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[Abstract] Objective: To compare and analyze the contents of 13 components in 16 batches of Fenghan
Jingshu Mixture, indentify the differential compounds and provide a method for its quality evaluation.
Methods: High—performance liquid chromatography (HPLC) was used with COSMOSIL MS-1II Cj column as the
chromatographic column and acetonitrile—0.2% phosphoric acid as the mobile phase. The contents of 3°~hydroxy
puerarin, puerarin, 3°—methoxypuerarin, cinnamic acid, cinnamaldehyde, gastrodin, paris saponin, clematichi—
nenoside AR, huzhangoside D, clematichinenoside C, nodakenin, notopterol and isoimperatorin in 16 batches of
Fenghan Jingshu Mixture were determined. The differences of 16 batches of samples were analyzed by principal
component analysis (PCA), orthogonal partial least squares—discriminant analysis (OPLS-DA) and entropy weight
technique for order preferenceby similarity to ideal solution (EW-TOPSIS). Results: Good resolution of 13
constituents of Fenghan Jingshu Mixture was obtained. The results showed good linear relationships (r=0.999),
and the average recovery rate (n=9) was 96.98%-100.11% (RSD<2.0%). PCA analysis showed that 16 batches of
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samples were clustered into 3 categories. OPLS-DA analysis showed that puerarin, isoimperatorin, cinnamaldehyde,

paris saponin and clematissaponin C were the main potential markers affecting the product quality of Fenghan

Jingshu Mixture. The EW-TOPSIS model could be used to evaluate the product quality difference of Fenghan

Jingshu Mixture at different production dates. Conclusion: The established multi—component quantitative method
for Fenghan Jingshu Mixture, combined with PCA, OPLS-DA, and EW-TOPSIS, is scientifically reliable and

can be used for the comprehensive quality assessment of the formulation.
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12 FAT bt B 2 0 i 3R 0 T AR 0 USE SRS 5 50
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BIRER R AR CRBRER LRI R AL R
FURHD JEARANBH C EEAERTEH T IS TR BN S BRETH R &
B IR R E AR, FIFSPSS 26.0 FISIMCA 1418, %
R EARIEAT 8T SN LR & U, DU N 42 DA KU
FET -G 70 B B LB AR A AR T B A
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1.1 K# SRS RERR (S : 110786-202305, F199.8% )
LIERTHH (HES 1 111821-201604, 5 H:99.6% ) . 5 RK R 2
(65 :110827-202113, T #99.2% ) JH: JZ Bk (L5 . 110710-
202223, % 98.8% ) . JEIE M (it 5 : 111820202106, 7 f&
97.5%) FARE LS : 110752202217, 7 1:96.8% ) FIK R
(#t45:110807-202010, % £95.5% ) I H H £ 5 245 ik
FEMFITBE ;3 - FE R E (A5 . CFS201501, & #98.0% )
3-FEF R E (LS : CFS201501, & 1:98.0% ) . ELF £ H
(HIt5: CFS202301, &1 =98% ) . RALFTH (L5 : CFS202202,
B =980%) JREH BHDHLS :CFS202301, F 1 =98.0% )

AU RAEH S : CFS202102, £ 1#98.0% ) HIM H # I K
HAEY B ARG BRA ) 5 86 ML 8 HPLC A ; 2B
SATal; 163 FESET AR GEM T R EL A ER, IS -
230113,230116, 230119, 230227 , 230303 , 230307 , 230901 ,
230903 , 230910, 230916, 230923 , 240318 , 240322 , 240328 ,
240411,240415) %5 HS1~S16.

12 EZME Agilent 1260 % 55 85 W AH {0385 2 (£
Agilent/A 7] ) ; BS110SH HL + K- (2 Sartorious 24 ) )

2 HiEEER

2.1 &#EEME RHCOSMOSIL MS-1 C A% (5.0 um,
250.0 mmx4.6 mm), 3’ FRILEE BRE 3-PAEERE
A AR B TS ARG 8 4 47280 nm, KRR LA AR R
A FE A B R H DA R AN AR IS K 210 nm,
SEAETTHA T | 38 175 BEORD S BRI 6H R A U 315 nm. T30
AR 0298515 (A ) -2 (B) , T : 1.0 mL/min, 73 :30 C.
6 BE BEME :0~11 min, 18.0% B; 11 ~18 min, 18.0%—22.0% B;
18~26 min, 22.0%—34.0%B ; 26~47 min, 34.0%—39.0%B ;
47~59 min,39.0%—62.0%B;59~65 min, 62.0%—18.0%B. i}
FEREE: 10 plo

