.73517油涸ず⡙稇油ꢂꥬ⚹0.50 
Da霪翸꧋⡤䌄2⚡歏蚚կ鸑鵂LabSolutions Insight Explore鲱⟝㼆⚙⚡割ず歏蚚侨2⚡歏蚚ㄤ3⚡歏蚚
涸餘靶鵳遤雦皾䖤ⴀ霪翸꧋⡤ⴔ㶩ꆀ紨⚹3275.45⚹ꬋⰟ⟟✳翸⡤կ 

 

3.92e31:MS(+) RT:[15.392-15.707]-[13.727-15.262]

1228.80199

1229.05243

1229.30295

1229.55400

1229.80412

1230.05433

1230.30405

m/z
1228 1229 1230 1231

5.0e2

1.0e3

1.5e3

2.0e3

2.5e3

3.0e3

3.5e3

3.92e31:MS(+) RT:[15.392-15.707]-[13.727-15.262]

1637.73057

1638.06630

1638.40010
1638.73398

1639.06808

1639.40112

1639.73482

1640.06683

1640.39896
1640.72758

m/z
1637 1638 1639 1640 1641

0.0e0

1.0e3

2.0e3

3.0e3

4.0e3

5.0e3

6.0e3

7.0e3
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a. 3 ⚡歏蚚餘靶㕃 b. 2 ⚡歏蚚餘靶㕃 

 
c. 鍒⽷獤絕卓㕃 

㕃 5. ꬋⰟ⟟✳翸⡤蒀靶油涸餘靶㕃ㄤ鍒⽷獤絕卓 

2.2.4 Ⱏ⟟✳翸⡤蒀靶油鍒區 

㼆㕃2⚥4#油涸餘靶㕃鵳遤鍒區唬崵ⵌm/z 1086.81756♸1629.72276涸ⲥⴔ㶩猌㶩油Ⱖ⚥m/z 
1086.81756油涸ず⡙稇油ꢂꥬ⚹0.33 Da霪翸꧋⡤䌄3⚡歏蚚m/z 1629.72276油涸ず⡙稇油ꢂꥬ⚹0.50 
Da霪翸꧋⡤䌄2⚡歏蚚կ鸑鵂LabSolutions Insight Explore鲱⟝㼆⚙⚡割ず歏蚚侨2⚡歏蚚ㄤ3⚡歏蚚
涸餘靶鵳遤雦皾䖤ⴀ霪翸꧋⡤ⴔ㶩ꆀ紨⚹3257.43⚹Ⱏ⟟✳翸⡤կ 

 

4.01e41:MS(+) RT:[16.355-16.557]-[15.872-16.287]

1091.81973

1092.15741

1092.49183

1092.82588

1093.15971

1093.49338

1093.82683

1094.15963

1094.49175

m/z
1090 1091 1092 1093 1094 1095

0.0e0

5.0e3

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

5.5e4

3.74e41:MS(+) RT:[16.287-16.572]

1637.22021

1637.73255

1638.23405

1638.73517

1639.23597

1639.73595

1640.23499

1640.73299

1641.22976
1641.72481

m/z
1636 1638 1640 1642

0.0e0

2.0e3

4.0e3

6.0e3

8.0e3

1.0e4

1.2e4

1.4e4

1.6e4

1.8e4
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a. 3 ⚡歏蚚餘靶㕃 b. 2 ⚡歏蚚餘靶㕃 

 
c. 鍒⽷獤絕卓㕃 

㕃 6. Ⱏ⟟✳翸⡤蒀靶油涸餘靶㕃ㄤ鍒⽷獤絕卓 
  

1.36e41:MS(+) RT:[16.730-17.092]-[17.127-17.585]

1085.81078

1086.15009

1086.48363

1086.81756 1087.15123

1087.48499

1087.81865

1088.15241

1088.48614
1088.81896

m/z
1086 1087 1088 1089

0.0e0

2.0e3

4.0e3

6.0e3

8.0e3

1.0e4

1.2e4

1.4e4

1.6e4

1.8e4

1.36e41:MS(+) RT:[16.730-17.092]-[17.127-17.585]

1628.20499

1628.72229

1629.22198

1629.72276
1630.22347

1630.72388

1631.22443

1631.72460

1632.22446

1632.72070

m/z
1626 1628 1630 1632

0.0e0

1.0e3

2.0e3

3.0e3

4.0e3

5.0e3

6.0e3

7.0e3

8.0e3
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2.2.5 㔋⚡翸꧋⡤蒀靶油鍒區宨䚪 

邍 1. 㔋⚡翸꧋⡤蒀靶油鍒區宨䚪 

油尼 m/z ず⡙稇油ꢂꥬ
Da 歏蚚侨 ⴔ㶩ꆀ 翸꧋⡤ 

1# 1638.98576 0.25 4 6550.90 㔋翸⡤ 

2# 
1229.30295 0.25 4 

4913.17 ♲翸⡤ 
1638.73398 0.33 3 

3# 
1092.82588 0.33 3 

3275.45 ꬋⰟ⟟✳翸⡤ 
1638.73517 0.50 2 

4# 
1086.81756 0.33 3 

3257.43 Ⱏ⟟✳翸⡤ 
1629.72276 0.50 2 

3絕雿 
劥俒⢪欽䀙峸LCMS-Q-TOF巊餘翫欽禹絡絕ざ㽯㼄䱗꣖蒀靶岁䒓封✫♧猫㹁䚍唬崵㢴胂碫蚋暟欰Ɤ䫈

稇⚥翸꧋⡤涸倰岁կ㹊낉絕卓儑爙霪倰岁〳⟄ⴔ猌㢴胂碫蚋暟欰Ɤ䫈稇涸⚺䧭ⴔㄤ翸꧋⡤鸑鵂
LabSolutions Insight Explore鲱⟝㼆蒀靶油鵳遤鍒區䎇㼆㢴歏蚚絕卓鵳遤鍒⽷獤ⴔ區〳濼ⴔ猌ⴀ涸4⚡
蒀靶油ⴔⵆ⚹欰Ɤ䫈稇涸㔋翸⡤♲翸⡤ꬋⰟ⟟✳翸⡤ㄤⰟ⟟✳翸⡤կ霪倰岁〳⚹㢴胂碫蚋暟涸翸꧋⡤ⴔ
區䲿⣘⿬罌կ 
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5.5 mRNA 蚋暟⸈䌨涸ⴔ區 

 

䶰 銳劥俒⢪欽䀙峸 LCMS-QTOF 翫欽禹絡䒊用✫♧猫 mRNA 蚋暟⸈䌨ⴔ區涸倰岁կ㖈넞庛勵⟝♴⢪
欽翸ざ暟㛇餘导湱蒀靶叙㼆 5´-⸈䌨䎸⴩欰暟稇叻雵确ꛏ瘝鵳遤ⴔ猌䎇鸑鵂 LCMS-9050 㔋匧勍굷遤傞
ꢂ餘靶㼆蒀靶油鵳遤ꊹ㹁կ㖈 260nm ♴雦皾ぐ蒀靶油涸油꬗獤⽀挿㢪叻岁㹁ꆀկ霪倰岁〳欽✵ mRNA 蚋
暟⸈䌨桧涸灇瑕կ 
 

Ⱒꝶ霒mRNA  ⸈䌨  导湱蒀靶  LCMS-9050 
 
溫呍欰暟涸mRNA鲮䔶た㖈5´畮欰䧭N7-歌㛇

⻊ 涸 뚁 薗 ♲ 熧 ꃑ (m7GpppG) 䌨 㶩 絕 匬  㟞 䔂 ✫
mRNA珘㹁䚍鼙⯝mRNA鄄呍ꃑ㢪ⴗꃍ꣭鍒ず傞
䌨㶩絕匬僽缺霖饰映㔔㶩eIF4E霋ⵆ⡙挿Ⱘ剣ꅾ銳
欰锐䠑⛐կmRNA蚋暟♧菚⟄DNA⚹垷匣絑⡤㢪鲮
䔶(IVT)ⵖ㢊կ⸈䌨䊨蒌♧菚剣⚙猫痦♧猫獦⚹鲮
䔶た⸈䌨䊨蒌鵘欽撑ざꃍ⡤禹絑㔋姿导䎾㖈
mRNA ⣜ 妃 欰 䧭 5 ´ 畮 뚁 薗 ♲ 熧 ꃑ  GpppG, G 
Cap,N7-歌㛇⻊涸뚁薗♲熧ꃑ(m7GpppG, Cap0)ㄤ
呍祪2⡙繿㛇歌㛇⻊m7GpppmGCap1痦✳猫
獦⚹Ⱏ鲮䔶⸈䌨⽰㖈IVT傞RNA翸ざꃍ㼜
m7GpppG⸈ⰆmRNA⚥剏䰃⾲剣涸GTPկ搬罜⸈
䌨鵂玐〳腊❡欰⸈䌨割模Ⰼ䧴导ぢ䎸⴩䌨㶩瘝勇

餘䕧ㆇ⾲俱蚋涸餘ꆀ⿺珘㹁䚍կ 
吗絡涸5´䌨㶩絕匬灇瑕ꅷ欽㢪ⴗꃍ宐鍒絑翸

⚋掜ꃀ腂PAGEⳕ脸歏岷䧴猌㶩蒀靶岁唬崵P32叻雵
涸5´-䌨㶩կ劥俒ꅷ欽LCMS-Q-TOF瘝䪮助㼆⸈䌨佪
桧鵳遤灇瑕偽꨽佞㼘䚍叻雵刿鷓ざ屛毫欽涸
mRNA蚋暟կ 

劥俒㼆嫱✫鲮䔶た⸈䌨ծⰟ鲮䔶⚙猫⸈䌨
䊨蒌䎇⟄ざ䧭㼆撑ㅷ⚹㼆撑鵳遤⽀挿㢪叻㹁ꆀկ
Capㄤuncapped晙媯欰暟稇叻雵确ꛏ⟄⿺mRNA
晙媯絑导湱蒀靶ⴔ猌LCMS-9050ꅷ꧋餘靶侨研
絑LabSolutions Insight Explore鲱⟝鍒⽷獤ⴔ區
㹊梡✫㼆5´⸈䌨❡暟涸霋ⵆ♸⸈䌨桧灇瑕կ霪ⴔ區
勵⟝珘㹁〳ꬑ⣘湱Ⱒ➃プ⿬罌կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸馄넞佪巊湱蒀靶⟉-㔋匧勍굷遤傞ꢂ餘靶⟉ꂁ縨⥌䜂㥵♴ 

禹 絡 䱽 ⵖ 㐼 CBM-40 荈 ⸓ 鵳 呋 㐼 SIL-40C X3 
鳕   巊   岹 LC-40B X3 叙 庛 盲 CTO-40S 
P D A 唬 崵 㐼 SPD-M40 餘 靶 LCMS-9050 

1.2 ⴔ區勵⟝  

蒀靶勵⟝ 

蒀  靶  叙 SHIMSEN Ankylo C18-300S, 100 mm×2.1 mm I.D.3 μmP/N:380-01202-73
䀙峸副嵳㹊낉㐼勞剣ꣳⰖ尽 

峤 膴 巊 A200 mM HFIP+8.3 mM TEA 宐很巊 
 BA 湱/MEOH=1:2 
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崨     鸟 0.25 mL/min 䲿 》 岚 Ɤ 260 nm 
鵳 呋 ⡤ 獤 5 μL 叙 庛 55˫ 
峤 ꛏ 垷 䒭 R0,R3 㖲⚹歌ꃫ/⛩臟/䒗⚋ꃫ/宐1:1:1:1⸈ 1%FA 
峤 膴 倰 䒭 唑䏞峤膴饰映⚹ 20% B 湱錛邍 1 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

Time(min) Module Command Value 

10.00 Pumps Pump B Conc. 70 

17.00 Pumps Pump B Conc. 95 

20.00 Pumps Pump B Conc. 95 

21.00 Pumps Pump B Conc. 20 

25.00 Controller Stop  

餘靶勵⟝ 

猌 㶩 ⻊ 垷 䒭 ESI-  ⸈掚垷懈庛䏞 400˫ 

꨺ ⻊ 孞 崨 鸟 3.0 L/min 䎁 醋 孞 崨 鸟 10.0 L/min 

⸈ 掚 孞 崨 鸟 10.0 L/min 䪊 䲽 垷 䒭 MS scanm/z 500-5000 

䱹 〡 庛 䏞 300˫ 䱹 〡 歏 ⾓ 4.5 kV 

D L 庛 䏞 250˫ ✲ ⟝ 傞 ꢂ 0.6 s 

1.3 ⣘霚ㅷ涸ⵖ㢊  
⣘霚ㅷ很巊⿬罌 Beverly 瘝2016涸俒柄⚹✫⥂霆⡤㢪鲮䔶涸 mRNA 涸珘㹁䚍mRNA

꨽銳鵳遤 5´畮⸈䌨⸈䌨䊨蒌剣⚙猫1ծ絑鵂㢴猫撑ざꃍ⡲欽⣜妃欰䧭 G capCap0 ㄤ Cap1
涸䌨㶩絕匬(㥵㕃 1)409 呋ㅷ⚹姼倰䒭蜦䖤 2ծꅷ欽Ⱏ鲮䔶倰䒭㖈 5´畮⸈Ⰶ m7GpppG
剏去 GTPⱄ蜦䖤 Cap0 絕匬391 呋ㅷ⚹姼倰䒭匬䒊կ⚹✫ꅷ欽 MS 㼆⸈䌨呍薗ꃑ鵳遤ⴔ區
鸑䌢ꅷ欽ꃍⴗ涸倰䒭蜦䖤 5´畮㻑呍薗ꃑ䎸⴩Ⱘ⡤乼⡲崨玐⿬罌㕃 2欰暟稇叻雵涸确ꛏ♸
mRNA Ⱏず鷍抠蜦䖤䒸暟叻雵涸䎸⴩絑⯝氋煂棟䯲蜦RNAse H ꃍ鍒蜦䖤ゎ䌨㶩㻑呍薗ꃑ
䎸⴩絑紱⻊䖤ⵌ副劼很巊կⰨ⡤呋ㅷ⥌䜂㥵♴邍 2 䨾爙կ 

邍 2. 呋ㅷ⥌䜂 

呋ㅷ 崽䏞 䎂㖲ⴔ㶩ꆀDa 㢊岤 

AGG-38nt Cap 5μM 12515.8 
uncapped U

㼆撑 
Cap probe 5μM 9762.5  

391-S1 / 391k ꃍ鍒劢紱⻊ 
391-S2 / 391k 煂棟紱⻊ 
409-S1 / 409k ꃍ鍒劢紱⻊ 
409-S2 / 409k 煂棟紱⻊ 

uncapped / 12825.6  

Gcap / 13089.8  

Cap0 / 13104.8  

Cap1 / 13119.2  
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㕃 1. mRNA ⡤㢪鲮䔶たꃍ⤛⸈䌨鸀䖈 

 
㕃 2. mRNA 5´䌨㶩ꃍⴗ⵸㢅锐䎸⴩➑⿬罌 

 

2絕卓♸雭雿 

2.1 AGG-38nt Cap ⿺ Cap probe 㼆撑ㅷⴔ猌⿺ꊹ㹁絕卓 
AGG-38nt Cap 僽⻊㷖ざ䧭涸䌨㶩絕匬 AGG-38nt Cap ⥂殆傞ꢂ⚹ 3.8 min㥵㕃 3 䨾爙կMS 侨研絑

LabSolutions Insight ⴔ區〳⟄錜㻋ⵌ[M-4H]4-涸 m/z 3128[M-5H]5-涸 m/z 2502[M-14H]14-涸 m/z 892
瘝絑 LabSolutions Insight Explore 鍒⽷獤皾岁雦皾䎂㖲餘蚚嫱[M-H]-⚹ 12515♸锐雿⧩ガざկ 

Cap probe 僽 3´畮䌄剣欰暟稇叻雵涸确ꛏ䎸⴩♸ AGG-38nt Cap 䎸⴩匹邉Ⱖ 5´畮⟄ TTGTTT-饰映
〳暵䒗䚍絕ざ RNase HկCap probe ⴀ油傞ꢂ 4.8 min絑 MS 烁雩[M-3H]3-涸 m/z 3253[M-4H]4-涸 m/z 
2439[M-12H]12-涸 m/z 812 瘝㥵㕃 4 䨾爙絑鵂鍒⽷獤ⴔ區䎂㖲餘蚚嫱[M-H]-⚹⚹ 9762կ 
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㕃 3. AGG-38nt Cap 蒀靶㕃⿺餘靶鍒⽷獤絕卓 

 

 

 
㕃 4. Cap probe 蒀靶㕃⿺餘靶鍒⽷獤絕卓 
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2.2 391 呋ㅷ絕卓鍒區 
391-s1 劢紱⻊㔔姼蒀靶㕃副腊溏ⵌ鳅㣐涸 mRNA 婎⡮油罜 391-s2 絑鵂Ꝇ꩓危ㄤ稇SAV煂棟紱

⻊ꤑ⿡✫跗涯⿺ mRNA Ɤ䎸⴩晙媯蒀靶㕃⿺鍒⽷獤絕卓㥵㕃 5 䨾爙կ391-s2 RT=3.8 min 涸蒀靶油絑
MS ⴔ區〳⟄錜㻋ⵌ[M-5H]5-涸 m/z 2623[M-6H]6-涸 m/z 2185[M-12H]12-涸 m/z 1092 瘝㥵㕃 5 䨾
爙絑鵂鍒⽷獤ⴔ區䎂㖲餘蚚嫱[M-H]-⚹ 13121♸锐雿⧩湱䔲RT=3.8 min 蒀靶油㖲⚹ Cap1 絕匬կIVT
ⵖ㢊涸 mRNAⰦ㽶必㊋U鄄歌㛇-⧺㽶必㊋》去䨾⟄Cap1 ♸㼆撑ㅷ AGG-38nt Cap 絕匬碫⡃蒀
靶⥂殆傞ꢂ♧荝告餘蚚嫱割ずկRT=4.7 min 蒀靶油絑餘靶烁雩⚹ Cap probeկ 

 

 

 
㕃 5. 391-s2 涸蒀靶㕃⿺餘靶鍒⽷獤絕卓 

㕃 5 ⚥ RT=4.18 min 蒀靶油絑餘靶ⴔ區㖈 m/z 750-2000 薴㔵ⰻ剣䗎烯涸♧瞭⥌尼㥵♴㕃 6硼
崵⚹Ɤ䎸⴩ mRNA 晙媯歋✵ ESI 垷䒭涸歏蚚ⴔ侔佪䎾餘靶⥌尼匧烯偽岁鍒⽷獤կ391-s2 絑鵂 SAV 紱
⻊ꤑ⿡✫ mRNA 㣐晙媯⿺ꃍ㔔姼391-s2 ⚥ RT=4.18 min 油꬗獤⚹ 140174➑⚹ 391-s1 ⚥ RT= 4.18 
min 涸油꬗獤涸 2.8%կ 
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㕃 6. RT=4.18 min 涸餘靶㕃 

2.3 409 呋ㅷ絕卓鍒區 
409-s1ծ409-s2 ⚥ RT=3.8 min 涸油絑 MS ⴔ區〳 ⟄錜㻋ⵌ[M-5H]5-涸 m/z 2608[M-7H]7-涸 m/z 1863

絑鍒⽷獤ⴔ區餘蚚嫱[M-H]-⚹ 13049♸锐雿⧩ガざ⚹ Cap1 絕匬կ4.7 min 蒀靶油絑餘靶烁雩⚹ Cap 
probeRT=4.2 min 蒀靶油絑餘靶烁雩硼崵⚹ mRNA Ɤ䎸⴩晙媯կ 

 

 

