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Comprehensive evaluation of Yifei qinghua ointment by multi-component quantitative analysis combined
with chemometrics and entropy weight TOPSIS
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University of Science and Technology, Wuhan 430080, China; 3. School of Pharmacy, Hubei University of
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ABSTRACT OBJECTIVE To comprehensively evaluate the quality of Yifei ginghua ointment by multi-component quantitative
analysis combined with chemometrics and entropy weight-technique for order preference by similarity to ideal solution (TOPSIS)
method. METHODS The contents of lobetyolin, syringin, calycosin 7-O-B-D-glucopyranoside, ononin, astraisoflavan-7-O-3-D-
glucoside, isomucronulatol 7-O-glucoside, astragaloside IV , deapi-platycoside E, platycoside E, platycodin D, feretoside,
asperulosidic acid, asperuloside, methylophiopogonanone A and methylophiopogonanone B in 14 batches of Yifei qinghua ointment
(S1-S14) were determined by high-performance liquid chromatography method. Then, the quality of 14 batches of Yifei ginghua
ointment was analyzed by chemometrics (principal component analysis and orthogonal partial least-squares discriminant analysis)
and entropy weight TOPSIS method. RESULTS The results of chemometrics showed that 14 batches of Yifei qinghua ointment
could be clustered into three categories, S1-S6 as the first category, S7-S10 as the second category, and S11-S14 as the third
category. The values of variable importance for projection of calycosin 7-O-B-D-glucopyranoside, ononin, feretoside, astragaloside
IV, astraisoflavan-7-O-B-D-glucoside, lobetyolin, methylophiopogonanone A and platycoside E were higher than 1. The results of
the entropy weight TOPSIS method showed that the Euclidean closeness of the optimal solution of 14 batches of Yifei qinghua
ointment were between 0.152 9 and 0.736 6, and that of sample S14 was the highest (0.736 6). CONCLUSIONS Among 14
batches of Yifei qinghua ointment, sample S14 has the best quality, and 8 components such as calycosin 7-O-B-D-glucopyranoside

and ononin may be differential markers affecting the quality of
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Y1 ELERIE /N, a] B 0 2 i 2 i AR, B3R {1 Al
SR B AN R AR, SR AR A TR

rh 2k 52 5 i 3R i A o B 4 L B RO R ]
B AR . IAT BT i R v SAH S BIFFE SRS 4 il
T P B — R AR L A T A2 X DAt O o i
AR PRI PRI T R — Btk . 2o s C E
A v 24 52 07 R R R B A AR A e i
D5 AJ G 3 R 22 B 03 e A I A B 14 A e B AT 0
Br TR, SRt AR MR | PRz 0 22 5 R 5 4
A T B AR f# HE J¥ (technique for order preference by
similarity to ideal solution, TOPSIS ) 7% 1] % ML b Xf 4% 1F
PrFE R IRA, AT B B0 b AN i P9 7 T o 25 /0
BT A9 R i SOBCHH €335 (HPLC ) R 5 £ i
BHE T SPAT TR B R IR o
WAEH RS B R e R BT
BERS AR AT E AR B RSB Dy X K R UH
B G BRI A H R R e A R A
A AR A B & RS A LA TR 2 5 TOPSIS
X B R AT LA VAN DUy g s AL s i
TE Bl S A S A%

1 ##
1.1 FENES

A FE T Y 32 AR A LC-20A A HPLC Y (H
7% Shimadzu 23 7)) . SB-1000YDTD Ui 75 i1 i vk s (7
Wk 2 AR AR AT BR A Al ) \ES125SM-DR AU B+
FA-(FEH Apresys 23] ) o
1.2 FEHRSRAF

