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Thermospray LC--MS--MS was used ta study a tatcchin misturc cxtritctcd from the tea plant (irrwlliu sittett.+i.\. Four major oatcchins, 
‘ - )-cpiwtwhin, ( - )-cpi~~llr~~ntl~hin. ( - I-cpicatwhin 30gallrttc. and ( - )-cpigallocatcuhin 3-O-gallatc wcrc quickly rcuognizcul in 
;hc mixture hy their [M + N)’ ions. Callission-induwd dissociation (CID) spectra of the [M + H]’ ions gave simple fragmentation 
patterns, which pcrmittcd charwtcrimtion of the substitucnts and the ring structures of the molcwlcs. Scverat rcprcwntativc flavonoids 
and their &Lwsidcs v;rc also studi& by thcrmospray LC-MS-MS. Their CID sycwtra showd three types of ring clcavu~es in the 
pyran ring of the tltt\onoids. ttnd diffcrcntiation among flawnone. llitvonc, and Hwonol WIS made. LC-MS-MS appcws to be the 

-#*(hod of choir for the ani+& of @ant tlaronoids including their glgcosidcs. 

INTRODUCTION 

The history of tea in China started as early as 
5000 years ago, when it was discovered as a herbal 
medicine, and some significant pharmacological 
and health effects of the tea plant, Cundia simmsis. 
have gained support from scientific research in rc- 
cent years. Catcchins, the main flavonoid constitLt- 

C~)~~r~.\~ortl~~[,~ IO: Yonc Y. Lin. NKj Institute for Rasic Rc- 
search in Ucvclopm~ntal Dis;tbtlitics, 1050 Forest Hill Road. 
Staten fsland, NY lU314, USA. 

cnts of’ C~~trell&r sifrensis, have been shown to be 
inhibitory against mutagenic and tumorigenic activ- 
ities [I-S]. ( - )-Epigallocatechin 3-O-gallate, the 
most abundant catechin in the plant. was shown to 
have a radioprotective effect when it was adminis- 
tered to mice 163. Catechins have also been known 
to have broad antibacterial and antiviral activities 
against hcrpcs simpiex, ieukemia, inRuenza and cy- 
tomegaloviruses. Two catechins, ( - )-epigallocate- 
chin 3-O-gallatc and ( - )-cpicatcchin 3-0-gallate, 
were found to inhibit WV reverse transcriptase and 
cellular DNA and RNA polymerases [7]. Although 
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the mechanism of the pharmwological elTects of 
catechins rem&s unclear, the strong antioxidant 
activity of catechins as radical scavengers might 
play some role [S]. Several polyphenols from plants, 
such as methylgallatc [9], 5,6,?-trihydroxyflavone 
[IO), oxidized polymeric compounds of caffeic acid 
[l I], and tannic acid [12], have also been reported to 
have antiviral activities. 

In connection with our interest in the study of 
structure and biological activity relationship of fia- 
vonoids [ 131, we have explored an effective means of 
mass spectrometric identification of plant flavo- 
noids by LC-MS-MS. Catechin mixtures extracted 
from Cutncfliu sinensi.s and several other plant fla- 
vonoids (Fig. I) were studied by thermospray LC- 
MS-MS, and we found that this technique can be 
used effectively for the identification of catechins 
and other flavonoids in complex mixtures. 

EXPERIMENTAL 

Materials 
A catcchin mixture was supplied by Zejiang Agri- 

cu!turirl University, Hangzhou, China. The mixture 

1. Whatechln (R,: t4, I?*: H) 

HO 2. (-)EplQatlocet~ln (R,: OH, R,: t-t) 

3. (_)Epkatechln 34IgaRate (R,: H. R,: Qatloyl) 

OH 
4.1~)EpiQallocalechin 34bQaMte (R ,: OH. R2: geikyl) 

b a 

5. Hespefktin (R: 6.Qa-~mnO-o-QlUcoSide) 

6. Apigsnln 

7. Kaemptxal CR, : H, R, : PI) 
8. Ouercetin (R,: OH, R,: H) 

0. Rutin (I’#,: OH. RP: 8.O-wmamna&Qluwse) 

was obtained by extraction of green tea leaves of. 
Cnmellii~ sitze&p brief?y as follows [ 145: the dried IL%. 
leaves were extracted three times with approxiinatr- 
ly 10 volumes of hot water, Catechins were precip- 
itated with CaC03 solution to separate them from 
the caffeine, redissolved in acid medium, and re- 
extracted into ethyl acetate. Evaporation of the eth- 
yl acetate gave light brown powders, which consist- 
ed mostly of catechins. Pure flavonoids were ob- 
tained from Aldrich (Milwaukee, WI, USA). 

