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Abstract: Objective To conduct qualitative and quantitative analysis of the chemical constituents in Tiaojing Cuyun Pills (TCP,
24242 H) using high-resolution mass spectrometry and to evaluate its quality comprehensively. Methods ~ Ultra-high performance
liquid chromatography-quadrupole/electrostatic field orbitrap high-resolution mass spectrometry (UHPLC-Q-Exactive Orbitrap HRMS)
was employed in this study. Combined with reference standard comparison, mass spectral fragmentation rule analysis and database
retrieval, a method for identifying and analyzing the in vitro chemical constituents of TCP was established, and the key constituents
were quantified. Multivariate statistical methods were applied to analyze the quantitative data for comprehensive quality evaluation of
TCP. Results A total of 105 compounds were identified by collecting mass spectral data in Full-scan data-dependent MS/MS
(Fullmass ddMS?) mode, covering various structural types such as flavonoids, organic acids, quinones, glycosides, terpenoids, alkaloids

and others. Meanwhile, a quantitative analysis method was established for 24 key constituents in the drug using the full-scan accurate
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quasi-molecular ion mode to achieve precise content determination. Principal component analysis (PCA) and orthogonal partial least

squares-discriminant analysis (OPLS-DA) analysis showed that the overall quality of 10 batches of drugs was stable, and catechin,

tanshinone I, baohuoside I, daidzein, paconiflorin and caffeic acid might be the key constituents affecting drug quality. Conclusion

Based on high-resolution mass spectrometry technology, a variety of chemical components in TCP can be qualitatively and quantitatively

analyzed in a systematic, accurate and rapid manner, which lays a foundation for the research on its pharmacodynamic material basis

and quality control.

Key words: Tiaojing Cuyun Pills; UHPLC-Q-Exactive Orbitrap HRMS technology; chemical constituent identification; principal

component analysis; orthogonal partial least squares-discriminant analysis; catechin; tanshinone I; baohuoside I; daidzein; paeoniflorin;

caffeic acid
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10 41k TCP #4844, i, #t55H 22035154,
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A, fEE Merck BHE AT 4iifK, WHEPUMNEE
MRS A A R A .