5L (435 S1~S14, #5435 2k 5410081 .
5410082.,5410083,5410087.,5410089,5410091,5410113
5410114.5410117.5410118.5410127.5410131,5410133
5410134, MUAR 30 BRI RE 120 g) W [ 281 A 4E ]
JReAo AT R R SRt 245 ) 5 o Rt = 288 e 0 T 2
H (45 111920-202308, 4l ¥ 96.9% ) 48 T & (L5
111574-202106, 4§ i 94.3%) . &% (& H A (L5 110781-
202219, 4 96.29% ) Y50 F Hp 6 5 24 b R e 9 B 5
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Xof A i e 2 et (5 PRFS092221 , 46 FF 99.0% ) 54
AL (A5 PRF8081121, 4l i 99.6% ) | v (5 v ke 1 (it
5 PRF8101146, 4fi B 99.4%) . 4 M ¥ #H (it =
PRF8032722, 2l & 99.7%) . %% % Ji Wk H H g (#t %
PRF8091244, 4fi i 99.6%) , 2 4 W JL ¥ St ] A (it =
PRF8041122, 4li & 99.9%) . % M w1 4 ik (it =
PRF8050928, 4li i 98.2%) . #% (& 4 M e 1+ (it 5
PRF8101146, 4li & 99.4% ) Fl F 3L 42 4 — & i 5+ ¥ B
(JIt5 PRE7102423, 4 98.3% ) K0 [ A0 F ik Rl
TF & A7 BR A | 5 % B O BEAS A R A E (At
PS010234, £ 98.9% ) 4% i 1 Ds (k5 PS010235, 21
£ 98.9% ) & A5 F 1 E (4it*5- PS010233, 411 98.6%) 1
W [ R AR R R A PR A FD
2 FHiEEHER
2.1 #HiEUBESHAEENHT
2.1.1 i

{6 1% 44 4 Diamonsil Plus Cis 43 (250 mm X 4.6 mm, 5
wm) , K 3 K 43 5124 260 nm (0~35 min £l 5% 2 bk
TR T B A A A oA T R
FEBE A E R T ) Y. 210 nm(35~52 min K 8
TR R A R B RS AR R B RS AR R
D))" 238 nm (52~ 64 min K 4 BE K F R 420t
FAFIR A )™ 296 nm (64~ 75 min A2 4 H
BLBCLEH A TR A A S B B)™Y s sl AR 1E ]
0.2% W5 1R (A) - (B) W, DAL 1.0 mL/min #4745
B ¥ W (0~12 min, 10.0%Bj; 12~35 min, 10.09%B—
26.0%B; 35~52 min, 26.0%B—32.0%B; 52~64 min,
32.0%B—45.0%B ; 64~71 min, 45.0%B—62.0%B; 71~
75 min,62.0%B—10.0%B) ; #1:#4 30 °C; #4710 L.
2.1.2  TRAKT R AR TR A%

R 2 FRBUAS X BE h 3 o, ) 609% HP I 48 2
T OETHT B EER AR O R
LT R e R R TR AR E A
PR E A S A Dy XS R T U H R 4 R R
eI R A A R e AR R R A T A S B
B i 4 ¥ 43 ) M 0.248.0.052., 1.270, 0.638, 0.514 ,
0.336. 0.390. 0.102. 0.130, 0.058, 0.322. 0.154 0.210,
0.086.,0.028 mg/mL YA XF B8 b BEVR o B 1%
60% H BEAR B 20 1% , BVASHIE A5Xo) AT I3 R (B3t 15 Xt
HER 114 B V4 B2 43 591y 12.40,2.60.63.50,31.90,25.70
16.80. 19.50. 5.10. 6.50, 2.90, 16.10. 7.70, 10.50, 4.30,
1.40 pg/mL)
2.1.3 i A AL E Al i s i i i 2

VL4 il T8 A6 29 1.0 g A B AR AE | in 60% H i 20
mL H 7 15 min 2 E; #55), 2108, H 60% Wi 75 &
25 mL 250, $240 , 20 08, RIAS 25 M AL B (I A T
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2.1.6 LR LLE
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F 2. L1 R g A SR 6 IR SR BIR S
FRAT S 15 A G pi 0 e v AR R DL BH S AR Ak, 45 1 o T
FRHYRSD ¥/N T 2.0% (n=6) , KWK % 5 BT
2.1.8 FE M

i W B I AL B A A (G SD M, T
FIE 0.2.5.9.14,20 .24 hif, #5242, 11700 F (5% 4%
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®1 miBELEPERINEEXRERER