 
㕃 7. 409-s2 涸涸餘靶㕃 

2.4  Cap1 崽䏞ⴔ區 
呏研餘靶㹁䚍絕卓391 ㄤ 409 呋ㅷ⚥ RT=3.8 min 油㖲⚹ Cap1 絕匬尵剣Ⱖ➭碫⡃絕匬Ⱏ崨ⴀկ㔔

姼⟄ AGG-38nt Cap ⚹㼆撑ㅷ呏研稘㢪蒀靶油꬗獤⽀挿岁雦皾ぐ呋ㅷ⚥ Cap1 涸崽䏞絕卓㥵♴邍 3
䨾爙կs2 崽䏞㖲넞✵ s1鵯邍僈煂棟紱⻊〳⟄蜦䖤鳅넞崽䏞涸 Cap1剣ⵄ✵蒀靶ⴔ猌♸唬崵姼㢪391-

3.69e21:MS(-) RT:[4.330-4.445]-[3.745-4.995]

748.8992

936.8499

1020.8231

1026.8796

1068.8710

1136.9085
1216.8557

1371.8040

1411.7764

1478.4692 1691.8376
1699.3435

2930.4048

2931.5136

2934.6161

m/z
750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250

0.00

%

100.00



 

117 
 

s2 ㄤ 409-s2 崽䏞ⴔⵆ⚹ 1.53 μMծ1.72 μM邍僈⚙猫䊨蒌⸈䌨佪桧湱䔲կ㼆撑ㅷ⿺呋ㅷ㼆嫱蒀靶㕃㥵㕃
8 䨾爙կ 

邍 3. 呋ㅷ⚥ Cap1 崽䏞 

油ぜ獦 ⥂殆傞ꢂ 油꬗獤 獺ꅺ⦔侨 崽䏞 μM 

AGG-38nt Cap 2.91 717439 1 5 
391-s1 2.85 39957 3.5 0.97 

391-s2 2.93 62794 3.5 1.53 

409-s1 2.97 11575 3.5 0.28 

409-s2 2.95 70627 3.5 1.72 

 
㕃 8. 㼆撑ㅷ⿺呋ㅷ蒀靶㕃260 nm 

 

3絕雿 
㛇✵䀙峸 LCMS-QTOF 翫欽禹絡䒊用✫♧猫 mRNA ⸈䌨涸餘靶ⴔ區倰岁կ呍ꃑ歏餏䚍䔂劥倰岁ꅷ

欽♲⛩腂猌㶩㼆霚⵫㹊梡㖈导湱垷䒭ⴔ猌崨⸓湱⚥幑⸈Ⱉ孮䒗⚋ꃫ⤛鵳✫呍ꃑ㖈餏垷䒭♴涸歏猌㼆
ꃍ鍒た涸 mRNA 晙媯鵳遤ⴔ猌ㄤ唬崵䎇ⴔⵆꅷ欽稘㢪ㄤ餘靶涸侨研鵳遤✫蒀靶㹁䚍ㄤ餘靶㢴歏蚚鍒⽷獤
ⴔ區⚙猫䊨蒌涸⸈䌨呋ㅷ㖲腊ⲥ烁㹁䚍 Cap1ծCap probe⟄ざ䧭涸 AGG-38nt-Cap ⚹叻ⲥ⽀挿㢪叻
岁雦皾 Cap1 ゎꆀ391-s2 ㄤ 409-s2 ⚥ Cap1 崽䏞ⴔⵆ⚹ 1.53 μMծ1.72 μM邍僈⚙猫䊨蒌⸈䌨佪桧湱
䔲կ霪倰岁〳欽✵ mRNA ⸈䌨佪桧霉⠮⛲〳⣘㻑呍薗ꃑ餘ꆀ䱽ⵖ䲿⣘⿬罌կ 
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痦 6 畎 Q-TOF 㖈蚋欽鳇俱⿺⼕毫⺫勞涸䎾欽 
鵛䎃勻䧮㕂蚋ㅷ㹎霉㹎䪠ⵖ䏞涸帿ⵠ」ꬠ暵ⵆ僽⟬ⵖ蚋♧荝䚍霉⟟⡤禹涸䒊用⨴Ⰼ⟄⿺⾲鳇⺫♸

ⵖ⵫Ⱒ翫霉㹎劼ⵖ涸Ⰼ꬗硼鵳⚹ⵖ蚋遤⚌涸觌⸽封㾝岤Ⰶ✫䔂⸢⸓⸂կ㖈鵯♧胜兞♴蚋欽鳇俱♸⼕毫⺫
勞涸灇封ծ欰❡⿺䎾欽곭㚖❠鵓勻✫⵸䨾劢剣涸封㾝劼麁♸ꅾ錠կ 

蚋欽鳇俱⡲⚹蚋ㅷ欰❡⿺㢅倰靈ꂁ⚥涸Ⱒꝶ絆䧭鿈ⴔ剣㟞很ծ⸔很ծ靈蒜蚋暟ꅺ佞瘝⸆腊կ⡲⚹ꬋ
崞䚍䧭ⴔ㸐又赡割湬䱹餑柄蚋锐崞䚍⽲帿ⵠ䕧ㆇ满ⵖ⵫涸侮⡤餘ꆀծ㸝Ⰼ䚍⿺剣佪䚍կ㔔姼帿Ⰶ确瑕
蚋欽鳇俱♸蚋ㅷꢂ涸湱匹⡲欽烁⥂Ⱖ㸝Ⰼ䚍䧭⚹⥂ꥻ蚋ㅷ餘ꆀ割〳䧴緃涸♧梠կ 

ず傞⼕毫㐼唒㖈⢪欽鵂玐⚥㽍Ⱖ僽♸➃⡤䭯絯䱹鍘䧴⡲欽✵➃⡤傞〳 腊ꅺ佞ⴀ獦⚹〳尹応暟
涸⻊㷖暟餘կ鵯❈暟餘巑渷抣蝒婎殆ծ⸈䊨婎殆ծ꣭鍒❡暟ծ很⵫⿺ぐ碫幑⸈⵫㥵珘㹁⵫ծ䫒孻⻊⵫ծ㟞
㝕⵫ծ满蒀⵫瘝㸐又〳腊湬䱹䧴鸑鵂➝餘㥵蚋巊ծ過巊鵳Ⰶ➃⡤匬䧭悶㖈涸㸝Ⰼ굥ꤗկ⧩䖤岤䠑
涸僽䎇ꬋ䨾剣幑⸈⵫⿺䊨蒌婎殆㖲匬䧭㪭胇Ⱖ굥ꤗ玐䏞䖃䖃》Ɀ✵❡ㅷ♸➃⡤涸䱹鍘倰䒭⿺玐䏞կ 

⚹剣佪䎾㼆〳尹応暟䌄勻涸䮋䧶䀙峸ꅷ欽넞佪ծⲥ烁涸癃叅♸ꊹ㹁倰呩霪倰呩⣜䩯넞ⴔ鳹餘靶 Q-
TOF 䪮助㖈 DDA 垷䒭♴ꅷ꧋侨研ꥥたⵄ欽 LabSolutions Insight Explore 鲱⟝涸䔂㣐⸆腊⺫䭍 Analyze
油䲿》ծScreen 湡叻暟癃叅ծFormula Predictor ⴔ㶩䒭곫崵ծAssign 䎽唬程⿺烱晙油䔱㾩瘝絕ざ傁㹁涸
〳尹応暟癃叅⴩邍㼆呋ㅷ⚥涸絆ⴔ油鵳遤礵ⲥꬶぢ癃叅կず傞㼆✵癃叅⴩邍⛓㢪涸劢濼⻊ざ暟❠腊鵳
遤넞佪㹁䚍ꊹ㹁կ姼倰呩割➑皍⻊✫呋ㅷ⵸㢅锐崨玐鵮㹊梡✫唬崵倰岁涸鸑欽䚍♸崨玐⻊㹁䚍ⴔ區涸넞
佪䚍儑衼䲿⼮✫撑勇絆ⴔ㹁䚍ꊹ㹁涸佪桧♸ⲥ烁䚍剣佪Ⲹ鲽✫ⴔ區➃プ涸䊨⡲餏䬐կ 

 
㕃 1. DDA 侨研㢅锐崨玐⟄〳尹応暟⚹⢾ 
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6.1 ⼕毫㐼唒♧妃䚍⿽䊨Ȿ峤渱盗勞⚥〳尹応暟㹁䚍ꊹ㹁崨玐 

 

䶰 銳劥俒䎾欽馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽⟉䒊用✫⼕毫㐼唒〳尹応暟㹁䚍ꊹ㹁倰岁♸崨
玐䎇䧭⸆䎾欽✵♧妃䚍⿽䊨Ȿ峤渱盗勞⚥〳尹応暟涸㹁䚍唬崵կ呋ㅷ絑垷䬾嵵䲿䧴匧ꣳ嵵䲿岁た⽰〳鵳
呋ⴔ區կ⢪欽䀙峸 Labsolutions Insight Explore 鲱⟝⚥ Analyze 兰腊油䲿》ծScreen 湡叻暟癃叅ծFormula 
Predictor ⴔ㶩䒭곫崵ծAssign 㖈絁䎽唬程♸烱晙油䔱㾩⟄⿺✳紩餘靶䎽唬程瘝⸆腊㼆䲿》ⵌ涸 218 ⚡蒀
靶油鵳遤✫崨玐⻊ꊹ㹁կ 
 

Ⱒꝶ霒⼕毫㐼唒  㔋匧勍굷遤傞ꢂ餘靶⟉  〳尹応暟 
 

䪮助暵挿 
 Labsolutions Insight Explore 鲱⟝⸆腊䔂㣐⚪㺢⻊ざ暟癃叅ꊹ㹁ⵄ㐼կ  
 㹁䚍ꊹ㹁崨玐⻊絕ざ〳尹応暟癃叅䎽⸈鸟〳毟暟癃鷥ꊹ㹁կ  
 

〳尹応暟僽㖈⼕毫㐼唒❡ㅷ♸➃⡤割倗䱹鍘䎇
封䮦⡲欽涸鵂玐⚥䧴♸⢪欽⚥涸Ⱖ➭➝餘㥵蚋
巊ծ過巊瘝湱匹⡲欽傞➢⼕毫㐼唒⚥ꅺ佞涸⻊
㷖暟餘կ♧菚⺫䭍抣蝒婎殆⵫ծ⸈䊨䊨蒌婎殆ծ꣭
鍒❡暟ծ很⵫ծ勞俱⚥涸⽀⡤⿺幑⸈⵫⺫䭍珘㹁
⵫ծ䫒孻⻊⵫ծ㟞㝕⵫ծ满蒀⵫瘝瘝կ 

〳尹応暟涸❡欰傁♸⼕毫㐼唒䨾欽勞俱ծ絊❡
ㅷ涸⸈䊨倰䒭剣Ⱒ⛲♸❡ㅷㄤ➃⡤涸䱹鍘倰䒭⿺
䱹鍘傞ꢂ剣Ⱒկ⟄넞ⴔ㶩⼕毫㐼唒⚹⢾Ⱖ㖈⼕毫
㐼唒封䮦⡲欽涸鵂玐⚥⾲勞俱䨾欽涸ぐ猫⺫䭍㟞
㝕⵫ծ䫒孻⻊⵫ծ珘㹁⵫瘝㖈ⰻ涸幑⸈⵫⟄⿺欰
❡⸈䊨鵂玐⚥䒸Ⰶ涸䊨蒌婎殆㖲〳腊湬䱹䧴鸑鵂湱
Ⱒ➝餘鵳Ⰶ➃⡤䕎䧭〳尹応暟涸㸝Ⰼ䚍굥ꤗկ䔲

搬䎇ꬋ䨾剣涸幑⸈⵫⿺䊨蒌婎殆㖲⠔䌄勻굥ꤗ
㥵卓湱Ⱒ❡ㅷ䧴絆⟝割♸➃⡤湬䱹䧴ꢂ䱹䱹鍘ⴭ
Ⱖ굥ꤗ湱㼆〳䱽կ 

㖈⼕毫㐼唒封䮦霏毫⡲欽涸ず傞〳尹応暟⛲
㖈䧴瀊劍䧴Ɤ劍㖑㼆➃⡤❡欰㸝Ⰼ䚍倰꬗涸⽭㹲կ
㔔姼㼆Ⱖ㸝Ⰼ䚍灇瑕傁僽⟱⚌㖈霃雦䒓封❡ㅷ꣌
媯꨽銳ꅾ挿Ⱒ岤ⰻ㺂⛲僽湱Ⱒ❡ㅷ䪮助㹎霉Ⱒ岤
ꅾ挿կ 

劥俒䒊用✫㛇✵巊湱蒀靶㔋匧勍굷遤傞ꢂ넞ⴔ
鳹餘靶翫欽䪮助涸〳尹応暟癃叅ꊹ㹁倰岁⿺崨玐
䎇䎾欽✵♧妃䚍⿽䊨Ȿ峤渱盗勞⚥〳尹応暟涸䘯鸟
癃叅ꊹ㹁կ

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸♲ꅾ㔋匧勍巊餘翫欽⟉ LCMS-9050ꂁ縨⥌䜂㥵♴ 

禹 絡 䱽 ⵖ 㐼 SCL-40 膴   孞   劼 DGU-405 
鳕   巊   岹 LC-40D X3×2 叙 庛 盲 CTO-40C 
荈 ⸓ 鵳 呋 㐼 SIL-40C X3 餘 靶 ⟉ LCMS-9050 
蒀 靶 䊨 ⡲ 畀 Labsolutions Ver. 5.118ծLabSolutions Insight Explore Ver.1.0 
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1.2 ⴔ區勵⟝ 

巊湱蒀靶勵⟝
蒀   靶  叙 Shim-pack GISS HP (100 mm×2.1 mm, 3 μm䀙峸副嵳㹊낉㐼勞剣ꣳⰖ

尽P/N: 227-30084-02) 
崨 ⸓ 湱  A 湱-0.1%歌ꃑ宐,  B 湱-0.1%歌ꃑ⛩臟 
鵳 呋 ⡤ 獤 2 μL 
崨       鸟 0.45 mL/min 叙       庛 40˫ 
峤 膴 倰 䒭 唑䏞峤膴B 湱饰映崽䏞⚹ 15%傞ꢂ玐䎸㥵邍 1 䨾爙կ 

邍 1. 唑䏞峤膴傞ꢂ玐䎸 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

3.00 岹 B Conc 30 
20.00 岹 B Conc 60 
30.00 岹 B Conc 100 
35.00 岹 B Conc 100 
35.01 岹 B Conc 15 
38.00 䱽ⵖ㐼 STOP  

餘靶勵⟝ 
猌 㶩 ⻊ 垷 䒭 ESI+ ꨺ ⻊ 孞 崨 鸟 3.0 L/min 
䱹 〡 庛 䏞 300˫ 䎁 醋 孞 崨 鸟 10.0 L/min 
D L 庛 䏞 250˫ ⸈ 掚 孞 崨 鸟 10.0 L/min 
⸈掚垷懈庛䏞 400˫ 焥 中 孞 孿孞  
䪊 䲽 垷 䒭 DDA ㌂ ꛏ ⡙ 縨 +1.0 mm 
D D A ⿬ 侨 MS m/z 50 - 1200MS/MS(DDA) m/z 50 - 1200  

1.3 呋ㅷ⵸㢅椚 
》♧妃䚍⿽䊨Ȿ峤渱呋ㅷ獦》 100 g 鳕巊㐼鷳僈盗騟䭽紨 5 cm Ɤ䏞㼜Ⱖ妥烱縨 500 mL Ⱘ㝱ꝭ

䕎櫕⚥⸈Ⰶ 500 mL ⛩ꃫ/宐3:7,37˫嵵䲿 24 㼭傞た》呋唬崵կ 
 

2絕卓♸雭雿 

2.1 蒀靶㕃 
瑟涯䲿》很⵫⚹⛩ꃫ宐3:7絑䲿》很⵫♸嵵䲿巊TIC㕃㼆嫱䲿》很⵫偽僈儑䎁䪓油呋ㅷ䲿》巊

姻猌㶩唬崵垷䒭♴蜦䖤鳅㢴絆ⴔ油կ 
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㕃 1. 呋ㅷ䲿》巊♸瑟涯䲿》很⵫ TIC 㼆嫱㕃 

⢪欽 Labsolutions Insight Explore 鲱⟝⚥ Analyze ⸆腊垷懈㼆呋ㅷ鵳遤荈⸓油䲿》կ霃縨餘靶ㆇ䎾
ꢖ⧩㣐✵ 1000蒀靶ㆇ䎾 Medium ⟄副S/N 㣐✵ 10油䲿》⥂殆傞ꢂ薴㔵0 - 30 min䲿》絕卓㥵㕃
5 䨾爙姻猌㶩垷䒭Ⱏ雦䲿》 218 ⚡絆ⴔ油կ 

 
㕃 2. 呋ㅷ䲿》巊 EIC 㕃 

2.2 〳尹応暟㹁䚍ꊹ㹁 
2.2.1 㛇✵〳尹応暟癃叅⴩邍涸㹁䚍ꊹ㹁 

絾ざ⢪欽Labsolutions Insight Explore鲱⟝⚥Analyze垷懈⚥Analyze油䲿》ծScreen湡叻暟癃叅ծ
Formula Predictorⴔ㶩䒭곫崵ծAssign䎽唬程⿺烱晙油䔱㾩⸆腊絕ざ荈䒊涸2659猫〳尹応暟癃叅⴩邍
㼆䲿》䖤ⵌ涸絆ⴔ油鵳遤ꬶぢ癃叅乼⡲崨玐皍鶣㥵♴կ 

 
㕃 3. 㛇✵〳尹応暟癃叅⴩邍涸㹁䚍ꊹ㹁崨玐 

⢪欽Labsolutions Insight Explore鲱⟝⚥Analyze垷懈⚥Screen⸆腊絕ざ荈䒊涸2659猫〳尹応暟癃叅
⴩邍㼆䲿》䖤ⵌ涸絆ⴔ油鵳遤ꬶぢ癃叅Ⱏ䖤ⵌ37猫毟⡃湡叻䧭ⴔ餘ꆀ霴䊵±5 ppm⟄ⰻず⡙稇ⴔ䋒
䖤ⴔ60絕卓錛邍2կ 
  