2 FEEER
2.1 I EARAH &

I TCP —f4) 5¢, ¥%FRaE, BT 100mL H
FEHETZ T, INNFEE 50mL, B A HRE (ThE 300
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Table 1 Identification information for selected key chemical constituents in TCP
t/ BT OWEHl Ewl RE JE
e . 2 AFR B D D (X109 FER B (mfz) ZiktaJE
1 104 BER C6HiN4O; + 1751190 175.1197  4.04 175.119 1, 158.092 3, 130.097 7, 116.070 9 WL A, BE.
mRT
2 112 BER CsHiNO(+) + 1041081 1041077 691 104.107 8, 60.081 8 %
30 L15 4R CsHINO;  + 118.0863 118.0869 529 118.0869,72.091 6 th%4
4 116 B CsHINO,  + 118.0863 118.0869 529 118.0869,59.073 9 iR
5 116 HfE CeH1206 - 179.0561 179.0555 -3.53 179.0554,161.043 9, 119.033 9, 101.023 1,89.023 1, 1li%§
71.012 5,59.012 5
6 118 =M CsHNO,  + 1160706 1160713  6.07 116.0709,98.060 1, 70.065 8 iz
7 119 A¥E CsHi00s — 149.0455 149.0447 -6.02 149.0449,131.034 2,101.023 4, 89.0233,71.0127  1liZ§
8 125 ANEAR CoHuNO:  + 166.0863 166.0869 4.06 166.086 0, 149.059 6, 120.081 1 IE N il
9 152 FriER CoHs07 - 191.0197 191.0194 —1.60 191.0556, 111.007 5, 85.028 1 it BETY
10 1.55 MR CeHsNO2  + 1240393 124.0399  4.80 124.039 6, 106.029 3, 80.050 1 . EH
11181 RER CeHiNO2 - 130.0874 130.0864 -7.63 130.0862, 85.028 1,73.028 1 Wz, M+, BH
12 181 FraR CeHiNO; - 130.0874 130.0864 —-7.63 130.0862, 85.028 1,73.028 1 W, kT
13 1.88 Z& TR C7He0s - 169.0142 169.0137 -3.41 169.023 5,125.023 2, 97.028 2 o]
14 337 Jf#)LER C7He04 - 153.0193 153.0186 —4.85 153.0183,109.028 3,81.033 3 WM. EA
15 643 F)LEKEH CisHuOs  + 291.0863 291.0873 342 291.0870,139.0392, 123.0443 ik
16 675 JLFE CisHuOs - 289.0718 289.0727 321 289.0722,245.0820,221.083 1,203.070 8, 179.034 1, HA]. BT,
151.039 2, 137.023 2, 125.023 1, 109.028 3 g
17 7.4 EHAHH  CuHsOn - 4951508 4951523 3.05 495.1528,465.143 1,345.119 3, 137.023 3 HAj
18 7.82 WAL CoHs04 - 179.0350 179.0346 -2.02 179.034 3,135.0440,89.0227,71.0125,59.0125  Hiid+
19 10.75 A2 CuHasOn - 479.1559 479.1574 318 479.1576,327.109 4, 165.055 2, 121.028 3 SN RN ¥
20 1145 ¥ CsH1404 - 173.0819 173.0815 -2.61 173.0813, 111.080 3, 84.048 8 iifaall
21 1149 ¥AER" C1sHeOs - 300.9990 3009999 3.16 300.999 5,283.996 6,229.013 6 BET
22 1185 BT CrH3Oi  — 609.1461 609.1479  2.93  609.147 6, 300.028 0, 271.025 4 iifeall
23 11.90 MY & CisHiO7  + 303.0499 303.0508 2.91 303.050 1, 285.038 3,257.044 0,229.049 6, 165.018 3 ¥, %4 T.
L)
24 12,00 &L CaHxOn - 463.0882 463.0899 3.61 463.0892,301.035 1,300.028 0,271.025 2,255.030 1 FE¥%E. Ba T
25 12.58 MEHEAH CaHuN0s  + 369.1809 369.1822  3.54  369.181 1, 160.075 9, 142.065 5 B
26 12.58 #4REM B CoHuN:Os  + 360.1809 369.1822  3.54  369.1811,210.112 1, 160.075 9, 132.080 9 )
27 12.58 HyER C CaHuN2Os  + 369.1809 369.1822 354 369.1811,210.112 1, 160.075 9, 132.080 9, 108.081 3 447k
28 1274 BETEATEH CoHnOis - 6311668 631.1685  2.56  631.1677,613.160 6,491.1227, 271,046 7,211.024 5 [4%45
29 1338 HiEH CaHxnOn  + 449.1078 449.1092  3.01 449.107 8,303.0499,287.055 1, 153.018 3,85.029 0, ##T. FaE
71.049 9
30 13.52 =HEH CoHxOn - 447.0933 447.0947 323 447.094 3,284.033 | )
31 13.52 Koyt CoHxOn - 447.0933 447.0947 323 447.094 3,284.033 | guT. BET
32 13.52 REET CaHuOn - 447.0933 447.0947 323 447.0943,284.033 1 pxa
33 14.32 JFLARE C7He0s - 137.0244 137.0235 —6.40 137.0237,109.028 6,93.033 6 15, #i
341432 Kig" C7Hs03 - 137.0244 137.0235 —6.40 137.0237,93.033 6 g EETY
35 1432 W-RERRR  CH0s - 137.0244 137.0235 —6.40 137.0237,93.033 6 BE. 04
36 14.56 FEFR" CisHigOs - 359.0772 359.0785 3.48 359.079°9,197.0457,179.034 7, 161.024 0 1%
37 1456 54-"8H37- CrHWOs - 313.0718 313.0729 348 313.0704,161.023 5, 133.028 2 HE

“HEE R
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t/ BT el Ewl RE s

75 - e S AR B D) (D) (X109 FERE R 3T (mlz) ZipaJE

38 1511 REGMER  CoHaNoOs + 383.1965 3831978 333 383.196 5,351,171 4, 319.144 2, 267.149 4, 160.075 9, 132.081 1 %45k

39 1501 FEWHERT  CoHaeNoOs + 383.1965383.1978 333 383.196 5,351.171 4,319.144 2, 267.149 4, 239.118 6, 201.102 4, Hyjik
187.086 7, 160.075 9

40 15202 BEFERTA CoHuOis - 6612138 6612156 270 661.2147,515.1554,353.103 7 BEE

41 1585 TRTEH" CoHnOs  + 4313374311351 341 431.1337,269.081 8,254.058 0, 213.091 6, 181.065 8, 154.026 7, %1€, MMk
118.0422

42 1586 1,5-ZHHE3-H CisHioOs  + 2550652 255.0659  2.68  255.066 1,199.076 3, 137.024 1 iE

By

43 1586 K" CisHiOs  + 255.0652255.0659 2.68 255.066 1,199.076 3, 137.024 1 1

44 1593 PUEMSIATHE  CoHuN2Os + 353.1860 353.1870 295 353.186 6,210.112 8, 144.081 0 ik

45 1699 W% CiHipOs  + 285.0758285.0768 3.51 285.0758,270.052 3, 253.050 0, 225.054 2 78 1

46 17.63 TERHEE"  CeHpOs  + 285.0758285.0768 351 285.0758,270.0523,253.050 0, 225.054 2 HE

47 1796 1B B A CisHiOs  + 313.1071313.1082  3.51 313.1077,295.096 9, 277.085 3, 247.076 2, 219.080 5, 191.085 4, J15
178.078 0, 163.039 4

