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Determination of seven heterocyclic aromatic amines in Chinese medicine by
ultra performance liquid chromatography-quadrupole-orbitrap-
linear ion trap mass spectrometry

LU Yu-Shun, ZHAO Yang, WANG Ze-Shuai, LIU Song-Xin, LI Shan-Shan, SUN Yin-Shi’

(Institute of Special Animal and Plant Sciences, China Academy of Agricultural Sciences, Changchun 130112, China)

ABSTRACT: Objective To establish an analytical method for the simultaneous determination of seven
heterocyclic aromatic amines in Chinese medicine by ultra-high performance liquid chromatography-
quadrupole-electrostatic field track trap-linear ion trap mass spectrometry. Methods The separation was achieved
by Waters Acquity UPLC BEH C;g column(100 mmx2.1 mm, 1.7 pm)and a gradient elution with the mobile phases
of acetonitrile and 0.1% formic acid. The flow rate was set at 0.3 mL/min. The target compound was scanned in the
positive ion mode and analyzed in high-resolution quantitative mode. Results The linear relationship of the seven
heterocyclic amines was good, and the correlation coefficients of the seven heterocyclic aromatic amines were all
above 0.957 and the limits of detection were 0.02 pg/L. The recoveries of the seven heterocyclic aromatic amines in
all samples were 72.1%—119.6%, the relative standard deviations were 0.6%—16.4%. Conclusion This method has
the advantages of high sensitivity and accuracy, and is suitable for the accurate detection of heterocyclic amines in
traditional Chinese medicine.
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FEAWUBR AT 25, 23D 1 Ab 33 % A 5637 18 5 1 i 7= i,
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1 MR5RE

1.1 # M@
I, B, S, PENeS 3t WAeET
A KENTEMRKE . S ER O E2EBE R 55 BT oh

EA 5T SO M IE fh, A o
1.2 UBE5RH

Orbitrap Fusion —&— 4% . VanQuish B =20k
AH 351X (36 [ Thermo Fisher Scientific 23 f]); MS-204-S Hi,
T RO G AR - e R 24 /), Milli-Q HaliK#s
(35 [# Millipore 22 wl); DTC-8 #8745 PEHLOMIL S Z 10
FEE VRS A RAT); TGL-16G S & E.OHL(HE
LEREALART); Vortex-3 e TH S 4 (7l B 3 -RALER 5%
HBRAHD.

7 AR AE (IR A R A IR A ED, B
WERBIWE 1, FiR. (P&, 22E Thermo Fisher
Scientific 2AF)); E/K (L 25.0%~28.0%) . AL
T,

1.3 fRERRAECH

K% AREL 7 Bl HAAs BIARVES 10 mg(RS 1 &
0.01 mg), BT 100 mL FE€IfHr, A B il o o e B
100 mg/L MEAFRHERE ST, T 4 °CHEAE. HRHRAIIFE
i HAAs E 2R, BlE MelQx. 4,8-DiMelQx .
Harman, Norharman. Trp-2. PhIP. MelQ fJIEFR 1 mg/L,
BB 0.05, 0.1, 0.2, 0.5, 1, 5, 10 pg/L T4 °C
i R AE -

1.4 #HREIRE

2B ZHTALARAE SN/T 4140-2015 i 11 fa A7
TG Z R0 4R i ) U, 43 SRR R BRCAR LA
R 2 ARG SRR 2 g, BT 50 mL H35 B0
B, BIINAZEEK 3 mL, HEE 3 mL. #WiERA 5 min,
4°C. 5000 r/min B5.0> 5 min, BAHE 0T 5 —ik45
FHEEALNEAY pH 5.5~6.5, F554k.