22 EIREHE &

221 RAENBRER KSR -REERE BRE.
3-HUEL B AR (R R KRR L RIERAT R A
P RER R D BUR AR CEAERTE T 98 75 FE A ER
A ZO0T S P 2 Tt 2 A ) 50 I 9k B2 0 5311 0174
4.870.0.198 .0.062.0.310.0.446.0.970.0.038..0.084.,0.112.0.570 .
0.136713.520 mg/mLEJTR A X B A IV 5 0, FEAS 2 W UE - 2%
%2.5 mL, B 50 mLIER A, IR OB B 2205, 355 (5
| mLER &3 - E .70 ng B R F243.50 ng.3-H
AR 9.90 ng HERR3.10 wg AL EE15.50 wg KIRE
22.30 g ELFIERTT48.50 we RANFI T 1.90 pg R H = 2
D4.20 pg JERMIBTC5.60 g EAERTHAT28.50 pg . IS TH FE
6.80 we LT BKHTEI 2 176.00 wg) o

222 HHASRIEW  AEH R BU\FESIE?
IR, A IR R I RS .
223 BN ARV IR L VA U A N T S R
2 R e AR EDZBZ20240020) T2 fAb T, J3- il il 2% ke
BRI Gl DR RR B R R S 4 BF X R
AERAER 2,227 F ik

A1 mL, E25 mL
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E S -BAERE D BEREBI-FTALERE 4N
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ZHD; 108 FEMERC; 1L FRATHF; 12258137 K
AW E
1 REXRM(A)KEFEFEF(B) SLERAERESR(C).

EREER AT BB M (D ) AR AR MRS (F ) JERE R AL BA i
B (F)FELSEER M ER(C)BiEE

®2 REFEFEFH BAHEIAIENEER

232 I3MMUATFERAERIE  FEIR A X BT A T & B
R R — 2R 50 A0 B R BV TR (4% 10435 205 4065 L1005
20015 ) J5 , PR B2 21 e ¥ 2 43 50K 25 B 10 L AHPLC
A0, 0 S 134 A0 T AL, DA T RRL (v ) %o Jo e vk B (X)) R4 7
gl (a1 )=y, [ 5 7 AR | 2R T R B AR SE R B R 1o

x1 NEFHFEFPELINEEXR
1 EIEpiRE: SR (pgml) 7
I RHEERE  Y=19153x10X46159 000 0.87~43.50 0.999 7
BRE Y=2.826 4x10°X+853.1 000  2435~1217.50  0.999 8
FHERERE Y2220 8x10°K-1 0284 000  0.99~49.50 0999 5
LR Y=1.035 1x10X+1522000  031~15.50 0.999 4
FE Y=2.607 4x10X+637.5000  1.55~77.50 09999
K& Y=2349 1x10°-822.6 000 2.23~111.50 0,999 3
wyilve3ty V=3.801 4x10°X+1 152.1 000  4.85~24250  0.999 7
Rt Y=8.162 7x10°¥+794.4 000 0.19~9.50 09999
JEHEEEHD Y=1.358 9x10°X+632.8 000 0.42~21.00 0.999 8
=50 Y=1.605 4x10%¥-5123 000 0.56~28.00 09999
Ev AR Y=3.223 5x10-8549 000  2.85~142.50  0.999 4
Fl Y=1.498 2x10°X+367.2 000 0.68~34.00 0.999 5
FCIES Y=2.037 6x10°X+1 521.8 000 17.60~880.00  0.999 7
233 KB EEREBEES (G5 S mL, #42.2.27

T )5 2 O W, 7E 2.1 T 25 1 4kt R eIk, il
SR IR T AR, 45 AURE 4% B R AT o 45 Lo W TR AR Y
RSDAE MK YK }1.25% .0.69% 1.19% .1.59% 1.17% 1.15%
1.04% .1.62% .1.43%.1.37% .1.06% .1.31%10.78%:

234 FRUEMRE B—RIETE G H (HT  SUOHLR
W, TH 4 )50.2.4.8.12 18124 hitb A, {8552 134 it
T g e T AR, 45 R T IR T 24 hNFRUE o &5 LA I 1T AL
RSDTH MK IR N 1.43% .1.03% 1.31% 1.87% 1.35% .1.28% .
1.19% .1.93%.1.65% .1.60% 1.22% .1.54%F11.21%.

