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Application of D irect Infusion Electrospray lonization Quadrupole
Tme-of-FlightM ass Spectrametry in Qualitative Analysis of
Sixteen Canpounds Fran Traditional ChineseM edicine
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Abstract: Direct infusion (D 1) electropray ionization quadrupole time-of-flight (Q-TOF) mass pectrome-
try was gpplied to analysis sixteen compounds from traditional Chinese medicines (TCM s). Characteristics
of these compounds in electrogray ionizationmass pectrometry (ESIHM S) and inM SAM Sw ere observed to
know the differences of ionization cgpacity and disciation characteristics of structurally different com-
pounds The observation indicated that in order to maximize numbersof constituents detected, it is neces
sary to analyze sample in both positive and negative mode T he existence of carbonyl group in structure
sean s to be a factor that favors the formation of quasimolecular ion (QM 1) or other adduct molecular ion
(OAM 1) in positivemode W hen cone voltagew as 30V , most compounds could form mass spectral peak sof
QM Isor OAM Is However, in-source oollision-induced dissociation (CD) seamed unable to be completely
avoided by altering cone voltage A nalysisw as recommended at three different cone voltages of 10v, 30V
and 50v. M SM Swasproved to be an effectivew ay to obtain additional structural inform ation because frag-
ment ionsw ere observed for all QM Isand OAM IsinM SM S T he developed method has been successfully
goplied in our study on SiW u-Tang Themethod is useful for quick qualitative analysis of constituents in
mixture samplesof TQM.
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The efficacy of traditional Chinese medicine
(TQM ) has led to research efforts both inside
and outside Chinal* **. The chemical nature of
TCM is akind of basically complex mixture of
natural products, the majority of which are
plant metabolites A crux of researching TCM
is to find out the compound or group of com-
pounds that is regponsible for the drug’s effica-
cy. If this goal was achieved, the quality con-
trol of drug could bemore efficiently performed
and new drugs with enhanced therapeutic ef-
fects could be expected However, searching
effective oconstituents from complex mixture
means large anount of work of chanical sepa-
ration and phamacological screening For such
a complicated, laborious and time-consuming
process, early and promptly acquisition of qual-
itative inform ation about the composition of ex-
tractsor fractionsfrom TOM smay help the re-
searchers to design the best research proce
dure, and therefore to simplify and accelerate
the research process

M ass gpectrometry (M S), with its high
sensitivity and capability of providing M r and
additional structural information'™!, is a very
mportant technique for qualitative analysis
Currently, the chromatographic technigues
coupled withM'S, such as GCM S and LC/
M S, have frequently been enployed to study
the composition of complex mixtures The ap-
plication of GCAM S is relatively limited due to
its critical requirement of sample's volatility
and themal stability'™. Contrarily, LCM S
has no such Imitation and has been successfully
used to analyzemany typesof mixtures such as
combinatorial libraries™ * and botanical ex-
tracts™. However, for TOM research, the ap-
plication of LCM S is still little, while GCM S
is frequently enployed to analyze the composi-
tion of essential oils

30V

( 10V 30V

Electrogray ionization (ESI) isone of the
most mportant interfacesemployed inLCM S
A n outstanding characteristic of ESI is that the
amount of internal energy mparted to generat-
ed ions is the lowest in all mass gectrometric
ionization techniques and an extramely low de-
gree of fragnentation is inherent to the ESI
process ®. A n interesting result of this' ft”
characteristic of ESI is that useful information
on composition of mixture sample can be ob-
tained using direct infusion (D 1) or flow injec-
tion (FI) methodw ithout chromatographic sep-
aration Theoretically, in such ESImass sec-
tra of mixtures, many of themajor mass ec-
tral peaks should be quasimolecular ions (pro-
tonated or deprotonated molecules) or other
adduct molecular ions (sodium, potassium,
anmonium adduct, etc ) of themixture s con-
stituents Thus, molecular mass inform ation of
the constituents can be obtained U sing mass
gectrometers w ith high resolution, elenental
compositions of compounds can be detemm ined
Furthemore, tanden mass pectrometry M S/
M S) can be used as an additional aide to eluci-
date the structure of compounds, through it
has the tendency to form structurally signifi-
cant fragnent ions**. D | ESIM Smethod has
been applied to analyzemedicinal plant extracts
andw ines’™ *°L

