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Abstract: Objective To establish a multi-component quantitative method for the UPLC analysis of Sanhuang Tablets (=3 v, SHT),
combined with chemical pattern recognition analysis and technique for order preference by similarity to an ideal solution (TOPSIS)
analysis, to comprehensively evaluate the quality of SHT from different manufacturers, and to provide a reference basis for the quality
evaluation and quality control of SHT. Methods The separation was performed on a Waters Acquity UPLC Hss T3 (150 mm % 2.1
mm, 1.8 um) column with methanol-0.1% aqueous phosphoric acid as the mobile phase in a gradient elution, and the detection
wavelengths were 254 nm and 276 nm. UPLC was used for the simultaneous determination of content of aloe-emodin-8-O-
glucopyranoside, chrysophanol-1-O-glucoside, chrysophanol-8-O-glucopyranoside, aloe-emodin, rhein, emodin, chysophanol,
physcion, baicalin, oroxylin A-7-O-B-D-glucuronide, wogonoside, baicalein, wogonin, gallic acid and berberine hydrochloride, and the
content of 52 batches of SHT sampled from seven manufacturers were determined; HCA, PCA and OPLS-DA were performed on the
content test results of the above 15 components using SIMCA 14.1 and SPSS 25.0 software to dig out the key components affecting
the quality of SHT; TOPSIS was used to rank the advantages and disadvantages of SHT quality of seven manufacturers, and establishing
a comprehensive evaluation method of SHT quality. Results The methodological investigation of UPLC quantitative analysis in SHT
meets the requirements specified in the 2020 edition of the Chinese Pharmacopoeia. The RSD values of precision, stability,
repeatability and accuracy were less than 3.0%. The results of both HCA and PCA showed that the 52 batches of SHT were clustered
into three classes; a total of four principal components were extracted from the PCA, and the cumulative variance contribution rate was
91.309%; OPLS-DA screened six differential markers with variable importance in projection (VIP) values >1.0, including physcion,
gallic acid, berberine hydrochloride, chysophanol, baicalin, aloe-emodin-8-O-B-D-glucopyranoside, which were the main components
affecting the quality of SHT; TOPSIS Euclidean closeness ranges from 0.184 9 to 0.556 6, indicating that the quality of SHT varies
greatly among different manufacturers, with manufacturers A and B ranking high. Conclusion The established multi-component
quantitative assay is easy to operate and can accurately and reliably determine the contents of 15 chemical components in SHT; HCA,
PCA and OPLS-DA can effectively screen out the difference markers influencing the quality of SHT, which combined with TOPSIS
method can be used to comprehensively evaluate the quality of SHT.

Key words: Sanhuang Tablets; quality control; chemometrics; technique for order preference by similarity to an ideal solution; UPLC;
baicalin; emodin; berberine hydrochloride; physcion; gallic acid; chrysophanol; aloe-emodin; rhein; oroxylin A; wogonoside; baicalein;

wogonin; quality evaluation
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OPLS-DA) X HFEAT /4T, Ffiidest e =3 F B 1)
KEER . BB fREE R, (technique for order
preference by similarity to an ideal solution, TOPSIS)
W H R EBATHEE, Y TOPSIS BRERIGIL B 454
VMR AR =5 iR, B 280,
2SS ENE, DLER . EREAN RS AT
M=B R E, AU RO L =2 7 IR o = 4 )
TR S AR .

1 NEE5RG

1.1 14E5

Waters Acquity H class 24 =y G AR L 3%,
FCAVUTCIR . AHIRAE . EBIEFERS . PDA K2 &
Empower 3 TAfEul, 3&EKEHRH AR A A
Agilent 1260 Infinity B & 20AH AR, BoA YT
. MRS . AshIFERE . DAD K% & Openlab
CDS 2.x TAR#A, RHEZ#ECFHEERA A
XPE26 FY 1R F-. ME204E e 1R, it A
FEE-F0R 2 A 7] Milli-Q R4k AY, 55 % H
AT SK250H YA, RSB EE IR
NI
1.2 X%

SRS (S 110715-202223, 58505
97.20%) FXZE (LS 110595-201808, JFHE 3L
97.90%) MHEEH (L5 112002-201702, S &5
$798.50%) K¥EIR (HL'5 110757-201607, JFE5r
$799.30%). LRI E (L5 110795202011, i
BI040 97.50% ) KB R PRk (S 111758-202218,
JRES 4L 98.90%) KEEEy (iS5 110796-201922,
i34 99.40%) . K3ER (b5 110759-201913,
Ji B 5341 96.00% ) % B IR (5 110831-201906,
JRE 7 91.50% ) ThIR/NEERL (L5 110713-
202015, JFEA4T%0 85.90%) B [ £ 5l 24 i s
FUBE AL XTHR PR A3 (k'S DSTDHO002501,
JRIE 4L 98.99%) T E4NE A-7-0-B-D-F % i
PR (b5 DSTDQO004101, JFi &40 % 98.49%). 1%
ZRER-8-O-M & FEH (L5 DST221227-125, i
B 98.57%) . KREM-1-0-# & FEH (s
DST210401-138, &5 100.00%). KEEH)-8-0-
HiE PR (kS DST210201-071, J5ii & 2 ¥
98.59%), HH CAREE VR ARG FRA ml $ 4t

itk ali i, 2£[H Fisher A#]; (kg wig,
RETRFERACZRF A RA R el g,
HrT R A TR A ] B4k, i Milli-Q #E4