( mg/L,n=3 )

G5 Y-REBRE  ERE -WEEERE WHER

HR® KRE EHAHE R R¥FRRD gotleRc FRMST ERE RRHHE

St 0.286 8374 0311 0059 0462 0613
S2 0.260 1.708 0.350 0.063 0554 0.564
S3 0.293 8.205 0475 0060 0559 0637
4 0.273 8.455 0419 0.067 0460  0.626
S5 0.280 8.263 0.397 0060 0508  0.605
56 0.258 8512 0456 0.063 0481 0.623
ST 0.232 1221 0.317 0072 0426 0529
S8 0.243 6.882 0.505 0084 0434 0504
59 0.248 7.19 0430 0082 0349 0527
510 0235 6.667 0514 0.088 0450 0488
Sit 0225 6.528 0451 0.086 0440 0478
S12 0.361 10.081 0.304 0050 0430 0738
S13 0377 10529 0.260 0.053 0420 0.771
S14 0.354 10.734 0375 0.049 0405 0786
S15 0.387 10.946 0.282 0046 039 0801
S16 0369 10303 0253 0056 03715 0754

1518 0.036 0.087 0.154 0.756 0.181 5298
1.708 0.038 0.101 0.197 0.696 0.171 4871
2.320 0.040 0.112 0215 0.786 0.117 5.507
2047 0.048 0.09 0.177 0.772 0.141 5413
1.938 0.043 0.104 0.190 (.746 0.161 5228
2225 0.049 0.089 0.160 0.768 0.125 5.385
1.548 0.031 0.079 0.148 0.652 0.136 4572
2463 0.028 0.075 0.125 0.621 0.103 4.354
2098 0.029 0.077 0.136 0.650 0.119 455
2511 0.023 0.072 0.096 0.602 0.095 4218
2200 0.025 0.075 0.088 0.589 0.108 4130
1.485 0.062 0.138 0.142 0910 0204 6378
1.270 0.065 0.128 0.172 0.951 0214 6.662
1.832 0.060 0.133 0.120 0.969 0224 6791
1.376 0.067 0.143 0.148 0.988 0254 6925
1.237 0.058 0.123 0.116 0.930 023 6519
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235 BEEMIRE Kol XIEHE G (4T SO
VIR NE AHPLCAY , AR HE I ikt 083 - B B R R 5
134 A &, G5 SR T B M RAT & U & B RSDIE IR
}91.70% 1.41% 1.68% .1.96% .1.73% .1.64% 1.51% .1.99% .
1.91%.1.85%.1.44% .1.79%H11.52%.
23.6 EERDCRIAE SR EBUIETE AR (45 :S1)
oy, B030.5 mL, Z3 M IAKH 5 T45 153 5 80% . 100% . 120%
PRGBSI (3 - R BB R R BRE 3-SR
AR R CRBRER (LA R AN R
D RN TTC EETE RIS T 81 B S5 BRI 50 3 % FR 5
RV 43 518 0.147 .4.179.0.158..0.029.0.234 .0.311.0.764
0.019.0.044.0.079.0.382.0.091F12.635 mg/mL)®, F-n# Z,
B 225 mL, $820 o 43 W AHPLCAY , HHE 130 143 S 2 m
R 43351 54 98.84% .99.89% .96.98% .97.53% .99.48% .
98.75% 100.02% .97.91% .98.54% .98.20% .97.95% .97.75%
F1100.11% ,RSD & 43 51 4 1.21% .0.76% 1.46% .1.26% .
1.44% .1.32% .0.62% 1.39% .1.68% 1.71% .1.49% .1.39% Fll
0.93%
24 HEME FHD227WUN R G S1~S167Y KIE
EPA TR IR, 3 HE AHPLCAY , #Eiz FbR M ph 28 135
13RO i S R I3,
25 EBEAEDN SIR2020F RPN RILAE 25 80 iy
IS D 3101 [ A B2 I 2 0k A7 0 A2 9, 43 31 K 8 R U5
S1~S16HYHE 25 mL, B B T R EE 78 & L, KB E
T, 7105 CTHE3 ho S5 R W33,

x3 REFFESHHZEE (n=2,%)

x5 HOEER

Eita EN %l F 52
3 REFIRE 0.971 -0.065
FRE 0.986 -0.030
3-HEA B R -0.791 0.250
RAER -0.946 -0.220
T B -0.326 0.866
KIFE 0.985 0.024
ELR R AT -0.790 0.250
RAHTH 0.964 0.061
JEHERLEED 0.956 0.133
BRABRC 0.209 0.871
ST 0.985 0.025
TETH 0.947 -0.166
SERRRTEA 2R 0.985 0.025
FSYETEZN 0.833 0.333

