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Abstract: A model for quality evaluation was developed by determination of multi-index components in
Scutellaria baicalensis Georgi. Eight flavonoids in Scutellaria baicalensis Georgi were quantified by high perfor-
mance liquid chromatography (HPLC), and a quantitative analysis of multi-components with a single marker
(QAMS) method with baicalin as the internal reference substance was established. The 2,2'-azino-bis (3-ethylben-
zothiazoline-6-sulfonic acid) diammonium salt (ABTS") method was applied to determine the antioxidant activity
of different batches of Scutellaria baicalensis Georgi. Grey relevance analysis was conducted to calculate the grey
correlation coefficients of each antioxidant in the herb. The holistic quality of 75 batches of collected samples from
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different product regions was evaluated to distinguish different commercial types of Scutellaria baicalensis Georgi.
The relative correction factor (RCF) of each index component with baicalin as the internal reference indicated
good applicability, and there was no significant difference in assay results between the QAMS method and the
external standard method (ESM). The results of grey correlation analysis showed that the content of eight index
components including baicalin correlated strongly with the antioxidant activity of Scutellaria baicalensis Georgi.
The calculated grey relational coefficient ranged from 0.772 4 to 0.808 6. The content of oroxylin A-7-O-f-D-gluc-
uronide, norwogonin-7-O-$-D-glucuronide, baicalein, wogonin and oroxylin A showed positive correlations with the
antioxidant potency. In contrast, baicalin, wogonoside and viscidulin III content exhibited negative correlations.
The ratio of the flavonoid glycosides and flavonoid glycoside aglycones were found to be a critical factor to distin-
guish the different types of commercial herbs. The crude herbs could be characterized as Scutellaria baicalensis
pith-decayed with a G/A ratio less than 10, and the ratio in Scutellaria baicalensis pith-not decayed should be
more than 10. The QAMS method established in this study is simple and accurate, and can be used for the deter-
mination of eight flavonoids in Scutellaria baicalensis Georgi. Combined with ABTS" antioxidant activity and grey
correlation analysis, a comprehensive model for Scutellaria baicalensis Georgi quality determination based on bio-
logical activity was established, which provides new ideas and methods for the establishment of quality standards
consistent with the characteristics of traditional Chinese medicine.

Key words: Scutellaria baicalensis Georgi; baicalin; quantitative analysis of multi-components with a single
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Table 1 The source of samples

NIEE (Scutellaria baicalensis Georgi) IT 4R, FZilE
PR AAEAE T T ARAGRER 25 % Bt

25k Thermo Ulti Mate 3000 i = 20 AH
i (B3 LPG-3400SD — JG ¥ AH 22  — W) & B 51 A
W %%, WPS-3000TRS H 3l 2 F &% 72 2 i < HL . TCC-
3200 AE R AR, 25 E FEER KA F]), 8k U-3000 22 (4007 T
E 3 6.8 (Chromeleon 6.8, 3% [F 2E Bk K A 7]); SQP &Y+
ForZ— RV (P E 282 R R E R A
F]); ME104/02 84 75 53 2 — ML R F i L4 -4t
FI Z A28 BR A 7]); Fods 8 75 5 ¥ X (KQ-300DE %,
B LT A A S A FRA F]); EYELA N-1300 Jie % 78 R A%
(F. 5 EYELA CCA-1112A ¥ HI /K1 ¥ %% & A1 EYELA
DPE-1250 & 7] Al ke ), 4y K B AR A (Multiskan
SKY A, 3% [H 288k K A Al); &5 (OCEANPAK, i
ali); g (Aladdin, taifkal); HEE (77 RIECEARA A,

