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Abstract: D irect infu sion (D I) electro sp ray ion izat ion quadrupo le t im e2of2fligh t (Q 2TO F) m ass spectrom e2
t ry w as app lied to analysis six teen compounds from tradit ional Ch inese m edicines (TCM s). Characterist ics

of these compounds in electro sp ray ion izat ion m ass spectrom etry (ES I2M S) and in M SöM S w ere observed to

know the differences of ion izat ion capacity and dissociat ion characterist ics of structu rally differen t com 2
pounds. T he observat ion indicated that in o rder to m ax im ize num bers of const ituen ts detected, it is neces2
sary to analyze samp le in bo th po sit ive and negative mode. T he ex istence of carbonyl group in structu re

seem s to be a facto r that favo rs the fo rm ation of quasi2mo lecu lar ion (QM I) o r o ther adduct mo lecu lar ion

(OAM I) in po sit ive mode. W hen cone vo ltage w as 30V , mo st compounds cou ld fo rm m ass spectral peak s of

QM Is o r OAM Is. How ever, in2sou rce co llision2induced dissociat ion (C ID ) seem ed unab le to be comp letely

avo ided by altering cone vo ltage. A nalysis w as recomm ended at th ree differen t cone vo ltages of 10V , 30V

and 50V. M SöM S w as p roved to be an effect ive w ay to ob tain addit ional structu ral info rm ation because frag2
m ent ions w ere observed fo r all QM Is and OAM Is in M SöM S. T he developed m ethod has been successfu lly

app lied in ou r study on Si2W u2T ang. T he m ethod is usefu l fo r qu ick qualita t ive analysis of const ituen ts in

m ix tu re samp les of TCM.
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直接输注电喷雾电离四极杆飞行时间质谱
在十六种中药来源化合物定性分析中的应用

梁乾德1,王红霞2,李卫华2,魏开华2,马百平1,王升启1, 3

(1. 军事医学科学院放射医学研究所,北京　100850; 2. 国家生物医学分析中心,北京　100850)

摘要: 采用直接输注电喷雾电离质谱对十六种中药来源的化合物进行了分析。观察了它们的电喷雾电离质

谱和串联质谱特征,以了解不同结构化合物的电离能力和裂解特点。观察表明:为使样品成分尽可能多地被



检测,必须同时进行正负两种模式的分析。化合物结构中羰基的存在似有利于化合物在正离子模式下形成

准分子离子或其它分子加和离子。当采样锥电压为 30 V 时,大多数化合物能形成准分子离子或其它分子加

和离子。但改变采样锥电压似不能完全避免源内裂解。建议分析时同时考察不同采样锥电压 (如 10 V、30 V

和 50 V )。串联质谱分析被证明是获得进一步结构信息的有效手段,因为对于所有被观察的准分子离子和其

它分子加和离子,均能在串联质谱分析中检测到碎片离子。本研究在四物汤的研究中已经成功地运用了该

方法。此方法有助于中药混合物中样品成分的快速定性分析。

关键词: 中药;电喷雾电离;直接输注;飞行时间; 定性分析

　T he efficacy of t rad it iona l Ch inese m edicine
(TCM ) has led to research effo rts bo th in side

and ou tside Ch ina [ 1～ 10 ]. T he chem ica l na tu re of

TCM is a k ind of basica lly com p lex m ix tu re of

na tu ra l p roducts, the m ajo rity of w h ich are

p lan t m etabo lites. A crux of research ing TCM

is to find ou t the com pound o r group of com 2
pounds tha t is respon sib le fo r the drug’s eff ica2
cy. If th is goa l w as ach ieved, the quality con2
t ro l of drug cou ld be m o re efficien t ly perfo rm ed

and new drugs w ith enhanced therapeu t ic ef2
fects cou ld be expected. How ever, search ing

effect ive con st ituen ts from com p lex m ix tu re

m ean s la rge am oun t of w o rk of chem ica l sepa2
ra t ion and pharm aco log ica l screen ing. Fo r such

a com p lica ted, labo riou s and t im e2con sum ing

p rocess, early and p rom p tly acqu isit ion of qual2
ita t ive info rm at ion abou t the com po sit ion of ex2
t racts o r fract ion s from TCM s m ay help the re2
searchers to design the best research p roce2
du re, and therefo re to sim p lify and accelera te

the research p rocess.