How ever, in comparionwithLCM S, D1
and FI ESIM Smethods have two major disad-
vantages due to the complete co-elution of all
sanple components Firstly, it cannot differen-
tiate isomeric ions Secondly, ion suppression
effect may cause ome constituents unde-
tectable™. N evertheless, a significant advan-
tage possessed by D | and F Imethods is smplic-
ity and gpeed of operation InLCM S, effort
has to be made to choose a suitable mobile
phase, which satisfies requirenents of both
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separation and ionization Good condition for
ionization is not aw ays good for separation In
contrast, no such effort is necessary for D | or
F1 Acid, alkali and other agents can be added
to help ionization as needed Furthemore, an-
other advantageof D | and F | is that observation
of an ion byM S can beperformed as long as de-
sired’™, provided the sample is of enough
amounts This is egecially favoring w hen per-
forming tandem mass gectrometry for addi-
tional information

In this paper, the agpplication of D | ESI-
M S method in sixteen compounds from TCM s
using Quadrupole time-of-flight (Q-TOF)
mass gectrometer is reported, which has the
potential of accurate mass measurenents The
compoundsw ill be analyzed in different detec-
tion mode and at different cone voltages M S/
M Swere perfomed for major quasi-molecular
ions or other adduct molecular ions detected
The finally developed method has been applied
to our study on Si"W u-Tang and provided use-
ful information

1 MATERIALSAND M ETHOD S
1.1 Cheanicalsand Drugs

1, 4-linked pentaglucoside and timosaponin
A -l were obtained from Professor Baiping
M a, and puerarin from Professor L in W ang
Sucrosew asof analytical grade M agnolol, fer-
ulic acid, astragaloside IV, oxymatrine,
catalpol, tetranethyl pyrazine hydrochloride,
1, 8-dihydroxy anthraquinone, scoparone, kae-
mpferol, ginkgolide A, (+ )-catechin, and
paeoniflorin were purchased from China N a-
tional Institute for the Control of Pham aceuti-
cal and Biological Product W ater treated w ith
M illipore w ater purification systen and HPLC
grade acetonitrilew ere used as sanple lvents
for mass pectrometry. A Il other agentsw ere
of analytical grade
1.2 DI ESIM Sand M SM S Observation of
16 PlantM etabolites

M ass ectrometric measuranents were
perfomed on a Q-TOF2 nanogray electro-
gray ionization tandem mass pectrometry sys
ten (M icromassU K L imited) w ith direct infu-

sion in both positive and negativemode Capil-
lary voltagew as 3 000v. M CP detector voltage
was 2 200v. Source tampreturewas 80 . For
positive mode analysis, compounds were dis
olved in 50% acetonitrile olution containing
Q 1% of formic acid For negative mode analy-
sis, compoundsw ere disolved in 50% acetoni-
trile olution containing 1% of anmonia Al
sanple concentrationsw ere in the rang from 5
to 10ng/A with the exception of 1, 4-linked
pentaglucoside, the concentration of w hichw as
increased to 40mg/A in order to obtain suffi-
cient signal intensity. The final mass gectra
were obtained by combining single-scan ion
chromatogram until the intensity of base peak
reached 10°or 10* counts ESIM Sobservations
w ere performed under a series of cone voltages
(10ov, 30v, 50v and 70v ) and collision energy
of 10&/. M SM S of quasimolecular ions or
other adduct molecular ionsw ereperformed un-
der different collision energy (not exceeding
708/ ), and M SM S gectra with maxim ized
fragnent infomation w ere recorded

2 RESULTAND D ISCUSSION
2.1 Detection M ode

For D | ESIM S analysis of mixtures, our
primary goal for method development is to
maxim ize the numbers of constituents detected
as quasimolecular ionsor other adduct molecu-
lar ions, at the sane time, minmize in-ource
oollision-induced dissociation (CD). From this
point,“ quasimolecular ion” and* other adduct
molecular ion” were abbreviated as' QM 1” and
“OAM 1", rewectively. The selected 16 com-
pounds cover most frequently seen structural
types of plant metabolites (see Table 1). In
our observation formation of QM | or OAM |
pecies of all 16 compoundsw ere detected (see

Table 1). But oxymatrine, tetramethyl pyra-
zine hydrochloride and scoparone formed QM Is
or OAM Isonly in positivemode, w hile in nega-
tive mode only weak and noisy peaks could be
observed Conversely, ferulic acid formed QM |
only in negative mode (see Table 1), and no
QM | or OAM | observed in positivemode For
( + )-catechin, magnolol, paeoniflorin,
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catalpol, astragaloside NV, 1, 4-linked pen-
taglucoside, sucrose, 1, 8-dihydroxy an-
thraguinone and timosaponin A -III, the relative
abundance of QM | or OAM | peaks in negative-
ion mass gectra was much more than that
founded in positive-ion mass sectra For
kaempferol, characteristic was the opposite