LC-MS-MS 
Mass spectra were obtained with a Finn&an 

MAT TSQ 70 mass spectrometer interfaced to a 
Waters 600-MS HPLC system. For HPLC a metha- 
nol-water (30~70) mixture containing 0.05% trifluo- 
roacetic acid was used at a flow-rate of I ml min’ l. 
A Waters reversed-phase Cl8 column, 25 cm x 2.0 
mni I.D. packed with 5-pm particles, was used. The 
effluent from the column was passed into the Finni- 
gan MAT thermospray LC-MS interface. Colli- 
sion-induced dissociation (CID) spectra were ob- 
taincd at 20-70 eV collision cncrgy using argon at 
2-4 mTorr (1 Torr = 133.322 Pa) in the rion-linear 
collision cell. 

RESULTS 

The mass chromatogram of the thermosprsy 
LC-MS obtained with a 3O-pl injection of 1 mgfml 
of the catechin mixture is shown in Fig. 2. The re- 
constructed total ion chromatogram, bottom trace 
of Fig. 2, showed only four distinct peaks. The mass 
spectra of the peaks (Table I) all gave abundant fM 
-+ H]+ ions consistent with the expected four major 
tea catechins [Is], ( -)-epicatechin (m/z 291). (-)- 
~pi~llocatechin (m/z 3071, (- )-epicatechin 3-O- 
g&ate (m/z 443). and ( - )-epigallocatechin 3-0- 
gallate (ntfz 459). As clearly demonstrated by the 
mass chromatoqams in Fig. 2, the thermospray 
LC-MS provides mass spectromctric identi~~~tion 
of the four major catechins in the plant. In addition 
to the [M -I- H]’ ions, the presence of gallic esters in 
t -)-epicatechin 3-O-gallate (3) and ( - )-cpigalloca- 
techin 3-0-gallate (4) are indicated in the LC-MS 
spectra by the ions tn/: 275 and 291 derived from 
the loss of 168 u from the corresponding [M -5 Hj’ 



ion chrsmutogram. 

ions. Furthermore. in the CID spectra ions of HZ/: 
153 and 151 derived from galloyl moiety as well as 
the ions NT/: 273. 289 ([M + 1-L - 1701) derived. 
respectively. from the loss of gallic acid ( 170 u) from 
the corresponding [M + H]* ions (Table I) also 
indicated the presence of gallic esters. We have also 
analyzed the mixture with particle-beam LC-MS. 
but the results were less informative, because two of 
the catechins, (- )-epicatcchin 30gallatc (3) and 
( - )-epigaflocatechin 3-O-gallate (4). failed to give 

mokculw ions, only fragmentation ions (results not 
shown). 

In order to obtain additional structural informa- 
tion from fragmentation ions, CID spectra of the 
above [M + H]* ions were studied. The CID spec- 
tra of catechins consist of three types c;f cleavages, 
a, h and c, at the dihydropyran rings of cateehins, 
and elimination ions of the substituent at the ~-PO- 
sition of the ring. Fig. 3 is an example of the CID 
spectrum for the [M + H] + (mfz 443) ion of ( - I- 

TABLE I 

THERMOSPRAY MS AND CID SPECTRA OF CATECHINS AND FLAVONOIDS 

6 

7 
x 
9 

303( 1031 153(100) 

16S( IO) 123(58) 707( 18). 147( 13) 
lXl(l0) t39( 100) 233(4). 16317) 
165(S) l23(100) 291(47).z73(18). 153(14). 151(22) 
1X1(5) 13919(100) 307(17!. ‘X9(34), 153(14). 151(H%) 

177(68) - 

121(7U) 
- 137(60) 

- 465117). 3031 IOO), 165(7). 147(24). 
1’9(45) 

- 13?(70) 
~________ ______ _.___ - 
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Fig. 3. CID spectrum of [M + HI+ (ml: 443) of (- )-cpicattvhin 3.0.gallate (3). The CID spcwtrum was obti~intti using u collision 
cn&gy of 21 CV. - 

epicatechin 3-O-gallate 3. The spectrum is simple 
yet informative for the structure, and the assign- 
ment of the ions can be made as follows: m/z 443 
([MH*]), 291 ([MH” - Rr + H],, 273 ([MI-I’ - 
R*OH]), 165 (cleavage b - R2 + I-I), 153 ([R2+]), 
lS1 ([R: - Hz]), 139 (cleavage a), and 123 (cleav- 
age c). The CID spectra of other catcchins are in- 
cluded in Table I. 