48 1838 EEEH" CuHuO1s  + 677.2440 6772463 346 677.2440,531.186 9, 369.133 2, 313.070 7 RBEE

49 18N PEFE CauHaN203 + 3552016 3552026 2.87 355.2017,284.128 3,212.128 2, 170.096 6, 144.080 9, i
130.065 4, 110.096 8

50 18.69 BhiEE CuHx0  + 287.2369287.2378 285 287.2361,269.226 1,229.195 1 P15

51 1872 B AZEHE  CoHeN20s + 3672016 3672028 311 367.201 6,224.128 3, 170.096 7, 144.081 0, 108.081 2 ik

52 19.14 HEE A CoH3nO  + 287.2369 2872378 2.85 287.2361,269.226 1,185.133 0, 173.133 2, 159.117 0, 147.116 6, FEH
133.101 2, 119.086 1, 105.070 3, 95.085 9, 81.070 6

53 192 NE#HE CrHuOr - 329.0667329.0678 326 329.0672,314.043 7,299.020 5,271.025 8, 243.029 2 PSS

54 19.39 EHHER CoHaN:203  + 367.2016 3672028 3.19  367.201 6,318.147 1,251.154 9, 224.128 3, 170.096 7, 144.081 0, %k
108.081 2, 75.044 8

55 19.54 RATFTHMER CoHeN20s + 3672016 3672028 319 367.201 6,224.128 3, 170.096 7, 144.081 0 ik

56 19.88 BRI CiHusOs  + 47336254733640 299 473.3625,455.3519,437.340 9, 425.340 6, 409.345 6 Ve

57 19.97 FHE®’ CoHipO3  + 167.0703 167.0708 299 167.070 3, 149.059 7, 121.065 0 H7]

58 2087 RHEE" CisHnOs  + 2570808 257.0795 —-5.08 257.0814,242.0574,211.074 9, 147.044 2, 137.023 5 78 1

59 2156 THREEES  CiHiOs  + 269.0808 269.0795 —4.85 269.0820,254.058 4, 237.055 8,213.092 1 W, H.

BRT0
60 21.92 FEEI CoHasO10  + 501.1755 501.1730 —4.98 5011755, 355.117 8,299.055 0, 229.050 0 S
61 21.99 7-FH-46-—H CiHuOs  + 299.0914 299.0927 438 299.090 7, 284.066 7 78 1
S B T

62 2270 IZH IV CisHig0s  + 2451172 2451153 -7.71 245.118 8,151.076 0, 121.065 6 IiES]

63 23.02 IIZEIN CisHisOs  + 2451172 245.1153 =771 245.118 8, 151.076 0, 121.065 6 iz

64 23.72 HETF A CuHuOis - 6752294 6752311 242 675.2312,366.1117,351.088 2, 323.093 8, 308.033 6,268.038 4, HE
217.050 7, 173.060 1

65 2372 FEF VI CsHaO1s  — 6752294 6752311 242 675.2312,351.088 2, 323.093 8, 308.033 6,217.050 7, 173.060 1 TEF7%

66 2439 #HEH B CoHyOu  — 6452189 6452208 3.02 645.2212,564.0923,366.112 1,351.088 0, 323.093 4, 308.033 5, FEF A0
279.030 0, 217.050 6

67 24.86 Eifs N CieHsOs - 295.0248295.0258 322 295.0252,267.030 3,237.029 7, 195.045 4 5 100

68 24.99 15 s CiHisOs  + 3111278 3111288 329 311.128 4,283.132 8, 278.094 5, 265.121 9, 251.107 5 i

69 2562 FEHT CyHxOn - 5131766 5131782 3.12 513.1778,366.111 8,351.088 3,308.032 5,279.030 5,217.050 5, FFX#

173.059 8
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LW BY OWEE Bl #E R
75 - 4t AR B D) B (X109) FHERE R 3T (mlz) ZipaJE
70 26.37 fi/RZR CoHOs  + 341.1384341.1398 416 341.1379,281.117 6,263.106 7, 235.111 8 %
71 2637 EEMHE A CoHnOs  + 341.1384 341.1398  4.16 341.1379,281.117 6,263.106 7, 235.111 8, 192.093 7 %
72 26.70 f} 5 VI CisHisOs  — 295.0976 295.0986 3.35 295.0979,277.087 2, 265.087 4, 249.093 1,237.092 2 %
73 26.86 f1 5 CiHigOs  + 309.1121309.1133 370 309.112 1,265.122 3,250.099 9, 223.075 5 e
74215 FRSHETR CxoHisOs  + 489.3575489.3504 394 489.3575,453.3357,425.341 1,407.330 5 e
75 2854 “ERFIBMIT CisHuOs  + 279.1016 279.1025 347 279.1027,261.092 1,233.096 9, 218.073 5 1%
76 28.63 _& 151 CisHuOs  + 279.1016 279.1025 347 279.1027,261.092 1,233.096 9, 218.073 5 1%
77 28.63 WHATI S CisHuOs  + 279.1016 279.1025 347 279.1027,261.092 1, 233.096 9, 205.102 1 1%
78 2863 12-—4 158 CisHuOs  + 2791016 279.1025 347 279.1027,261.092 1,233.096 9, 218.073 5 1%
79 29.55 M~ CisHuOr  + 273.1849 273.1860 3.89 273.1858,255.1759,243.175 7, 199.113 0, 185.096 6 Jich=s
80 29.65 12,5,6-MESIBW 1 CisHis0s  + 2811172 281.1183 391 281.1173,263.106 6,235.111 8 1%
81 29.65 FH&¥ilE B CisHis0s  + 2811172 281.1183 391 281.1173,263.106 6,248.082 8, 235.111 8 1%
82 30.20 HfEfH5H CisHnOs  + 3151591 3151602 341 315.1589,297.148 6,279.137 9, 254.094 0, 227.070 5, %
209.095 5, 181.101 2

