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G245 (mass spectrometry) » #i&ERE (determination of chemical structure) *
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1. ZUHIZ

HEERANRY VitREEN B T o hRRY VT )
AaA NERBRSETEHFA HERRERITH 5,
N5 I X O BRSICRIBATRETH
(g2 K« {2 K 1 2012b, 2013a, #AH : 1997), #E#H
537 bR VEEESHET B REHEY A, Fig. 1
IR UTc 4 BRGr O ERSTIC & D AHEEE R ASHIBET dH 5
EERLUL (EarK xR :20122), &612, #F
BEICB L CERDGONIUNY Uizt d 3RS TH 3 ¥
foy Y ES T L O ERD S BAR-HER O E
HRENARETH B Z L2 RVIKEL, T OREMSLM
BEHCOWTHBHTE A EARLTER (A KS ¢
2012, Sasaki « Sasaki : 2013), AT & % EEHEEE I
FEEHBAK 7 o< 757 (HPLC) Ik 2 #kok

ENBETH S, ZOHTICE O TRIGUE RO KIRO
O I NFNRINS THEBHED T + b4 A —F
T VA tEiEE (PDA) X0 bHERESTBWEETH S
Iy haRTV—AF ALBESHT (ESIMS) DI
RADNEHTH S (e K- xR 2009, 2011, 2013b),
LD LADS, FRICBOTES S IHEICAETNEE
TV a4 FE4 i3 HPLC-PDA 75 & TZ ESI-MS iC &
DESIZRETE 2 600, XULMERZROIHEA,
Yrhay oy, 2= F UoRAEOMABRIZE TS PDA
HTIC & BHER E ESIMS I L 3k RICThEHET 5
HARELTEX 7 (ke K kxR 2012a),
AT, £, ESIEHRSMTICK T 2 E&MHEDM
EE2BRHELUTEKFIA S ) =V eBEELTHWS
HEEBF Ule Shizkh 7o MR VHOHK
s, X0 IEREICRYD Sh, FEHO [EE A RE & 78

berberine (B) palmatine (P)

jatrorrhizine (J)

protoberberine
backbone

coptisine (C)

K1 REHZTa bRXARY v TIVHaA KO
Fig. 1 Structure of typical protoberberine alkaloids
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DIBHDEMEENS, DT, LHERNLSDH
B Eh 2880 7o bRy VERPIZOVT,
HPLC-MS i 281z MS/MS iZ & D #& I > TOEH
i, I 51T, Th o ORIERST OERIISIFITIC X
D, JHESOREBXUHILEOMBREZE LT,

2. £ B

HEBMRE N (Phellodendron amurense ¥ & U
Phellodendron chinense) 3 Eb¥3E CRKIRM) X0 A
FLU, FEEREERLUL (Be K 2K 2012a),

AR R+ HUER L e R 7 26 4l 2 BB DUk
(KIT Collection) > &, HEHKREHT 2 &K (AN
324, AN. 374, AN. 460, AN. 466) RUHARAXEE
3 5E&¥ (AN. 406, AN. 416, AN. 513, AN. 529-5,
AN. 529-12) % o D% R7a o CICHIRBLEERT L%
R (SR 14 i) (N—7 120100 25Dk
DA 5 ) — VIR & RE I HE U7,

KA 7 o< 75 7 (HPLC) : Hitachi L-7000
BE7SY2y by AT L% MW, 1mL/min THlIE
L7z, PDA #5123 JASCO MCD 2010 %= 72,
717 L3 Cosmosil 5Ph-MS (Nacalai, 4.6 mm x 250
mm) &ML, BEHMHE LT, 001% ) 74 B
Bl % & ¢ CH,OH/H.O (1:1) %7,

BEMT . V7 baXTb—AF M- F 2V bTy
7E &5 (ESIIT-MS) i Bruker Amazon SL (A
F ALERE 4keV, A4 VIEERE 220C) 26#ML, B
A4 vE— FTHIE L7, HPLC-MS TIIBEIHHIZ 0.5
% ¥ /H,0-CH;OH (55:45), 715 L1 Cosmosil 5Ph-
MS (Nacalai, 2mm x 150 mm) Z{#f U7,