Sample No. Batch Origin Type Sample No. Batch Origin Type
S1 181105 Shandong Ziqin S39 BZ0202 Shanxi Ziqin
S2 181106 Shandong Ziqin S40 BZ0203 Shanxi Kugqin
S3 181109 Shandong Ziqin S41 BZ0204 Shanxi Kugqin
S4 181110 Shandong Ziqin S42 HX0201 Neimenggu Kugqin
S5 181111 Shandong Ziqin S43 HX0202 Neimenggu Kugin
S6 181112 Shandong Ziqin S44 HX0203 Neimenggu Kugqin
S7 181201 Shandong Ziqin S45 HX0204 Gansu Kugqin
S8 181202 Shandong Ziqin S46 HX0205 Gansu Kuqin
S9 181203 Shandong Ziqin S47 HX0206 Gansu Kugqin
S10 181204 Shandong Ziqin S48 HX0207 Shanxi Ziqin
S11 150601 Shandong Ziqin S49 HX0208 Shanxi Kugqin
S12 150701 Shandong Ziqin S50 HX0210 Hebei Kugin
S13 150702 Shandong Ziqin S51 HX0211 Hebei Kugqin
S14 160502 Shandong Ziqin S52 HX0212 Hebei Kugqin
S15 20170716-1 Shandong Ziqin S53 HX0213 Hebei Kugqin
S16 20170716-2 Shandong Ziqin S54 GZ0201 Gansu Kugqin
S17 20170716-3 Shandong Ziqin S55 HBO0201 Gansu Kugqin
S18 20170725-1 Shandong Ziqin S56 HB0202 Shanxi Kugqin
S19 20170725-2 Shandong Ziqin S57 HB0203 Shanxi Kugin
S20 20170725-3 Shandong Ziqin S58 HB0204 Shanxi Kugqin
S21 20170803-1 Shandong Ziqin S59 HB0205 Neimenggu Kugin
S22 20170803-2 Shandong Ziqin S60 HZ0201 Shanxi Kuqin
S23 170501 Shandong Ziqin S61 HZ0202 Shanxi Kugqin
S24 170601 Shandong Ziqin S62 HZ0203 Shanxi Kugqin
S25 170801 Shandong Ziqin S63 HZ0204 Shanxi Kugqin
S26 170901 Shandong Ziqin S64 HZ0205 Shanxi Kugin
S27 171001 Shandong Ziqin S65 HZ0206 Hebei Kugqin
S28 171101 Hebei Kugin S66 190701 Shandong Ziqin
S29 171102 Hebei Kugqin S67 190802 Shandong Ziqin
S30 171103 Hebei Kugqin S68 191101 Shandong Ziqin
S31 171207 Shandong Ziqin S69 191102 Shandong Ziqin
S32 171209 Shandong Ziqin S70 20200818 Neimenggu Kugqin
S33 171222 Shandong Ziqin S71 20200810 Shanxi Kugin
S34 171223 Shandong Ziqin S72 20200819 Neimenggu Kugin
S35 171224 Shandong Ziqin S73 20200817 Neimenggu Kugin
S36 S150801 Shandong Ziqin S74 20200102 Hebei Kuqin
S37 S150802 Shandong Ziqin S75 20190705 Hebei Kugqin
S38 BZ0201 Neimenggu Kugqin




-+ 3144 - 2% %4 Acta Pharmaceutica Sinica 2021, 56(11): 3141 -3152

SrHral); ABTS i BRERHH (potassium persulfate, K,SO,)
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side, flt%5 112002-201702) FI{L 3% % & (wogonin, L5
111514-201706) It = o [E £ 5 25 ke € B 7 be, A &
T2 FK I (viscidulin I, #t*5 92519-91-0) 2 B 3K %5
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Figure 1 HPLC chromatograms of blank solvent (A) mixed

standard solution (B) and sample solution (C). 1: Viscidulin III;
2: Baicalin; 3: Norwogonin-7-O-f-D-glucuronide; 4: Oroxylin A-7-
O-p-D-glucuronide; 5: Wogonoside; 6: Baicalein; 7: Wogonin; 8:
Oroxylin A

U, SR E WO 8 AR N oy R, TR
JE& 1 R4F
1.2 ZMXFHR

8 AR AR B3 R B M [ U5 777 R B AR OR BB 2.
8 AN B oy 75 S50 26 1F T o R AT 2R MR R
1.3 HBEE

7] — fHE 3k Wl VA T, SRR EERE 6 Uk, KB A R,
WEH EFNESRT . TEHRE A-T-0-4-D-Fi &
PR NHEESH HER NHESTRMTE4HR
AWETHIFLI RSD (n = 6) 77 518 1.45%+0.05%-0.30%-
0.26%+0.14%+0.31%- 0.05% 1 0.29%, % B {1 2% H K
EER.

