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Abstract: The targeted extract of cathinone alkaloids from dried khat was analyzed using HPLC-Q-
TOF MS. A ZORBAX Eclipse Plus C,; column(3. 0 mmx100 mmX1. 8 pum) was employed with a gra-
dient elution of acetonitrile and 0. 1% formic acid in water as the mobile phases. After the first-genera-
tion mass spectrometry data were collected in automatic ion acquisition mode (Auto MS/MS) , an ion
exclusion list was generated using the MS Convert GUI and IE-Omics software. The second-genera-
tion mass spectrometry data were then collected after importing the exclusion list, and this operation
was repeated to obtain the third-generation dataset. The data were pre-processed using MS-DIAL,
and the feature-based molecular networking and network annotation propagation (FBMN-NAP) work-
flow combined with MS-FINDER was applied for data visualization, compound library matching,
and structural prediction. A total of sixteen suspected cathinone alkaloids were detected, including
three pairs of chiral isomers. The in-source decay combined with iterative MS/MS acquisition was em-

ployed to analyze the mass spectrometric dissociation pathways and to validate the results of library
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matching and structural prediction. The joint identification by MS=FINDER and NAP predicted the
chemical structures of four compounds, while NAP alone identified two compounds. For the remain-
ing components without confident matches or predictions, eight structures were inferred by interpret-
ing the fragment ion dissociation patterns and structural annotations in the matched spectra. In total,
the chemical structures of fourteen compounds were elucidated, while the other two, exhibiting sig-
nificantly different dissociation behaviors, could not be deduced. This study employed high-resolu-
tion HPLC-Q-TOF MS combined with iterative MS acquisition and feature-based molecular network-
ing analysis to systematically characterize the cathinone alkaloid composition of dried Catha edulis
(Khat). A total of sixteen related compounds were identified, and the chemical structures of fourteen
were elucidated or tentatively proposed. The results provide systematic experimental evidence for the
chemical profile of the khat metabolome.

Key words: Catha edulis; cathinone alkaloids; targeted metabolomics; HPLC-Q-TOF MS; fea-
ture-based molecular networking(FBMN) ; MS-FINDER

B4 (Catha edulis, Khat), MHFRFTHAZRSIGSE, g FRETH I PR EE, E—FEE
AT BTHAA - S AR AR SRR TR, R4 hIUE I G FAR e rh, M () A
SR TTHZRE . KIE R R 0T e S EUERE . RN R R U DI . ARG EREN
FAE L MR R A B MEE ——R VU . 2 HRR B RURL 2 O RR R R, RE (R P AR R
R 2 B, AT 5 e O BRAG A 2k A (A 707 ARE RS2 S fh H 5 (2013 4B R )
R PUEABE I R 5 — A2, S DR RR B R 0 R 55 2, T 2 YRR O PR L 5 R TR P A
FINE 2B

Hap, E NSRS R ER A — T, (X EE sy, THZARVEEZEY
W RGENE AT S o R ZEAE AR AR R RS A A BB, R ST AT Gef B
BRI 43 A AR bR /BT . BRI RS . RS R A 2 AR e o b . Hodr, B AR A 2
FIH B AR S BATE T, ZEAE S A SRR 0 3 R v SEBOGH R E b A P ) R R B S R A
BN T2 L . BB bR & BLLL R R E IR ST B, Jin SE R R
AH G - DY AR AT — AT B) SBT3 32 0 A - b R B 2R 0 A T 40T, 458 F o SRR E T AN ]
AR B 15 i EZS 25 55 5 Yue 255 ) FH 1004 [ A e A B0/AS0RH €0 1% — J0 i 32 ok VAL B g 7 ) ) e L
AT b A BARE S S WA T TR T, BRE T 25 RhEATE AL S TE AR P R A 25 Yang S5
A o SO i — = T D AR A S5 R 1 O 0 0 i S S A RN ML v 11 A R 22 R SRR
Hovp 8 Fh B 50 BRI St TR AR bR