KA. 52 =T FESSRE 74N 5K, Hrbit
5 220601.220801.221002.221001.221202.221201
FEib (%5 S01~S06)KH A | %, #t'5 20210902
20210906.20221203.20230401.20230402.20230403
Feal (%5 S07~S12) KE B %, #it'5 220301,
220604, 220704 32220904. 32220908. 32221002,
32221004 . 32221006 . 32221008 . 32221011 .
32221203, 32221206 Ffhh (45 S13~S24) KH C
%, #t5 22062801, 22111701, 22112901 «
23022101 23022201 23030401 23030601 ¥/ (4
5 825~S3D) KH D/ %K, #it'5 210304, 210305,
220309, 220710, 220716+ 220718 ¥ i (4% 5 S32~
S37) kH E | X, #t'5 20230504, 20221013,
20221013+ 20230501 20230502 20230503 ¥/t (4
5 838~S43) KH FJ XK, fit'5 220703, 220802,
220805+ 220806+ 220807 220504 221004 221007+
221009 ¥ (4’5 S44~S52) KH G %o
2 FEEHER
21 BiEXH
211 WEEHE 14 Mo EENE Bk
Waters Acquity UPLC Hss T3 (150 mm X 2.1 mm, 1.8
um) #5 DLFEE-0.1% B RR/K IS OB A, 6 R Bt
Jit: 0~5min, 3%~20%HE#; 5~20min, 20%~
40% F I ; 20~27 min, 40%~45% FF i ; 27~40 min,
45%~58%FlE; 40~50 min, 58%~90% FEF; 50~
53 min, 90% H ¥ ; 53~54 min, 90%~3%H%; 54~
64 min, 3% EE; R 254, 276 nm; A
UL uLs A 30 C; A E 0.3 mL/min.
2.1.2 HER/NEETE ENE IO E 2582020
SRR =3 U SRR /N B ) 7 = W e T vk A
AN Capecell Pak Cis MGIT (150 mm X 6 mm,
5um) A ZfE-K (101, 41000 mL 30
g S0 3.4 g BT R RN 1.7 @) NI
Rl 265 nm; FEFEAAFR 10 uL; AR 30 C;
AR E 1 mL/min.
22 XMRmiEErEE

HWHE 257 AE 15 A0 IE lod o, i B 4 ) s
S FE T 206.7 pg/mL. T E4KE A-7-0-B-D-Hi
EIFEREIRE 98.4 ug/mL. S 130.7 ug/mL. 3
%% 96.0 pg/mL. WX K 101.4 pg/mL. & T
1071.50 pg/mL. K H#H}-1-0- & Bi1F 49.13 pg/mL.
P K R -8-O-Hi & BETF 45.30 pg/mL. KiEMH)-8-
O- B HETT 66.26 pg/mL. 25 KK 48.33 pug/mlL.
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KR 48.10 pg/mL K3 K 46.66 pg/mL. KIEH
48.88 ug/mL. K¥EZKHEF 57.27 pg/mL. HER/NEE
Bl 100 pg/mL AR, 1EAXT RS BRE, % H .

2.3 HiX@EARNHIE

231 WEHSE 4 MEGEENE =3 10
A, AERTIRBRZZEAK, MEGE, 4, Bo.1g
BHEEHEIVMA, BEMAN 70%H B 100 mL, %
%%, FRERE, BAAH 30min, BAEEE, F
FREFE, H 70%H EANERCE T E, 55, &
0.22 um HHLIEMEIELL, HEIE, HPAS.

232 HRER/NEETE EIE IO E 25882020
FERR =3 R TN SRR/ INBER A S TR AR A
W% 7 vk, =38R 10 B, R TIRBREE

K, FEERRE, W, 201 g BHEHEEIMS,
FEZE I EE-E R (500 @ 1) VRS VAW 20 mL,
I, FRERE, @A 30 min, BAEER,
FRRE I, FH RN 2R I, FR A, 4022
um A HLEMEERL, B, BIfS.

24 FEFER

241 HMERFREL  SIHIREREL “2.27 TR %
TR A OE &, Few R 7 NSRRI RS
XoF R VA, IR “2.1.17 TR i &R
O3RN, LA 10 1R o AR R Al
B (0O, WA NIAALR (V), filbadE &It
HEHTRE, FRNE 1. SREY, SHROES
H B SR FE VG N R R R A .

*1 FEFREER
Table 1 Results of methodological test

o e R | e P S .m[ ! 2 RSD/%

B 5T L R 5 R 2 Yu FEl/(ug-mL ™) R o fth Tl
BT Y=14019.90 X—2790.98  0.5168~206.7000 0.9999 132  0.76  0.56
TEHEK A-7-O-B-D-FHHHEEEIRTT Y=11613.00 X—7862.41  0.2459~983600  0.9998 1.4] 1.52 2.34
WHEEF Y=15142.48 X—10524.05 0.326 7~130.7000 09999 1.25 159 1.17
BHR Y=20711.60 X—15999.41 0.2399~959600 09998 132  2.19 1.39
WHEHR Y=2421222 X—18205.76 0.2534~101.3600 09998 125 252  2.09
WEFR Y=640346.97 X+1225.00 10.720 0~1071.5000 0.9998 0.65 0.84  2.14
PR R-S-O-F B Y=24 80841 X—351582  0.4530~453000  0.9999 0.82 260 256
KIaly-1-O-H Z BE Y=12462.99 X+2017.59  0.4914~49.1400 09999 1.82 1.51 2.74
K& -8-O-1 i H L7 Y=9242.63 X+2 017.59 0.662 6~66.2600  0.9999  0.45 120 221
BE-V ¥ Y=17711.84 X—343.38 0.4833~483300 09999 0.89  2.56 1.92
KEHR Y=14956.62 X-+413.45 0.481 0~48.1000 09999 177 214 273
N Y=13125.78 X+2017.57  0.466 6~46.6600 09999 248 221 293
KH Y=18362.14 X+145526  0.4888~48.8800  0.9999 0.58  0.63 1.99
K 2 K Y=12919.60 X+1353.62  0.5727~572700  0.9999 143 128  2.00

242 FEEWE BPUSERESHE 14 DRHR
AT RSV, BRI 2,117 TN B R s

1o SRR E T iR E RN R AT .