3. HRLEE

3.1 BARARUAPEERKHERLEEMLEVICLME
BICEFBZ 70 bRIVRY VRS D HPLC 247

Fig. 212, BB (HARE, JTEE) REEREX
L&k ANA06 (H AR, LA, AN466 (F
ERER, HRD B I UCBERERO HPLC IZXL 55
WkERER U, NURY v (B), 2v<F v (P), ¥
a2 r(DOE—=7BMhOERICE T B
N, =05 B AR OIC EEE O O A R
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Lo &61C, 3MOXLMERIZBNT, BRERT
BEAlEhIZHh_20E—7 X1 & X2 8B D 5N,
ZOMEDRIL AR Y b IViZ 350 nm 3 & 420 nm
EICBARNEZRL, 7o XX VEBEO ARLED
2, 3HLEDEEDY, 10 LICEMBREEFFORSICHE
DHDTH5 (Pavelka » Smékel : 1976), #-T,
holRdFhd 7o hRURY VEEKTH B Z E4ER
LU, BEAE V= F UvEEGTROREEKXER AN
466 IZBLTHBRIINE Z En S, NIURY VKD
BEEBEEZ oND, 12, BROEVBERRET
i3 X1 ORI X0 TRULINE =7 b Ehi,

3.2 EERKERICEITS ESI-MS 3

BREMTIZBI MR v, S FUrBLUY b
oYY rOESHRIZNENDOS A4 OiEEE &
LTRBEh 2, LHALEMS, EERGFONLXRY Vi
WEOTRDOLRERMKDOEEIC LD, B DS A4
v (M*, m/z 336) IZMZTm/z337T M+1) BXUV
m/z 338 (M+2) 12, 336 I LEhZE iR T 225
%, 3.02%DE—7 %RT, TD/YH, HERS=FER
EMOEESFTIE, Yo Y UV HROS A
(m/z 338) BARNVXNY VDO M+2 EELEDH, Yhay
U v DIEMETS &% R L 7S,

IhERRT B2 HEELT, EKH#EILAST ) -V
(CH;OD) %I HNT, S oscitkEzEK
FALUTHER%E 1Da v 7 b&EB B HikMH B, ¥
ol YroHDOH #E0KRRREM LT LZHEAET
H%, ZOEHO ESI-MS ORIEDKRIZ CH,0D %%
MELUTHWSE, Z0 OHZEEARERINTOD
BeEsd, CORBTESIER&SAETS> EY oy
VUDHFAF L DEEEE 338 5 339 N & 1 Da B
mags I ENTES,

BUCH ABERBEE S 4, CH.OD 27 & L THIE L
te854, Fig 31T/RL7ck 912 CH;OH Hc@illlah 3
m/z 338 D E— 713, CH,OD $TIREKFEDOHLELZ
FIRNRIURY v M+2 1IN T A M40 (338i12%
DEFBNG) &, HAREHRIhAY oYY sk
D3IPVDOE—7ITHETEHIENTEI, NIRY &
RIRRIC, scHalfE?ak#E (OH L) ZFffcisuv < F
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Fig. 2 HPLC chromatogram of the dye extracts from traditional textiles and standard samples dyed by Amur cork tree

(Phellodendron species) with Japanese and Chinese origins.,, and UV-visible absorption spectra of each peak

VDR FAF (B35 EZEDMFALI DA A 3B3DE—
JHERE ZOBETEMAL TN EDS, TOHR
PEWEBEICK I B m/z3390E—2 13 hoy v UHk
DHLDOTHBZEERLTWS, £/, CH,OD FTHl
U 7c 2RO m/z 336, 339, BLU 352 DHE
BRIEM 5SROIz RY st M ERIEY oy

337
in CH;0H
338 (Chinese)
A A
352 jn CH,0D
| 339 353 (Japanese)
in CH;OH
UU \ (Japanese)
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miz

3 HAER I PEHEFRRELEERO CH,OH 7 5 Ui
CH,OD fi# ® ESI-MS 27 bV
Fig. 3 ESI-mass spectra of extracts using CH;OH and CH;OD
from standard samples dyed by Amur cork tree
(Phellodendron species) with Japanese and Chinese
origins

V5%, b= F L 25% &, HPLC-PDA 53K
BIFER (2hZh4%E 22%) S131F—H Lk, C
DHERL D, P73 & B DHTICEKRFLELE
g 2 & THERETORSHLK AT AVE BHTIC X
DE[EETH D, ZOTa bRARY OB SO
HiAFE S HPLC i 53R 5 HiE L HFICHETH S b
DEEZOND,

