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Alkaloid constituents in Corydalis from different habitats
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Abstract:To compare the alkaloid constituents of Corydalis from different habitats and explore the alkaloid constituents in Co-
rydalis sheareri S. Moore. ,the HPLC and acid dye colorimetry were used to compare the contents of protopine and total alka-
loids in Corydalis from different habitats. Alkaloid constituents in Corydalis sheareri S. Moore. were identified by ultra-per-
formance liquid chromatography-qua-drupole-time of flight-mass spectrometry ( UPLC-Q-TOF-MS). The results showed that
the contents of protopine and total alkaloids in Corydalis from different habitats were not significantly different. A total of 13
alkaloids were identified by UPLC-Q-TOF-MS through high-resolution mass spectrometry data and relevant literature, inclu-
ding one rhoeadine-type alkaloid,one simple isoquinoline-type alkaloid, two protopine-type alkaloids,two protoberberine-type
alkaloids ,one phthalide-type alkaloid, four benzo-phenanthridine-type alkaloids, one tetrahydroproto-berberine-type alkaloid,
one aporphine-type alkaloid. The results can provide a theoretical datum for the development of medicinal plant resources of
Corydalis.
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Table 1  Information of samples
G L7 7 H SR AR (]
No. Species Producing area Harvest time
S1 W Corydalis sheareri S. Moore 2o 2022 4E3 H
S2 # ¥ Corydalis pallida (Thunb. ) Pers. iy 2022 4 A
S3 28 Corydalis edulis Maxim. i) 2022 43 H
S4 W Corydalis edulis Maxim. N} 2022 43 A
S5 8 Corydalis edulis Maxim. 7 [ 2022 4E4 A
S6 WA Corydalis sheareri S. Moore M 2022 4£3 H
s7 M B Corydalis sheareri S. Moore = 2022 43 f
S8 W5 Corydalis sheareri S. Moore B 2022 4F 6 H

1.2 UB5RH

SP-1901UV AU E4ha] WG RE T (e i s
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BIOK R 0.15 ¢ KR 5.6 mL % 500
mL ST, 25T A
1.3.1.2 R H a5

HBURH 4t 0.2 g, fin 0. 05 mol/L & &AL 4NTA
W 3.2 mL, 7K AE4¥ % 200 mL,
1.3.1.3 S s il 25

1. 17 v S1.S2 . S3.84 S5 i gt 50 H
it BU5.00 g, fin A 50 mL70% £, B8 75 B =K,
B 1 b VR AE SR IO E 25 5 50 mL, B SRR S
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PR B 6B 7 i 18 myg, P2 2 25 3] 50

mL, RI153 0.36 mg/mL [ J5 B F- B0t HE S8 T
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1.0 mL RS, & F o=k, imA 5 mL 2,
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VW, 3550, A S mL e 26 L S Ik, B 0T
H e 2 MR 4 7 25 5] 10 mL 25 0P, PRI 1 mL o
ZF] 5 mL R VE RS AR BRifE S SRE
FSURALBEIA] I, IF7E 350 ~ 550 nm 35 [B] Y #E 47 4 0%
K,
1.3.3 Ar/fwnsk

KRR 1.0 mL“1. 3. 1. 47 H5f BE S i 0,
A AW 5.0 mL KR YA W 2. 0 mL, it —
AHBES mL 205 W, BIF, 28k A Wb, w4 5
10 mL, BU%P# 0.1.0.2.0.3.0.5.1 1.5 mL, %
F5 mL, BIIRE 95 0.72.1.44 2.16 3.6 7.2,
10.8 pg/mL, F 415 nm P& T 0@ WGAE, £l
W - A bR 28
1.3.4 H&EEMBAEN T

K EC1.0 mLe1.3. 1. 37 ke AT, BT
SR S, #3027 AR T IR L il T
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Materials XB-C (4.6 mm x250 mm,5 pum) ; i s4H :
CHE-0. 1% B /KR 25 275 5 1 3# 0. 8 mL/min, K5
DK 2284 nm A7 <35 °C, #EFEE 20 plL,

1.4.2 3R SRIE R0 H &

B 0.36 mg/mL 19 i Bl -8 1 mL, 1% £L72-H
FEL(1:1)5EZF] 5 mL, A EL0.2.0.4.0.6.0.8 mL
FH 1% EE1R-HEE(1: 1) A2 S mL, BRIV EE 5350 K
2.88.5.76.8.64 11.52 72 ng/mL,0.22 pm JE[E T
U8, BIASXT BRI, #1417 B SR R,
(8] =4 5 R SR ot v DT
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B, B3I 5 A IO R o A i 0 ) 5 1 AN B
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1.5.2.1 faitsf

{01 A . Agilent Poroshell 120 (150 mm x 3. 0
mm,2.7 pm) ; FhAH: LHE (A) - R K W (4 1