i ElEyigid SR (ng/mL) r

i i) ¥=2308 5% 10°4+951.6 1.24~62.00 09995
£ Y=8.2675X 10X+128.4 026~13.00 09998
TR RERAT Y=3.4092X 109041 025.1 635~317.50 09992
A =318 5X10°¥—496.7 3.19~159.50 09999
HEERT ¥=3.780 1 X 10°X+865.2 257~12850 09996
HERHRT =281 2X 10411524 1.68~84.00 09997
HETH Y=2.876 5X100+749.8 1.95~97.50 09992
FR R E Y=1.385 7X10°4+625.1 051~2550 09995
EHEHE T=1609 6X 10°4+258.9 0.65~32.50 09996
TEBELH D, Y=9.872 4 X 10°X—561.7 029~1450 09998
T RBEH R Y=22043X 10910942 1.61~80.50 09994
R T=1.932 6X1004+729.5 0.77~38.50 09993
et Y=1.795 1X 1007+476.8 1.05~52.50 09998
FA TR A Y=1.091 8X 100Y—547.1 043~2150 09995
WHEEA SRR HED Y=5.074 6X 1024+ 163.9 0.14~7.00 09999

2.1.9 EEMEIRAE

B IE A8 (45 S16 4y, /344 “2.1.37 T R 5
25 i A S AT SRS 4 2.1 g
S IERE ST, R FHAMR TR 45 o B . S5
TN AT S RSD /T 2.0% (n=6) , FRIAA T 1k
MR AT
2.1.10 LIRS

AT 15 A Wy B 1 g Ml s AL (47 S1 9y,
B 290.5 g, 53 4% 45 143 2 2 80% . 100% . 120% f Lt
BINATRA X R S O IR e 2t T &/ B
PO A AR PR R R T
Pt EEE AT JOTS R AT E RSB AT B R R
1 Da AR R HS AR R 4R A
FE IR A RN L2 4 A0 S B B TR R AR
K h 0137, 0.023, 0.981, 0.424, 0.362. 0.198. 0.259
0.059. 0.074, 0.028. 0.173, 0.095, 0.116, 0.048, 0.017

mg/mL) , % 3403 ;3% 2. 1.37 i J vk il 4% %5 i v 1k 8 3t
AT, ARG 2. 1.7 F 5 AR RR 0. 2551
SR, 15 AN B4 07 B4R 1l % 43 51 24 100.03%
97.97%. 99.47%. 98.75%. 98.82%. 97.85% . 98.61% .
98.29% . 96.86% . 97.75%. 100.26% . 98.69% . 98.33% .
96.89% .97.98% , RSD #1/NT- 2.0% (n=9) , £ Wi A J5 3=
HEBEE =5 o
2.1.11 15BN sk

BE LA 25 IV AL B 52 137 T T Jy v 1) 45 14 il
TH B UL VAT, B4 300 H 2. 1. 17T | (e A%
PHERESI T, TR AR IR 25 Il A6 v 15 4 sy
B, GERIE 2,
22 EMHERSENLFEITEFZSHN
2.2.1  FERHHT

DL 80 B R iEAE K 5Tk %O AR R L SR I SPSS
26.0 R AXF 14 L 25 Il v A0 E h 15 AN o i & kAT 3
J%53 43 M1 (principal component analysis, PCA ) , - F#2 4R
TEEK T LI FRr . G55 B, B A5 1 FRAE
{E 43 0 A 10.640, 2.678, X N 19 T 22 51 #ik 2R 4 B N
70.931% ,17.855% , 7 W 35 BRI PRI A~ 32 1l 43 B AT AR 3R 25
Jili V5 Ak 88.786% W f Bt . Fi R 3 WAL, A 11
ROk ARSHA BT HT  BE T AR
WRAETT (B S SR 1T B R S e T L AT
BEAS A 2 E XS R e U Y g L 2 i R R N R
1,586 2 F 15 Bok A ARSI 21T E A 21T D &2
2 LB e A I L2 4 A S T B

DL 14 3t 25 Bl AL 8 Hh 15 4N B4 B iR AR i )
JH SIMCA 14.1 84 8r PCAREAY DU o Ak
PR/ ERE A5 14 HE 25 005 65 1 PCA TS 4r I (B 2) .

