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Quality Evaluation of Tianma Shouwu Capsules Based on
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Abstract: Using high—resolution mass spectrometry (HRMS) , Tianma Shouwu capsules (TMSC)
were qualitatively and quantitatively analyzed, and its quality was comprehensively evaluated. Ultra—
performance liquid chromatography quadrupole/electrostatic field Orbitrap high—resolution mass spec-
trometry (UHPLC-Q-Exactive Orbitrap HRMS) technology was used to collect mass spectrometry da-
ta by full-scan data—dependent MS/MS(DDMS’) mode, and the components were identified by refer-
ence material comparison, database retrieval, and literature reporting; At the same time, a quanti-
tative method for analyzing eight key components in TMSC was established, including 2, 3, 5, 4’
—tetrahydroxystilbene-2-O- 8 -D-glucoside, gastrodin, danshensu, salvianolic acid A, emodin,
physcion, luteoloside, and caffeic acid. The quantitative data were processed by multivariate statis-
tical methods such as cluster analysis, principal component analysis, and orthogonal partial least
squares discriminant analysis. A total of 82 compounds were identified, including flavonoids, phe-
nols, organic acids, phthalides, anthraquinones, and other structural types. Content determina-
tion showed that the TMSCs produced by the two manufacturers differed in the contents of these key
compounds, and multivariate statistical analysis confirmed that the overall quality of different batch-
es of TMSCs from the same manufacturer was stable. This study shows that high—-resolution MS tech-
nology can rapidly identify a variety of compounds in TMSC, and the established quantitative analy-
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sis method combined with the multivariate statistical quality evaluation system can provide reliable
technical support for the quality consistency evaluation of the preparation.

Key words: Tianma Shouwu Capsules; UHPLC-Q-Exactive Orbitrap HRMS; cluster analysis;
principal component analysis; orthogonal partial least squares—discriminant analysis; quality evalua-

tion
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B, G SR R RN ST SR A SO K S, (RIS BN SR AL B
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1.1 UEHF5iKF

Ultimate 3000 7#8 /5 R0 AH 2, 1% (& [ Dionex 2 H] ) 3 Q—-Exactive i %X . Heraeus Fresco 17 i &%
5 %% O AL (£ 1E Thermo Scientific 2 1 ) ;3 Acquity UPLC® BEH C,, {4 8% 4: (100 mmx2. 1 mm, 1.8 wm,
Waters, £E); HH2Z—MRFE (Mettler Toledo, Fif—t); BX7200HP A8 55 I IF LR (CIMO EJT 254Kk
HEABR AR, EifE) . N-1300 eG4 KA CE AR 0], i)

JI A ) HE S 0 5T S A B AR T 98%, BTl e E R TR . Hitp2, 3, 5, 47-WUBRE IR
-2-0-B-D-F5 % HE 1 (k-5 CRL816) W B b i AR AE AV BHE R ABR A w], RIFKEE (Jit5 C16959962) i)
H L e E 2R By A PR 2w, 1 % 4 6] HELSh (365 WP25062608 ) Hi Y 1| 48 4 v 25 AR W BHE A TR
oyl ELAIEREF B(H45 2606290002) I T F KR AL AR AT PHEE . FHHE AL KREE.
KIEFE R AR 5 HERR (41543 51 A MUST-25050920, MUST-25032107, MUST-24112011,
MUST-25011406, MUST-24111817, MUST-25090803) 6 fii X} Het 5t 441 5k H il # = 17 4% A= Wy B+ A BR
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T5H v 7 o1 25 A PR 2 | (R AR D 2 ) 8 ANLIR TMSC, 45 S1~S8, 4It5 4 240305, 240401 .
241003, 241004, 241116, 250324, 250403, 250902, i EgHE1LHIZ5E R AT (FRG AT ). 84t
TMSC, %5 S9~S16, 5 7 20240403, 20240603, 20241002, 20241101, 20250403, 20250404,
20250701, 20250901, M. WEL(I R @ibaf) i B fEE Merck 2 w), S230 HACH R H A K, ik
WA S PR 2 w3k . R il SR S 34 DAL P 45 MBS T T ML) B 2 20 B SR AN
1.2 AREH
1.2.1 @B ROES RS RBGER U0, BAEEDT . BTMSC MBI 1g,
R ARE IS AR S BN, NS0 mL Wi, FREiR SRR ERERS, REBRHIEE 40 C.
300 W, FFLEHLE30 min, $REESHEZIRG, HHPREANERRBERAN R, FRIREY
A1, A 0. 22 pm LRI EHAHDIERED , BRELIEHE AR, MBS
1.2.2 MERBABRMHEE W2, 3, 5, 4-WEETIRLME-2-0-8-D-MEHET . RKE. HE%E.
FHTR A, KEEER . KEEWEE. ARBR ., UHEES, @46 . BRRTBEE, MEReE, DI
K(50: 50, PR EMIFEL, HlEERIEHRER 1. 0 mg/mL i) HLZH 53 %) S AR 25 T
1.3 ZWHEREEST
1.3.1 UHPLC &S #&H UL Acquity UPLC® BEH C 4 R4 b fa ittt PWEHE /40 °C; HishH
KA 0. 19% HIERKIER (A FCHE(B), $EbREERRPHEITYENL, &P 5 SR i Pt i fe A i 22 5%,
AT R 0. 2 mL/min, T o S B EEVEREFR)T : 0~3. 0 min, 5% B; 3.0~53.0 min, 5%~
100% B; 53.0~7.0 min, 100% B; 57.0-57.2 min, 100%~5% B; 57.2~60.0 min, 5% B, “F-fiifa it
T s € A BRI AR F . 0~1.0 min: 5% B; 1.0~9.0 min, 5%~100% B; 9.0~11.5 min, 100%
B; 11.5~11.6 min, 100%-5% B; 11.6~15.0 min, 5% B, “Ffjik R . SLEIHFEE NS wL, JEAEARTEE
F14°C,
1.3.2 HRMSRILEOTEHE AWRIEH Q Exactive i 2 FETRAL 52 T REA I , 2515 Ay It e s
%3 TR (Heated ES, BIHESI J5) . & FIESENT . & FAEWEERE #3200 C, #MBIRE R
300 °C, FEBIRTTHEARE 10 arb; HopE & AR PRI HE R 3. 50 kY, SARMEBCR 40 arh; T
BAF WS A 2. 80 kV, $/ UK 4 38 arb, ¥ RAE R H 1E 755 7 [RIHA N Y 2 3 25 S AUk
W R AR (Full mass ddMS?), BEE 20, 40, 60 eV =AYREEAERE B, 8 00 5T 17 HL Y8 L Sy m/z
80~1200.,
1.8.3 HIBHWAHZE EMESN: T Xcalibur 3. 0 8RB IR S A K Y B8 IR @ik (TIC), 78
FERE 25 & 2P F B b2 s e . (D)X RS EPETRIA . B ShiA R 5 % HE Shye T A £ v 1)
8] () REBAAES 20 T i GRETE B HITE 10x10-° LI ) LKL — 2R T A s 18 —Hexd;  (2) 5 )%
K2 HiN: HMDB(Human Metabolome Database, https: //hmdb. ca/) . PubChem (https: //pubchem. ncbi.
nlm. nih. gov/); (3)CHRHRIE .

