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@Ff—7—F: 7O pRIRYU Y (Protoberberine), ®IIF454r (Fluorescence spectroscopy),
SEkE a7 Y57 (HPLC), ESI-EE4#r (ESI mass spectrometry),
F|EE (Amur cork tree), FiE (Goldthread), BR (Japanese barberry), ¥ (Huang teng)
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¥EE (I U#, Amur cork tree, Phellodendron
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Fig. 1 Structure of typical protoberberine alkaloids and num-

bering of basic protoberberine skeleton.

i3, —#ic 7o hXUVARY v (Protoberberine) & B
dh, EFEAZSDOEUTFiglicpaLieNv=<F v
(Palmatine), ¥ b vV Y (Jatrorrhizine), 27 F
v v (Coptisine) @ EMFSN TS, Zhod S b
NN CEIREERICE T BRI & UTIEL, %72,
HEELUNC O o 256 T 5 ZRAMMMPHEE, PHE
BLUOzhSottREHIcELT@ED SN TN S
(Grycova et al. : 2007), ZDHTH#E (F R 4H,
Goldthread, Coptis japonica 2T Coptis chinensis),
HA (X £%l, Japanese Barberry, Berberis thunbergii)
BUWITheEEE LTOFABETHSH, FFOT 0
ROV VDGR G & U THRBET 5 72,
HEELRIRRICEH K o getE LTER s TE 7 (LR :
1985, 1987, HlZ ¥, #HEER X UHdEdEES (757
) HHRES —FICHMAEROMEI & LT [ HHR
Mo IET—ANo B=Wo KL=, ¥ “fro ## 7, ®
A+l REARMIUM, KK o PURE+H+758k,
BT, HEEL T, (UTH ] SALPluEE L bIC
Flitsh, T, HRIILFRROBEARFHHEES
(1847 £8)1 [RR BB E ZHI D EnZEREnzy,
BICHREFICHRO LI EH D, Bt TR AL
BIEEMICRZIIZ0 ] LMD B (BBEE - L)1 :
1937),

e (Huang téng, Fibraurea tinctoria) &, 13§
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HEGIEEN, PEEE»SRET VTICMTTHET
5V 7 VR TH B, AFEE L THREDOHA (F
FRFM 0 1985) ITNA T, HEgEtE LTS,
lt, HEB O LM Gk T ORI ERISEmE SN T
W5 (Zhang et al. :2007), 77V ABEO IO VK
(Vw357 Y8, Columbo, Jateorhiza columba) &4t
ELLTHOOBRENLE 70 bR EHHEY
D—DTH 5,

—f%iZ, Ta bR VEEEH T AR E LT
BERRLZHINT NS, TOw, (LENLESITTIE
ZOEHEESTH 5N v OHH, Tz 0B
HEBNT 2 L T—RWICHELHMEIN S 2 L0
WO (RAH 21997, Tl BFH D 1997), L L7gAs s,
NN v O EBRIT 572 T, HEEEZhLS
D7 m FNUNY CEEREHEYOXBIZHETH 0,
T h o YR O FE X FI D 723 O Fiik % BT T 5
WENH B, Ta bR VEOMESTIINT S S
RUGHFOEMOMREEL EOREIF I TL S M
(Cahamare et al. : 2008), W\WFhOLEHEBIZE T
b E DD THEEDIM L7 S DIREMTH 5720,
JUbHEY D ATELS 2 IRE ISR BN & £ h 3 &K 0
FHOE BRI L BT, 2h o OF BT BLET
H 5%,

APIFETIE, ZhoDfkHEmIicEEh 52 RENT 4
Bo7o bR VEIZO O TS ER OS5 ER
FEZUREIC L, ROTERGEHEY TOREmh» S 0
I D 53 e E S © U HPLC I2 & 5 B 53 O 5E
BT ATV, GeRHEY) O BT I & 5 [5E © a]
REME AR L7co, & oIC ESIEBSFEEEM L,
HR iR T O XK ORI TR DR ER A 12, &5
AR NS HOE IS ICARI TH O (e K -
BEH - f % K 1 2010), PDA-HPLC 447 3% K5 D 4
ST ERZBICARTH 5, I 51T, ESIA 4 VLHEE
ST TR EDLDTHMEIT K BT BAEETH D, FELE
EDALEY T HNIZIR AW O BSHHLRR & 1 BB T B
Thd (ErK e 2009, xR ek :2011),
CITRINSHMFEEEH Lo FRARY V&
AREHEY O FE~ D H M ZE RS 2,
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2. £ B
21. # #