Y SRR 0 % — 5 0 W T 1 A AR ZH 2 A 2 e DLk i it € B AR A A0 . AR 3 e v B R N
PUNRE Tt &k B ARk &k TR AR 00 23 B R DR 0 o 12 s 5 s 2
A EYLEE TN S E5 00 77, R0 4 e SRt T A RGRAE . i, Skibinski 2558
T v R L 1 - DU AR AT/ T ) 5 1 B U5 P 2R — 22 R B VAT 1 E R WIR T 3 i 7 ) 28 ft i
2, T H A5

B AL A % 7T, MS-DIALZFI MS-FINDER " &85 44 0.1k )12 i JH TR 22 K fg ot
AT, MS-DIAL SZFRF 2 AMUE P S REEAE S, v et il DRI . JEZRIEIE . XS 5F
US4k B i A AL AT S AL B T4, IR B 5 W B s B s 2™ i MS-FINDER Jj u]
RS . SEHERN | AR AE B 2L ZE R B R O AR AT A TN, SR TS R
BPER 7 BeAbh, FRAE 5> F 4% (FBMN) Fl R 28 {3 B 7000 (NAP) 4k GNPS F- & W i) Wi 40 BT 7 12
TE 2 PER B bR B i) nT AL AL S h M T v Sk 4% T A A

BTG, WHEE S REAROBUREE, SIAEHHER YIS, TR R AR BB T R R
B, PR MS/MS B 5 R AR 4 S8 I AT o AN SCOR P e 50 AH €0 3% — DU AR AT — & AT B ) S il — 326 AR
P, O TR AR B RS AR W A T R 1 SR BOR) R GEME AT . R MS-DIAL FAb BRI, R4k
£ FBMN-NAP J57 i F MS-FINDER BEA 78040 T 004k | 3% A2 DT KL 2544 T , - [) i i 2 Y0 PN 4 — 22 2 ot
PR VCHCAE SR A TIIE . B2k, LRI 16 NSRRI R VUSSP 5y, Hop el 14 450 i1k




5 4 1 WPEREE: JET HPLC-Q-TOF MS i) TR I& 5 B R VU R A My i O 2 2 763

Gt o IZWEIOAE R R RE T P I B HE— P RS TR, A0 A ST 1) £ 2 A
WISt 1T ke

1 X3aaEpsy

1.1 UE. MESiRF
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1.2.1 HRETAEEG BRFRE PRI SRR A H & . B0, 1 gCRETRZE 0. 000 1 o) ¥5H% S
B TR T 2 mL BP0 W, N T mL 0. 05 mol/LELR/KIE , WIEIRZIZE 3 min, HLL
10 000 r/min Z5.0> 3 min; B 600 wL FEBHET2 L E.0E T, WHEYETE 1 min, FLL 10 000 t/min 5.0
3 min; HL300 pL BJZ2EW T 2 mLi @S 08, A 80 wL 1 mol/L EAAABIKIE WL, WiEdR%
1 min, FIIAN1 mLZHE, WEVET 2 min, ZRJGMIN 0.4 (K58 0.000 1 ¢)NaCl [i4k, IWER
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W 2 mLA RO, M 80 wL 1 mol/L &AL A/KIER, WHERT 1 min, N1 mLZHE, i
JiEPR 2 min, SRJGMINO. 4 gCREHHZE 0. 000 1 g)NaCl A, WHEPRE 1 min, LL10 000 r/min &0 3 min;
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AN0. 1% WK, BAZNE; HFERES pL; W O0. 3 mL/min; BEEEBERIFEF: 0~0.5 min, 5% B;
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5% B,
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Auto MS/MS R, —ZREAETER m/z 100~1 000, REHZK6 spectral/s; i E
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Narrow~1. 3 m/z, BHIHEFHERR D 5N Auto MS/MS SR8 71 th BEAT AR BT B i G I, 52 i Ik
EREEE, AR ARSI S . T EAREAE, SEK 20 eV BERERE S5 T 2 VAR Ok ARSI B e
BSREE, LLK 10, 20, 30, 40 eV AR HERE S A T b4 5 vp 5 VO 2% A o i3 U565 T A0 41 1)
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Fig. 1 Feature-based molecular networking(FBMN) results constructed under different collision energies
A-C: 10, 20, 30eV
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Table 1 Identification results of 16 suspected cathinone alkaloid components