EEAT: FET TMSC EPELE SR, RS AMZ bR sy, W $2B0E FHE (EIC) 3R 15— ks i
WS -3 TR AL, DItk @ St 5 2 E .

2 HRSHE

2.1 TMSCH#AUFEBMTHE M TER
P i P R U BT A3 00 TIC 45 R WL 1, LR 2 TMSC =2 ey 824, A s liZi b 54
#
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Fig. 1 TIC spectra of TMSC under positive (A) and negative(B) ion collection modes
A1 TMSCHHERS T KB A2 R B 4 5 S
Table 1 MS data of identified chemical constituents in TMSC
No. ty/min  Compound Formula Ion mode Expected Wt A MS/MS Ascription
mass/Da (mlz) ppm
1 114 AR CH,,0, Negative 179.056 11 179.05495 —6.486 101.022 74, 89.02293, HE
72.99143, 71.01236, 59.01241
1.16 BT C,H,NO, Positive 118.08625 118.08628 0.210 118.08637, 59.073 68, 58.065 85 KIR
117 (+)-JL#FE  C,H,0, Negative 289.07176 289.06943 -8.065 245.083 63, 151.039 31, R
137.023 76
4 1.19 TR CHN,0 Positive 123.05528 123.05544 1.224 96. 044 65, 80. 049 92 PN |
5 1.45 TR C,HNO, Positive 124.03930 124.03938 0.605 124.039 37, 96.044 77, E1E
80.050 02, 78.034 32
6 1.45 LAEBREEK  CHNO, DPositive 130.04986 130.04996 0.695 130. 049 93, 84.044 93 KIFk
7 1.48 S E C,H,N, Positive 268.104 03 268.10352 -1.904 268. 104 98, 136.061 75, KR 2
0, 119.035 34, 73.028 96 L
8 1.50 Frigm C,H,0, Negative 191.01972 191.01881 -4.794 173.007 93, 129.018 05, PN
111.007 37, 87.007 27
9 1.85 SERTR CH,,NO, Positive 132.10190 132.10193 0.188 132.10208, 86.09690, 69.070 51 BN/
10 1.86  WETIMR C,H,0, Negative 169.01424 169.013 12 -6.665 169.013 23, 125.023 08, (EEE=N S|
107.012 52, 69.033 07 ~j
11 1.86 KIKE CH,0, Negative 285.09797 285.097 69 —1.004 123.043 70, 87.007 42 Kk
12 2.67 S-RHIMERE  CHO, Positive 127.03897 127.03905 0.625 127.039 02, 109.028 68, Kk %
81.034 05, 71.049 93
13 2.76 FIZE C,H,0, Negative 197.04554 197.04477 -3.942 197. 045 07, 135.043 85, 2
123.043 81, 72.991 64
14 3.30 LR C,H0, Negative 153.01933 153.01813 -7.855 153.018 20, 109. 028 13, K. F=