000 mL /K15 1 mL HIER) (B), B6EEVEML (0 ~ 5
min,90% A;5 ~50 min 90% —5% A;50 ~55 min,
5% —90% A;55 ~60 min,90% A) ;0. 4 mL/
min ; K54 210 254 280 nm; KR .35 °C; HEFE
2 pL

1.5.2.2  JEiEs&p:

ESI 85 U5, ok FIE 8 F R A =X, T4 45 i
J£:300 °C, TEAURF 2 -8 L/min, 5 4L 455 T
3.5 x10° Pa, 7 71 1R B - 350 C, By 77 AR B3
w11 L/min, B4 H .3 500 V, HE L H & : 500
V., HHE G m/z:100 ~ 1 700, — % 4 i 7% . 10 ~
50 eV,

2 ER55H
2.1 REYHESENERS
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Jir BT 655 o R 4 e 5 VR B 4RO R T
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Fig. 1 Spectrogram of bromocresol green-alkaloid ion pairs
VB JE BT B2 AR A A R . Note: 1 : Protopine; 2 ; Sample.

2.1.2 ApEw

A8 S [mIH )Ry =0.089 2x + 0.013 5,7
= 0.999 8,551, I Bl - Bigi7E 0. 72 ~ 10. 8 pg/mL
TN SIOGEEZNE R RAF ArEh e niE 2,

1

1% 5¢:{{{Absorbance
S = &
= & ®

ot
¥

T T T T T
0 1 2 3 4 5 6 7 8 9 10 11
WREE Concentration (pg/mL)

E2 frfEisk

Fig. 2 Standard curve



Vol. 35 FEIEASSE R[] P2 e

AR A RS ST BT 413

2.1.3 HRiAHBsEn e
S1 ~ S5 A i v B AE Wi
A AE YR S VS A 2,01 ~2.49 mg/g,

£2 HRPEREYRHSE(vs,n=3)

Table 2 Content of total alkaloids in samples ( X Es ,n=3)

BN 2, A RE

S7.S8 By BB T 0 4% K (total ion chromatogram,
TIC) , W&l 4 FR,

W

D BT i

Protopine

G JSYEEE/T g . : ; . . ; ‘ .

Sample Total alkaloid content(mg/g) o Z 4 L 2 1 Lo

S1 2.01 £0.03 . Ei?o);ﬁ
S2 2.21 £0.01
S3 2.30 £0.02
S4 2.11 £0.02
S5 2.49 £0.01

0 2 4 s 8 10 12 14 s

2.2 EMARHEESENE
2.2.1 RAEER
NSRRI S NN ) RS 1/ 0 et
{5 BA BF ] R 14. 42 min,
2.2.2 #FEMZFSENELR

S/ TRNEN

B8] Time (min)

3 SULEm(A)FRF FEEx R (B) 8 HPLC iEE
Fig. 3 HPLC chromatograms of S1 sample (A)

and reference substance of protopine (B)
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Table 3 Content of protopine in samples ( x+s,n=3)

P AFE:y=2633.7x + 5081.8r=0.999 7,

WA T Bl R B JEE A 2. 88 ~ 72 pg/mL I N Ak

LiRLER N

Ji el e

KA RAF, ST ~ S5 FE A bl Aol 5

AN 3, AT RIS

Sample name Content of protopine(mg/g)

) X s1 1.911 +0. 003
A ity SR BT B YA 1.202 ~1.911 mg/g, © 1907 £0.002
TASN
2.3 UPLC-Q-TOF-MS #4558 3 1.202 +0.002
T UPLC-Q-TOF-MS A&, 78 (6% S A4 ) 4 1.397 +0.001
HUHE R R AR o, 75 2 1 3 AR U R AR S6 . S5 1.906 +0. 002
$ £ ¥4§m‘lcouecmnumes(:m.:)‘ SRRt R R
“§77 +ESI TIC
XlSOST +ESI TIC
N 1 12 s 31.923
0.8 4
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0.4 4
o
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Fig. 4 TIC of samples S6,S7,S8 under positive ion mode
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2.3.1 ¥ AMmATEEF 05T

HIZE 4 AL, = ANRE SR R A9 A P R 28 A7 1
ZE5 , B T BT FADRE B e AL OO [R] R AR
AL K UPLC-Q-TOF-MS J3#fr Y 1 4b B 1o 2
AN A AL E Y 1 13 TR AR e R LAY
12 53R AEFE N R B, =35 i) RE LR AL 25 i 7
HEE GV T LA T /W b, X nl B2
SPECHE R ST RKL T ER =FH AR