2.45  JFEREISCR AL

FEEMIEIE 14 DK

FE6 I, 103 14 DRI AR i H I RSD A,
SERWEE 1, SERRUIZACEIEE L RIT,

243 FooEtEiLe  HUEE AR (S38), 1%
HR“2.3.17 TR 7 vl % =3 A a0l
THI4 )5 04 4. 8. 12. 24. 36 h #HEkEME, id3%
14 AN TH R T 5 RSD H, 458 W& 1. 45
RR MRS ARATE 36 h WFa e R A7

244 EEVIRE R RREUE —HE =005 R
(S38) 6 3, ¥ME “2.3.17 Wi K Jyiddl 4 =3 Frfit
WA, 608 “2.1.17 TR ik TR,
THE &R BB HE I RSD A, 4R WE

SEEM = AR (S38) 914, FHAERER N=
B A T A VR ) 25 B EURE 1 50%, DL ETEURE
B &R EER 0.5, 1.0, 1.5 1%, 25kEEmA
BT IR, R “2.3.17 TR 5 A A
W, IR €207 TUN g 2R e, A
B INRE U R I B RSD A, 455 14 4
WS, TRHE A-T-0-B-D-H I FERE R 1Y
DOEEH ., WER. DUEER. WETIR. KiEh-
1-O-F B 2R HR-8-O- M A M . K-
8-O-H BN . ML KIEE. K. KK, K
Ty . KB R B 0P 88 0 R R0 A i
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100.56%. 99.26%. 101.05%-. 100.84%. 101.57%-
99.71%. 100.93%-+ 99.69%. 99.89%. 100.26%-
99.84%. 100.06%. 98.67%. 99.33%, RSD 735K
2.09%- 1.82%- 1.67% 1.68%- 1.12%.2.38%- 1.34%.
2.02%- 1.78%- 1.59%-2.33%- 2.75% 2.19%- 2.87%,
SERRIZ L RA RUFIHERREE, 1775017 .
25 H@mNE

W7 AN 2K 52 b= i, 4% “2.3.17
TR 7 E AT S i 2%, #8201 I
SRR T, THERES RS 14 B
AR R “2.3.27 TR 7 AT AR
VRIS, HEME “2.1.27 TR il & b RE A HT,
THERE S SRR /N By SLAL I €3 ] D ]
1. 2, ZEIESRINE 2.

2
A 254 nm
13
3
B 276 nm

5
4 8 10
| - ‘ AN\JLNMLNA__LAMLJLJ_

) X 9]0 11 1213
C 254 nm ; 567 14
1 4

D 254 nm

0 10 I Zb l 30 40 ‘ 50
t/min

1R TR 2-7 2 RIR-8-O- M EIHE T 33051 4-T 240K A-

7-O-B-D-HI G HERERGE ; 5-DUESH; 6-KM-1-0- M & HH; 7-K

HI-8-O- M ENEH; 8-HFE, 97" RHE; 10-DUEFR; 11-K

W 12-K385; 13- K@y 14- K00 R TREES

1-gallic acid; 2-aloe-emodin-8-O-glucopyranoside; 3-baicalin; 4-oroxylin

A-7-O-B-D-glucuronide; 5-wogonoside; 6-chrysophanol-1-O-glucoside;

7-chrysophanol-8-O-glucopyranoside; 8-baicalein; 9-aloe-emodin; 10-

wogonin; 11-rhein; 12-emodin; 13-chysophanol; 14-physcion.

1 ZEREKRBR (S38,A, B). RAMBRAER
(C) M=HFF (D) B UPLC
Fig. 1 UPLC of SHT test solution (S38, A, B), mixed
reference substances solution (C) and blank solvent (D)

S/ N
A
S/ N
B
S S

t/min
2 EHRREERREAR (A) M=ERHIXEER (S38,
B) #J HPLC
Fig. 2 HPLC of berberine hydrochloride reference
substance solution (A) and SHT test solution (S38, B)

AWFFEMER 15 AP aE T (hFEZH)
2020 AR =0 RS HIIR RUE 135 2R
ANBETR. KBS 4 AR E e, Al
ZREIN, X 4N REBHIERITE (P EZ )
2020 FRRPFAEFRUERIPREE . WK 2 RRfLLEH 7
AR BIBEESE . DU S RIS 2R R i e 22
R RS DUOHEE 2 ANy, 52 #itik
= R SR bR AR 22 43 N 6.386 4. 8.753 8
mg/g. HEH T EREMMICEA] K A, &IKH)
HUCRET R G, SRMEZE 1.63 5 MHSEEE
BEPCRE] K A RIKBHLCEE ) K C,
TEAZE 96.08 . WlE Z 5 K R E
TRITHRIEERE, RS HRR SR E
il 5 T2, $R7R & AV RO AR AR R i A
7 ERECEL,  H AR OB M R R IR
IR EH S L ESEEAEAIN, REAE K.
AN TR =38 2 il 2 () o Y —

2.6 WFERNIRF 4

26.1 HCA ATHBEMHELE 74 FKEFH=
WHREESS, BE2 P 2 =34 15 Fan
& X E N TR, S SPSS 25.0 ik iHEfT
HCA. RHARBIERRETTVE, LF 7 BEE 5
SFE G E PR ES HEAT HCA, 22HIRPIRIE. 45 5K 3
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*2 Y =EAERSEMNESER
Table 2 Results of content determination of 52 batches of SHT samples

Ji i B (mg-g )

