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Abstract: Objective To establish a multi-component quantitative analysis method for Taraxacum borealisinense using ultra-
performance liquid chromatography (UPLC), optimize the multi-component extraction process, and provide a reference for the quality
control of T. borealisinense. Methods Using a Shim-pack Scepter C1s-120 (100 mm % 2.1 mm, 1.9 um) chromatographic column,

the mobile phase was acetonitrile (A)-0.1% phosphoric acid aqueous solution (B) with a gradient elution. The volume flow rate

U#SEHER: 2025-10-30

EEWMB: WA R ER LI (2022ACA003)

TEEEN: BFE (1989—), 2o, LR, MFEh2 RAMER B KIHFF. E-mail: 993659285@qq.com
*BIEMEE: #7076 (1984—), 5, 1L, S LR, MFEHAH2 R RIS . E-mail: lfyhu@hotmail.com



<192 - F49EF1H 20265F1HA ¥k A Drug Evaluation Research Vol. 49 No. 1 January 2026

was 0.3 mL-min~'. The detection wavelength was 327 nm (0—35 min) and 210 nm (35—50 min). The injection volume was 1 pL.
The column temperature was 30 °‘C. To eatablish a synchronous quantitative analysis method for six phenolic components
(monocaffeoyltartaric acid, chlorogenic acid, caffeic acid, chicoric acid, isochlorogenic acid A, 6-luteolin) and three triterpenoid
components (lupeol, taraxasterol, and taraxerol) in 7. borealisinense. The extraction process was optimized by considering the volume
fraction of ethanol, solvent ratio, extraction time, and extraction times as factors, with the comprehensive score of the mass fraction of
each component as the evaluation index. The Analytic Hierarchy Process (AHP) judgment matrix was determined by chemometrics
analysis, and the comprehensive weight coefficient of the mass fraction of each component was calculated by the AHP-entropy weight
method. Finally, the Box-Behnken design-response surface method (BBD-RSM) was used to optimize the multi-component extraction
process of T. borealisinense. Results The established UPLC analytical method can achieve rapid and accurate simultaneous
quantification of nine target components. Under the optimal extraction process, the average mass fractions of monocaffeoyltartaric
acid, chlorogenic acid, caffeic acid, chicoric acid, isochlorogenic acid A, luteolin, lupeol, taraxasterol, taraxerol were 3.51, 0.60, 0.56,
6.37,0.26, 0.20, 0.42, 0.62, and 0.56 mg-g!, respectively. The influence of ethanol volume fraction on the mass fractions of the two
types of components is related to the polarity of the components. Among them, the influence on the mass fraction of highly polar phenolic
components is more significant, while the influence on the mass fraction of low-polarity triterpenoid components shows different patterns.
The comprehensive score of the sample extraction is affected by the synergistic effect of the factors. The established model by BBD-RSM
is significant, and the optimal extraction conditions are 20 times 70% ethanol extraction for three times, each time for 100 min.
Conclusion The established UPLC multi-component quantitative analysis method for 7. borealisinense is stable. The research
strategy combining AHP-entropy weight method with BBD-RSM can effectively achieve the comprehensive evaluation and
optimization of the multi-component extraction process of 7. borealisinense, providing a reference for the quality research and
application of T borealisinense.

Key words: Taraxacum borealisinense Kitam.; ultra-performance liquid chromatography (UPLC); analytic hierarchy process; entropy
weight method; Box-Behnken design-response surface method; monocaffeoyltartaric acid; chlorogenic acid; caffeic acid; chicoric acid;

isochlorogenic acid A; luteolin; lupeol; taraxasterol; taraxerol

WA ON R YT A IE Taraxacum
mongolicum Hand.-Mazz.. B3E A Taraxacum
borealisinense Kitam. B [7] J& HOFP A5 9 (1) T 15 4=
U, AEAMBR G FIED M, A TEAMUAE
i BRI Tz, AR IR AT ARG L
an JEORE,  FEFRIE AR O b b o 4 E B A2, HIAR
HARRAHE A RS EHIR. HWEH . =655 2 sk
sy, CAGESERA BN, Bk, B, brEk
G2 TP HEAE B,