WHSlo908 % % % ST % %9 S0 S SIS SIS Si6

SR 142 139 150 144 147 142 136 138 141 132 135 154 145 149 151 146

3 WHEHEZEST

3.1 PCA FIFHSPSS 26.05011H kM4, R R4 R Jr XX 164t
IFESTET A 70 P 134 143 B B R o] (ARG I 225 SR AT 2 R
AR B, S5 RT3 AR T 18 H T T R 1A
fIE(E410.557 , % 7 25 (0 TTRR 3N 75.408% , EEARIN3 - FE 5%
FRE BRE 3 - REIEERE AR KRE R
R PEE RURATD VR AERTHIHE ST B 5 KT
F AR E AR B T 2 R RHE(E 2 1.848, % 7 221
TIRRFE A 13.203% , FE B REL R A B CfEH L A B i
AT (LF4~5) . 0 FHSIMCA 1415k {48237 PCARR 1 L) 56
UESPSS 26,058 T4 PCA ST HT 45T , 167N IESET & FIHE
PCATS A3 I LI 2, AR 24 A3 o 2 7R 26 1 2 A3 F
552 F B B TR RS A 75.408%F113.203% , 5 SPSS 26.0
G AR IS T 48 SR — B TR 1 6B b o034

x4 EHSBMERFEREBE

M BHER i RTRRs BRI TR
1 10.557 75.408 75.408
2 1.848 13.203 88.611

oW

)
s14"‘. S15

@ s16

ER 3B

[

L

10 -8 -6 -4 -2 0 2 4 6 8
ER MBS
R'X[1]=0.754 R'X[2]=0.132 Ellipse: Hotelling's 7° (95%)

2 16 #HLMEMEFEF PCA BHE

3.2 OPLS-DAS#F  OPLS-DA:f it %) 25 5 B g dE 7 4047
RENSA R 5 [ = i o 2 22 S AR AE A2 o TEPC A FER L A T
OPLS-DAZMT , 5 BT S HUR2X °80.993, R?Y 90.824, T
e 150> 0.698 LA L3S H T 1, U BH A 2 o A
AU, OPLS-D ALY L 1] 3 SR P 5 46z 561 119 7 2 % 4 ST
FJOPLS-D AR A THGIE , HE 72000 B e 36 5 15 2HT I R
>, B WLIE 4 455 B 7R s Q8 TR i ] I3 28 v ik
A A, 2B BT A 9 OPLS-D AL A AT 75 5501 4 AT 16:41E
RWFETEF &R 2ZES AR T RGN T ER R ER
T, Z:0PLS-DAB YA 4B A s VIPE (WL 5 ) o VIP> 1)
B AT A 5, B2 CRAR 2, VIP=2.231 7) 53 13 (5K
HIBAE , VIP=1.788 5) 45 (B J %, VIP=1.328 0) 8437
CEERIZRTY, VIP=1.111 )AL 10U RANEFC, VIP=1.069 5)
RSN B X KUIE BT 50 DT 0 R G, = XU E AT
BT R 25 S AR R A N FE ST A 7 o e
HR ;B R S TR K 5 R A3 R I ) SR B, P AR 2 M T
i, DR m 7 ST BTN

///7

0.15 ///
& |/
}Yi 0.05 r/ /313. — \\i S6
K o s ag @512
)] -0.05 \\ 1% )i
H LS esis

-0.15 N

-0.25

s 05 ;
E NG5
R'XT1]=0.899 R'A[2]=0.0237 Ellipse: Hotelling's T* (95%)

B3 16 #tXEFHEFSFIH OPLS-DA B4 E
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$M2 DA(1) Intercepts: R°=(0.0,0.151), 0*=(0.0,-0.512)

[
14

5
-0.2 0 0.2 0.4 0.6 0.8 1

HEXRH
B 4 OPLS-DA BEiiONZRE

B
2

OB R B AL B
5N e 5%

o33

&
o
3

35

=)

B S5 16 #tXEFE & FIHE M
3.3 EW-TOPSISiE#A  KIEMEF A7 B3 - BRI E R
AWK 3-WREILEME NER B RBRE (BRI
FRE EHT R FEEFRAD R C R 95
T I S BRI 5 25 AR [ 4 350 T - IR P B s o AR 2

alaym )k M U — f Ak B0, P

" max (x;)—min(x;
OPLS-DAZHTH 45 B Y VIPIEAE A ALE , # I3 — 1L 5 A%k
-5 48 HR A T AR T AS A R S 4 A AR PR A R SR SR A5
BB T % Z=max(Z,, Zys -+ 2,) N )T 5 Z=min(Z,, Zys -