®2 miELER LIRS SENELSR (mg/g,n=3)

- B A s A=k i fo /Y é{ L L g: i
WS R RTHE G REE e D RERE T e i T o e Lol LS
Sl 0.279 0.048 1971 0.853 0.716 0.392 0.512 0.117 0.143 0.059 0.341 0.184 0.236 0.094 0.032
82 0297 0.056 1714 0.776 0.793 0370 0.593 0.132 0.171 0.074 0.362 0.19 0217 0.108 0.041
83 0370 0.045 1914 0.815 0.693 0.306 0.567 0.158 0.142 0.067 0452 0.211 0.241 0.107 0.037
S4 0.331 0.033 1.845 0.834 0.732 0.349 0.615 0.149 0.157 0.070 0.405 0.205 0.233 0.116 0.039
$5 0272 0.052 1.786 0.764 0.759 0.334 0511 0.130 0.148 0.058 0332 0.191 0.226 0.087 0.034
S6 0.388 0.040 1963 0.795 0.647 0.283 0.540 0.175 0.153 0.061 0475 0217 0247 0.105 0.034
N 0.196 0.022 1.637 0.672 0.591 0.235 (442 0.170 0.136 0.052 0.240 0.159 0.184 0.055 0.018
S8 0.216 0.026 1.520 0.674 0.609 0.204 0.440 0.121 0.150 0.058 0.264 0172 0.194 0.067 0.026
9 0.225 0.028 1.694 0.741 0.625 0.257 0452 0.162 0.108 0.057 0.275 0.178 0.203 0.066 0.028
S10 0.178 0.025 1569 0.700 0.568 0.206 0426 0.194 0.139 0.054 0217 0.165 0.188 0.073 0.020
Stl 0482 0.073 2173 1.077 0917 0442 0.813 0.114 0.133 0.049 0.589 0.256 0.284 0.103 0.030
S12 0.500 0.072 2378 1126 0973 0.464 0.754 0.098 0.130 0.046 0.611 0.250 0.297 0.079 0.036
13 0464 0.068 2417 1056 0.877 0.485 0.784 0.141 0.125 0.043 0.567 0273 0.303 0.110 0.025
Sl4 0.520 0077 2476 1154 0.954 (.51 0.842 0.106 0.121 0.040 0.635 (.264 0.308 0.091 0.031

®3 EMSBAER

- 5 ¥7  EEREE R %Eé% WER O OHE APEE RER  BER O BREBK BME b ZATK m%i%:a
Wt B OWEEE O EE BREF O ERE FF EENE D, HHE R B ERA  HREEB

51 0970 0965 0970 0981 090 0957 0977 —0679  —0290  —053 0970 0968 0% 0519 0.363

BT 0040 0074 =010 —0147 0039 0021 0008 0070 080 086 0040 —0014  —0045 0I5 0.842
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CPAIFINEE El S TIE SORESE S S Dy i
S1~86, &% 11 24 3% K i ST~S10, 27 I 242 5 K i
S11~S14,

[ SN

{[2]

0
—1
—2
—3
—4

—5

—10 -8 —6 —4 —2 0 2 4 6 8
1]

RX[1]=0.709 RX[2]=0.179 Ellipse:Hotelling’s 72(95%)

B2 14#t=mAAFLERPCABSE

2.2.2  1EA e/ N 3e- A5 o34

TEPCA HYERN I, S 45 EAS IR £5 i 18
fit T 22 S 1 TR 1, SR SIMCA 141 PR TE A2
i B¢ /)N — 7 - H 3] 43 M1 (orthogonal partial least -squares
discriminant analysis, OPLS-DA) #5373 F (K] 3) . #53&%
7 BRAE X5 ) 1) R AR R X=0.939 78 Y4l 7
i) (1) RAUH B R RY=0.871, BRI 0°'=0.779, 1)
= T 0.5, BEHIRERI R 47 J34h, &1 3 5 & 2 iy R4,
— 3 HE B EE R, AR R R
P45 (variable importance for projection, VIP){f >1 4
T EARIE , DN 15 B i e i T 8 A 25 bR, o
1Ay 7 S S T A A W (U 3) PSR (I 4) X9 K
FEVCH TR (e 11) BT RS (g 7) v S Sl e 1 (1
5) GESHRAT (W 1) (2 4 W LB e A (05 14) FIA A2,
HEE9), H VIPEMKIK A 1.786,1.316,1.170,1.152
1.095,1.059,1.024 A1 1.006 (& 4) . ¥ 257 OPLS-DA
BRI T 200 R B30, 25 5 R, O UG B TE Yl
P AIE S T MR, B2 T A A A S R R T 5, T A Ak
S0 VAR 25 I T AL A i 25 57