3.3 XtRAEMICEF B ESI-MS 3 HrDER

AL E RN U CBAE M & Rk CH.OH 8 L U
CH,OD THili Uikt 2 5Ric, BHEMTIC &L 555
HROPE & FEMAEFENDISRIT DWW THRE Lo, =T
W RERREOHALER, [LRABER ANA6 I
L VERFRE R ANA66 DR D S D F ks D il
W D5 HTHSE B % Figd ISR U7z, ANA406 D84,
HPLC I X B2 TIRARARNY vz 2 &S Y
ba ) OorTR1LTY, IV F L iZ61%TH->7DIC
XL, YhoU o orosfta4  iciHbT 5 m/z 338
DE—=7 ENNVIF L OBTAF VITHET S m/z 352
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DOE—7 OX®RE IR, CH.OH ZHW728&, Th&
N 54%, 134% & K& fEi%" L, HPLC & ESI-MS
TY b oYY EFITRLVF VBN THERME
ICRERThMBBR SNz,

BLAREE & Bk i CH,OD # O CTRIE 2T - 72 & &
B, NLRY D MA2ICHNST A4 EDILEH
fevhn)VronfaAtrE—rneheh m/z 338
& 339 1B L TSN,  DFEE T 350 nm (T
BOTEM L HPLC 4#1ic X 2R &2z FEM (1.9
%) THY, Y)Y OFRICHHTIETH - 72,
T/, BB TRED OB L= F Uk E

Donke-in
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362 455 in CHyOD
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[P UNS— A
in CH3OH
= [
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AN.466 (Chinese)
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m/z
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Fig. 4 ESI-mass spectra of dye extracts using CH;OH and
CH;OD from traditional textiles
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SN2 m/z320E— 271t LTd CHODITL B
BERAESh, THbE/VTF VIZHNT S m/z 352
DOEEMRIGITEAD LU, ZHITHE-> Tm/z 363 ICHHL
DODE—=I7HBBRlISh, I THSN 352 DXNILAX
) AR X HPLC TR oMK R EFRMKTH D,
HPLC 4MiFic i U CH.OH F TOHE &5 TOME
OBAFMIE DALBEAROZZETY Fa Y VY,
V= F v EBTRRAIGETH - 7o,

Biko X512/ v<F v i3 OH # oD & 5 a5 fiadhik
FRERILBOWA, ARI DB ZEEOELE
+1Da DEHEHEEMAELE LI T TH S, #-7T
CH,OH el a N m/z 352 DE— 7 ii3, SI=
FrorRITBAEhEFELER»ERL, O—D0DXK
BHKREROHOMESEENTNE I EERELT
Wb, ZO&) kR EBAREREREER (Fig. 2)
BOTEAD ORI ENS, I ORFIRELM
BRHCREOMETH 5, 61T, m/z 324 ITREE
KBLWTOAEDOLNE E—7 B, ZOE—
713 CH;OD IC X 2 EARELZH|TIHEL, #Hicii m/z
3261ICE—=7 MY T hULT, ZORRIITHBATEESKE
EZOROER 24 G T ARG BEMET H I LER
To CHOERFEICL > THERT2HAFTHEDEEZ
5N 5, kDS O FERPEKRAE S > AN466,
SERENEBEZHEERTBOL TR D Shic, BIER
BRHC B L TREBEDKEE—D2H D m/z 368 DK
SHEEHELT, SO XD m/z 324 H B3 368 2R
TEES N BERBOEEFRIIBLTRR SN T,
HAKA S 2 0 idHERESXEZ MO IS UL g R
ICOABRHINEEDTH 5,

3.4 HPLC ESI-MS I & 35
HERABOMTORICY by vy, e FrB&
VRIVR Y SR A O HPLC-MS 5347 %17 - 72,
T3 0.1% ¥ H.0-CH,OH 2% 8 & L TR, 0.2
mL/min O #ETRIE L1, BRI Fig. 51T/ L7,
Hizid HPLC M4t & HA%, Y hoV vy, S F o,
NURY ONRIZEH L, T ZEhO5sF4 4 VIZkHY
T 5% m/z 338, 352, 336 DI X/ BT I TLTHES
ICHETE 7o, RMRORERIIBRHAERBEICEVL TS



