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Abstract

Previous studies have demonstrated that the interaction between Arecoline
and Glutathione may be associated with the etiologic causes of oral cancer,
however, the mechanisms have not precisely clarified till present. The aim of
this study is to investigate and to clarify the possible mechanisms of the
interaction.

Initially, the changes of concentrations of both compounds in buffers with
pH range from 2~12 were quantitatively determined by HPLC. The results of the
interaction between both compounds in various pH values of buffer solutions
found that there were nearly nonreactive in the acidic environment, whereas the
significantly rapid interactive reactions were evoked in the buffer solutions with
pH>7.0, where we found that the concentrations of both compounds were
rapidly decreased within 20 minutes with non-linear patterns. The maximum
reactions were occurred at pH 8~9 within 5 minutes. However, when the pH of
buffers solution were higher than 10.0, a small portion of Arecoline could be
hydrolyzed to Arecaidine, thus the interactive reactions were found to be slightly
decreased.

Subsequently, the possible adducts formed in the interacting reaction were
then isolated and purified. Their purities were confirmed with HPLC.

Eventually, the adducts were further analyzed with LC/MS/MS. The results
of first collision showed that a major fragment mass of adduct formed in pH=8.0
buffer solution was 463 m/z; three major fragments of the adduct formed in
pH=10.0 buffer solution were obtained and their masses were 463 m/z, 449 m/z
and 420 m/z, respectively; the major fragment of adduct formed at pH=12 had a
mass of 449 m/z. Getting togather, from the data including those produced in the
second collisions at least of three possible adducts could be formed in the
interactive reactions and their chemical structures were determined. The possible
reaction schemes were also elucidated.

Keywords: arecoline, glutathione, interaction, adduct, reaction scheme.
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9.0+0.05 ; 10.0£0.05 -

(3) FJUpAc -+ A LS 100 ml -

P

PH=12.0. 48 (FS A

S

(1) % 100 ml Milli-Q 5 -J<f[ 1)1 & &4
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B : Milli-Q

2-1-3-8 VW EEAEES (Rotary Evaporator,)
4 © PANCHUM
B : RE600

2-1-3 -9_% KFP, WH=YS (Supersonic-oscillator)
F4R © DELTA
[ : DC400

2-1-3-10. = F& P4 A f[l[ T Ok A g AT @'T% % (High performance triple
quadrupole mass spectrometer )

2-1-3-10-1. HPLC Fip%il @ Agilent
F(Pump) I Agilent 1100 G1312A
FIEPZ 5T H (Auto injector) B : Agilent 1100 G1329A
EHTHTRIEFT (Column oven) %I : Agilent 1100 G1316A

T Column ) Hghfy © SUPELSIL
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EJ9f ¢ LC- CN (3um), 150 x 2.1 mm
2-1-3-10-2. ’?’TFF, 7 Mass Spectrometer

AR AB Sciex Intruments 5%+ AP14000
2-2 HrRw
2-2-1. e =g pe T T 0 Rl P 2 R
B i 1 [l pH [lF[1 Arecoline =* Glutathione I/ [ti] % v "= [Frk

Eifgh(" pJ[FW }Iﬁ]’ SR Y Arecoline = Glutathione 75 [l W‘? [ﬂ pH [

~ - |
=

55 WI£% 2.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 12.0) [/“»‘EF?:(?T’WQHI » A
37°C?H§§y%f[®7;§20; JE E 5T HIFH] HPLC & #1k A B FHEE! Arecoline
= Glutathione [ E! -

B (DA IVEE T (5.0 £ mole/ml) [IU Arecoline (HBr salt) 7l
Glutathione fF'W\ﬁ S 1FI~EABIFI§J§+7 [fil pH. {0 A e
Tl

(Z)A%%F?Jifiﬁ\]fﬁpfj_: E}%#ﬁfﬁfﬁ?‘ 37C 7%3@%%{[[5’% 20 55k -

(3). > s F U INHCL flias - -

(4).Arecoline #[I Glutathione 55 l|[ffi ™| ﬁ FHAAT T BRI Ve )
St R T

(S)- P51 ARV 3% > S5 HIPK Glutathione HUET: I?@T [Filp

pH 7% rEQJET I Arecoline F[13E 7=~ &> &/ i F |1 Glutathione [V

11



S ENAIE -
(8]

PH=2.0 : ™ [ [~ # Iz BT
PH=4.0 1 5.0 : fjl™ [T
PH=6.0~10.0 : i |GHAF EIH ;

pH=12.0 : fii ™ |53 [~ F060 ﬂufkﬁz

T I

o BN

2-2-1-1. AR 1)
E| ‘pEN DV Arecaidine Fﬁ*[ [r[ ]EHJ: U‘L Arecoline

FHAS Arecoline 4 £

I A

>

|

-l

I Arecaidine p F
FH] HPLC (LC 10AD,SHIMADZU) [ilfff | 1Ei= 57

Fean -
gy Puroshere RP-18(5 1 m), 250 x 4 mm (E-Merck)
Aarilas - UV AgEs

LA 005 MBS BV k(] 4 F] SmM PIC BY)

pH=5.0/Acetonitrile=85/15

Jfi3f © 1 ml/min
7]%{5@{,‘5#[ : Imidazole

FHES PR 0 UV 215 nm

2-2-1-2.%:‘&%ﬂqﬁuﬁ£u§[ji@_’ :

