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Simultaneous Determination of 15 Toxic Alkaloids in Urine by

Gas Chromatography — Tandem Mass Spectrometry

WU Hui-qin*, ZHANG Chun-hua, HUANG Xiao-lan, ZHU Zhi-xin,
LIN Xiao-shan, HUANG Fang, LUO Hui-tai
( Guangdong Provincial Public Laboratory of Analysis and Testing Technology, China National Analytical Center
(Guangzhou) , Guangzhou 510070, China)

Abstract; A new and rapid method was developed and validated for the simultaneous analysis of 15
alkaloids, including anabasine, gramine, eserine, pilocarpine, harmine, oxymatrine, ther-
mopsine, koumine, gelsemine, tetrahydropalmine, evodiamine, sanguinarine, chelerythrine,
strychnine and brucine in urine. The conditions of extraction, chromatography and mass spectrometry
were optimized, and the matrix effects of the alkaloids were also examined. The detection of target
compounds was performed by gas chromatography — tandem mass spectrometry in multiple-reaction mo-
nitoring( MRM ) mode. The content of each alkaloid was determined by the external standard method.
The linear ranges were 20 — 800 wg/L for eserine, harmine, koumine and strychnine, and 40 —
800 wg/L for other target alkaloids with correlation coefficients not less than 0. 993 2. The mean re-
coveries were in the range of 60. 0% —68.3% for anabasine, and 81.9% -114.4% for other alka-
loids. The relative standard deviations( RSDs) were not more than 17. 6% at three spiked concentra-
tion levels. The limits of detection ( LODs) and quantitation ( LOQs) were 4 - 20 ug/L and
10 —40 pg/L, respectively. The method was rapid, sensitive and easy operation, and was suitable
for the determination of trace alkaloids in urine samples of poisonous persons.

Key words: gas chromatography — tandem mass spectrometry( GC — MS/MS) ; multiple-reaction mo-

nitoring( MRM) ; simultaneous determination; urine; toxic alkaloids
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YRR —REBRINEY, TREETHEY Y, S hEHLUEREFRRSREETEY
W, mBERTHPELRTHSETMR, ETEANFHIES, 2¥FRe, SBREAmMIKERE
YRt E; hERESEYRRESEESEYRNEALETEH T BARER N5 R EHIET:
=Y, YELESEYRPEEWRRAR, AT EERRE KRR S MM AEDREIE, AP
HEARYUFBEREE, SRR RERBEEASI R, FLEREL—FERPGE, e
BHEEVBBITIE,

BT, AW 2 Flog 35 AL M08 ) R BRI 7 3 VBORE 43k (HPLC) | AR - B (LC -
MS. LC - MS/MS) 7SS M3 - FRilyk (GC - MS) 1 Hep bl LC - MS/MS 8% W, SHE
e — BIBERIEEE (GC - MS/MS) ZE£ R M43 (MRM) B F RS E MRS ST, EEMI, MM
KRKBERMTERBEMERFE, AREFMRNEWE/N, THTFERTPEEEDRORNY, F£4E
WEERRIETALE T, ETEAESNBRRZE(LLE) M E A ZKE (SPE) . WK F A LS
£, NHEFLBA, F; EAXERERNGEEMFIER, Barg Z4M8/H, B SPE MER K
KB,

AXFHZESKEBNER, BZBEBEMARBESS, BEXWY, BHEKRBRERT K
5, BREICKEE, WA GC - MS/MS K2 R WHEN (MRM) T4, 84T AR BRAER T
B KFEREA A, RIEEARUATR RGN, FEME R, PE, fextREBH )\ AW
W, PR, BRER. BREFM. BWRE. EUESR. HER. YETF. YR, EAERZ
. RERUEGE., WRB., BEELR., LHRTHDET 15 MAENE SR NE FEYREAT R R
W, KHRE(LOD) A 4~20 pg/L, HFEMRBEFRERBTREFFEVRORNESR, hEFEY
BRI IR B T — B v,

1 WS

1.1 UB5RF

Agilent 7000A GC — MS Triple Quad AR — HBRPUMRAT RIS E I (£ E Agilent AF]), XK96 - A
PRI 28 (S IE T B R E T BWA TR AR ; TDZS — WS B OHL (IR SR B OB A TR A ) o