0.15
0.10

0.05

2]

01

—0.05
—0.10

—0.15

—0.20

—1.0 —0.6 —02 0 02 0.6

{1
RX[1]=0.907 R°X[2]=0.032 Ellipse:Hotelling’s 72(95%)

3 144t &=AHE L ER OPLS-DABHE
2.3 E#ESRESERE TOPSIS ES T
2.3.1  FEBEEH—eab B
WS HRATEE 154 1043340 25 Il A8 A 7 i 2554
AT A R R T T IR I RO A R T R

T2 2024 4F55 35 45 15 ]

3 4117 5 1149 6 10151312 2 8
o
L3Pt 2. 8 T 3 3 B S 0 A A1 5 4 1R AT 5
5: 3 ORI BT 5 62 3 (T hE ;7 T HIHT 8 2T MRS AT IR AT E 5
9 AEIEEAFE; 10: R AR AT Dy 11: A5 U R 5 12 2 BT R
13 ZE B 5 14 A2 A LB e A 5 15 H A 4 — S0 S 1T
B4 RBHREE I5FEEVIPE
Xij—min(Xf)
max (Xj)—min (X;)
XpFe 2 i E e B e T IH — b R . Kb, Yo IH— Ak
Ak RS BCE X R 5 i R L A B4 % B E L, min
(X)) \max (X;) 732 14 HERE 2 il N e KA
2.3.2  AAHESBTEHY
A TR A2 E T R 2E G T AL TOPSIS 2341 v
A OPLS-DA H1 154~ Bl 43 i) VIP{HAE R - Fa b K
B A — A B 5 45 48 PR A A SFAH A R SRR B , T
DARE R P B 10 B B KRB E R i 7 %6 (Z0) B/ IME

Nt 7R (Z0) $n D= [>) (Z,-2] 7 .D;=
; ~ . Di 26 e 1] A
[0 (Zi-z7) Ci= Dr oD RS 4 i AL R

i

-5 IE BRAR AR A B 5 (D7) L BRAR R B9 B 2 (D)) A Al
B RRCIE RS (C) o 24 CAE 0~1 Zfal i), HAE s,
I A A B R R, SR LR 4
F4 UMBHBUENREIFMER

e Di D7 ¢ #% | &% bt D7 i
sl 23032 16964 04241 S8 34608 08711 02001 11

) 23612 20655 04666 $9 32000 07533 00873 12

$3 21551 19398 04737 0 35431 07561 0.1759 13

1
4 21080 2091 04979 11 L1241 3052407309 2
§5 25750 14699 03634 10 S12 12342 31868 07208 3
1 4
1 1

TR, R AR AR Y, =

S6 21933 19651 04726 1 S13 12395 31411 07170
§7 35313 06374 01529 14 Sl4 12504 3490 07366

3 Wig
3.1 EESIERAIESE

AT T 2 A SESAF I3 2R A
Forp B2 0 S RORI A 24, HAT R 25 7 B AT 2
5SS ML IR, IO R 2 ;)1 DL
AT EE A AR T R A | L AR R TR,
Wit wE ] i AR R R, B2 2 A )3 A e
ML, FAEIE T n] RO T A IO 12
AL I ZE R TR R AR LR DI AN
FEUR W AN E L, R 25582, RN 5 1&
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G RE AN G0 T B AR T 24 BT i A R A A
PEHCH 258 e rP AR M i 0 B 8 S5 B R A A 1 LS A
AT B R R R B TR A A
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