These demonstrate that the capacities of fom-
ing QM Isor OAM Is in two detection modes of
structurally different plant metabolites are
quite different Therefore, in order to maxi-
mize numbers of constituents detected, it is
necessary to analyze sample in both positive
and negativemode

Table 1 Structural typesand QM | or OAM | species observed of 16 compounds

No  Compound Structural type

QM lorOAM | gecies observed

Positivemode(m /z) N egativemode (m /z)
1 magnolol M n= 266) lignan 267 M+ H]*, 284 M+ NHa4]* 2656 M-H]"
2 puerarin (M n= 416) ioflavone 47 M+H]* 415 M-H]
3 ferulic acid (M n= 194) acid 1983 M-H]
4 astragaloside [V (M n= 784) triterpenoid saponin 78 M+H]* 783 M-H]
5 oxymatrine M n= 264) alkaloid 265 M+H]*, 529 [M+H]*
6 catalpol (M n= 362) glyooside 385 [M+Na]*, 380 [M+NH4]*, 361 M-H] ,
(iridoid glycoside) 401 M+ K1* 723 [M-H]
7 tetranethyl pyrazine hydrochloride  alkaloid
137 M+H]

(M n= 136)
8 1, 8-dihydroxy anthraquinone anthraguinone 241 M+H]" 29 M-H]

(M n= 240)
9  sucrose M n= 342) disaccharide 365 [M+Na]*, 381 [M+K]* 4L M-H]
10 sooparone (M n= 206) coumarin 207 M+ HI*
11 1, 4-linked-pentaglucoside oligosaccharide 829 M+ H]*, 434 M+ K+ H]? 87T MH]

GVI n= 828)
12 timosgonin A -IIl (M n= 740) steroidal sgponin T4LM+H]", 758 M+ NHal]* 79 M-H]
13 kaempferol (M n= 286) flavonoid (flavonol) 287M+H]* 285 M-H]J
14 ginkgolideA (M n= 408) terpinoid 409 M+ H]*, 426 M + NHa]* 425[M + H:0-H ]

(bicyclic diterpenoid) 407 M-H]

15  (+ )-catechin (M n= 290) flavonoid (flavan-3-ol) 291 M+H]* 289 MH]
16 paeoniflorin (M n= 480) glyooside (bicyclic ter- 498 [M + NH4]*, 503 [M + Na]* 479 M-H]

penoid glycoside)

A s generally recognized, alkaloids and
other compounds containing nitrogen atom have
tendency to for positiveQM | (M + H]") due
to the high proton affinity of nitrogen atom. In
accordancew ith this in our study, two nitrogen
containing compounds, oxymatrine and tetram-
ethyl pyrazine hydrochloride, gave base peak
QM 1 in positive-ion gectra and very littleother
peaks, whilenoQM lorOAM Iwasobserved in
negativemode Interestingly scoparone, acom-
pound does not contain any nitrogen atom,
showed the same characteristic It is much
more interesting to compare the characteristics

between (+ )-catechin and kaempferol Their
structures are very smilar with the major dif-
ference in that kaempferol contains carbonyl
group while (+ )-catechin does not ( see
Scheme 1 compound 13 and 15). In our obser-
vation, QM | peak of (+ )-catechin in negative-
ion pectrun (m/z289, [M-H] ) was base
peak w hile in positive-ion gpectrum only a very
weak m/z291 was detected, which might be
OM | ([M + H1") of it (see Figure la and 1b).

Conversely kaanpferol formed base peak QM |
(M + H]", m/z287) in positive-ion spectrum
w hile in negative-ion pectrumn QM | (M -H]
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m /z285) was not base peak (see Figure 1c and
1d). It seams that the existence of carbonyl
group in structure helpsQM I or OAM | foma-
tion in positive mode A n additional proof is
that anong the 16 plant metabolites all com-
pounds possessing carbonyl group, including
scoparone, kaempferol, ginkgolide A, puer-
arin, paeoniflorin and 1, 8-dihydroxy anth-
raquinone, formed QM Isor OAM Is in positive
mode (see Table 1).
2.2 Cone Voltage

W hen cone voltagew as increased to 70V,
the gectra of most compounds, in positive or

OH HO,

negativemode, show ed increased relative abun-
dance of in-source CD fragment ion peaks and
decreased relative abundance of QM | or OAM |
peaks A fev compounds such as kaempferol,
1, 8-dihydroxy anthraguinone and tetramethyl
pyrazine hydrochloride in positive mode, timo-
sgponin A -IIT in negative mode, and sucrose in
both positive and negative mode formed more
stableQM Isor OAM Is, and little fragment ion
peak was found at 70 oone voltage These
show that 70v ocone voltage cause significant
in-ource CD formany plant metabolites