91.017 59
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(8E3%1)
No. ty/min  Compound Formula Ion mode Expected R il MS/MS Ascription
mass/Da (mlz) ppm
15 3.88 2R C,oH, 0, Negative 353.08780 353.08792 0.325 191. 05533, 173.044 89, AR
161.022 98, 135.043 82
16 4.46  FJILAKFE  CH,0, Negative 289.07176 289.07230 1.863 179.034 77, 123.044 42, i 1 %
109. 028 46
17 4.60  JRULZEEE C,H0, Negative 137.02441 137.02306 -9.906 119.01249, 109.028 24, P2
93.033 11, 81.033 15
18 6.06  L-FEEM  C,H,NO, Positive 182.08116 182.08121 0.221 182.081 02, 165.076 16, PN/IN
123. 067 85
19 6.52  DBFIAHIFE  C,H,0,, Negative 459.11441 459.11441 -0.008 129.018 36, 111.007 39, KIR
87.007 20
20 7.72 Wi e C,HO, Negative 179.03498 179.03400 -5.485 179.034 04, 135.043 88, EJE)
117.03326, 91.05401, 71.01226
21 7.98 BER C,H,,0, Negative 159.06628 159.06514 -7.180 85.02821, 73.02820, 59.01257  KJik,
22 8.01 XEIIEFEE CHO, Negative 121.02950 121.02832 -9.773 95.012 31, 93.03321 KIFk
23 8.52 TR CH0, Negative 167.03498 167.03386 -6.717 123.043 82, 95.048 99 4
24 9.17 T B CHO, Negative 151.04006 151.03874 -8.789 136. 01556, 123.043 38, PN/
107. 048 86
25 9.94 SERR C,H,,0, Positive 481.17043 481.16949 -1.970 319.117 77, 301. 107 30, FIAT
197.080 78, 179.070 47,
151.075 35, 133.0064 82,
105. 033 87
26 10.07 EFIFRIETB C,HL0, Negative 727.20910 727.20844 -0.910 423.09372, 397.114 11, KR
369. 116 46, 161.044 42,
129.018 14, 111.007 45,
85.028 07
27 10.22  XEIEAE: CHO, Negative 163.04006 163.03876 -8.019 163.039 54, 119.048 88, E1E
iz 93.03295, 91.017 73
28 10.66 EAEE®  CH, Positive 13511682 135.11676 -0.496 135.116 74, 117.070 18, it
91.054 73
29 10.71 BFIFEHC  C,H,0, Negative 727.20910 727.20795 -1.584 423.093 41, 161.044 62, PNIN
129.018 17, 111.007 44,
85.028 01
30 11.26 BRI C,,H,,0, Negative 193.05063 193.04984 -4.103 149. 023 36, 134.036 21 P
31 11.80 P C,,H,;0,, Negative 609.146 10 609. 14636 0.414 259.029 57, 109. 028 25, KR e
85.028 31 1
32 12.06 T C,H,,0, Negative 417.11910 417.11887 -0.564 417.119 57, 255.066 41, HE
135.007 51, 119.048 90
33 12.06 2, 3, 5, 4'-)4 C,H,,0, Negative 405.11910 405.11908 -0.063 405.118 04, 243.066 06, fTE 5
BRETIR IR 225.05537, 149.023 19,
-2-0-B-D-FH %&b 119. 048 94
e
34 12.07 H#®R CH,0, Positive 257.08083 257.08035 -1.888 257.080 35, 239.070 14, H
147. 044 04, 137.023 35
35 12.24 EAERHAYY CH,0, Negative 995.30379 995.30139 -2.411 727.206 54, 423.095 15, KIR
161. 044 74, 111.007 61
36 12.44  REBREET C,H,0, Positive 449.10783 449.10703 -1.799 449.108 86, 287.054 72,
241.049 35, 135.044 08
37 12.46 [Gass C,H,0,, Negative 447.09328 447.09351 0.504 447.093 75, 285.040 62, 1
151. 002 24
38 12,72 WETWATZH C,H,,0,, Negative 631.16684 631.16656 -0.449 491.12158, 313.056 76, FAj
169.013 23, 151.002 59,
125.023 06, 107.01247
39 13.23 HHR C,H0, Negative 121.02950 121.02831 -9.855 121.028 37, 108.02045,
91.017 37
40 13.30 V&S C,;H,,0, Negative 301.03537 301.03510 -0.916 271.025 12, 203.033 54 2. Lot
?.
41 13.41  BIFMEWET  C,H, 0, Negative 623.19814 623.19800 -0.230 623.199 89, 461.166 69, Hth ¥

