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Abstract: Objective To investigate the chemical components and metabolites in the extract of Corydalis bungeana, and to explore
the mass spectrometry cleavage law of its representative components. Methods High-performance liquid chromatography-
electrospray ionization mass spectrometry (HPLC-Q-TOF/MS) was used to adopt the positive ion mode scanning the extract and rat
substance in different period. The plasma, bile, urine and faeces were separately detected and compared, with the standard and pieces
of literature than retention time and mass spectrum information, the attribution of chemical constituents and their cracking mode. The
dynamic change of metabolites was detected. Results A total of 31 compounds were identified in the extract, among which 21
compounds entered the body as the prototype. Besides, 3, 3, 4, and 4 metabolites were found in plasma, bile, urine and faeces of rats.
Conclusion HPLC-Q-TOF/MS was used to identify the chemical constituents in vitro and in vivo, and the metabolites and
metabolic rules of corydalis were elucidated. It was speculated that the metabolism of Corydalis in vivo occurred in phase I and phase
II, and phase II was the main mode (sulfation, glycosylation, methylation, and demethylation). This study provides a basis for
elucidating the pharmacodynamic material basis of C. bungeana.
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Fig. 1 TIC of C. bungeana extrat (A) and mixed (B) standard in positive mode
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1 FHTRIMUERSIEEER
Table 1 Attribution of chemical components of extract from C. bungeana
B wmin  ATETE HMATRE HAHT AFR AN (;ﬁi)
1 3.268 327.15 328.1532 178.077 4, 165.062 9, 152.061 6, 265.084 7 CHuNOs &% & 0.4
2 3312 32741 328.1542 297.113 1, 265.085 2, 237.090 0 CiHaNOs  FH/RE -0.2
3 3.389 327.40 328.1520 297.1119,235.073 0, 191.084 3, 222.067 2, 235.073 0 CioHaNOs  HEH 2T 0.4
4 5.507 339.40 340.154 3 309.136 9, 192.057 9 CoHuNOs  T5/NEER 0.4
5 6.325 31338 314.1367 177.053 2, 145.028 0, 121.064 9 CisHiNOs  N-RA-FIgkME 0.6
Rk
6 9.917 391.38 3921113 332.090 5, 318.076 0 CoHiNOs  spallidamine 0.9
7 19819 286.00 286.1427 269.116 1,107.049 0 CisHiOs  11EH -038
8 25194 299.40 300.158 7 191.086 5, 107.049 1, 177.079 4 CisHaNOs 51 5 2T 0.8
9 25517 381.40 382.1280 333.076 4, 275.070 5, 247.075 5, 189.069 2, 135.043 7 CuHiNOs  8-AEHER 0.7
10 2737 395.40 396.180 4 209.093 4, 111.044 8, 286.143 7 CuHsNOs  HEREEEBE 09
11 28699 383.43 384.143 4 353.054 4,335.113 5,277.092 8 CuHuNOs  12-BREZKER 02
12 28793 325.30 326.1372 311.1149, 178.084 9, 151.075 2, 91.055 2 CioHioNOs T i 0.9
13 28.885 341.41 354.1332 324.123 5,249.089 5, 247.076 4, 149.059 0 CoHuNOs  HERZEWM 0.1
14 3139 367.36 368.116 0 249.190 0, 277.307 0, 177.017 9, 190.084 9 CoHiNOs LU R B -1.0
15 34448 347.34 348.153 2 333.063 0, 305.067 3 CoHuNOs — E AR 1.0
16 34570 35543 356.140 0 191.089 0, 190.084 3, 161.059 9 CulsNOs  EHEZLF -6.5
17" 35789 354.40 3553679 336.123 1,320.091 5, 188.069 3, 189.075 4, 190.084 8, CoHioNOs — JR BT 1 5 -03
149.058 7, 91.055 2, 165.055 4, 275.069 0, 206.080 1
18 36.688 365.38 366.1322 317.079 1, 289.084 6, 206.080 2, 147.044 1 CuHiNOs K E & 2 -0.7
19 36873 367.43 368.136 2 337.104 4, 190.084 8, 307.060 0, 277.051 0 CuHaNOs S H B -0.9
20" 37.585 332.30 3332880 317.068 8, 274.085 6, 246.090 5, 218.090 4, 189.069 2 CoHiNOs  HLARBS -94
21 38488 367.43 368.406 1 319.094 7, 289.084 4, 177.053 3 CuHaNOs  13-REER -0.9
2° 38580 367.43 368.149 8 319.095 9, 289.085 6, 261.090 3, 231.079 7, 177.053 7 CuF2NOs  KER -0.9
23 38881 393.42 3941271 319.085 3,290.081 3, 334.109 0 CoHNOs  Hi T4 & 0.7
24 40703 32334 325.126'5 174.054 6, 175.058 0, 149.059 5, 177.073 7 CioHiNOs  DUEE & 0.6
25° 48921 409.15 410.158 3 350.136 9, 289.084 7, 261.089 2, 162.055 0 CsHnNOs  ZEIZER -0.5
2 49242 368.40 369.406 1 289.083 9,261.091 9, 177.054 4 CoHaNOs  11-REER -09
27 49358 409.15 410.160 6 348.123 5,321.112 2, 337.106 0, 190.085 9, 176.069 8 CuHuNOs  CBEREER 05
28 49.569 31731 318.0753 290.080 9, 261.079 5,201.057 7, 174.046 4 CioHuNOs 2 H AR T 0.5
29 52629 337.40 338.1376 163.054 9, 176.070 0, 149.059 6, 135.044 4 CoHiNOs K EEH] 0.8
30" 53.892 333.10 334.1079 319.082 8, 261.079 2 CoHisNOs  13,14-Z5U 04
TRB
31 64153 339.16 340.067 3 192.1029. 149.0773 CoHaNOs  PYER/EETH 0.4

