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2
2.1
Agilent 1200 RRLC +Agilent 6410 Triple Quad (
Agilent ) o XK96-A ( ) s TDZ5-WS (
) ; HGCH2 ( ) o
(Sigma ) ( ) \ (
) ( ) . \ \ (
) . . ( ) 90%
97% 100 mg/L 4 °C o N
( Merck ) N N N N . N
) o
: 2010 XA | 85 )
( 16.4mL  HCI 9.5% ~10.5%) 800 mL 10 ¢
1000 mL ) o
2.2
2.2.1 I mL 15 mL 2 mL NaOH (pH 9.6)
5 mL 10 min 4000 r/min 5 min X 45
C 1 mL 0.22 pm LC-MS/MS o
2.2.2 Il mL 15 mL 50 pL 1 mol/L NaOH 2.2.1
2.3 Thermo Scientific BDS HYPERSIL-C (150 mmx 2.1 mmx2.4 um) ;
:0.2% (A) - (B); 0.3 mL/min; :0~2.0 min 45% B; 2.0 ~4.5 min 45% ~
80% B; 4.5~7.5 min 80% B; 130 C; 5 L.
( ESI) ( MRM) 1350 C 210 L/
min :275.8 kPa 14 kV.
3
3.1
(pH1~2) 50 upL 1 mol/L NaOH pH 7 NaOH
(pH9.6); NaOH (pH9.6)
12 ; N
o 12
- (95:5 V/V) . . . - o 4
N 90% ;
. N 20.2% ~50.8% 61.1% ~97.1%;
32.8% ~37.2% 63.0% ~104.3%;
65.3% ~118.4%; - (95:5 v/V) 30.5%
61.5% ~113.3%; N N N
- (95:5 V/V) . - (95:5 V/V)

<)
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864
3.2
A 0.2% ~10 mmol /L ( B
o A 10 mmol/L 10
A 0.2%
5
o A 30% [T
24 8
45% 1
6
9
o 7 N ﬂ |
A 0.2% 45% A L A
L 1 1 1 1 1 1 1 ]
12 MRM 0 1 2 3 4 5 6 7 8
1 i 2( ) fp/min
3( ) MRM 112 MRM ( 1.3.5
. 9 10 pg/L 50 pg/L)
3.3 Fig. 1 MRM chromatogram of 12 toxic alkaloids
3.3.1 ( Concentration: 1 3 5 and 9: 10 pg/L; others: 50 pg/L)
T ( Peak) : 1. ( Thermopsine) ; 2. ( Ret—
ESI M R - S .
rorsine) ; 3. ( Anisodamine) ; 4. ( Gelsemi-
.
11 M+H ne) ; 5. ( Gramine) ; 6. ( Harmine) ; 7.
o ( Emetine) ; 8. ( Sanguinarine) ; 9. ( Evodia—
mine) ; 10. ( Rutaecarpine) ; 11.
( 2) . ( Wilforgine) ; 12. ( Wilforine) o
2 o N
N 1.
1 12 . . .
Table 1 ~ Retention time qualitative ion quantitative ion fragmentor and collision energy of 12 toxic alkaloids in positive ion
mode
Retention Qualitative o op  Collision Retention Qualitative o (o Collision
Compounds time ion rafgrc«;n o' energy Compounds time ion razgrc«;n o' energy
(tg /min) (m/2) (eV) ((tg /min) (m/2) (eV)
245.2/98.1" 25 481.3/274.2 38
Thermopsine L7 245.2/70.1 165 32 Emetine 3.66 481.3/246.27 190 38
352.2/138. 1 30 332.1/317.1 32
Retrorsine 190 35 510010 173 30 Sanguinarine ~ +%% 33 107410 18 36
306.2/140.0" 24 304.1/161.0 20
Anisodamine % 306.2/122.0 10 40 Evodiamine ~ >°0  304.1/134.00 13 20
323.2/236.2" 28 288.1/273.1* 35
Gelsemine 21 3301051 17 4 || Ruteacapine &1 sg1/115.0 12 50
175.1/130.0" 6 858.3/206. 1 48
Gramine 225 175.1/103.0 70 38 Wilforgine 652 gsg.3/178.1 210 70
213.1/198.1 22 868.3/206. 1 51
Harmine 272 ai3anesar 9 44 Wilforine 702 geg.3n78.10 220 14
( Note) : * ( Means quantitative ion) o
3.3.2 ( 3A)
m/z 352.2 2 CO m/z 324.2;
2 C,0H,,0q4 m/z 138.0; H,0 m/z 120. 1 C,H,
m/z93.9.
(1)
m/z138.1(  3A) m/z 206. 1 m/z 206. 1
( 3B). 3- o (2)
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CO m/z 274.0 CO m/z 246.1;
m/z 213. 1 m/z 198. 1 CO m/z 170. 2(
3C) . (3) o o m/z 130.0 ( 3D).
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= E E .
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Fig.2 Mass spectra of 12 toxic alkaloids in product ion mode
A. ( Thermopsine) ; B. ( Retrorsine) ; C. ( Anisodamine) ; D. ( Gelsemine) ; E.
( Gramine) ; F. ( Harmine) ; G. ( Emetine) ; H. ( Sanguinarine) ; 1. ( Evodiamine) ; J.
( Rutaecarpine) ; K. ( Wilforgine) ; L. ( Wilforine) o
3.4
3 6 3 2 1
3 2.2 Iml o ( )
414
) .. 3
(n=6)  2: 12
50.2% ~118.3% 81.1% ~118.6%
51.9% ~54.3% 50.2% ~62.8% 2
: ( ) RSD<15% ( n=6) (
) . 2
3.5
(3.4 ) . 3