12



%% Glutathione 7 UV 215 nm ™ &7 5k fifl > Frsr%”“ A A 2
frENE S B
RO 2L L 3 S (Spectrofluorophotometer  RF-1501,Shimadzu)
()R 0.1 ml [ e | pH=2.0 V[ SRR A
BlZ 10ml -
(2)F 2 () D AT 0.1 ml 7 18 ml pH=8.0 BFZ Tk
([Jfl JSmMEDTA)?FiF[f:f =, FPT 0.1ml
OPT(o-phthaldehyde;1 mg/ml, MeOH) 4" 2% 3Elf| 17 IFF’;»PE[ 15 5 o
(3).F pj ™~ it ™ A FE M R 350 nm = 420 nm
KPR -
(4).F|[F'| =1 EL% Ay Glutathione ( 0, 0.25, 0.5, 0.75, 1.0 » 1.25
ug/ml) 3 [ BRI ™ (i AR ) S5 T AR ST

LV TR e RS Glutathione [ o

2-2-2. PRI R PET H T pH=8.0 711 12.0 5% ﬁﬁ?\f&ﬂl Ve

F'1 Arecoline = Glutathione [ fHJfu % = (=5 [pur 1 @%ﬁ;ﬁu;ﬁl{ pH
[ PR IEpAEfRIF 1 Arecoline iﬁﬁ%‘ Glutathione fiVEl fg_ﬁlfd[ »EL > Bl =73 pH
il 4% 5.0 E\jj Areceoline = Glutathione £~k |~ Ty » ?I[ pH=8.0~9.0

5 Arecoline Frifff i Glutathione [IVE} & %o fﬂgﬁiﬁﬁ?@ﬁg pH=12.0 [

13



Arecoline El’?‘JF[J\%fE[ZHT Glutathione [VEH =71 22t pH=8.0 E\jj flefiurp o Bl
7T HIF 8 pH=8.0 1 12.0 #1145 Arecoline 71 Glutathione ¢ 7 ¥

HIpVE] T;E[?j T, o

HE (D). FEIVE R A (5.0 ¢ mole/ml) [V Arecoline (HBr salt) I
Glutathione 5E#| = FEER-IH 177 5] ]H[Jif'd&“" pH=8.0 V5% E"ﬁ%ﬁz
FIpH=12.0 IV £ 5 l'“‘f:%ﬁ@ﬂ'iﬁ?rﬁfl o

() E I AR SIS 3TC AR -
(3)-53 7~ 5T 1,2, 5, 10,20, 30, 40, 50 A1 60 53 & - 2 PRk AT

5V 0.1 ml ~ k&S Arecoline ~ Arecaidine {1 Glutathione [l £ &

EHHIE
(4).bI FI HPRPEEV 5 4 mole/ml fi) Arecoline 5] IH[H?T?E?\ pH=8.0 V&%
% [ 'Fk\ﬂ‘z%p pH=12 V&4 ‘éﬁ@ﬂuﬁ»ﬁzﬂﬂ " Glutathione %7 F

T4(2) (3)pur E R Arecoline A1 Arecaidine [ F o

2-2-3. MEMBEEAPEE Y pH=8.0 ~ 10.0 7 12.0 FETRkH 11l 55 B
A5 5)
£% 1 5P Arecoline == Glutathione I/ fti] % ey [ ’"?/T;E\IFA?"E ElEEE

&4 ol il pH=8.0 ~ 10.0 ~ 12.0 %’%@ﬁﬁ?fﬁﬂlé{?ﬂz} R | R e F{ H

FlelE 50 = R ASRI A o HPLC 22 7 > s iy Pas o

14



HE (D) AEIVEEE EA (5 mmole/ml) [V Arecoline (HBr salt) 7!
Glutathione fﬁ[’ﬁf* = EEEE S STRINRAT pH=8.0 ~ 10.0 VGRS E
Tkl 5 pH=12.0 FITHS i3 S5

Q)R HHE IR 2T T30 Si S - RS R = 1 o

(3).911* 20 ml Ui 95% EtOH AT =il 3 53 S~ E b P71

FULTe o PR VRGTSEIRC Vedfef [ 30 ml SRRy PadLl
IR vk

(4 HenEEIR R IR O RO ER -

(5)-F| ek YRR T ml Mini-Q 77 'J‘if‘ﬁj’i R 2
TR AR Y 0.1 ml [ Mini-Q <48 = 1 ml > §|I'] HPLC ;£ )1
RY PPN T o

(6).% : HPLC (L-2130 » HITACHI)