161. 023 35, 135.043 78,
133. 028 21
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(8:31)
. Expected Observed Error/ _
No. ty/min  Compound Formula Ion mode MS/MS Ascription
mass/Da (mlz) ppm
42 13.48  JHBERD  C,H0,, Negative 417.08271 417.08279 0.168 197.044 80, 179.034 00, F15
135.043 84, 123.04375
43 13.61  4-FHHUMR C,H0, Positive 165.05462 165.05440 -1.337 165.054 57, 121.028 57, E1E
91. 054 85
44 14.28 KR C,H0, Negative 137.02441 137.02306 -9.906 137.023 15, 119.012 64, R IR
93.033 14
45 14.28  tREHF  C,H,0, Negative 419.13475 419.13458 -0.419 255.066 48, 213.05579 (ENSEE)
46 14.28 RLEMC  C,H,0,, Negative 515.11949 515.11957 0.137 353.087 68, 191.05522, S]]
179. 034 23
47 14.32 T C,H,0, Negative 187.09758 187.09665 —4.983 169. 085 78, 125.095 87, PN/IN
97.064 46
48 14.50  KEFM  CH,0, Negative 359.07724 359.07739 0.416 359.078 09, 197.044 85, F=
179.034 04, 161.023 35
49 14.70 AjZNERTT C,H,0,, Positive 481.17043 481.169 10 -2.781 301. 108 40, 197. 080 86, HAY
151.075 32, 105. 033 88
50 15.07 1 2% 1y C,H,,0, Positive 287.05501 287.05457 -1.549 287.054 72, 269.044 43, fTE 5
241.049 84, 153.01820
51 15.32 PEJUZNEET  CLH,0, Positive 225.11213 225.11186 -1.224 207. 101 35, 189.091 52, =
165.054 69, 161.096 24
52 15.32 RTHMZERE C,H,0, Positive 207.10157 207.10138 -0.922 133.065 14, 91.054 73, E1E
79.054 82, 67.054 97
53 15.59  FHBEAB  C,H,0, Negative 717.14610 717.14545 -0.917 519.093 26, 339.051 09, F+2:
321.040 56, 295.061 37,
185.023 54, 109.028 11
54 15.70 TR CH,0, Negative 199.09758 199.09679 -3.979 199. 097 53, 155. 106 90, 5|
137.096 31,
55 15.83  tUHRAETT C,H,0, Positive 431.13365 431.13290 -1.760 269.080 51, 237.054 35, H
213.090 93
56 16.50  FHEBRA"  C,H,,0,, Negative 493.11402 493.11414 0.243 295.061 34, 185.02357, e
109. 028 13
57 16.74  AKBHZE  CHO0, Positive 287.05501 287.05469 -1.131 287.054 75, 153.018 19, B, 7
135. 044 05 W
58 17.98 K& #-8-0-8-D- C,H,0,, Negative 431.09837 431.09821 -0.371 311.056 43, 293.045 14, LT
L i 2 5 269. 045 68
59 18.09 KA C,H,0, Negative 431.09837 431.09827 -0.232 431.098 57, 311.058 17, JONEg=]
269. 045 68
60 18.18  #MIAEE € HO, DPositive 187.03897 187.03891 -0.324 187.038 94, 131.049 26, SN
115. 054 47
61 20.20 FHEAMBEY € HL0, Positive 235.16925 235.16895 -1.303 235.169 16, 217. 158 81,
119. 08579, 67.054 92
62 21.45 TUAAEEEE C H,0, Positive 269.08083 269.08029 -2.027 254.056 90, 213.090 96, H#
118.041 62, 107.049 35
63 21.45 THHEIKEL  C,H,0, Positive 189.09100 189.09073 -1.461 189.090 77, 171.08037, HMIH
161. 095 76
64 21.67 VNIZEHNEEG C,H,0, Positive 209.11722 209.11687 -1.678 191. 106 69, 149. 059 80, N#
105. 070 30, 79. 054 84
65 23.85 KRMFEWE CH,0, Negative 283.06119 283.06116 -0.130 283.061 25, 268.037 78, [NERENNS
240. 042 66 PiSh
66 23.89 TEJIZMEEB C,H,0, Negative 203.07136 203.07059 -3.829 174.031 16, 160. 015 50, =
145. 028 41
67 24.99 PENIZNEEC  C,H,0, Negative 203.07136 203.07060 -3.780 173.023 24, 145.028 50, N=
131.049 10, 91.017 61
68 25.59 MM C,H,  Positive 137.13247 137.13235 -0.927 93.07036, 91.054 70, 81.07045, FIiE
79.054 67, 77.039 16
69 25.63 FUE C,H0, Positive 147.04405 147.04387 -1.265 103. 054 32, 91.054 70 F . 2409
70 25.74 FNEZHMEEA  CLH,0, Positive 193.12230 193.12202 -1.483 193.12204, 175. 11169, N=

