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Identification of chemical components of Angelicae Sinensis Radix-Chuanxiong
Rhizoma herb pairs and absorbed components in serum of rats based on UPLC-
Orbitrap-HRMS
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Abstract: Objective To identify the chemical components of Angelicae Sinensis Radix-Chuanxiong Rhizoma herb pairs and their
prototype components into blood and metabolites after oral administration in rats. Methods Based on the ultra-performance liquid
chromatography coupled with Orbitrap high-resolution mass spectrometry technology (UPLC-Orbitrap-HRMS), the chemical
components of Angelicae Sinensis Radix-Chuanxiong Rhizoma herb pairs were analyzed and identified in combination with
reference substance, self-established database, relevant literature information, Compound Discoverer 3.3, and Xcalibur qual browser
4.3 software; Drug-containing serum were prepared from normal rats by intragastric administration. The prototype components and
metabolites were identified by comparing drug-containing serum with blank serum. Results A total of 69 chemical components were
identified in the Angelicae Sinensis Radix-Chuanxiong Rhizoma herb pairs, including 24 phthalides, 24 organic acids, eight amino
acids, seven nitrogen-containings, four coumarins, one lignan and one flavonoid. A total of 30 prototype components were identified
in the drug-containing serum, including 15 phthalides, 13 organic acids, and two coumarins; 45 metabolites were identified in vivo,

including 32 phthalides and 13 organic acids. Conclusion The chemical components, prototype components, and metabolites of
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Angelicae Sinensis Radix-Chuanxiong Rhizoma herb pairs were clarified.

Key words: Angelicae Sinensis Radix-Chuanxiong Rhizoma herb pairs; serum pharmacochemistry; phthalides; organic acids; amino

acids; prototype components into blood; metabolites; UPLC-Orbitrap-HRMS
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F1 HAJIBHNUERSFIANMREE S EELER
Table 1 Identification of chemical components and prototype components into blood in Angelicae Sinensis Radix-

Chuanxiong Rhizoma herb pairs

BT Rz o

ﬁ n’n/n wem A FR g Wit miz 920 miz (X100 TSR * SCibk
1 0.88 AN CH,N;  [M+HI" 146.1652 146.1653 0.7 112.112 1.84.080 8.72.080 8 C [8]
2 1.01 FERIR CH.N,0, [M+H]" 175.1190 175.119 1 0.6 158.092 5.116.070 6.70.0651 C [9]
3 1.07 JAF CH;NO [M~+H]" 104.1070 104.107 1 1.0 87.044 0 D [10]
4 111 R CHNO, [M+HI" 116.0706 116.0705 —0.9 70.065 2 C [9,11]
5 1.13 JIRIERS CsH:N,  [M+HI' 136.0618 136.0617 —0.7 119.035 3 D [12-13]
6 1.15 TR CH,0; [M—H] 191.0554 191.0560 3.1 173.009 1.129.019 3.111.008 7. B [13-14]
85.029 5
7 1.21 JRMENE CHN,0, [M+H]" 113.0346 113.0345 -0.9 96.007 9.70.028 8 D [11]
8 1.22 L-3¥EHRE®, CHOs [M—H] 133.0131 133.0137 45 115.003 7.71.013 9 B [14]
9 1.27 FIER CHO;, [M—H] 191.0186 191.0195 47  173.0089.129.0193.111.008 7. B [14]
87.008 7.85.0296 5
10 1.51 AR CHNO, [M-+H]" 124.0393 124.0392 -0.8 80.049 5 D [10]
11 1.52 EREKR  CHNO; [M+HI]" 130.0499 130.0500 0.8 84.044 4 C [11,14]
12 1.61 Jptr CioHi;N;O, [M+H]" 268.1040 268.104 1 0.4 136.061 8.119.035 4 D [11,14]
[M—H] 266.0884 266.089 2 3.0 134.047 1 [15]
13 1.61 L-fE%ER  CH,NO, [M-+H]" 182.0812 182.0813 0.6  165.0547.147.041 1.136.0757. C [9]
119.049 2
[M—H] 180.0655 180.066 3 4.4 163.040 0.136.076 9.72.009 1 [16]
P14 1.64 HEH CHO, [M-+HI" 147.0441 147.0442 0.7 119.049 1.91.054 2 E [17]
15 1.81 R ®m K CHNO, [M+HI]" 132.1019 132.1020 0.8 86.096 3.69.069 9 C [9,13]
16 1.96 =R CH:NO, [M+HI]" 132.1019 132.1020 0.8 86.096 4.69.070 0 C [9,13]
17 222 WETE CHO, [M—H] 169.0132 169.0140 4.7 125.024 3.107.013 7.97.029 5. B [18-19]
69.034 6
18 324 KK  CH,NO, [M+H]" 166.0863 166.0862 -0.6  149.059 7.120.080 8.103.0542 C [10]
[M—H] 164.0706 164.071 4 49 147.045 1.120.045 2.72.009 1 [11]
19 471 JFILE®  CHO, [M—HI] 153.0182 153.0189 4.4 109.029 4.91.018 9 B [19-20]
P20  6.12 #Hi&ER  C H, 0, [M-+HI]" 3551024 3551035 3.1 163.039 0 B [21]
[M—H] 353.0867 353.0875 23 191.0559.179.034 8.173.045 3. [18]
135.045 1
P21"  7.87 LR C,H;;0, [M+H]" 3551024 355.1036 3.4 163.038 9 B [21]