YR . AT, MR, REER(FMAETEAMNAR), FREM. /AW (EE Sigma 2
q), HRERZER, THARZE. LT, BERTR(TESGREDHREEFR), YETF. @
Wi, BERAFW(RE—FREERAR), HER( LERBHEYRIBEERAR), W9R( LER
FREARAR), SMESH( LIEFEEEVRERRAR), U EAEYTRAE KT 98% (HPLC),
S BIFRER A VIR 10 mg(FEHHZ 0. 01 mg) , MLZIFAHEFEHIRERE N 100 mg/L FIFFHERR, F
AR ERR, CRE(aHa, JTHRERRT), TARRBRE (W, M TiRAAR),
1.2 HSATLE

BURW 2 mL T 50 mL B0, WHEMA 4oL 2K, RARES 1 min 5, HEOEPMALS g
KBRS, BEIRE 1 min, OS5 min, B EER 2 mL £ 45 CARKBFTRKRKIEE 1 mL, 3T 0.45
pm JEMHE, FF GC - MS/MS 43477,
1.8 GC-MS/MS WEEKH

BREAE. HP -5MS(30 m x0. 25 mm x0.25 pm) MEAEBAEE, FEFEOEE 270 C, EHEHE
£6150 °C, LL20 C/min F2FFIEZE 290 C, ¥ 9 min, HS K He(4E >99.999% ), HAMHE 1
ml/min, Z3HEHS ¢ 1, HFAER2 uL,

B7RTTHEEE(ED), BTHREG60 eV, NUHRMEEN 150 C, BETUREERHN 230 C, GC-MS #
I35 B 280 °C, RIS MAIES(ZE >99.9992 % ), i &M EMHR (MRM) K, &EDRK
BB g KRR E N 1,

2 HREITE

2.1 RIEFEHHMKK
AT RADEFTH, RS FEREEE, BERHE, KA GC -MS/MS £ &k MMl # X (MRM)
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W, HHREBEHR 0.7 mg/L KIAEVIRARHEE W, & 257 ELIRAEE D 70 oV I, BEAT R AEH,
BENTETR/MBEETHRNET, HEFTENRAETRmMNER, REREE, X&LEWR
FEARF ET 888 (30, 40, 50, 55, 60, 65, 70 eV) FHAT R, LRER, EREN 50 ~60 eV
I, Bk B PR R, BRI EIVRAEEN 60 eV, U4 T B FH/ MIEIEE TN BT
EARFRGERE FE -G, MR E, SRR ST HEERRN2ANATFE TS
FRE, Hpm N AR AR R RE TR, RIS EMRORE T, T R E
#1,

R1 15 FHEFEYHRERE I RARESH

Table 1 Retention times and mass spectrometric parameters for 15 toxic alkaloids

Retention time Qualitative ion Collision energy

No. Compound .

g/ min (m/z) (eV)
1 Anabasine ( J\ fi 5% ) 2.84 162/84* | 162/133 5, 10
2 Gramine ( 57758, 3.58 130/77* , 174/130 25, 15
3 Eserine ( 3 8 Z5) 4,41 218/174* , 218/160 15, 30
4 Pilocarpine ( BRZEHR,) 5.73 208/95* , 208/109 23, 3
5 Harmine ( % /R 58) 6.50 212/169* , 212/197 30, 10
6 Oxymatrine ( FALE SR 6. 80 248/205* , 247/150 12, 15
7 Thermopsine ( & #£5%, ) 7.05 244/98* | 244/229 15, 13
8 Koumine (¥ & F) 7.86 306/263* , 306/278 10, 7
9 Gelsemine ( #/WIH5 ) 8.87 108/93 ", 322/279 15, 7
10 Tetrahydropalmine (ZEH R L&) 10.76 355/165* , 355/190 20, 20
11 Evodiamine ( RZE3 M%) 11.82 303/274* , 303/288 10, 16
12 Sanguinarine ( fLAR7R ) 12.13 332/274* , 332/304 25, 15
13 Chelerythrine ( 9 JE3E L) 12.39 348/332* , 348/304 20, 20
14 Strychnine (/1 57) 13.03 334/120* , 334/162 30, 20
15 Brucine( B8 T H) 21.19 394/379* | 394/120 18, 33