AT © LC-CN(3 um), 150 x 2.1 mm (SUPELOSIL™)
ol - 4 = A PRI 1A A (L-2450 > HITACHI)
FEEAE 1 Mini-Q H,0

il ¢ 0.1 ml/min

Alfs il < 190 nm

2-2-4. LC/MS/MS | EAEif fren g Pt | T ipny Popy 55 = g1 01415100

15



SR 2-2-5 7 ] pH [ 65 (53 B 1 Vb4 FJF | LC-MS-MS

WP 5 R

2-2-4-1.LC/MS  #] :
B B ¢ HPLC (Agilent 1100)
AT+ LC-CN(3 um), 150 x 2.1 mm (SUPELOSIL™)
W 020
FLEAAEL 1% HCOOH
=5 D 10 ul
. 3l ¢ 0.1ml/min
]EET £ 25 min
’?ﬁ%% : (AP1 4000, AB Sciex Intruments)
}ﬁﬁﬁ%‘ﬁ@' : 100~600 m/z,amu
}ﬁ*ﬁﬁiﬁﬁﬁ 1 0.4 sec

16 i 1450

2-2-4-2.MS/MS I il
ﬁ%% : (AP14000, AB Sciex Intruments)
jﬁ'ﬁﬁﬁﬁﬁl : pH=8.0 V[I5%%7 : 463 m/z,amu

pH=10.0 7 y[iay%7 1 420 m/z,amu

16



pH=12.0 7 y[isy%7 1 449 m/z,amu

AT < 0.4 sec FEFEE 450

17



\T v

3-

i

I

1. A== PR [ s IV [l 2 R
B R 7[Rl @ 1 Arecoline %= Glutathione [ fiff & = (=7 Fri

o Bl [ EJI?”IJ » Rl DR Y Arecoline =2 Glutathione 5] H[pr'ji/‘j fﬂJ

pH ffi(FM!55 H]I £ 2.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 12.0). ?‘fﬁﬁ?‘fﬁf[l’f’

B 37C AR 20 S8 > FYSTHIFIR] HPLC Mk g F R

Arecoline == Glutathione IV &} o

3-1-1. fEAgRA et s 3 BRI L -

F|JH'] HPLC 3%/~ Arecoline #[! Arecaidine EJFAIEHEU_L"TEP%\I FEH
Arecaidine ~ [* %E[ Imldazone I Arecoline it&“;plﬁ 55 HIIES 1.957min
2.601min A 4.119min(ﬁ%ﬁ' 4) o M7 IR T?i%??‘fifﬁj?ff’? Arecoline #I
Arecaidine E Fr i VA Bl ; 1&?“@ st s FT,J [ ﬁ'l?ﬁ =BT WIS

r=0.99988 ([l 5)% r=0.99994 (! 6) -

3-1-2. [ Tep JFA[E" HIE
HIHEA A R FHIIED Glutathione 2# OPT HR8 £ PrRTRO 5]
% > F|f'1 Glutathione T—?ﬁéiﬁf&ﬁﬁﬁﬁiﬂiﬂ ' Glutathione iy F » A

DRI I YRR G AR BT HIES £ =0.9995( 7) -
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F'1I'] = Arecoline = Glutathlone =R [[INERAA éﬁfﬁ?ﬁ pH {7 P
@1 Arecoline iﬁﬁ%‘ Glutathione [N El fg_ﬁ"é ‘P& L= pH iR 5.0 EJJ‘
Arecoline = Glutathione #$~"kLi<E |~ gy » FJI pH=8.0~9.0 Eﬁ Arecoline HT
JF[F 4 Glutathione [IVE! & % » ] [N%;ﬁ;‘?[ﬁl ¥ pH=12.0 [} Arecoline Frif]}
1 Glutathione [V E™: e !® pH=8.0 [FjfoI [0 "D (' 8) - El[ Glutathione
H I ﬁ;j [rl H pH |1El§%rﬂ7i‘q 1 Arecoline [ 1355~ 2> %15 Glutathione
EJFA‘[EHEUJL'“EE%J 27 Glutathione FIJF Ias ,*Ej? ffl Y pH [z Bl 2 P

S () 9) -

3-2. A= bt [ e pH=8.0 A1 12.0 % ﬁﬁ%fﬁﬂl VEh s

FJI Arecoline - pH=8.0 [I7% ﬁﬁ%ﬁﬂl? Fi Glutathione F/B~ k& » H F
BT @ g i RS (0 10-A) 5 (LT pH=12.0 PURE k]
Arecoline JI5" il & & F R TR 2 LR D AR
Arcaidine fiY F f e > TR TSRy 2T SLER SRR 10-B) o T
Arecoline %® Glutathione V[ = (=5 [iUdf REmmk 4 FA[ e~ U[?% 5%
F o ?" pH=8.0~9.0 {5 Arecoline Frif 4 Glutathione [(VEHE 2 > [ 7 fijdFs
feE(4-py pH=12.0 E\jj Arecoline ’?I’ﬁﬁ]%fiﬁl— Glutathione [IVE! F=7 JaliFr® pH=8.0
TR D - )3 BB pH8.0 A1 12.0 FEETAYE 3% Arecoline 7!
Glutathione ¥ =1 [EH|f JE*J [EASUL: %[ﬁ o gt SRR & F | Glutathione + pH=8

f [

19



fio Tl 1 Arecoline 19} £ @ R g RESET 10 F SRLLT LR 2 6 6 10
T D 11-A) 2 7 pH @j=1z.o [ i1 Arecoline 1973 B - @1 B ™ T
HJSET I S D (ELRLR D pu Rl b= pH=8.0 iV Tkl e D (' 11-B) -