137.059 69, 105.070 23
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No. ty/min  Compound Formula Ion mode Expected R il MS/MS Ascription
mass/Da (mlz) ppm
71 25.88  BKRi#1E  C,H,0, Positive 271.09648 271.09598 -1.864 271.096 16, 229.086 12, I
187.038 97
72 28.16 TFRER C,sH, 05 Negative 269.04554 269.04547 -0.285 227.034 67, 225.05574 P& Lt
%
73 28.24 KEE CsH, 05 Negative 269.045 54 269. 04544 -0.396 269.045 72, 241.050 38, (NSRS
225.055 33, 210.03157, Z
197. 060 39
74 28.65 IETHIEL  C,H,0, Positive 191.10665 191.10625 -2.126 191. 106 49, 173.095 96, E1E
149.059 71, 145.101 06
75 32,15 RFEBE CH,0, Positive 297.14852 297.14792 -2.023 297. 148 16, 268. 109 01, F+2:
254.093 55, 251.14272
76 33.21 Z-#ANEE  C,H,0, Positive 191.10665 191.10635 -1.603 191. 106 61, 149.059 71, EE|
107. 049 56, 79. 054 82
77 34.62 FIIBHEIZNEE CH,,0, Positive 287.164 17 287.163 51 -2.302 121.101 31, 81.070 43 1=
78 34.95 PEJIEMEEP  CLH,0, Positive 383.22168 383.22098 -1.842 383.22107, 149.05972, NE
135.044 19, 91.054 75
79 35.64 ABE WA CH,0, Positive 149.02332 149.02309 -1.547 149.023 32, 121. 028 60, B
93.033 93, 65.039 32
80 36.03 JIBENA  C,H,0, Positive 295.13287 295.13245 -1.426 295. 13257, 277.12207, 11
249.127 41, 206. 108 89
81 36.21 KKHITNEEA C,H,0, Positive 381.20603 381.20544 -1.563 191. 106 61, 173.096 05, NE L He
149. 059 74, 135.044 10,
91.054 71
82 39.49 RIA iz C,H,0, Positive 281.24750 281.24808 2.038 161.13223, 121.101 58, B, Lt
81.070 43 ¥

*indicates comparison with reference substance. (*Z&7~ 5 X B8 f X% 1L

2.2 TMSCHIEMRBITHEESTTER

2.2.1 &MXR,. RHRREETR SHIBE—E AR & H bR s w5 &, LI EE-K
(50: 50)MRER, HIHRIREWRE 2, 3, 5, 4/ -WUBE K LM-2-0-B-D-H % BETF 50. 0 pg/mL.
KIFEZE 25.0 wg/mL, F}225.0 pg/mL. FHEER A 25.0 wg/mL. K8 % 25.0 wg/mL. K& 2 H it
100. 0 pg/mL. AREBEHHF12.0 we/mL. WIHERE 12. 0 we/mL B 164 0T HE SR IZTE, 045 0 RS i 25 W kA T
Fike, LS — RIA ] TRk B TR, HTIE AR &R R

53 M LA FEBR 840 R 5T S B () RO I TR BL (V) R . GNABAR A TER PR, B2 A 1R,
BEEGTRE R 2, 3, 5, 4'-VUERE IR -2-0-B-D-FE BELF Y=6. 18x107X+3. 46x10%, r*=0.998,
ZMEVEE 2. 0~50. 0 pg/mL; RFEE Y=8. 42x10°X-3. 46x10°, ’=0.999, Z{E:jElHl 1. 0~25. 0 pg/mL;
ZFE Y=8. 21x107X+3. 31x107, r’=0.999, Z&M:7EHI 1. 0~25. 0 pg/mL; FHEHER A Y=9. 10x107X+1. 76x10
7, P=1.000, ZLVETEME 1.0~25.0 pg/mL, KEZE Y=5.85x108X+1.49x10°, ~=0.998, Z&IEiEH 1.0~
25.0 pg/mL; KEEZEHIE Y=2. 93x10°X-5. 15%10°, r=1.000, Z&tEJEH 4. 0~100. 0 pg/mL; ARRFIHFY
=1. 21x108X+5. 28x107, r=0.997, Z&VEVEH 0.1~12.0 pwg/mL; WIMHEER Y=3. 36x108X+1. 91x10%, r’=
0.997, ZMEVERIO0. 1~12. 0 wg/mL,

B N WSS TR UE RGN, LAE L (S/N) R 3T ERE IR, LIS (S/V) R 10 B E /€ 1 R IR,
MR FE PR A B i & R, 45 Bk 8 A48 FR o A R 23 000 19,19, 130.97, 11.28,
30.68. 6.74, 90.37. 4.82, 6.42 ng/g, &&= FMR5rHk457.56, 392.90, 33.83. 92.05. 20.23.
271.11, 14.47. 19.27 ng/g.