* (quatitative ion

2.2 [FLHBIFE

EYBRE—RETEAIMLEY, ERTFEREETHEN, HFREETCE NI HTFOERS TETF,
BHEREIWS EREEFRIETAREEE T m/z218( WE 1A), EAESWME ERE R THEEFL K
FEBKK m/z 248 Fl m/z247 BF, 15 WAEDRTHEREIBAUELESHN S TE FEFEER, B
W R B EEIE N BB, AT IR F e RGNS FE FEARE T, KR{KEVRYE
WA F B EA B S AT Z RS,

SEYBHARBENEGUATIMHFR: ORBERELE LN EBRFHPLE—PERFTETH
BT, W)\ AP m/z 84 BABETHRE; N\ARBIEAE o -H, Fit—F RAD FHREHK m/z
133HABETF(RE 1B), HEEENY o, BEEBTEn/ : 8 BAIET, EHESWm/ 247 B
T o BWIRTA m/2205 B, REERS FET o« BHIRREH, P RELCHRE, QD
WA FHAERIRIE, MREN, SGIRFTFEFRE o iR, WHEREMW. HTR. GUWEFIH
WIBR SRR o BEMTR= A4 B2 A m/z 175, m/z 130, m/z263 Al m/z 108 A BT, BREFRT
IRNE o BWTR=E m/z 95 MR BT, QXN LHFAREEN, TUEEREEZRPEE, HTllkR
FEE FE5RE CO, WA TFEF m/z212 KEREWIE m/z 197 KB, 2k8F% CO -
A m/z169( WK 1C)

2.3 @EEsHRMK

H T EYWEEB R RS E, EHISHRYE HP - 5MS(30 m x0. 25 mm x0.25 um) B4 A EEH
TR, EEAENAEERAREFIES N, #— SRR DREE SRR R i &1,
e “1.37 &M, B3] 15 FE 3 A YR v R SR ¥R INAR SR B GC - MS/MS(MRM) i
B(LE2),

2.3.1 #HHEOBEREE EHFFEOEESHIHR 230, 250 | 270 CH, XF 15 FAEYRIE S AR ERR
(100 wg/L) BEATEIHE, FHE S VM FX R mMNAER, &R RE, SEWREREDRER
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230 CHY, tillemNEE,; \ARB, FTH. BREEM. SREm. AU0ES). B4EH. 4
WIH AN HY) R T AEHERE DB D 250 C A 270 °C A my AR ZZ R s e A Yy e o) i 1 B ¥k BE - 5 T 1
., BEIAERBESBWEIELR, T, S&HERIEREDERR 270 C,

A |

(§) M,
H

¥ ( HO) HO HO /

O~ ] . ‘ ; o
N_ -CHNCO N, =+ CH.CHNCH, N

| 22 G — p

4 N ———————* N ¥

N ! ! N

\ \ \ \

m/ #275 m/7218 m/z 161 a2 160

\-[.n_:\'cH,

mlz 175 mlz 174
B ‘

O i / ’/

re — i ﬂ N | |

N N + i -—

Y 22— S -
. H N N
= H H

'z 162 m/ z B4 m/ z 105 msx 106

N
i N | J (l‘
\"\ g A\J
: NoH
msz 133 H
m/z 133
(B}
(¥}
-+ CH,
N, & ;. - . N ook
H H
m/ 2197 msz 169

m/z212

B1 BRER(A) . \ABIR(B) R RIR(C) BT Sy
Fig. 1 Fragmentation mechanisms of eserine( A), anabasine(B) and harmine(C)

2.3.2 #HHEARBIEE LL100 png/L 1 15 FAYIRIR SR ER B ST &, B8 T Aambkis
REEFE (AR 1 W) MR SRR (RN 2 WL) M2 BRR, §R BN, £AZ Rk
FRERT, BT /AR RE RN (1, =2.84 min),, ZRBFHEBRRZN, FELELERSE,
B 2, B REEAR AR RE H1 150 °C A ZE 100 °C k38 n )\ AWK F B iFHE, ERNSBEE
NEBERHREER, DERTROEIEERSE, FILEFESIRTRERE, AKX TARSRE 2.5 1,
5:1, 10 : 1) BEREXS A BERCREIF M, LB KM KSR, SFES EDWKmIN TR, B0
2.5 1B, NAWBEISERTE, MAawtks : 16, \ARBRKESEEEYE, R, EFRES
mEEAS 1,
2.4 HIEEATZEHMK

