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Quality evaluation of Sanzi powder based on quantitative analysis of multi-component combined with
chemical pattern recognition and entropy weight-TOPSIS method

LI Rongjie', ZHANG Qian>?, ZHANG Wei*?, LI Xinkui*, HU Yuxia®’, ZHANG Mengdi**, LIU Jing>*, WANG
Fang™’,ZHOU Fengye', LI Jun” °(1. Dept. of Pharmacy, Inner Mongolia Medical University Affiliated Hospital,
Hohhot 010110, China; 2. Inner Mongolia Medical University Research Center of New Pharmaceutical
Screening, Hohhot 010110, China; 3. College of Pharmacy, Inner Mongolia Medical University, Hohhot
010110, China;4. College of Computer Science, Inner Mongolia Medical University, Hohhot 010110, China)

ABSTRACT OBJECTIVE To comprehensively evaluate the quality of Sanzi powder from different batches based on 12
components quantitative analysis combined with chemical pattern recognition and entropy weight-TOPSIS method. METHODS The
contents of 12 components in 15 batches of Sanzi powder (No. S1-S15) were determined by HPLC-MS/MS, such as ethyl gallate,
gallic acid, ferulic acid, corilagin, genipin-1-O-f-D-gentiobioside, toosendanin, geniposide, caffeic acid, methyl deacetylated

coumarinate, tannic acid, rutin, quercetin. Cluster analysis

A EE£WMHE B % A A FF 2 5 4 5 H (No. 82460822, No.
82360801 ; N5 iy H I X H AR B %E 4701 H (No.2023QN08012, No.
2024QN08054) 5 M 52 1y = Bl K 2% 8k 4 35 H (No. YKD2023LH062 , No.
YKD2024LH005) 5 P 52 1ty B= 2 B2 g 28 37 = B BHIFIG & 3k £ Rh 4 75
H (No0.2024GLLH0329)

(CA), principal component analysis (PCA), and orthogonal
partial least squares-discriminant analysis (OPLS-DA) were
conducted on the assay results. Using variable importance

projection (VIP) value>1 and P<<0.05 as the evaluation
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criteria, the quality differential markers in Sanzi powder were
screened. The entropy weight method was used to calculate the
weight value, and TOPSIS method was used to rank the

quality of 15 batches of Sanzi powder from superior to inferior.
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RESULTS The contents of the 12 components were 13.494-24.292, 2 069.608-3 188.100, 1.410-3.616, 1 065.030-2 630.584,
1 404.704-1 838.078, 101.640-354.268, 9 193.720-14 777.854, 1.240-5.060, 148.028-5 541.990, 4 261.422-5 607.438, 107.560-
195.512, 2.226-4.192 ng/g, respectively. The results of CA, PCA and OPLS-DA indicated that 15 batches of Sanzi powder could
be clustered into two groups. Specifically, batches S3, S7, S10 and S15 were grouped into one category, and remaining batches
were grouped into one category. VIP values of geniposide, quercetin, caffeic acid, and methyl deacetylated coumarinate were all
greater than 1, with corresponding P-values less than 0.05. The results of the entropy weight-TOPSIS analysis revealed that methyl
deacetylate exhibited the smallest information entropy and the highest weight. The relative closeness degrees of samples S3, S7,
S10 and S15 ranged from 0.789 to 0.973, while the remaining samples ranged from 0.054 to 0.172. CONCLUSIONS The contents
of 12 components in Sanzi powder could be determined accurately by using HPLC-MS/MS technology. Methyl deacetylated
coumarinate, geniposide, quercetin and caffeic acid were identified as the quality differential markers. It was found that the overall
quality of samples S3, S7, S10 and S15 were superior to that of other batches. Notably, the quality of Gardeniae Fructus decoction
pieces emerges as a critical factor in ensuring the consistency of the preparation’s quality.