M ass spectrom etry (M S ) , w ith its h igh

sen sit ivity and capab ility of p rovid ing M r and

addit iona l st ructu ra l info rm at ion [ 11 ] , is a very

im po rtan t techn ique fo r qua lita t ive ana lysis.

Cu rren t ly, the ch rom atograph ic techn iques

coup led w ith M S, such as GCöM S and L Cö
M S, have frequen t ly been em p loyed to study

the com po sit ion of com p lex m ix tu res. T he ap2
p lica t ion of GCöM S is rela t ively lim ited due to

its crit ica l requ irem en t of sam p le’s vo la t ility

and therm al stab ility [ 12 ]. Con tra rily, L CöM S

has no such lim ita t ion and has been successfu lly

u sed to ana lyze m any types of m ix tu res such as

com b ina to ria l lib raries[ 13, 14 ] and bo tan ica l ex2
t racts[ 15 ]. How ever, fo r TCM research, the ap2
p lica t ion of L CöM S is st ill lit t le, w h ile GCöM S

is frequen t ly em p loyed to ana lyze the com po si2
t ion of essen t ia l o ils.

E lectro sp ray ion iza t ion (ES I) is one of the

m o st im po rtan t in terfaces em p loyed in L CöM S.

A n ou tstand ing characterist ic of ES I is tha t the

am oun t of in terna l energy im parted to genera t2
ed ion s is the low est in a ll m ass spectrom etric

ion iza t ion techn iques and an ex trem ely low de2
gree of fragm en ta t ion is inheren t to the ES I

p rocess[ 16 ]. A n in terest ing resu lt of th is“soft”

characterist ic of ES I is tha t u sefu l info rm at ion

on com po sit ion of m ix tu re sam p le can be ob2
ta ined u sing direct infu sion (D I) o r flow in jec2
t ion (F I) m ethod w ithou t ch rom atograph ic sep2
ara t ion. T heo ret ica lly, in such ES I m ass spec2
t ra of m ix tu res, m any of the m ajo r m ass spec2
t ra l peak s shou ld be quasi2m o lecu lar ion s (p ro2
tona ted o r dep ro tona ted m o lecu les ) o r o ther

adduct m o lecu lar ion s ( sod ium , po tassium ,

amm on ium adduct, etc. ) of the m ix tu re’s con2
st ituen ts. T hu s, m o lecu lar m ass info rm at ion of

the con st ituen ts can be ob ta ined. U sing m ass

spectrom eters w ith h igh reso lu t ion, elem en ta l

com po sit ion s of com pounds can be determ ined.

Fu rtherm o re, tandem m ass spectrom etry (M Sö
M S) can be u sed as an addit iona l a ide to eluci2
date the structu re of com pounds, th rough it

has the tendency to fo rm structu ra lly sign if i2
can t fragm en t ion s[ 14 ]. D I ES I2M S m ethod has

been app lied to ana lyze m edicina l p lan t ex tracts

and w ines[ 17～ 19 ].