RT (min)
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

0.0e0

1.0e5

2.0e5

3.0e5

4.0e5

5.0e5

6.0e5
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邍 2. 37 猫毟⡃湡叻䧭ⴔ 

NO. ⻊ざ暟 CAS ⴔ㶩䒭 锐雿 m/z 㹊崵 m/z 餘ꆀ霴䊵 ppm ず⡙稇䖤ⴔ 

1 1,6-䊹ⰻꃀ腂 105-60-2 C6H11N1O1 114.0913 114.0916 2.6 97.7 

2 N-⛩㛇-2-ぼㅜ掬ꂼ 2687-91-4 C6H11N1O1 114.0913 114.0916 2.6 97.7 

3 1,4,7-♲孻梠⼧♲掬-8,13-✳ꂼ 6607-34-7 C10H16O5 217.1071 217.1076 2.4 97.6 

4 N,N'-䊹掬-1,6-✳㛇⿽(N'-薅膵) 39072-70-3 C22H30N4O2 383.2442 383.2437 -1.3 95.8 

5 倝涧ꃑ梠孻⛩掬㛇歌㛇ꂾ 26761-45-5 C13H24O3 229.1798 229.1804 2.4 95.6 

6 ♲欥ꃫ⿽(鳟ꃑꂾ) 106-10-5 C22H42O6 403.3054 403.3061 1.6 94.9 

7 ♲⛩✳ꃫ✳䒗鳟ꃑꂾ 94-28-0 C22H42O6 403.3054 403.3061 1.6 94.9 

8 
3,3-✳歌㛇-1,5-✳孻勇梠⼧♧

掬-6,11-✳ꂼ 
94113-47-0 C11H18O4 215.1278 215.1284 2.8 93.2 

9 ♲欥ꃫ✳䏊ꃑꂾ 7434-40-4 C20H38O6 375.2741 375.2748 1.7 93.0 

10 炽腒ꃀ腂 124-26-5 C18H37N1O1 284.2948 284.2954 2.3 92.3 

11 ⼧Ⱉ焫ꃀ腂 629-54-9 C16H33N1O1 256.2635 256.2640 2.0 91.4 

12 剢聚ꃑ欥屘ꂾ 142-18-7 C15H30O4 275.2217 275.2225 2.8 90.5 

13 ⼧Ⱃ掬㛇✳⛩ꃫ腂 10213-78-2 C22H47N1O2 358.3680 358.3684 1.1 89.6 

14 尽渹 20 1338-39-2 C18H34O6 347.2428 347.2436 2.3 89.2 

15 䊹✳ꃑ✳♨孻㛇⛩ꂾ 141-18-4 C18H34O6 347.2428 347.2436 2.3 89.2 

16 鵂孻⻊✳焫ꃑ✳(2-⛩㛇䊹ꂾ) 16111-62-9 C18H34O6 347.2428 347.2436 2.3 89.2 

17 1,2,3-⚋掬♲䏊ꃑꂾ 620-67-7 C24H44O6 429.3211 429.3220 2.2 86.9 

18 尽渹 80 1338-43-8 C24H44O6 429.3211 429.3220 2.2 86.9 

19 2,4,6-♲〈♨㛇薅ꂛ 732-26-3 C18H30O1 263.2369 263.2375 2.0 86.4 

20 ♲欥ꃫ鳟ꃑ涧ꃑꂾ 7346-78-3 C24H46O6 431.3367 431.3373 1.4 85.3 

21 尽渹 60 1338-41-6 C24H46O6 431.3367 431.3373 1.4 85.3 

22 
2,5-✳歌㛇-2,5-✳(2-⛩㛇䊹ꃀ

鵂孻⻊)䊹掬 
13052-09-0 C24H46O6 431.3367 431.3373 1.4 85.3 

23 ⛩ꃀ厾墰ꃑ♲♨ꂾ 77-90-7 C20H34O8 403.2326 403.2336 2.3 82.9 

24 ✳⼧掬ꃀ腂 51360-63-5 C20H41NO 312.3261 312.3266 1.5 80.5 

25 〈♨㛇鵂孻⻊焫ꃑ-2-⛩㛇䊹ꂾ 34443-12-4 C13H26O4 247.1904 247.1910 2.3 79.2 

26 ✳孲藃蛁ꂼꃑ歌ꂾ 24851-98-7 C13H22O3 227.1642 227.1645 1.3 79.0 

27 ⽀炽腒ꃑ欥屘ꂾ 123-94-4 C21H42O4 359.3156 359.3165 2.4 78.2 

28 9,10-✳繿㛇⼧Ⱃꃑ歌ꂾ 1115-01-1 C19H38O4 331.2843 331.2850 2.2 74.4 

29 ⛩ꃀ覢띿屘ꃑ歌ꂾ 140-03-4 C21H38O4 355.2843 355.2849 1.8 71.8 

30 
1,1-✳〈♨㛇鵂孻⻊-3,3,5-♲

歌㛇梠䊹掬 
6731-36-8 C17H34O4 303.2530 303.2539 2.9 69.2 

31 
3-繿㛇-2,2-✳歌㛇⚋㛇 3-繿㛇-
2,2-✳歌㛇⚋ꃑ渮✳⚋掜ꃀꃑ 

30145-51-8 C16H24O6 313.1646 313.1630 -5.0 64.5 

32 龇薅✳歌ꃑ♨蔮ꂾ 85-68-7 C19H20O4 313.1434 313.1429 -1.6 62.6 

33 
2,2'-[❇歌㛇⿽(❇薅㛇孻❇歌

㛇)]⿽梠孻⛩掬 
39817-09-9 C19H20O4 313.1434 313.1429 -1.6 62.6 

34 
2,2-✳歌㛇-1,3-⚋✳ꃫ✳薅歌

ꃑꂾ 
4196-89-8 C19H20O4 313.1434 313.1429 -1.6 62.6 

35 곡䒭-9-⼧Ⱉ掜ꃑ 2091-29-4 C16H30O2 255.2319 255.2326 2.9 60.8 

36 啕嚔屘ꃑ 373-49-9 C16H30O2 255.2319 255.2326 2.9 60.8 

37 歌㛇⚋掜ꃑ剢聚ꂾ 142-90-5 C16H30O2 255.2319 255.2326 2.9 60.8 

㼜副鶣絕卓封鷐荛⻊ざ暟邍㖈⻊ざ暟霫絈⥌䜂錠㕃♴烁雩蒀靶㕃ծ♧紩餘靶m/z⿺ず⡙稇ⴔ䋒⼐
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ꂁ䞔ⲃծ✳紩靶㕃⥌䜂䎇鵳遤㖈絁䎽唬程⿺✳紩餘靶油䔱㾩ꊹ㹁㥵㕃7䨾爙կ 

 
㕃 4. 湡叻暟ꊹ㹁⿺✳紩餘靶油䔱㾩 

呏研✳紩餘靶油䔱㾩絕卓㼆〳腊涸⻊ざ暟絕匬䒭鵳遤烱鄬鸀䖈鍒區絕卓錛㕃8կ37⚡〳毟湡叻暟㖲
〳⣜姼崨玐鵳遤㹁䚍鍒區鿈ⴔ絕卓錛㕃9կ 

 
㕃 5. ✳紩餘靶烱鄬鸀䖈 

  
a). 剢聚ꃑ欥屘ꂾ b). ♲欥ꃫ⿽鳟ꃑꂾ 
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c). 尽渹20 d). ♲欥ꃫ✳䏊ꃑꂾ 

㕃 6. 㖈絁䎽唬程⿺烱晙油䔱㾩ꊹ㹁絕卓 

2.2.2 癃叅⴩邍⛓㢪涸劢濼⻊ざ暟㹁䚍ꊹ㹁 
鸑鵂癃叅⴩邍癃鷥⛓た鵮剣㣐ꆀ劢濼⻊ざ暟꨽鵳遤ꊹ㹁կ絾ざ⢪欽Labsolutions Insight Explore鲱⟝

⚥Analyze垷懈⚥Analyze油䲿》ծFormula Predictorⴔ㶩䒭곫崵ծAssign㖈絁䎽唬程⿺烱晙油䔱㾩⸆腊乼
⡲崨玐皍鶣㥵♴կ 

 
㕃 7. 癃叅⴩邍⛓㢪劢濼⻊ざ暟ꊹ㹁崨玐 

껷⯓⢪欽 Labsolutions Insight Explore 鲱⟝ Analyze 垷懈⚥ Screen ⸆腊絕ざ荈䒊涸 2659 猫〳尹応
暟癃叅⴩邍鵳遤ꬶぢ癃叅た絑癃鷥䖤ⵌ癃叅⴩邍⛓㢪涸劢濼⻊ざ暟油կ⢪欽 Analyze ⚥ Formula 
Predictor鵳遤䪠ꆀⴔ㶩䒭곫崵䎇癃鷥烁雩絕卓鿈ⴔ絕卓㾝爙錛㕃 11կ 
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㕃 8. 劢濼⻊ざ暟癃鷥⿺ⴔ㶩䒭곫崵絕卓 

搬た㼜副鶣絕卓Ⰼ鿈鷥⚥封鷐荛⻊ざ暟邍叅溏⻊ざ暟霫絈⥌䜂䎇㼜✳紩靶㕃封鷐荛 Assign 鵳
遤㖈絁靶䎽唬程⿺烱晙油䔱㾩ꊹ㹁錛㕃 12կ姼㢪㥵剣〳尹応暟劥㖑✳紩靶䎽〳湬䱹㼆䪠ꆀ呋ㅷ鵳遤
劥㖑靶䎽唬程կ 

 
㕃 9. Assign 㖈絁〳唬程⿺烱晙油䔱㾩 

呏研✳紩餘靶油䔱㾩絕卓㼆〳腊涸⻊ざ暟絕匬䒭鵳遤烱鄬鸀䖈鍒區絕卓錛㕃13կⰦ➭劢濼⻊ざ暟㖲
⣜姼鵳遤㹁䚍鍒區㕃14㾝爙✫鿈ⴔ㹁䚍絕卓կ 
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㕃 10. ✳紩餘靶烱鄬鸀䖈⿺油䔱㾩 
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㕃 11. 鿈ⴔ劢濼暟㖈絁唬程⿺烱晙油䔱㾩㹁䚍絕卓 
 

3絕雿 
劥俒䒊用涸⼕毫㐼唒〳尹応暟㹁䚍ꊹ㹁倰岁♸崨玐䧭⸆䎾欽ⵌ✫♧妃䚍⿽䊨Ȿ峤渱盗勞⚥〳尹応暟

涸㹁䚍唬崵կ霪倰呩呋ㅷ⵸㢅锐倰岁皍⤑ծ唬崵倰岁鸑欽ծ崨玐⻊㹁䚍ⴔ區넞佪ⲥ烁〳 ⟄匧㣐涸䲿넞〳尹
応暟撑勇絆ⴔ㹁䚍ꊹ㹁佪桧⿺ⲥ烁䚍Ⲹ鲽ⴔ區➃プ䊨⡲餏䬐կ 
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6.2 㹁ꆀ唬崵⼕欽脸㝱⚥13猫❇炦腂㛇㔔嫫䚍勇餘ゎꆀ 
 

䶰 銳劥俒ⵄ欽䀙峸馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ⚮翫餘靶⟉䒊用✫⼕欽脸㝱⚥13猫❇鲜腂㛇㔔嫫䚍
勇餘涸唬崵倰岁կ霪倰岁忘駈岁錞Ⱒ✵䔀䚍㺙㼓⟝⚥❇鲜腂0.01 mg/kg涸唬ⴀ⾝併䏞銳宠ず傞倰岁㷖絕
卓邍僈13猫❇鲜腂㖈1.0~50 ng/mL崽䏞薴㔵ⰻ絁䚍Ⱒ禹葻㥩㢴ꛏꅾ撑䚍ծ珘㹁䚍葻㥩5 ng/mLㄤ20 
ng/mL䎂㖲⸈叻㔐佐桧⚹96.20%-108.30%RSD⚹0.48%-4.40%⛓ꢂկ霪倰岁忘駈唬崵銳宠腊䘯鸟ծ剣佪
涸ⴔ區⼕欽脸㝱⚥13猫㛇㔔嫫䚍勇餘涸ゎꆀկ 
 

Ⱒꝶ霒LCMS-Q-TOF ❇鲜腂  㛇㔔嫫䚍勇餘  㹁ꆀ唬崵 
 

䪮助暵挿 
 QTOF ⴔ鳹桧넞㹁䚍ⲥ烁䏞넞〳ず傞㹁䚍ㄤ㹁ꆀ癃叅❇鲜腂勇餘կկ  
 倰岁⾝併䏞넞〳忘駈岁錞 0.1 mg/kg 唬ⴀ銳宠կ 
 

N-❇鲜腂⛲獦⚹❇鲜腂僽♧碫暟餘Ⱖ⚥
雽㢴僽䔂荝瑲」⵫溶鄄⴩⚹〳腊涸➃碫荝浓暟կ
繠㕂梠㞯⥂䫡縭(EPA)寓厩暟굥ꤗ⥌䜂꧋䧭禹絡
(IRIS)㼜❇鲜腂涸굥ꤗ䭷侨㹁⚹b2⽰Ⱘ剣悶㖈➃⡤
荝浓䚍կ2018䎃6剢Ⰼ椕港盗劼匬佐ⵌ♧䪠綮尪㗞
崞䚍暟餘⚥㶸㖈N-❇鲜㛇✳歌腂NDMA涸䫣デկ
ꥥ满✲⟝封㾝㼆悶㖈㶸㖈涸❇鲜腂勇餘涸靈叅的
㾝ⵌ✫Ⱖ➭欰❡㉁⟄⿺湱Ⱒ涸⺫勞鳇⸔霃㢊կ2018
䎃㕂㹻蚋ㅷ港漛盗锐㽷封䋒շ⻊㷖蚋ㅷ♸䔀䚍㺙㼓

⟝湱㺂䚍灇瑕䪮助䭷㼋⾲ⴭ(霚遤)ո⚥暵ⵆ䭷ⴀ❇
鲜腂ծ❇鲜㛇碫暟餘㖈梡剣ⴔ區䪮助勵⟝♴䎾割䖤
唬ⴀ(妍湅䭷⟁⚹❇鲜腂嵵ⴀ割䖤鵂0.01 mg/kg䔀
䚍⡤❇鲜㛇碫暟餘嵵ⴀ割䖤鵂0.1 mg/kg䔀䚍⡤)կ 

劥俒⢪欽䀙峸LCMS-9050馄넞佪巊湱蒀靶-㔋
匧勍굷遤傞ꢂ⚮翫餘靶⟉䒊用✫⼕欽脸㝱⚥13猫
❇鲜腂㛇㔔嫫䚍勇餘涸ⴔ區倰岁կ霪倰岁ⲥ烁〳ꬑ
〳欽✵⼕蚋脸㝱欰❡⟱⚌餘䱽唬崵䲿⣘湱Ⱒ涸倰呩
⿬罌կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 LCMS-9050 馄넞佪巊湱蒀靶㔋匧勍굷遤傞ꢂ餘靶翫欽⟉Ⱘ⡤ꂁ縨⚹ 

禹絡䱽ⵖ㐼 CBM-40lite 膴 孞 劼 DGU-403 
鳕 巊 岹 LC-40D XS × 2 叙 庛 盲 CTO-40S 
荈⸓鵳呋㐼 SIL-40C XS 餘 靶 ⟉ LCMS-9050 
蒀靶䊨⡲畀 LabSolutions Ver. 5.118, Insight Ver. 4.0 

1.2 ⴔ區勵⟝  

巊湱蒀靶勵⟝ 
蒀 靶 叙 ACE-C18 (250 mm×4.6 mm I.D.,5μm)  
崨 ⸓ 湱 A:宐; B:0.1% 歌ꃑ歌ꃫ 
鵳 呋 ⡤ 獤 20 μL 叙 庛 40˫ 
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崨 鸟 0.8 mL/min  峤 ꛏ 巊 歌ꃫ/宐=1:1v:v  
峤 膴 倰 䒭 唑䏞峤膴ⴲ映崽䏞⚹ B 湱 5 %傞ꢂ玐䎸錛邍 1կ 

邍 1. 巊湱唑䏞傞ꢂ玐䎸 

Time(min) Module Command Value 

1.00 Pumps Pump B Conc. 5 

2.00 Pumps Pump B Conc. 20 

7.00 Pumps Pump B Conc. 65 
9.00 Pumps Pump B Conc. 70 

9.10 Pumps Pump B Conc. 100 

11.00 Pumps Pump B Conc. 100 

11.10 Pumps Pump B Conc. 5 

14.00 Controller Stop  

餘靶勵⟝ 
猌 㶩 ⻊ 垷 䒭 APCI+ ꨺ ⻊ 孞 崨 鸟 3.0 L/min 
䱹 〡 歏 ⾓ +4.5 kV 䎁 醋 孞 崨 鸟 5.0 L/min 
䱹 〡 庛 䏞 300˫ ⸈ 掚 孞 崨 鸟 10.0 L/min 
D L 庛 䏞 200˫ ⸈ 掚 垷 懈 庛 䏞 200˫ 
䪊 䲽 垷 䒭 SIM (10 ppm) 

邍 2. SIM ⿬侨 

No. ぜ獦 綫ⱗ [M+H]+ 

1 N-❇鲜㛇✳歌腂 NDMA 75.05529 

2 N-❇鲜㛇✳⛩腂 NDEA 103.0866 

3 N-❇鲜㛇✳♨腂 NDBA 159.1492 
4 N-❇鲜㛇✳䒗♨腂 NDiBA 159.1492 

5 N-❇鲜㛇✳⚋腂 NDPA 131.1179 

6 N-❇鲜㛇✳䒗⚋腂 NDiPA 131.1179 

7 N-❇鲜㛇に㉆ NMOR 117.0658 

8 N-❇鲜㛇ㆆ㊋ NPIP 115.0866 

9 N-❇鲜㛇-N-歌㛇薅腂 NMPhA 137.0709 
10 N-❇鲜㛇-N-⛩㛇薅腂 NEPhA 151.0866 
11 N-❇鲜㛇✳蔮腂 NDBzA 227.1179 

12 N-❇鲜㛇-✳⛩ꃫ腂 NDELA 135.0764 
13 N-❇鲜㛇ぼㅜ掬 NPYR 101.0709 

1.3 呋ㅷ⵸㢅椚 
     獦》脸㝱呋ㅷ烱晙紨 10 g佞Ⰶ 100 mL 梯槴匉⚥⸈Ⰶ 50 mL 20%⛩ꃫ宐很巊馄㡮䲿》 1 
hկ》 2 mL 䲿》很巊✵猌䗱盗⚥12000 r/min 猌䗱 5 min た》副幡巊鵂 0.22 μm 応芘副劼唬崵կ 
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2絕卓♸雭雿 
2.1 抳併䏞 

ꂁ縨 2 ng/mL 幊叻ꅷ欽 SIM 垷䒭鵳遤⾝併䏞崵霚13 猫❇鲜腂油䕎⿺⾝併䏞葻㥩, ⥌㐾嫱㖲㣐✵ 10կ   

 
㕃 2. 13 猫❇鲜腂 MS 蒀靶㕃 2 ng/mL  

2.2 吥ⲥ刼絁 
ⴔⵆꂁⵖ1ծ2ծ5ծ10ծ50ծ100 ng/mL涸13猫幊叻很巊鵳呋ⴔ區⟄⻊ざ暟崽䏞⚹埇㗂叻油꬗獤

⚹紷㗂叻鵳遤絁䚍㔐䔱ⴔ區13猫⻊ざ暟㖈1~50 ng/mL崽䏞薴㔵ⰻ絁䚍葻㥩湱Ⱒ禹侨㣐✵0.998կ 

  

  
㕃 3. 鿈ⴔ❇鲜腂吥ⲥ刼絁 1-50 ng/mL  

2.3 ꅾ㢕䚍 
》 2 ng/mL 叻ⲥ很巊鵶絯ⴔ區 6 妃罌㻋⟉㐼涸ꅾ撑䚍崵㹁絕卓錛邍 3կ 

  

Conc. (ppb)
0 20 40

Area

0.0e0

2.0e5

4.0e5

6.0e5

NDMA
y = 13509.77x + 3363.133
R² = 0.9986451    R = 0.9993223

Curve Fit: Default (Linear)
Weighting: Default (1/C^2)
Zero: Default (Not Forced)

Conc. (ppb)
0 20 40

Area

0.0e0

5.0e5

1.0e6

1.5e6

NDEA
y = 36112.61x + 4824.252
R² = 0.9989043    R = 0.9994520

Curve Fit: Default (Linear)
Weighting: Default (1/C^2)
Zero: Default (Not Forced)

Conc. (ppb)
0 20 40

Area

0.0e0

5.0e5

1.0e6

1.5e6

2.0e6

NDBA
y = 49308.67x + 11584.05
R² = 0.9965759    R = 0.9982865

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Not Forced)