KEYWORDS Sanzi powder; quality evaluation; HPLC-MS/MS; chemical pattern recognition; entropy weight-TOPSIS method
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& A Shim-pack GIST-HP Cis (2.1 mm X100 mm, 3
wm) (A B EE (A)-0.1% H BRI (B) i sh Al , ik
TF 86 B Ve (0.01~0.20 min, 7%A—16%A ; 0.20~2.40
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min, 16%A—24%A; 2.40~4.00 min, 24%A—43%A ;
4.00~5.10 min, 43%A—65%A ;5.10~6.50 min, 65%A—
T5%A 5 6.50~7.00 min, 75%A—95%A ; 7.00~7.50 min,
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7 S W Wi i) (multiple reaction monitoring, MRM) ; JIii 145
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FEF-1-08D- AL Y=5.19X 12—87.00 09996 9.220~922.000
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il % F=T0IX10°X— 166X 100 09994 0.658~65.800

2.1.7 KRR

HU2.1. 27 WM IR A 0T IR Sl Vs ik £, DA P B B 50
R JE 4R 2.1 17 IR SR i SR 6 IR 0 R IE T AR . 45
TR, 2 W T ALY RSD K 1.10%~2.62% (n=6)
R B AT

HEEIZGS 2025 4F5 36 45 15 1



2.1.8  FaE i

B = TS5 S1)Z0.50 g, #%“2.1.37 T F
Jr ik A, TERAE T e 0.3.6.9.
12,18 .24 h i “2. 1.1 0 R {6 1% 5 B i £ b RE o0 #r
e WETH AR . A5 R WoR £ R 4 0 T AR A RSD
0.98%~2.88% (n="7) , F¢ W = F- B S A E = IR L
B 24 h N e T R AT
2.1.9 EEMRE

K RI = F 8 (45 S1)0.50 g, 17 6 1%, 7%
“2.1.3750 7 v A A S T, P 2.1 17T T i
5 S UERE ST, SR G AR IR A BT A o B
o RER, HETROHE EE TR ST 5
it e F-1-0-B-D-Je U 1 BRZE A1 .
MERR 2 CmEE T SR R ERAE R T M
B340 BRI R 24.169 .3 143.461.,2.034 .2 628.424
1593.290.100.997.9 772.836.1.519.1 584.003 .5 557.145 ,
108.369.3.241 pg/g,RSD 4 0.77%~2.81%(n=6) , 3 M
TR E A R AT
2.1.10 e DRI

Hh BRI 25 A B 1 = T8 (45 S1)6 4,
By #90.25 g, o BT e 1B Jin AR A 0T BRI
W 1 mLOKS B8R HL“2.1.27 1 F 0.080 mL & 1R 215
0.008 mL B 412 . 0.600 mL JI| B £ . 0.010 mL MMk iz |
0.450 mL /" T",0.025 mL it iz 38 45 2 —XF & it 25 TR0
HET 10 mL AR, 5 F LikFE—F sl omA %
172 7.64 mg W] HLH7 57 6.24 mg. 5% & F--1-0-B-D- ¢,
JEBURE T 3.98 mg HEF 1 24.11 mg . K Sk M R iR
g 3.88 mg HEAEMR 3.78 mg, HI4%) ,#%2.1. 3”IﬁT7'7‘7£
il 45 HER A AR, PR 2. L1V TR T (5 1 5 1% S5 A
SYHT, 1 S T ARSI ARE TR ,n%E/T 954
A3 B4 F 55 m A 8] i 348 98.86%~102.14%, RSD A
0.42%~2.94% (n="6) , F W% 7 L HERR B R 47
2.1.11 A