% h .
B ;g;;; j‘%ﬁ;; j‘;;ﬁ;; FEKKE  AKE KRE KHE
SO01 0.654 3 02410 0.688 7 0.964 2 1.928 4 1.5152 1.2397 32025
S02 0.5915 0.1972 0.5915 0.788 6 1.8139 1.301 3 1.104 1 29180
S03 0.073 7 0.1106 0.516 0 0.626 6 0.5529 14375 5.565 8 0.405 5
S04 0.567 6 0.212 8 0.780 4 1.028 7 1.844 6 1.348 0 1.028 7 2.944 3
S05 0.156 5 0.3130 0.586 9 0.626 0 0.665 1 1.369 3 6.1033 0.469 5
S06 0.5100 0.204 0 0.748 0 1.020 1 1.802 1 1.394 1 1.054 1 2.958 2
S07 5.864 8 0.960 9 1.921 8 5.8317 0.795 2 0.265 1 0.5302 39761
S08 5.3937 0.898 9 1.766 9 5.6417 0.806 0 0.248 0 0.5270 3.843 8
S09 5.749 4 0.830 8 1.894 3 5.749 4 0.864 1 0.2659 0.498 5 4.154 2
S10 4.496 1 0.899 2 1.612 4 4.682 2 0.434 1 02171 0.248 1 23256
S11 5.3979 1.0727 1.903 1 5.6055 0.5190 0.276 8 0.346 0 2.8374
S12 6.493 9 1.043 1 1.9179 5.787 3 0.706 6 0.269 2 0.403 8 3.398 4
S13 3.2859 0.1580 0.442 3 1.042 7 0.600 3 1.263 8 1.263 8 2.780 4
S14 2.6331 0.254 8 0.6512 1.613 8 0.396 4 0.8211 0.8211 1.8120
S15 22521 0.302 1 0.769 0 1.977 5 0.329 6 0.6317 0.6317 1.3732
S16 2.2958 0.298 2 0.6559 1.699 5 04174 0.954 1 0.834 8 1.5802
S17 1.952 6 0418 4 0.8717 23710 0.348 7 0.767 1 0.5579 1.3250
S18 1.746 1 0.4439 0.9470 2.426 8 0.3847 0.7103 1.3909 1.272 6
S19 2.1802 0.2907 0.668 6 1.715 1 0.465 1 0.9012 0.726 7 1.744 2
S20 1.847 8 0.358 5 0.7170 1.902 9 0.386 1 0.689 5 0.468 8 1.323 8
S21 1.920 8 0.3842 0.8570 2.2459 0.354 6 0.709 2 0.5910 1.329 8
S22 1.938 6 0.3877 0.894 7 2.266 6 0.3579 0.686 0 0.596 5 1.3123
S23 1.6729 0.288 4 0.6057 1.528 7 0.403 8 0.692 2 0.5192 1.3556
S24 1.465 1 0.436 4 0.966 3 2.3067 0.3117 0.5923 0.467 6 1.1222
S25 2.879 4 0.304 9 0.8130 2.777 8 0.440 4 0.643 6 0.880 8 29133
S26 3.024 6 04726 1.1342 3.276 6 0.598 6 0.693 1 0.9452 2.8670
S27 2.7532 0.4419 1.087 7 3.2631 0.4419 0.6118 0.883 8 2.5153
S28 29323 0.505 6 1.2133 3.5389 0.4719 0.5393 0.741 5 2.460 4
S29 2.9552 0.509 5 1.222 8 3.566 6 0.4755 0.577 4 0.8152 2.479 6
S30 2.842 6 0.507 6 1.184 4 3.4179 0.473 8 0.541 5 0.710 7 2.4027
S31 2.560 7 0.4323 1.064 2 3.1593 0.4323 0.5653 0.798 1 2.460 9
S32 1.866 6 0.198 6 0.6751 2.660 8 0.5957 1.072 3 1.1517 4.209 7
S33 1.794 1 0.234 0 0.7410 2.808 1 0.546 0 0.9750 1.092 0 4.0172
S34 1.743 3 0.198 1 0.594 3 2.3376 0.713 2 1.030 1 1.1490 4.358 2
S35 1.746 2 0.232 8 0.659 7 2.1343 0.582 1 0.892 5 1.008 9 3.686 5
S36 14101 0.274 2 0.744 2 2.467 7 0.548 4 0.705 1 0.861 7 3.016 1
S37 1.239 8 0.2712 0.736 1 2.479 7 0.4649 0.736 1 0.5812 2.867 1
S38 0.498 3 0.099 7 0.365 4 0.5316 0.5316 1.4950 5.5814 1.196 0
S39 0.338 6 0.203 2 0.169 3 0.1355 0.541 8 0.474 1 7.822 6 0.609 5
S40 0.341 6 0.2050 0.136 7 0.170 8 04100 0.5125 7.550 4 0.478 3
S41 0.505 6 0.1011 0.370 7 0.5393 0.5393 14156 5.696 0 1.2133

S42 0.500 8 0.100 2 0.3339 0.567 6 0.5342 1.3689 5.576 0 1.2020
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v o o

o werm f%jﬁj;' j‘;g%l; j?;ﬁ;; BEKRE KEE KRE  AEW
S43 0.499 5 0.099 9 0.3330 0.499 5 0.5328 1.498 5 5.3280 1.1322
S44 2.7512 0.747 6 1.5849 4.934 2 0.717 7 0.508 4 0.568 2 3.3493
S45 29223 0.867 1 1.5414 4.881 2 0.770 7 0.706 5 0.738 6 3.853 6
S46 2.798 8 0.757 3 1.5805 49720 0.691 5 0.4610 0.493 9 3.5232
S47 2.5892 0.726 2 1.326 2 42311 0.694 7 0.536 8 0.536 8 3.5049
S48 2.8853 0.809 3 1.477 8 4.750 2 0.703 7 0.598 2 0.633 4 3.9409
S49 3.058 7 0.695 2 1.320 8 42753 0.695 2 0.347 6 0.556 1 44143
S50 2.946 8 0.697 1 1.267 4 42142 0.665 4 0.2852 0.4753 4.2776
S51 2.8729 0.699 8 1.436 5 4.604 1 0.699 8 0.147 3 0.4420 4.2357
S52 29919 0.8822 1.764 5 5.3702 0.652 1 0.498 7 0.460 3 3.5673
Xts 2.296 0+ 0.447 7+ 0.977 9+ 2.769 5+ 0.6472+ 0.764 7% 1.5692+ 2.548 4+