LA, S8 KE LR 4R H 5 S6.,S7 AN[F] M Ad, HAE
fin S6 .87 2022 4F 3 H R4 RAE ML E AR PR =5

WA FELEAE R SEEF LA s 1 i S8 T 2022 4E 6
RAE CRAENAET PR, (R RS2, SO I ] B 2 AR
BRA A A 1 b A %) 2 S5 R AR R I A 2 S 3 ) S 38
THM S
2.3.2 AMpmeyn ki

UPLC-Q-TOF-MS LS5 i 8 2% (13 Fp 2 ¥,
Y33 4o oo SR L CA | 1 i A LA A 0 90 i B T
AL W B B 508, 45 R W o B I R
R EFIEFER LS 45 L S,

F4 S6.S7.S8 M H B E M
Table 4  Alkaloids detected in samples S6,S7,S8

L] 2237 FER AFR Sample name
No. Compound 6 <7 S8
1 S HE B Isocorydine + N
2 Wi % 76 52 58 Rhoeadine +
3 U Al W B B, Tetrahydrocolumbamine + ¥
4 JELRAT 8 Protopine + ¥
5 B BR Allocryptopine + .
6 Z/MNEER Dihydroberberine + +
7 6,7- P S Ak 2,4 F g o . .
6,7-Dimethoxyquinoline or 2 ,4-Dimethoxyquinoline
8 3R Corynoline n +
9 AR Sanguinarine N .
10 LTS R Acetylcorynoline +
11 AU MR Dihydrosanguinarine +
12 LA A R Bicuculline "
13 /NBELTHH, Beberrubine .
TE: S+ 7 FORME A A I B 24 A
Note:“ + "indicates that the compound is detected in the sample.
%5 UPLC-Q-TOF-MS %7€ Kyt 4 & & W AL 57
Table 5  Alkaloid compounds identified from Corydalis sheareri by UPLC-Q-TOF-MS
gl A A N . , }
N Compound (min) value value  ( x10-9) (m/2) formula
1 FEEHERN Tsocorydine 14.672  342.1659 342.163 0 8.5 297.112 2 .282.088 8.265.085 9 CyHyNO, 12
2 &AL E B, Rhoeadine 19.995 384.1452 384.144 2 2.6 303.064 9.291.064 8 .263.069 7 CyHyNO, 13
3 Telgjiiﬁﬂll?;n%gfine 20.707 342.168 0 342.1695 4.4 294.116 4 .192.100 4 .151.074 8 C,H,3NO, 14
4 JE B BB Protopine 22.784  354.1323 354.1341 5.1 275.068 9.206.080 0.189.077 5 CyH;gNOs 14
5 BB Allocryptopine 24.964 370.1650 370.1645 1.4  290.092 5.206.080 1.188.070 1 C, HyNOs 14
6 T &V/INEERR Dihydroberberine 25.652 338.1361 338.1387 7.7 322.105 8.308.090 3.294.110 9 CyH;yNO, 13
6,7~ HI S Bkl

7 6;51;@3}?&{%1%?1 o 5.207  190.0849 190.0864 7.9  175.060 9.160.074 2 147.064 6 C, H,NO, 14
2,4-Dimethoxyquinoline

8 £HER Corynoline 28.050 368.146 1 368.1498 -10.1  289.084 6.261.089 6.177.054 1 Cy H, NOs 12




vol. 35 BETE A5 R 7 M R K U 15 415
%% 5( Continued Tab. 5)
PRERRTT] sz it 2 EH B 4 . .
o e & S , Emﬁ % T#J#Paa% ]Hcit, St
N Compound Ly Experimental Calculated — Error Fragmentation Molecular Ref
o ompot ('min) value value ( x107%) (m/z) formula e
9 ARTE Sanguinarine 29.510 332.0898 332.0873 7.5 317.065 7.304.094 2 274.084 1 CyH,NO, 15
10 LR R Acetyleorynoline 30.446  410.1558 410.1583 6.1 350.136 5.289.084 3 .261.089 0 Cyp3Hy3NOg 12
11 T EUMLARBH Dihydrosanguinarine  48.887  334.1057 334.1079 6.6 318.074 0.276.098 9 261.076 5 CyH;sNO, 12
12 A R Bicuculline 16.785 368.109 8 368.1134 9.8 307.056 9 .277.046 6 .249.051 9 CyH;;NOg 14
13 JNBELT B, Beberrubine 21.190 322.104 6 322.1073 -8.4 307.079 .278.077 7.250.082 9 C,oH;¢NO, 16
go
\ N o—
o -
; 9
DalinWal W
1 2 3 4

2 o
$ s

5 MEEEYRELEYNEN
Fig. 5 Structures of alkaloids from Corydalis
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Fig. 6 MS (A) and MS/MS(B) spectrum of rhoeadine
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g, m/z368. 138 0 AURE A B k£ 2 S HIE
& m/z 366. 133 1 AR B T 120 B ek —4F