Avoh, 7o, LVTHIZBOLTbHETRO UL EFRT
BitEh7 b= F o & I3RS B m/z 352, 32475 5 U
12 368 HD A A 3Bl 7L 72,

AL BB D IR & U TRIEFTREE R O 53T R %
Fig. 6 1Z/rL7c, Y by vy, »Nib=F o, NN
VITHYT A RERRIICENENICHY T 50 1 4 ~
et Eh, MRS BRI E R L, 51T, Bl
fESICB LTS ONEVWE—=7 & LT XLITHYT
ZARFFIERC m/z 324 D A & VM8, F 1k,
R UEER (n/z 352) Z/RT8H _OE—72 X2
FI4 9 2 (RFFEERIC B & N rc, AR RAES> 228
Xl £EX2ThHBI EERLI, 2O HHITMAT,
X1 OEHTIC m/z 368 %7739 X0 IZH 29 5 15 23l
Nz,

Z d & 512 HPLC 4347 THIMN S 1 7o UL B RN 4
1 ORMBS X0, X1, X245, HPLC-MS 2L b zh
Zh 368, 324 LUV 3B2OHBHEETIMWETH S
ENPoMER ST, FRORRITIHARLEGT S
ANA406 72 5 Mz E B 2T 5 AN466 ITx LT
ABvon, Figlioplickdicryboy vy, =
Fr, NURYYOE=7IZMAT, X1 & X2I1THY
TE5F A N m/z324 &Em/z352D< A7 = b

NIV F v

7ok omtiani, U EoREIAER, hEOK
RickoFEMEINZZENnS, X1, X2 &b9E, H
KOMZIZHES 5 TR ORIV U o O FEAT
hBrbDEEZ OGNS,

BRHEFTE R D X1, X2 IHYT 5509114 >~ m/z324
L3245 =4y bET B MS/MS M x4T- 72, M
BDHIZ4EDO 7o bXIVRY VEO MS/MS O #
Bb Fig. 8IThbLE TR L, m/iz324%%—% v b
LT3 X1, mz352%5—47 v bET D X2ORRI
fiihes (M—15] & [M—44] o7 a¥ 7 v+ v %k
Zteo FMEOERBE (I Y oY VY, N F U B
LURUWRY VDG fAF 2Ty bET B
MS/MS icB W T bl ohtc, [M—15] 45 I
M—44] 370 bXRXAUXY UEKDE LD 20D
CH,O %, 5@ CH; Dl (M—15) & o5itzh
M5 CH,O ol (M—44) L7z A A > OB EEITH
M43 (Fig. 9o THIZMH U D BHEEZFHO>RXILXY
v, VR F U, Yo Y itBLTHENIIASH
72o —J, DBRIZAF LY YFF VM (O-CH.O) %2F
TH5aATFVUTIRIM—28] OAMENESHh, B3
Ny — Vv E R LT, —RIC T e RRARY VO
MS/MS 12 & 3 53013 A BRO M ICk{FE9, 112D

e 11/ 336 (berbering) ===m/z 352 (palmating) == 1717/z 338 (jatrorrhiozine)
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Fig. 5 HPLC ESI-MS analysis of standard mixture of berberine, palmatine, and jatrorrhizine, left: total ion chromatogram,
right: single ion chromatograms of m/z 336 (berberine), 352 (palmatine), and 338 (jatrorrhizine)
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Fig. 6 HPLC ESI-MS analysis of dye extracts from green threads of Kasaya in Donke-in. temple
upper left: total ion chromatogram, right: mass chromatogram of m/z 324, 336, 338, 352, and 368,
bottom: MS spectrum of each peak
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Fig. 7 HPLC ESI-MS of dye extracts from traditional textiles with Japanese and Chinese styles
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Fig.8 MS/MS analyses of X1, X2, and four typical protoberberine alkaloids. Target ions were indicated by * and the mass numbers

were shown in parentheses

BB el U 7o S M T H B,

BRD & 512 X1 04314~ (m/z 324) (X CH,0D
BEFTOMTIZED 2Daml7c, ZHhiE=Ho0K
MREAROMEEXFT 5, —, X2 BMERKTIH
Y9 3 HEH (16 Da) DHMABR S i, Fi, Hijd
D CH;0D I TOSTICE D —DDRBMHAFEEFT 5
ENRINTVS, Thabb, XY vongFhh
DODRMENKBILZINI D EZEZLD0BRYTHE, —
iz 7o AR VEIZCERED C8 A I = LRHE
KBWTREBERIGEZ Y, EEEZETIZEBL TN
R VIEHE SR Kb s hich L EmE 5 2
B, L Luho, ZOMEGWIEEEEHETICBNT
DBLEVFHEL, D2 O EBEEE T TREPH,
COH 2B LT oA F4 v HIALEHIZE S