Conc. (ppb)
0 20 40

Area

0.0e0

5.0e5

1.0e6

1.5e6

NMOR
y = 33995.73x + 2544.934
R² = 0.9995747    R = 0.9997874

Curve Fit: Default (Linear)
Weighting: Default (1/C)
Zero: Default (Not Forced)
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邍 3. 13 猫❇鲜腂ꅾ撑䚍崵霚絕卓n=6 

No. ⻊ざ暟 ⥂殆傞ꢂ RSD% 油꬗獤 RSD% 

1 NDMA 0.047 1.64 
2 NDEA 0.071 3.41 
3 NDBA 0.045 2.21 
4 NDiBA 0.048 0.56 
5 NDPA 0.064 5.36 
6 NDiPA 0.043 2.71 
7 NMOR 0.011 2.06 
8 NPIP 0.074 1.47 
9 NMPhA 0.062 5.56 

10 NEPhA 0.047 3.22 
11 NDBzA 0.038 1.18 
12 NDELA 0.104 2.51 
13 NPYR 0.054 1.076 

2.4 ⸈叻㔐佐桧 
㼜瑟涯㛇餘呋ㅷ鵳遤5ծ20 ng/mL崽䏞⸈叻た䭽撑副鶣⵸㢅锐倰岁㢅锐た副劼䎂遤3⼝呋ㅷ罌㻋㔐

佐桧ㄤRSDⰨ⡤絕卓㥵♴䎂㖲⸈叻㔐佐桧⚹96.20%-108.30%RSD⚹0.48%-4.40%⛓ꢂկ 
邍 4. 13 猫❇鲜腂⸈叻㔐佐桧ㄤ礵㺙䏞絕卓n=3 

No. ⻊ざ暟 
幑⸈崽䏞

ng/mL 
䎂㖲㹊崵崽䏞 

ng/mL 
䎂㖲㔐佐桧

% 
湱㼆叻ⲥ⨊䊵

RSD% 

1 NDMA 
5 5.073 101.46 2.23 

20 20.263 101.32 0.87 

2 NDEA 
5 5.122 102.44 1.19 

20 20.871 104.36 0.47 

3 NDBA 
5 5.189 103.79 1.44 

20 21.60 108.00 1.02 

4 NDiBA 
5 5.312 106.25 1.50 

20 21.662 108.30 0.69 

5 NDPA 
5 5.112 102.25 3.41 

20 20.151 100.76 1.37 

6 NDiPA 
5 5.178 103.65 1.65 

20 20.790 103.95 0.70 

7 NMOR 
5 5.096 101.94 1.13 

20 20.105 100.53 0.38 

8 NPIP 
5 5.213 104.25 0.48 

20 21.238 106.19 0.50 
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9 NMPhA 
5 4.984 96.20 4.40 

20 20.140 100.70 3.98 

10 NEPhA 
5 4.807 96.14 4.31 

20 19.481 97.41 2.34 

11 NDBzA 
5 5.092 101.84 0.65 

20 20.358 101.79 0.24 

12 NDELA 
5 4.901 98.03 4.72 

20 20.767 103.84 4.44 

13 NPYR 
5 5.058 101.17 1.00 

20 20.367 101.84 0.96 

2.5 劢濼呋ㅷ唬崵 
劢濼脸㝱呋ㅷ䲿》巊絑副劼ⴔ區た呋ㅷ⚥NDiBA剣唬ⴀⰦゎꆀ鸑鵂雦皾⚹0.034 ng/mL⡛✵岁

錞唬ⴀ銳宠 2 ng/mLկ  

 
㕃4. 脸㝱呋ㅷ蒀靶㕃 

 

3絕雿 
 劥俒ⵄ欽䀙峸 LCMS-9050 馄넞佪巊湱蒀靶-㔋匧勍굷遤傞ꢂ餘靶翫欽⟉䒊用✫⼕欽脸㝱⚥ 13 猫❇鲜

腂㛇㔔嫫䚍勇餘涸唬崵倰岁կ霪倰岁忘駈շ⻊㷖蚋ㅷ♸䔀䚍㺙㼓⟝湱㺂䚍灇瑕䪮助䭷㼋⾲ⴭո岁錞⚥Ⱒ✵❇
鲜腂 0.01 mg/kg 2 ng/mL 很巊崽䏞涸⾝併䏞銳宠倰岁㷖罌㻋⚥絁䚍ծ⾝併䏞ծꅾ撑䚍ㄤ⸈叻㔐佐
桧葻㥩⚹脸㝱⚥❇鲜腂㛇㔔嫫勇餘ゎꆀ唬崵灇瑕䲿⣘⿬罌կ 
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痦 7 畎 Q-TOF 㖈⚰䎯灇瑕⚥涸䎾欽 
㖈⚰䎯灇瑕곭㚖㼆氬氻劼ⵖ涸帿Ⰶ锐鍒ծ粉劍霏倗倰岁涸䒓封⟄⿺蚋暟癃鷥佪桧涸䲿⼮♧湬僽猰㷖

㹻又割䥮鷅宠涸湡叻կ⚹✫㹊梡鵯❈湡叻去靧絆㷖⡲⚹♧꡶倝Ⱓ涸猰㷖곭㚖鷶幯䄻ꪪ㣢錭⚹⚰䎯灇瑕
䲿⣘✫Ⰼ倝涸錠錭ㄤ䔂剣⸂涸䊨Ⱘկ 

去靧絆㷖⚁岤✵灇瑕欰暟⡤ⰻ彂䚍㼭ⴔ㶩⻊ざ暟㥵孽㛇ꃑծ祪碫ծ剣劼ꃑծ呍薗ꃑ⿺腒餘瘝傋㖈䳶
爙鵯❈ⴔ㶩㖈欰暟⡤「ⵌ㢪歲ⵞ慨䧴麰吗」䒗䕧ㆇ♴涸ゎꆀ」⻊կ鵯❈」⻊涸㼭ⴔ㶩割➑僽欰暟⡤去靧朐
䙖涸湬䱹导僥刿僽氬氻封欰ծ封㾝ㄤ蚋暟屛毫佪卓涸Ⱒꝶ䭷叻կ㔔姼去靧絆㷖涸呍䗱湡叻㖈✵霋ⵆ䎇鍒
區鵯❈」⻊涸㼭ⴔ㶩⚹氬氻涸粉劍霏倗ծ氻䞔港崵⟄⿺蚋暟癃鷥䲿⣘猰㷖⣜研կ 

搬罜去靧絆㷖곭㚖涸灇瑕䎇ꬋ♧䋕굥곡կ去靧暟匧䚍涸䎛岌ⴔ䋒絛Ⰼ꬗ⴔ區䌄勻✫䊭㣐䮋䧶կ吗絡涸
⽀♧ⴔ區倰岁䖃䖃ꦼ⟄銻渷䨾剣匧䚍薴㔵涸去靧暟㼋荝⥌䜂緃㣟ㄤⴔ區割ⲥ烁կ⚹✫鍒Ɀ鵯♧꡼곿⚌ⰻ
䒓映确程⿽蒀靶ⴔ猌瘻殜告鵯猫倰岁割➑署傞鳅Ɤ꣭ ⡛✫ⴔ區佪桧鵮㺂僒❡欰侨研塑⡮ㄤ❜⿸⚹た
絯ⴔ區䌄勻㔮䪓կ 

 
㕃 1. ꬋꬶ去靧絆㷖侨研㢅锐崨玐 

⚹鍒Ɀ鵯♧ꦼ곿䀙峸硼ⴀ✫Ⱖ⴯倝涸Ⰼ靶✳絶巊餘禹絡霪禹絡⳪⦶㖈絁獺ꅺ⚁ⵄ䪮助ծ匧䚍ⴔ崨♸
⿽ꅾ唑䏞暵蒀䪮助䧭⚹去靧絆㷖Ⰼ絆ⴔⴔ區涸⠏鷥䎂〵կ霪禹絡割➑腊㢿⡲⚹㺈匧䚍㢴湡叻暟侨研䎽涸
鸑欽ⴔ猌䊨Ⱘ鵮㹊梡✫匧䚍䊵䒗儑衼涸⚙碫Ⱒ翫暟餘涸ず傞ⴔ區匧㣐䲿⼮✫ⴔ區佪桧♸⾝崞䚍կ姼㢪
禹絡ⰻ䅺涸 UHPLC 㶩禹絡刿⤑✵傈䌢唬崵䊨⡲涸곡ⵄ鵳遤կ 

⡲⚹倝♧去㢴⸆腊餘靶⵸畮䎂〵䀙峸Ⰼ靶✳絶巊餘禹絡腊㢿♸♲ꅾ㔋匧勍ㄤ굷遤傞ꢂ餘靶瘝넞畮ⴔ
區⟉㐼偽綟㼆䱹⚹撑勇㛇餘⚥㺈匧䚍汚ꆀ暟餘涸㹁䚍ծ㹁ꆀծ癃叅⿺帿Ⰶⴔ區䲿⣘✫䔂㣐佅䭯կ劥畎㼜翸
送✵䀙峸Ⰼ靶✳絶巊餘禹絡♸ LCMS-9030 䧴 9050 翫欽㖈ꬋꬶぢ去靧絆㷖⚥涸䎾欽㹊騨傋㖈⚹湱Ⱒ
곭㚖涸灇瑕➃プ♸➢⚌罏䲿⣘剣⟟⧩涸⿬罌♸゗爙կ 

 
㕃 2. Ⰼ靶✳絶巊餘翫欽禹絡 
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7.1 ⵸⴩艑浓欰暟叻䘋暟癃鷥 

䶰 銳劥俒ⵄ欽Ⰼ靶✳絶巊湱禹絡絕ざ㔋匧勍-굷遤傞ꢂ餘靶㼆⵸⴩艑浓䝖罏ㄤ姻䌢➃涸㽶巊㢪屲⡤呋劥
鵳遤✫ꬋꬶぢ去靧絆㷖ⴔ區կ㛇✵Ⰼ靶✳絶巊湱禹絡姻ㄤ餏垷䒭♴Ⱏ䖤ⵌ 6840 ⚡暵䖄油կ⨊剒㼭✳⛧ⴼ
倗ⴔ區PLS-DA邍僈姻䌢絆♸垷㘗絆剣儑衼䊵䒗Ⱏ䪪ⵌ 451 猫」ꆀ䫏䕧ꅾ銳䚍(VIP)㣐✵ 1 涸⦫鷥䊵䒗
䚍去靧暟絑侨研䎽嫱㼆ꊹ㹁ⴀ 12 猫䊵䒗䚍去靧暟⚺銳䕧ㆇ涸鸑騟⺫䭍ꭤ腒去靧ծ岌ꃑㄤ鳇ꃍ A 涸欰暟
ざ䧭ծ割껒ㄤ腒肘ꃑ涸欰暟ざ䧭瘝կ 

Ⱒꝶ霒Ⰼ靶✳絶巊湱 㔋匧勍-굷遤傞ꢂ餘靶 㢪屲⡤ 
 
⵸⴩艑浓(prostatecancerPCa)僽♧猫鳅兜麑

涸屲㽶禹絡胅泿Ⱖ封氻桧㖈⚆歲薴㔵ⰻ割倗㟞⸈կ
PCa涸粉劍癃叅⚺銳⣜饆湬肃䭷霏ㄤ過幡⵸⴩艑暵
䒗䚍䫒⾲PSA唬崵搬罜湬肃䭷霏〫腊ⴲ姿霉⠮
⵸⴩艑涸㛇劥䞔ⲃ㥵㣐㼭ծ餘㖑瘝緃⛘ⲥ烁䚍կ
PSA⛲「葻䚍⵸⴩艑㟞欰⿺㽶騟䠭厩瘝䕧ㆇ㼆PCa
霏倗涸暵䒗䚍鳅䊵կ㔔姼PCa涸霏倗ㄤ屛毫䚉꨽ⲥ
烁ծ暵䒗⚂偽⴯涸欰暟叻䘋暟կ 

㢪屲⡤僽絈脅荈封ⴔ屲涸♧猫脅㢪㓭岙䎛岌
㶸㖈✵ぐ碫絈脅㥵㽶巊ծ過巊ծ艎宐⿺礵巊瘝Ⱘ
剣葻㥩涸珘㹁䚍⿺⡛嫫䚍瘝暵挿㖈胅泿涸封欰ծ
封㾝⿺過盗欰䧭ㄤ⯝氋靈䱽⚥封䮦满ꅾ銳⡲欽կ㔔
ⰦⰨ剣杝暵㓭岙絕匬⿺⿽㽻腒餘芘⢪Ⱖ㓭岙ⰻ呍
ꃑㄤ胅泿湱Ⱒ跗涯⯝黨㢪鿈ꃍ涸꣭鍒佦割㼱㷖罏
雩⚹㢪屲⡤剣〳腊䧭⚹PCa涸ꬋ⤀Ⰶ䚍欰暟叻䘋暟կ 

去靧絆㷖僽灇瑕暵㹁欰暟⡤禹⚥侮⡤去靧暟宐
䎂⿺Ⱖ」⻊錞䖒涸杝用㷖猰僽氬氻灇瑕涸ꅾ銳䩛
媯⛓♧կ去靧絆㷖灇瑕⚥涸♧㣐㔮ꦼ僽去靧暟匧䚍
騗䏞㣐ꦼ⟄欽♧猫倰岁模䧭ⴔ區կ劥灇瑕ⵄ欽Ⰼ
靶✳絶巊湱禹絡〳⟄ず傞模䧭넞匧䚍ㄤ⡛匧䚍涸
去靧暟ⴔ區㣐㣐蒜溁✫㹊낉䊨⡲ꆀㄤⴔ區傞ꢂկ
霪禹絡♸䀙峸㔋匧勍-굷遤傞ꢂ餘靶LCMS-9030絕
ざ〳⟄鵳遤㺈匧䚍湡叻暟涸ꬋꬶぢ去靧絆㷖Ⰼ絆
ⴔ灇瑕կ 

劥灇瑕ⵄ欽Ⰼ靶✳絶巊湱-QTOF禹絡⟄ꬋꬶ
ぢ去靧絆㷖涸䊨⡲崨玐ⴔ區✫⵸⴩艑浓䝖罏♸姻䌢
➃涸㽶巊㢪屲⡤呋劥封梡12猫䊵䒗䚍去靧暟⚺
銳⚹腒餘姼㢪鵮剣剣劼ꃑծ呍薗ꃑ瘝去靧❡暟
⚺銳䕧ㆇꭤ腒去靧ծ岌ꃑㄤ鳇ꃍA涸欰暟ざ䧭ծ割껒
ㄤ腒肘ꃑ涸欰暟ざ䧭կ 

 

1㹊낉鿈ⴔ 

1.1 呋ㅷꅷ꧋⿺㢅椚 

  
姻䌢絆♸垷㘗絆ぐ》 7 ⼝呋ㅷ鵳遤ⴔ區嫦⼝呋ㅷぐ》 5 μLⵖ䧭餘ꆀ䱽ⵖQC呋ㅷկQC 呋ㅷ㖈

呋ㅷⴔ區⵸鵶絯鵳呋 6 ꛏ⛓た嫦ⴔ區 6 ⚡呋ㅷ䳃Ⰶ 2 ꛏ QC鸑鵂 QC 呋Ⰼ玐港崵侨研餘ꆀկ 
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1.2 ⟉㐼 
⟉㐼歋Ⰼ靶✳絶巊湱禹絡♸ Q-TOF 翫欽Ⱖ⚥Ⰼ靶✳絶巊湱禹絡呍䗱鿈⟝歋㔋⚡蒀靶岹ծ⚙呏蒀靶

叙ծ♧⚡㹁ꆀ梠ծ♧⚡넞⾓⼧鸑ꢎ匬䧭唬崵㐼⚹ LCMS-9030 㔋匧勍굷遤傞ꢂ餘靶⟉կⰨ⡤ꂁ縨⚹ 
禹 絡 䱽 ⵖ 㐼 SCL-40 膴 孞 劼 DGU-405 
鳕 巊 岹 LC-40B XR × 2LC-40B X3 × 2 荈 ⸓ 鵳 呋 㐼 SIL-40C X3 
㹁 ꆀ 梠 500 μL 叙 庛 盲 CTO-40C 
⼧   鸑  ꢎ  FCV-36AH 蒀 靶 䊨 ⡲ 畀 LabSolutions Ver. 5.97 

1.3 ⴔ區勵⟝  
巊湱蒀靶勵⟝ 

蒀 靶 叙 痦♧絶Shim-pack GIST NH2, 100 mm×2.1mm I.D., 3 μm, P/N: 227-30291-05 
痦✳絶Phenomenex Kinetex C8, 150 mm×2.1 mm I.D., 2.6 μm, P/N: 00F-4497-AN 

崨 ⸓ 湱 痦♧絶A 湱- 25mM ⛩ꃑꜽ+25mM 孽宐/宐B 湱-⛩臟 
痦✳絶A 湱-宐B 湱- 5mM ⛩ꃑꜽ/⛩臟䒗⚋ꃫv/v, 6:4+ 

鵳 呋 ⡤ 獤 2 μL 崨 鸟 0.4 mL/min  
叙 庛 45 ˫ 峤 膴 倰 䒭 唑䏞峤膴邍 1 

餘靶勵⟝ 
猌 㶩 彂 ESI 䱹 〡 庛 䏞 300 ˫ 
䱹 〡 歏 ⾓ +4.5 kV/ -3.5 kV D L 庛 䏞 250 ˫ 
꨺ ⻊ 孞 宆孞 3.0 L/min ⸈ 掚 懈 庛 䏞 400 ˫  
䎁 醋 孞 宆孞 10.0 L/min 䪊 䲽 垷 䒭 MS1 SCAN (m/z 50-1000) 
⸈ 掚 孞 瑟孞 10.0 L/min  MS2 DDA (m/z 50-1000) 

邍 1. 巊湱唑䏞傞ꢂ玐䎸 

傞ꢂ (min) ⽀⯋ ㄐ⟁ ⧩ 

0.00 岹 B.Conc 95 
0.00 岹 B.Conc3 20 
0.00 叙庛盲 Oven Valve 2 0 
1.90 叙庛盲 Oven Valve 2 1 
2.90 岹 B.Conc 95 

15.90 岹 B.Conc 65 
17.90 岹 B.Conc 40 
19.90 岹 B.Conc 40 
20.00 岹 B.Conc 95 
20.00 岹 B.Conc3 20 
20.30 叙庛盲 Oven Valve 2 0 
37.00 岹 B.Conc3 100 
41.50 岹 B.Conc3 100 
41.60 岹 B.Conc3 20 
42.00 岹 B.Conc3 20 
42.00 䱽ⵖ㐼 Stop  
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㕃 1. Ⰼ靶✳絶禹絡崨騟㕃䊩㕃ⴲ映朐䙖〸㕃ⴗꢎた 

1.4 侨研㢅椚 
ꅷ欽 Signpost MS 鲱⟝㼆靶㕃侨研㢅锐㥵猌㶩䲿》ծ油㼆룅瘝た㼜侨研㼋Ⰶ MetaboAnalyst ㄤ

SIMCA 鲱⟝鵳遤絡雦ⴔ區䪪ⴀ䊵䒗䚍去靧暟⣜研礵烁 m/z ⿺ MS2 靶㕃㖈 MS DIAL ⿺ HMDB 瘝䎂〵社
程烁雩去靧暟猫碫搬た㖈 MetaboAnalyst 䎂〵鵳遤去靧鸑騟ⴔ區կ 

 