7). IRz 2, s kp= | 2225 ps
|28 Z=2)? ,c,:%ﬁ;%ﬁm%éﬁﬁﬁﬁum%

SRS (DY), S A E (D), KL
R ERI S BE () o CHRR AT 1, BEPF A RE i BT B, 164t XL
FEUET & LM ARG CHIR/NERY , 4553 W6 .

Ro REFHFEHAREBTNER

0 cugm

F.va

' D, D, C HA
SI 2.1977 1.600 4 0.421 4 11
S2 2.388 3 1.858 3 0.4376 10
S3 1.800 3 2.404 3 0.5718

S4 1.9241 1.880 8 0.494 3

S5 1.991 8 1.9251 0.4915

S6 1.8943 1.9576 0.508 2

7 2.942 1 0.9229 0.238 8 16
S8 29755 1.5280 0.339 3 12
S9 3.036 6 1.060 4 0.258 8 14
S10 3.2285 1.410 8 0.304 1 13
S11 3.3582 1.1210 0.250 3 15
S12 1.5622 2.5899 0.623 8 4
S13 15721 2.908 7 0.649 1 3
S14 1.4554 3.005 4 0.673 7 1
S15 1.649 7 3.139 6 0.6555 2
S16 1.9475 2.650 4 0.576 4 5
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4 iF it

4.1 FARR ek KIESET AR JETE AR A 24
AIRERVELTE AN 5T o AT AR R RN L2y, T &7
4% RO I 2 XM LS R
25 H )2 2w I TS AT, AR 5 KRR AR XU
4%, BIRUEER s AR, B AL SE A BT AR , A A,
BN B SR R 3R R H Ol 2y AR 2 A
FH, 2240 RUBTE 38 2% 1E 9 22 ) o AR TR 6 X6 2 98 1 R
R, B2 B AR AL R AN, A/ 25 RIBR B & W53 3047 43 A LR #
LU R F BN 3 - RN E AR EM-H A
FEE R FR 0 b BTN A R FE R FIRE R B0, PR
FBERON S KRR EE ATELRI R AT, Jgl R A 322 A RAHT
A R R BT DA R AN A e, LUK I8 1S 2R o 5 Ak
(G RE R S o | B G 1 73 S U Ef=F e

42 EEFme RS RIRE ERIERTT R A
T R R R DR R AN T CAAE AR A o Sy 7] B 52 38
13 W43 A6 3043 7, AR IR 5T 198 385 0 A o TR A ) 5 TR 4 VR
(0.19%.0.2% .0.39% WER K AR, FEXF L T ZBEF0 R A R AL
AFB 1315 0 435 4 408 o 1) 4 85 B S 45 i 4 (0 5 D 0
TE o LA I -0 29 B BRI WA S AR B, 37 -3 B AR 2 B AR
F 3 -HAI BN E R R RE AR R
M SREFEBED BRMIBTC EIERTEAT IETERE 5
WA 25 5 8 R € 3 e 1) 43 B I 038, L €6 T DR D T2 X
R

43 U5 RFHERSA PLHIRGLRUR S b2
SIAHEAEFIEE IR, B — R PR A BERAE AR T £, TE i
PRUE PR AT e BRUXUTE ST 45770 oo 26 95 16 AR A
FR 24 B AR AU RN, LA B AR 25 TR & 22080 (3 -2
FERE BRE 3-WAEERE AR A EEE R
F BRI RAFH SREFERED JRAMB A C KT
BATE DGR SFEERETEA ) A FE bR , R FHHPLCIE E /4y
Mr3A B S it S5 SRR 1 GHEXGE ST 70 A 13 4%
& 2 0.225~0.387.6.528 ~10.946 .0.253 ~0.514 ,0.046 ~
0.088.0.349 ~0.559.0.478 ~0.801,1.237 ~2.511.0.023 ~0.067 .
0.072~0.143 .0.088~0.215 .0.589~0.988 .0.095~0.254 F14.130~
6.925 mg/mlLo £ AR ] 75 5 25 S8, DL R AN F 56 1
25 K X T e 5 BRI RIIETS B 250 i i 22 57 KA 5%
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