(Marek et al: 2003), £7#, ZD{L&Mid ESI-MS i
BTG4 4 05, #FTEOHEEZKHL
7ot fbE& & U Tt S h 5 (Dostal et al.: 2004),
HPLC D%, ESI-MS 75 5 TN AR 7 MV D
HREMSEZT, X210 C8 KB EIZEZIZL
Vo X2 DREELE LT, SYNIHREBILERGZTR
TOTao bRARY VBB EOBBRLEDOXY YVILAL
(C5) kML h/HENEEINSE, ZOBER
CH:OD H1iZ 8T m/z 352 5 353 ~® 1 Da ¥/ %
XFT 5,

ULoiERESEDLETRAIRY L ERU D REES
Lo ELTX], X2icx L THESh I HEE
Figl0 iZ/R L7z, X1, X2 EbBHRICK 2 HEHBILE
ZF T OAE DKL (X1I3E 572 5MKGHE) %
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B9 NURYUyB)EAaTFVU(C)DRREN Y-
Fig. 9 Fragmentation patterns of berberine (B) and coptisine (C)

BTHEBRLD 2ILEWTHD, BRECKIBILOMRLE
ZZoNb, X0 EFITH - &b HORIERFREERN
AHon, HEHM368 =R, ZHERARY Vit
B OBRFETAEMUCERRS 20302 F i
—HFOBESHMUCEERO N FhMTHYT 5,
¥ 72, CH,OD 1 T4 Tl 1 Da BRE O K% R
TDATH -7 WD ETD 5 7o HFEMS T A
HTH - 7eh, ZBHPKROH M SHMT L TRXANY »
MO OKEEEAERFOHEL D b X2 LRI/ VT F
DKL SN HEEEBZ DB YETH A,

3.5 FHILERMELBRFELOBR

AABRZ S e EENEE T 2 8R0S EREE
BHIM UTRRAFIC & 2 A2 X1, X2 O3RN v
BAERE Utc, 3B ORE T H ST & 0 FERER I
T, FHRZARZ MLT 530 nm AT ISR OB AT &
AL, HEZARZ MLIZHINT 350 nm & 420 nm 3T
ICE—7 ZRTHRERNRE Lic, BRIIEREDHTYH
BEhER, FRERELOERPIIHEMH O
BEh RO TRCHENHW oMK ERTH 5,
FEHR A Table 1t &, X1 E X208

X1

(X1+X2) 3k, ichrrboTEREIHLOIZS
B > THEM G B2 Shic, BITREBDE
s ELTRHO R IEHEICHANT, s bt
ShicHEIl, BEICXZERMBREX1+X2) 0% L
RAMEEMNED SNt, TD XD KERIIEET B Gk
DECICERT 2 ERE, BREZLE S CITRFRBLIC
B35t ERT 2 EREAEAMITERNLTELK
bOEEZOoNSIY, FEQOEMIRET S Z L1I3E
HThs, L LENS, HILESIERNERE—ER
BEOMENED OIS I &M, BIED S CITRERER
R U7 HLicBlT 2 e ERIETEE LRI AEETH
52 LEEIRT,

X1 & X2 OERIFOThOBETRHTE T ORI
sh, BABREPEBRICL2ZEIRZD SR
172 F72, HWIZX2>X1ThY, X2/X10lixBT:
R 2~5 OHPATD - 7248, Z OEITITRAE L OB
BHoNEM o7, X1, X2 Eb—EORFREICEL
THREE L SICEIC—EDHAETAHER LTS 6D EE
Zoh, REREERB LD LMESL S,