2絕卓♸雭雿 

2.1 蒀靶㕃♸暵䖄蒀靶䂽 
➃㽶巊㢪屲⡤ QC 呋ㅷ涸㛇油BPC蒀靶㕃㥵㕃 2 䨾爙կ♸兜鸑♧絶倰岁湱嫱鳅Ⰼ靶✳絶㖈 MS 

Dial 鲱⟝⚥唬ⴀ危宐䚍㼭ⴔ㶩去靧暟ㄤ危腒䚍暟餘涸侨ꆀ剣儑衼䲿⼮㥵㕃 3 䨾爙⛲霆㹊✫Ⰼ靶✳絶
Ⱘ剣ず傞ⴔ猌㺈匧䚍ծ㢴湡叻暟涸暵挿կ 

 
㕃 2. QC 呋ㅷ BPC 㕃紤蒀姻垷䒭랱蒀餏垷䒭 

㖈姻ㄤ餏垷䒭♴㼜Ⰼ靶✳絶ꅷ꧋涸ぐ侨研㼋Ⰶ Signpost MS 鲱⟝䲿》油邍䎇㼆룅蒀靶油たⰟ䖤
ⵌ 6840 ⚡暵䖄油կꥥた㼆緃㣟⧩鵳遤鵂応ⵄ欽80%錞ⴭ⿡ꤑ⟣⡦♧絆⚥ⴀ梡곸桧鿪㼭✵ 80%涸猌
㶩癃鷥暵䖄油⚂ⶂꤑ㖈 QC 呋ㅷ⚥油꬗獤 RSD30%涸暵䖄油剒た㼜ⶥ⡮暵䖄油㼋Ⰶ SIMCA 鲱⟝
欽✵♴♧姿絡雦ⴔ區㥵㕃 4 䨾爙կ 

  
㕃 3. Ⰼ靶✳絶♸♧絶倰岁⻊ざ暟侨ꆀ嫱鳅 㕃 4. 侨研곫㢅锐崨玐 

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 min
0.0

2.5

5.0

(x100,000)

1:BPC(+) 外外外-QC_pos_01.lcd
1:BPC(-) 外外外-QC_neg_01.lcd
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2.2 䊵䒗䚍➿靧暟叅䪪 

㼜姻䌢絆ծ垷㘗絆♸餘䱽絆侨研㼋Ⰶ SIMCA 鲱⟝鵳遤⨊剒㼭✳⛧ⴼ倗ⴔ區PLS-DA絕卓儑爙餘
䱽絆QC侨研翸꧋䚍葻㥩邍僈⟉㐼朐䙖珘㹁姻䌢絆♸垷㘗絆〳⟄僈儑㖑⼓ⴔ邍僈⵸⴩艑浓䝖罏♸
姻䌢➃涸㽶巊㢪屲⡤去靧❡暟剣儑衼䊵䒗㕃 5կ 

a 

 
b 

 
㕃 5. ⨊剒㼭✳⛧ⴼ倗ⴔ區PLS-DA侔挿㕃 

㕃 a姻垷䒭㕃 b餏垷䒭1: 姻䌢絆2: 垷㘗絆3餘䱽絆 

⟄❜⿸낉霆涸倰䒭㼆副鶣 PLS-DA 垷㘗鵳遤낉霆絕卓邍僈姻垷䒭♴䨔騄 R2=0.816Q2=-0.366餏
垷䒭♴䨔騄 R2=0.369Q2=-0.264垷㘗〳ꬑ尵剣鵂䬾ざ㕃 6կ 

a 

 

 
b 

 

 
㕃 6. PLS-DA 200 妃❜⿸낉霆絕卓㕃 a姻垷䒭㕃 b餏垷䒭 
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鸑鵂」ꆀ䫏䕧ꅾ銳䚍(variable importance of projection, VIP)癃鷥䊵䒗䚍去靧暟կ鷥》 VIP > 1 涸暵䖄
油雩⚹㼆絆ꢂ䊵䒗餑柄鳅㣐僽悶㖈涸䊵䒗䚍去靧暟կ✳絶蒀靶姻垷䒭♴⦫鷥䊵䒗䚍去靧暟Ⱏ 220 ⚡
餏垷䒭♴⦫鷥䊵䒗䚍去靧暟Ⱏ 231 ⚡㕃 7կ 

a 

 

b 

 
㕃 7. PLS-DA ぐ暟餘 VIP ⧩雦皾㕃 a姻垷䒭㕃 b餏垷䒭 

2.3 䊵䒗䚍➿靧暟ꊹ㹁 

㼜䨾剣 VIP > 1 涸⦫鷥䊵䒗䚍去靧暟鵳遤 t 唬낉㼜 p < 0.05 涸暟餘靶㕃㼋Ⰶ MS-DIAL 鲱⟝鸑鵂礵
烁 m/z ㄤ MS2 靶㕃⼐ꂁ鵳遤ꊹ㹁㕃 8կ㼜䨾䖤絕卓♸ HMDB 䎂〵嫱㼆Ⱏꊹ㹁ⴀ 12 猫䊵䒗䚍去靧
暟䨾剣暟餘餘ꆀ崵㹁霴䊵 < 4 ppm11 猫暟餘崽䏞宐䎂副靈〥㢪 1 ⚡崽䏞♴靈邍 2կ 

 
㕃 8. ⵄ欽 MS-DIAL ꊹ㹁䊵䒗䚍去靧暟 

邍 2. 䊵䒗䚍去靧暟ꊹ㹁絕卓邍 

綘尼 暟餘 垷䒭 
R.T. 

(min) 
㹊崵 m/z 锐雿 m/z 

霴䊵 
(ppm) 

副/♴靈* 

1 C17-sphinganine  5.08  288.2892  288.2900  2.77 ̓ 
2 Pantothenic acid  16.41  220.1084  220.1080  1.82 ̕ 
3 Lauryldiethanolamine  34.46  274.2740  274.2740  0.00 ̓ 
4 D-ribo-Phytosphingosine  5.86  318.3026  318.3030  1.26 ̓ 
5 Boldenone  32.52  453.3293  453.3310  3.75 ̓ 
6 NAE 20:2  31.53  352.3204  352.3210  1.70 ̓ 
7 NAE 20:1  32.24  354.3358  354.3367  2.54 ̓ 
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8 Octadecanoic acid  38.72  283.2632  283.2640  2.82 ̓ 
9 Pseudouridine  8.54  243.0618  243.0620  0.82 ̓ 

10 C10-LAS  27.39  297.1518  297.1520  0.67 ̓ 
11 Lignoceric acid  35.60  367.3593  367.3590  0.82 ̓ 
12 2-acetoxy-6-

pentadecylbenzoic acid 
 37.69  389.2691  389.2680  2.83 ̓ 

*↑ 副靈↓ ♴靈 

2.4 鸑騟ⴔ區 

㼜邍 2 ⚥ꊹ㹁ⴀ涸 12 ⚡暟餘㼋Ⰶ MetaboAnalyst 䎂〵鵳遤鸑騟ⴔ區封梡⵸⴩艑浓䝖罏㽶巊㢪屲⡤
⚺銳「䕧ㆇ涸去靧鸑騟剣ꭤ腒去靧ծ岌ꃑㄤ鳇ꃍ A 涸欰暟ざ䧭ծ割껒ㄤ腒肘ꃑ涸欰暟ざ䧭瘝㕃 9կ 

 
㕃 9. ⵸⴩艑浓䝖罏㽶巊㢪屲⡤「䕧ㆇ涸⚺銳去靧鸑騟 

 

3絕雿 
劥俒ⵄ欽Ⰼ靶✳絶巊湱禹絡♸㔋匧勍-굷遤傞ꢂ餘靶翫欽㼆⵸⴩艑浓䝖罏ㄤ姻䌢➃㽶巊㢪屲⡤呋劥鵳

遤✫ꬋꬶぢ去靧絆㷖灇瑕կPLS-DA ⴔ區邍僈姻䌢絆♸垷㘗絆㽶巊㢪屲⡤䧭ⴔ剣儑衼⼓ⵆⵄ欽 VIP
⧩>1 癃叅ⵌ 451 猫䊵䒗䚍去靧暟鸑鵂ⲥ烁 m/z ⿺ MS2 䎽社程ꊹ㹁ⴀ 12 猫䊵䒗䚍去靧暟կ鵯❈䊵䒗䚍去
靧暟⚺銳䕧ㆇꭤ腒去靧ծ岌ꃑㄤ鳇ꃍ A 涸欰暟ざ䧭ծ割껒ㄤ腒肘ꃑ涸欰暟ざ䧭瘝կ劥灇瑕㟞鵳✫㼆⵸⴩艑
浓欰暟叻䘋暟癃鷥涸雩霋ず傞邍僈Ⰼ靶✳絶巊湱禹絡⡲⚹♧猫剣⸂涸䊨Ⱘ〳䌐⸔灇瑕罏♧妃䚍ⴔ區匧䚍
騗䏞刿㣐涸去靧暟կ 
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7.2 4in1 絆㷖䪮助㼆㼭롖⸓腡礀呋炽⻊涸➿靧絆ㄤ腒餘絆㷖灇瑕 

 

䶰 銳劥俒⢪欽䀙峸暵蒀❡ㅷⰌ靶✳絶巊湱+LCMS-9050ꅷ欽㺈匧䚍ծ姻餏猌㶩ず傞䪊䲽垷䒭㼆⸓腡礀呋
炽⻊垷㘗㼭롖過崰呋劥鵳遤✫ꬋꬶぢ去靧絆㷖ㄤ腒餘絆㷖ⴔ區կ鸑鵂㼆氬氻絆ծ㼆撑絆ㄤ QC 餘䱽絆侨研鵳
遤⽀㔔稇Fold Change ㄤ T 唬낉ㄤ㢴⯋絡雦ⴔ區PCA ㄤ OPLS-DA癃叅䊵䒗䚍去靧暟⟄⿺嫱㼆 MS1

ㄤ MS2 靶㕃Ⱏ䪪ⵌ 110 ⚡䊵䒗䧭ⴔ覆⿺孽㛇ꃑծ很過熧腒ꃀ⛩ꃫ腂LPEծ很過熧腒ꃀ胐焦LPC瘝
ⰻ彂暟⚹㼭롖⸓腡礀呋炽⻊涸去靧絆㷖ㄤ腒餘絆㷖灇瑕䲿⣘䎾欽⿬罌կ 
 

Ⱒꝶ霒4in1絆㷖䪮助 㼭롖⸓腡礀呋炽⻊ 去靧絆㷖 腒餘絆㷖 
 

䪮助暵挿 
 ⡤梡 4 in 1 絆㷖䪮助暵蒀鷓ざꬋꬶぢ去靧絆㷖ㄤ腒餘絆㷖ⴔ區կ 
 絕ざ MetaboAnalystծMS DIAL 瘝㢴猫侨研㢅锐倰䒭癃叅♸ꊹ㹁䊵䒗䚍去靧暟կ 
 

⸓腡礀呋炽⻊AtherosclerosisAS僽♧猫䌢
錛涸㣐⸓腡氬氻僽⸓腡盗㠗涸♧猫Ɤ劍涸䢨䚍拧
氿䚍氬氻⛲僽⸓腡炽⻊涸⚺銳⾲㔔僽㼋荝⸓腡
㠗㟞⾩ㄤ㣟⿡䔀䚍涸氬氻կꥥ满⚆歲➃〡⚥䎃륁㔔
稇⟄⿺馊勻馊㢴涸肍胱䝖罏ㄤ祪㽶氻䝖罏涸ⴀ梡
AS ⿺Ⱖ䎇封氿ⱟ䗱氻嫦䎃㼋荝涸➃碫娥❖➃侨
넞㾀割♴⚚ꅾ⽭㹲➃碫⨴䐀կ㔔姼确㼊剣佪涸䎁
곫蚋暟㼆✵꣈屛⸓腡礀呋炽⻊湱Ⱒ氬氻Ⱘ剣ꅾ銳䠑
⛐կ 

劥俒ꅷ欽䀙峸 4in1 去靧絆㷖䪮助ⵄ欽Ⰼ靶✳

絶ㄤ㔋匧勍굷遤傞ꢂ餘靶 LCMS-9050 翫欽禹絡㼆
⸓腡礀呋炽⻊㼭롖過崰呋劥鵳遤㺈匧䚍湡叻暟涸ꬋ
ꬶぢ去靧絆㷖ㄤ腒餘絆㷖涸Ⰼ絆ⴔ灇瑕Ⱏ封梡
110 ⚡䊵䒗䚍去靧暟⺫䭍孽㛇ꃑծ很過熧腒ꃀ⛩
ꃫ腂LPEծ很過熧腒ꃀ胐焦LPC瘝ⰻ彂暟կ霪
䪮助㹊梡✫ 1 ꛏⴔ區⽰〳鴪ⵌ吗絡 4 ꛏⴔ區佪卓
蒜溁✫ 3/4 涸㹊낉䊨⡲ꆀㄤⴔ區傞ꢂ⚂匧㣐Ⲹ㼱
餘靶餏䬐կ劥俒⚹ 4in1 絆㷖䪮助涸䎾欽䲿⣘湱Ⱒ呩
⢾⿬罌կ

 

1㹊낉鿈ⴔ 
1.1 ⸓腡礀呋炽⻊㼭롖垷㘗匬䒊 

⟄㊠굹兜鸑껓俱㼭롖⡲⚹㼆撑絆⟄㊠굹넞腒껓俱㼭롖⡲⚹氬氻垷㘗絆㊠Ⱞ 12 ワた鵳遤垷㘗涸霉
⟟կ⺫䭍過腒宐䎂唬崵ELASA 岁唬崵拧氿㔔㶩⯝氋蚃⯕唬崵⚺⸓腡䊭㑂絈脅涸邍鴪⟄⿺ HE 厩蒀
masson 厩蒀霉⟟⚺⸓腡氻」䞔ⲃկ 

1.2 呋ㅷꅷ꧋⿺㢅椚 
》 50 μL 過崰佞Ⰶ EP 盗⚥⸈Ⰶ 250 μL 곫ⲇ涸歌ꃫ/䒗⚋ꃫ4:1v/v嶴偒幊⺣佞縨✵-20 ˫

ⱺ盲小巤跗涯猌䗱 10 min13000 rpm4 ˫》副幡巊䎁醋⸈Ⰶ 100 μL 涸䒗⚋ꃫ/宐1:1
v/v嶴偒撑很猌䗱》副幡巊欽✵鵳呋ⴔ區կぐ䖉崵暟副幡巊㖲⺣幊ざⵖ⚹ QC 呋劥鵳呋ⴔ區կ 
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1.3 ⟉㐼 

 
㕃 1. 䀙峸Ⰼ靶✳絶巊湱蒀靶♸㔋匧勍굷遤傞ꢂ餘靶翫欽禹絡 

⟉㐼鄳縨歋Ⰼ靶✳絶巊湱禹絡♸ Q-TOF 翫欽Ⱖ⚥Ⰼ靶✳絶巊湱禹絡呍䗱鿈⟝歋㔋⚡蒀靶岹ծ⚙呏蒀
靶叙ծ♧⚡㹁ꆀ梠ծ♧⚡⼧鸑ꢎ匬䧭唬崵㐼⚹ LCMS-9050 㔋匧勍굷遤傞ꢂ餘靶⟉կⰨ⡤ꂁ縨⚹  

禹絡䱽ⵖ㐼 CBM-40 膴 孞 劼 DGU-405 
鳕 巊 岹 LC-40D XS × 4 荈⸓鵳呋㐼 SIL-40C XS 
㹁 ꆀ 梠 500 μL 叙 庛 盲 CTO-40C 
⼧  鸑 ꢎ  FCV-36AH 蒀靶䊨⡲畀 LabSolutions Ver. 5.114 

1.4 ⴔ區勵⟝  
巊湱蒀靶勵⟝ 

蒀 靶 叙 痦♧絶Shim-pack Velox HILIC (150 mm x 2.1 mm I.D., 2.7 μm  
P/NR227-32025-04䀙峸副嵳㹊낉㐼勞剣ꣳⰖ尽 
痦✳絶Shim-pack GIST C18-AQ HP (150 mm x 3 mm I.D., 3 μm  
P/N227-30766-05䀙峸副嵳㹊낉㐼勞剣ꣳⰖ尽 

崨 ⸓ 湱 痦♧絶A 湱-5 mM ⛩ꃑꜽB 湱-⛩臟 
痦✳絶A 湱-0.1%歌ꃑ宐B 湱-⛩臟 

鵳 呋 ⡤ 獤 2 μL 叙 庛 40 ˫ 
崨 鸟 痦♧絶0.35 mL/min  痦 ✳ 絶  0.3 mL/min 
峤 膴 倰 䒭 唑䏞峤膴邍 1~3   

邍 1. ♧絶巊湱蒀靶涸傞ꢂ玐䎸 (ⴲ映崨⸓湱 B ⚹ 90%) 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

1.5 岹 B.Conc 90 
4.0 岹 B.Conc 88 

11.0 岹 B.Conc 85 
14.0 岹 B.Conc 85 
20.0 岹 B.Conc 80 
22.0 岹 B.Conc 60 
22.1 岹 B.Conc 90 
45.0 䱽ⵖ㐼 Stop  
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邍 2. ✳絶巊湱涸傞ꢂ玐䎸ⴲ映崨⸓湱 B ⚹ 20% 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

24.0 岹 B.Conc3 20 
25.0 岹 B.Conc3 70 
33.0 岹 B.Conc3 80 
35.0 岹 B.Conc3 90 
40.0 岹 B.Conc3 90 
42.0 岹 B.Conc3 95 
43.0 岹 B.Conc3 100 
43.1 岹 B.Conc3 20 
45.0 䱽ⵖ㐼 Stop  

邍 3. ꢎⴗ䰃玐䎸ⴲ映 Oven Valve 2=0 

傞ꢂ(min) ⽀⯋ 㢅锐ㄐ⟁ ⧩ 

1.70 叙庛盲 Oven Valve 2 1 
24.0 叙庛盲 Oven Valve 2 0 
45.0 䱽ⵖ㐼 Stop  

餘靶勵⟝ 
猌 㶩 彂 ESI 䱹 〡 庛 䏞 300 ˫ 
䱹 〡 歏 ⾓ +4.5 kV D L 庛 䏞 250 ˫ 
꨺ ⻊ 孞 宆孞 3.0 L/min ⸈ 掚 懈 庛 䏞 400 ˫  
䎁 醋 孞 宆孞 10.0 L/min 䪊 䲽 垷 䒭 MS1 SCAN (m/z 50-1000) 
⸈ 掚 孞 瑟孞 10.0 L/min  MS2 DDA (m/z 50-1000) 

1.5 侨研㢅椚 
΍ ꅷ欽 MS DIAL 鲱⟝㼆⾲映侨研㼆撑絆ծ氬氻絆ㄤ QC 絆鵳遤油䲿》ծ㼆룅䖤ⵌ Data Matrix

Ύ 㼜 Data Matrix 㼋Ⰶ MetaboAnalyst 䎂〵鵳遤侨研鵂応ծ䔱♧⻊㢅锐ծ⽀㔔稇絡雦ⴔ區Fold Change ㄤ
T 唬낉ծ㢴⯋絡雦ⴔ區PCA ㄤ OPLS-DA䪪ⴀ䊵䒗䚍暵䖄油Ώ ⣜研礵烁 m/z ⿺ MS2 靶㕃㖈 MS-DIAL
鲱⟝⿺ HMDB 䎂〵社程烁雩去靧暟猫碫⿺欰⥌ⴔ區կ 