2.2.2 BEEEZE I “2.2. 17 SXESERGEE, EZHEFE 6 R TIE , 11EAS) Lk 8 Fhis
T 82 4 TR R P A O B v 22 (RSD) A 51K 2. 2%, 2.4%., 0.45%. 0.42%. 0.55%. 1.0%. 0.61%.
1.5%, FERHACER A RE 25 BETH 2 i B AT K

2.2.3 FEEMERE BES H241004 B[ —HE TMSCAES:, #2 “1.27 Jrikdl &R ism, S
PR REGTCE, 4 I7E0. 2. 4. 8. 12, 24 h 6NN, SR “1.37 @it SBueke b, W& Fik
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8 Fh IS bR i 4> B U T AL, 155 H RSD 43 1 A 1.4%. 2.6%. 0.83%. 1.5%. 0.89%. 1.6%. 1.4%.
1. 1%, ZFIESCHHRSATRTE 24 h W H &R IF et

2.2.4 FEMWE EEFERE S (241004) 8 TMSCHES:, 2 <127 MBI, BH 65 FAT
PRSI, I 137 R SR T e, TS AR 8 A W THI AR Y RSD 43501 A
1.6%. 0.53%. 2.7%. 2.7%. 0.87%. 2.4%. 1.4%. 2.3%, £WZFEEEHRTF,

2.2.5 MiREIRFTEFEERE oS s & E O A TMSC (15 241004) , HR4E45 Bor FE & 2 &
FrESE T, 43 N IS 0] R S T AR S, Fedl J i il d Al s s R, TH
G E Bk 8 AR BRI 43 B F A DIBR NS 2 43 751 A 102% ., 97. 1%, 99. 6%, 100%. 100%.
101%. 103%. 104%, RSDZ3r543.3%. 1.0%. 4.5%. 2.4%. 3.6%. 3.7%. 1.3%. 2.6%, FHJiZJ5
TR R T

2.2.6 H@mEENE RAH -ZEFHIE EICIER BT IMREE BT, RGBT RS
YR, AR R A R E SIS BN A S TR (pg/g) . b 8 A 2R EPE R Fa bRk
YA SRR, SRR A P PRI ik i 2 PR . S RIE RS TR 2, GiitahR
FW, R —) RS R ORE S & A3 B 0 U B B R A T A K P (RSD<S. 0%) , BB Hy iz il 541)
k) R AR PR B AR

4.92
438 1.86 312
23,544
KL Re% FHEARR
R A
2-0-4-D-Hi R
AHITT
N\ AAJ J i
T T T T T T T T T T T T
3.0 4.0 5.0 1.0 2.0 3.0 20 3.0 4.0 4.0 5.0 6.0
t/min t/min t/min t/min
7.06 6.35 4.36 4.11
KRER RERTEE ARRELT JIHERR
T T T T T T — T AN T T T T T T
6.5 75 8.5 9.5 5.0 6.0 7.0 8.0 3.0 4.0 5.0 3.0 4.0 5.0
t/min t/min t/min t/min

B2 8 ANSEE A SR IRES T3 (o i il
Fig. 2 EIC of 8 key components

2.3 ZLTEXITH

FRGEEN 24N RAEHEK TMSC #7000 i — 350k e dlim) 25 5, DL 16 dbRESh b 8 MR MEde bR
LAY B2 MR R RY, & ) IBM SPSS Statistics 21. 0. SIMCA 14. 1 52 2 A8 48+ 04T, SHRE
onlP R | i — B 28 BRI T 2 A AT (Heh . 1°h2, 3, 5, 47-DUIL IR L 0f-2-0-
B-D-FEIBETY; 2 WRRRE; 3 MPIEE; 4 NPHIREEA; S HRESE; 6 WREEHE; 7 hKEET;
8 A MNHERE )
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2

16 416K TMSC s 8 e 53 5 2 26
Table 2 Contents of 8 components in 16 batches of TMSC

Content/(pg-g™)

2, 3, 5, 4'-Tetra-

No. hydroxystilbene-2- Gastrodin Danshensu Salvianolic acid A Emodin Physcion Luteoloside  Caffeic acid
0-B-D-glucoside
SI 1399.51+12.86  356.95+2.27  706. 62+1. 34 802. 88+4.61  743.30+13. 11 3404.20+10.95 52.52+0.28 26.93+0. 06
S2 1448.30+11.08  355.54+2.36  694. 06x0. 46 771.75£5.30  701.64+12.31 3197.70+9.56 55.30+0.28 28.21+0. 12
S3 1486.23+5.68  354.72+1.48  704.65+2.54 804.84+7.49  695.20+8. 11 3 174.78+12.32 53.44+0.56 28.73+0.28
S4  1418.68+15.33  362.97+0.72  673.93+4.33 749.74+10.50  757.28+9.70 3 310.59+3.06 52.86+0.80 28. 80+0. 34
S5 1392.56+11.18  356.32+2.77  695.98+1. 20 756.57+1.01  687.14+6.55 3 127.17+5.98 52.21+0. 86 27.37+0.42
S6 1400.22+2. 12 361.01+0.34  671. 08+5. 64 813.21+9.02  761.00+13. 54 3 044.58+10. 89 53.19+0.92 28. 46+0. 68
S7  1348.19+10.65 357.41+1.25  677.13+1.77 820. 14+3.44  731.53+13.07 3270.52+8.95 49.96+0. 60 30.00+0. 62
S8 1389.44+2.00  361.35+2.13  655.33+7.37 717.41+1.65  688.43+13.62 3258.18+7.16 51.22+0.50 28.19+0. 62
S9 2448.09+3.50  761.50+5.94  623.87+7.68 174.26+3.76  650. 63+5.56 2 163.77+6.42 10.76+0.15 13.06+0. 82
S1I0  2314.48+10.19  705.81+2.31  677.63+6.45 180.42+1.64  627.03+7.02 2 156.56+7.92 10.89+0.29 11.90+0.91
SI1  2443.62+3.03  734.59+0.80  679. 66+2. 68 180. 64+0.35  620.17+£7.12 2261.71+11.45 11.02+0. 19 13.40+0. 31
S12 2356.40+13.31  755.74+3.84  679.55+1. 87 179.66+0.58  613.46+8.60 2 164.74+5.18 10.01+0.94 13.19+0.22
S13 2343.22+7.13  739.23+4.60 641.68+12.97 175.18+0.55  631.37+5.99 2123.69+4.16 10.96+0. 11 13.56+0. 31
S14  2445.53+14.03  830.85+2.47  679.30+3. 20 174.52+0.54  653.93+9.20 2 159.09+4.68 10.36+0.12 13.68+0. 32
SI5  2378.42+9.88  753.31+2.88  688.48+1.88 174.91£0.84  625.01+7.58 2165.02+9.80 10.98+0.16 12.61+0.77
S16  2340.54+7.13  749.35+4.15  685.38+3. 38 177.97+2.93  636.43+4.19 2160.08+7.25 11.05+0.16 13.77+0.42