F1 THRFRELAYHERER. RENEMEGET

Table 1 Detailed information of 7 heterocyclic aromatic amines and their retention time, MRM transitions

et £ CAS 4l /% {4+ B2 15} 6] /min BT

2-543%-3,8- T FH I DK IF- [4,5- ] R bk MelQx 77500-04-0 98 4.19 214.108
2-Z 5E-3,4,8- = F L DKWL JF:[4,5- 1] WR bk 4,8-DiMelQx 95896-78-9 98 5.00 228.123
OH-AILIE I [3,4-b] MW Norharman 244-63-3 99 5.22 169.075

1-H JE-9H-ME IE - [3,4-b] 73] W Harman 486-84-0 98 5.64 183.091

3-G K- 1-FP HE-SH-nLIE [4,3-b] 15| Trp-2 72254-58-1 98 6.20 198.101
25 - 1-H BE-6- 2R JL-DR ke I [4,5-b]NIE B PhIP 105650-23-5 98 6.28 225.112
2-545E-3,4- I BEDK IR IT: [4,5-f] s Ik MelQ 77094-11-2 98 6.64 212.120
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Hrfk: %A Waters HLB B AHZEBUEAK KA 3 mL H
B 3 mL KiGAL, #ad pH A3RBOR L 0.5 mL/min 33
5 AR ZE B, 285 A 3 mL 0.1 mol/L Eh &1 3 mL Fi s
WhVE, WRVEEHT 1 min, JH 6 mL HUEL-Z07K(9:1, V:V)BEIB,
W R, T 45 ORI ERRET, 1 mL ZJE
K11, VIVYETR, 3 0.22 pm A HLIERE, fH0E .

1.5 iRy

38k Waters Acquity UPLC BEH Cig 2 AH A i54:
(100 mmx2.1 mm, 1.7 pm); A 35 °C; HishAH: A~ 0.1%

BRI, B N O Tiid: 0.3 mL/min o A6 BV ERE

0~0.5 min, 5% B; 0.5~7 min, 5% B~40% B; 7~9 min, 40%
B~100% B; 10.0~10.1 min, 100% B~5% B; 10.1~12 min, 5%
B; #EFEIARR: 3uL.
UHPLC-ESI-Q-Obitrap: i 20 AH 3%4% VanQuish %
4: % 4% Orbitrap Fusion FIRHY, B FHIAHIEE FH,
Ji B Y0 Bl 150~2000 Da, Orbitrap Fusion 43 #f & W
120000, W55 B 3500 V, B4 : 320 °C, #
WA 0.3 mL/min, HEYARRE 12 L/min, R L
1815 S 2 (high collision induced dissociation, HCD), ESI"
Bl RE RO 35%, PURAFIRREE 0y 1.4 m/z. R
F— o e i, (RERFRIAEEE FER IR 1.

2 GER55HH

2.1 FHEFFN
211 “MEER. AERETER

HER R IBOR A X RS, A OE-K(:L, ViV)FE
B 0.01, 0.02, 0.1, 0.2, 0.5, 1. 5, 10 pg/L RIVRA
FRUEE, BRRCILA, HEREE WA 1, DA 41501 B i vk

JE R R AR AR (X), RN I TR R A AR BR(Y), 22 il A o iR
2k, 1538 7 PRI B R R b Rl T R, W 2. &5
W] 7 RIS AP E 0.1~10 pg/L 5 RIFHLRIER R,

4

4 5 6 7 8
i E] /min

7 1. MelQx; 2. 4,8-DiMelQx; 3. Norharman; 4. Harman; 5. Trp-2;
6. PhIP; 7. MelQ.
1 7 MR A b i
Fig.l Chromatograms of 7 heterocyclic aromatic amines in the
mixed standard
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PRBUER LA | B2 28 SRR A XS N SR, %
HEAR A & 3 AN SR I A BRI R, B /KPE A 3 IR
¢ 1.4 3R J5 i Al s i, UE IR 7 Fh AR ER N
A INRE TSRS, 4528 3R 3. A RN L 56
GORRY], TEARRMEKESMKET, 7 Fhaes i -r15
BRI TR 72.1%~119.6% 2 8], HHXT 5 1 i 22 (relative
standard deviation, RSD)} 0.6%~16.4%(n=3), U8 Jrik
R A R o

2 THRIFRMLMER. M5 RE BXRY. RURFEER
Table 2 Linearity range and equation, determination coefficient (r?), limit of detection, limit of quantification of 7
heterocyclic aromatic amines