"R TR R TR A o A 2R

“indicates the comparison of mixed reference materials

AR S sk 7 ) g J N SRR TR AT 2 i R S AR
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figl, Ferf 16 MU E YU A L [ SR T 1AL
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BIEET 1A K n B8, MOmRMER AR, H5R

WEIRRIA AR 7 B e I, RIS
AR I AE T 5 pg 01011, R Y R T 2R
WE S S R IO Y AR DB R AR A s oy, AR 2 BRI e
(e T R EARETR bR, 7ELR BT ] 38.58 min &b
R ER . Hor 73160 368.149 8, 1L5 4
B C2iHaNOs,  H =2 i 7242 350 [M—H0]*
319 [M—H,O—OHCH,]". 304 [M—H,0—OHCH,—
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Fig. 2 Structures of 31 known chemical constituents
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17 TR [M— 171780 [M— 18] [ 7
A 04151 KT F 5 SR BT A T S s 4
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TIER ke Hoor RN 354.133 3, (AN
CooHioNOso FEIEBS AT, TR it 2 1 401
IKTERE336 IM—H.O] 1 1, it — P24 15,306
[M—H0—2H—COT" &1 F 25 o L5 G R E Jir BT ik
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Fig. 3 MS/MS chromatograph and pathways of corynoline
356.140 0
191.089 0
92.092 6
190.084
249082 2 277.078 5
136.048 7 189.07
| 0599 W s 5 2470730 2750700 297.1036 351288
19.072 1 276.073
149.(158 7 7‘ 248. 0791\ ﬁ’OS.\llS 1;:25‘.096%
140 160 180 200 220 240 260 280 300 320 340 360
mlz
B- rm;, cleavage CH
6 6%
C-ring cleavage D\/ \/@ :©\/NH
miz 165
miz 275
&

B4 EEARZREZREGEHSA

G

miz 149

7] —— =

R EE

Fig. 4 MS/MS chromatograph and fragmentation pathways of tetrahydropalmatin
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Fig.5 MS/MS chromatograph and fragmentation pathways of protopine
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Fig.6 MS/MS chromatograph and fragmentation pathways of kaempferol

F2 EHHWTREMAETERERARMAZ. Bit. Kik. 2EPHSHER

Table 2 Metabolic distribution of C. bungeana extract in blood, bile, urine and feces of rats at different time periods