(¢-pH=8.0 5 fﬁ%f&ﬂlﬂ Vg R B e e TR R

ﬁ’lJfQL_JEJ EH%&L’@T;E\ v ST Ef’%ﬁum 10 55 %@%}LH\@ ,j(quyl 12) -

3-3. FEMP = 2| 15T pH=8.0~10.0 & 12.0 5% ﬁﬁ% L AR E N
[P S @?ﬂﬁﬁl A B pY HPLC 3% /5 55 #1 Arecoline =2
Glutathione Vi@ pH=8.0 ~ 10.0 ~ 12.0 5% ﬁﬁ%ﬁzflh—ﬁ* W= ’GV‘%EDTF’?
N RIS EC RN g%’?ﬁ%ﬂf[ I 41 Arecoline == Glutathione ‘JDE";’?}’JWWJEJI‘F
PH=8.0 [ £ 6.62 5T 4A([A 13) 7 pH=10.0 [ £ 4.55 534 ([j 14)~ 7% pH=12.0

K ES 7.90 53 (I 15) -

3-4. LC/MS/MS | EAZM =g e p | s pisb Popta 55~ Bl
3-4-1.7% pH=8.0 %@ﬁﬁi?‘zf[ PRGOS S LR =S ERIGECE

+ pH=8.0 7% ﬁﬁ%f&g[h—ﬁ* T e E/F"%Eﬁffrﬁ; PRy P R
LC/MS pusgi] - @%ﬁgﬁwﬁi 14.07 5564 17.52 ;568® qu,rh%w;;l(qal 16) » &
TVEICJH & 463myz 197 il T (1 17,18) « F[f't MS/MS J3#r iy
463m/z [Adduct]” > 55 I+ 334m/z [Adduct — Glutamate]” ~ 188m/z [Adduct

—GSH+S]" ~ 156m/z [Adduct— GSH=Areoline]" (i 19) - FF['Y%‘JE[J Arecoline
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== Glutathione 7+ pH=8.0 7% (ﬁﬁ%ﬁ‘zf[l RSN E}"EJFI‘F’J‘ZX%L_ 463m/z °

3-4-2.7 pH=12.0 SRRk 17 4 0 (0] g ing 2 [0

i+ pH=12.0 %E—ﬁﬁﬁﬁifhégﬁ? =[BRS TR i & sy Al
LC/MS [l R 12.57 ST 1470 53502 18.55 5788 € i
T 20) » T 12.57 5TEEFA1 14.70 53500 2 BERR FORTRI A EDRI( 21) » 7
18.55 ST SN T ) 449m/z [IVETEIL 1V LN (I 22) © Ff'1 MS/MS 53
Py P 449m/z [Adduct]” > 53 {IH1ER 320m/z [Adduct— Glutamate]” ~ 176m/z
[Adduct—GSH+S]" (q%ﬁ' 23) © Frléf Arecoline == Glutathione 7+ pH=12.0 5% @ﬁ?\,

eIyl 55 =" B kL 449m/z[ Adduct]" -

3-4-3.7 pH=10.0 FEETHLFAE S =0 (505 [ ke 2 s

+ pH=10.0 5% r‘“ﬁ%ﬁzﬂh—w* ai=a ’D’Eﬁfﬂ%@igu RSP REE
LC/MS [ » @%ﬁgﬁlwﬁi 13.97 5588 17.67 5584 qu,rh%w;;l(qal 23) > &
TPEIJH 7 463m/z - 449m/z ~ 420m/z P E L (B 25,26) © 3]
Arecoline == Glutathione 7+ pH=10.0 ﬁ%@ﬁ?\f?ﬁifl Ry PV 55 =& 463m/z
449m/z ~ 420m/z JF““E [ G RLE R s P e FI T MS/MS 5 ATy
420m/z [Adduct]” > 53 HlH1EH 145m/z [Adduct—GSH+S]" ~ 114m/z[Adduct —

GSH]" (I 27) -
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SN “[T%fl fﬁ i

TS R SRR SRS 53 1 Arecoline Tfflﬁ’?‘/?E'
Ty (=258 > [ Arecoline KA 9[" | Glutathione £ B[R = (ot

FTJ FHA geBeeplf ) H EREES -

19t ¥ LOMS/MS 353l iy S ERAT AR R o
il PH (B TR0 5 T Pl 2 BIfses BTEL ¢ 5 T il - 7
Fim T BRI U2 IR VR B B =D S AR
Pt 1 T (R e Y b o