SURHTT = m/z 191,093 4,175, 042 0 (T4 - 35 T
(Bt 7) B 2 IR "

+
+H
N— —

[e] i H o +N

q s T d

(o) HO o )

~ o ° =

| e}
O o/

/O o—/ o
m/z 384.145 2 / m/z 368.138 0 N—
o e o= ., 0 N
q | < | e
o ] & o ),
! ~ o o
)
m/z 366.1?3 1 m/z 191.093 4 m/z 175.042 0
e =T = s, 4
7 MELEFENEBERZ

Fig. 7 Proposed fragmentation pathway of rhoeadine

2.3.2.2 fHjBASEMEmRA

WRAYIEA 7,764 5 ST .58 1) DAD &5
LR ER ] 43591 A 4. 968 \5. 207 min, 25 38K, BN
P B SR, 1B 1N m/z 190.084 9, 3 B
¥ b8 F4:-CH, -CO FI-OCH, , P4 m/z 175.060 9
147.064 6 117.056 7 [fE 7 &5, B 7 H 6,7-—
AR s bk 2,4 - — PP 4Rk ms ok
2.3.2.3 EWILAK

WA 4.5, 004 FBI(WE8) , Ko+

N

B UER m/z 354,132 3, i TRAREAE R « JL4
ARG, 5y kAEW RN R 25 1 4y F-H,0 M =4 m/z
336. 121 0 BIHE B+, I T8 25 1 43+ CO Al
2 A H P m/z 306. 106 1 1R B ; HBRZ A 7]
%1 RDA B0 =4 m/z 206. 080 0.149. 059 4 il
165.054 0 %5 F AR S A 7 88 T 1 B85 1 m/z
206.080 0 FE—44: 92 1 43F H,0 5§ 1 4~ OH =4
m/z 188.070 2 Fl m/z 189. 077 5 [yHE H &, #i5E 4
S ST e

3 1339; C20H19NOS: “ESI

188.0702 =

PP PR
e

306.106 1

Pl g&s § I

"
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2l

Ly
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Ji#ii E. Mass-to-charge ratio  (m/z)

Al
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E—110. 0484
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Fig. 8 MS/MS spectrum of protopine

2.3.2.4  JE/NEERFE

IEA WA 6 .13, LU 13 Ml ( LA 9) , —2
B Ay 7 8 70 m/z 322,104 6; R TG
W oS T AN 1 -CH, 267K, 77 2k 8 8
i m/z307.079 5 [ M-CH, | "¢ 7 &+, Ji4h,
13-\ AU — MR T2, £ R-CO i, ™=
A m/z 292.056 6 (K[ M-CH,-CO | * #R -, Br el 4k
Se4eJe-CH, WEH 2571 m/z 278.077 7 1y [ M-CH, -
CO-CH, ] " T F BT, W 13 S/ NBELTig )
2.3.2.5 IRBRSFMEMRE

WA YA 12 (WK 10) , Hor 7 B 7 g

m/z 368.109 8,4k J:—4» F-CH,NH, F1-CH,0 7=
m/z307.056 9 i &1, 5K £ 1 45F CHO
1 CO, P m/z 277. 046 6 Fl m/z 249. 051 9 [y 4E
TERAEF B 70 B E 12 R HeA A R
2.3.2.6 JEFEmREZ

HRAEYA 8.9 .10 11,2 8 SHH( WLE 11)
HAaFEiFUEh 368. 146 1, 148k Lk —4rF H,0
FEHE m/z 350,135 8 MR A, B A T
i 22— 43 F-OHCH, 7=/ m/z 319. 094 1 (% F 5
T A N-H LA m/z 304.070 7 (R 851, it
FHILPEA m/z 289. 084 6 [REF BT, B & —4)
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F-OHCH, 724 m/z 261.089 6 [ F B F, i 8
IR
2.3.2.7 PUE/NEERRK

A =10

Cpd 124: 21.372 322.1042; C19 H16 N 04: +ESI

C19 HI6 N 04]+

22. 1046

3

340. 1506
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JFifii . Mass-to-charge ratio (m/z)

x105 |[Cpd124:21. 372322, 1042; C19HI6NO4: *EST

278. 0777
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Fig. 9 MS (A) and MS/MS(B) spectrum of beberrubine

10 320 330 340 350

Cpd 91: 17. 153 368. 1094: C20 H17 N 06: “ESI

0406

217

0838

047

~
e

0
L 307. 0560
320. 0603

—190.

L—149. 0669

F105. 0677

119

8 R

L

 [F=—1335. 0740

w
4
&

L L e
180 200 220 240 260 280 300
Jfifi Bt Mass-to-charge ratio  (m/z)

o
P
&

100

B 10 bR _RERE
Fig. 10 MS/MS spectrum of bicuculline
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