Scheme 1 Structures of sixteen canpounds
1—magnolol; 2—puerarin; 3— ferulic acid; 4—astragaloside V; 5—oxymatrineg 6—catalpol; 7—tetramethyl pyrazine
hydrochloride, 8—1, 8-dihydroxy anthraquinone; 9—sucrose; 10—scoparone; 11—1, 4-linked-pentaglucoside;
12—timosgponin a-I1l; 13—kaanpferol; 14—ginkgolide A; 15— (+ )-catechin; 16—paeoniflorin

Generally as observed, decreased cone
voltage caused decreased in-source CD. For
catalpol in negative-ion gectra, the abundance
ratio betw een fragnent ion peak (m/z199) and
OM | ([M-H] , m/z361) peak was significant-
ly decreased when cone voltage was shifted

from 30v to 10v (seeFigure 2). However, for
most compounds, when cone voltage was de-
creased to 10V, the relative abundance of QM |
or OAM | peaks al® decreased and more back-
ground ion peaks could be seen, which indi-
cates the lost of sensitivity. M ore unfortunate-
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ly, for astragaloside NV, timosgponin A -III,
and paeoniflorin in positive mode, catalpol and
kaempferol in negative mode, significant frag-
ment ion peak sw ere observed even at 10V cone
voltage This deanonstrates that many plant
metabolites form extranely unstable QM Is or
OAM Isin ESI, and in-oourceCD are unable to
be completely avoided by decreasing cone volt-
age
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Fig 1 Positive-ion and negative-ion
mass spectra of (+ )-catechin and
kaempferol (cone voltage= 30V)

a—N egative-ion mass gpectrum of (+ )-catechin;
b—Positive-ion mass gpectrum of (+ ) -catechin;
c—~Positive-ion mass gectrun of kaempferol;
d—N egative-ion mass pectrum of kaempferol

2.3 In-sourceCID at 30V Cone Voltage

W hen cone voltage was 30V, significant
in-ource CD fragment ionsw ere observed on-
ly with magnolol, astragaloside IV and timo-
sgponin A -III in positivemode, ferulic acid and

catalpol in negative mode and paeoniflorin in
both modes The relative abundance of these
in-source CD fragnent ion peaks was lower
than thatof QM | or OAM | peaks except for
catalpol in negative mode and paeoniflorin in
positive mode, w hile the relative abundance of
fragnent ion peaks (m/z199 in catalpol and
m /z179 in paeoniflorin) w as higher than that of
QM | or OAM | peaks These indicate that al-
though in-source CD was unable to avoid, it
does not impede that most plant metabolites
form QM Isor OAM Is as base peak w hen cone
voltage was 30v. Even if QM Is or OAM Is
were not base peaks for a minority of com-
pounds, their QM Is or OAM Is signals should
not be very difficult to be detected

§ 100 <t
8 -
g e 2
] Bt
= o )
3 < i
ﬁ 50 g\' i
N s 3
g |3 Lo Q
2 ole | = 5
§ 100 g‘
K 2 b
-
£ S0t i ‘
(=2 -
$ 228 R
& 0 q | 0 i
200 300 400 500 600 700 800

m/z

Fig 2 Negative-ion mass gectra of catalpol
a—Cone voltage= 10v; b—Cone voltage= 30v

2.4 MSMS

For eachQM 1orOAM I, M SM Swasper-
formed to seew hether additional structural in-
formation could be obtained A s expected, all
QM Isor OAM Isformed fragnent ions inM S/
M S, with collision energies used not exceeding
70e/. Themajor fragnent ionsobserved w ere
listed in Table 2 Therefore, M SM S is an ef-
fective way to obtain further structural infor-
mation of QM Is or OAM Is For most com-
pounds, fragmentation pattern of in-sourceCD
and M SM Swere similar But for 1, 4-linked
pentaglucoside in negative mode, the fragment
ions in M SM S were m/z708, 666, 504 and
341, while in-source CD fragment ions were
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m /z707, 665, 545, 503 and 341 The reaon for the difference is not clear.