}{r_}fh Elfj’ﬁJlZ[‘dHl}“J 'FT%&HE—JIIE} Arecoline PV 4B E P2H|E Arecoline =
Glutathione “[I55%7 » [ CRLRTERLF[H VAT 1 grd i ~ 2l Pl 55 Tils: B b
RCBPIY 53 A0 o PRIV - 4 YERFH] HPLC iE) Diode
array detector ™ 2! Wt R HEIFUIPES ’F’J:l’%ﬁ?ﬁﬁﬂjﬂ@ﬁﬁgg[ﬂé ; ijﬁ
IR A AT BT B R RO e Vo P53 T RTRE o e ST

F?]‘T‘j T [fil pH ffif[1 Arecoline %= Glutathione % = ['=5 iU/ BRI T HIET -0
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5?3'%{ At qu

1:{:7 [ﬂ PR Fl 1> Arecoline = Glutathione .V fi] % _E'JBE*J‘}J’@T;%E{
Rep[1 5 N FSEES. Arecoline Elfl’ﬁ%rlﬁ }[@]’ Glutathione IV EHAFHI™ = £L7: pH=8.0
P | PRI N T Glutathione Ul % - 75 pH>10.0 SRl -
Arecoline ﬁ‘[ﬁiﬁ?ﬁﬁjﬁ’?‘} Arecaidine » [T15% Arecoline [IVENR: DA AR Hr
Glutathione fIVEI ¥ "D o FF 5H'I'|Zdr Arecoline = Glutathione V[t = [#H]
TS PR ML o PI9E - 1§ Arecoline == Glutathione 7t b [l i il % &
1@7% ey Pap s S R ™ FF‘” TS AT LR 20D = A Rl
P I R | O o i) A AL O

28) y T, rrJJ[I,__I&@?JiH N JFJLJJ m:l_[
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fE2: ARECO22.CHR, Areco 80 + Areca 80 + IS 40
Minutes: 9.449 mu: -0.68818 sy fE: -9.787 HAGH{E: -0.0818

P o I U

037 Arecaidine ...

ﬁ%}' 4. Arecoline #! Arecaidine HPLC Fg#ﬁﬁ%ﬂ% o
FE#T’?”ET’ . Puroshere RP-18(5 ¢ m), 250 x 4 mm (E-Merck)

PO AT 0 0.05M B G2 féﬂﬁ ('] {3 F] SmM PIC B7),
pH=5.0/Acetonitrile=85/15

il ¢ 1 ml/min

[‘Jﬁ[ﬁﬁﬁé’jﬁ#[ : Imidazole

AR #EE = 0 UV 215 nm
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Y =0.0317 X - 0.02017 (r=0.99988)

20 -

Area Ratio

1.0

ﬂ,ﬂ' - I - l i | A ]
0 20 40 60 80

Concentration (pg/ml)

q%‘\' 5.Arecoline TQ@%Z&&%E%L@I o
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Y = 0.02225 + 0.03164 (r=0.9999%4)
20

Area Ratio

I i |

0.0 - : . .
0 20 40 60 80

Concentration (ng/ml)

I

E [ SE| (S

q%‘\' 6.Arecaidine T@ﬁzﬂ%?r&ﬁ% £l
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Fluorescence Units

250

200

150

100

50

Y =207.31 X +3.2196 r’=0.9995

| "R | 1 | I i | N T (N |

0.10 020 030 040 050 060 0.70

0.80 050 1.00
Concentration (ug/ml)

qﬁl 7.Glutathione @éiﬁifkﬁﬁﬁl -
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Es

E

= 4

=

= B Arecaidine
o 3

E | Arecoline
2

=

m

2

X

[f! 8.Arecoline =* Glutathione ¢ T [fil pH ffi I [ fiv & Zr {= 2] ]l

Arecaidine/Arecoline Fﬁﬁ{;ﬂaﬁq@ﬂ“ o
L (5.0 wmol/ml).V Arecoline {1 Glutathione & 37°C 1% 20 73 & i< F|

'] HPLC A& Arecolone =2 Arecaidine [1¥ FA’[ Bl o

Bars are the means of triplicate determinations:

*  Statistically significant, as compared to initial concentration, p<0.05.
Statistically significant, as compared to initial concentration, p<0.01.

*#% Statistically significant, as compared to initial concentration, p<0.0001.

