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Multi-indicator quantitative analysis combined with chemical pattern recognition
for evaluating quality of Jiegeng Bawei Granules
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Abstract: Objective To establish quantitative methods of Jiegeng Bawei Granules by HPLC-MS/MS method, and to comprehensively
evaluate its quality combined with chemical pattern recognition analysis and entropy weight-TOPSIS. Methods The contents of
liquiritin, liquiritigenin, rutin, isorhamnetin, gallic acid, luteolin, quercetin, and ferulic acid in 10 batches of Jiegeng Bawei Granules
were quantitatively analyzed by HPLC-MS/MS method. The contents data were analyzed by CA, PCA, and OPLS-DA using bio-
informatics platform and SIMCA14.1 software, and the VIP value greater above 1.0 was used as the index to screen the differential
components. Entropy weight-TOPSIS method was used to rank the advantages and disadvantages of Jiegeng Bawei Granules quality
of 10 batches. Results According to the results of CA and PCA, 10 batches of samples could be clustered into two categories: S2+

S5. S9 were clustered into one category, and S1. S3. S4. S6~S8. S10 were clustered into one category. Under the OPLS-DA model,
5 difference markers isorhamnetin, rutin, liquiritigenin, gallic acid, and liquiritin were selected. Entropy weight-TOPSIS Euclidean
closeness ranges was from 0.039 to 0.955, indicating that the quality of Jiegeng Bawei Granules varies greatly among different batches,
with S2, S5, and S9 batches ranking high. Conclusion The established methods is rapid and simple, and can be to comprehensively

evaluate the quality of Jiegeng Bawei Granules.
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A, AHIE SR R SGRR € BRI = EE U B AT o i
(HPLC-MS/MS) H A K545 J\ ROk iy &5 H FEE
HER. T, BRER. BETR. KBREER.
Wz 2 PIBRIR 8 Nt T E B, [FIRTEEE
REH (CA. FERG 7 (PCA). IE s/
TREE - FIHIHT (OPLS-DA) J7 LR i )\ ik
AL ) SR B 22 S A B Ly, IR B @AY - TOPSIS
EX R BT AN, BN S, A
SEM B PR R RS AL S
1w

LC-MS 8045 A4 — = UM e A (HA
S AT]D; BSA224S M i 2 —RP[FEZ R R
A (bt HIRAF]; FA1204B BT 2 —
BT KRF (FRRUHLAHRAERAF); DS-
7510DTH B4 £ 75 s e (i A A A s
HBIRAFD.

10 EASBEJ\BRBURL IS W B3 N 5 R A4 A
FRAF, #A% 6 g/4%, #5778 2405038-021.
2212023-017. 2310022-089. 2402029-102. 2211022-
014. 2311034-031. 2405014-073. 2305072-045.
2212033-055. 2402084-026, FHN 2% 55370 S1.
S2. S3. S4. S5. S6. S7. S8. S9. S10. 4T Xf
FEAL (JIS DST210520-017, FiE4r% 99.0%) Hi
PR R AR A IR A et . BRER (it
5 PS1794-0020, JliHE /4L 98.0%) HEZE (Hts

PU1131-0025, JR=E D% 98.5%). HEH (it
PS1050-0020, JFiE /7% 98.0%). WEFEKR (its
PU0918-0025, Fif 74 98.5%). Mt & (it
PU0041-0025, JiE/%098.5%). ARBRHEZR (it
PS3664-0020, JFiE % 98.0%). FI#EEE (5
PUO0772-0050, i 55350 98.5%) it FE i phy i 10 1 JE,
AR IR A A AL, HEE (i 4l, 5[ Fisher
AFED, W (Oral, R Tlskah),
AWK ONEERERAFD.
2 FAEEHR
2.1 BiE-FRiE &G

Shim-pack GIST-HP Cis i+ (100 mmX2.1
mm, 3um), FEIHAFEE (A) - 0.1%HF ERKHE
W (B), BEEEVEML (0.01~0.30 min, 5%—15%A;
0.30~2.50 min, 15%—40% A; 2.50~3.05 min,
40%—65% A; 3.05~4.20 min, 65%—75% A; 4.20~
5.00 min, 75%—90% A; 5.00~5.50 min, 90%~95%
A: 5.50~6.50 min, 95%~95%A; 6.50~7.50 min,
95%—5%A; 7.50~9.50min, 5%A), AR EN
0.25 mL/min, #H3EA 35 C, #FEEN 5 L.