BEOW L7 bo X b—AAMb—AF L FTy
TE &5 (ESIIT-MS) (% Thermoelectron LCQ
(4 A VALEIE 4keV, A A VJEEE 60C) H 5 i
Bruker Amazon SL (A A VMLBE 4keV, 1 * VJE
MBI 220°C) AL, WIhbBA 4 v £— NTHE
L, MBS (HRMS) 3 HAREF JMS-700
(FAB) ZHuiz,

'H NMR 2~ %7 kL . Bruker AV-600 % f U,
CD;OD 12 T 300K THIRE L 72,

SO RN Z R 7 M VIE S T RET R R L
Shimadzu UV-3101PC #ffH L, RH A7 D
MEICIFIERT & v F 4 v PERAWLT,

AR MV @ Hitachi F-4500 =/ L 72,

EHKRA 7 o< b7 57 L EIKICIE Hitachi L-7000
BKE7SVZ A7 5%, PDABRHZEELT
JASCO MCD 2010 % H W 7o, E&ibBH i3 200nm-650
nm, HEESBEEIm TRUE L, #F7 LITEF
Cosmosil 5C18-Arll (Nacalai), #EjfHizid SDS (F
TYINVEREESF MY 7 L)/H.O/CH,CN (1 : 1) % KK
Iml/min THH L7,

22 A E

ALY il CREUEAR) % MeOH & b
g L THO

Hea7F v v sl FOEHEE) 220 M,

A V= F 2w (LR« 1976) 1 3o U KIRE (F
REE) Z# MeOH THi L, Bon7c@tms %
oLV azx 7574 — (BuOH:AcOHH.O =
7:1:2) ERHOTHBELI, 2V F U EERREL,
VEDOEREFE T T EtOH X b M L 7o HRMS
(m/z, FAB, m-NBA): [M-Cl]* Calcd. for C;H:NO;,
352.15649;Found 352.1549 (0.0 mmu); 'HNMR (600
MHz, CD;OD): 6 9.79 (s, 1H, H-8), 8.84 (s, 1H, H-13),
8.14 (d,J = 9Hz, 1H, H-11), 8.04 (d, /] = 9 Hz, 1H, H-
12),7.70 (s, 1H, H-1), 7.08 (s, 1H, H-4), 4.96 (t,] = 6.6
Hz, 2H, H-6), 4.24 (s, 3H, 9- or 10-OCHa,), 4.14 (s, 3H,



9- or 10-OCH,), 4.02 (s, 3H, 2-OCH,), 397 (s, 3H, 3-
OCHy), 331 (t,J] = 6.6Hz, 2H, H-5)

I by Yy (B @mk 1 1957) [ #E (PERE,
B E) AB EtOH THiH L TR, KA
L, Nal 2z T7m b RR ) RS K %15
2o TO¥ERMS NaOH KBS THIEL, BHI T
1%, EtOH o & B dh LT 3 v bl d 2157,
'HNMR (2 & 0 [/ UCn Mk E R T 5 MLl Rk o 2
ouNIVEDRBELLDTH -7, HRMS (m/z,
FAB, m-NBA): [M-I]* calcd. for C,HxNO,, 338.1392;
Found, 338.1398 (+0.5 mmu), 'HNMR (600MHz,
CDsOD: 6 9.75 (s, 1H, H-8), 8.79 (s, 1H, H-13), 8.13 (d,
J = 9Hz, 1H, H-11), 8.02 (d, /] = 9 Hz, 1H, H-12), 7.68
(s, 1H, H-1), 7.05 (s, 1H, H-4), 493 (t,/ = 6.6 Hz, 2H,
H-6), 4.23 (s, 3H, 9- or 10-OCH,), 4.13 (s, 3H, 9- or 10-
OCHs), 4.04 (s, 3H, 2-OCHy), 3.31 (t, / = 6.6Hz, 2H,
H-5)

2.3. FERAEHEY

WIS EEE L THRO D2, 2, Hk
BHAEHNTOAFBRHETH 5720, TE=DHITA
FLIbDTH B,
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WA Dk (ItEEERE)

Wk B 1 hEE (RMAEATREY)

Wik C: Wl (LighREEER)
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2.4, SFEBOIER