83 3097 FISEBABINRE  CuHiOs  + 269.1172 269.118 1 338  269.1174,251.106 7,233.096 1,223.112 3 1%
84 32.15 RFI5H 1 CisHpO;  + 277.0859 277.0868  3.14  277.086 0, 262.062 0, 249.091 0, 234.067 8 1%
85 32.15 fIBWT CisHipOs  + 277.0859 277.0868  3.14  277.0860,249.091 0,221.095 9 1%
86 3226 [&fISH CioHx03  + 297.1485297.1494 3.09 297.1497,279.139 1,251.143 9 1%
87 32.92 M/ CoHs02  + 3012162 3012170 2.57 301.2159,259.169 4, 241.1589,227.1427,213.127 3, 163.075 4 1%
88 3323 PEAEXK CoHuOs - 367.1187 367.1199  3.16 367.118 8,352.096 8, 309.041 3, 297.040 8, 281.047 8 BEE
89 33.56 - HE CuHsoOs  + 487.3782 4873773 —1.90 487.3782,451.355 5 %
90 33.57 WihEE CoHxOs - 3711864 3711877 3.62 371.1873,356.163 8,296.142 2, 281.119 4 %
91 33.63 TIHER CisHoO2  + 279.23192792327 3.13 279.2320,261.2214,243.210 7, 149.023 5,95.068 1,81.070 5 }ft ¥
92 33.78 AR CyHaOs  + 469.3676 4693693 3.55 469.3680,451.355 8,433.347 7,295.242 8, 173.1329, 107.086 0 K%
93 3432 ZEMASH s CisHi0s  + 293.1172293.1183 3.65 293.1182,275.107 5,247.112 6 e
94 3474 FFEIRIZA TS CisHnOs  + 287.1642 287.1652 344 287.1635,269.153 0, 254.129 6, 239.106 2 e
95 34.81 ¥ M GRHENE CuHsoNOP  + 4963398 496341 6  4.28 496.340 4, 478.327 9, 184.073 5, 104.107 5 JEH
96 35.60 LESSHE CisHn0:  + 2811536 281.1546 3.53 285.1538,266.129 5, 238.135 1, 221.096 0 Ve
97 36.13 FISHE 1A CioHis0s  + 295.1329295.1338  3.11 295.1338,277.123 2, 249.128 2 i
98 36.13 RFISEIN CiHisOs  + 295.1329295.1338 3.1 295.133 8,280.109 8, 277.123 2, 249.128 2, 234.104 4 %
99 36.78 KR E CisHuO2  + 269.1536 269.1545 336 269.153 8,254.1299,239.106 6, 225.091 4 1%
100 37.34 FH 58 CiHnO2  + 283.1693 283.1702 333 283.1698,265.159 8,240.114 0,223.112 4 1%
101 4007 79(1)-ESHKER CuHx0s  + 5273731 527.3745 337 527.3731,509.362 9, 449.340 8, 353.248 6 wE
102 40.74 3-E ISR CyHsOs  + 457.3676 4573689 2.80 457367 6,439.357 8 wE
103 40.74 F R CxHusO3  + 4573676 4573689 2.80 457.3676,439.3578,411.362 1,315.267 5 15, WK
104 40.74 LRI CxHusO3  + 4573676 457.3689 2.80 457.3676,439.3578,411.362 1, 393.348 0,203.179 7 Vi
105 40.86 K5 CuHnOs  + 529.3888 5293902 2.74 529.3888,511.3809,451.3572, 171.081 4, 147.081 3, RS

121.065 6, 95.086 5

RN GRS

* indicates comparison with reference substance.