K FH BST & 7J8, ESIAEC T RA 2 & v Ik
W (MRMD) 75 XA, W E AR EN 10 L/min,
WEBEFRE N 526 C, BEZLSRMEN 3
L/mins,
2.2 BIRAVHIE
221 BEHASEE IR BURSAE ) \BREIRL 0.2 g,
B 50 mL #EEH A, I 70% AR S mL, FRE
JRE, B, AL 40 min (I)FE 200 W, HiE
70kHz), ZE, 70%HFEFRANE, R, Bk
I 70% B RE 10 %, 22 0.22 pm JE
g, BIfE, 4 CLRAF.
222 FRE SRR RS RECH B 3.74
mg. HHEK 3.53mg. /] 3.70mg. R 3.28
mg. WE TR 425mg. KBEHE R 3.87mg. il
321 mg. BUERER 3.28 mg, > E T 10mL 2,
RIS S FE A AR B, B R HEE,
FT. RRER. BETR. REBRER. LR,
2R 374.00. 353.00. 370.00. 328.00. 425.00.
387.00. 321.00. 328.00 pg/mL 5 — 5 I 5 ik 4%
W 53 AR A IR & — 5 B A A RS B
BTFE—A 10mL =i, 70%FEER, K5
53 TR FE 43 730N 2 244.000. 1 412.000. 740000,
328.000+ 1700.000. 77.400. 321.000. 656.000 ng/mL
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mL, 2 HER S % TR TR, B §

23 TRMIALE

8 ANRFI o BT AR BS T4 P B 34
H R A AR 1 R 7 3145 5 B> MRM 5E 243
P SE (R D, KA - LKA IRERE
X BRI RS BE ) \ R RORE fit X it VABORT 2 VTR
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1 fFlkS MRM RS #5H
Table 1 MRM parameters of compounds

D %x tr/min m/z fill 1% e /e V
B 4011  417.2-255.1 (=) 22
HER 4990  2552—119.1 (=) 24
P 4425  609.2—300.0 (—) 39
SRZER 6348 315.2—299.9 (-) 22
BETER 2641 169.0—125.1 (-) 18
KEEZE 5766  285.1-133.1 (-) 36
Mt R 3% 5504  301.0—151.0 (—) 22
R R 4246  192.0—134.3 (—) 19

IR BT, 2-HET, 3-B8R, 4-71, 5-HHR, oMk
%, TRBEER, 8RRER.
1-gallic acid, 2-liquiritin, 3-ferulic acid, 4-rutin, 5-liquiritigenin, 6-

quercetin, 7-luteolin, 8isorhamnetin.
1 REXE&E (A). B/E/\RKFRE (B) fix8ia
i (B) H) MRM &it[E
Fig.1 MRM chromatograms of mixed reference
substances (A), Jiegeng Bawei Granules (B), and negative

sample (C)

24 ZMXRER

53 R B U A 6 BB AR 0.01,0.10.,0.20
0.40. 0.60. 0.80. 1.00mL & 1.0 mL &I+, 70%
HELRBUE B B ZIEE, 2% 8 0 15 R VR &%
W, HEFESHT, 3 DA L I AR FE R AL AR
WETH AU N AL bR, 22 MS R4t LabSolutions ¥ {4

0 s 7 ThREXS B A5 DI i 7 AT ek R R A
LRI 2.

®2 BHOHEEHFESZMTER

Table 2 Regression equations and linear ranges of components

J&4r LM R r LIRS/ (ng ML)
HETF Y=7.00X10% X+5.40 X105 0.999 1 22.440~2 244.000
HEx Y=6.41X10% X+4.77 X 10* 0.999 5 14.120~1 412.000
BT Y=2.20X10% X+1.40X10* 0.999 6 7.400~740.000
FRER Y=7.99X10% X—1.58 X103 0.999 2 3.280~328.000
HETR Y=4.50X10% X+4.97 X103 0.999 5 17.000~1 700.000
REBHER Y=3.10X10% X+5.47X 103 0.999 5 0.774~77.400
i e Y=2.00X10% X+4.10X 103 0.999 4 3.210~321.000
R B2 Y=2.44X10% X+3.70X 102 0.999 9 6.560~656.000

25 RBEERR

W 2.5 MR RIR A T IR CHEE. |
FR. AT, RRER. BRETFR. KEBEER. i
FZ 25 B BRIR H DT B B 40 A 897.6+ 564.8. 296
131.2. 680. 30.96. 128.4. 262.4 ng/mL), &3
FE 6 X, LRGN, 455 % Mg mAR 1) RSD 18

AN 1.61%40.81% 1.45%2.21%- 1.52%- 1.82%-
2.65%- 2.28%.
2.6 TREMIRAE

FREUAL 5 2405038-021 A543 )\ ok SR FF T £
02g, HlIFHHAMER, SEME, 25T 0. 2.
4. 8. 12, 18, 24 h #FES T, SR HH ., HE
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AT RRZER. BETR. KBRER. WL
. BUBRERIE T AL RSD B 20 5N 2.02%- 1.56%-
2.57%- 2.86%- 2.76% 2.38%. 2.86%. 2.78%, #*
B = A 24 h WA IR TR AR E PE R I .
27 EEMRAE