1.5313 0.280 2 0.488 9 1.724 0 0.3757 0.393 2 2.0223 1.2019
RS H/(mg-g™")
i NN WA ﬂ%j&% Aj;of_ PO WEHER  DOEHER IR/EE
D-1 % B R T

S01 0.757 6 60.606 1 6.542 7 27.892 6 6.887 1 12.741 0 17217 6

S02 0.670 3 66.246 1 7.097 8 30.362 8 74921 14.195 6 20.110 4

S03 1.142 6 54.920 8 5.5289 23.958 7 7.3719 11.057 9 173240

S04 0.674 0 57.467 2 6.3852 26.605 2 6.3852 12.415 8 17.382 1

S05 1.2128 62.206 6 5.868 5 28.560 3 6.259 8 7.824 7 17.605 6

S06 0.680 0 554233 6.120 4 258416 6.460 4 11.900 7 173240

S07 0.894 6 50.695 8 2.982 1 2.650 8 1.656 7 0.3313 17.892 6

S08 0.8369 50.836 9 2.789 8 2.789 8 1.5499 0.3100 16.739 0

S09 0.930 5 515121 2.9910 2.658 7 1.994 0 0.664 7 17.613 8

S10 0.496 1 50.8527 2.790 7 2.480 6 1.860 5 0.620 2 16.744 2

S11 0.622 8 56.747 4 3.1142 2.768 2 0.346 0 0.692 0 18.685 1

S12 0.740 2 60.565 3 3.364 7 3.028 3 2.3553 0.6729 17.160 2

S13 0.6319 48.025 3 22117 0.3160 2.5276 0.316 0 14.849 9

S14 0.424 7 472820 2.2650 0.566 3 1.698 8 0.566 3 12.740 7

S15 0.302 1 42.296 1 1.9225 0.5493 1.3732 0.274 6 12.908 5

S16 0.536 7 47.406 1 2.087 1 0.596 3 1.490 8 0.298 2 14.907 6

S17 0.3138 55.4393 2.440 7 0.697 4 2.092 1 0.348 7 18.1311

S18 0.3255 47.055 3 2.0716 0.5919 1.7757 0.2959 15.093 2

S19 0.436 0 47.674 4 2.0349 0.5810 1.744 2 0.290 7 14.534 9

S20 0.275 8 43.850 0 1.930 5 0.5516 1.654 7 0.2758 14.340 9

S21 0.354 6 47.576 8 2.068 6 0.5910 1.773 0 0.2955 13.888 9

S22 0.328 1 49.209 7 2.087 7 0.596 5 1.4912 0.298 2 149120

S23 0.346 1 43.8419 1.730 6 0.576 9 2.307 5 0.576 9 14.710 1

S24 0.280 5 46.446 4 1.870 3 0.623 4 2.493 8 0.623 4 152743

S25 0.643 6 47.764 2 23713 3.726 3 1.3550 0.338 8 169377

S26 0.661 6 48.5192 1.890 4 0.9452 1.890 4 0.3151 14.492 8

S27 0.577 8 55.404 5 2.3793 3.0591 1.359 6 0 163154

S28 0.573 0 46.511 6 2.696 3 3.0334 1.348 2 0.3370 15.166 8
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B0 Jormmm s ORATOR e mgE aSE MRS
D- %] BERE IR

S29 0.577 4 47.554 3 2.7174 3.0571 1.358 7 0.3397 15.964 7
S30 0.5753 48.392 6 2.707 3 2.707 3 1.3536 0.3384 14.890 0
S31 0.5653 53.8743 2.9930 1.9953 1.662 8 0.665 1 16.2953
S32 0.873 7 595711 2.3828 4.765 7 1.588 6 0.794 3 22.6370
S33 0.858 0 60.452 4 2.340 1 4.680 2 1.560 1 0.780 0 21.8409
S34 0.9509 55.467 5 2.3772 3.169 6 1.9810 0.792 4 20.602 2
S35 0.8149 54.326 7 2.3283 34924 1.5522 0.776 1 20.178 5
S36 0.6659 65.021 5 2.7419 39170 1.9585 0.3917 19.584 8
S37 0.6199 63.153 8 3.099 6 3.8745 1.549 8 0.387 4 19.3723
S38 1.3289 451827 3.986 7 12.624 6 3.986 7 53156 14.2857
S39 1.6255 46.732 1 4.063 7 18.286 5 4.740 9 6.434 1 15.577 4
S40 1.3324 47.488 9 3.758 1 18.107 3 4.441 4 6.4913 16.057 4
S41 1.348 2 44.826 4 4.044 5 12.470 5 3.707 4 5.0556 14.1557
S42 1.302 2 45.075 1 4.006 7 12.687 8 4.006 7 53422 14.023 4
S43 1.265 4 45.6210 3.996 0 12.987 0 3.663 0 5.3280 14.3190
S44 0.687 8 40.669 9 1.794 3 1.4952 1.794 3 0.598 1 14.952 2
S45 0.802 8 45.600 5 1.926 8 1.605 7 1.926 8 0.642 3 15.4143
S46 0.724 4 45439 6 1.9756 1.3171 2.3049 0.658 5 15.475 8
S47 0.789 4 442059 1.894 5 1.2630 1.578 8 0.6315 15.787 8
S48 0.809 3 49.6129 2.1112 1.407 5 1.759 3 0.703 7 16.889 5
S49 0.903 7 51.790 1 24331 1.390 3 1.7379 0.695 2 17.031 6
S50 0.887 2 48.7959 2.2180 1.267 4 1.901 1 0.633 7 14.892 3
S51 0.847 1 62.246 8 2.946 6 1.841 6 2.2099 0.736 6 17.679 6
S52 0.767 2 52.167 2 2.6851 1.5343 1.9179 0.767 2 18.412 0
Xts 0.7422+ 512625+ 3.022 4+ 6.329 7+ 2.600 7+ 23880+ 16.487 0+