JRIT R LML/ (ng/L) eGP,y r? K BR/(ng/L) FERBR/(ng/L)
MelQx 0.1~10 Y=1.502¢+006X+5.578¢+005 0.994 0.02 0.1
4,8-DiMelQx 0.1~10 Y=3.970e+006X+5.111e+005 0.960 0.02 0.1
Harman 0.1~10 Y=4.907¢+006X~3.800e+005 0.987 0.02 0.1
Norharman 0.1~10 Y=4.178¢+006X—2.249¢+005 0.957 0.02 0.1
PhIP 0.1~10 Y=2.105e+006X+5.654e+004 0.999 0.02 0.1
MelQ 0.1~10 Y=6.620e+005X-2.061¢+005 0.991 0.02 0.1
Trp-2 0.1~10 Y=4.205¢+006X+3.464¢+005 0.993 0.02 0.1
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) — B A TR, #2615 TN i A il 0.
3.6, 12, 24 hfbFE S pL, W5 & oM AL, 315 RSD
{H ., 553505, MelQx ., 4,8-DiMelQx . Harman . Norharman .
Trp-2 . PhIP ., MelQ Jii #4341/ RSD {H43- )2 2.0%.3.2% .
1.6%. 3.1%. 2.4%. 1.9%. 2.5%.

2.2 SERREEMASN
SR AL EE 57 B UPLC-Orbitrap Fusion Tribrid 43 #7
JrEx AL . B SRR g 12 5

®3 £l T EMIMALBAeHERS 7 MHRIRRRA MR KRS

£ 4l A kD X9 N 4 o B K 1 Harman . Norharman .
Harman #& 5 {5 o0 £ (1 # 0.048 png/kg . £ & #F
0.057 pg/kg HEH I 0.248 pe/kg FEE XS M 45 0.069 pg/ke,
% 18 Harman K 09 & St HEP 0 £ 0 > 0038 N o> 5 27
ZE>FE 1M . Norharman K HE & ILHE 0.102 pg/kg.
AL 0.62 pgkg. ML 0117 pgkg FIEXG A4
0.163 ng/kg, #% M Norharman A H 1) & G HETY M A
>H X PN 4> 1> AR LA

ZE(n=3)

Table 3 Spiked recovery and precisions of the 7heterocyclic aromatic amines inustulate Crataegi fructus, ustulate malt, ustulate Massa
medicata, and Galli gigerii edothelium corneum. (n=3)

WINE/(ng/ke)
R EY EN 0.05 0.1 1
BN &7 RSD/% B /% RSD/% B/ % RSD/%
FEILAE MelQx ND 78.3 87.2 6.0 99.0 6.4
4,8-DiMelQx ND 85.0 97.4 5.7 89.7 12.6
Harman 0.048 86.1 104.8 3.1 103.2 10.3
Norharman 0.102 74.2 108.9 1.9 100.7 8.0
Trp-2 ND 79.2 98.0 72 86.3 14.7
PhIP ND 105.5 10.9 99.8 7.3 99.8 3.1
MelQ ND 75.7 106.4 9.2 90.5 0.9
fEA I MelQx ND 79.9 91.4 6.2 87.7 5.2
4,8-DiMelQx ND 78.5 90.7 49 87.1 7.3
Harman 0.057 92.6 80.5 10.8 73.5 8.1
Norharman 0.62 116.0 100.7 16.4 89.3 9.2
Trp-2 ND 119.6 110.6 4.6 104.0 49
PhIP ND 98.5 87.6 7.9 85.4 6.0
MelQ ND 86.4 1123 9.8 79.0 22
FEpth MelQx ND 76.9 79.3 4.0 110.8 0.6
4,8-DiMelQx ND 79.8 72.1 32 90.7 49
Harman 0.248 85.6 88.3 7.2 80.5 43
Norharman 0.117 90.6 84.2 4.5 100.7 2.5
Trp-2 ND 92.5 923 6.3 110.6 8.4
PhIP ND 94.7 100.4 42 87.6 5.0
MelQ ND 108.6 80.9 7.2 118.3 6.5
KOG N 4 MelQx ND 90.4 87.1 1.6 79.3 73
4,8-DiMelQx ND 95.1 72.9 1.4 72.1 1.6
Harman 0.069 89.7 99.3 7.0 86.4 2.2
Norharman 0.163 86.6 90.0 5.7 76.9 4.6
Trp-2 ND 775 80.4 3.9 79.8 3.4
PhIP ND 76.3 99.0 9.9 85.6 5.9
MelQ ND 110.8 100.8 49 90.6 9.0

ND: FRARH, TER.
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Table 4 Contents of the 7 heterocyclic aromatic amines Crataegi fructus, ustulate malt, ustulate Massa medicata, and Galli gigerii
edothelium corneum (n=3)