B et ik i il s
0~2h 2~4h 4~8h 8~I12h 0~4h 4~8h 8~I2h 0~4h 4~8h 8~I2h 0~I2h
I SREEN + + + - - - - + - n _
2 RBURE + + - - - + + + - + _
30 REHRER + - + - - - - + + - -
4 PUSUNEERL - - - - - - - - - - _
50 N-RA-FIBEARG - - - - - - + + - -
6 spallidamine + - - - - _ _ _ _ + _
7 RS - - - - - - _ _ + _ _
8 NS - - - - - + - - - - n
9  SHEER + + - - - + + + + - -
10 AEHEGR - - - - - - - - - - -
I 1-RARER + + - - + - + + + + n
12 AR - - - + + + + - - + -
13 HiEREER - - - - - - - - - - _
14 LEHiH R - - - + + + + + + + _
15 MRS - - - + + + + - - - -
16 HEHERLR + + - - - - - - - - -
17 JRBT s + + + + + + + + + + +
18 HEIRE + + + + + + + + + + -
19 HEW + - + - + - . - _ _ _
20 IARHE + + - - + + + - - - _
21 13-REER + - + + - - - + + - +
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2 EREER 4+ o+ - - - - o+
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2 sy T S
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+ indicates detected; — indicates not detected.
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331 HERNWWNN HERFEHFIERE

RV — MR, TS AT R, 2R
B B 24 2 A K [M—H20]" s [M—H,0—
CH;]" [M—H0—NH,CH;|"%: WA B 1. AW
iz Fl HPLC-Q-TOF/MS AR, 7E KM%, AEyt.
PRI FEfEd, BRI T EERFER (CO) FIFFTE,
7 B 7 K BRI A 1) 3 Fofr 5 & RAR =4 P
P2, P3, HyTARAGMIE] 3 FhEk R B1.
B2. B3, JRTAINE] 4 Fhge i RACH 4 UL,
U2, U3, U4, FEEFRIE] 4 Fheg R 1R
Y F1. F2. F3. F4. BiAEEILE 3.

®3 KERAARME. BB, KiK. EEDPRE=MIH

Table 3 Analysis of metabolites of corynoline in rat plasma, bile, urine and feces

hdes fr/min 2 F3 ST TFIE A>T (m/z) W®FE (X107
Co 38.58 C21H21NOs 368.149 8 367.395 1 -2.3
P1 7.80 C20H23NOs 357.278 1 357.400 3 3.4
P2 9.10 C21H23NOoS 466.317 3 465.473 6 1.8
P3 9.50 Ca2sHNO13S 616.173 3 615.646 6 8.6
Co 38.58 C21H21NOs 368.149 5 367.395 1 0.7
Bl 4.70 C2sH33NO1o 544.1775 543.562 3 1.1
B2 5.60 C21H23NOoS 466313 8 465.473 6 1.8
B3 7.80 C27H31NOy 514.279 2 513.536 3 1.4
Co 38.58 C21H21NOs 368.149 5 367.395 1 0.7
Ul 5.50 C20H19NOg 370.126 3 369.368 0 2.1
U2 7.30 C23H23NO7 426.153 2 4254312 1.7
U3 7.70 C2sH33NO1o 544.178 5 543.562 3 1.1
U4 18.60 C21H19NOs 382.1290 381.378 7 2.0
Co 38.58 C21H21NOs 368.148 7 367.395 1 -1.5
F1 11.20 C24H25NOs 408.3113 407.459 0 2.1
F2 13.80 C27H33NO12 563.261 6 563.550 4 -5.1
F3 18.50 C23H27NO10 477.269 6 477.461 2 —4.0
F4 21.90 CisH19NO4S 343.194 7 343.396 9 -5.9
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Fig. 7 Secondary mass spectrometry of metabolites of corydaline in rat plasma and their metabolic pathways
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Fig. 8 Secondary mass spectrometry of metabolites of corynoline in rat bile and their metabolic pathways
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Fig. 9 Secondary mass spectrometry of metabolites of corynoline in rat urine and their metabolic pathways
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Fig. 10 Secondary mass spectrometry of metabolites of corynoline in rat feces and their metabolic pathways
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