0.3133 6.386 4 1.3493 8.753 8 1.7553 3.8414 2.186 0

Fim, MERIRERES A 10 B, 52 =35 3 BIIEA-A S B i, RPEERE#T PCA &

Je: S38~S43 (J K F) AN 135 S07~S37.
S44~852 TN 2 2K, S01~S06 (J K A) TN
3. RAFEEHENTE, ER5 AN KE
N1 K REAR) K] =3 S 847
fE—EMZ R
2.6.2 PCA PCA Z&—Fhp &2 % Fe gt b
BT, R EEEE A R 2 A BT
HPH G LR, ERHTR. METER HAetd
R G B AR B AR B AR, |
FRAM, Z TR T2 B T 21
REEEVEM 572K

B3 2 SEBIE S SPSS 25.0 #tF, KA
HE 77T PCA, PAE R RFIEE > 1 NP
e, 452R Bartlett BRIV Bk € 235 1% P<<0.0001, it

o JEPREUEE] 4 NERS, R ETEREN
91.309% (K 3), KT 4 NERIT LG R —
T JEAARE 91.309%1(5 B HP e 1 FEirgs
G T RHEKR. KR, TI240R A-7-O-B-D-Hi &bk
BERRT . DOEEH . mER., NASRENER: &
2 EROPEER BB TR KEM-1-0-i &) b
. kﬁ%soﬁﬁﬁﬁ PR R KEM .
WA, IRMRNEED: 3 DN IERERE
ZRFR-8-O-HE W B 4 MERSIIEEkRE
REEFBE R, FRG RN 4. [, DL52
R=F /15 Mo 8RN TE, RASITHRK
ff SIMCA 14.1 #57 PCA #ERL, &M A i3 i
FEE LK 40 B PCA 90 HREEIATE, | %K A FIT
FF XAFHAR] 5K, HAh 5 A ZRRERE I,
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T RRA R B *x3 ZEARPANERSHFEEN T ERME
(I) i ll() IIS 2|0 2|5 Table 3 Eigenvalues and variance contribution rates of
four principal components in SHT

si2 - EWOr  RHEM TETORE  BBUIE TR %
o ;]7 1 7.672 51.148 51.148
a0 2 3.380 22.533 73.681
321 3 1.454 9.694 83.375
S36 4 1.190 7.935 91.309
Eg 5 “2.6.1”7 BN HCA &M 4.
SIS 26.3 OPLS-DA Nilf—LoririmAR] & =31
S46 1 FERZE RS, BLS2 =3 b 15 Fhplisr
si6 N R, 5\ SIMCA 14.1 #4117 OPLS-DA,
s21 H ##37 OPLS-DA #i%Y, Z#EAl RY¥=0.984, RA=
Sos | 0.797, 0*=0.709, ¥IKT 0.5, FWIBRIFEE T,
s14 AT AR R =0 RS AT, 25 R
326 OPLS-DA 7534 LI 5.
s | MESETR, K A F BRKHTH A
330 | Z, 4R 5 HCA. PCA 55—, it
320 | JERN B IE A AR, BB 523K Y FERE AR L
23 HEFI) 200 VR ke, RIGTIILE 6. 5EA
Sia il R (T Q2 (¥R F/E NG R (e Q2 (L, R
S8 | [ VHLRTE Y FAEEE N 0.095 4. Q2 [HIVALRTE Y il
S FEN-0.533 0, DEMIRALKR BTG IR, nIH T
52 HIBUMT 52 LR R RO ALIE 2 5001,
Sg‘s‘ ] JH I A B H EAVERE (variable importance for
527 the projection, VIP), LA VIP>1 JybrifEfiie i K5
ST RHmE, B TR HRRR/NBEL. K. BEH
06 FIERR-8-O-H G HEH 6 Pt iy, 45 REW
03 PAE 6 Bl sy nT e A2 51k =3 v ot 22 e 1 2 R
S02 FERSy s VIP A RVE I 7. 15 Flipsr i VIP {545

B3 52it=®FHI HCA RHIKE

Fig. 3 HCA tree diagram of 52 batches of SHT
R4 ERSHEIERE

BN 1.214 3. 1.214 3. 0.881 1. 0.823 3. 0.982 3.
0.8598. 0.9885. 1.0959. 1.0959. 1.0790. 0.9273.