NEERE, R, AhE. RBE. SRR,
2.6 KBS EESTER

2.6.1 ZMERABREGHMR, ERRME BOL
BB TR el T T OB S IR,

TERME R RFELL . 24 DB BIRH FE R T 47
AN E TR 1.600. 3.200. 6.400. 12.800+ 19.200-
25.600~ 32.000 pg/mL; JLASZ 0.130. 0.260+ 0.520.
1.040. 1.560. 2.080. 2.600 pug/mL; WIHEREZ 0.063+
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0.126+ 0.252. 0.504. 0.756. 1.008. 1.250 pg/mL;
BT 0.115. 0.230. 0.460. 0.920. 1.380. 1.840.

2.300 ug/mL; Aj25% 11.500.23.000+46.000+92.000-
138.000. 184.000. 230.000 pg/mL; #ZFEHR 0.800-
1.600. 3.200. 6.400. 9.600. 12.800. 16.000 pg/mL;
G 22 Bk 1F 0.700+ 1.400- 2.800- 5.600- 8.400. 11.200-
14.000 pg/mL; 8 = JEH 0.145. 0.290- 0.580- 1.160+
1.740. 2.320. 2.900 pg/mL; it} 0.285. 0.570.
1.140. 2.280. 3.420. 4.560. 5.700 pg/mL; Z5H#
FEH 0.030. 0.060. 0.120. 0.240. 0.360. 0.480.

0.600 pg/mL; RKIEZEFEL 0.500. 1.000. 2.000- 4.000+
6.000- 8.000 10.000 pg/mL; T=AH{EFF 0.038 0.076+
0.152. 0.304. 0.456. 0.608. 0.750 ug/mL; KEF
7T 0.006. 0.012. 0.024. 0.048. 0.072. 0.096. 0.120
ng/mL; ¥E £ 78 0.850.1.700. 3.400- 6.800- 10.200
13.600. 17.000 pg/mL; K& 0.020. 0.040. 0.080.
0.160.0.240.0.320.0.400 pg/mL; T8 7 5 H7 0.750+
1.500. 3.000. 6.000~ 9.000. 12.000~ 15.000 pg/mL;
FHEEK 0.030. 0.060. 0.120. 0.240. 0.360- 0.480-
0.600 pg/mL; TARIE R F 0.039.0.078.0.156,0.312.
0.468. 0.624. 0.770 pg/mL; FE® 0.125. 0.250.
0.500. 1.000. 1.500. 2.000. 2.500 ug/mL; =&+
10.310. 0.620. 1.240. 2.480. 3.720. 4.960. 6.200
ug/mL; FEE7E F 0.002. 0.004. 0.008- 0.016+ 0.024
0.032. 0.040 pg/mL; F+Z: 10.130. 0.260. 0.520.
1.040. 1.560. 2.080. 2.600 pg/mL; B&,FZ0H 0.278
0.556. 1.112. 2.224. 3.336. 4.448. 5.550 pg/mL;
FFZ0 114 0.293. 0.586. 1.172. 2.344. 3.516. 4.688.
5.850 pg/mL.

L0 HE i 5T B FE A AR (X0, D TRITAR A
PAbR (Y, eflbndEii e, HEATEMERE, THE
[ FE S A R (RY), BLRMERIATRE: %’
T Y=8.13X 107 X+6.86X 107, R?=0.999, kit
JEFE 1.600~32.000 pg/mL; JLFE Y=7.90X107
X—7.58X10°, R?=0.999, ZM4JEFl 0.130~2.600
ng/mL; WIMHERR Y=2.38X10% X+7.04X 105, R*=
1.000, Z&MEJEH 0.063~1.250 pg/mL; f ] Y=
4.74X107 X+3.10X105, R2=0.999, £ 45 [
0.115~23.000 pg/mL; ~jZiH Y=9.44X10° X+
4.77X10% R?>=0.999, MV 11.500~230.000
ng/mL; ¥EERE Y=1.58X107 X+1.15X 107, R*=
1.000, £E1EIEHE 0.800~16.000 pg/mL; 422 HkT
Y=7.53X107 X+2.57X107, R?=0.999, £*75H]