[M—H] 353.0867 353.0880 2.6 191.0560.179.0350.173.045 5. [14,20]
161.024 4.135.045 1

P22 830 kE&t)EEE  C,H, O, [M+HI]' 355.1024 355.1036 3.4 163.038 9 B [21]
[M—H] 353.0867 353.0878 3.1 191.0559.179.035 0.173.045 5. [18]
135.045 2
P23 8.57 WHEER CHO, [M-+HI]" 181.0495 181.0491 -2.2 163.038 9.135.044 1 B [22]
[M—H] 179.0339 179.0349 4.5 135.045 2.107.050 3 [9,23]
P24 870 HER CHO, [M—H] 167.0339 167.0347 438 123.045 2.79.055 5 B [9,16]
25 9.89 1,3-ZMiME C,H,0,, [M—H] 515.1184 515.1179 -1.0  353.0873.191.0559.179.034 8. B [24-25]
R 173.045 4.135.045 1

26 1030 3-O-BBEEE C,HuOs [M—H] 367.1024 367.1025 0.3 191.056 9.173.045 4.134.037 3. B [1623]
ZE TR 93.034 6
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5 min [N (X107 EN
27 1053 HEE CHO; [M—H] 151.0390 151.0397 4.6 136.016 5 B [23]
P28 1096 XfHFEM CHO, [M—H] 163.0390 163.0397 43 145.890 4.119.0502.93.0346 B [13]
29 11.84 HEE C,HyO, [M+HI" 193.0495 193.0497 1.0 178.026 1.133.028 4 E [26]
[M—H] 191.0339 191.0348 4.7 176.011 4.148.016 5 [27]
30 11.84 E - CH,LO, [M—H] 173.0808 173.0816 4.6 129.092 1.111.081 5 B [28]
P31 1222 6-H&EIE CHO, [M+HI]" 177.0546 177.0547 0.6 163.039 0.149.059 8.145.028 5. [29]
HFER 134.036 4.117.033 5
P32° 1224 [EEER  C,H,,0, [M+HI]" 1950652 1950652 0.0 177.054 6.149.059 7.134.0362 B [9,24]
[M—H] 193.0495 193.0504 4.7 178.027 0.149.060 7.134.037 3 [28]
33 1245 T CyH,0,s [M+HI]" 611.1607 611.1613 1.0 465.108 0.303.052 7.85.0303 G [30]
[M—H] 609.1450 609.1454 0.7  300.027 1.271.024 6.255.029 3. [13]
243.029 7.151.003 2
34 1253 BRMEEmE  C,H,0s [M+H]" 2230601 2230605 1.8  207.0288.190.026 0.179.0338. E [31]
162.031 1.134.0636 1
[M—H] 221.0450 221.0454 1.8 206.021 9.190.998 4.163.003 6 [32]
P35 1339 ®REE C,H,O, [M—H]  193.0495 193.0504 4.7 178.027 1.149.060 8.134.0373 B [19]
P36 13.66 VENEHHN C,HOs [M—H] 239.0914 239.0923 3.8  227.8928.195.0126.177.092 1. [31]
fi S/R 167.107 7.151.076 5
P37 1428 ¥EJIEHN  CLH,O; [M+HI" 209.1172 209.117 3 0.5 191.106 8.163.111 8.153.054 7 A [33-34]
fig G/K
38 1435 PFENEHN CLHO0, [M+Nal™ 249.1097 249.1098 0.4  227.1278.209.1172.191.106 6. A [33-34]
fig J/N 163.111 8.153.054 6
39 1454 1,4-—MiHE CuH,0,, [M—H]™ 515.1184 5151189 1.0 353.0874.191.056 0.179.0349. B [2528]