How ever, in com parison w ith L CöM S, D I

and F I ES I2M S m ethods have tw o m ajo r d isad2
van tages due to the com p lete co2elu t ion of a ll

sam p le com ponen ts. F irst ly, it canno t d ifferen2
t ia te isom eric ion s. Secondly, ion supp ression

effect m ay cau se som e con st ituen ts unde2
tectab le [ 19 ]. N evertheless, a sign if ican t advan2
tage po ssessed by D I and F Im ethods is sim p lic2
ity and speed of opera t ion. In L CöM S, effo rt

has to be m ade to choo se a su itab le m ob ile

phase, w h ich sa t isf ies requ irem en ts of bo th
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separa t ion and ion iza t ion. Good condit ion fo r

ion iza t ion is no t a lw ays good fo r separa t ion. In

con trast, no such effo rt is necessary fo r D I o r

F I. A cid, a lka li and o ther agen ts can be added

to help ion iza t ion as needed. Fu rtherm o re, an2
o ther advan tage of D I and F I is tha t ob serva t ion

of an ion by M S can be perfo rm ed as long as de2
sired [ 20 ] , p rovided the sam p le is of enough

am oun ts. T h is is especia lly favo ring w hen per2
fo rm ing tandem m ass spectrom etry fo r addi2
t iona l info rm at ion.

In th is paper, the app lica t ion of D I ES I2
M S m ethod in six teen com pounds from TCM s

u sing Q uadrupo le t im e2of2f ligh t ( Q 2TO F )

m ass spectrom eter is repo rted, w h ich has the

po ten t ia l of accu ra te m ass m easu rem en ts. T he

com pounds w ill be ana lyzed in d ifferen t detec2
t ion m ode and at d ifferen t cone vo ltages. M Sö
M S w ere perfo rm ed fo r m ajo r quasi2m o lecu lar

ion s o r o ther adduct m o lecu lar ion s detected.

T he fina lly developed m ethod has been app lied

to ou r study on Si2W u2T ang and p rovided u se2
fu l info rm at ion.

1　M ATER IAL S AND M ETHOD S
111　Chem ica ls and D rugs

1, 42linked pen tag luco side and t im o sapon in

A 2Ë w ere ob ta ined from P rofesso r Baip ing

M a, and puerarin from P rofesso r L in W ang.

Sucro se w as of ana lyt ica l grade. M agno lo l, fer2
u lic acid, ast raga lo side Ì , oxym atrine,

ca ta lpo l, tet ram ethyl pyrazine hydroch lo ride,

1, 82dihydroxy an th raqu inone, scoparone, kae2
m pfero l, g inkgo lide A , ( + ) 2ca tech in, and

paeon iflo rin w ere pu rchased from Ch ina N a2
t iona l In st itu te fo r the Con tro l of Pharm aceu t i2
ca l and B io log ica l P roduct. W ater t rea ted w ith

M illipo re w ater pu rif ica t ion system and H PL C

grade aceton it rile w ere u sed as sam p le so lven ts

fo r m ass spectrom etry. A ll o ther agen ts w ere

of ana lyt ica l grade.

112　D I ESI-M S and M SöM S Observa tion of
16 Plan tM etabol ites

M ass spectrom etric m easu rem en ts w ere

perfo rm ed on a Q 2TO F2 nano sp ray electro2
sp ray ion iza t ion tandem m ass spectrom etry sys2
tem (M icrom ass U K L im ited) w ith d irect infu2

sion in bo th po sit ive and negat ive m ode. Cap il2
la ry vo ltage w as 3 000V. M CP detecto r vo ltage

w as 2 200V. Sou rce tem p retu re w as 80℃. Fo r

po sit ive m ode analysis, com pounds w ere d is2
so lved in 50% aceton it rile so lu t ion con ta in ing

0. 1% of fo rm ic acid. Fo r negat ive m ode analy2
sis, com pounds w ere d isso lved in 50% aceton i2
t rile so lu t ion con ta in ing 1% of amm on ia. A ll

sam p le concen tra t ion s w ere in the rang from 5

to 10m göL w ith the excep t ion of 1, 42linked

pen tag luco side, the concen tra t ion of w h ich w as

increased to 40m göL in o rder to ob ta in suffi2
cien t signa l in ten sity. T he fina l m ass spectra

w ere ob ta ined by com b in ing sing le2scan ion

ch rom atogram un til the in ten sity of base peak

reached 103 o r 104 coun ts. ES I2M S ob serva t ion s

w ere perfo rm ed under a series of cone vo ltages
(10V , 30V , 50V and 70V ) and co llision energy

of 10eV. M SöM S of quasi2m o lecu lar ion s o r

o ther adduct m o lecu lar ion s w ere perfo rm ed un2
der d ifferen t co llision energy ( no t exceed ing

70eV ) , and M SöM S spectra w ith m ax im ized

fragm en t info rm at ion w ere reco rded.