0.700~14.000 pg/mL; %= HH ¥Y=3.38X10% X+
2.57X107, R*=1.000, £&4 5 0.145~2.900
pg/mL; M Y=9.24X108 X+3.12X10°, R*=
1.000, Z&MEVE 0.285~5.700 ug/mL; 2 S E R
Y=2.43X10° X+1.95X107, R?=0.997, 175
0.030~0.600 pg/mL; EKIEFK Y=145X10% X+
1.62X 107, R*=0.999, £ 0.500~10.000
pg/mL; TEARTETE Y=2.37X 103 X—1.06X 106, R>=
0.999, Z&MVEHl 0.038~0.750 pg/mL; KEH T
Y=3.67X 108 X—9.67X 105, R*=0.999, £:iaH
0.006~0.120 pg/mL; VEFEH Y=7.53X107 X+
1.55X 107, R*=0.999, Z 1M 0.850~17.000
ng/mL; KHEE Y=6.75X 108 X—5.65X 10, R*=
0.999, ZMEVEH 0.020~0.400 pg/mL; B 7 A
Y=1.03X 108 X+1.26 X107, R*=0.999, Z:iaH
0.750~15.000 pg/mL; S HHZE Y=4.08X10% X—
9.25X10%, R>=0.999, Lyl 0.030 ~0.600
pg/mL; TEREFE R Y=1.16X10° X+9.02 X 109,
R2=0.999, Z:M:7EH 0.039~0.770 pg/mL; F} %
Y=5.61 X108 X+2.65X10°, R*=0.999, £
0.125~2.500 pg/mL; E#EH 1 Y=237X10% X+
5.10X107, R>=0.999, ZPE7EFH 0.310 ~6.200
pg/mL; VEFERE R ¥=2.05X10°X+6.68X 105, R?=
0.999, £&PEEHE 0.002~0.040 pg/mL; FFSHH 1=
5.07X10%8 X+9.46X107, R2=0.999, £ u
0.130~2.600 pg/mL; FEF+Z0 ¥Y=2.06X10° X+
6.63X10%, R>=0.999, Z&PE7E [ 0.278 ~5.550
pg/mL; FHEME 1, Y=1.48X10° X+4.95X 108, R?=
0.999, Z&MEVuH 0.293~5.850 ug/mL. 45 %0,
24 ANEUOTE S H B EIRFETE B N MR R R AF, AH
KEZH (R $=0.997.

&R, RS R AT, e I LAE
ML (S/ND 4 3. 10 B E & o A PR o 2R,
SERBETIR. LR MHEER. T, AjHE.
AR . &2, Bad. Wkt KEwk
Bl BRIEHER. TEWIET. KRG, BAEETE.
KR BEEFEE. RHER. TWIEEE.
Bl FEE L EFER. PSS 1L BASE.
FPFHZEA 1A BRI R 23724 0.065. 0.077. 0.047.
0.154. 8.546. 0.538. 0.435. 0.033. 0.020. 0.006.
0.055. 0.023. 0.023. 0.122. 0.042. 0.089. 0.023.
0.004. 0.135. 0.011. 0.005. 0.009. 0.001. 0.003
ng/mL, TERMRHHN 0.215. 0.256. 0.156. 0.514.
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28.486. 1.795. 1.451. 0.111. 0.068. 0.020. 0.184.
0.077. 0.078. 0.406. 0.139. 0.297. 0.075. 0.013.
0.450. 0.035. 0.016. 0.031. 0.005. 0.011 ng/mL,
T R R 7 e B K

2,62 FEEEESRE PEXNELBEH (KETR
3.200 pg/mL. JLAEE 0.260 pug/mL. WIMEER 0.126
pg/mL. 7T 0.230 pg/mL. #5253 23.000 pg/mL.
FACHZ 1.600 pg/mL. 22k 1.400 pg/mL. ¥ =
JEAF 0.290 pg/mL. M H 0.570 ug/mL. LS
Bk 0.060 pg/mL. KIEFW 1.000 pg/mL. TEARIEEF
0.076 pg/mL. K& 7T 0.012 pg/mL- ¥ £ 7 1.700
ug/mL. KA 0.040 pg/mL. EEFEE 1.500
pg/mL. SFEHEZE 0.060 pg/mL. THREIEHE 0.078
ng/mL+ F} 2 0.250 pg/mL. 58 H 10.620 pg/mL-
FEEE R 0.004 pg/mL. FHZ0 10.260 ug/mL. Bt
Z 0.556 ug/mL. FFZ: 114 0.586 pg/mL, EZLH
FE 6 Uk, MAFE o W T AR 1R RSD 43312 1.23%-
1.05%- 1.38%-0.97%- 1.56%- 1.12%- 1.41%- 0.89%-
1.03%- 1.67%- 1.29%- 1.72%- 1.35%+ 0.78%- 1.51%-
1.18%- 1.84%- 1.62%- 1.09%- 1.45%+ 1.92%- 1.26%-
1.77%- 1.33%, ZiREINZAENG L RIF.
2,63 FEMEES  HUE 4k TCP il & 1)
BB (S S, 2 lfE &5 0. 4. 8. 12,
24 h FEFEIGE, &M E TR JLARE . MR
BT A5t AR, &4, Kaitr. M
B KA. EER. TN KREHE
TG EEET. KPR, BESEI. RHEER.
TR R PR RET L EEER TS
I. B2, P30 1. W THAT) RSD 40518
1.56%- 1.32%- 1.78%+ 1.25%- 1.94% 1.41%- 1.63%.
1.19%- 1.38%- 1.87%- 1.59%-2.03%- 1.67%- 1.08%-
1.82%- 1.45%-2.16% 1.91%- 1.33%- 1.72%- 2.34%.
1.51%- 2.08%- 1.69%, &5H3R ARG EHAE 24
h WA E I R i .