Table 2 Linear relations of eight analyzed flavonoid compounds in Scutellaria baicalensis

Analyte Calibration curve ” Linear range/mg-mL"'
Viscidulin III Y=212.04X-0.143 1 0.999 8 0.001 0-0.100 0
Baicalin Y=366.92 X+0.0147 0.999 7 0.0037-0.3700
Norwogonin-7-O-f-D-glucuronide Y=507.74X-0.213 6 0.999 9 0.008 0 - 0.079 0
Oroxylin A-7-O-f-D-glucuronide Y=353.75X-0.2889 0.999 9 0.001 6 - 0.158 0
Wogonoside Y=505.14 X - 0.454 1 0.999 9 0.0033-0.3300
Baicalein Y=570.70 X - 0.907 4 0.999 9 0.0370-0.3650
Wogonin Y=748.22X-0.426 6 0.999 9 0.0110-0.1130
Oroxylin A Y=513.90 X-0.160 9 0.999 9 0.000 5 - 0.054 0
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1.4 E8H

[F] — i, AT 6 A A, R B R
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Figure 2 Pearson correlation analysis of 8 analytes in 75 batches S. baicalensis. The histogram in catercorner exhibited the distribution of
each analyte in 75 batches S. baicalensis. B: Baicalin; WA: Wogonoside; OAG: Oroxylin A-7-O-f-D-glucuronide; NWG: Norwogonin-7-O-
f-D-glucuronide; BA: Baicalein; W: Wogonin; OA: Oroxylin A; VIII: Viscidulin III. The upper triangle (upper right of diagonal) area
showed the Pearson correlation coefficient between the eight analytes (" Significant correlation, means the correlation coefficient between
the two compared components was more than 0.4; "Correlation, means the correlation coefficient between the two compared components

was more than 0.2); The lower triangle (bottom left of diagonal) area showed scatter plot between the two correlated variables

Table 3 Determination results of 8 analytes determined by ESM and QAMS (mg-g™") together with the antioxidant potency of each sample.

ESM: external standard method; QAMS: Quantitative analysis of multi-components with a single marker

Antioxidant Content/mg-g"
Sa;nple Class  activity B VIII NWG 0AG w BA WA 0A
o /mg'U"  ESM  QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM

S1 Class3 320+0.13 15554 137 131 659 637 982 951 2662 2617 177 172 126 122 029 0.28
S2 Class3 3.88+0.02 15452 138 133 747 722 1249 12.09 2830 27.82 234 227 153 148 041 040
S3 Class3  3.64+0.19 169.78 125 120 746 721 870 842 30.02 2951 2.09 2.02 123 1.19 021 0.20
S4 Class3  3.03+0.15 14455 203 194 632 611 976 945 2568 2524 323 3.3 .72 1.66 0.50 048
S5 Class3  3.37+0.09 15451 132 127 6.88 6.66 1027 994 27.04 2659 206 199 158 153 033 032
S6 Class3  3.24+0.16 151.83 132 127 7.51 726 1075 1041 27.87 2740 219 212 167 161 032 031
S7 Class 3 3.53+0.12 160.58 1.71 1.64 7.77 751 1526 1477 29.73 2923 264 255 1.68 162 055 0.53
S8 Class 3 3.96+0.02 153.73 153 147 7.85 7.59 1094 1059 2859 28.11 218 2.11 1.37 132 033 032
S9 Class 3  2.70+0.16 142.82 235 226 623 602 945 9.5 2425 2385 3.05 295 1.68 162 035 0.34
S10 Class3 5.76+0.07 161.59 0.86 082 874 845 1091 1056 3043 2992 1.83 1.77 140 135 035 034
S11 Class1 9.98+0.62 160.22 1.57 1.50 7.18 694 990 959 2475 2434 10.13 981 470 454 146 141
S12 Class1 11.27+0.35 16276 193 185 6.79 657 9.58 928 2527 2485 1056 1022 433 418 120 1.15
S13  Class1 9.88+0.34 15954 193 185 7.2 689 11.02 10.67 2570 2527 11.17 10.80 455 440 146 1.40
S14  Class1 5.83+046 156.12 404 388 626 605 11.16 1080 2392 2352 1020 987 3.68 356 136 131
S15  Class3  6.46+0.19 16035 1.64 157 638 6.17 1123 1087 27.84 2737 4.67 451 226 218 0.65 0.63
S16  Class3 7.43+0.28 16584 331 3.18 721 696 10.73 1039 2723 26.77 578 559 241 233 0.69 0.66
S17  Class1 4.27+0.18 14539 540 518 627 6.06 993 9.61 2484 2442 804 778 262 253 072 0.70
S18 Class1  7.11+£0.59 14535 1.77 1.70 538 520 10.04 9.71 2554 2511 6.41 620 331 320 0.82 0.80
S19  Class1 8.76+093 12785 273 262 518 501 952 922 2329 2290 1459 14.12 442 428 115 1.11
S20 Class1 843+0.63 15878 138 132 807 780 1572 1522 29.00 2852 738 7.14 402 389 176 1.70
S21 Class1 9.85+0.73 15294 127 122 7.19 695 1071 1036 2358 23.18 7.07 6.84 387 374 146 140
S22 Class1 9.90+0.22 16836 1.56 150 798 7.71 1194 11.56 2826 27.79 5.63 545 339 328 1.00 096
S23  Class1 9.68+0.53 15278 1.51 145 658 636 1277 1236 2326 2287 883 854 427 413 171 1.65
S24  Class3 4.52+0.07 18021 1.62 155 819 792 1196 11.58 3296 3240 286 277 164 159 039 038
S25 Class1 4.72+033 14853 1.74 1.67 6.10 589 1098 10.63 23.66 2326 6.75 654 325 314 1.12 1.08
S26 Class1 6.69+0.51 14079 3.16 3.03 632 6.1 9.02 873 2312 2274 1275 1234 499 482 156 151
S27  Class1 7.13+£0.74 15033 2.83 271 6.62 640 888 8.60 21.15 20.79 1543 1494 510 493 193 1.86
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Continued
Sampl Antioxidant Content/mg g’