 
㕃 2. 去靧絆㷖侨研㢅锐㛇劥䙼騟 

2絕卓♸雭雿 

2.1 ♶ず蒀靶倰岁嫱鳅 
㼜 QC 呋ㅷⴔⵆ⢪欽 HILIC 倰岁ծRPLC 倰岁ㄤⰌ靶✳絶倰岁ⴔ區կ歋 BPC 蒀靶㕃絕卓儑爙RPLC 蒀

靶油㖈娥傞ꢂ剣鳅㢴Ⱏ崨ⴀ絆ⴔ⚂⡛匧䚍絆ⴔⴔ猌䏞割⢕HILIC 蒀靶㕃副㖈娥傞ꢂ⛲ず呋ⴀ梡鳅㢴Ⱏ崨
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ⴀ絆ⴔ油割ⵄ✵た絯去靧絆㷖ⴔ區կⰌ靶✳絶蒀靶倰岁絕ざ✫ HILIC ㄤ RPLC 鵯⚙罏涸⠏⸷㼜⡛匧䚍♸
넞匧䚍湡叻暟ⴔⵆ鲮獴荛ぐ荈鷓ざ涸蒀靶⡤禹⚥鵳遤ⴔ猌剣佪㖑䲿넞✫油㺂ꆀ♸ⴔ猌䏞MS 蒀靶㕃錛㕃
5կ 

 
㕃 3. QC 呋ㅷ BPC 蒀靶㕃HILIC 倰岁 

 
㕃 4. QC 呋ㅷ BPC 蒀靶㕃RPLC 倰岁 

 
㕃 5. QC 呋ㅷ BPC 蒀靶㕃Ⰼ靶✳絶巊餘翫欽倰岁 

2.2 䊵䒗䚍➿靧暟叅䪪 

2.2.1 ⚺䧭ⴔⴔ區PCA 
㼜㼆撑絆ծ垷㘗絆♸ QC 餘䱽呋ㅷ侨研㼋Ⰶ MetaboAnalyst 鵳遤⚺䧭ⴔⴔ區PCA絕卓儑爙ぐ絆

呋劥⛓ꢂ邍梡ⴀ僈儑涸ⴔ猌馋⸷邍僈⸓腡礀呋炽⻊㼭롖♸姻䌢㼭롖過崰去靧❡暟䊵䒗儑衼餘䱽絆⚥涸
䎂遤呋劥翸꧋䏞넞邍僈⟉㐼朐䙖珘㹁崵㹁鵂玐⚥劢ⴀ梡僈儑⨊䊵霹僈ぐ絆過崰去靧❡暟侨研涸珘㹁䚍
鳅㥩կ 

 

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 min
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2.5

5.0
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(x100,000)
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1:BPC(+)

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 min
0.0
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1:BPC(+)

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 min

0.0

2.5

5.0

7.5

(x100,000)

2:BPC(-)
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a) 姻垷䒭 b) 餏垷䒭 

㕃 6. PCA 䖤ⴔ㕃A垷㘗絆C㼆撑絆QC餘䱽 

2.2.2 姻❜⨊剒㼭✳⛧岁ⴼⵆⴔ區OPLS-DA 
㼆撑絆♸垷㘗絆涸 OPLS-DA ⴔ區絕卓㥵㕃 7 䨾爙垷㘗⚥ぐ絆呋ㅷ㖲⡙✵ 95%縨⥌⼓ꢂⰻ2 絆呋劥

挿ꢂ模Ⰼⴔ猌偽ꅾ〜⼓㚖⼓ⴔ佪卓鳅㥩邍僈⸓腡礀呋炽⻊㼭롖♸姻䌢㼭롖過崰去靧❡暟Ⱘ剣儑衼䊵
䒗կ 

  
a) 姻垷䒭 b) 餏垷䒭 

㕃 7. OPLS-DA 䖤ⴔ㕃A: 垷㘗絆C: 㼆撑絆 

姼㢪垷㘗낉霆絕卓錛㕃 8R2Y ㄤ Q2 ⴔⵆ去邍䨾䒊垷㘗涸鍒ꅺ桧ㄤ곫崵腊⸂㸐又涸⧩馊䱹鵛✵ 1
邍僈垷㘗涸䬾ざ䏞馊㥩〳 ⥌䏞馊넞姻猌㶩垷䒭♴ R2Y=0.989Q2=0.987餏垷䒭♴ R2Y=0.982Q2=0.981
邍僈垷㘗珘⨴〳ꬑկ 

  

a) 姻垷䒭 b) 餏垷䒭 
㕃 8. 垷㘗낉霆㕃 
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㼆垷㘗鵳遤縨䰃唬낉鸑鵂錜㻋垷㘗㖈 100 妃ꥥ劼縨䰃唬낉絚ⵖ縨䰃唬낉㕃㕃 9կ絕卓邍僈姻
垷䒭ㄤ餏垷䒭♴ P ⧩㖲㼭✵ 0.01垷㘗尵剣鵂䬾ざկ 

  
a) 姻垷䒭 b) 餏垷䒭 

㕃 9. OPLS-DA 100 妃縨䰃唬낉絕卓 

2.2.3 䊵䒗去靧暟抠㿋㕃 
㼆姻ծ餏垷䒭♴唬崵ⵌ涸䨾剣猌㶩油鵳遤䊵䒗ⴔ區ꅷ欽抠㿋㕃鵳遤〳錠⻊㾝爙㕃 10⸓腡礀呋炽

⻊㼭롖♸姻䌢㼭롖㖈姻猌㶩ㄤ餏猌㶩垷䒭♴Ⱏ癃鷥ⴀ䊵䒗邍鴪猌㶩油ⴔⵆ⚹ 3291 ㄤ 3068 ⚡Ⱖ⚥姻垷䒭
♴崽䏞宐䎂副靈涸猌㶩油剣 2128 ⚡ծ♴靈剣 1163 ⚡餏垷䒭副靈涸剣 2050 ⚡ծ♴靈涸剣 1018 ⚡կ 

  
a) 姻垷䒭 b) 餏垷䒭 

㕃 10. 㼆撑絆ㄤ垷㘗絆涸抠㿋㕃 

2.2.4 絕ざ⽀」ꆀㄤ㢴⯋絡雦ⴔ區絕卓癃鷥䊵䒗暟  
鸑鵂」ꆀ䫏䕧ꅾ銳䚍(Variable Importance of Projection, VIP)癃鷥䊵䒗䚍去靧暟կ鷥》 VIP > 1 涸暵䖄

油雩⚹㼆絆ꢂ䊵䒗餑柄鳅㣐僽悶㖈涸䊵䒗䚍去靧暟կ㼜䨾剣 VIP > 1 涸⦫鷥䊵䒗䚍去靧暟鵳遤⽀」ꆀ絡
雦絕卓P-value ♸ Fold change癃鷥㼜 Fold change  0.5 / Fold change  2 ⚂ P-value0.05 涸
暟餘》❜꧋կ剒絊姻垷䒭♴癃鷥䖤ⵌ 2692 ⚡䊵䒗暟餘餏垷䒭♴癃鷥䖤ⵌ 1716 ⚡䊵䒗暟餘⽰雩⚹僽劥
㹊낉⚥垷㘗絆♸㼆撑絆涸䊵䒗䚍去靧暟կ 

2.3 䊵䒗䚍➿靧暟ꊹ㹁 
⢪欽 MS-DIAL 鲱⟝鸑鵂礵烁 m/z ㄤ MS2 靶㕃⼐ꂁ㼆䖤ⵌ涸䊵䒗猌㶩油鵳遤ꊹ㹁㕃 11կⶂꤑ㢪彂

䚍暟餘瘝割〳腊㶸㖈✵㼭롖過崰⚥涸暟餘㼜䨾䖤絕卓♸ HMDB 䎂〵嫱㼆Ⱏꊹ㹁ⴀ 110 ⚡䊵䒗䚍去靧暟
⺫䭍孽㛇ꃑծ很過熧腒ꃀ⛩ꃫ腂LPEծ很過熧腒ꃀ胐焦LPC瘝ⰻ彂去靧暟邍 4 ⚹鿈ⴔ䊵䒗䚍去靧
暟ꊹ㹁絕卓邍կ湱㼆✵㼆撑絆垷㘗絆涸 61 猫暟餘崽䏞宐䎂副靈〥㢪 49 猫暟餘崽䏞♴靈կ䨾剣⻊ざ暟
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餘蚚嫱崵㹁霴䊵< 3 ppmկ 

 
㕃 11. ⵄ欽 MS-DIAL ꊹ㹁䊵䒗䚍去靧暟 

邍 4. 鿈ⴔ䊵䒗䚍去靧暟ꊹ㹁絕卓邍VIP>1, p<0.05FC0.5 䧴 FC2 

綘尼 ⰻ彂暟 ⸈ざ倰䒭 㹊崵 m/z 锐雿 m/z 霴䊵
ppm 

R.T. 
(min) 

副/♴
靈* 

1 2-Hydroxybutyric acid [M-H]- 103.0393  103.0392  0.97  2.80  ̓ 
2 L-Carnitine [M+H]+ 162.1123  162.1125  -1.23  23.10  ̓ 
3 L-Tyrosine [M-H]- 180.0658  180.0660  -1.11  8.41  ̓ 
4 O-ACETYLCARNITINE [M+H]+ 204.1230  204.1230  0.00  22.81  ̓ 
5 Pantothenate [M-H]- 218.1031  218.1034  -1.33  2.88  ̓ 
6 D-erythro-Sphingosine [M+H]+ 300.2897  300.2897  0.00  2.94  ̓ 
7 Arachidonic acid [M-H]- 303.2318  303.2320  -0.63  1.96  ̕ 
8 Docosahexanoic acid [M-H]- 327.2318  327.2327  -2.75  30.78  ̕ 
9 Stearoyl-L-Carnitine [M+H]+ 428.3728  428.3734  -1.40  12.47  ̓ 

10 LPE O-16:1 [M+H]+ 438.2971  438.2979  -1.83  7.59  ̓ 
11 1-palmitoyl-2-hydroxy-sn-

glycero-3-
phosphoethanolamine 

[M+H]+ 454.2927  454.2928  -0.22  8.19  ̓ 

12 LPE O-18:1 [M-H]- 464.3142  464.3146  -0.86  7.26  ̓ 
13 LPE 18:0 [M-H]- 480.3097  480.3096  0.27  7.08  ̓ 
14 LPC 16:1-SN2 [M+H]+ 494.3239  494.3241  -0.40  15.49  ̓ 
15 LPE 20:4 [M-H]- 500.2779  500.2783  -0.72  7.77  ̕ 
16 LPC O-18:1 [M+H]+ 508.3758  508.3762  -0.79  14.06  ̓ 
17 LPG 18:1 [M-H]- 509.2889  509.2884  0.98  3.82  ̓ 
18 LPC 17:0-SN1 [M+H]+ 510.3551  510.3554  -0.59  15.41  ̕ 
19 1-heptadecanoyl-2-

hydroxy-sn-glycero-3-
phosphocholine 

[M+H]+ 510.3552  510.3554  -0.39  15.48  ̕ 

20 LPC O-18:0 [M+H]+ 510.3914  510.3918  -0.78  16.28  ̓ 
*↑ 副靈↓ ♴靈 
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2.4 鸑騟ⴔ區 
⢪欽 KEGG 侨研䎽㼜ꊹ㹁䖤ⵌ涸 110 ⚡䊵䒗去靧暟㖈 MetaboAnalyst 䎂〵鵳遤鸑騟㺢꧋ⴔ區絾ざ

絡雦㷖 P ⧩ㄤ騟䖈䕧ㆇ絕卓封梡䕧ㆇ涸鸑騟⚺銳剣熧腒欰暟ざ䧭ծ薅⚋孽ꃑծꂶ孽ꃑㄤ蒀孽ꃑ欰暟ざ䧭
瘝㕃 12~13կ 

  
㕃 12. Metabolites 㺢꧋ⴔ區 㕃 13. Lipds 㺢꧋ⴔ區 

 

3絕雿 
劥俒鸑鵂去靧絆㷖灇瑕倰岁ⵄ欽Ⰼ靶✳絶巊湱禹絡♸㔋匧勍-굷遤傞ꢂ餘靶翫欽⟉ꬋꬶぢⴔ區⸓腡

礀呋炽⻊㼭롖過崰呋ㅷ涸ⰻ彂去靧暟」⻊կ絡雦絕卓邍僈餘䱽絆侨研翸꧋䚍䔂垷㘗絆♸㼆撑絆過崰䧭ⴔ
剣儑衼⼓ⵆկ鸑鵂ⲥ烁 m/z ⿺ MS2 䎽社程ꊹ㹁ⴀ 110 猫ⰻ彂暟⺫䭍孽㛇ꃑծ很過熧腒ꃀ⛩ꃫ腂LPEծ
很過熧腒ꃀ胐焦LPC瘝կ鵯❈䊵䒗䚍去靧暟⚺銳䕧ㆇ熧腒欰暟ざ䧭ծ薅⚋孽ꃑծꂶ孽ꃑㄤ蒀孽ꃑ欰暟ざ
䧭瘝կ劥灇瑕邍僈Ⰼ靶✳絶巊湱禹絡僽㺈匧䚍ծ㢴絆ⴔ侨研䎽鸑欽㘗ⴔ猌䎂〵的㣐✫去靧暟ⴔ區涸匧
䚍薴㔵⸈副넞ⴔ鳹餘靶 LCMS-9050 Ⱘ剣姻餏垷䒭ず傞䪊䲽⸆腊〳蒜溁 3/4 涸呋ㅷⴔ區傞ꢂ腊䌐⸔去
靧絆㷖ㄤ腒餘絆㷖灇瑕罏♧妃ⴔ區匧䚍騗䏞刿㣐涸去靧暟կ 
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7.3 ➃⿬✳ꃫ涵薗絆ⴔ屛毫꣚㼷蘀嵳랾氿㼭롖ⴲ姿➿靧劼椚灇瑕 

 

䶰 銳劥俒ⵄ欽Ⰼ靶✳絶巊湱禹絡絕ざ㔋匧勍-굷遤傞ꢂ餘靶㼆➃⿬✳ꃫ涵薗絆ⴔ割ず⵫ꆀ絛蚋た涸꣚㼷
蘀嵳랾氿㼭롖過崰呋劥鵳遤✫ꬋꬶぢ去靧絆㷖ⴔ區կ㛇✵Ⰼ靶✳絶巊湱禹絡姻垷䒭♴Ⱏ䖤ⵌ 4679 ⚡暵
䖄油կ⨊剒㼭✳⛧ⴼ倗ⴔ區PLS-DA邍僈垷㘗絆♸絛蚋絆剣儑衼䊵䒗Ⱏ䪪ⵌ 457 猫」ꆀ䫏䕧ꅾ銳䚍
(VIP)㣐✵ 1 涸⦫鷥䊵䒗䚍去靧暟絑侨研䎽嫱㼆ꊹ㹁ⴀ 5 猫䊵䒗䚍去靧暟⚺銳䕧ㆇ涸鸑騟⺫䭍礵孽ꃑ欰
暟ざ䧭ծ蔄欰㔋掜ꃑ去靧ծ割껒ㄤ腒肘ꃑ欰暟ざ䧭瘝կ 

 

Ⱒꝶ霒Ⰼ靶✳絶巊湱 㔋匧勍-굷遤傞ꢂ餘靶 ➃⿬✳ꃫ涵薗 ꣚㼷蘀嵳랾氿 
 

䪮助暵挿 
 ꅷ欽Ⰼ靶✳絶巊湱絕ざ Q-TOF㹊梡㺈匧䚍湡叻暟涸ꬋꬶぢ去靧絆㷖ⴔ區կ 
 絕ざ Signpost MSծSIMCAծMS-DIAL 瘝㢴猫侨研㢅锐鲱⟝鵳遤䊵䒗去靧暟癃叅♸ꊹ㹁կ 
 
꣚㼷蘀嵳랾氻AD)僽♧猫封㾝鳅⚹綕䢨涸牟

絑禹絡鷍遤䚍氬氻⚰䎯副⚺銳邍梡⚹雵䗴⸂鷶姿
邝Ⲹծ割ず玐䏞涸雩濼ꥻ烯瘝氿朐կⰦ氻玐鳅Ɤ⚂
ꦼ⟄䕸䏀屛䠁կ湡⵸㼿緃⛘屛毫AD涸剣佪蚋暟銯
蚋涸屛毫佪卓♧菚⚂僒❡欰罣蚋䚍կ 

吗絡⚥虊蚋Ⱘ剣㢴䧭ⴔծ㢴ꬶ挿涸⠏⸷暵ⵆ
僽➃⿬涵薗屛毫AD䧭⚹✫鵛䎃勻涸灇瑕掚挿կ➃⿬
涵薗剣䖎㥩涸牟絑⥂䫡⡲欽㼆䫒AD剣僈儑⡲欽կ
⵸劍灇瑕封梡♧猫➃⿬✳ꃫ涵薗絆ⴔ⺫䭍Rb1ծ
Rb3ㄤRd㼆3-鲜㛇⚋ꃑ䨾荝涸牟絑鷍⻊⸓暟垷㘗
涸屛毫佪卓僈儑⠏✵➃⿬䚪涵薗䧴⽀⡤涵薗罜➃
⿬♲ꃫ涵薗䲿》暟ⴭ㼆副鶣垷㘗尵剣儑爙屛毫⡲欽կ
➃⿬✳ꃫ涵薗⺫䭍Rb1ծRb2瘝Rb絆ⴔⰨ剣ꞏ꫽⡲
欽湱导♲ꃫ碫涵薗⺫䭍ReծRf瘝Ⱘ剣Ⱓ㤃䚍
⡲欽կ湡⵸㕂꣢副㣐㢴侨㼆➃⿬涵薗灇瑕➑ꣳ✵➃
⿬䚪涵薗䧴羟Ⳝ猫⽀⡤涵薗涸⚥卛牟絑禹絡⥂䫡⡲

欽կ㔔姼劥俒䋞劅鵳♧姿确瑕割ず⵫ꆀ♴涸➃⿬
✳ꃫ涵薗絆ⴔ㼆AD㼭롖涸ⴲ姿去靧劼锐կ 

歋✵去靧暟匧䚍騗䏞㣐ꦼ⟄欽♧猫倰岁模䧭
ⴔ區կ湡⵸兜麑ꅷ欽⚙猫蒀靶ⴔ猌倰岁㥵危宐蒀
靶叙ㄤ导湱蒀靶叙կ告姼倰䒭䖃䖃꨽銳署餩⿽⦔涸
⵸㢅锐ㄤⴔ區傞ꢂ⚂⠔❡欰⿽⼝侨研㹁䚍ⴔ區
ꦼ䏞넞կ劥灇瑕ⵄ欽Ⰼ靶✳絶巊湱禹絡〳⟄鵳遤
㺈匧䚍湡叻暟涸ꬋꬶぢ去靧絆㷖涸Ⰼ絆ⴔ灇瑕㼜
ⴔ區傞ꢂ綫瀊1/2կ 

劥灇瑕ⵄ欽Ⰼ靶✳絶巊湱-QTOF禹絡⟄ꬋꬶ
ぢ去靧絆㷖涸灇瑕倰岁ⴔ區✫➃⿬✳ꃫ涵薗絆ⴔ割
ず⵫ꆀ絛蚋た涸꣚㼷蘀嵳랾氿㼭롖過崰呋劥Ⱏ封
梡5猫䊵䒗䚍去靧暟⚺銳⚹孽㛇ꃑծ呍薗ㄤ腒肘ꃑ
碫⚺銳䕧ㆇ礵孽ꃑ欰暟ざ䧭ծ蔄欰㔋掜ꃑ去靧ծ
割껒ㄤ腒肘ꃑ欰暟ざ䧭կ 

 

1㹊낉鿈ⴔ 
1.1 呋ㅷꅷ꧋⿺㢅椚 



 