[ S A 173.045 4.135.045 1
P40  14.60 PE)IEW  CpH,O; [M+HI]" 209.1172 209.117 5 1.4 191.106 7.163.111 8.153.054 6 A [33-34]
fig G/K
41 14.64 JIIEYE  CH,N,0, [M+H]" 265.0972 265.0970 -0.8 247.086 1.227.8409.219.091 7 D [3335]
P42 1479 FEJNEW  CL,HO, [M+Nal™ 249.1097 249.1099 0.8  227.1277.209.117 2.191.106 6. A [33-34]
fig J/N 163.111 7.153.054 6
P43 1541 VENEWN  CLH,Os [M—H] 239.0914 239.0923 3.8 195.012 5.177.092 2 A [33]
fig S/R
P44 1552 KBR CHO; [M—H] 137.0233 137.0234 0.7 93.034 6 B [14,28]
P45 1576 VENEHN  CL,H,O, [M+HI]' 207.1016 207.1015 -0.5  189.091 0.161.096 1.147.080 5. A [33,35]
B5 F 133.064 8.119.085 5.105.069 8
P46 1588 T  CH,O, [M—H] 187.0965 187.0974 4.8 169.087 1.125.097 1 B [16,28]
47 1628 1,5-ZWnnE CuH,O0, [M—H] 515.1184 5151175 -1.8  353.0874.191.056 0.179.0349. B [25]
[ 173.045 4.135.045 1
48 16.60 R CH,O, [M—H] 361.1646 361.1651 1.4 346.1417.315.1239.179.071 2. F [36]
A 2 165.055 5
P49 17.01 ¥EJIEHN  CL,H,O, [M+Nal" 247.0944 247.0941 -12  225.1133.207.1028.189.092 7. A [9,34]
[Ep 179.108 0.165.092 5.161.097 2
P50 17.76 PEJIEW  CLH,0, [M+H]" 223.0965 223.0967 0.9 205.086 1.177.091 1.149.0598 A [34]
fis D [M—H]™ 221.0808 221.0818 4.5 177.092 0 [33]
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F1 s
B hem pER O @i S T 7 e
5 min 185 (X107 e
P51° 18.15 ¥EJIEWN  C,H,O, [M+Nal® 247.0941 247.0943 0.8  225.112 1.207.103 2.189.092 6. A [9,35]
s H 179.108 0.161.097 3.151.112 9.
133.102 1
P52 1832 X¥EHEIE  C,H,0, [M—H] 193.0859 193.0869 52  150.0323.136.016 6.122.031 7. B [28]
FIR T I 108.021 7
53 2214 THEHEE  C,L,H,0, [MAHI]T 189.0910 189.091 1 0.5 171.080 5.161.096 1.143.0855. A [9,34]
INE AT AN 128.062 0
P54 24.82 FIBIERKA CuH,Os [M—H] 3551176 355.1183 2.0  311.128 7.296.1052.281.081 7. B [8]
s 235.076 4.173.060 6.159.045 0
55 25.65 47 #3E3- C,H,0, [M—H] 221.0808 221.0817 4.1 177.092 0.148.053 0.134.0373 A [33]
THERTK
P56 2679 TUREEAEK CLH,O, [M-+HI]" 189.0910 189.091 1 0.5 171.080 5.161.096 2.143.085 6. A [9,34]
RN 128.062 1

P57 27.04 E-EAWNEG C,H,O0, [M-+HI]" 191.1067 191.1068 0.5 173.096 0.163.112 0.149.059 6. A [9,28]
145.101 2.135.044 0.91.054 2

58  27.23 FrHHAABE CuHxO, [M-+HIT 381.2060 381.2056 -I1.1 363.122 6.335.127 7.191.0337 A [37]