aN: € Class activity B VIII NWG 0AG w BA WA OA

: /mg-U" ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM QAMS ESM
S28  Class2 11.22+0.57 11848 128 123 594 574 13.06 12.64 19.54 1921 1494 1445 681 659 3.62 3.50
S29  Class1 12.07+£031 106.15 129 124 548 530 976 945 1523 1497 1044 1011 3.88 376 161 1.6
S30  Class2 11.40+0.84 10354 191 183 496 4.80 1398 13.53 1589 1562 13.00 1258 412 399 331 3.19
S31  Class1 3.20£029 15694 206 198 638 6.16 956 926 23.83 2343 776 7.51 321 311 115 111
S32  Class1 6.85+£053 16253 231 221 678 656 11.17 1081 2476 2434 835 808 3.67 355 135 130
$33  Class1  6.19£0.50 15935 209 200 676 654 1145 11.08 2491 2449 678 656 3.04 294 114 1.10
S34  Class1 5.12+£020 16503 254 243 658 636 1196 1158 2631 2587 7.57 733 316 3.06 117 113
S35 Class1 4.76+0.17 15694 172 1.65 674 652 1008 976 2374 2334 603 583 290 280 100 0.96
S36  Class1 3.11+0.19 14143 251 241 532 514 863 835 2208 2171 1412 13.66 496 480 1.60 154
S37 Class1 3.66+£032 15848 399 383 583 563 870 842 2482 2440 1341 1298 558 539 113  1.09
S38  Class2 10.18+0.46 10247 159 153 478 462 781 756 1659 1631 11.12 1076 427 413 149 144
S39  Class1 4.93+044 14049 271 260 735 7.1 1377 1333 2229 2192 817 791 337 326 124 120
S40  Class1 10.67+0.12 11501 1.65 159 584 564 882 853 1625 1598 552 534 273 264 152 147
S41  Class1 9.28+038 12056 3.02 290 7.56 730 9.09 880 1598 1571 686 6.64 194 188 1.17 1.13
S42  Class2 11.38+0.08 12804 3.15 3.02 637 6.6 1979 1915 1937 19.05 1257 1216 3.89 3.76 443 428
S43  Class2 14.99+0.80 99.89 325 3.12 594 574 999 967 1412 1389 11.17 1081 530 512 469 4.53
S44  Class4 13.60+£0.65 161.60 142 137 7.74 748 1577 1526 29.04 2855 7.58 733 293 283 138 133
S45 Class2 20.51+£0.64 9635 479 459 534 516 594 575 1119 11.00 1047 1013 3.67 3.55 186 1.79
S46  Class2 1047+055 11809 149 143 618 598 1267 1226 18.81 1850 1583 1532 586 567 3.00 2.89
S47  Class2 10.46+0.47 9448 230 220 453 438 686 6.64 14.66 1442 2946 2851 987 954 3.17 3.06
S48  Class2 7.46=0.08 137.82 218 209 589 569 1227 11.88 19.64 1931 1855 17.95 6.08 588 238 230
S49  Class2 7.74+£0.87 11736 822 788 531 514 1103 1068 17.09 16.80 30.94 29.94 8.65 836 4.19 4.04
S50 Class2  8.96=0.69 10245 186 178 510 493 1358 13.15 14.83 1458 11.18 10.82 564 545 440 4.25
S51  Class4 7.26+0.88 16435 141 135 973 941 1479 1432 28.03 2756 6.66 645 3.56 3.44 138 134
S52  Class1 10.48+0.66 109.05 276 264 594 574 1232 1193 20.84 2049 551 533 297 287 111 107
S53  Class2 12.76+0.97 13140 284 273 637 6.16 1462 1416 20.64 2029 1056 1022 424 410 231 223
S54  Class4 4.44+0.07 14509 131 126 746 722 1485 1438 2502 2460 4.65 450 143 138 078 075