Crp I 245 L) 2025 4Rl C ARG 26 S RS AT 2
JEIUN B4EFR R, (H B — R 4R FRdE L4 THIZRAE
AR R . 205 a TR C RO
AFEP R OTT ML —, R R 2%
T RERR . SFEREH RIEVE, B0 =ik
B B R G FEATF OS5 o (EARE SR, WA
IS A DEHE LSS = H5 2o [FIFE LA B
ZGHEVE, JUHAE R IE S . S RIGY TS TT T &
P RIS U8, S HE A SRR 2
JRI PR T — B RN B 52, ik = W] [F]IS N 2R
5 =GR AT [\ e B I, XA S
BT SR E TP A RAFAE W R R PRI Rt @R

5 =SSR I FD 8 R i, W SEITE A
Jo R ) A T ) LA R L

TEH A FEIRI T 2RI, R 28
WAV BRI EXREE. JZRITE (AHP) 5
TR R TR BB, & —Phsife il 3 2 AR 1Y)
R, CAE R HREL M55 2 R = PN 4
A2 SO FE T, ARE TR e AR
R (UPLC), EENLEIMEHATF 6 AN
KRGS 3 N=iEEE e &A% R $
K& #1454 Box-Behnken it-Mi M ik (BBD-
RSMD, LAIX 9 ARy I & 73 O OB 5248 bR
I8 H AHP-JERUEXT R FEARIRAL, i AR T
ZEREVESY, AT ATHRIUT 2, B NHA Y
(5 gz ) 5 P LA S P SRR
1 SEIeHHR
1.1 {YEe

Agilent 1290 Infinity IR & 250 RAH €154, 55
2SR AR ; XS-105DU B 1734 R°F
MERF AR Z B A IR AR, DZKW-S-8 fHiR /K%
By, AERUIOGHUESA R AR ;. SK8200HP
HYEAE, LR REAENRARAA: ELGA



F49EFE1H 20265F18

{;35;%4-14 ER Drug Evaluation Research

Vol. 49 No. 1 January 2026 °193 -

PURELARB Classic #4i/K &4 .
1.2 ##

X7 R LI HE R A R (HiE5 112087-202101,
JRE L 98.3%) LRJEIR (k5 110753-202119,
JRESTE1 96.3%) WNHEER (41k5 110885-201703,
JRESEL 99.7%) HER (5 111752-202105,
JRESTE1 98.3% ) FERIRIR A (3,5-O- k%2
TR (IS5 111782-202208, &% 95.9%)+
KEBHEZR (L5 111520-202107, JFiE450% 96.3%)
P06 B v A 2 SRS e A T R s P S (S
wkq21031904, Jii f 73 80=98%), M H VU )11 %8 4 7
AAEMBHEARA A il AT S EE (iS5 B20939,
JREAYE=98%), THH LEIRH AR A RA
Al WATEREEE (LS CFN99381, JiifEr#i=
98%), M HERIURAEEDHAFRAF; LM (8
T4l ), Fisher chemical A &]; MEER (fEukal), 1L
REHEAENARAR, HEE (OfraD, EZER
W2 RFA R AT AKCNEAIK. AR TWA
L E g AR Z DI A R AW (iS5 20240427),
2 ShRRRE IE B 250 A PR A 7 PMRARTEC  % E N
Bt i AN TE T borealisinense Kitam. [T 42,
LIS OB, i 50 (24 B, ZEELE,
“H.

2 FiEEE

2.1 BENERENEL

211 R KERE RA DAD kil &8 78
190~400 nm #ATE EHET 20, MR AR
S W VST 4 TR R S 4 T 25 AP IR WAL 155 00 7 o 4% 2R B
PR . 25BN, TBRIS Ao B e K sk
K Omax) 7T 324~330nm, 11 AR R AE M5
PR TR (lmax N 348 nm),  HEEFE 327 nm
VER B3R A3 PRSI A s =il SR o3 RIS it
BN, CLE SR K X AR S W S e ), DR ade 3K
U SCE AT R ,  [RIAE &5 6 R A 2% A T 1 P
1500 (35 min JE 55 FEBE AR AT T IS EZ P12, ik
PSR PRSI AR 210 nm, A D)4 (]
N 35 min.

2.1.2 %% RHA Shim-pack Scepter Cis-
120 (100 mm X 2.1 mm, 1.9 um) ik, WM
RNETE (A -0.1% B KIS (B, B BEM 0~
12 min, 5%—15%A; 12~20 min, 15%—>28%A; 20~
25 min, 28%—>35%A; 25~27 min, 35%—>95%A,
27~35min, 95%—>97%A; 35~50min, 97%A; &

A 0.3 mL-min'; KK 0~35 min 24 327 nm,
35~50 min 4 210 nm; FFFEE 1 pLs AR 30 C.