B LI5 I = FHleS 18 &, BEHERRAE 3 0), #22.1.37 30

IO A AR R, B 2.1 TR g S R
PREHEREIIE TS B34 & e, G R L3R 3,
2.2 KRBT
221 CA

PLISHE = F b 12 Fpl o 19734 B o AR i, R
P FTEL S S X T RIS, RSO E N
complete, B 25 i i 2415 & 4 Euclidean™, [0 s (2
o5t & b pheatmap., 255 (8 2) s, 15 HE = FH# R
225, Hrb,S3.87.810,S15 8y —2%,S1~S2.S4~
S6.S8~S9.S11~S14 FHh—& | $7/= & H i 8] 1) o i
ﬁ&*ﬁﬁﬁo

I:|..
el

'LE|7J‘

%AMMI“%M&W&
SR F-1-0-B-D- T AU 1
BRETH

BEm
-lﬁlﬂﬂ [Eid

/ﬁ‘g%ml@la
P
Sl4 S9 S8 S4 SI S5 SI3 Sll S12 S6 S2 S3 S10 S7 SI5

VE Iy e ph i 0 Z 21 R BI R 5 BBk I
B2 1H=FHEHRERESH

2.2.2 PCA F1OPLS-DA

K FH SIMCA 14.1 84 %3 15 ik = F 1 12 Fhosl 43
B2 & AT B B PCA B 28 A 3 —1L 513
PCAS4rE (I 3), 5 CAZE R —%1.S3.87.S10.S15 k¢
i 5 A LR i B — o 0 B ot H.S2.S6.S11~
S12 FE 4 5 S1.,S4~S5,S8~S9 ., S13~S14 £ i IR F 7
W — R B . R R AL PN 30 LA G s AR R 2
Z5 AR T A WA OPLS-DA %
T, T B R R°X=0.694 . R’Y=0.985,0°=0.961, 4%
SRR T 0.5, FUNZBIAE E 0] 55 HBA R4 T
e ", m & 48[, OPLS-DA 45 5 CA . PCA 4
A —20, B2 . M1k AR A A

£33 BM=FEHHPRHESHSENESER (pg/g)

i URTRCE  BETR MR WEE FRT-LOD MU JIKE ferH WU ECBPMEHRTE  BER AT R
Sl 24292 3141212 2200 2630584 1595.890 101.640 9770.718 1.544 1581054 5558.1860  109.830 3.106
82 13914 307459 2294 1402.674 1751364 175.868 9916.754 3.936 1843.074 5108210 180.754 2.862
83 15.716 2069.608 1.486 1065.030 1590404 146514 13986.052 4420 4791910 420142 157378 3516
S4 14500 2915.944 2038 1355708 1 582.546 295790 10917.234 1498 1786536 5032154 121502 2.766
85 20.790 2878778 1786 2542858 1615294 191758 9961.480 3.866 2055422 5607438 188.706 352
$6 14556 2926900 1.868 1319488 1621462 192.350 9670944 4224 1741242 4680.690 171444 2780
§7 21636 2733622 3616 240839 1606.748 149.668 14777854 4428 5541.99 5307.528 195512 3.960
S8 15.968 2246072 1.684 1459448 1488.382 31434 10351842 1.596 1601132 5050732 107.560 2570
89 19528 2372534 1918 2273500 1496.194 171.048 9439.938 1334 1480.028 5098.148 118.308 2716
S10 13494 3039.692 2622 1265.944 1628.946 260784 14154972 4460 5177624 4479504 171824 3.498
Sl 16288 2414698 3.136 1438.010 1838078 177228 9919.604 3.594 1928590 5028.968 180.09 2892
S12 14.694 3188.100 1872 1453512 1813.994 354268 10463.430 3442 1994792 4779490 189.896 2226
S13 18.006 2691320 1822 1515.244 1824428 186.758  10609.408 1434 1738138 5418.828 131.870 3214
Sl4 20962 2735518 1410 2410822 1404704 342,594 9193.720 1.240 1504482 5223246 110.146 2.534
SIS 19.082 2655578 1752 1490.224 1 740548 129734 14775808 5.060 5309.856 S172470 195190 4192

T2 2025 4F5 36 45 15 1]