Yt tB 1 D VERK -

NRY v, N=Fr, Yha)orBlvtarFy
v RBHET L GRS Img & AR K 30mlISEE L, 5
%NH, /KK The L 7o#81h 0.1g (6ecm x 3.5cm) %=
L, 60°CT 1 BERGeta U7, Yetufffiidkieit, ik
TREE U7z,

THEE, HE, HA, MEEB LU oo s RPafad o gurt
R 0.2g % Bk 30ml 2438 L, 60°C T 1 B, ¢
Bk 2 Urc, & ofiiiic 5 %BNH, KiE#H T
% U7-4877 0.1g (6cm x 35cm) %2 L, 60°CT 1K
MIgeta Uic, Bufafafiidkobs, #WiRTEREZL <,

2.5. SFABORE

O AR ZR Y MIVB X OPH I ZARS MVORIRE @ N
WRY v, W= Fr, YhrUyPUvBLTaTF U
3EHE L x 10°M © MeOH B %2 Tz, BHEBE, |
#, HAR, MBI 10 RILEHE 2.5mg 55
%¥® (FA)/MeOH 03ml THii L, oMK %:2 %
DFFHREL T,

HPLC #Ek : BRI ZA R Y bIVRIEH O ER S
S T Hl R 201l & O TRIE L 72,

ESI-MS @ i : HPLC J%E M % # % MeOH T 1/100
WHRL, 10ul ZEBEAA VFEICEATES VT 2—
U a VIETHE L,

3. MIRELEE

3.1, 7O FNILNY VEOS SN

HOGEHEY TH 5 HEE, Bl, HKR, HEEL SN
JoVABELEENEFEL o bR VHIE,
F—DREAGKRERTENIRY » (B), < F v
P), Yrovyy (), BXUa7rFvy (OTH 5,
Fig. LIZiR L& 515, WFhd A~D D 4 HOEM» S
WHERMRY VEBED A, DBROD2, 3fL&9, 10 4L
I —TIVH 5 WNIKBREFEORKRERREEGT 261
T UREBILATH S, 7o bRURY VEELTE
o OFEMERUOHE SN BZRM SN TV 575,
R OREMZAEIE  GeBHEYIC I EIC I O 4 S EHE
BaELTashTns,

BYRHEY) O R R T INLE, Cho 4o T
O hAROLRY VERBRSF ORI Z R 7 R IVIE T #H S R
AR7 MVEMEBNCRIE L, £h o 0aRFENSREER
Nz, BB, NURY v, aFFyroRTERMEZEDE
TRV, S Frizao s RKRED SO MeOH
it (g - #% 2 1976), ¥ bhoyvrdEdEoTy ) —
IV S BERO FEIc L D Bl L (B - BR .
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1957), 7L< F » i3 'H NMR 8 X HRMS i & 0 1F
EHBT b0 THE Z EEHER LI (Wafo, et al. :
1999), %7z, ¥ boY v ik HRMS T3 k=Ric—
BT s EREME ONH, 'HNMR TEY bo Y Vv
IZHY 4 B E—2Z2mA T (Kim, et al. : 2000), V&
@ 8.67ppm, 7.59ppm, 7.04ppm iZ E—7 BERIZ Nz,
COE—7 3 EMEAE O EREARTH L a0
/N3 D H-13, H-4, H-1 iIZ#H2 L 72 (Hsieh, et al. 2004)
COXSITHCRBPEOMERMEEKEZTL LD TH -
7o, SoBAKHMINETH > 2/, UTORIEIC
FIhEv oy v rEUTHLG

NRY v, )= F v, Yhoyvrsiarss
oD MeOHEHKR (1x 100°M) &N 51T Kk 5 §efatl
fieB L, Bk KCHARRT PIVERE LI, B
PR K 7S & T HOEMm KR E O RIE T — ¥ % Table 1
KRl WTFNOBSBKRE EBEZEL, Fig 2A
IZR L2 & 512 265nm, 350nm 75 5 T 400-500nm 2
WX %49 B H5 A1 2R MVER Ui, otz
RE ST 5% b REEORPBKEINVNY v, L=
F T3 430nm fFEiIcBlflsnicd, Yho) 2T
13 440nm 3, I 7F ¥ U TRE SIIEKED 470nm
ffiE~D Y7 bR DH STz,