K
<

N

40.1% ~48.1%
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HO. -y, HO
CH, CH;
e, S o rtn
B ~CH,
0 0 -CO 0 0 HO
A . 7-}'@ HO ~H0
x x CH, }- o
. N H ¢ g
h H HO m'z 140 iz 122
m/z 352 (o]
m'z 324 b”j_@
. J [0
HQ ‘Hy £H: e . B ‘é‘D {L’EH‘
HO
ALY~ o AT T\ mz306 T T %
N N H.e N OH
. m'z 158
m/z 138 m'z 120 m'’z 94
~ CH; .
“ = =\. /= H‘T\(? —HN(CH:). T - I
C o ¥ NN — 0@&4@]\1 I N | CH; _'} 4+
1+ N h
c ,’[hl‘l CH, Hh o CH B 11 H
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N .
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Fig.3 Fragmentation mechanism of retrorsine ( A) anisodamine ( B) harmine ( C) and gramine ( D)
61.0% ~119.1% RSD<15% ( n=6) .
(RSD<15%)
2 N (n=6)
Table 2 Recovery relative standard deviation ( RSD) and matrix effects of method ( n=6)
Urine Gastric juice
Concentration
Compounds added Matrix effects Recoveries (R(; T)) Matrix effects Recoveries (R;T))
(ug/l) (%) (%) ’ (%) (%) ‘
5 53.8 41.7 14.9 91.8 65.1 15.0
e . 50 54.3 48.1 15.0 92.1 64.1 13.4
Thermopsine
200 51.9 42.0 10.9 94.8 80.4 11.2
5 88.0 75.2 13.3 84.9 89.5 13.5
Retrorsi 50 78.5 86.2 12.0 89.9 86.2 6.3
etrorsine
200 82.9 79.5 4.0 87.2 82.7 13.5
5 62.8 43.9 14.3 97.2 61.5 11.1
. . 50 50.2 40.1 10.7 85.5 61.0 14.7
Anisodamine
200 55.7 44.9 10.5 83.8 61.9 14.3
5 84.0 83.3 5.8 113.8 106.9 9.1
G . 50 91.1 83.6 9.5 116.2 103.4 7.2
elsemine
200 86.1 84.1 5.9 105.3 96.0 2.1
5 95.9 111.3 7.7 118.6 96.9 4.1
Grami 50 106.6 92.1 10.3 111.9 107.6 10.6
ramine
200 100.9 87.7 9.9 103.7 92.1 5.3
5 100.0 102.3 3.7 112.5 107.7 3.8
Emeti 50 111.7 99.7 9.1 111.1 110.2 4.4
umetine
200 104.2 93.2 7.7 109.8 101.9 0.7
5 71.5 71.0 9.2 104.4 68.1 8.1
S L 50 61.9 66.4 14.2 82.1 85.2 14.9
anguinarine
200 61.0 68. 1 12.7 81.1 75.5 15.0
5 97.3 69.3 12.8 98.0 62.8 12.3
Harmi 50 108.5 64.1 4.1 115.9 75.0 6.8
armine
200 8913 61119 Hov 42 8207 507
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2( Continued the Table 2)
Urine Gastric juice
Concentration
Compounds added Matrix effects Recoveries R(;D Matrix effects Recoveries R;D
(e/L) (%) (%) ) (%) (%) )
5 97.2 78.7 11.3 87.9 71.9 7.6
Evodiamine 50 97.8 84.0 11.4 89.4 86.4 5.3
200 96.8 81.9 12.9 93.5 93.3 1.3
5 85.6 72.9 7.7 95.8 74.5 5.7
R . 50 98.7 72.7 8.1 97.2 70.5 8.4
uteacarpine
200 85.3 75.9 8.4 93.1 76.4 2.7
5 112.5 118.4 14.1 95.45 85.3 14.8
Wilforei 50 112.4 100.2 14.3 101.0 93.4 5.8
ilforgine
200 90.8 88.9 14.4 116.2 86.2 10.9
5 98. 105.3 13.3 94.4 90.4 11.6
Wilfori 50 118.3 119.1 10.2 108.0 93.4 14.2
ilforine
200 84.1 80.0 14.8 111.9 77.9 4.4
3.6 . . . (LOQ) (LOD)
1 mL 12
0.100 0.200 0.500 1.00 5.00 10.0 50.0 100 200 pg/L 2.2 -
: () (xpl) 1/
. . . . (LOQ)( S/N=10 ). (LOD) (  S/N
>3 ) 3 .12 0.5~200 pg/L 1 ~200 pg/L 5 ~200 pg/L
0.9900 ~0.9993; 0.1~0.5 pg/L; (LOQ) 0.5~5.0 pug/L.
3 12 N N N ( LOD)

