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Abstract: A method was developed for the rapid and systematic identification of alkaloids in Chelidonium
majus L. by HPLC-Q-TOF/MS. The separation was performed on an XCharge C18 column (5 um, 4.6 mmx250 mm)
with acetonitrile-0.1% formic acid in water by gradient elution. The flow rate was 0.7 mL-min™. The primary mass
spectrometer molecular ion and the secondary mass spectrometry fragment ion were determined. The mass spectro-
metric cleavage of alkaloids was determined and the structures were used to systematically identify the alkaloids in
Chelidonium majus L. To verify the accuracy of the qualitative results, three alkaloids were purified and identified
by NMR. Twenty-one alkaloids were identified from Chelidonium majus L., including one aporphine-type alkaloid,
three protopine-type alkaloids, 11 benzophenanthrine-type alkaloids and six protoberberine-type alkaloids. (S)-N-
methylstylopine (8) was first reported in Chelidonium majus L. and dihydrocoptisine (11) and norchelidonine (12)
were identified for the first time in Chelidonium majus L. using this technique. The chemical structures of the
purified compounds are consistent with the qualitative results of the mass spectrometric analysis. The method
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is fast and accurate and can provide a basis for the identification and extraction of the chemical constituents of

Chelidonium majus L.

Key words: HPLC-Q-TOF/MS; Chelidonium majus L.; alkaloid; structure identification
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Figure 1 Representative base peak chromatograms of Chelidonium majus L. extract (300 nm). Chromatographic peaks 1-21 are identified

alkaloids, and several unlabeled peaks are non-alkaloid components. The peak numbers were in accordance with Table 1
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Table 1 Qualitative results of Chelidonium majus L. characteristic peak by HPLC-Q-TOF/MS. Twenty-one isoquinoline alkaloids includ-

ing one aporphine-type alkaloids (No. 1), three protopine-type alkaloids(No. 2, 3, 6), and 12 benzophenanthrine-type alkaloids (No. 4, 5, 7,

12, 13, 15-20) and five protoberberine-type alkaloids (No. 8-11, 14, 21)

Experimental ~ Calculated .
. Error Fragment ion (MS/MS)
No.  tz/min mass (MS) mass Compound Formula
(ppm) m/z
m/z m/z

1 5.407 342.1735 342.1700 10.23 297, 282, 265, 237, 209, 181 Magnoflorine C,H,,NO,*

2 11332 354.136 4 354.133 6 7.91 336, 306, 206, 189, 188, 165, 160, 149 Protopine C,H1sNO;

3 13131 370.168 9 370.164 9 10.81 352, 336, 206, 190, 188, 165, 160, 158 Allocryptopine C,H,NO,

4 13.181 354.1359 354.133 6 6.49 336, 323, 305, 275 Chelidonine C,H1sNO;g

5 13.225 370.168 7 370.164 9 10.27 352, 336, 290, 275, 206, 188 Homochelidonine C,;H,;NO;

6 13.284 370.168 7 370.164 9 10.27 340, 339, 291, 290 Cryptopine C,,H,;NO

7 13.286 370.124 8 370.1285 -9.99 352,339, 321, 291 Chelamine C,oH1sNOg

8  14.469 338.1410 338.1387 6.80 190, 188, 149 (S)-N-Methylstylopine C,H,NO,*

9 15.159 324.125 4 3241230 7.40 307,249,188, 176, 149 Tetrahydrocoptisine C,H;NO,
10 16.262 320.093 9 320.091 7 6.87 318,292, 277, 262 Coptisine C,H,,NO,*
11 16.268 3221191 322.117 4 5.28 294, 279, 264 Dihydrocoptisine C,HgNO,*
12 23.859 340.125 4 340.1279 -7.35 323,322,292 Norchelidonine C,,Hi;NO
13 24.238 332.0955 332.0917 11.44 317,304, 274, 246 Sanguinarine C,HNO,*
14 33.343 336.1257 336.1230 8.03 321, 320, 306, 292, 278 Berberine C,H;sNO,*
15 54377 380.0795 380.079 2 0.78 348, 318, 290, 264 6-Methoxydihydrocheleryth C,,H,,NO
16 57.187 348.088 5 348.086 6 5.46 333, 320, 319, 305, 275, 262 Oxysanguinarine C,H13NO;
17 57.229 348.127 3 348.1230 12.35 333,332, 318, 302, 290, 260 Chelerythrine C,H;iNO,*
18  57.333 364.120 5 364.1179 7.14 349, 332, 306, 304, 291 6-Methoxydihydrosanguinarine  C,;H;;NO;
19  64.351 350.1411 350.138 7 6.85 335, 334, 319, 290 Dihydrochelerythrine C,,H,,NO,
20 65.823 334.109 5 334.107 4 6.29 319, 318, 304, 276, 232 Dihydrosanguinafine C,HisNO,
21  65.844 334.109 5 334.107 4 6.29 319, 304, 290, 276, 261 Corysamine C,,H,NO,*
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Figure 2 Fragment ions (MS/MS) mass spectrum of chelamine (a), berberine (b), protopine (c) and magnoflorine (d)

Figure 3 The mass cleavage pathway of chelamine
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[M+H-CH,]*, th 4 % 2 6 5 {7 ) FH 4 2L 2 b A miz
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Figure 4 The mass cleavage pathway of berberine
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Figure 5 The mass cleavage pathway of protopine
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gk LETR, 255 SCk[12], R E Y LR 2SR .
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R ARG 3@ L OR B B RDE R B AR A T
5N S = 4R 2 R DI AR B 34N AR A, &2V
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T Lo 3 40 3 351 K F- 95% . AR 0 A 4 SR LI 7.