Table 4 Loadings matrix of principal components

W K \ A \ WA 4T \ - :
WA 1 FRSY 2 ERSr 3 EHS 4 FEA 1 ER 2 FRSY 3 EH 4
BT -0.840 0287 0231 —0.038 |k 0.491  0.112 0570  0.599
A ES-O- B A T —0.780 0396 0.418 —0.082 I 0216 0721 0418  0.285
K -1-O- i A -0.788  0.476 0307 —0.140 |TJ24%% A-7-O-p-D- 0.808  0.501  0.162 —0.136
K -8-O-H] %A —-0.871  0.409 0231  0.027 | H&pEREERL
EESN - 3 0.436  0.754  0.009 —0.386 W%t 0.895 0369  0.175 —0.079
K 0.839 —0.067 —0237 —0.078 [|E*%E 0.891 0308  0.181 —0.182
K 0.720 —0.305 0468 0398 |WiE%%E 0.882 0371  0.153 0215
N -0.503  0.679 —0.126  0.153 [#hE/NBER 0.035 0.685 -0.419  0.530
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° 3 2. ¢ %G
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-2 * e “ s ¢
A
_4 4
-8 -6 —4'1 -2 0 2 4'1 6 78
t[1]
RA[1]=0.511  RP[2]=0225  Ellipse: Hotelling’s 72 (95%)
4 S2it=sFEm PCA BHE
Fig. 4 PCA score chart of 52 batches of SHT samples
{ " Z A
44 .‘ :F%B
A EC
] . & %D
21 | | PS ] : F%E
X F
[ ] ++ @ * %G
o0 ﬁ ¥+ ®
*
IS &
-2
42
74 -
-8 *é *4'1 *i 0 2 4'1 6 8
t[1]
RA[11=0511  RP[2]1=0224  Ellipse: Hotelling’s 72 (95%)
5 52 #t=%F#& OPLS-DA 1557
Fig. 5 OPLS-DA score chart of 52 batches of SHT samples
\ 2 NHREERZS . BRI IR A TR, Rk
0.8 s LIRSS L R | O | S IR | | cme=n . sy . N N
________ - M TSR R NI N A B
0.+ JI UL R (11 L2 | il 4.0~5.8 mg, KJTRA 8.0~11.5 mg, AHFFTHT
-_|«1 ° - 52 4 0P Sk NS R R R
K —— E U B P R KRR 1
s /I - MR SRR AR R (AR B B TE LA R V=
4 - = (Yi—minY))/(maxY;—minY)), X3 2 H 74 FK 52
03] |m or M=TE) 15 MRS BRSPS E AT IR AL AL
- LR B, WA 5. LL“2.637 TR VIP (HENE
12 0 012 014 0j6 0;8 le - EE%E‘J*XE{E (VV])7 E‘jé)zﬁ ZU:YIJVV] *@ﬁﬂﬂ*ﬂy%

LIPS ¥4

El6 52it=|FHFam 200 KL EHRE
Fig. 6 Replacement chart of 52 batches of SHT samples for
200 tests

0.8108. 0.901 8. 0.7512. 1.1929,
2.7 TOPSIS 9#f
25 8) 2020 SRR KB 5. = A I

HHERE, S5RWER 6. RAVH RIS IE, fABAR
filBE BT AR, HEIEEEM TR (DY M
AT R (D) KEVEMIBIRIZEE S (C), 25
BRI 7. TOPSIS & KR, | KA. B G
B %En, | XCW CGHA R, 3R AL BT X
SHAMRERREG . | R C =3 TR
N
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C9 C1 C15C8 Cl10C2 C7 C5CIICI3C3 Co6 C4 Cl2Cl14
var ID (primary)

CIREFRR: Co-f B R K B-OME ML C3-KEM-1-0-7 %
B CA-KHEM-8-O- M BB : C5-F2 KRR Co-REMR: C7-
REGH; C8- KWy CO-REFEHME ClO-HEH; ClLI-TRER
A-T-O-B-D-E WAL AT C12-DUH Y, CI3-3% %, Cl4-DU%
B2 CIS-#hIR/NEE; R 5. 6 1.

Cl-gallic acid; C2-aloe-emodin-8-O-glucopyranoside; C3-
chrysophanol-1-O-glucoside; ~ C4-chrysophanol-8-O-glucopyranoside;
C5-aloe-emodin; C6-rhein; C7-emodin; C8-chysophanol; C9-physcion;
C10-baicalin; C11-oroxylin A-7-O-B-D-glucuronide; C12-wogonoside;
C13-baicalein; C14-wogonin; C15-berberine hydrochloride; same as

tables 5 and 6.

7 S2#t=mAHERT 15 MRS H VIP
Fig. 7 VIP plot of 15 components of 52 batches of SHT

samples

3 itig
3.1 IEFRERTIEEKIE

KT SE T (PEZH) 2020 R =5 b
Ji R TSR RR, HE A IUE SCEkRIE, 1k
FE5 =8 P T DA 6 14k 24 41 50 AR G I+
Wro KEAENEZ, T HEMHERE. BT, 5
R, K PFEAGRR AR ERm
(2 RSy, EFE I 2 B R 4 & B e, U
RURRR & R ETE VR, &6 REMRFER
FEYS RAE R0, A X =0 A e KB 11 T8 R DS ke
Y REATIE IR AL, 32 DA B9 Y R (ORI 7
ZRER, REZHR. K. KER) KR
fift 5 MR ERAE N B I Fabs, B WXHZE 7 4
A R B RE AT S B B AT . TR R K - 1-
O- B B WHE . KFEW-8-O- B B HELF . K &K-1-0-H]
TINETFE . KHHER-8-O-B-D- A HEHF . P K5 %K-8-
O-HEMEN R F BN AR B R Y, HHE=
T V5 JGBAE TH AL R A 2 DA Se 1120221 5265y
EZj, EERERE, RIEESAMEKIERITT
B FIEIEE. Bk R, Bk, E
B A S LR R, W AYE,
A AR H R EE sy . R s EsH, UE

x5 TN R=ZHA BIERE—LABER

Table 5 Results of normalization of SHT indexes of seven manufacturers

Yy

I
Cl C2 C3 C4 C5 C6 C7

C8 c9 C10 Cl1 Cl12 C13 Cl4 CI5

1.000 0 1.000 0 1.000 0 1.000 0 0.2804 0 0
0.3256 0.2453 0.3024 0.2951 0

0.4642 0.0538 0.1930 0
0.471 6 0.3904 0.527 3 0.5597 0.077 0 0.298 1 0.068 5 0.560 3 0.2194 0.2814 0.113 5 0.078 0 0 0