Fig.2B IZ 350nm ¥ & U 430nm THHE L7c & 2D H#
FREZANRT bV (FEH) 756 53bnm D FL%E €
=7 =L ARY MV (B 2R Ui, &4 &
bR EICB T AENERRER—Th b, NN &
2V F i 535nm IS H R ROEM K E R L, ik
ZAR 7 MUY 350nm i1 & 430nm ffFEicE—7 2 F
T2EFEFE—DARY MVvEBZ, 37F Y U TRE
FFBEREMIZ > 7 b LT 550nm fic@lil s h,
e ZR7 M VIZB TS, BINARY bV EFRERICE
WEADY T MERUIL, &2 TEMNE N ICHRS T
LS TITRIEART VAT a b XX VRGO fF
EERT D TH 5, FOLMELE KT 5 LN »
LV F U RIRIEROEEER LI, aTFL v
FB&Z 5 fFoHENBEER LI, —H, Yroyvv
BRTIRAT=E & ERE D HRERIME TH -7, &
D XD IR FICRBNARY VB EO b M EE
BIEOHEIZL D KRESENT B EER L,
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RURY v, X< Fy, Yoo rvBLUars
v ukisHE (33 mg/D) ERWTEHEEREBL, £ho
Pt DRE AR 7 DIVIE S CITHHERAR Y MV ERIE
U7zo Fig2C iR Lic &9 IRKHETINZ RS bV T
WFHDRSHZH O T 350nm i & 430-470nm £
WCIRI% 7R U, MeOH IS Ho~ T aJ R 338 0 W A
EREMICY 7 b U7, BT, a7F Yy V3BT ER
Bk b RIERANICRIRK Z R Ui, &Rt o
HWHARY bIV%E Fig2D, 2E 1R Uic, NuR) v &
PNV F O ANRY MLITBOT, BRI E R
350nm & 440nm i E—7 @B 5N, Fi, 520nm
HEICREETR Ui 7 F 2 U TREZRRZ MLD
E— 7 470nm fHEicBlh 3 & & &I, HEREN
550nm A ICZ8B S, NARY v, S F LIk
NN o WEREMICENS Z ENETH -7, F72,
Y hoyvre, B ERRICHICHERTREEN S
bOTHENL -7, ZDOEKHIT, MeOH BHICBIT 57
o MRLRY UG ORME BB R UM, K4t
755 CITHOERIR 2 R 7 MVIZB T 5 400nm FiE DB
PR K 7S & FITRIABRK O RFER~D Y 7 b &EUTHM
Qe ik S BB o i,

3.2, 7O MRILRY vEFREHEYEEEHMERD
S

WEE, W, AR, BB XU oy RTRRELIM
i & ORI S 5 IR tih £ D b D DORUX (K5 »
HIHERART FVERE Ui,

RS S Tk O ARG A X7 ML Figl ic
U7 BIURAK S S ITHOEFOL « B2 X7 M Lo
E— 7 E% Table 1 1IT8F3d Uic, BIIE & T G
ANRZ MIVTIIHAEREE GEBEA), PEPEHE (&
BEB) LHAREMBHRIVThLEZbOTHEULIL LD
Th-To MK TEVLI N S 350nm & 430nm {8
BRI Z, #BHORH 27 PV TR 10nm FEHE
DREE~NDY 7 bR D S, X)X VIRETRS
NIFERERBEOEE 2R Uz, —), HETIARE
(F#E A), PEE (¥#EB) &b 360nm ffif & 440-
470nm ISR KB Z R L, FiZ, PEEFHEICENT
400nm RO FJHEBEBOBNORHKE Y 7 bMEHETH
D, EDOYEHEMIC AN TREKS 2L I EERL



F1 To bR VHEB LN S 2 FOYRREMIC L 5 REEHEHEKO ST - 5.