2,64 HEEMFEL HFE-—K TCP #Hi (it
S, MR & I AT RIS 6 4, e &k
SEETIR. ILAER. MR, T AT, 8
TER . S22t BRI W R k.
BIEFIR. WL KRS, BEET. KB
. BRI, RHER, W ER FHEm.
FEHL EFER. 20 L B2, P12
A &5, ZRILPESEH RSD 705009 1.89%:
1.64%-2.12%- 1.57%-2.35%- 1.76% 1.98% 1.43%.

1.69%12.21%- 1.92%.2.47%-2.01%- 1.32%- 2.18%-
1.71%12.63%2.26% 1.61%-2.07%- 2.82%- 1.85%.
2.53%. 2.04%, FREWIZIEE IV
2.6.5 NFEREICEREES BUTCP FEah (ibs S,
TN B i o 8 o B A 2 1 & 0 IR, 4T
“2.17 TUR Il il s, 1= “2.37 TR
3l R S AR E , TH IR R . A5 R
SR, BSRE TR, JLRR. WHEER. T,
AT BAIEIR. Sk, B, Wk,
AR RIEEFRR. TOWAETE. KE L.
FER . K. BRI, RHER. WK
WE. PR, SETL BEER. FIEHLL B
FFS . PSR s 07 2008 B 5 5008
99.55%. 100.04%+ 99.28%. 100.81%. 99.54%.
99.26%. 100.15%-+ 98.16% 97.84%. 100.26%.
99.61%- 99.30%- 97.17%- 99.37%- 99.30%- 99.05%-
95.54%. 99.35%. 100.71%+ 97.72% 102.22%.
100.05%- 100.54%- 100.70%, RSD 435N 1.87%-
1.77%-2.24% 1.91% 1.94%. 1.89%- 2.18%.2.05%-
1.92%1 1.56%- 2.24% 2.32%- 1.65%- 1.49%.2.39%.
2.19%- 1.11%-2.30%- 1.85%-2.19%- 1.41%- 1.87%-
1.61%- 1.32%, fF&HhZiEEairER.
2.6.6 FEamEENE SRHABIKERITE, X 10
It TCP #5124 AN CEERC AT S & e, Ak
)1 EIC WL 2. wsmg Rk 2 Fon, Sk
NS EZERE/N (RSD<5.0%), £HFENFRERE
PR LT,
2.7 REIFNDH

A TEASAS FHL R TCP B &35, AwF
FLLL 10 #EFES A 24 NSOGB 1 E A v
fiilt, K SIMCA 16.0 #AF 347 3 5843 53 #1 (principal
component analysis, PCA) 51EA /N —3fik-H|
#4341 Corthogonal partial least squares-discriminant
analysis, OPLS-DA), M 24k RE 457~ AF i 8] (1) 5T &
22 RHIE .
2.7.1 PCA PCA fE RN EBARMN T, nliE
ik BN 2 AR B R A R DB LA B
B4y (PC), B BLEE I AR TR . L 10
HEFE S 24 AN RBERCY B oA &, 3T O T
Ab PR fE A PCA AL, BRI S R IR R2x=0.923,
0*=0.856, KUY E LS TGEE ) REF, A
MR REIEA . M PCA 130 BUS B (B 3-A) 1]
W, 10 HHRE S BREEAE 95% B 5 X 8] (Hotelling’s
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WP h P

LRk

t/min

S

t/min t/min t/min t/min
FHER [\ TR R TR By EHET]
T T T T T T T T 1 r T T T T T T T T 1 T T T T T 1
4 6 8 4 6 8 7 9 5 7 9
t/min t/min t/min t/min
EFER P2 1 [aF+ S FHEEA 1A
I T T T TTTTTT rT T T T T T 1 T T 1 r T T T T l
7 9 11 7 9 11 9 11 7 9 11
t/min t/min t/min t/min

2 24 MRBERSHY EIC
Fig.2 EIC of 24 key components

7% Ellipse) P, i8] 10 #ik TCP [ BE RS> &5 &5
iR, FEfRE . #—20 PCA
A (B 3-By C) AT%1, XF5 1 FEpisr (PCL T
BRZE 89.5%) seli KN R N KEH L (PCl 5T
BRZ 62.3%, HAHHE 0.35), WRFEL (PCl Tk%E
57.8%; #faifH 0.29). MIHERZ (PC1 TIWRER 56.9%,
HWATE 0.28). FHEIF I (PCI THAZK 56.5%, #Har
8 0.27) .~ 251H (PC1 TIRREE 55.5%, #ifir{l 0.26).
JLZEE (PC1 TTHRE 54.2%, #AHE 0.25), b
W6 Tl o3 A T BURE S B TR 22 e ) DTk R
T, AT{ES TCP i =45 HIA% OAs £ . AHCHE T
TEE (B 3-D) fow, S4 HEUCHH X 28R E 2 Sk
FRE %, SO HEUARX B £ 25 KRG HIuh K.