No.  RT/min mlz Molecular formula Identification method Structure

OH

1 2,97 168.1016" C,H,,NO, NAP WOH
NH,
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(831)
No.  RT/min mlz Molecular formula Identification method Structure
OH
2 3.22 168.1016" C,H,NO, NAP WOH
NH,
OH
3 421 224.1284 C,H,NO, MS-FINDER, NAP o N
2 3 X ff
OH
f
4 421 194.1165 C, H,NO, E2 Ui O*(N\/
OH
0\
- OH
5 4.39  194.1145 ¢, H,NO, Z R N
0 0
OH
OH HN  OH
6  4.41  205.0958 ¢, H,,N,0, MS-FINDER, NAP NH, N, @ﬁo
/
HO N
7 473 208.1312 C,H,NO, MS-FINDER, NAP HO%/ HO
HO
NH
> NH,
8  4.81 161.1073 CHLN, MS-FINDER, NAP A )\©i§
N
N
H H
OH O
9 496 222.14927 C,H,NO, E2 YN
NH,
OH O
10 5.25 222.15027 C,,H,,NO, E2 i
NH,
0O OH
11 8.27  284.1638 C,H, NO, YR O)H/H/\O
NH,
(0]
12 9.01  192.1002 C,H,,NO, NAP 1 @
0]
0 H OH
13 9.07 284.1664" C,H,NO, E2 Ui O)‘\ﬂw)\O
14 9.36  245.1271 ¢, H, N0, - -
0 H OH
15 9.43  284.1638" C,H, NO, ZYIR Q)%Nw)\O
16 9.64  201.1012 C,H,N,0 - -

#1, 2, and 3 represent three pairs of stereoisomers (¥1, 2 *3 4 =X} 37 R FAA)
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2.2 #EWETESHETTR
2.2.1 HEFEEATEE ARIMLEWIHES T TV AT miz 168~245 X [0), #EH & FAHMERA
AL, A [M-H,0 "I M-NH, | F i 5 #0842, HLTE 30 eV F1 40 eV Rl EE RS A2 B m/z 105 5
mlz 91 M -RVGEAZ OB 280 3, A AR CICE S, JEAF A SRR VU2 AR iy el ) 24 i
M BB RGEE R WAL 2,

2 T P A AL S 0 R S 5

Table 2 Mass spectrometric identification information of typical cathinone-skeleton alkaloid components

No. RT/min Accurate mass(m/z) Molecular formula  Major fragment ions(m/z) Identified compound
172 2.97/3.22 168. 101 6 C,H ;NO, 91.0542, 120.0817 OH
OH
NH,
3 4.21 224.128 4 C,H,NO, 91.0539, 115.0524
OH
O &
OH
4 4.21 194.116 5 G, H NO, 105.069 5, 176.106 6 0 |
N\/
OH
5 4.39 194.114 5 G, H,sNO, 91.0545, 176.108 1 0
) X
OH
C
7 4.73 208. 1312 C,H,(NO, 91.0539, 133.087 1 HO
H,N NH,
HO
14 9.36 245.127 1 C,,H N0, 91.0546, 184.1124 -
16 9. 64 201.1012 C,H,N,0 143.073 1, 158.0950 -

B 12, EAREEITE) A 3. 22 min 55 2. 97 min Zb43 ARG I 3 A B AR 6] 43 185 1 ([M+H ] =
168. 101 6, JiiiiR7Z A=0. 8 ppm) B iEIE, 431X A CH NO,. WMEI2/R, FE10 eV MEHERE T, I
) MS/MS BE B LL m/z 120. 080 9 VE 4 E B 851, (30 eV FI40 eV BEERE T, m/z 91. 053 6 k5
W, IAMMEA Y0 2 5 2505, (R i AR i BE AR AE 25 5 . iR (B 3) i
s R R OK B IR B R RRAIE . NAP DE G 25 5 (8] 4) {5 565 1 452 1 358 9 2-amino-3-phenylpropane-1,
1-diol W] SEREPCILFT A 58, 45 A (il B (a=1. 08) HEMT H K — S AR S di Ak