P59 27.83 4-$8¥#-3- C,H,0, [M-+HI" 207.1016 207.1017 0.5 189.091 0.161.096 1.147.080 4. A [33,35]
T RFERK 133.064 8.119.085 6.105.069 9

[M—H] 205.0859 205.0869 4.9 161.097 2.132.058 1.106.042 4 [38]

60  28.25 FMEIRANE C,H0, [M-+H]" 1951380 195.1379 -0.5 177.127 3.159.116 8.149.1324 A [31,33]

61 2834 MKHIHAN CuHyO, [M-+HI]" 381.2060 381.2054 -1.6 191.106 7.173.096 2.163.111 8. A [31,33]

fig A 145.101 1

P62" 2842 Z-BHAWEE C,H,0, [M+HI]" 191.1067 191.1068 0.5 173.096 0.163.112 0.149.059 6. A [33-34]
145.101 2.135.044 0.91.054 2

63 2842 PNEAN CH,O, [M+HI]" 279.1591 279.1594 1.1 261.148 5.233.1539.191.106 8 A [34]

fis M.Q
P64 2849 VEJNIEHHN CLH,0, [M—H] 203.0703 203.0713 49  174.0322.160.016 5.145.029 5. A [33,35]
s B 132.021 8
P65 2879 13-¥83#:-9, CH,0, [M—H] 2952268 2952279 3.7 277.217 3.195.139 0 B [28]
11+ )\
TR
66  28.890 + k¥ C,H,NO, [M+H]" 2742741 2742743 0.7 256.263 6.88.075 6 D [39]
LR
67 2896 FIEN CH,O0, [M+HI" 279.1591 279.1593 0.7 261.148 5.233.1537.191.106 7 A [34]
fis M/Q
P68" 2930 ¥E)IEA  CLH,O, [M+HI]" 193.1223 193.1223 0.0  175.111 7.147.116 8.137.059 7. A [34-35]
fis A 119.085 6.105.069 8.93.069 9
P69" 3028 IETHEARK C,H,O0, [M+HI]" 191.1067 191.1066 -0.5  173.096 1.163.111 8.149.059 7. A [9,35]
[N 145.101 2.135.044 0.91.054 2

P N L JE AR e 5 5 -0 ok HE it B 5 A-TRIR S s B-A WL RS  C- R AL RS s D-AE W s E-F B R P-R IR E K G- 26 .
P-ingredient of blood prototype; *-after comparison with reference materials; A-phthalides; B-organic phenolic acids; C-amino acids; D-

alkaloids; E-coumarins; F-lignans; G-flavonoids.
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Fig.2 Secondary mass spectrum and possible cleavage pathway of senkyunolide A
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Fig.3 Secondary mass spectrum and possible cleavage pathway of chlorogenic acid
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Fig. 4 Secondary mass spectrum and possible cleavage pathway of L-tyrosine
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Fig.5 Secondary mass spectrum and possible cleavage pathway of adenosine
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Fig. 6 Total ion chromatograms of serum samples (A-drug containing serum, B-control serum) and extracted ion chromato-

grams of prototype components into blood (C) and metabolites(D)
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Table 2 Identification of metabolites in vivo in Angelicae Sinensis Radix-Chuanxiong Rhizoma herb pairs