%2k
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=ZH remained (um defml)

4 +
7 . . + mwithout arecoline
e + + A Ewith arecoline
2 + * *
* *
1 :
|:| 1 1 1 1 1 1 1 1 1
a 9 o 12

WT 2 4 5 B 7
pH

q%ﬂ 9. Arecoline =* Glutathione 7+ T [ﬁj pH i V]2 2 =] Glutathione FA',E%
AR q%ﬁ' o
EEE (5.0pmol/ml). ) Arecoline #{I Glutathione 7+ 37°C I~ [z 20 55 & i #|[ 7]

FroA A E ] Glutathione fiv FAI £ o

Bars are the means of triplicate determinations:

*  Statistically significant, as compared to initial concentration, p<0.05.
**  Statistically significant, as compared to initial concentration, p<0.01.
*#% Statistically significant, as compared to initial concentration, p<0.0001.
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pH=8 Arecoline alone

—— Arecoline

—&— Arecaidine

0 10 20 30 40 50 60 70

Arecaidine/Arecoline(umol/ml)
[T G R VS I Ee)

Time (min)

pH=12 Arecoline alone

—o— Arecoline

—&— Arecaidine

Arecaidine/Arecoline(umol/ml)
O~ NN W NN O

0 10 20 30 40 50 60 70

Time (min)

q%ﬂ 10. pH=8.0(A)#! pH=12.0(B)§v‘§@ﬁ?ﬁTQHI » Arecoline = Arecaidine ~ &/
E;*J‘}JEI[;'%I °
Arecoline 77 [{||7+ pH=8.0 # pH=12.0 a‘%@ﬁﬁ?fﬁj\ﬁ Glutathione » ¥* 37°C 7+

3%%%%}[ 107k 60 55 & & #|[H' ] HPLC A8 Arecolone = Arecaidine i FA, U
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pH=8

—o— Arecoline

—4— Arecaidine

Arecaidine/Arcoline(umol/ml)
O = D WA U O

0 10 20 30 40 50 60 70

Time(min)

pH=12

—o— Arecoline

ha A A —*— Arecaidine

Arecaidine/Aercoline (umol/ml)
[N SR U N NV e )

0 10 20 30 40 50 60 70

Time(min)

[l 11. pH=8.0CA)! pH=12.0(B):&ZETk([1 > Arecoline 71 Glutathione & = 1=
PR T
i 37°C "Nﬁﬁ%r[ 152 60 53 & i 7] | HPLC ]| Arecolone == Arecaidine Elfjﬁ

E
El
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10 |

Y =-2.186LOG X + 4.524
Y =-2.050LOG X + 4.809

Arecoline/GSH (umole/ml)

X . hEN . ® Arecoline
. o GSH
. -
0_1 . 1 " 1 M | MY ] . ~ 1
0 10 20 30 40 50 60
Time (min)

ﬁ%ﬂ' 12. Arecoline == Glutathione 7+ pH=8.0 75 @3?‘?3@“ |V E] JE'T;%\E“;%I °
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1000
DAD-190 nm

500

mAU

q%ﬂ 13.Arecoline =2 Glutathione 7+ pH=8.0 a’“%@ﬁ?ﬁ?zﬂl ; "JLIF"}?V’JFFJ*‘F?{ Eﬂj 3
6.62 57 & 1V HPLC Fg,*ﬁﬁ%}'% °
g7+ LC-CN (3 um), 150 x 2.1 mm (SUPELOSIL™)
Bl A = Ay R R (L-2450 - HITACHI)
AN Mini-Q H,O
s 0.1 ml/min

T ES = 1 190 nm

37



Adduct

1000 1000
DAD-190 nm
o - - -
2 500 500 =4
1S S
0 -0
T T T T T T T
0 2 4 6 8 10 12 14
Minutes

q%ﬂ 14. Arecoline == Glutathione 7+ pH=10.0 52 Eﬁ?\ﬂﬁzf[l ; "J[l’?‘}?’liﬁ’?ﬁﬁﬁ ik
4.55 738V HPLC Fg‘fﬁﬁ%’ﬂ% °
g7+ LC-CN (3 um), 150 x 2.1 mm (SUPELOSIL™)
LR = . @Fﬁﬁﬁlrj[ﬁﬁiﬁﬂﬁg(L—2450 » HITACHI)
FLEIHE © Mini-Q H,0
i 0.1 ml/min

R A=< 190 nm
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Adduct

2000 2000
g DAD-190 nm L
1000 1000
0 0
0 2 4 6 8 10 12 14

Minutes

q%ﬂ 15. Arecoline == Glutathione 7+ pH=12.0 %%f%iﬁ?ﬁrfzfil ; "J[l’?‘}?’litﬁ’?ﬁ Eﬁ ik
7.90 53&4 7 HPLC Fg,*ﬁﬁ%}'% °
g7+ LC-CN (3 um), 150 x 2.1 mm (SUPELOSIL™)
LR = . @Fﬁﬁﬁlrjﬂﬁﬁiﬁﬂﬁg(L—2450 » HITACHI)
FLEAE © Mini-Q H,0
i 0.1 ml/min

T ES = 1 190 nm
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0B01-TEST wiff (Turbo Spray)

nfensty, o8

H@H“ 16. pH=8 ;@’@ﬁﬁ\]rﬁf[ HEST f‘EE'J"?/T;%EﬁFI’?E%? Eﬁrﬁp%‘}fﬁa ) ,;“ggh LC/MS

Rl [N F@ﬁ*ﬁ%‘% °
g 1 LC-CN (3 um), 150 x 2.1 mm (SUPELOSIL™)
&t 20
P2 © 1% HCOOH
1=5FTEl  10ul
. Gl ¢ 0.1ml/min