Table 1 Spectral data for typical protoberberines and extracts from silk clothes dyed by the dye plants including protoberberines.

methanol solution (10°M) or extract dyed silk
A% )= VEER(10°MYET- I i Qefu A
fluorescence spectra fluorescence spectra
materials ) AT IV, Amax (NM) AT IV, Aax (nm)
/ concentration® . reflection
SR absorption spectra . -
R/ R emission excitation NS S/ ANV emission excitation speczra
excited at monitored & ATV
at 350nm at 520nm Amax (nm)
“ . N 350nm at 520nm Amax (NM)
(350nmfihie) (520nm¥%3t) HHEIEA: SR
(350nmfihiE) (520nm¥& Yt)
berberine 520 351 451 350 429 521 352 453 369 438
1x10°M
palmatine 520 350 452 348 431 519 357 452 361 434
1 x10°M
coptisine 554 359 469 359 466 550 370 482 373 472
1x10°M
j izi 550
jatrorrhizine nd.  nd 348 432 530 341 459 362 440
1x10°M ( weak)

Amur cork tree A
(Japan) 265

521 355 453 428 522 353 455 371 440
HEE A(AXK) 347
(5.6 x 10°M)
Amur cork tree B
(China) 4 265y 52 356 455 371 438
5% B () 519 357 53 347 28 0
(4.8 x 10°M)
Goldthread A
(Japan) 265
. 456 428 527 358 456 371 440
HIEA (HA) 523 360 > 348
(4.4x 10°M)
Goldthread B
(China) 265
. 542 366 472 431 543 361 471 375 445
FEB (PE) 349
(12.6 x 10°M)
Japanese barberry 265
B A 520 352 450 248 428 518 352 452 364 433
(2.0x 10°M)
Huang teng A b) 345
FEHEA 535 351 430 265 396(sh™) 525 458 365 438
(1.8 x 10°M) 348 428 355
Huang teng B b) 48
HEREB 535 358 433 266 395G 529 3 464 372 441
(4.1 x 10°M) 348 427 359
Huang teng C 2 343
HIEC 536 338 431 > 393 b 528 462 370 440
(2.5 x 10°M) 349 435(sh™) 358
Columbo
am R 521 351 451 265 396 b 523 347 458 361 434
(7.9 % 10°M) 348 435(sh®)
) The concentrations in parentheses were estimated values as berberine..
b Shoulder.
oo W, I VARBROBPART FIVITEBNT HFRRYZ PAVTIRID XD BRIEED S, FHEER

400nm FHE O FKAK S IC & 2 RSB R S Nz h, K EFEHUDOHRTH - 7,
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FLoOR, aT7FIUGE), Yo Uy ().

A:MeOH 75 DA i HIRIL AR 7 bV, B:MeOH IFH O HOERE AR Y bb (F24, 350nm ThHjkE) 6 & FHOGHIEZ X7 kv
(Behs, 520nm THUAD, C:H@MMmO IS Z2X7 M, D gOfiifodotRt « Ml =kom 2 X7 bb, EQetfif o3t

fR&EMZ 70 bR Y VHD MeOH IR B & QL AH T DA v BRI, K & HTH#E R R hb, XX v (B), 7Sb=

e Z X7 bV (£, 520nm TEBIHD B L CHOERE AR 7 L (£, 350nm (FEH) B X 450nm (B ThHik).

Fig. 2 UV-visible absorption, reflection, and fluorescence spectra of methanol solutions and silk clothes dyed by typical

protoberberines, berberine (black), palmatine (red), coptisine (blue), and jatrorrhizine (green).

A: UV-visible absorption spectra of methanol solutions, B: fluorescence emission (straight lines, excited at 350nm) and excita-
tion (dashed lines, monitored at 520nm) spectra of methanol solutions, C: visible reflection spectra of dyed silk clothes, D: fluo-
rescence three dimensional excitation-emission correlation spectra of dyed silk clothes, E: left: fluorescence excitation spectra

monitored by 520nm, right: emission spectra excited by 350nm (straight lines) and 450nm (dotted lines).

BREHMZ O b 0o 350nm B XU 450nm T
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520-525nm £ 245 @ ¥t & 350-360nm B K UF 450-

460nm i D 2R 7 R IVITE T B RIEHRK D
SNt Tho®DARY MVEREO VXY ») 5L
TF Utk BboLBBUR—H LI, —F, HEER
HTRRENEARY PVPHEFICEKREY 7 ML, 306
K EA 550nm fHic@il s n, F, B2z X7 b
WIZENT S 470nm (FEICE— 7 BB L7z, T D%




—— Amur cork tree A (Japan) #%¢ A (B%)
—— Amur cork tree B (China) & B (H#)
A —— Goldthread A (Japan) #:® A (B%)
—— Goldthread B (China) 38 B (B%)
—— Japanese barberry BX
~—— Huang teng B B
—— Columbo B UAK
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L T T T
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3 7a bRNUNY CEFYEHEY) B AR O S TR S K ORH AR T bb,
A:MeOH i DRI Z R 7 b b, BRAsffii O K4t 2 X7 bov,
Fig. 3 UV-visible absorption and reflection spectra of silk clothes dyed by the dye plants including protoberberines.