2　RESUL T AND D ISCUSSION
211　D etection M ode

Fo r D I ES I2M S analysis of m ix tu res, ou r

p rim ary goal fo r m ethod developm en t is to

m ax im ize the num bers of con st ituen ts detected

as quasi2m o lecu lar ion s o r o ther adduct m o lecu2
la r ion s, a t the sam e tim e, m in im ize in2sou rce

co llision2induced dissocia t ion (C ID ). F rom th is

po in t,“quasi2m o lecu lar ion”and“o ther adduct

m o lecu lar ion”w ere abb revia ted as“QM I”and

“OAM I”, respect ively. T he selected 16 com 2
pounds cover m o st frequen t ly seen structu ra l

types of p lan t m etabo lites ( see T ab le 1). In

ou r ob serva t ion fo rm at ion of QM I o r OAM I

species of a ll 16 com pounds w ere detected ( see

T ab le 1). Bu t oxym atrine, tet ram ethyl pyra2
zine hydroch lo ride and scoparone fo rm ed QM Is

o r OAM Is on ly in po sit ive m ode, w h ile in nega2
t ive m ode on ly w eak and no isy peak s cou ld be

ob served. Conversely, feru lic acid fo rm ed QM I

on ly in negat ive m ode ( see T ab le 1) , and no

QM I o r OAM I ob served in po sit ive m ode. Fo r
( + ) 2ca tech in, m agno lo l, paeon iflo rin,
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ca ta lpo l, ast raga lo side IV , 1, 42linked pen2
tag luco side, sucro se, 1, 82dihydroxy an2
th raqu inone and t im o sapon in A 2Ë , the rela t ive

abundance of QM I o r OAM I peak s in negat ive2
ion m ass spectra w as m uch m o re than tha t

founded in po sit ive2ion m ass spectra. Fo r

kaem pfero l, characterist ic w as the oppo site.

T hese dem on stra te tha t the capacit ies of fo rm 2
ing QM Is o r OAM Is in tw o detect ion m odes of

st ructu ra lly d ifferen t p lan t m etabo lites are

qu ite d ifferen t. T herefo re, in o rder to m ax i2
m ize num bers of con st ituen ts detected, it is

necessary to ana lyze sam p le in bo th po sit ive

and negat ive m ode.

Table 1　Structura l types and QM I or OAM I spec ies observed of 16 com pounds

N o. Compound Structural type
QM I o r OAM I species observed

Po sitive mode (m öz ) N egative mode (m öz )

1 m agno lo l (M n= 266) lignan 267 [M + H ]+ , 284 [M + N H 4 ]+ 265 [M 2H ]-

2 puerarin (M n= 416) isoflavone 417 [M + H ]+ 415 [M 2H ]-

3 feru lic acid (M n= 194) acid - 193 [M 2H ]-

4 astragalo side Ì (M n= 784) triterpeno id saponin 785 [M + H ]+ 783 [M 2H ]-

5 oxym atrine (M n= 264) alkalo id 265 [M + H ]+ , 529 [2M + H ]+ -

6

　

catalpo l (M n= 362)

　

glyco side

( irido id glyco side)

385 [M + N a ]+ , 380 [M + N H 4 ]+ ,

401 [M + K ]+

361 [M 2H ]- ,

723 [2M 2H ]-

7

　

tetram ethyl pyrazine hydroch lo ride

(M n= 136)

alkalo id

　
137 [M + H ]- -

8

　

1, 82dihydroxy anth raquinone

(M n= 240)

an th raquinone

　