E?T £ 25 min
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I +Q1: 10.718 to 16.966 min from Sample 1 (001) of 960601-TEST wiff (Turbo Spray) Max. 5.5e6 cps

232.0

5.0e6

4 5el

155.6
4.0e6

4631
3.5e6

2009
3.0e6

3342

Intensity, cps

25e6 2242

485,

2.0e6
] 465 ]

1.5e6 N
1 142.4

486.1

1.0e6

|507.
thad 188. 3354 |

5.0e5 ,133 ) 3 27 188

/oy 10?4325;6
() ﬂ"wm

J‘F__ﬂi_

IY-:l »\a L ul\,&lﬂ\\ ?AS,L“HSS

L L L L I |||||1]1]1]1||||| g
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

0

f==]

miz, amu

[fil 17. = pH=8.0 iy@fiﬁ@”&ﬂh— 5 T [ER EP SE

LC/MS [ » e 14.07 53 s £ TR )5 [ -

P4
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I +Q1: 16,966 to 18.613 min from Sample 1 (001) of 960601-TEST.wiff (Turbo Spray)

4.beb

4.0e6

3.5e6

3.0e6

1559

2.5e6

Intensity, cps

2.0e6

[
[¥%)

1.5e6

1.0e6

73
5.0e5 130,

WM i

201.

215.

N],

il

2324

256,
/

282.

307 4

352.8

331
Ay
324/9

334

556

Max. 4.7e6 cps.

463.7

i)

bl Wmuu %wmmmm

I R R R e e R e
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

m/z, amu

[l 18.7% pH=8.0 ayﬁd%\ﬂ‘zﬁl_ =

I* ’JT?\E?]‘ B & putps e o SR

LC/MS [Ofgnf e 17.52 5 sl U5l 4 iy -
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120 ,"". . 0 H
156 S PB—N"TNp
1205 * Q : COOH 334 (- Glu)

1,005

= NH,
LI R (Na)HOOC

/

e.0es 461 485(Na)

Adduct-MS462

4 Oed

2 .0e4d

g

poagl L hr?—h]«&f#ﬁr«rﬂ r‘:"!i"":‘r;jp_l'ls‘_[‘}f.g?._‘[ ep g 6

100 120 140 16 180 200 220 240 30 aad 400 420

[ 19. 7 pH=8.0 MS/MS 53 #7155 463m/z[ Adduct] FVEI 14 [ «
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Al 20. pH=12.0 AR S 72 2 [0 R ke 2 onpas P sl
LC/MS Airif et g -
g+ LC-CN(3 um), 150 x 2.1 mm (SUPELOSIL™)
20
P2 © 1% HCOOH
=5HE 10 ul
. 3l 0.1 ml/min

% [&] © 25 min
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I +01: 11,582 to 15,832 min from Sample 3 (pH12) of 960601-TEST wiff (Turbo Spray)

35e6| 1258

3.0e6

256402 8

440

M
(=]
L
(a2 ]

Intensity, cps

1.5e6

177.0
1.0e6

S.OeEHIL 1 i
i

oof

P e —

2148

i N}&ﬂ;ﬂb

2331

2689

12

J

usq /

3t3 2

Max. 3.6e6 cps

475
399.1

?uh | & M‘!\ﬁ 1\‘1 idzrhlfwl‘dn\.v\'qﬂk ﬂHﬁWMw

T T T T TP rTTd
100 120 140 180 180 200 220 240 260 280

[ 217 pH=12.0 SRR %

T

200

TTTTTTTTTTTT T T T T T T T T T
320 340 2360 380 400 420 440 460 480 500 520 540 560 580 600

miz, amu

[ e P S Ry

LC/MS [Ofgn] » 7 12.57 % 14.70 53 i 5 BTEI )4y -

45



I +Q1: 16.498 to 19.005 min from Sample 3 (pH12) of 360601-TEST wiff (Turbo Spray)

4 5e6
) 1417
225.0)
4066
2906
3.596_
4491
3.066 |
“Tzaee
f 143 1
2066 |
251
|.596~
1.06 | o ‘
130 13 ‘ \ ‘ 0d , |
5.065 | 2630 2 E{3,:13352
13 'I l l| 452
;] &le "I L 64 'ﬁ 25’5# Lo | -4511? 0 4
N LAY \A\ :if kx*us rw w93l .t

400 423 440 4e0 480 =00

100 120 10 160 183 200 220 240 2'33 2EE SCU 320 340 380 380
nvz, amu
ﬁﬁ[ 22. 7 pH=12.0 ;@Fﬁ?ﬂr&g[&fgﬁ T (e ’Z’@Eﬁr’?ﬁ%i i’

LC/MS pofgnf]l > = 16.55 55 A ETEvEi [ 4 qgﬂ o
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Max. 4.5e6 cps