S55 Class2  6.06+£026 12413 1.84 177 588 568 1029 996 22.69 2231 19.65 19.02 3.78 3.66 158 1.52
S56  Class4 8.68+023 15567 155 149 934 903 1611 1559 23.81 2341 661 639 1.83 177 128 124
S57 Class4 8.63+£038 12276 198 190 7.72 7.46 1562 1512 19.88 1955 626 6.06 259 250 171 1.65
S58  Class3 2.98+027 13639 1.13 1.08 638 6.17 1462 1415 21.92 2155 243 236 057 055 037 035
S59  Class4 8.13+0.62 13455 162 156 7.82 7.56 1337 1295 2235 2197 676 655 277 267 157 151
S60  Class1 835+057 12134 1.88 1.80 749 724 13.03 1261 1952 19.19 11.64 1127 3.51 340 226 2.18
S61  Class4 8.58+0.77 133.89 142 136 833 805 1503 1455 21.93 21,57 783 758 236 228 168 1.62
S62  Class2  3.09£032 99.09 3.04 291 536 518 878 850 13.97 13.73 1294 1252 4.04 391 208 2.01
S63  Class4 8.50+0.08 14757 1.77 170 9.16 8.86 1522 1473 22.83 2244 10.62 1028 292 283 194 187
S64  Class4 536=045 13342 151 145 930 899 1625 1573 24.69 2428 525 508 216 209 120 1.16
S65  Class4 10.90+£0.07 15611 138 133 931 9.00 2028 19.64 2899 2851 9.13 884 350 338 191 1.84
S66  Class3 15.60+0.06 14492 1.19 114 723 699 9.68 937 2666 2621 238 230 156 151 032 031
S67 Class3  6.96+0.12 15443 088 085 746 721 1077 1043 2860 28.12 3.6 3.06 197 190 0.60 0.58
S68  Class1 3.26+0.06 15941 182 175 804 7.77 1020 987 2656 26.11 698 675 3.69 357 096 0.93
S69  Class3 1554+0.03 14759 154 147 636 6.15 1147 11.10 2631 2587 3.53 342 164 158 058 0.56
S70  Class4 1.94+£0.05 10233 142 136 517 500 1755 1699 18.57 1826 3.86 374 227 220 161 1.6
S71  Class4 9.84+0.03 137.03 127 122 805 779 1408 13.63 23.09 2271 292 283 131 127 094 09I
S72  Class2  6.18+£0.04 10092 3.19 3.06 569 550 17.07 1652 1934 19.02 1038 10.04 3.84 371 3.06 2.95
S73  Class4 9.98=0.01 13241 113 1.09 787 7.60 1336 1293 2038 20.04 580 561 198 191 140 135
S74  Class4 3.25+008 15461 143 137 827 7.99 1682 1629 2447 2406 4.17 404 199 192 108 1.04
S75 Class4 3.94+0.04 160.61 127 122 843 815 17.63 17.07 2624 2580 381 3.68 156 151 084 081
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Figure 3 Clustering heat map upon the content of 8 active ingredients in 75 batches S. baicalensis
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Figure 4 Total contents of 8 active ingredients and activity potency in 4 clustering classes of S. baicalensis. A: Total content of different

types of components in S. baicalensis from different classes; B: Activity potency of S. baicalensis from different classes. FG: Flavonoid
glycoside; FA: Flavonoid aglycones. x + s, n = 28 (Class 1), 15 (Class 2), 17 (Class 3), 15 (Class 4)
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