D X1 & X2 OHEKEROHEIINILRY ¥ A RO
O-CH.-O # & BB L TOBMLIIE & D RIGHDE L %

OH

protoberberine
backbone

N
‘ OCHj3

OCHj3

X2

10 BHESWHR» S/ SN X1 & X2 OfEER#E

Fig. 10 Proposed structures of X1 and X2 based on mass spectrometric analyses
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RBLI:bDTHEEDEEZL SN DD, ThoDRIE
B DB R A B & 2 B & & TIULE R 0%
EHT o REZWPONITEIEO—HENLS I, &
%, HLCBT 2 EREZEOBLA L & b ICEREH%E
B U CEEMICRET 952 PRETH %,

4. ¥ W

HPLC 471C & b RAEH L U 7o 3 Be Qe alopt i f i
MicgEn sy, HROBEREMICEThTVES %
RIEL, ZOBELERERMMTICKL DBRE LR, UT
ST LT,

1) HPLC-PDA ##ficB8 T, 7o bRIURY v D4
WEROE— P Eb 2D (X1 &X2) FEL

726

2) HESHICEWTCH,OD TO D R#T, R#h
DKFEE “OHDOm/z 324 DS E, KO KEE
—2FFD m/z 352 DS DR R Ui,

3) m/z 352 RS IKSMESIMS I & 570 F L0
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Table 1 Relative amount of protoberberines for berberine in traditional textiles

Relative amount of protopberberines® (%)

Sample Color Another dye Era (century)
X1 X2 X1+X2 X2/X1 J P B
AN. 529-12 Yellow None Momoyama (16C) 2.3 8.4 10.7 3.7 3.0 9.6 100
AN. 529-12 Pale yellow None Momoyama (16C) 1.7 6.7 84 39 2.1 5.2 100
AN. 406 Pale green None Edo early (17C) 1.9 49 6.8 2.6 26 6.9 100
AN. 324 Yellow None Qing middle (18C) 2.1 44 6.5 2.1 0.5 1.8 100
Don-ge-in Green Indigo Muromachi (14C) 34 6.3 9.7 1.9 2.8 73 100
AN. 406 Green Indigo Edo early (17C) 14 6.3 7.8 45 L7 6.1 100
AN. 529-5 Green Indigo Edo middle (18C) 1.7 5.3 7.0 3.1 13 5.8 100
AN. 466 Green Indigo Qing late (19C) 1.8 44 6.2 2.4 0.8 2.2 100
AN. 374 Red Safflower Ming late (16C) 29 12.7 15.6 44 04 0.9 100
AN. 513 Red Safflower Edo middle (18C) 1.8 6.9 8.7 3.8 1.7 4.1 100
AN. 460 Red Safflower Qing middle (18C) 2.1 10.1 12.2 48 0.4 1.3 100
AN. 466 (ground) Red Safflower Qing late (19C) 2.0 7.2 9.2 3.6 0.8 1.6 100
AN. 466 (flower) Red Safflower Qing late (19C) 2.4 76 10.0 3.2 0.9 1.6 100

a) Relative amounts were determined by HPLC analyses monitored at 350 nm.
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Kihada, (Amur cork tree Phellondendron amurense and related species) has been a source of
natural cationic yellow dyes used widely in East Asia since ancient times. Its major ingredients
are protoberberine alkaloids, which are easily and non-destructively detectable by their charac-
teristic fluorescence. We have previously reported a method to determine the provenance be-
tween Japan and China of traditional textiles based on high-pressure liquid chromatography
(HPLC) analysis of relative amount of jatrorrhizine and palmatine to berberine in the dye. In this
report, application of electrospray ionization (ESI) mass spectrometry (MS) to micro-level analy-
sis of traditional textiles and determination of the characteristic aging products of
protoberberines in traditional samples are described. At least two chemical ingredients with spec-
troscopic characteristics of protoberberines (X1 and X2) were detected by HPLC analysis for tra-
ditional textiles. ESI-MS showed that X1 had m/z 324 and two H-D exchangeable hydrogen atoms
and that X2 had m/z 352 and one exchangeable hydrogen atom. HPLC ESI-MS and MS/MS re-
vealed that X1 was derived from elimination of a CH, group from a methylene dioxy group on the
berberine A ring and that X2 was from hydroxylation of the benzyl position on the berberine B
ring. Total amounts of X1 and X2 increased with increasing damage and age, and could be used

as an index for time-related deterioration of traditional textiles.
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