5813

520 540 560 580 €00
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I +MS2 (449 00) CE (25) 0102 to 0153 min from Sample 23 (pH12) of 950601-TEST wiff (Turbo Spray) Max. 4292 1 cps

I\

_,CtooH
176.4) {[b
4000 "v. 0
] 142 e ooy Ho
B NN
N o COOH 311 (-Gin)
3500] 174 ,/" NH f
L
320.3 /
3000 (
il }_.._\'H;
HOOC
2500 ¢ """""""""""""""""
448
2000]
Adduct-MS448
1500]
10007
5007
o)
777 7T T T T T T T T T T
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440

m/z, amu

[f' 23. 7 pH=12.0 MS/MS 53 #7175 449m/z[ Adduct] FTEI 17 [l -

47



Al 24. pH=10.0 AZEEVRR| S 72 2 (0] R ke 2 onpas P szl
LC/MS Airf s et -
g7+ LC-CN (3 um), 150 x 2.1 mm (SUPELOSIL™)
&t 20
P2 © 1% HCOOH
=5HE 10 ul
e 3 0.1 ml/min

5[] = 25 min
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I +Q1: 12,650 to 16.864 min from Sample 2 (pH10) of S60601-TEST waff (Turbo Spray) Max. 3.5¢6 cps

35&6' 232.0
3.066 |
2 Fef 2007
2236
M35
@ 2'396_ 3341 4632
g 130.1
/
1.5¢6 | 142.3
465 ]
320.1 N
=) 4490
1.0e6 | 52
1880 /1 6.
36 |
| 388 |
5.0e5 1231 | 323
4 / bod. 451 *._1”
I '531[J21 22|9 08 ) q
| /
i ﬂ ‘ | | T
Gouhh'lm o lb:’l !4 ‘t‘lllf‘t" \w?' " 478
| ! |

\ljj,\'\*’,%ls q I
rl T I | I I I ] I | 1 | I I I I I T | 1 | | | I | I I I R

100 IED 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 60O

i 25.% pH=10.0 AR & 20 [0 g i s » SEp

LC/MS pofgnf]l > 13.97 55 s s BT EvEi [ 14 qﬁl o
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I +Q1: 17.358 to 18.979 min from Sample 2 (pH10) of 960601-TEST wiff (Turbo Spray) Max. 5.9e6 cps

5.5e6

5.0e6

4 5ef

4.0e6

3.5¢6

Intensity, cps

2.5e6_
2.0e6_
|.5e‘3_
I.OeG_

50e5

A 267 pH=10.0

3.0e6

T
ﬁ Jh,ulh

AU A

155.6
307.4
240.2
. 2327
1303 ‘ 3526
. lba |
x 2254‘ ’ST’WTH
b
ooijhﬂu%{ﬁlhfzji f! Jﬂ ‘Jwgﬂ" Ut

4204

4794

404 4 S 463, s
ll ama

9 3&6 . J. L 533.4( %95{’#

1l

;[\

T rr]r]r]r]r]r]r|-n]:u -
100 120 140 160 180 200 220 240 250 280 300 320 340 260 380 400 420 440 460 450 500 520 540 580 580 00

’»‘E‘f‘ﬁ?*ﬁzf[ EE

mz, amu

—r‘

D[RO R R & ey P e

LC/MS [Oh] - 7 17.67 53 4l 8 BTEI )4 [ -

50



I +MS2 (420.00) CE (40): 0.056 to 0.412 min from Sample 10 (pH10) of 960601-TEST.wiff (Turbo Spray)

1800

1600

1400

1200

Intensity, cps

1000

142 4|

Max. 1984 2 cps

174.4
i
5
‘ _ OH
i —
175 B
20
114 AP W N
7 COOH 305 (- Gl
4s NH t
» o:(>
{
/'\,-_\"H;
HOOC
420
170.0
158 Adduct-MS420
a8._
142
| H" I ”' I‘ T I T | " I| T | I‘I‘I | T I T | T
160 180 200 220 240 2680 280 300 320 340 360 380 400 420

miz, amu

q@ﬂﬂ 27. % pH=10.0 MS/MS 73 #r 155 %7 420m/z[ Adduct] FTE! [ 14 qgﬂ o
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CHs CH3
Arecoline
N N
Mo.wt:155.1
GSH
% H
pH=8
COOCH,4 COOCH;
GS H
pH>10 )
Hydrolysis | 0, H,0 Mo.wt:462.3
0,
CHs PHa
N
Arecaidine epoxid N-methyl-2,3-epoxy-piperidine
—CO Mo.wt:113.1
Mo.wt:157.1 : H oW
[intermediate] COOH [intermediate]
o
H
pH=12 | GSH Fast | GSH
CHg CH3
N N
H
H
EJ<COOH Q<OH
Gs H GS H
Mo.wt:448.3 N-methyl-2,3-Dihydro-2-hydroxy-

3-S-glutathionyl piperidine

Mo.wt:420.3

u%ﬂ 28. Arecoline = Glutathione “[I3% "~ [ {EfivEE &
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