Hedh/(ng/kg)
BT 2R
il KOG N 4 B £
MelQx ND ND ND ND
4,8-DiMelQx ND ND ND ND
Harman 0.048+0.001 0.069+0.006 0.057+0.007 0.248+0.005
Norharman 0.102+0.050 0.163+0.006 0.62:£0.050 0.117+0.006
Trp-2 ND ND ND ND
PhIP ND ND ND ND
MelQ ND ND ND ND
100 RT]5.21 169.0753
80 F N\ 100; a
i =N 80
i 60 4 60
7 40 & 40 169.0490 1691306
oo .
= 20 ¥ 20 168.9763 | ||, 169.1690

is ™ e 168.4 168.5 168.6 168.7 168.8 168.9 169.0 169.1 169.2 169.3 169.4 169.5 169.6 169.7

L /
£ B 5[] /min e
RT: 5.22
100 |
ol A 100+ b 169.0754
Y N # 80
ﬁ 60 ﬁ 60
= 40 = 40
Jeeay 169.0490(169.0962
) = 28 168.9764 ) |l 169.1578
0 168.4 168.5 168.6 168.7 168.8 168.9 169.0 169.1 169.2 169.3 169.4 169.5 169.6 169.7
45 5.0 5.5 s
PR B3 B 8] /min
RT: 5.22
100
100+ 169.0754
= 80
ﬁ 60
i% 38 169.04911169.0847
0 168.9764 1 Ii—. 169.1690

168.4 168.5 168.6 168.7 168.8 168.9 169.0 169.1 169.2 169.3 169.4 169.5 169.6 169.7

4.5 5.0 5.5

m/z
{4 B3 1] /min
RT:5.22
100 100 169.0754
80 d
i 80
4 60 # 60
' 40 = 40
B — 2 20
201 —— 0 169.0542
0 168.4 168.5 168.6 168.7 168.8 168.9 169.0 169.1 169.2 169.3 169.4 169.5 169.6 169.7
45 5.0 5.5 m/z
£ B 5} [A] /min

VE: () LS A BTG Norharman A9 €335 BRI TS R (b)KS 3 4 4 A Br i ) Norharman ) €8 33% RN 3% 4]
()EZZ ZE Tk Y Norharman F€ 1% B FUSTS ] ; (d)EE A il A &S H Norharman 9 20335 &R B 3% &
B2 ik, I8N B ZERMEM A Y Norharman 1) €235 & A B 1]

Fig.2 Chromatograms and mass spectrogram of Norharman in ustulate Crataegi fructus, ustulate malt, ustulate Massa medicata,
and Galli gigerii edothelium corneum
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.var.major N.E. Br.m{1lI# Crataeguspin. Natifida Bge.
TR, SRR, Oz 205 A 2018 SR AR B 0
R — TR0 B S B LR AR IR B B, F T R, TN, VRS, B Bl
e FEAZZE M. PN 4 WG, SRR S

100 RT: 5.64
o F——— 100 a 183.0643
# 80
60 i—}i— 60 182.9843 183.0907
40 = ‘2‘8 183.1005
20 =2 182.9466 |.|., . [183.1845
0 182.4 182.5 182.6 182.7 182.8 182.9 183.0 183.1 183.2 183.3 183.4 183.5 183.6 183.7
50 55 6.0 s
£ B4 5} (8] /min
100 RT: 5.64
%0 100 b 183.0644
’ X 80 182.9843
60 % 60 183.0907
40 Z 40 183.1006
20 28 182.9467] |l o [183.1846
0 182.4 182.5 182.6 182.7 182.8 182.9 183.0 183.1 183.2 183.3 183.4 183.5 183.6 183.7
50 55 60 i
1R BA B5F i) /min
RT: 5.64
100 1 183.0909
80 —— N 00 c
80
60 it 60 182.9844
40 ' 40 183.1003
= 90 1§3.0645 183.1847
20 0 182.6261 182.9607) ||l | 1835375
0 182.4 182.5 182.6 182.7 182.8 182.9 183.0 183.1 183.2 183.3 183.4 183.5 183.6 183.7
0 m/z
?ﬁH‘J‘IEﬂ/mm
i RT: 5.64
190 100 183.0906
80 d
= 80
60 # 60
40 & 40 183.0654183.1115
L e B 20 /
20 0 182.9850 /183.1841
0 182.4 182.5 182.6 182.7 182.8 182.9 183.0 183.1 183.2 183.3 183.4 183.5 183.6 183.7
50 55 60 m/z
{4 B3 st [B] /min
FE: () LS A Fr RS Harman A9 6635 BRI ] (b)KD 3 N 4 A BIr kS 4 Harman 4 €833 RIS 4
(c)HEF ZEFT G Y Harman 14 €633 RT3 &1 (d)FE 0 Bl AP RS HY Harman A9 620335 AT 3% 1 .
B3 R PRGN SRS ZERAE Al R Y Harman 1) €35 ]
Fig.3 Chromatograms and mass spectrogram of Harman in ustulate Crataegi fructus, ustulate malt, ustulate Massa medicata,
and Galli gigerii edothelium corneum
R R B T RN EREE HIRG
W% JRTTRA T e DA A (R B