Table2 M ajor fragnent ions nM SM Sof sixteen campounds

Positivemode(m /z) N egativemode(m /z)
Nao Compounds
Precurr ions M ajor fragnents inM SM S Precuror ions M ajor fragments inM SM S
1 magrolol M n= 266) 67 M+H]* 239, 226, 211, 197 265 M HI 247, 245
2 puerarin( n= 416) 417 M+H]* 309, 381, 363, 351, 335 327, 415 M-H] 2905, 267
321, 307, 297, 267, 255
3 ferulic acid (M n= 194) - - 193 M -H] 149, 134
4 astragaloside V 785 M+ H]* 749, 767, 635 605, 587, 569, 783 [M-HI 652, 622, 489, 179, 161,
(v n= 784) 473, 455, 437, 419, 401 149, 143, 131, 119, 113,
107, 101, 89, 71
5 oxymatrineM n= 264) 265 M+ H]* 247, 205, 148, 136 - -
6 catalpol n= 362) 385 [M +Na]* 323, 203, 185, 155, 143 36LM-H] 199, 181, 169, 137, 127, 97
7  tetranethyl pyrazine hy- 137 M+H]* 122, 96, 80, 69, 55 - -
drochloride( n= 136)
8 1,8-dihydroxy 241 M+H]* 223 213, 195 185 167, 157, 239 M-H]' 211, 183, 167, 139
anthraquinone(M n= 240) 139, 128, 121, 115
9  sucroseM n= 342) 365 [M +Na]* 203, 185 M1 M-H] 179, 161, 149, 143, 131,
119, 113, 107, 101, 89, 71
10  sooparone(M n= 206) 207 M+H]* 191, 179, 163, 151 - -
11 1, 4linked-pentagluoside 820 M+ H]* 811, 667, 649, 505 487, 343, 827 M-H| 708, 666, 588, 504, 444,
(v n= 828) 325, 163 341, 281
434 M + K+ H]?* 353, 344, 272, 263, 254, 242,
191, 182
12 timosaponin A -1II 7TALM+H]Y 579, 417, 399, 325, 273, 163 739M-H] 577, 511, 457, 179, 161
(M n= 740) 758 [M + NHa]® 741, 579, 417, 399, 325, 163
13 kaampferol (M n= 286) 287 M+H]* 258, 229, 213, 185, 171, 165, 285 M-H] 268, 255, 239, 227, 211,
157, 153, 147, 137, 121, 107, 93, 187, 171, 159, 143, 131,
69 117, 108, 93, 83, 63
14 ginkgolide A (M n= 408) 409 M+H]H 391, 373, 363, 355, 345, 327, 425 M+ H0-H]" 407, 397, 381, 369, 363,
317, 309, 299, 281, 249, 113, 351, 335, 325, 307, 291,
426 M+ NHa]* 409, 301, 373, 363, 345, 327 101, 73
15 (+ )-catechin M n= 290) 291 M+H]* - 245, 271 221 203, 187,
28 M-H] 179, 175, 165, 161, 151,
137, 125, 109, 97, 83
16 paeoniflorin v n= 480) 498 M + NH4]+ 480, 463, 341, 319, 301, 285, 479 M-H] 449, 327, 121
197, 179
503 [M + Na]* 381, 341, 217, 219, 205, 185,
179, 161, 151, 133, 105, 85

2.5 TheDevelopedM ethod
Based on our findings, the finally devel-

ocone voltages are recommended because 10V
cone voltage may help to minimize in-surce
oped D | ESI™M Smethod is to analyze sample in CD for some unstable compounds and 50V
both positive and negative mode at three cone

voltages (10v, 30v and 50v). 10V and 50v

cone voltage may increase sensitivity for some

compounds Then M SM S should be per-
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formed for further structural information w ith
the ionsof interest and sufficient signal intensi-
ty at different collision energies, and ectra
w ith maxim ized fragment information should be
recorded Thismethod has been applied in our
research of SIWU -TANG, a traditional Chi-
nese hematopoitics, and provided us mportant
information on composition of its extracts or

fractions®" %

3 CONCL USIONS

Our study suggested that ESIw as an effi-
cient ionization method for most plant metabo-
lites from TOM s A |l the selected compounds
could fom QM Isor OAM Is under our experi-
mental conditions Some compounds ionized
more efficiently in positivemode and some com-
pounds ionized more efficiently in negative
mode T he existence of nitrogen atom and car-
bonyl group in structure seamed to favor QM |
or OAM | formation in positive mode Cone
voltage should neither be very high due to sig-
nificant increase of in-ource CD nor be very
low due to decrease of sensitivity. A nalysisat a
series of cone voltages (10v, 30v, 50v ) was
recommended Degite the* oft” characteristic
of ESI,

completely avoided for some plant metabolites

in-ource CD seaned unable to be

N evertheless for all compounds observed, in-
ource CD did not mpede detection of QM Isor
OAM Is when coone voltage was 30v. Our
method has been successfully epplied to provide
qualitative information for TOM sanples
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