Ok Ig 8, TR (KK, [M]*: 338.141 0, #5155
T30 CyH,NO,*, 338.138 7, 1% %} 6.80x10°, 'H NMR
(600 MHz, DMSO-d,): 8, 7.10 (s, 1H), 7.01 (d, J = 8.0 Hz,
1H), 6.92~6.86 (m, 2H), 6.14 (s, 1H), 6.10 (s, 1H), 6.06
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Figure 6 The mass cleavage pathway of magnoflorine

Figure 7 HPLC analysis of Chelidonium majus L. total alkaloids extract (ALK) and three alkaloids of (S)-N-methylstylopine (8), dihydro-

coptisine (11) and norchelidonine (12)

(d, J = 9.6 Hz, 2H), 5.12 (d, J = 9.0 Hz, 1H), 3.86 (s,
1H), 3.27 (s, 1H), 3.09 (d, J = 17.6 Hz, 1H), 2.95 (dd,
J=17.6,12.5 Hz, 1H), 2.86 (s, 3H). *C NMR (150 MHz,
DMSO-d,): . 106.3 (d, C-1), 124.3 (s, C-1a), 147.5 (s,
C-2), 144.3 (s, C-3), 108.9 (d, C-4), 123.4 (s, C-4a), 23.6
(t, C-5), 59.8 (t, C-6), 60.7 (t, C-8), 109.5 (s, C-8a), 147.8
(s, C-9), 146.3 (s, C-10), 109.1 (d, C-11), 122.3 (d, C-12),
124.7 (s, C-12a), 28.4 (t, C-13), 65.8 (d, C-13a), 102.0
(t, -OCH,0), 102.4 (t, -OCH,0), 39.3 (g, -N-CH.). Lk
[ H R 5 SO R B — B e AL A 8 I N-F 3k 4
B SERK [(S)-N-methylstylopine)].

ki 11, 45 KR, [M]*: 322.119 1, i+ BT {55
T3 CHNO,*, 322.117 4, iR % 45.28x10°, 3C NMR
(150 MHz, DMSO-d,): d; 104.0 (d, C-1), 124.5 (s, C-1a),
145.2 (s, C-2), 142.7 (s, C-3), 108.4 (d, C-4), 129.8 (s, C-
4a), 29.4 (t, C-5), 48.7 (t, C-6), 48.6 (t, C-8), 109.9 (s, C-

8a), 147.5 (s, C-9), 146.9 (s, C-10), 107.6 (d, C-11), 116.2
(d, C-12), 129.1 (s, C-12a), 96.9 (d, C-13), 141.4 (s, C-
13a), 101.3 (t, -OCH,0), 101.5 (t, -OCH,0). LA I %4
5 SCEREVR B — B, B e A 10 A R E
(dihydrocoptisine)

i U 12, W B (0 AR, [M+H]*: 340.125 4, it 54
ft 158 43 7 20 CoH,,NO;, 339.127 9, i % 4 -7.35x10°%,
13C NMR (150 MHz, DMSO-dy): d. 146.0 (s, C-1), 118.8
(s, C-1a), 147.2 (s, C-2), 110.0 (d, C-3), 121.8 (d, C-4),
127.6 (s, C-4a), 39.4 (d, C-5), 55.0 (d, C-6), 43.5 (t, C-8),
71.6 (d, C-9), 38.7 (t, C-10), 130.3 (s, C-10a), 107.2 (d,
C-11), 143.1 (s, C-12), 144.9 (s, C-13), 109.2 (d, C-14),
132.0 (s, C-14a), 101.1 (t, -OCH,0), 101.3 (t, -OCH,0).
DA b3 5 SRR L — 3K, B A 12 0 2
4 Ji 8% (norchelidonine). _Fid 3A4NA: Wtiidk 2 45 74
K8, 5 AR e g R e A (R 1),
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Figure 8 Three alkaloids chemical structures of (S)-N-methylstylopine (e), dihydrocoptisine (f) and norchelidonine (g)

INGE

A S 3 1 HPLC-Q-TOF/MS 5 A 5 Jit 22
AEWIRREEAT 0 BT 45 S, E e R 1 SRR R STk
KX, HEWT H 20 A AR, A N- G B SR
JiR S B OR IR S, A B BT 2 R 1 SR
RNERAE B S HRZ A€ . &I ER A PRI
EBAG < 5 RO A, T DT I 15 B 4k A5 1 4 B B )
AN KX O T SRR A AR R S T S
B, AT RLE SR Z 6 BB AR A B4 0 T RO L AR R A
W B Gy, X RAR 7= 52 Ak 2 rp 1oy IR 9120 o Tk
F, DL AR o s i TAE B EEEE L.
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