i’f ;; Wk RS HTR jj (ffi) WP BT iz
Ml 566 P24 Ivgte C:HiO0.S  246.991 6{M—H]" 3.6 167.0348.152.011 4.123.045 0.108.021 6
M2 648 P23 I 5 CH,0, 181.0505[M—H] -06 163.039 9.135.045 1.119.050 2
M3 7.12 P32 A P R AL C,HiO,p 369.081 ILIM—H]" -1.4  193.0504.178.027 1.149.060 7.134.0372
M4 782 P23 AR R AL CsH,i0,, 355.066 71LM—H]  -2.0 179.034 9.135.045 1
M5 8.05 P21 MEBTE+HEML CHOS 242996 sM—H]  -29 163.039 9.119.050 2
M6 8.19 P23 TR AL C,H;O,S 258.991 {M—H]" -0.8 179.034 9.135.045 1
M7 820 P21 R C,H,NO, 178.050 7LM—H1" 4.5 134.061 1
M8 848 P23 HIAL+HRERML  C,H,0,S 273.007 4LM—H] 0.0  193.050 5.178.027 1.149.060 8.134.037 3
M9 9.44 P32 i Ak C,H,,0,S 273.007 4{M—H]T 0.0 193.050 5.178.027 1.149.060 7.134.037 3
M10 10.59 P45 PHIHKEE+HERRE C,H,0,S 303.0543[M—H] 3.3 223.097 4.205.087 1.177.092 1
MI11 1096 P45 WIB/KE+BRRL C,H,0,S 303.054 I[IM—H] 2.6 223.097 4.205.086 7.177.091 8
MI2 11.45 P32 it CO CH,0;  165.0554[M—H] 4.9 147.045 0.121.029 6
M13 1224 P23 4L CiHi O, 193.050 6lM—H] 0.0 178.027 1.134.037 3
M14 12.65 P50 AN C,H,,0, 219.066 I[[M—H]" 4.1 175.076 3.133.065 8
MI1512.86 P68 FREEM+NH KM C,HO, 227126 7LM+H]" -4.8 209.1173.191.106 8.181.122 5.163.111 9,
153.054 7
M16 13.18 P49/P51 F2H:AL + 4 EH K C,Hy3N;0,6S 532.196 LM +H]* 0.9 457.163 0.403.154 5.385.142 6.367.133 0.
e 207.101 9
M17 13.34 P57/P62 A +# & ki CH,0, 381.118 7IM—HI 1.8 205.086 7.187.076 3
(404
MI18 14.31 P42 EEfRAE S CsHuNOSS 330.1372[M+HIT 0.6 284.131 7.209.117 4.191.106 8
M19 14.89 P57/P62  F2REAk+id 7 C,H,0;, 207.101 7[M—H]" 0.5 189.091 0.161.096 1
M20 15.09 P42 BMHIKE S CuHuN,0,S 516200 6LM+HI"  -0.8  441.169 0.387.158 5.284.131 4,191.106 7
M21 1540 P32 IR C,H,,0, 221.0814M—H] 2.7 177.091 9.149.097 3
M22 15.63 P24 Jiii CH,O CHO, 137.0239[M—H]" -43 93.034 6
M23 15.74 P49/P51 FHA C,H,0, 223.0965[M+HI]" 0.0 205.086 2.177.091 1.149.059 6
M24 15.99 P49/P51 FWEFRLE S  CsHy,NOSS 328.121 6IM+HI" 0.9 282.116 1.207.101 7.189.091 0
M2516.26 P50  fEMA+HHERE  C,H,0S 317.0333[M—HI 2.2 237.076 6.193.086 8
M26 16.29 P57/P62 EAAHEHMEES  CpHywN,OsS 496.175 4LM+H]" 1.2 367.1322.189.091 0
M27 16.55 P50 6 ) W T 1 A CH,,0,y 397.114 7TM—H]" 4.5 221.081 8.177.092 0
M28 16.87 P49/P51 Mt H L& CuHyN,0,S 514.185 7IM+H]" 0.6  439.1530.385.142 8.282.115 8.207.101 6.
189.090 9
M29 16.89 P57/P62 ¥+ +% C,H,,0, 383.1345[M—H]" 2.1 207.102 6.161.060 8
H PRI R AL,
M30 17.31 P57/P62 sk +Miit  C,H,,0,S 285.043 8{M—H] 3.9 205.086 9.177.029 1.161.097 1
M31 17.53 P57/P62 JRHEA +Hi & BEE  C\sH,O  381.119 1ILM—HI 2.9 205.086 8.161.097 0
(7404
M32 17.75 P64 Rt C,H,,0.S 285.042 8[M+H]" 0.4 205.0859.187.075 3.149.023 3
M33 17.78 P50 i TR AL, C,H,,0,S 301.038 7[M—H]T 3.7 221.081 8.177.092 0.92.026 8
M3417.95 P68 P K i C,H,0, 211.1330[M+H]" 05  193.1221.175.111 8.165.127 5.147.116 8
M35 18.42 P49/P51 GiE-24 CiyH O, 239.1279[M+HI]"  -04 221.117 0.207.101 6.189.091 5.179.106 6.
165.091 0.137.096 1
M36 18.71 P56  fIEAL+EREML  C,H,0,S8 283.028 0(M—H]" 3.2 203.071 3.159.081 5.130.042 4
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