241 [M + H ]+

　

239 [M 2H ]-

　

9 sucro se (M n= 342) disaccharide 365 [M + N a ]+ , 381 [M + K ]+ 341 [M 2H ]-

10 scoparone (M n= 206) coum arin 207 [M + H ]+ -

11

　

1, 42linked2pentagluco side

(M n= 828)

o ligo saccharide

　

829 [M + H ]+ , 434 [M + K+ H ]2+

　

827 [M 2H ]-

　

12 timo saponin A 2Ë (M n= 740) stero idal saponin 741 [M + H ]+ , 758 [M + N H 4 ]+ 739 [M 2H ]-

13 kaempfero l (M n= 286) flavono id (flavono l) 287 [M + H ]+ 285 [M 2H ]-

14

　

ginkgo lide A (M n= 408)

　

terp ino id

(b icyclic diterpeno id)

409 [M + H ]+ , 426 [M + N H 4 ]+

　

425[M + H 2O 2H ]

407 [M 2H ]-

15 (+ ) 2catech in (M n= 290) flavono id (flavan232o l) 291 [M + H ]+ 289 [M 2H ]-

16

　

paeoniflo rin (M n= 480)

　

glyco side ( b icyclic ter2
peno id glyco side)

498 [M + N H 4 ]+ , 503 [M + N a ]+

　

479 [M 2H ]-

　

　　A s genera lly recogn ized, a lka lo ids and

o ther com pounds con ta in ing n it rogen atom have

tendency to fo rm po sit ive QM I ( [M + H ]+ ) due

to the h igh p ro ton affin ity of n it rogen atom. In

acco rdance w ith th is in ou r study, tw o n it rogen

con ta in ing com pounds, oxym atrine and tetram 2
ethyl pyrazine hydroch lo ride, gave base peak

QM I in po sit ive2ion spectra and very lit t le o ther

peak s, w h ile no QM Io r OAM Iw as ob served in

negat ive m ode. In terest ing ly scoparone, a com 2
pound does no t con ta in any n it rogen atom ,

show ed the sam e characterist ic. It is m uch

m o re in terest ing to com pare the characterist ics

betw een (+ ) 2ca tech in and kaem pfero l. T heir

st ructu res are very sim ila r w ith the m ajo r d if2
ference in tha t kaem pfero l con ta in s carbonyl

group w h ile ( + ) 2ca tech in does no t ( see

Schem e 1 com pound 13 and 15). In ou r ob ser2
vat ion, QM I peak of (+ ) 2ca tech in in negat ive2
ion spectrum (m öz 289, [M 2H ]- ) w as base

peak w h ile in po sit ive2ion spectrum on ly a very

w eak m öz 291 w as detected, w h ich m igh t be

QM I ( [M + H ]+ ) of it ( see F igu re 1a and 1b).

Conversely kaem pfero l fo rm ed base peak QM I
( [M + H ]+ , m öz 287) in po sit ive2ion spectrum

w h ile in negat ive2ion spectrum QM I ( [M 2H ]- ,
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m öz 285) w as no t base peak (see F igu re 1c and

1d ). It seem s tha t the ex istence of carbonyl

group in structu re help s QM I o r OAM I fo rm a2
t ion in po sit ive m ode. A n addit iona l p roof is

tha t am ong the 16 p lan t m etabo lites a ll com 2
pounds po ssessing carbonyl group , includ ing

scoparone, kaem pfero l, g inkgo lide A , puer2
arin, paeon iflo rin and 1, 82dihydroxy an th2
raqu inone, fo rm ed QM Is o r OAM Is in po sit ive

m ode (see T ab le 1).