2.1.3 RAXTHEVEIHI A 2 RS R AR ECER
WEREP AR . ZRJRER. WNHEER . HER . F SRR
A ARBRFLZ P S VN T S R A T
PR SR, R R BT IR A3 A 79.66
19.70. 14.36. 168.37. 7.04. 8.84. 18.47. 20.42.
32.50 pug-mL! IR A I S AR

214 SIS B 20 g BRHE A TR R,
KH 20 fi55 70% CBERHEH 3 K, AR 90 min,
A IREBIFIRS), 20.22 pum FLIEREE, HX
SEPET, BB AR

2,15 LEMEERE  FEEWIURE X SR
WA 2 AT, 1% “2.1.27 TN BiE &4
BUHEREN &, e EIEE (B D 451 SRR
AR o BT, B SISO T

A

4

7 8 9
1 o @, a1 @
19 40 a1 1.
I L
0 10 20 30 40 50
B 4
7 8 9
s L AN
| . T, »
|z s L
0 10 20 30 40 50
c
0 10 20 30 40 30

t/min
1-FRUMERE P AT 2-2R IR 3-UERR: 4-B0EG S-rARR
A; 6-RBRF: T-PBERE 8 ATEIE: 9-THA KA.
1-monocaffeoyltartaric acid; 2-chlorogenic acid; 3-caffeic acid; 4-
chicoric acid; 5-isochlorogenic acid A; 6-luteolin; 7-lupeol; 8-

taraxasterol; 9-taraxerol.
E1 #EmidR ). BENBERER B) REEIET
(C) 9 UPLC &
Fig. 1 UPLC chromatograms of test solution (A), mixed

reference substance solution (B) and blank solvent (C)

2.1.6 AMEXRFLE FEEWI 213701 MRS
X BRI, S LU R A5 6 NAFIREIRE I R
BT, RN E, DA EIREE AR (XD, 1§
ERUCANASER (V) BEATLRME RIS, DS
Eb 10 @ 1 i e R IR (LOQ), 15RIKILtE T FE.
LRPEVEFE M LOQ W 1. Frfskthric 23 ()
YITE 0.999 82 KL b, REHE R Bt R R RIFS



*194 - FOEF1H 2026518

%¥38ak %, Drug Evaluation Research

Vol. 499 No. 1 January 2026

x1 BRNEMEXRR. LOQ. BEE., ESMERBREM

Table 1 Linear relationship, LOQ, precision, repeatability, and stability of various constituents

PN B . z)%‘ré?rz/ LOQ{ RSD/% (n=6) ‘
(ng'mL™) (ngml™)  KiEEE  EEM etk
PR P A R Y=6.642 X—4.963 0.999 95 7.97~238.99 0.06 0.39 0.37 0.40
2 E R Y=6.291 X—1.074 0.999 95 1.97~59.10 0.06 0.21 0.33 0.53
i P Y=10.659 X—1.637 0.999 93 1.44~43.07 0.04 0.46 0.42 0.71
HER Y=9.440 X—14.015 0.99995  16.84~505.10 0.04 0.53 0.86 1.08
SRR A Y=9.039 X—0.589 0.999 94 0.70~21.11 0.04 0.35 0.53 0.66
RBHER Y=6.412 X—0.967 0.999 82 0.88~26.51 0.06 0.49 0.78 0.64
P SR ¥Y=0.859 X—0.084 0.999 98 1.85~55.42 0.74 0.64 0.94 0.75
A Y=0.920 X—0.119 0.999 98 2.04~61.26 0.79 0.45 1.13 0.88
T BE T Y=0.772 X—0.119 0.999 99 3.25~97.49 1.03 0.38 1.06 0.98

2.1.7 KEHEHES HL “2.1.37 T FIREA RS
W, SR 6 I, THERIIMEEBE AR SRR
MR . S ER. R4 AL KBRER, PIFE
L il D S WA A JERE BE 9 AN R Ay W AR Y
RSD ¥JTE 0.21%~0.64% (£ 1), FHIFEEHE
R4f.