0 0.095 8 0.236 6 0.084 6 1.000 0 1.000 0 0.386 9 0.409 0 0.482 6 0.986 5 1.000 0 1.000 0 1.000 0 1.000 0 0.521 7
0.8509 0.378 6 0.5572 0.2252 0.081 1 0.028 4 0.018 9 0.462 7

0.0978 0 0 0.0737 0.0034 0

0.1717

0.2350 0.1224 0.2623 0.4033 0.1721 0.567 1 0.094 0 0.944 7 0.4228 1.0000 0.1155 0.128 2 0.041 8 0.028 2 1.000 0
0.0042 0 0 0 0.1142 0.7654 1.0000 0 1.0000 0 0.4565 0.524 1 0.490 4 0.469 2 0.007 6
0.4753 0.7717 0.769 0 0.8333 0.291 5 0.173 6 0.0205 1.000 0 0.427 8 0.225 8 0.038 2 0.033 3 0.080 2 0.030 0 0.264 6

QMmoo aQw >

®6 TN R=ZRRAMBURKIEME

Table 6 Seven manufacturers SHT weighted decision matrix

Zi/’
Cl C2 C3 C4 C5 C6 Cc7 C8 c9 Cil0 C11 Cl12 C13 Cl14 Ci15

-
Rk

0 0.0991 0.208 5 0.069 7 0.9823 0.859 8 0.3825 0.4482 0.6174 1.0644 0.9273 0.8108 0.901 8 0.7512 0.6223
1.2143 1.0347 0.8811 0.8233 0.2754 0 0 0.9325 0.484 3 0.601 2 0.208 8 0.065 8 0.025 6 0.0142 0.5520
0.3954 0.253 8 0.266 4 0.2430 0 0.3991 0.0532 0.2115 0 0.1055 0 0 0.066 5 0.0026 0

0.5727 0.4039 0.464 6 0.460 8 0.0756 0.256 3 0.067 7 0.614 0 0.2807 0.303 6 0.1052 0.0632 0 0 0.204 8
0.2854 0.126 6 0.2311 0.3320 0.169 1 0.487 6 0.0929 1.0353 0.5409 1.0790 0.107 1 0.1039 0.037 7 0.021 2 1.192 9
0.0051 0 0 0 0.1122 0.658 1 0.9885 0 1.2793 0 0.423 3 0.424 9 0.4422 0.3525 0.009 1
0.5772 0.798 5 0.6776 0.6861 0.286 3 0.1493 0.0203 1.0959 0.547 3 0.243 6 0.0354 0.027 0 0.0723 0.022 5 0.3156

QMmoo w >
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Table7 Seven manufacturers SHT quality evaluation ranking

I Di* Di~ Ci HE7
A 0.5590 0.701 7 0.556 6 1
B 0.649 1 0.6173 0.487 5 2
C 0.877 4 0.199 0 0.1849 7
D 0.763 2 0.324 4 0.2983 6
E 0.698 5 0.5257 0.429 4 3
F 0.779 7 0.491 5 0.386 7 5
G 0.700 8 0.490 7 04118 4

A, TEUNR A-7-0-B-D-H & HE RS R 247 28R
WER, WESER. TERE A ABRSEH R
B B2 FE P23, 5 S VR 2R DA &
FEBYIAC . oAb, =35 Fr b DLER R /N BEmR A 152
BE, FrifE A HZ R o 34T EA I
TEARFFCH, KPR ER-1-0-F A . K
W R-8-O-B-D-H H B F R UPLC K, HERH
e T 2488 AL AR RIS HIRER . B,
LR IRIR T LK R -8-O- I B HE T KB -1-0-7
BN KIEM-8-O- W& MEH . FERER, BT
TR KEMR. KiEHR. KA. KERHER. 5%
BH . TREAREK A-T-O-B-D-F G R B . PSS
. B R DUES T ShR/NBEGR 15 Fl 24 3504 2%
AR BRI AR bR o
32 UEHEFERMR=ZEBERFREZROIM
Rt
321 MWEATESER ST HHHCA JREE A5,
TN FHEERIE, KA FEFRMEN 1K,
HATREN 12K, PCA 3B 5, | %K AL F
BRI 1, TR AN 6 HET R, 4
RE HCA M —2, PL R R, AR K28k
[F]— ] KA FRCR I =38 7 MR R — 8 %
5. OPLS-DA DA VIP {5 >1 Akrifk, HARHIH K
R WE TR EhER/NEEG. KW, BT
PRI R -8-O- A M 6 MERMArEY. Hh
BETR. KERXHE. KEH. FHERHE-8-0-
WA PEE YR A2 RE. 78 (P EZ ) 2020 4F
FR=EFR IR, COAESHE. RN T & &
il AT, AT EZRER RERES], R
PLK 38 2R B By 1 e s E N R P Fe s AR AHE
FONTEER, WETIR. KERFE M RHER-
8-O-H] % Wi HF 7] 25 FEAE S = 3 B wp oK 38 1) ol o 92 1
fabr, DU G s =3 A i & .

TOPSIS 3 #réh 7R, TOPSIS Wi FGIU i & 7
0.184 9~0.556 6, FHA[E KA =3¢ v i B 22
WK, GEVESHET: | X A>] K B> K E>
"X G>] K E>] K D> %K C, M 15 TS
EEARPAERH AR, | X AmtE B
fE HCA W] K A BHMERN—K, RHT K ALE
JEERERE. SR TE Er-ds. RNESETE
AIREALES, AIERN ARG T 0T 7, A
PeTt =B 2 AR T B
322 AR Z=mERREZER PR BNE
HEIEEIE (R 2) FaTlUEH, AR FKAE~T
AR AR E RS S
BAT IFRHE IR ZE 80K, WRENE B R El& L ES
K. BEFEORMI ). PR TN =B Ak
HNESE T IR, SRR 7 NPT K=
B LEAEESR, TR RE R —FEmA
2. —PIRBURGATE NG . &) FAEFRIUK
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