Thermospray MS and CID spectra of some repre- 
sentativefiavonoids 

In addition to ca?cchinr, we also studied thermo- 
spray MS and CID spectra of some representative 
flavonoids: ftavanone, hesperidin 5; flavonc, apige- 
nin 6; and Aavonols, kaempferol 7, quercetin 8, and 
rutin 9 (Fig. 1). The thermospray MS of non-glyco- 
sylated flavonoids 6,7, and 8 all gave single [M -i- 
H]+ peaks with no fragmentation. The thermospray 
MS of two fiavonoid O-glycosides, hesperidin 5 and 
rutin 9 gave simple three ion spectra of m/z 611, 
465, and 303, which clearly represent the ions of [M 
-t t-r]‘, [M - rhamnosyl], and [M II rhamnoglu- 
cosyl moieties]; thus, both aglycone and glycosyi 
substituents in the molecules can be recognized. 
However, further characterization of the aglyconc 
and glycosyl components was achieved by the study 
of their CID spectra. As shown by the spectra in 
Table I and the structures in Fig. l, all catechin and 
ftavonoid molecules undergo facile cleavages a and 
produce n3l.z 139 with catechins l-4 and m/z l53 for 
flhvonoids 5-9. The facile cleavage a in catecbins or 
flavonoids can be attributed to the formation of sta- 

ble arylcarbonium and or arylcarbonyl ions, respec- 
tively. The cleavage Q ions, such as m/z 139 or 153, 
in the CID spectrum generate the diagnostic ions 
for the identification of catechin or flavonoid mole- 
cules in complex mixtures. Cleavages h were ob- 
served with catechins 1-4 and flavanone 5, but not 
with flavone 6 or flavonols 7-9. The absence of 
cleavage h in flavone or fiavonol may due to the 
presence of the e&un f-z;urated ketone in the pyran 
ring resulting in stabtlization of the ring bond be- 
twvcen C-4 and C-5 by the. extension of arylic conju- 
gation between the two aromatic rings. Cleavage c’, 
the cleavage of the bond between C-2 and C-3 of the 
pyran ring, is only observed with cdtechins 1-4 and 
Havono17-9, which have O-substitutions at the C-3 
position. Therefore, ditTerentiation among catechin, 
tlavdnone, flavone, and flavonol can be made by 
CID spectra. For a glycosyl flavonoid, rutin 9 For 
example, CID spectra can be obtained with either 
the [M + H]” m/z 611 or the ion of aglycone rtl[z 
303. From the CID spectrum of ml= 303, the agly- 
cone of the flavonoid can be characterized as a tla- 
vonol by the cleavage a @l/z 153) and cleavage c 
(W/Z 137), and additional fragmentation ions indic- 
ative of the disaccharide moieties are obtained by 
the CID spectrum of nz/z 61 I (Table I). 

DISCUSSlON 

Comprehensive information on electron impact 
@I) MS fragmentation patterns is available for the 
major classes of aglycone flavonoids; only when the 
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individual flavonoids are subjected to El-MS analy- 
sis, can their fragmentation be assigned and distin- 
guished [K-20]. Howe~cr, Aavonoids are usually 
present as non-volatile mixtures in plants, and their 
analysis usually must bc? carried out by GC-MS 
with their trimcthylsily? or pcrmethy? derivatives 
[21-241. K-MS with moving belt has been used to 
study Aavonoids under both El and chemical ion- 
ization (Cl) conditions. Under the CI conditions, 
the spectra provide only [M + H]+ ions for molec- 
ular mass information with little fragmentation: on 
the other hand, Et-MS has bcrn hampered by di?& 
cultics with high background contribution and no- 
table diminution of the molecular ion, especially 
with highly polar and non-volatile compounds f25). 
Fast atom bombardment MS has been used to 
study the glycosidic linkages in glycosy? Ravonoids, 
but it has provided little information on the agly- 
cone structures f26]. Therefore, the thermospray 
LC-MS-MS we have shown appears to be the 
method of choice for the study of flavonoids, in- 
cluding their glycosides, as complex mixtures that 
exist in the plant kingdom. 
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