212　Cone Voltage

W hen cone vo ltage w as increased to 70V ,

the spectra of m o st com pounds, in po sit ive o r

nega t ive m ode, show ed increased rela t ive abun2
dance of in2sou rce C ID fragm en t ion peak s and

decreased rela t ive abundance of QM I o r OAM I

peak s. A few com pounds such as kaem pfero l,

1, 82dihydroxy an th raqu inone and tetram ethyl

pyrazine hydroch lo ride in po sit ive m ode, t im o2
sapon in A 2Ë in nega t ive m ode, and sucro se in

bo th po sit ive and negat ive m ode fo rm ed m o re

stab le QM Is o r OAM Is, and lit t le fragm en t ion

peak w as found at 70V cone vo ltage. T hese

show tha t 70V cone vo ltage cau se sign if ican t

in2sou rce C ID fo r m any p lan t m etabo lites.

Schem e 1　Structures of sixteen com pounds
1—m agno lo l; 2—puerarin; 3— feru lic acid; 4—astragalo side IV ; 5—oxym atrine; 6—catalpo l; 7—tetram ethyl pyrazine

hydroch lo ride; 8—1, 82dihydroxy anth raquinone; 9—sucro se; 10—scoparone; 11—1, 42linked2pentagluco side;

12—t imo saponin a2III; 13—kaempfero l; 14—ginkgo lide A ; 15— (+ ) 2catech in; 16—paeoniflo rin

　 　 Genera lly as ob served, decreased cone

vo ltage cau sed decreased in2sou rce C ID. Fo r

ca ta lpo l in negat ive2ion spectra, the abundance

ra t io betw een fragm en t ion peak (m öz 199) and

QM I ( [M 2H ]- , m öz 361) peak w as sign if ican t2
ly decreased w hen cone vo ltage w as sh if ted

from 30V to 10V (see F igu re 2). How ever, fo r

m o st com pounds, w hen cone vo ltage w as de2
creased to 10V , the rela t ive abundance of QM I

o r OAM I peak s a lso decreased and m o re back2
ground ion peak s cou ld be seen, w h ich ind i2
ca tes the lo st of sen sit ivity. M o re unfo rtuna te2
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ly, fo r ast raga lo side IV , t im o sapon in A 2Ë ,

and paeon iflo rin in po sit ive m ode, ca ta lpo l and

kaem pfero l in negat ive m ode, sign if ican t frag2
m en t ion peak s w ere ob served even at 10V cone

vo ltage. T h is dem on stra tes tha t m any p lan t

m etabo lites fo rm ex trem ely un stab le QM Is o r

OAM Is in ES I, and in2sou rce C ID are unab le to

be com p letely avo ided by decreasing cone vo lt2
age.

F ig. 1　Positive- ion and negative- ion

mass spectra of (+ ) -ca tech in and

kaem pferol (cone voltage= 30V)

a—N egative2ion m ass spectrum of (+ ) 2catech in;

b—Po sit ive2ion m ass spectrum of (+ ) 2catech in;

c—Po sit ive2ion m ass spectrum of kaempfero l;

d—N egative2ion m ass spectrum of kaempfero l

　

213　 In - source C ID a t 30V Cone Voltage

W hen cone vo ltage w as 30V , sign if ican t

in2sou rce C ID fragm en t ion s w ere ob served on2
ly w ith m agno lo l, ast raga lo side Ì and t im o2
sapon in A 2Ë in po sit ive m ode, feru lic acid and

ca ta lpo l in negat ive m ode and paeon iflo rin in

bo th m odes. T he rela t ive abundance of these

in2sou rce C ID fragm en t ion peak s w as low er

than tha tof QM I o r OAM I peak s excep t fo r

ca ta lpo l in negat ive m ode and paeon iflo rin in

po sit ive m ode, w h ile the rela t ive abundance of

fragm en t ion peak s (m öz 199 in ca ta lpo l and

m öz 179 in paeon iflo rin) w as h igher than tha t of

QM I o r OAM I peak s. T hese ind ica te tha t a l2
though in2sou rce C ID w as unab le to avo id, it

does no t im pede tha t m o st p lan t m etabo lites

fo rm QM Is o r OAM Is as base peak w hen cone

vo ltage w as 30V. Even if QM Is o r OAM Is

w ere no t base peak s fo r a m ino rity of com 2
pounds, their QM Is o r OAM Is signa ls shou ld

no t be very d iff icu lt to be detected.