FREUAL S 2405038-021 A% 45 )\ Ik UKL KR i £
02g, P47 64, MR, BT, 4558
HHEHF, HER, AT, BRRER. BETFR. K
B W R PIBLER T3 i &2 5 50 il
367.501. 29.395. 14.043. 1.969. 68.916. 0.214.
1.888. 2.549 pg/g, RSD EH5 7N 2.44% 1.54%.
2.66%- 1.24%. 1.30%. 2.55%. 2.33%. 1.55%.
2.8 [EWEIRLE

FE S FREUL S 2405038-021 F5HE /IR BTk RE 5
6 1, B 0.1g, ARMANHES, HER, &1,

FRER. WET]R. KBEER. WAER. 2R
()5 IR FEAR I 37.400. 3.530. 1.480. 0.164.
6.375+ 0.019. 0.161. 0.328 pg/mL FI7R A& X i
1 mL, $)8 G, R AT, SRR
HER. &7, FRER. BETR. KBEHEER.
Wit Rz 2% BT R R PR P 38 I [ 2243 331 09 100.14%
101.26%-+ 100.54%. 99.06%-. 99.77%- 100.46%.
101.22%-+ 101.72%, RSD {H 5514 1.49%- 1.59%-
2.56% 1.91%. 1.41%. 1.04%. 2.45%. 1.83%.
29 #HmiE

B 10 HERSRE ) \WRAURL, SEHEAREE 3 4, 4%
PRSI, HEFEIE, SR AMRIETH RS )\
BORRHEL, HER, 5T, FRER. BE8T
. RBEFR. WY Z MR RS, 4%
W 3.

®3 EE/\KBNTHESR, HER, BT RRFEHE. RETR. KEER. MEEMMAHRE (1=3)

Table 3 Determination of liquiritin, liquiritigenin, rutin, isorhamnetin, gallic acid, luteolin, quercetin, and ferulic acid in

Jiegeng Bawei Granules (n=3)

JREHI(ng g7)

s HRE HHER T FRER HEFR N BB it Bz 2% R BERR
S1 369.629 30.305 14.122 2.083 69.896 0.210 1.826 2.313
S2 318.908 93.248 18.833 1.616 132.421 0.506 2.504 2.076
S3 309.841 14.928 9.730 2.943 106.573 0.546 2.679 2.830
S4 438.445 24.655 14.222 1.505 74.803 0.217 1.515 2.329
S5 341.087 82.348 22.443 1.878 127.092 0.672 3.210 3.110
S6 371.439 18.398 10.064 3.204 113.088 0.341 2.018 3.342
S7 453.882 39.012 15.027 2.227 91.024 0.456 4.334 2.478
S8 355.029 17.337 11.662 3.401 109.045 0.399 3.697 2.396
S9 327.537 104.209 20.928 1.996 122.390 0.511 4.011 3.384
S10 391.736 28.073 16.723 2.110 75.898 0.492 3.214 3.085

210 CA 5 =5 =5 e

W10 A \mkBiki b 8 AN HE T, H
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S 2% AR BRR 1) 0T B O3 HC R N AR B RS A i
B LHIRIIME, BIHPRHA complete 7%, FiE
EE R E N euclidean®®, 455 (K 2) 8x,
10 Lk FE \BRBURLHE R 2 KK, S2. S5, S9 %
—2%, S1. S3. S4. S6. S7. S8. S10 B H—3%,
HrbS3. S6. S8 5 S1. S4. S7. S10 7R A%,
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ZESt

1.5
. Ll It
iR (03
WEE o5
d -1.0
el By
BT

KR

BT
EET

S5 89 S2 S3 S8 S6 S10 S7 S1 S4

2 FERE)\IRFARIR R DR

Fig.2 Clustering analysis for Jiegeng Bawei Granules



FENEFE4H 202644 A ARt bl

Drugs & Clinic Vol. 41 No. 4 April 2026 * 969 -

2.11 PCA #1 OPLS-DA #3#f

¥ 10 RS Btk 8 AN HE A, H
HEFET. RRER. BETFR. KEBEEER. #H
B R FPTERIR (M &R /3 20T N SIMCA14.1 #ffi
37 PCA HEARIEE ( 3), 4585 CA o —%L,
S1. S3. S4. S6. S7. S8. S10 5 HAhHthAeE 5 B
BrEy, HS3. S6. S8 55 S1. S4. S7. S10 7
N N Rl Y K