&Y 3, MIHIF mlz206. 1170, F£30 eV T 52ACHR NSRS RIIE EA . /it
FW, Hoh mlz 224, 128 4RSS TR, W& BESIIKA M m/z 206. 115 8 f1170. 095 7, 1% EEE T
TE 5 46 MS—-DIAL 43 #7132 Jil s AH F R o E e B, )5 28 B 1) 4 B2 R0 U % A 1 Ik . MS-
FINDER 5 NAP IR 3|45 5 5 B —5, 245 S8 AR5 75 BilEGE R 4-[ 1-( 2—hydr0xyaziridin—1—yl)
propan-2-yl |benzaldehyde, A E IRTEMEHF R PR IE 1Y B 44257

& 4 M5, L6580 1E) 43 51 A 4. 21 min F1 4,39 min AbBEKG ), HES T B (M+H] =
194.114 5, 43 F3X K C H,NO,, HEMENXGFAERZFZEZR ., 4 5 E5WN EBEENIRIK K m/z
176. 106 6 F1105. 069 5, HZ IS 2 32 B LLES K HGT A F 5 MS-FINDER FI NAP [R5 B
RYYAFF A LR SRR, BORREIETPUNZA 5y . ZA TS RMRAMGEE, M54
2- (ethy]methylamino ) -2-hydroxy-1-phenylethanone; 5 SHEAEEREIERE F L m/Az 91,054 5 8 Fil&, If
FEAE m/z 148. 112 3 a4 F, MS-FINDER Fl NAP (40 AT 45 SR AT & F kTl 2k s, RAEIE
IRANZA 5y . Z5A TSRS IRE R, HEHE L5424 2- (ethylmethylamino ) -2-hydroxy-2-phenylethanal .
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Hrmlz 172. 1112, 30~40 eV 54E T P24 m/lz 91. 053 9 BASRAE R RL 85 1 BFES ] 45 £ Wi 4>+ H,0
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Fig. 2 MS/MS spectra of compounds 1 and 2
A-D: MS/MS spectra at 10, 20, 30, 40 eV, respectively

2.2.2 WEFIRREIZE ZMEYIE LR i FE b ) BB R E HARAE M om0 55 7 i i B
¥, "R HS T EEP U E Y GBS AAOREEEN) . HACERER R 247 F m/iz 117~150 X 8], 2PELE
AR R WHHLSEREH M AR . SSRGS EENE 3,



768 SR AR (http://www.fxesxb.com) o453

[ 93.0725 ]—P[ 91.054 2 ]—>[ 65.038 6 ]
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Fig. 3 Mass spectrometric fragmentation pathways of compounds 1 and 2
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Table 3 Mass spectrometric identification information of condensed aromatic and tryptamine-type alkaloid components
Accurate mass  Molecular ~ Major fragment ions
No. RT/min J < Identified compound
(mlz) formula (mlz)
(0] 6]
OH OH
HN  OH
146.059 1,
6 441 205096 C HNO, H, H,
188.070 1 \ A\ S
/ )
H
NH,  NH,
115.053 5,
8 481  161.1073  C,HN, 144, 080 3 = N
. \ X .
N H
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0
12 9.01 192.100 2 C, H ,NO 132.081 2. N
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Fig. 5 MS/MS spectra of compound 6

A-D: MS/MS spectra at 10, 20, 30, 40 eV, respectively
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Fig. 6 Mass spectrometric fragmentation pathway of compound 6
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Table 4 MS-FINDER identification results of compound 6