F ig. 2　Negative- ion mass spectra of ca ta lpol
a—Cone vo ltage= 10V ; b—Cone vo ltage= 30V

　

214　M SöM S

Fo r each QM I o r OAM I, M SöM S w as per2
fo rm ed to see w hether addit iona l st ructu ra l in2
fo rm at ion cou ld be ob ta ined. A s expected, a ll

QM Is o r OAM Is fo rm ed fragm en t ion s in M Sö
M S, w ith co llision energ ies u sed no t exceed ing

70eV. T he m ajo r fragm en t ion s ob served w ere

listed in T ab le 2. T herefo re, M SöM S is an ef2
fect ive w ay to ob ta in fu rther st ructu ra l info r2
m ation of QM Is o r OAM Is. Fo r m o st com 2
pounds, fragm en ta t ion pat tern of in2sou rce C ID

and M SöM S w ere sim ila r. Bu t fo r 1, 42linked

pen tag luco side in negat ive m ode, the fragm en t

ion s in M SöM S w ere m öz 708, 666, 504 and

341, w h ile in2sou rce C ID fragm en t ion s w ere
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m öz 707, 665, 545, 503 and 341. T he reason fo r the d ifference is no t clear.

Table 2　M ajor fragm en t ion s in M SöM S of sixteen com pounds

N o. Compounds
Po sitive mode (m öz )

P recurso r ions M ajo r fragm ents in M SöM S

N egative mode (m öz )

P recurso r ions M ajo r fragm ents in M SöM S

1 m agno lo l (M n= 266) 267 [M + H ]+ 239, 226, 211, 197 265 [M 2H ]- 247, 245

2

　

puerarin (M n= 416)

　

417 [M + H ]+

　

399, 381, 363, 351, 335, 327,

321, 307, 297, 267, 255

415 [M 2H ]-

　

295, 267

　

3 feru lic acid (M n= 194) - - 193 [M 2H ]- 149, 134

4

　

　

astragalo side IV

(M n= 784)

　

785 [M + H ]+

　

　

749, 767, 635, 605, 587, 569,

473, 455, 437, 419, 401

　

783 [M 2H ]-

　

　

652, 622, 489, 179, 161,

149, 143, 131, 119, 113,

107, 101, 89, 71

5 oxym atrine (M n= 264) 265 [M + H ]+ 247, 205, 148, 136 - -

6 catalpo l(M n= 362) 385 [M + N a ]+ 323, 203, 185, 155, 143 361 [M 2H ]- 199, 181, 169, 137, 127, 97

7

　

tetram ethyl pyrazine hy2
droch lo ride (M n= 136)

137 [M + H ]+

　

122, 96, 80, 69, 55

　

-

　

-

　

8

　

1, 82dihydroxy

anth raquinone (M n= 240)

241 [M + H ]+

　

223, 213, 195, 185, 167, 157,

139, 128, 121, 115

239 [M 2H ]-

　

211, 183, 167, 139

　

9

　

sucro se (M n= 342)

　

365 [M + N a ]+

　

203, 185

　

341 [M 2H ]-

　

179, 161, 149, 143, 131,

119, 113, 107, 101, 89, 71

10 scoparone (M n= 206) 207 [M + H ]+ 191, 179, 163, 151 - -

11 1, 42linked2pentagluco side

(M n= 828)

829 [M + H ]+ 811, 667, 649, 505, 487, 343,

325, 163

434 [M + K+ H ]2+ 353, 344, 272, 263, 254, 242,

191, 182

827 [M 2H ]- 708, 666, 588, 504, 444,

341, 281

12

　

t imo saponin A 2Ë
(M n= 740)