HEH B E FEDBMNRE PRI K, AATARBNEGFR, W& TE 15 MEF5EY
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WIRYE, S EVIBR B 200 weg/L, FHRTHEMRI 7. © 2 nL RBEEA 4 mL ZFFRIE
@1 mL KEMA 1 mL pH 9. 6 HIFIE - SEUME ARG HEH 4 mL 2RI, BMRETE R
BRI, ERTERREERME, RdE, FEEE —MRR A, HERT IKRRE
MIAE(L0, 1.5, 2.0, 2.5 g) &M, BRAKRBREMMWARLEN (1.0 g), FRETERTHERY
K, HERSEYRAREBREZKEE, MIMALKRRERREN 1.5, 2.0, 2.5 b, &4
B E e R AT, FMEFIA 1.5 ¢ TKRBERK,

1/ 1

1/ mwin

A1

10

6
3 8
4 2 | | 3
=+ i
a4 | I | ‘ l
\ J‘ ,,J’L-;“.r-’wi v,\w_JIJ ‘I‘x.q ‘L lj L\,.__,...J Wu-.....,.,.._H-...,_J'| I {’ﬁ !R 15
I WU o
¥ 4 5 & T @

Aa IN A
T T T
vl

I 1 T T T T
8 9 10 11 12 13 14 15 16 17 I8 19 20

1/ min

B2 15 MEEEYRKEEE

Fig.2 Chromatograms for standard solution of 15 toxic alkaloids
A. standard solution, 100 pg/L; B. urine sample spiked with alkaloids at 100 pwg/L; the number denoted was the same as those in Table 1

2.5 ZMHEE., HXRH, TETREHELR

CISMre &, HCRRRCH] 15 fORERES 7k 4, 10, 20, 40, 80, 100, 200, 400, 800 wg/L Hi
RIVEVRIR A RERR, ERAEET, M SEDR, F05 UHEEE FIHa SIS (V) R
BWE (X, ny/L)HITERERE, B3 15 MAEYRIEE TR, SUETEEAHEXERH(NER?2), BLS/N
=10 e FEREE TR(LOQ), LA S/N=3 M ik iR (LOD), {3& £ LoD 4 4 ~20
pe/L, LOQ 4 10 ~40 pg/L, FHERRBUERBWH LR EE KRBT EHFEYRRESTHER,
2.6 FIEBIERMBM

7EH GC -MS/MS #r it AEPre sy, TR RERBN TR em, MEHRK 6 1, %
“1.27 FHERI, BEFEERJFRIOE, ARIERHE. 3. K3 HARRERESIFETE,
WEEST AR 40, 200, 800 wg/L(BANKFFAT2 43), MK HTIE, &EDBRIEEFRN D&
B2 BE R 2 SRR AC H B AR VR 5 28 Z B e ) AR HEVE R B ST AR b, SR WK 2 Fiw,
MBRFFETUEER] 15 MAEDBER . . K3 FARREKPRIERIN A 85.2% ~ 114.9% , HHHA
TR E R NN, AT L REE
2.7 FEHMEWEREREE

WEARE, BE. F. €3 ARKERRERAESR, WRESHH 40, 200, 800 wg/L(%
—IREEIKPAT 6 47) , MK AFATIRIGE T, &LV T3 [E W R KA Fr#Edw 2= (RSD) 45
RRE2, NRFITFEH, &, F. K3 MAFMIFKET, B/\HARREEKZEY 60.0% ~ 68. 3%
Ah, HA& 14 FAEWRK EIE S 81.9% ~ 114. 4% ; FERIRENRAKFET, &EDH RSD WA KT
17.6% , FEd. FIKEFRAKFH RSD HAKTF 15.0% , HHATEHE &S TIER,
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2.8 5 LC-MS/MS BYEEER

STARICAHTI 15 FHAEYIB, RIESCER [13], FERAHEERE - 2B (LC - MS/MS) £ & M il
R TR, SEWRORHEN0.2~1.0 pg/L, TFEEEMRM BT, GC-MS/MS BHIK RN
4~20 ng/L, FIHWEERHRE L MES, XRHT LC-MS/MS B HEBIEHEERE, 2—FikE
BR, EETHIEPLERTS B PR RES TET(BETF); T GC-MS/MS B 7R
BELJR, EE TN, BRPRERRKENBAFE T, BETFEEMNAEAD, BRI ERR RS
F LC-MS/MS ¥, HBRBHEMTER, HRAARITESR, 5T a8\ 80 70%
P, FRYIZE RN DN, T LC - MS/MS ZE B FE THEREY, FrillY 5 2ER MM,