Rank Compound name MS-FINDER score Molecular formula
0
OH
1 L-Tryptophan* 27.39 NH,
N\
N
H
NH,
7/ NH
2 UNPD194902 24.12
OH
0
N_ /®
3 4-Hydroxyantipyrine 23.98 m
HO (0]
0]
OH
4 L-Tryptophanyl radical cation 23.63 NH,
N+
HZ
0
HN\(
5 Ethotoin 17.91
N\/
(0]
H
0 N
6 Nirvanol 17. 89
HN
O
N\
7 3-Hydroxymethylantipyrine 17. 86 HO \ N
(0]
(0]
HN
8 CNPO445679 17.84 é/@
—0 HN
0]
OH
9 2-Amino-3-(3H-indol-3-yl) propanoic acid” 17.82 NH,
Y
H,N OH
10 Isotryptophan” 11.72 W
N
H

xstructures consistent with the proposed MS/MS fragmentation pathways (7 & 5T i 24 it BA2 B9 fb 22 4548 )
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2.2.3 KEFZRITEME ZZMEEYH[M+H " E T E AT m/z 222~284 X 0], EIMAIF)FE
CNEBARHE, AR 2RGS0 T RIESIK . AL RIE R R E T, AR
LI I R A . B AL SRS S RIS,

F5  KHEHEZ AT E YIRS 1 i R (5

Table 5 Mass spectrometric identification information of long-chain phenethylamine-derived alkaloid components

No. RT/min Accurate mass(m/z)  Molecular formula Major fragment ions (m/z) Identified compound
9/10  4.96/5.25 2221492 C,H,NO, 133.088 6, 204. 138 4 o o
NH,
11 8.27 284.163 8 C, H,NO, 105.069 9, 133.088 3 0 OH
13/15 9.07/9. 43 284.163 8 C¢H,,NO, 105.0712, 132.0819 o OH
H
N

&Y 910, FE{% 52 I}E] 4. 96 min 5 5. 25 min Zb43 A I 2] PFAS B AT A [F) E 2> 185 7 [M+H ] '=
222. 149 2(Ji iR 7% A=4. 5 ppm) AR . %A/ AE20 eV 550 F 5 LW RRE M . 2-25E-1-080-1-T
il 255 v U ok R S 2 T i AR, s A b B BLESE S K (m/z 186) . WA (m/z 187) T i
AET5 B W Iy (m/z 133), PR HAERRFAE M JC 5 AE MS-FINDER 5 NAP (g5 2546 N i A0 o 45

o “H
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Fig. 7 MS/MS spectra of compound 11
A-D: MS/MS spectra at 10, 20, 30, 40 eV, respectively
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Fig. 8 Mass spectrometric fragmentation pathway of compound 11
#6 LAWY 111 MS-FINDER JH44 5
Table 6 MS-FINDER identification results of compound 11
Rank Compound name MS-FINDER score Molecular formula
1 Ciclopirox 23.02
(I)H
N (0]
| =
2 UNPD73740 21.85 OH
NH
0
3 C00050650 21.83 3
7
N
HO ~
4 1-(1, 3-Benzodioxol-5-yl)-N-ethylpropan-2-amine 21. 61
0
(YL
5 7-Norcarnegine 16.37
HO
~o m N
6 3-Amino-4-(3-methylphenyl ) cyclopentane-1, 2-diol” 11.33 HO
NH,
HO

%
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(5:46)
Rank Compound name MS-FINDER score Molecular formula
7 3-Amino-4-(4-methylphenyl) cyclopentane-1, 2-diol’ 11.33
HN
HO
HO
8 Argimycin piv 11.24 /
OH
OH /
N
H
9 2-(2-Methyl-1-phenylbutan-2-yl)-1, 3, 2-dioxazetidine 10. 76 0
% -
N—O
10 1-(1, 3-Benzodioxol-5-yl)pentan-2-amine 5.95

H
<O N ~
0
sstructures consistent with the proposed MS/MS fragmentation pathways (£ 5 i 1% S8 1 B A% U AL~ 4549 )
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Fig. 9 NAP identification results of compound 11 at 20 eV
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