741 [M + H ]+ 579, 417, 399, 325, 273, 163

758 [M + N H 4 ]+ 741, 579, 417, 399, 325, 163

739 [M 2H ]-

　

577, 511, 457, 179, 161

　

13 kaempfero l(M n= 286) 287 [M + H ]+ 258, 229, 213, 185, 171, 165,

157, 153, 147, 137, 121, 107, 93,

69

285 [M 2H ]- 268, 255, 239, 227, 211,

187, 171, 159, 143, 131,

117, 108, 93, 83, 63

14 ginkgo lide A (M n= 408) 409 [M + H ]+ 391, 373, 363, 355, 345, 327,

317, 309, 299, 281, 249, 113,

426 [M + N H 4 ]+ 409, 391, 373, 363, 345, 327

425 [M + H 2O 2H ]- 407, 397, 381, 369, 363,

351, 335, 325, 307, 291,

101, 73

15 (+ ) 2catech in (M n= 290) 291 [M + H ]+ -

289 [M 2H ]-

245, 271, 221, 203, 187,

179, 175, 165, 161, 151,

137, 125, 109, 97, 83

16 paeoniflo rin (M n= 480) 498 [M + N H 4 ]+

　

480, 463, 341, 319, 301, 285,

197, 179

503 [M + N a ]+

　

381, 341, 217, 219, 205, 185,

179, 161, 151, 133, 105, 85

479 [M 2H ]- 449, 327, 121

215　The D eveloped M ethod

Based on ou r find ings, the fina lly devel2
oped D I ES I2M S m ethod is to ana lyze sam p le in

bo th po sit ive and negat ive m ode at th ree cone

vo ltages (10V , 30V and 50V ). 10V and 50V

cone vo ltages are recomm ended becau se 10V

cone vo ltage m ay help to m in im ize in2sou rce

C ID fo r som e un stab le com pounds and 50V

cone vo ltage m ay increase sen sit ivity fo r som e

com pounds. T hen M SöM S shou ld be per2
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fo rm ed fo r fu rther st ructu ra l info rm at ion w ith

the ion s of in terest and sufficien t signa l in ten si2
ty a t d ifferen t co llision energ ies, and spectra

w ith m ax im ized fragm en t info rm at ion shou ld be

reco rded. T h is m ethod has been app lied in ou r

research of S I2W U 2TAN G, a trad it iona l Ch i2
nese hem atopo it ics, and p rovided u s im po rtan t

info rm at ion on com po sit ion of its ex tracts o r

fract ion s[ 21, 22 ].

3　CONCL USIONS

O u r study suggested tha t ES I w as an effi2
cien t ion iza t ion m ethod fo r m o st p lan t m etabo2
lites from TCM s. A ll the selected com pounds

cou ld fo rm QM Is o r OAM Is under ou r experi2
m en ta l condit ion s. Som e com pounds ion ized

m o re efficien t ly in po sit ive m ode and som e com 2
pounds ion ized m o re efficien t ly in negat ive

m ode. T he ex istence of n it rogen atom and car2
bonyl group in structu re seem ed to favo r QM I

o r OAM I fo rm at ion in po sit ive m ode. Cone

vo ltage shou ld neither be very h igh due to sig2
n ifican t increase of in2sou rce C ID no r be very

low due to decrease of sen sit ivity. A nalysis a t a

series of cone vo ltages (10V , 30V , 50V ) w as

recomm ended. D esp ite the“soft”characterist ic

of ES I, in2sou rce C ID seem ed unab le to be

com p letely avo ided fo r som e p lan t m etabo lites.

N evertheless fo r a ll com pounds ob served, in2

sou rce C ID did no t im pede detect ion of QM Is o r

OAM Is w hen cone vo ltage w as 30V. O u r

m ethod has been successfu lly app lied to p rovide

qualita t ive info rm at ion fo r TCM sam p les.
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精密度水平可以满足地质样品的高分辨同位素
示踪及同位素定年的需要。
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