R2 1ISHEFEYHNEETCE, XA, RHR(LODs), EE TMR(LOQs) . MM, X% & RIE RN

Table 2 Linear ranges, correlation coefficiants(r*), LODs, LOQs, recoveries, RSDs and mairix effects for 15 toxic alkaloids

Linear range LOD LOQ Added .
. . Recovery RSD Matrix effect
Compound Linear equation p/ ? p/ p/ p/
) o o 1y (n=6,%) (n=6,%) (n=2,%)
(pg-L77) (pg*L7) (ug+L7") (ug-L7)
Anabasine e 000 40800 0,996 0 10 40 40 60.0 8.0 111.7
O\ =26.34X -94.29 - 99 200 62.3 13.5 114.9
800 68.3 14.1 109. 3
Gramine 40 106.5 14.3 103.7
) Y=43.80X-73.56 40~800 0.9943 20 40 200 109 1 56 673
800 89.5 13.7 95.2
Eserine 40 81.9 15.3 86.6
_ Y=45.33X-260.43 20~800 0.9977 4 20
(HBREW) 200 94.2 1.7 94.7
800 114. 4 2.8 88.5
Pilocarpine o 0l 10 40-800 0,996 0 2 40 40 90. 6 17.6 111.0
(BREBR) ' ) ) 200 9.2 5.1 98.7
800 111.5 7.4 105.5
Harmine 40 95.4 6.5 86.5
Y=98.69X-112.19 20~800 0.999 5 10 20

(MBIRBR) 200 104.6 2.1 90. 0
800 112.0 2.6 105.7
Oxymatrine o0 <00 40800 0.998 1 10 40 40 114.2 7.1 108.2
(L) | onTR-81449 40~ 99 200 98.7 11.6 97.6
800 97.8 10.0 109.6
Thermopsine 40 88.0 13.4 87.8
() Y=34.02X-461.59 40~800 0.998 7 10 40 200 110 10.0 109.0
800 91.7 12.4 106. 3
Koumine 40 91.1 9.7 85.6
(EWET) Y=21.07X-49.47 20~800  0.999 2 4 10 200 oa s ‘2 L6
800 107.5 4.7 102.8
Gelsemine 40 92.1 13.0 87.3
P Y=56.53X-285.66 40~800 0.9979 4 20 200 o6 92 10,3
800 94.0 5.7 96. 6
Tetrahydropalmine 1\ 1% 286,82 40~800 0.994°8 10 20 40 86.1 17.6 8.2
(EHRZEK) ’ ’ ’ 200 84.2 13.1 110.0
800 97.2 4.5 87.6
Evodiamine Y =6. 48X — 160,78 40 ~800 0.998 4 20 40 40 86.2 9.2 85.8
(REHR) =6. 48X -160.7 - -99 200 82.2 12.2 113.6
800 83.0 4.7 103.0
Sanguinarine 40 105.7 13.6 99.7
() Y=7.76X-97.94 40~800 0.9935 10 20 200 1024 150 105. 5
800 95,7 10.1 90. 4
Chelerythrine 40 106. 0 15.8 93.9
(TSR Y=18.89X-341.13 40~800 0.993 2 10 20 200 100. 5 140 110.2
800 89.3 6.5 95.9
Stychnine ¢ 84X-51.50  20~800 0.998 9 10 20 40 86.0 11 85.3
(EH7) ) ’ ’ 200 101.5 12.9 102.9
800 87.4 14.5 98. 8
Brucine —y _19.01X-152.11 40~800  0.996 6 10 40 40 86.4 15.1 94.7
(BETR) ’ ) ’ 200 100. 0 14.7 86.7

800 97.2 9.2 98.3

10
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3 & it

W2 S KERWER, CHCESRBERRES, BALTKRBERTKS, BT LER
BRI 15 MEFEVRKTTE, B, 4TSGR S BB B R RN &4, B8 TERUN
B, BT SAREHE - BIEUE F AR 15 MRV TR, AR, R’
HEHRE, SEWRA LOD H4~20 pg/L, LOQ 4 10 ~40 pg/L, &M T AW HH RN ik
EZFEDI
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