A: absorption spectra of methanol extracts, B: reflection spectra of dyed silk clothes.

B FTE O RGN Z R 7 bLE—F L, WEPER I
M D TH - 720

3.3. FObMNIANRY VEFEHEHDOHPLCIZX D
HER ST

7o kLR 2O HPLC 43 #7112 13l % © ODS i
FHRIZ SDS @ & 9 BB A F U iEk A BB & LTHL
BAFURTRI 0= NS T7 4 — AT A EIT&
DB MEZIT L TERMA[FEICE S (Masaki
etal. ©1982), Z I T, HAMHE (EEA), HTHE
PESEE (GEBEB), HAGERM (Had A), [ pE s
(## B), HA, #iE (A B, C “FM), Tor KX
it 2 O THRE U 7o i o O il © HPLC 43
W 24T - 720 BEIHIE pH 7 © SDS /K% i#k /CH.CN %
=M,

FEL T PN VG TH EZNIUNY v, b
<Fv, Yo YrBi¥arsF L o HPLC K &
2530 % Z O THT L, 350nm 1T 8 1 B I A Bl

MU, Fig. 5ICR LIc kAL ETIZTY ho Y ¥
v (D, arFrr (©), NIv=F v (P),
v (B) OIFIZE2ICHEEL TEIL, SRGERSIC
RHEWMETH -, £IT, FROEHNS D
%FA/MeOH T 2 L (Zhang « Lausen : 2005),
Z Ol H# %2 F VTR U444 i T HPLC 43047 217 -
720 FHHEE D 350nm ORI THELIc /7 m< b7
L3 Fig. 5 ISR LIz XS IC2NE N D JRHEYNIC & -
THEMTH - 72, K E— 7 ORI O ARG & O Hg
LD EERSERHEL, TORsEENoDE—27 D
R SR 7okt % Table 2 1I2F i,

WEET HAPES KOMEEE NN U FERSG T
Hoto, BIEGELUTHAETREELRD VT F v
Evhoy v rn@Evohichl FEETRZENSDE
BILMETH - 72, WD HARE & hEEICE T 58
V= F v EDOBS B EICHRE S TS (HE
5 11986, MfifrS 1 1987), Y hm UYL IZDONTHH
KpEEPEBETEODED Shte (e K« - s
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Columbo (2AVK)
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Fig. 4 Fluorescence spectra of silk clothes dyed by the dye plants including protoberberines.

right: excitation spectra monitored by 520nm (dashed line) and emission spectra excited by 350nm (dotted line) and 450nm

(straight line), left: three dimensional excitation-emission correlation spectra.
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Fig. 5 HPLC chromatogram of extracts from silk clothes dyed by the dye plants including protoberberines.

J, C, P and B indicated jatrorrhizine, coptisine, palmatine, and berberine, respectively.
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Table 2 Composition of typical protoberberines extracted from silk clothes dyed by the dye plants including protoberberines, deter-

mined by HPLC analysis.

dye plants

protoberberines (%)

JeEHEY)

jatrorrhizine

coptisine

palmatine berberine

Amur cork tree A
(Japan) 4
HEEA (HA)

Amur cork tree B
(China) <1
PEEB (FE)

Goldthread A
(Japan) 13
FOEHA (AA)

Goldthread B

(China) 4
HHEB ()

Japanese

barberry 32
HA

Huang teng A
HEEA

Huang teng B
HHEB

Huang teng C
HEHEC

Columbo
amlR

20

21

18

100

0 20 100

0 <1 100

4 3 100

18 21 100

0 17 100

0 100 <1

0 100 <1

0 100 2

a) Relative area monitored by 350nm absorption.
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Fig. 6 ESI -MS, MS/MS, and MS3 spectra of methanol solutions of berberine.

Targeted ions in MSn spectra were shown as (*).