145 o % 2% B A 01 B 4T Crataeguspin. Natiida TCARHI I TF R AR, RIS A G AR Sl )

%% Gallus gallusdomesticus Brisson [ -4 705 4

A E S NS P P P ﬁ*WﬁW%ﬁﬂm

(Hordumvulgare L. ) #5228 % 2 TR, JLH HERFBHERE, LRHHER, BRREH

QU R A5 | I SRR 3 B, (hRZi) 2015 4 PR ERIERIERUO KR aminoimidazoazaarenes, AlAs) i

LA R MM R A B o, ey B R R RS (amino-carbolines,  ACs), it MelQx,
4,8-DiMelQx, PhIP, MelQ E?ag%ﬂﬂé R S

Hﬁé
@, AR, ARET, R, HAT R f AL,
FITF BRI . i iom . sy s mily . £ 58 Harman, Norharman, Trp-2 J& T2 JE MM . 2!—‘5&3@7%4*4’
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TH B E 2Rl E ¥ 25 % Norharman 1 Harman 344
K, H ' Norharman % &5 H7E 0.102~0.62 ng/ke,
Harman % 82 HE7E 0.048~0.248 pg/kg, B Norharman Fl
Harman 4b, HAth 5 FhZe SRAEAE St b 4 T8RS o LR PR AT
Re Rl . MR 2R AR . KOXSN & 0 IR EE AR
150~180 °C, AR T (b MR A B, Hrp gy
M. WEEY, WaER . ik REERE
FLAT S 2R S 110 SRR A OB S R E K
7 Norharman F1 Harman 764K N RIA] ™74, FEH.
FIN A 2R RO R A, 7E I A 48RS Norharman il
Harman [T 00— 2542 5, X FI RS2 Norharman 7l
Harman 7£ 7P 24 il 13 72 A e i s i TR I FR 1 H Rk
WA B B S T e R S T ) B R BR B BR e, I PR X
ZI R R H B R A A LI HUE : MelQx: 0.41 mg/d,
MelQ: 0.46 mg/d. 1Q: 0.5 mg/d, AaC: 2 mg/d. MeAaC:
0.6 mg/d, Trp-P-1: 0.03 mg/d, Trp-P-2: 0.2 mg/d. {EX}
Norharman 1 Harman 1/} TG KA A EHUE 2PV E I, 4
PRS2 (R ILAE . IR M. BN 4)
RS R 1 2 SRR 2T ) B IR T O E A 1 TR A
W3k i A S

AR 58 T AL S AT A I ER XS HAAs 04
TERIRZ . B S 4E T /KA 0.1% H IR X Hh 17 0 i 52 )
GORRI, 0.1%HFRRENE 7 FhZRERE A RLEH N, 155
H G4 7S, WX FRM: R4, TR AT REJE H IR 7R
Jmag TIEEFE TR E, 15T HAAs & T
R, 15 7 FhA2 IR g, TR LT

4 &

ABIFFE N T R ORI B -
TSR 5 e 2 vh e PR b 1 A BT R, EORIGE T
4 R 2GR ILAE | FREEEE . A A XS b 7 Fh IR
J i) ik o ARERE, 2 R BRI, [RISCR FORG 2
P J S PR AN 5K . AT s Sy P 2 A e
P rp A SR A R T ARSI AR
SE MR
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