149 
 

 
垷㘗絆♸ 2 猫絛蚋絆ぐ》 3~4 ⼝呋ㅷ鵳遤ⴔ區嫦⼝呋ㅷぐ》 5 μL㖲⺣幊ざⵖ䧭餘ꆀ䱽ⵖQC

呋ㅷկQC 呋ㅷ㖈呋ㅷⴔ區⵸鵶絯鵳呋 6 ꛏ⛓た嫦ⴔ區 6 ⚡呋ㅷ䳃Ⰶ 2 ꛏ QC鸑鵂 QC 呋Ⰼ玐港崵侨研
餘ꆀկ 

1.2 ⟉㐼 
䀙峸Ⰼ靶✳絶巊餘禹絡䭆剣㖈絁獺ꅺ⚁ⵄ䪮助ㄤ匧䚍ⴔ崨ծ⿽ꅾ唑䏞暵蒀䪮助僽䀙峸杝㹻❡ㅷ鷓ざ

✵去靧絆㷖⚥Ⰼ絆ⴔⴔ區〳⡲⚹㺈匧䚍㢴湡叻暟侨研䎽涸鸑欽ⴔ猌䎂〵䎇鷓欽✵匧䚍湱䊵鳅㣐涸⚙碫
Ⱒ翫暟餘涸ず傞ⴔ區罜⚂霪禹絡ⰻゎ♧⚡ UHPLC 㶩禹絡倰⤑傈䌢䌢錞唬崵կ霪禹絡⚹倝♧去㢴⸆腊餘
靶⵸畮䎂〵〳 ♸♲ꅾ㔋匧勍ㄤ굷遤傞ꢂ餘靶翫欽⸔⸂撑勇㛇餘⚥㺈匧䚍汚ꆀ暟餘涸㹁䚍ծ㹁ꆀծ癃叅ㄤ
ⴔ區կ 

 
㕃 1. 䀙峸Ⰼ靶✳絶巊餘禹絡 

劥俒⢪欽Ⰼ靶✳絶巊湱禹絡♸ Q-TOF 翫欽Ⱘ⡤ꂁ縨⚹ 
禹絡䱽ⵖ㐼 SCL-40 膴 孞 劼 DGU-405 
鳕 巊 岹 LC-40B XR × 2LC-40B X3 × 2 荈⸓鵳呋㐼 SIL-40C X3 
㹁 ꆀ 梠 500 μL 叙 庛 盲 CTO-40C 
⼧  鸑 ꢎ  FCV-36AH 蒀靶䊨⡲畀 LabSolutions Ver. 5.114 

1.3 ⴔ區勵⟝  
巊湱蒀靶勵⟝ 

蒀 靶 叙 痦♧絶Hillic 蒀靶叙, 150 mm×2.1mm I.D., 3 μm 
痦✳絶C8 蒀靶叙, 150 mm×2.1 mm I.D., 2.6 μm 

崨 ⸓ 湱 痦♧絶A 湱-0.1%歌ꃑ5mM ⛩ꃑꜽ/宐⛩臟v/v, 95: 5 
B 湱-0.1%歌ꃑ5mM ⛩ꃑꜽ/宐⛩臟v/v, 5: 95 

痦✳絶A 湱-宐B 湱- 5mM ⛩ꃑꜽ/⛩臟䒗⚋ꃫv/v, 6:4 
鵳 呋 ⡤ 獤 2 μL 崨鸟       0.4 mL/min  
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叙庛 45 ˫ 峤膴倰䒭 唑䏞峤膴邍 1 
餘靶勵⟝ 

猌 㶩 彂 ESI 䱹 〡 庛 䏞 300 ˫ 
䱹 〡 歏 ⾓ +4.5 kV D L 庛 䏞 250 ˫ 
꨺ ⻊ 孞 宆孞 3.0 L/min ⸈ 掚 懈 庛 䏞 400 ˫  
䎁 醋 孞 宆孞 10.0 L/min 䪊 䲽 垷 䒭 MS1 SCAN (m/z 50-1000) 
⸈ 掚 孞 瑟孞 10.0 L/min  MS2 DDA (m/z 50-1000) 

邍 1. 巊湱唑䏞傞ꢂ玐䎸 

傞ꢂ (min) ⽀⯋ ㄐ⟁ ⧩ 
0.00 岹 B.Conc 90 
0.00 岹 B.Conc3 20 
0.00 叙庛盲 Oven Valve 2 0 
1.50 岹 B.Conc 90 
2.00 叙庛盲 Oven Valve 2 1 
18.00 岹 B.Conc3 20 
20.00 岹 B.Conc 60 
22.00 岹 B.Conc 60 
22.00 叙庛盲 Oven Valve 2 0 
22.10 岹 B.Conc 90 
35.00 岹 B.Conc3 100 
39.50 岹 B.Conc3 100 
39.60 岹 B.Conc3 20 
40.00 岹 B.Conc3 20 
40.00 岹 B.Conc 90 
40.00 䱽ⵖ㐼 Stop  

1.4 侨研㢅椚 
껷⯓ꅷ欽 Signpost MS 鲱⟝ㄤ MetaboAnalyst 䎂〵㼆⾲映侨研鵳遤油涸䲿》ծ㼆룅ծ⼐ꂁծ油䔂䏞吥

姻ㄤ䔱♧⻊㢅锐ⱄ㼜侨研㼋Ⰶ SIMCA 鲱⟝鵳遤絡雦ⴔ區䪪ⴀ䊵䒗䚍去靧暟⣜研礵烁 m/z ⿺ MS2 靶㕃
㖈 MS-DIAL 鲱⟝⿺ HMDB 䎂〵社程烁雩去靧暟猫碫搬た㖈 MetaboAnalyst 䎂〵鵳遤去靧鸑騟ⴔ區㥵㕃
2 䨾爙կ 

 
㕃 2. 去靧絆㷖侨研㢅锐崨玐㕃  
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2絕卓♸雭雿 

2.1 蒀靶㕃♸暵䖄蒀靶䂽 
㼭롖過幡 QC 呋ㅷ涸㛇油BPC蒀靶㕃㥵㕃 3 䨾爙կ㼜ぐ絆侨研俒⟝㼋Ⰶ Signpost MS 鲱⟝呏研

䔂䏞ꢖ⧩䲿》油邍䎇㼆룅蒀靶油たⰟ䖤ⵌ 4679 ⚡暵䖄油կꥥた㼆侨研鵳遤䔱♧⻊㢅锐ⵄ欽80%錞ⴭ
⿡ꤑ⟣⡦♧絆⚥ⴀ梡곸桧鿪㼭✵ 80%涸猌㶩癃鷥暵䖄油⚂ⶂꤑ㖈 QC 呋ㅷ⚥油꬗獤 RSD30%涸暵
䖄油Ⱏ䪪ⵌ 1078 ⚡暵䖄油㼜Ⱖ㼋Ⰶ SIMCA 鲱⟝欽✵絡雦ⴔ區欽✵鵳♧姿絡雦ⴔ區կ 

 
㕃 3. QC 呋ㅷ BPC 㕃姻垷䒭 

 
㕃 4. Signpost MS 油䲿》♸油㼆룅 

2.2 䊵䒗䚍➿靧暟叅䪪 

㼜垷㘗絆ծ絛蚋絆♸餘䱽絆侨研㼋Ⰶ SIMCA 鲱⟝鵳遤⨊剒㼭✳⛧ⴼ倗ⴔ區PLS-DA絕卓儑爙餘
䱽絆QC侨研翸꧋䚍葻㥩邍僈⟉㐼朐䙖珘㹁կ垷㘗絆♸ 2 猫割ず⵫ꆀ絛蚋絆⛓ꢂ⼓ⴔ僈儑⚂絛蚋絆
-넞⵫ꆀ♸垷㘗絆涸⼓ⴔ刿⚹儑衼㕃 5կ  

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5 35.0 37.5 min
0.0

2.5

5.0

7.5

(x100,000)
1:BPC(+)
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㕃 5. ⨊剒㼭✳⛧ⴼ倗ⴔ區PLS-DA侔挿㕃 

A: 垷㘗絆B: 絛蚋絆-⡛⵫ꆀC: 絛蚋絆-넞⵫ꆀQC餘䱽絆 

⟄❜⿸낉霆涸倰䒭㼆副鶣 PLS-DA 垷㘗鵳遤낉霆絕卓邍僈䨔騄 R2=0.414Q2=-0.217垷㘗〳ꬑ
尵剣鵂䬾ざ㕃 6կ 

 
㕃 6. PLS-DA 200 妃❜⿸낉霆絕卓 

鸑鵂」ꆀ䫏䕧ꅾ銳䚍(variable importance of projection, VIP)癃鷥䊵䒗䚍去靧暟կ鷥》 VIP > 1 涸暵䖄
油雩⚹㼆絆ꢂ䊵䒗餑柄鳅㣐僽悶㖈涸䊵䒗䚍去靧暟կ姻垷䒭♴⦫鷥䊵䒗䚍去靧暟Ⱏ 457 ⚡㕃 7կ㼜
䨾剣 VIP > 1 涸⦫鷥䊵䒗䚍去靧暟鵳遤 t 唬낉㼜 p < 0.05 涸暟餘》❜꧋Ⱏ䖤ⵌ 92 ⚡暵䖄油⽰雩⚹僽劥
㹊낉⚥垷㘗絆♸絛蚋絆涸䊵䒗䚍去靧暟կ 

 
㕃 7. PLS-DA ぐ暟餘 VIP ⧩雦皾 

2.3 䊵䒗䚍➿靧暟ꊹ㹁 

⢪欽 MS-DIAL 鲱⟝鸑鵂礵烁 m/z ㄤ MS2 靶㕃⼐ꂁ㼆䖤ⵌ涸 92 ⚡暵䖄油猌㶩鵳遤ꊹ㹁㕃 8կⶂ
ꤑ HMDB 䎂〵⚥偽社程絕卓涸暟餘⟄⿺嗃暟彂䚍暟餘瘝割〳腊㶸㖈✵㼭롖過崰⚥涸暟餘䖤ⵌ邍 2⚺
銳⺫䭍孽㛇ꃑծ呍薗ㄤ腒肘ꃑ碫暟餘կ湱㼆✵垷㘗絆絛蚋絆涸 4 猫暟餘崽䏞宐䎂副靈〥㢪 1 ⚡崽䏞♴
靈կ㼜䨾䖤絕卓♸ HMDB 䎂〵嫱㼆Ⱏꊹ㹁ⴀ 5 猫䊵䒗䚍去靧暟䨾剣暟餘餘ꆀ崵㹁霴䊵 < 2 ppm邍 2կ 
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㕃 8. ⵄ欽 MS-DIAL ꊹ㹁䊵䒗䚍去靧暟 

邍 2. 䊵䒗䚍去靧暟ꊹ㹁絕卓邍VIP>1, p<0.05 

No. ⻊ざ暟ぜ獦 
RT 
(min) 

⸈ざ猌㶩 锐雿 m/z 㹊崵 m/z 
餘ꆀ侨⨊䊵 
(ppm) 

副/♴靈 

1 L-Carnitine 6.46  [M+H]+ 162.1125 162.1123 1.2337  ̓ 
2 Citrulline 11.23  [M+Na]+ 198.0849 198.0847 1.0097  ̓ 
3 Inosine 3.92  [M+Na]+ 291.0700 291.0699 0.3436  ̓ 

4 
Gamma-
Glutamylglutamine 

14.21  [M+H]+ 276.1190 276.1187 1.0865  ̓ 

5 Arachidonic acid 27.16  [M+Na]+ 327.2295 327.2300 1.5280  ̕ 

*↑ 副靈↓ ♴靈 

2.4 鸑騟ⴔ區 

⢪欽 KEGG 侨研䎽㼜邍 2 ⚥ꊹ㹁䖤ⵌ涸 5 ⚡䊵䒗去靧暟㖈 MetaboAnalyst 䎂〵鵳遤去靧鸑騟ⴔ區
絾ざ絡雦㷖 P ⧩ㄤ騟䖈䕧ㆇ絕卓封梡꣚㼷蘀嵳랾氿㼭롖「➃⿬✳ꃫ涵薗絆ⴔ䕧ㆇ涸去靧鸑騟⚺銳剣礵孽
ꃑ欰暟ざ䧭ծ蔄欰㔋掜ꃑ去靧ծ割껒ㄤ腒肘ꃑ涸欰暟ざ䧭瘝㕃 9կ 
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㕃 9. ➃⿬✳ꃫ涵薗絆ⴔ屛毫꣚㼷蘀嵳랾氿㼭롖涸鸑騟ⴔ區 

 

3絕雿 
劥俒鸑鵂去靧絆㷖灇瑕倰岁ⵄ欽Ⰼ靶✳絶巊湱禹絡♸㔋匧勍-굷遤傞ꢂ餘靶翫欽⟉ꬋꬶぢⴔ區➃⿬

✳ꃫ涵薗絆ⴔ絛蚋た涸꣚㼷Ⱛ嵳랾氿㼭롖過幡呋ㅷ涸ⰻ彂去靧暟」⻊կⰌ靶✳絶巊湱的㣐✫去靧暟ⴔ區涸
匧䚍薴㔵⸈副 Q-TOF 涸넞ⴔ鳹㹁䚍腊⸂Ⱏ唬崵ⵌ姻猌㶩去靧暵䖄油 4679 ⚡կ絡雦絕卓邍僈餘䱽絆侨
研翸꧋䚍䔂邍僈⟉㐼朐䙖珘㹁垷㘗絆♸絛蚋絆過崰䧭ⴔ剣儑衼⼓ⵆկ鸑鵂ⲥ烁 m/z ⿺ MS2 䎽社程ꊹ㹁
ⴀ 5 猫ⰻ彂去靧暟⺫䭍孽㛇ꃑծ呍薗ㄤ腒肘ꃑ碫瘝կ鵯❈䊵䒗䚍去靧暟⚺銳䕧ㆇ礵孽ꃑ欰暟ざ䧭ծ蔄欰㔋
掜ꃑ去靧ծ割껒ㄤ腒肘ꃑ涸欰暟ざ䧭瘝կ劥灇瑕邍僈Ⰼ靶✳絶巊湱禹絡僽㺈匧䚍ծ㢴絆ⴔ侨研䎽鸑欽㘗
ⴔ猌䎂〵ꂁざ LCMS-9030 〳蒜溁 1/2 涸呋ㅷⴔ區傞ꢂ〳 ⟄䌐⸔灇瑕罏♧妃ⴔ區匧䚍騗䏞刿㣐涸去靧暟կ 
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7.4 㛇✵㖈絁」湱翸搋-SFE-SFC-MS 䪮助㣐롖過崰腒餘絆㷖灇瑕 

 

䶰 銳」湱翸送瘻殜〳剣佪㖑佖㊤ SFE馄⚰歲崨⡤蟋》ㄤ SFC馄⚰歲崨⡤蒀靶㖈絁翫欽鵂玐⚥涸
馄⚰歲蒀靶油䕎䎇䲿넞⾝併䏞կ劥灇瑕㛇✵㖈絁」湱翸送-SFE-SFC 禹絡♸♲ꅾ㔋紩勍巊餘禹絡翫欽䒊用
✫꧋䲿》ծⴔ猌ㄤ唬崵✵♧⡤涸腒餘絆㷖ⴔ區倰岁㹊梡✫綁蒀넞佪涸腒餘絆ⴔ區կ剒た㼜㖈絁」湱翸送
-SFE-SFC 禹絡♸ LCMS-9030 翫欽㼆˺㘗祪㽶氻type 1 diabetes, T1D㣐롖過崰鵳遤腒餘絆㷖灇瑕絑鵂
㢴⯋絡雦ⴔ區ㄤ䊵䒗腒餘癃鷥ꊹ㹁✫ 77 猫䊵䒗腒餘կ去靧鸑騟ⴔ區邍僈欥屘熧腒去靧ㄤꭤ腒去靧鸑騟
♸ T1D 涸封欰㺙ⴗ湱Ⱒկ鵯고灇瑕⚹腒餘絆㷖ⴔ區䲿⣘✫♧猫倝倰岁Ⱖ㹊낉絕卓⛲⚹ T1D 涸霏倗ㄤ屛毫
䲿⣘✫剣⸂⣜研կ 

Ⱒꝶ霒㖈絁SFE-SFC-MS ♲ꅾ㔋匧勍餘靶 㔋匧勍굷遤傞ꢂ餘靶 ˺㘗祪㽶氻 腒餘絆㷖 
 

䪮助暵挿 
 㛇✵㖈絁 SFE-SFC 禹絡䎾欽」湱翸送瘻殜㹊梡✫撑勇呋ㅷ涸䲿》ծⴔ猌⿺唬崵♧⡤⻊ⴔ區կ 
 絾ざ⢪欽㢴⯋絡雦ⴔ區PCAծROCծ抠㿋㕃瘝㾝爙 77 猫䊵䒗腒餘癃鷥崨玐կ 

 

䒓封綁蒀넞佪♧⡤⻊涸ⴔ區倰岁僽䔲⵸ⴔ區곭
㚖涸⵸屠靃곿կ歋✵馄⚰歲✳孻⻊焫(sc-CO2)涸杝暵
䚍餘㖈絁馄⚰歲崨⡤蟋》-馄⚰歲崨⡤蒀靶(SFE-
SFC)封㾝鴽鸟㖈雽㢴곭㚖䖤ⵌ✫䎛岌䎾欽կ搬罜
㸐➠搬꬗⚰满♧❈䮋䧶㥵油㾝㺈ㄤ㛇餘佪䎾կ⚹
✫鍒Ɀ鵯♧꡼곿䧮又㛇✵䀙峸涸Nexera UC禹絡ㄤ
LCMS-8050餘靶䒊用✫㖈絁」湱翸送-馄⚰歲崨⡤
蟋》-馄⚰歲崨⡤蒀靶-⚮翫餘靶(㖈絁」湱翸送-
SFE-SFC-MS/MS)倰岁կ霪倰岁⟄CO2⚹很⵫ꅷ欽

」湱翸送瘻殜㼜ⴔ區暟㛜獤㖈蒀靶叙副㹊梡✫Ⰼ
⡤獤鵳呋䲿넞✫⾝併䏞կ㼜䒊用涸倰岁䎾欽✵˺
㘗祪㽶氻type 1 diabetes, T1D㣐롖過崰腒餘絆
㷖灇瑕絑鵂㢴⯋絡雦ⴔ區ㄤ䊵䒗腒餘癃鷥ꊹ㹁
✫77猫䊵䒗腒餘կ去靧鸑騟ⴔ區邍僈欥屘熧腒去
靧ㄤꭤ腒去靧鸑騟♸T1D涸封欰㺙ⴗ湱Ⱒկ鵯고灇
瑕⚹腒餘絆㷖ⴔ區䲿⣘✫♧猫倝倰岁Ⱖ㹊낉絕卓
⛲⚹T1D涸霏倗ㄤ屛毫䲿⣘✫剣⸂⣜研կ 

 

1㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 Nexera UC+LCMS-8050LCMS-9030ꂁ縨⥌䜂㥵♴ 
✳ 孻 ⻊ 焫 岹 LC-30AD SF 佖 䚍 ⵫ 岹 LC-20AD XR 

邉 ⯎ 巊 岹 LC-20AD XR 蟋 》 ⽀ ⯋ SFE-30A 
荈 ⸓ 鵳 呋 㐼 SIL-30AC 叙    庛    盲 CTO-20AC 
禹 絡 䱽 ⵖ 㐼 CBM-20A 胜 ⾓ 靈 蒜 㐼 SFC-30A×2 

餘 靶 ⟉ :  LCMS-8050/LCMS-9030 蒀 靶 䊨 ⡲ 畀 LabSolutions Ver. 5.118 
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㕃 1. 㖈絁」湱翸送-SFE-SFC-MS 禹絡崨玐㕃 