A: diluted solution (1 x107°M), B: highly diluted solution (1 x107*M) indicating detection limit.
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Fig. 7 ESI-MS spectra of methanol solutions of palmatine, jatrorrhizine,and coptidine (1 x 10-6M).
Inset: MS/MS analysis targeted on their molecular ions shown as (*).
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Fig. 8. ESI-MS and MS/MS spectra of extracts from silk cloths dyed by the dye plants including protoberberines. MS/MS analysis
targeted on molecular masses shown as * corresponding to berberine (m/z 336), palmatine (m/z 352), coptidine (m/z 320), and
jatrorrhizine (m/z 338).
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Table 3 Composition of typical Protoberberines extracted from silk clothes dyed by the dye plants including protoberberines, deter-

mined by ESI-MS analysis.

relative intensity FHXTIHE (%)

JuEHiE
dye plants jatrorrhizine? coptisine® palmatine berberine
m/z 338 m/z 320 m/z 352 m/z 336
Amur cork tree A
(Japan) 7 (4) 0 29 100
HEEA ()
Amur cork tree B
(China) 4 (1) 0 2 100
HEEB (TE)
Goldthread A
(Japan) 17 (14) 3(5) 7 100
HIEA (A A)
Goldthread B
(China) 12 (9) 10 (17) 24 100
POEB (PIE)
Japanese barberry o
36 (33 3 21 100
A& @3
Huang teng A
22 0 100 0
PFUEEA
Huang teng B
18 0 100 0
HHHEB
Huang teng C
20 0 100 0
BEC
Columbo 100 0 80 0
b AN

a)
b)
c)
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3/50nm TE=F — Lt L E DR EERMTOKRE L
=g 5 &, Baaotr i< Fy, Yhoyoy
EPBRKIFMish b0 l, a7FY v TREBPE
BEER LI, Yo Yoot 4 LR UEER
m/z 338 IZIERILRY D B0 DIFFEIC & B Rk A A
v [M+2]" 23 m/z 336 DEEIZX LBLERATIC 3.02 %6 D
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The calculated values eliminating the contribution by stable isotopes of berberine were given in parentheses.
The values corrected for the relative intensities between ESI-MS in m/z 320 and HPLC analysis were given in parentheses.
MS/MS analysis targeted on the m/z 320 were quite different from that of coptisine.
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Determination of Dye Plant Materials Including

Protoberberines by Component Analysis Using
HPLC and ESI-Mass Spectrometry

Yoshiko SASAKI" and Ken SASAKI®
P Museum and Archives, Kyoto Institute of Technology, Matsugasaki, Sakyo-ku, Kyoto 606-8585,
Japan
» Department of Biomolecular Engineering, Kyoto Institute of Technology, Matsugasaki, Sakyo-
ku, Kyoto 606-8585, Japan

Plant materials including protoberberine alkaloids have been used as medicinal herbs and yel-
low dyestuffs since ancient times in East Asia. Amur cork tree (Kihada, Phellodendron amurense
and Phellodendron chinense) has generally been recognized as traditional protoberberine dye ma-
terial and has been easy to detect non-destructively based on the characteristic spectroscopic
properties of its major protoberberine ingredient, berberine. Goldthread (Ohren, Coptis japonica
and Coptis chinensis) and Japanese barberry (Megi, Berberis thunbergii) have also been recog-
nized as dye plants and include several kinds of protoberberines. Recently, Huang teng, which is
a Chinese local medicinal herb, was reported as a yellow dye in Chinese traditional textiles. In this
research, determination of dye plants (Amur cork tree, Goldthread, Japanese barberry, and
Huang teng), as well as their protoberberine alkaloids, was performed by high-performance lig-
uid chromatography (HPLC) and electrospray ionization mass spectrometry (ESI-MS) on the
basis of quantitative analysis of four major chemical ingredients, berberine, palmatine, coptidine,
and jatrorrhizine. HPLC analysis easily discriminated Goldthread by the presence of coptisine,
and Huang teng and Columbo by the absence of berberine. Whereas, Amur cork tree and
Japanese barberry were characterized by the presence of palmatine and jatrorrhizine in small
amounts, in addition to the major ingredient, berberine. Relative amounts of minor ingredients
such as berberine could be largely affected by their origins, which is useful for discriminating
Japanese Amur cork tree from the Chinese variety. ESI-MS analysis was highly sensitive to cati-
onic protoberberines, which made it possible to detect berberine in the amount of 107" mol/L
Microanalysis to identify plant materials including protoberberine alkaloids by ESI-MS and tan-
dem MS as an alternative to HPLC analysis was achieved by determining the relative amounts

of ingredients based on the relative intensity of their molecular ions.