the data are expressed as mean+SD, n=3(H LIV EAREMER IR, n=3)
2.3.1 BEASW(CA) EHL 16 HLAE N B 8 A KBk sy
TE = EARE o EdEE, 83 IBM SPSS Statistics 21. 03K .. G
FERELT CA, PEFIALIIERER , LT 7K b it . L
B, PR BB 20 16 AR S RIS k2 2, BRI i ;
IV SR T G, WIE 3, BEREEIRER,

R BRSO S SR, S1~S8 I %
—2K, ZEMESR2, 3, 5, 4 -WURE IR ZME-2-0-8 6
DR BRI S R SRS, FHBERA . ki

. OREEWEE, AR R, A |

=i

i l

G

-1

I-

>~

FEAn (S9~S16) A58 28, HORBE & BAIE 5 56—
RESTEMRIES, RUARE) ZEEmE L&
BERESEERIT BN

0.3.2 ERAHH(PCA) it i 5 228 B A S
ATEEPE, WEEC 16 HORE Sl S T E R IO S B A B3 16HITMSC R 8 s B b

Fig.3  Cluster analysis of 8 components in 16 samples

S, AT PCAREBE, BUBIIA VR . A RTUK ol o

FES o g R W 4, BRIERSHCR . R°X=0. 864, (°

=0. 83, FHAFTHEEAY PCA BLFY HAT R PR Rt STINGE J1, DT ARl Fe s b2 oy 2 5 Ff
AR B (B 4A) R, BT FES Y A e 2 bR 22 BAS X BN, ERs (e, Hb S1~-S8 AT PCI
Tk, SO~S16ET PC1IEN 4, WZSHESHY PCL BB, R [E) % TMSC & H bR
YIS R AR — ek, HAbm e et R B R . A8 s Ak & (& 4B) 4 B4y BTk R
(E4C) LB, AR % 55— Ry (PCOAFAER B IE R fof 22 57, XS8Rt S B S 5
) SRR

2.3.3 EXmEm/NAZFRiE-FHDH (OPLS-DA) LL16HLTMSC H 8 4~ H bl /& S ARLE A ok
U5, W4T OPLS-DA Z3#7, 453G RBEAIA R2X . RPYHI Q>34 0. 963, 0.996. 0.995, 12 /RETEHEAY
H R RE I RIAE A TN BE T 3898 ok FAR , MR AUR R IF . OPLS-DA 13 4r BRI SR (B 5A) W, 164t
TMSC FE S BERS SCIH R 4080, HALNRK R %, SR CA T PCA 251 —3. 25 G FESRIE S BT &
B, F—] FAEMBIRET H 20, #E—P iR AR S BB (VIP) 8 bRiG L 22 etk sy, R
26T VIP>1 1 REAL 5, A PHIR A . REEE ., 2, 3, 5, 4-WUERE IR IM-2-0-8-D-H%
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BELE . ONHERE . RFE MR ZEH EE (B 5C), XV VIPEARIK R 1.07462. 1.07357. 1.07252,
1.072 15, 1.068 95F11. 067 13, i & Hrs I e A2 @ PEEATI0IE (I 5B) , 453 R Q2] 9 263K,

BT 0, RUERIAGAEE RIS, BA R A E A T RE o

A B _L
8 3 std. dev. 04 5 o :EE%
42 std. dev. 0.2 %’:’23;1%—2—
= |0-B-D- A

® o000 0 0 o
S9510811812513514 815516

[ ) ® o
4Ry s253 $485 8647 S8 02 %
2 std. dev. ®
= —044 [ ® [ ] o
ST 04 PHERA 2 B e BB 1 R
T T T T T T T T |l é é i 5' 6 ‘|7