Table 3  Linear equations linear range correlation coefficient limits of quantification ( LOQ) and limits of detection ( LOD)

of 12 toxic alkaloids in urine and gastric jiuce

Urine Gastric juice
LOQ LOD
Compounds Linear Linear range Correlation Linear Linear range Correlation (pe/L) (peg/L)
equation (pg/L)  coefficient equation (pg/L)  coefficient

Thermopsine = 1241.40x-33.60 1 ~200 0.9900 y=1797.66x+539.09 1 ~200 0.9979 1.0 0.2
Retrorsine y=46.84x-13.24 1 ~200 0.9968 y=85.17x+71.23 1 ~200 0.9984 1.0 0.5
Anisodamine y=489.79x-236.34 1 ~200 0.9953 y=787.16x+368.29 1 ~200 0.9981 1.0 0.2
Gelsemine y=215. 65x+140.96 1 ~200 0.9928 y=280.07x+106. 89 1 ~200 0.9984 1.0 0.2
Gramine y=2197.46x-1195.85 1 ~200 0.9932 y=2704.88x+475.71 1 ~200 0.9986 1.0 0.1
Harmine y=3462.91x+1238.27 0.5~200 0.9944 y=3674.64x+405.10  0.5~200  0.9993 0.5 0.1
Emetine y=44.99x+7.99 5 ~200 0.9922 y=49.16x+1.09 5 ~200 0.9901 5.0 0.5
Sanguinarine ¥y=913.36x-78.69 5 ~200 0.9966 y=1399.24x-156. 13 5 ~200 0.9929 5.0 0.5
Evodiamine ¥y=499.30x+404.29 1 ~200 0.9959 y=552.13x+574.96 1 ~200 0.9946 1.0 0.2
Rutaecarpine y=543.06x+2421.36 1 ~200 0.9966 y=644.73x+1390. 82 1 ~200 0.9967 1.0 0.2
Wilforgine y=120.80x+29. 89 1 ~200 0.9918 y=108.91x+62. 85 1 ~200 0.9977 1.0 0.2
y=130.44x+5.16 1 ~200 0.9958 y=96.13x+35.06 1 ~200 0.9968 1.0 0.2

Wilforine
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Simultaneous Determination of 12 Toxic Alkaloids in Urine and Gastric
Juice Using Liquid Chromatography-Electrospray Ionization
Tandem Mass Spectrometry

ZHANG Chun-Hua'*? WU Hui-Qin" > HUANG Xiao-Lan
ZHU ZhiXin> HUANG Fang’ LIN Xiao-Shan’ LUO Hui-Tai’
'( Guangzhou Institute of Chemistry ~Chinese Academy of Sciences Guangzhou 510650 China)
*( Guangdong Provincial Public Laboratory of Analysis and Testing Technology
China National Analytical Center Guangzhou 510070 China)
*( Graduate University of Chinese Academy of Sciences Beijing 100049  China)

Abstract A new method has been established for the rapid and simultaneous analysis of 12 alkaloids ther—

mopsine retrorsine anisodamine gelsemine gramine harmine emetine sanguinarine evodiamine rutae—

carpine wilforine and wilforgine in urine and gastric juice samples. The conditions of extraction chromatog—

raphy and mass spectrometry were optimized and the matrix effects and fragmentation mechanism of the alka—

loids were also examined. The samples were first treated with Na,B,0,-NaOH buffer solution ( pH 9.6) then

extracted by ethyl acetate twice. After evaporation the residues were reconstituted in methanol from which 5

ul, was used for detecting by liquid chromatography-electrospray ionization tandem mass spectrometry in posi—

tive ionization mode ( ESI") . The linear range was 5-200 ug/L for emetine and sanguinarine 0.5-200 pg/
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L for harmine and 1-200 pg/L for other alkaloids. The mean recoveries ranged from 61.0% to 119.1% in u-
rine samples expect thermopsine and anisodamine and 61.0% to 110.2% in gastric juice samples. The rela—
tive standard deviations ( RSDs) were less than 15% and the limits of detection ( LOD) and quantification
(LOQ) varied from 0.1 t0 0.5 pg/L and 0.5 to 5 ug/L. The method proved to be rapid sensitive and easy
to handle was suitable for the determination of trace alkaloids in urine and gastric juice samples of poisonous
patients.

Keywords Liquid chromatography; Electrospray ionization tandem mass spectrometry; Simultaneous deter—

mination; Toxic alkaloids; Gastric juice; Urine
( Received 4 August 2011; accepted 15 January 2012)
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