2.7.2 OPLS-DA it — B U uk b ¥ [A] & &5 A7 4E
Fatk i EZ R, DL “Rik” AndlE (B YR

), 24 MBS RN X AR E, WEAREN
OPLS-DA #7, AIKIELE R EIR, R2v=0.915,
R*y=0.882, 0*=0.813, 4zl 1, RHA EAM
FHIA FE ST AE 71 (B 4-A); @Rk 200 B e
5, REIESE O #ilF~-0.236 (E 4-B), &K
TG O ME, FIE AU E G ILR, iI4E
PR

M OPLS-DA 1345r& (K 4-A) w0, 10 Lk
MMTER SRS PCA A R—5. @
A g BV (variable importance projection,
VIP) fHffiE (VIP>1.2), FRHIH 6 MRtk z
ST R (B 4-C), % VIP (= BIRAR
KRNILEZR (VIP=1.89). FIZH 1 (VIP=1.79).
FEHIT(VIP=1.68). KEHIG (VIP=1.58), Aj
2 (VIP=1.42) 5MHRR (VIP=141D. 4&H
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2 10 HOR TCP #F 24 PRI B BMELER
Table 2 Content determinations results of 24 components in 10 batches of TCP
b SR R (ngg ™)

T meTE JUEE i T AT Ve U MR Ry
S1  666.75£12.00 163.694+2.95 72.37£1.30 189.98+3.42 14881.75+£7.87 596.03£10.73 570.48+10.27 75.524+1.36
S2  65532+11.80 163.514+2.94 71.30£1.28 215.11+3.87 16495.53+6.92 596.44£10.74 550.23+9.90 79.91+1.44
S3  584.34410.50 157.334+2.83 71.294+1.28 192.32+3.46 14621.87%£3.19 565.78 £10.18 565.37£10.17 78.98+1.42
S4  601.77110.80 164.54+2.96 7421+1.33 214.26%3.85 14787.22%£6.17 521.69£9.39 553.75£9.97 83.61%1.50
S5 661.67110.30 165.35+2.35 75.83+1.94 209.51£3.61 15016.32£6.86 550.77£9.45 574.88+£9.15 8591%1.54
S6  662.75£10.10 172.50+2.14 72.71£1.78 194.471+3.48 16425.57+6.84 564.93£9.18 573.15+9.54 82.8941.82
S7  620.06£9.98 170.804+2.18 71.09£1.64 192944391 16257.65+6.24 531.86£9.64 528.241+9.84 83.041+1.34
S8  636.06£10.14 172.83+2.61 68.34£1.16 197.38+3.94 15476.70+6.48 618.84£9.34 614.70+9.81 78.4111.88
S9  655.85k11.24 173.71£2.64 67.70x1.64 194.16+£3.34 16543.82£6.16 594.78 £9.75 623.84£9.18 72.41%+1.58
S10 599.961+10.51 177.87+2.94 65.82+1.94 209.60£3.37 16 123.14£6.92 611.57£9.85 575.20£9.37 83.41%x1.37
FlE 1.862 1.537 1.245 1.673 1.925 2.018 1.746 1.358
PlH 0.105 0.189 0.301 0.148 0.093 0.078 0.132 0.243
.y s B/ (ugg ™)

3 LIEAE KEMIER REER TR Ketn EEEY KR B
S1 197.724+3.56 15424028 206.56+3.72 48.851+0.88 10.69+0.17 772.31%£13.90 28.58+0.52 293.56+5.28
S2  203.16%3.66 1542+0.28 206.531+3.52 47.34£0.81 10.734£0.15  751.99413.53 28.02£0.51 272.94%5.89
S3  189.96+3.42 1548+£0.27 195.894+3.34 45.00£0.71 9.93+£0.17 809.43+£14.57 28.051+0.42 282.97%5.12
S4  213.20+3.84 16.82£0.30 199.42+3.59 41.97£0.73 9.80£0.16 847.38+£1525 26.8110.48 288.72+5.84
S5 206.14+3.84 1571£0.46 221.97%3.18 43.44+0.71 10.51£0.18 850.18%£15.94 25.5240.63 302.93+5.11
S6 210.84+3.94 14.69+0.61 207.261+3.84 4422+0.75 10.95+043 773.26%115.34 26.66+0.45 297.77+5.34
S7  19528+3.19 14.73£0.13 192.78+3.34 48.26%0.35 10.72£0.64 81495%15.84 27.904+0.41 279.63+5.72
S8  195.71+£3.89 1594+£0.84 186.161+3.94 46.52£0.84 11.354+0.14 814.274+15.37 30.07£0.81 273.19%£5.34
S9  211.62+3.18 16.74£0.18 205.61+3.81 47.44£0.78 11.31£0.19  724.054+15.95 29.69£0.15 288.98+5.48
S10 211.34+3.37 1621£0.75 217.294+3.37 48.08£0.61 11.00+0.41  775.55+15.45 28.57£0.56 268.22%5.18
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