㥵㕃 1 䨾爙㖈絁」湱翸送-SFE-SFC-MS ⺫䭍㔋⚡姿낢 
痦♧姿僽馄⚰歲崨⡤蟋》랱蒀贞絁蟋》緵⚥⸈Ⰶ過崰呋ㅷ䔲蟋》很⵫⯎忘㺂㐼傞㢴⡮涸很⵫

鸑鵂 BPR-B 䱗ⴀկ 
痦✳姿僽湱」紤蒀贞絁佖䚍岹⨢姺鳕鷐佖䚍⵫BPR-A Ⱒ꡻կ姼傞CO2 ➢馄⚰歲朐䙖鲮」⚹孞

䙖䎇⯎忘蒀靶叙կ 
痦♲姿僽鲿呋ㄤ蒀靶ⴔ猌覰蒀㹊絁BPR-A 涸⾓⸂䛪撑蟋》很⵫㼜䨾剣䲿》暟➢蟋》緵鲮獴ⵌ蒀

靶叙կ歋✵禹絡⾓⸂꨽銳 1.5 min 䩞腊䛪撑ⵌ霃㹁⧩蒀靶叙⚥涸孞䙖 CO2 䎇尵剣用⽰鵂庋ⵌ馄⚰歲朐䙖կ
㔔姼湡叻暟〳⟄㛜獤㖈蒀靶叙㣢կ⛓た鵳遤蒀靶ⴔ猌覰蒀㹊絁կ崨⸓湱尵剣崨絑蟋》⽀⯋罜僽湬䱹
鵳Ⰶ蒀靶叙㼆湡叻暟鵳遤唑䏞峤膴կ 

痦㔋姿僽⚮翫餘靶㼆䨾剣ⴔ區暟鵳遤唬崵կ 

1.2 ⴔ區勵⟝ 

巊湱勵⟝ 
蒀 靶 叙 Shim-pack UC-X RP150 mm x 4.6 mm I.D.3.0 μm䀙峸副嵳㹊낉㐼勞剣ꣳⰖ

尽P/N:227-30501-01 
崨 ⸓ 湱 A- sc-CO2B-歌ꃫゎ 1%宐ㄤ 10 mM 歌ꃑꜽ 

蟋 》 庛 䏞 35˫ 呋 ㅷ ⡤ 獤5 μL 

叙 庛 35˫   

峤 膴 垷 䒭 唑䏞峤膴B 湱饰映崽䏞⚹ 10%傞ꢂ玐䎸㥵㕃 2 䨾爙կ 
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㕃 2. 㖈絁」湱翸送-SFE-SFC 倰岁涸傞ꢂ玐䎸 

餘靶勵⟝ 
猌 㶩 彂 ESI+,-) 䱹 〡 庛 䏞 300 ˫ 
⸈ 掚 懈 庛 䏞 350 ˫  D L 庛 䏞 250 ˫ 
꨺ ⻊ 孞 崨 鸟 3.0 L/min ⸈ 掚 懈 庛 䏞 400 ˫  
䎁 醋 孞 崨 鸟 10.0 L/min ⸈ 掚 孞 崨 鸟 10.0 L/min 
䪊 䲽 垷 䒭 MRMLCMS-8050SCAN+DDALCMS-9030 

2呋ㅷ㢅椚 
欽獴巊卦㼜 5 μL 過崰呋ㅷ屠蟋》緵緵㠗⸈Ⰶ鵳遤蟋》կ 

3絕卓♸雭雿 
3.1 叻ⲥ很巊蒀靶㕃 

㖈絁」湱翸送-SFE-SFC 禹絡㖈 28 min ⰻ模䧭㼆 16 猫腒餘叻ⲥㅷ涸葻㥩ⴔ猌蒀靶㕃錛㕃 3Ⱘ⡤⻊
ざ暟⥌䜂錛꣡邍կ 

 
㕃 3. 㖈絁」湱翸送-SFE-SFC 禹絡涸叻ⲥ很巊 MRM 蒀靶㕃 

3.2 」湱翸搋佪卓 
㥵㕃 4 䨾爙㖈吗絡㖈絁 SFE-SFC ⚥ⴀ油傞ꢂ鳅粉涸 6 猫腒餘No. 1-6ⴀ梡✫僈儑涸油㾝㺈梡韌

罜㖈絁」湱翸送-SFE-SFC 倰岁蜦䖤✫刿⸈㼺Ꝙ㼆獦涸蒀靶油䕎邍僈」湱翸送瘻殜〳⟄鍒Ɀ吗絡㖈絁 SFE-
SFC 禹絡⚥烯⥂殆ⴔ區暟䲿⵸的侔涸꡼곿կ姼㢪ꅷ欽」湱翸送瘻殜た16 ⚡腒餘涸湱㼆油넞鿪剣䨾㟞⸈
㕃 4cⰦ⚥⺫䭍 4 ⚡腒肘ꃀ碫fatty acyls, FAsծ2 ⚡欥屘✳ꂾdiglycerides, DGsծ2 ⚡欥屘♲ꂾ
triacylglycerols, TGsծ很過熧腒ꃀ胐焦lysophosphatidylcholines, LPCsLPC 18:1 ㄤ熧腒ꃀ胐焦
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phosphatidylcholines, PCsPC 18:1/16:0 㖈ⰻ涸 10 ⚡腒餘叻ⲥㅷ涸湱㼆油넞㟞⸈✫ 50%⟄副罜Ⱖ➭
Ⳝ⚡欥屘熧腒碫glycerophospholipids, GPs涸湱㼆油넞」⻊鳅㼭կ㔔姼㖈絁」湱翸送-SFE-SFC 倰岁
〳儑衼佖㊤蒀靶油䕎ㄤ⾝併䏞㽍Ⱖ僽㼆 FAs ㄤ欥屘ꂾ碫glycerolipids, GLs鵯剣ⵄ✵䲿넞腒餘絆㷖ⴔ
區涸㹁ꆀⲥ烁䚍կ 

 
㕃 4. 蒀靶油䕎ㄤ湱㼆油넞涸㼆嫱絕卓(a) 剣」湱翸送(b) 偽」湱翸送(c) 湱㼆油넞 

3.3 倰岁珘㹁䚍 
㕃 5 ⴔⵆ儑爙✫餘䱽quality control, QC呋劥㖈姻猌㶩ㄤ餏猌㶩垷䒭♴涸㛇油蒀靶㕃կ㕃 6a-b 儑爙

㖈姻猌㶩垷䒭ㄤ餏猌㶩垷䒭♴9 ⚡ QC 呋劥涸痦♧⚺䧭ⴔ䫏䕧㖲㖈±2SD 薴㔵ⰻ邍僈䨾䒊用涸倰岁ㄤ䨾
欽⟉㐼Ⱘ剣葻㥩涸珘㹁䚍կ 

姼㢪㼆 QC 呋劥鵳遤✫ꅾ撑唬崵㼜⾲映侨研叻ⲥ⻊た雦皾䖤ⴀ腒餘」ꆀ油꬗獤涸 RSD㖈姻猌㶩ㄤ
餏猌㶩垷䒭♴ⴔⵆ剣 86%ㄤ 83%涸腒餘」ꆀ油꬗獤涸 RSD 㼭✵ 30%㕃 6c-d䎇⚂〫剣㖈 QC 呋劥⚥油
꬗獤涸 RSD 㼭✵ 30%涸」ꆀ䩞腊絩絯ⴔ區鵯❈絕卓邍僈✫霪ⴔ區倰岁㖈腒餘ⴔ區鵂玐⚥ꅾ撑䚍葻㥩⚂
絕卓〳ꬑկ 

 
㕃 5. QC 呋劥涸㛇油蒀靶㕃(a) 姻猌㶩垷䒭 (b) 餏猌㶩垷䒭 
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㕃 6. QC 呋劥涸珘㹁䚍ㄤꅾ梡䚍(a) 姻猌㶩垷䒭♴ QC 呋劥涸 PCA 䖤ⴔ㕃 (b) 餏猌㶩垷䒭♴ QC 呋

劥涸 PCA 䖤ⴔ㕃(c) 姻猌㶩垷䒭♴ QC 呋劥涸礵㺙䏞(d) 餏猌㶩垷䒭♴ QC 呋劥涸礵㺙䏞 

3.4 㢴⯋絡雦ⴔ區 
㼜 T1D 㣐롖涸過崰呋ㅷⴔ⚹㼆撑絆n=8ㄤ垷㘗絆n=7鸑鵂㢴⯋絡雦ⴔ區灇瑕⚙絆ꢂ涸腒餘宐

䎂」⻊㥵㕃 7 䨾爙㖈剣港漛涸 OPLS-DA 垷㘗⚥垷㘗絆ㄤ㼆撑絆模Ⰼⴔ猌邍僈⚙絆ꢂ涸腒餘宐䎂䊵
䒗儑衼կ姻猌㶩垷䒭㕃 7a♴垷㘗涸 R2Y ㄤ Q2 ⴔⵆ⚹ 0.994 ㄤ 0.83餏猌㶩垷䒭㕃 7b♴垷㘗涸 R2Y
ㄤ Q2 ⴔⵆ⚹ 0.999 ㄤ 0.713邍僈霪垷㘗涸䬾ざ䏞ㄤ곫崵腊⸂㖲葻㥩կ䊵䒗」ꆀ涸癃鷥鸑鵂嫱鳅⚙絆呋劥
⚥」ꆀ涸湱㼆⚪䏞㹊梡Ⱖ癃鷥⣜研⟄♴♲⚡錞ⴭ1OPLS-DA 垷㘗ⴔ區傞䨾䖤」ꆀ涸 VIP ⧩㣐✵ 12
」ꆀ絑 t 唬낉䨾䖤涸 p ⧩㼭✵ 0.053⚙絆呋劥涸 FC 㣐✵ 2 䧴㼭✵ 0.5կ絑鵂癃鷥姻猌㶩垷䒭㕃 7c
ㄤ餏猌㶩垷䒭㕃 7d♴ⴔⵆ蜦䖤✫ 282 ⚡ㄤ 105 ⚡䊵䒗」ꆀկ 
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㕃 7. 㼆撑絆ㄤ垷㘗絆涸 OPLS-DA 䖤ⴔ㕃ㄤ䊵䒗」ꆀ癃鷥抠㿋㕃 

(a) 姻猌㶩垷䒭♴涸 OPLS-DA 䖤ⴔ㕃(b) 餏猌㶩垷䒭♴涸 OPLS-DA 䖤ⴔ㕃 
(c) 猌㶩垷䒭♴䊵䒗」ꆀ癃鷥抠㿋㕃(d) 餏猌㶩垷䒭♴䊵䒗」ꆀ癃鷥抠㿋㕃 

3.5 䊵䒗腒餘ꊹ㹁 
䊵䒗」ꆀ涸ꊹ㹁僽鸑鵂 MS-DIAL 鲱⟝㼜♧紩ㄤ✳紩餘靶⥌䜂♸侨研䎽⚥涸鵳遤⼐ꂁ䎇♸ LIPID MAPS

緸畀ㄤ HMDB 䎽⚥涸湱Ⱒ⥌䜂鵳遤呍㼆剒絊ꊹ㹁ⴀ 77 ⚡䊵䒗腒餘կ 
➢㕃 8a 〳濼⚙絆呋劥ꢂ涸䊵䒗腒餘猫碫銻渷薴㔵鳅䎛⺫䭍 4 ⚡碫ⵆ44.2%涸 GLsծ33.8%涸 GPsծ

14.3%涸ꭤ腒碫sphingolipids, SPsㄤ 7.8%涸㔿ꃫ腒碫sterol lipids, STsկ姼㢪劥灇瑕⛲嫱鳅✫䊵䒗
腒餘㖈㼆撑絆ㄤ垷㘗絆⚥涸湱㼆⚪䏞絕卓㥵㕃 8b 䨾爙կ♸㼆撑絆湱嫱垷㘗絆⚥熧腒ꃀ⛩ꃫ腂
phosphatidylethanolamines, PEsㄤ牟絑ꃀ腂ceramidesCers涸ゎꆀ鳅넞罜很過熧腒ꃀ胐焦
lysophosphatidylcholinesLPCsծ熧腒ꃀ聝ꃫphosphatidylinositolsPIsծꭤ熧腒sphingomyelins
SMsㄤ胐㔿ꃫꂾcholesteryl ester, CEs涸ゎꆀ鳅⡛կ㖈Ⱖ➭腒碫⚥垷㘗絆⚥ 2 猫熧腒ꃀ胐焦
phosphatidylcholinesPCsծ20 猫 TGs ㄤ 1 猫 ST 副靈罜 9 猫 PCsծ14 猫 TGs ㄤ 1 猫 ST ♴靈կ 

 
㕃 8. 㼆撑絆ㄤ垷㘗絆⚥ 77 猫䊵䒗腒餘涸ⴔ碫aㄤ湱㼆宐䎂b 
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⚹✫霉⠮䊵䒗腒餘㼆⼓ⴔ㼆撑絆ㄤ垷㘗絆涸ⲥ烁䚍劥灇瑕鵳遤✫「霚罏䊨⡲暵䖄刼絁receiver 
operating characteristicROCⴔ區㕃 9 儑爙 SM 40:2;2OծTG 18:2_22:6_22:6ծTG 18:2_20:4_22:6ծ
PC 34:4ծSM 40:3;2OծCer 41:0;3OծTG 18:0_18:1_22:6 ㄤ PC O-38:4 鵯 9 猫䊵䒗過腒涸刼絁♴꬗獤area 
under the curve, AUC⧩㖲⚹ 1邍僈㸐又Ⱘ剣䖎䔂涸霏倗腊⸂剣䋞劅䧭⚹ T1D 涸欰暟叻䘋暟կ姼㢪
㸐又涸湱㼆宐䎂㥵㕃 10 䨾爙Ⱖ⚥ SM 40:2;2OծSM 40:3;2O ㄤ PC 34:4 㖈垷㘗絆⚥儑衼꣭⡛罜Ⱖ➭❀猫
腒餘ⴭ儑衼⼮넞կ 

 
㕃 9. 儑衼䊵䒗腒餘涸 ROC ⴔ區 

 

㕃 10. 8 猫儑衼䊵䒗腒餘涸湱㼆宐䎂*, p<0.05; **, p<0.01 
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3.6 ➿靧鸑騟ⴔ區 
⚹✫鵳♧姿灇瑕♸ T1D 湱Ⱒ涸欰⻊䎁䪓䧮又呏研䨾剣䊵䒗腒餘鵳遤✫鸑騟ⴔ區կ劥灇瑕Ⱏ絚ⵖ✫ 8

勵去靧鸑騟㕃 11Ⱖ⚥ pathway impact > 0.1 涸欥屘熧腒去靧ㄤꭤ腒去靧鸑騟鄄雩⚹僽♸ T1D 腒餘秗
包湱Ⱒ涸ꅾ銳鸑騟կ 

 
㕃 11. 䊵䒗腒餘去靧鸑騟孞岙㕃 

 

4絕雿 
劥灇瑕䎾欽㖈絁」湱翸送-SFE-SFC-MS 禹絡鵳遤祪㽶氻㣐롖腒餘絆㷖灇瑕կ㖈絁禹絡⢪欽 sc-CO2 ⚹⚺

銳蟋》很⵫ㄤ崨⸓湱㹊梡✫腒餘絆㷖涸綁蒀ⴔ區կ姼㢪䎾欽」湱翸送䪮助蜦䖤✫㼺Ꝙ㼆獦涸油䕎䲿넞
⾝併䏞⤑✵㹁ꆀⴔ區կ霪綁蒀ⴔ區禹絡珘㹁䚍葻㥩絑鵂㢴⯋絡雦ⴔ區ㄤ䊵䒗腒餘癃鷥烁㹁✫ 77 猫䊵
䒗腒餘Ⱖ⚥垷㘗絆⚥ 43 ⚡腒餘宐䎂湱㼆✵㼆撑絆儑衼♴靈Ⱖ⡮ 34 ⚡腒餘ⴭ儑衼副靈կ去靧鸑騟ⴔ
區邍僈欥屘熧腒去靧ㄤꭤ腒去靧鸑騟♸ T1D 涸封欰㺙ⴗ湱Ⱒկ鵯고灇瑕⚹腒餘絆㷖ⴔ區䲿⣘✫♧猫倝倰
岁Ⱖ䖤ⵌ涸 8 ⚡儑衼䊵䒗腒餘Ⱘ剣䖎䔂涸霏倗腊⸂剣劅䧭⚹ T1D 霏倗ㄤ屛毫涸叻䘋暟կ 
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꣡邍 

16 猫腒餘叻ⲥㅷ涸㛇劥⥌䜂♸ MRM ⿬侨 

䎸尼 ⻊ざ暟ぜ獦 ⴔ㶩䒭 猌㶩碫㘗 
⵸⡤猌

㶩 
❡暟猌㶩 Q1 Pre CE(V) Q3 Pre 

1 PGE1 C20H34O5 [M-H]- 353.25 
273.35* 
235.25 

29.0 
16.0 

20.0 
16.0 

29.0 
16.0 

2 PGE3 C20H30O5 [M-H]- 349.20 
313.25* 
189.30 

30.0 
16.0 

11.0 
17.0 

30.0 
12.0 

3 AEA C22H37NO2 [M+H]+ 348.35 
287.30* 

91.10 
-24.0 
-25.0 

-14.0 
-48.0 

-19.0 
-16.0 

4 10S,17S-diHDHA C22H32O4 [M-H]- 359.25 
206.25* 

93.10 
30.0 
16.0 

16.0 
27.0 

23.0 
10.0 

5 LPC 18:1 C26H52NO7P [M+H]+ 522.60 
71.20* 
43.20 

-36.0 
-36.0 

-41.0 
-49.0 

-12.0 
-17.0 

6 DG 18:1/18:1 C39H72O5 [M+Na]+ 643.55 
602.30* 
361.25 

-34.0 
-22.0 

-13.0 
-30.0 

-22.0 
-27.0 

7 PA 16:0/18:1 C42H79O10P [M-H]- 673.45 
281.30* 
153.10 

32.0 
30.0 

40.0 
35.0 

13.0 
10.0 

8 PC 18:1/16:0 C42H82NO8P [M+Na]+ 782.40 
86.00* 
184.10 

-40.0 
-22.0 

-55.0 
-26.0 

-30.0 
-12.0 

9 PA 18:1/18:1 C39H73O8P [M-H]- 699.45 
153.15* 
417.35 

32.0 
32.0 

40.0 
25.0 

14.0 
30.0 

10 PC 18:1/18:1 C44H84NO8P [M+H]+ 786.65 
701.40* 

85.95 
-28.0 
-28.0 

-22.0 
-55.0 

-36.0 
-30.0 

11 DG 18:0/20:4 C41H72O5 [M+Na]+ 667.55 
23.10* 
519.25 

-26.0 
-34.0 

-35.0 
-35.0 

-30.0 
-40.0 

12 PC 18:0/20:4 C46H84NO8P [M+H]+ 810.65 
386.00* 
184.05 

-24.0 
-28.0 

-36.0 
-35.0 

-11.0 
-20.0 

13 PE 16:0/18:2 C39H74NO8P [M-H]- 714.45 
255.30* 
146.95 

32.0 
34.0 

35.0 
38.0 

12.0 
15.0 

14 PG 18:1/18:1 C42H79O10P [M-H]- 773.50 
153.00* 
417.30 

36.0 
36.0 

38.0 
30.0 

26.0 
20.0 

15 TG 18:2/18:2/18:2 C57H98O6 [M+Na]+ 901.80 
599.55* 

81.10 
-20.0 
-20.0 

-42.0 
-53.0 

-32.0 
-14.0 

16 TG 18:1/18:1/18:1 C57H104O6 [M+Na]+ 907.85 
625.55* 
265.35 

-26.0 
-26.0 

-38.0 
-47.0 

-30.0 
-30.0 

*邍爙㹁ꆀ猌㶩 
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