China Pharmacy 2025 Vol. 36 No. 15 -+ 1849 -



7 R BB BHPESS SR, A AT 588 i FEATLHES 200 UCCEL LA
%X OPLS-DA LRI AT AL , 45 2R s , O ITE R Z
L [FEE QU AL S YR Y —0.947, /T 0,
RUNZAEBRR IS AT DL

-6 —4 —2 0 2 4 6
1]

B3 IL#t=FHHERHPCATSE

1.133 1%([2]
(=}

—4 —2 0 2 4
1.000 9%t[1]

B4 15#=FHFEmA OPLS-DABZHE

VAR 5 B B 4% 52 (variable importance projection,
VIP){E>1 H P<<0.05 A PFHrFRaE™ ™, fi ik 5 A [F] 4t
R =B 7 A i i 22 S AR AR M oy . A5 (15)
R, KOG R IR R (VIP{H =1.503) M8+
(VIP{=1.483) M f¢ & (VIP {5 =1.309) .M HERR (VIP
H=1.164)4 F 430 VIP{E >1 H P<<0.05, W% 4 4
B3 AT RE SR 16 41t = Hi0™ A it 25 S A bR i PR AL

@ 05

=]

> 0

—0.5

—1.0
EEOE O OB B % B A E ok OB 8
HE O X T oL K R OE N & N OB
EE B ' B = B SR 8 ®H @ =
N = oy B
I IR

A R

B5 15#=FEERF 127 EVIP E

2.3 HHIL-TOPSIS 434
2.3.1  AGETHEACE

2020 4F AR E 25 ) (—30) FE - B 1 g —FHUIr
SHRTFHSEAMET 5.4 mg, HAKE FR, AU5EH
15 4t = BORE b B S A 17 & i AE 9.194~14.778 mg
Z 18] BIFF A 2 BIR A FE bR 7 25 SR AERR A2
AHFFE S LU T

BRI A, VSRR SH 00N BRI R 1 5
I 72 25 R AR R PR HE B L 1 = BIOBT B VRN B
(i=1,2-A;j=1,2-----B; Hth 4=15,B=12), T
12 VPN R R 45 3 R IE i $a 45 , DL, A 58 AR i i

- 1850 - China Pharmacy 2025 Vol. 36 No. 15

X;— min (xj )

RAEFEFRAY IE AL A2 M, = XF 154tk

max (x;)—min (x;) ’

P H 12 BB R A R A T IR 1 A S AR R

M/
B4k B, AR AR M, BRE N B
zi:IMij,
1-E,

-1 =R (E) A
EfZI(l_Ej)fr%T fi (E) F
FCE (W) o Horb, B OB T A 46 b (4 B9 i 3, HAH
N RIIPEO R AR 0 B BB R, 2R
(FR4) Won , £ OB A FARR PRI E, i/ w7 ek,
RWHAELEA B P b i SRR R

x4 LRMBSHE MW ITEER

1 B _
- ﬁz N,InN, W=

i=1" Y

) E mo | W L T

fil i 09839 00902 || FEF-1-08D-FIMEES 09989 0.0060
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S Q-0 D= 37 (0,0 ¢ LI b

() IE BEAR R A 2 (D) AR R EE B (D)), # A C=
D AR AT R (C,)
(Df+ D7)
FEHRAE CAE AR/ 16 it = F ke S A T B HEY , C,
BB K 6 WA i o AL S5 SR (3R 5) ik, S3.
S7.S10.S15 # 5 1Y C,{E7TE 0.789~0.973 Z [A] , TMij S1~
S2.S4~S6,S8~S9,S11~S14 £ i i C, {5 7F 0.054~
0.172 2 [], £ S3,S7.S10, S15 Bf & (1 B A4 i B4 T
HAbHE A

x5 BLH=EFHHREBTENHFER
ik Dt D} ¢ C
S 1213972 146.703 0.108 8
) 1139.646 118217 0.094 9
3 271.264 1017338 0.789 4
S4 1153.021 114.764 0.091 11
S5 1070.184 21957 0.172 N
S6 1170.106 87.591 0.070 14
NI 34618 1252307 0973 1
S8 1209910 69.193 0.054 15
9 1246025 109.854 0.081 12
S10 167233 1134492 0872 3
NI 1113778 142,786 0.114 7
S12 1091.240 169.513 0.134 6
S13 1167493 100292 0.079 13
Si4 1239212 126292 0.092 10
NN 128.523 1177289 0902 2
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T2 2025 4F5 36 45 15 1]