I .;ié
4 (Bt
3
5 3488 S6
1
Q0] S51S9  S10
-1 s2 ST g
-2 *S4
73
74.
75. -

t1]

3 HEHE/\BRFALE) PCA 157 E
Fig.3 PCA score plot for Jiegeng Bawei Granules
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Fig. 4 OPLS-DA score plot for Jiegeng Bawei Granules
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Fig.5 Permutation test results of the OPLS-DA (n =200)

2.12 BEREERRESFHIE

DIASEREAE (VIP) >1 H P<<0.05 AtsiEdf
AN [E R VRS B ) \ o SR 22 S PR K P R A3 781, &%
R (E6) G VIP>1., P<0.05 [ 54, 2
SIASRZAER (VIP=1.208) . 2T (VIP=1.129) .
HEZR (VIP=1.09D . #EB T (VIP=1.088) .
HEF (VIP=1.088) , HULHERIFRFR. /T,
HER, WETR. 55 MR Thee S8
A\ R RURE 7= A2 Joft o 22 S (VS A 22 S b s PR A o

SREE BT HEE RETE HEE AREE MK MRS
Var ID (Primary)

Bl 6 #5HE/\IRFALH 8 k4T VIP [E
Fig. 6 VIP plot for 8 components in Jiegeng Bawei Granules
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J 2R R B 114 5 £ 0 500 5 &5 SR 5\ SPSSAU TE
Ly HTF- & AT IR TOPSIS 43 #r, iHE5) ER
MR (D) « PRI E (D) FAEXS ST
FREE (Co , FERYE G R/XT 10 #ERE STl &
H7, G EBORR RS i 210, 4R %
4. S2. S5. SO HLAEHE J\RBURAE i CABEAE 0.753~
0.955, 1M S1. S3. S4. S6. S7. S8. S10 fLAE M C;
fH7E 0.039~0.274, CHAZERK, FH S2. S5,
SO HUAB AT\ RFIORLAE i B 4 7 B A T FLABHERE i
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®4 ) \RBURE BRE TN HEF

Table 4 Quality evaluation and ranking of Jiegeng Bawei

Granules

hi's Di* Di- Ci Her
S1 38.494 8.046 0.173 5
S2 6.131 40.751 0.869 2
S3 46.398 1.871 0.039 10
S4 41.371 5.504 0.117 7
S5 11.499 35.106 0.753 3
S6 44.549 3.024 0.064 8
S7 33.884 12.778 0.274 4
S8 45.110 2.488 0.052 9
S9 2.186 46.392 0.955 1
S10 39.608 6.986 0.150 6

3 1

31 &If - FEEHIik

R G I7 IR I & A LR 2 A%, & EAR
[FHEHA AN RIS AR R R S P AURERE . itk
W 87 56 B AP AR — 8 22 5%, NIk, BRFALRTHIEZR 1A
FHREA AR AR R, SRR HLL 70%H
B E PRI A R - 0.1% R /KAE N sh
IR, BB SRABREEE M EE, BBl
s AN E G R R EE . R, BTN E &
BARIE 7 ST RN, SR RBLS E miE
FRIILE A B A B B R o i e 18
3.2 EENWIEFREIESE

B TR B )\ R SORE AT 55 4% A v G 7 =
ET, F, AR SER CPEZ ) 2025 R
FORE A )\ BRAIURE A 77 20 7 SRR 254 1) ST A5 R AR,
WECHE RS HEEME R, Wb g
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BT et i 22 AR R L BTELRRAE N e &M b -
AR BLERR TR W & R R A TA
/N BRI 535 B — s AR 02130,y B
B & oy 2, B FRUE SE B B B R R o
- H R A RO FRAS T /N BRUIE H 48 1
I R R4
3.3 EFERIRA S5E-TOPSIS BX & 74
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4T CA. PCA 4rHrkBl: S2. S5. S9 #t5 S1.
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S8 5 S1. S4. S7. S10 /R340 &, #—* OPLS-

DA #HERWE: BRER. AT HER, &E8T
M2 H R TR T EURS A ) RO K ) 7= AR I
B2 RMIAR SR, BT R RO Y BRAT b
A= S ENEI, SEAMALER, WHERS
RAER. ST BHHEER. BETR. HEEENR
FEARAR, AT 12 it P o B0 DABR € o R A5 AL -
TOPSIS V2555 AN [EHE RS 1R )\ R BURLASE o B A 25
HHATEEE TN K. S2. S5+ SO HHAE AR N I F2
FEAEAE 0.753~0.955, iz KT S1. S3. S4. S6~S8.
S10 #k(1) 0.039~0.274, FH S2. S5, S9 HLFE i
2.
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AR AR U T 5RAE J7 R S .
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