1 3 5 7 9 11 13 15

W R2VX[1](cum
W Q2VX| l]Ecumg

1 2 3 4 5 6 7 8

&4 164AEAR) PCA D ATEURIEI(A) . BafE (B) 54 sy STk (C)
Fig. 4 Distribution scatter plot(A ), loading plot(B), and contribution rates of each component(C) of PCA results for 16 batch-

es of samples

A mD B m(?
g - mG
2 = 1.0 R
/,f \\ ——___:::;,—
_ g Sle S15 N 2 I o
= 14 / \ 054 @ R e
= / 3@ Slo@gy v 8 R -
z / sligei, V| B _—°¥ ¥
5 ol S2 @cs 2 @12 \ 0 L
= \ S49s6 ) o s
g \ 7
=l \ ~0.5- - =]
A " ®si3 /
= s LE -1.0] "
-3 T T -1.5 T T T T T T
. -4 4 2020 02 04 06 08 10

1.000 04%(1]

4 7 1 8 2 6 1 3
5 16HFEANE) OPLS-DA AL nif3 sy Bl (A) | AR IE (B) 5 VIP {H(C)
Fig. 5 Distribution scatter scores plot(A), permutation test plot(B), and VIP values(C) of OPLS-DA results for 16 batches of

samples
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A5 R H UHPLC-Q-Exactive Orbitrap HRMS 53 AR X} TMSC AL B 43 BEATAIGY . 383 ) 6,33 S5 A
Bttt EMEFTRE AR B BRI . SROFEMELDY, R SR EU RIZE K 5 30 min, A0 HTH R)ZEK
260 min, FHORAE A PEM LR ETEN, @bt ERE T, AW EEHEHENE . X
LE KA B 8] TP TMSC 3X 28 2 20 43 vh 250 i ) )i o0 B 35 R B B AOR & W H 25340
Fr R RE PR AL T TS AT

FEEPEST BT, TMSC %88 1) 824 sy, BUAG IS . My2s . AHLIRZE . FRBR2E | RS R
kb A, Hp s S EA VT RE . Pradh . PLRALGIE (RIPSFER T, B2 &y
HABR ., BRSSP ER", RS PEZ MG R T AERE R M JE PR . B . MEAT
e, 5 EERZE R TR R EAN, AR R TMSC B Z5RERY . bAh, TMSC WS A A HLER S |
AR | BB Ry, oA AR & a5t T B 7. LR 2R IR 2R 1oy 2 A LAk
YUK . ORI EAE T, aT R RIS . 2R e R TS L BRI s AR R E N
LGRSy, 2 H A SGENRRIEIEER . (RPN . BEER A TR, BE—2PemAb TR
MZEERSY . SREahEER, @bl . dik. WEey . LBy . RIgENTSELE
BUkl, HEEMABLE TMSC B R IGI 73

ERILEEH BT AR, . o287 | 8ER AR A . SCRIGE T 0 & LC-MS 2 PR B sk
A, BEHL TMSC Hr 8 AN B ik 4y 3L U7 1% o M B DLAE HPLC-UV J7 ik, UHPLC-Q-Exactive Orbitrap
HRMS —ZR5 0 5T 18 28 8 07 1R AN RS SR /NI ISCRe v . DU PHiRE e b iy, 3008 T8 2
R A BOARGI 2  EEAI 2 AT R 16 L TMSC 8 M ERRE E, &2, 3, 5, 4/ -l THEL
Mi-2-0-B-D-F & HE T IR R S EKFLLG ) i, MBI A KRBEE . KRB EWERE . AREBEEAT L
HERR S RMLAD | W & FESREMN Fefb S BEOMEIE, AR R 255 s fidebr i & &
fEEER . PRZERIR, JFRRIE . $REUH & T2 R S hilbnif i A R 2N TER & 2%
S EEEA

ERTRLEA M T, AT 16 K ARE DI 8 A SRR 2G RN /1 & B, RAHZIRE
K. BRI S IER /D TN T E L e G I R R T Y, AR R, FESTHE
PR RIEWTER R 228, WIZRAESAZ O 8 B & BAFIE 2RO E s B i SRR B EY) &
] — ) FZ Ak e g — S B i SARRE SRR . B RA XS, Bl 6 NS BT
BESNZORS (FHBIE A, KBEE . 2, 3, 5, 4'-WBRIE R LK-2-0-B-D-F 2 P . IIHERS |
RIRFE . REEHEE), w0 SR o5 5 T e i B 2o %

3 &

AW T R PETOEROR, LB T RARE SR ¥ 2R b2l i RiEEE . W T
TMSC Z8hrE BT 5 2 e BAHTH A S LS IR IR R, X8 MLL 2l S iltfT 2ot
GEitorar, BEREX AN KM NTESTR 225, MREA LR —) A Rt i) BrE R e 1k
A TMSC B TR — BRI . RS B 25540 1 IR ST SE B BOR S 5 SCI il
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