R it R A B G A U, HE T2 14 o
PRUEZ i 77 ot — B A4 e i
S0k

[1]

(2]

[3]

[5]

[6]

[8]

[10]

[11]

[12]

[13]

[14]

[19]

[16]

PAE R TS 1 2y A N RSN AR R AR A
5% 25 57 IWE M. WF R0 R« o8 52 ol B 22 BR s A,
1998:58.
ERAMTE D 2 A A RSEFnE 2580 —FB[M]. 2020
AERR . At b E B 2GR Hh i, 2020512,
2R AT R, A L B2 =R R I  T Y A
SRS | A2 B U A 2 A 4 AT [T]. 2
2025,36(4) : 414-420.
JA 2 ok, AL ST o i R A AR U
SRS 2R -4 BT PN [J]. TP E 205 ,2025,36(9)
1040-1045.
R kAR, 5 SR = R A A
A HPLC-Q-Exactive-MS L 43 # 5 % E [T]. " E 2557,
2022,33(11):1348-1354.
MM T 54T, 4 . 2T UHPLC-Q-exactive orbi-
trap MS FIAb 2= T 243 H 0 et L P IR &= PR
WFIE[I]. 252724, 2023 ,58(6) : 1655-1662.
ZE R ik 23S 5 TR aU RS R AL AR
O3B (S 2R -4 BT PN BRG], v B e 2422 2%
:,2024,44(21):2447-2453,2491.
0 ik, TR, % . BT HPLC-MS/MS Flfk2& 458t
PUHATHT I 52 258 40 -3 R LB B PEA [I]. o ) B e 242
Z&i5,2024,44(11):1277-1284.
/NG, TR, 28 8, 55 T 15 FhA o 8 e 45 A (LAt
RSB K TOPSIS 3 i =3 H B P (], h B 2h,
2024,55(24) :8379-8391.
AT R, D, 45 . SE TR SRS A fb AU
ARG AR ST PP T]. 124 57,2025, 36(3) : 300-305.
H 7, ok, Sk Al 45 HPLC R F 1k 45 4 2 =0
) K AL TOPSIS 72 (AN [] 58 [ 5l 25 24564 i s PP 0]
FRRE2G,2025,56(4) - 1377-1384.
T TS, JE AR, 5 . ST 22 & 2P A i
B i/ N Tk -HI R AT JEAL-TOPSIS L PEM 2242 |t
BEBTEE[)]. TP REZY |, 2025,56(2) 1 467-475.
kA, B 25, PhEEE, 45 . 2T UPLC-QTRAP-MS/
MS FIZ TG T AS R T 07 6 B 2 i 41
SR, T E AR 22,2025, 42(3) : 377-384.
ZEMER, TR, REDE, 45 LTI TOPSIS i ALK (7
IR B AT ) 2 4T G AZ LI [I]. TR 254, 2024,
47(11):2783-2791.
XU R AB A, ik —50, 5 HE T2 i L R SN S
AyHr]. FRE B H25,2018,20(11) £ 1330-1339.
ZEMIR] AR, 4, 45 . 2 A 7 TPE T B AR B IE
[7]. FEBAL25,2020,22(8) : 1287-1302.

(Wi F 1 2025-03-18 & [1] 191 : 2025-07-01)

(4t : JFEIRETEE)

China Pharmacy 2025 Vol. 36 No. 15 - 1851 -