2.1.8 HEEMFELR e AT, #%2.14”7
TiUT 77 1) 4% A S A R, B 9 MR
FrAo> & B RSD YTE 0.33%~1.13% (£ 1), #
% 7V S LT

219 FEMHFER HUHATEEGE, % “2.1.47 I
TOTER ARV, T 0. 24 4. 8. 164
24 h FEFEE, THE 9 MNMERS FIIETHIFA Y RSD
YITE 0.40%~1.08% (£ 1), RHMIKME 240 N
faE R UT.

2.1.10 keI R E S RS R B A C IR AR
Iy BT A FSEROR, RS SRR SR 1
17 o0 UM S e B A R . SRR . WIRIERR
WERR. FOEKR AL KBER. PEERE. H
N T S8 TR T 2 T I o B VA VO B, P AT
% 6 M HER I OE RN B, R 9 AR
S EISCR AN 99.35% 101.04%. 99.61%-
101.14%- 99.37%-. 99.85%. 101.57%. 99.07%-
100.32%, RSD 43754 0.36%-+ 0.45%. 0.59%-
0.23%- 0.47%- 0.73%-. 0.67%-. 0.68%. 0.79%,
F W TT A P AT

22 BEARFEHARRENIZ

22,1 CEHAERGEFES BLS A 20 g AT
SAAET S A 1L BRI, 27000 20 £ 0+ 30%.

50%- 70%-~ 90%Z.BE, [RIRHEH 3 ¥k, &EK 90 min,
5 9 MR IR H (R 2). BiE LR
(AN, BB R . A R TR A B R
FSTHEREREES, 1E 30%~T70% LA ik
PR EARERREE T A S RS =2
1E 0 30% LEEFEHOH R AR, T 70% &% LA b LR
MEAB =R RS, 56 S B E, 5
50%- 70%- 90% L BEFF RN S I 556 o

222 HRIGHEEE W20 gW AN ASHE
T 5 TL B, 2 30mA 104 15, 204 25,
30 % 50% B, [FIAFRE 3 K, &FIK 90 min, I
SE 9N R E (R 3). BEEE S
BN, &R R E S ECR BT, A O =
1 28 43 $ U PR RS A AR, % R R
TE 20 15 K& UL b 50% & B 45 A T Tk 2 4 - F Y
MR, EEPRIUNARZR, EFH 15, 20, 25 5%
FIF e 5 825256

223 REUREEE FREL 20 g WA TR R,
AMET 5A 1L SRS, R 20 £ 50% L EE 8|
WAREL 3 IR, SREUS ] 430 ¥ E N 30, 60, 90,
120, 150 min, WM& 9 AL )i & 54 (3R 4D,
B 5 42 T [R)HG 0, 8% oy o B 4 i3S BB D 4
FHi&a#, 90 min 5 BALIRER /DN, LA TRBUSE
S A, PRI A 604 90, 120 min JT
J& J5 B 5E 0

224 PRERECES 20 g AT AT HET S
AN 1L BT, SR 20 £ 50% 2855 BRI A R
1. 2. 3. 4. 5K, BRKAEH 90 min, WIE 9 ANy
e 4L (R 5D SEHUREHEERA e,



F9EF1H 2026518 %¥r34ak £ Drug Evaluation Research Vol. 499 No. 1 January 2026 <195 -
<2 ZEARSEEIEmE (X Xs,n=3)
Table 2 Influence of ethanol volume fraction (X *s, n=3)
T T —— e —
SR PP A R SRR IR DnHERR HER AR A
0 3.0031+0.020° 0.279%0.006¢ 0.025+0.001¢ 4.092+0.020°¢ 0.011%0.001°
30 3.7201+0.0382 0.50440.008" 0.36240.002¢ 6.30740.024° 0.24740.0022
50 3.5960.039° 0.50140.009° 0.548 +0.006° 6.371£0.0132 0.245+0.0042
70 3.53340.034° 0.562+0.0172 0.540+0.004° 6.391+0.038* 0.252+0.0042
90 1.144+0.012¢ 0.454+0.008° 0.41140.002° 3.52440.016¢ 0.237+0.002¢
U % — RESFImaE)
ARPRHE P TH A S i A
0 _ _ _ _
30 0.107£0.002¢ — — —
50 0.17940.004° 0.21140.002¢ 0.25840.003¢ 0.2481+0.003¢
70 0.21140.005% 0.407£0.004° 0.530%0.007° 0.55540.004°
90 0.21610.0012 0.41740.0042 0.576 +0.0072 0.584+0.005%
FESARFREORZE R EE (P<0.05),
Different lowercase letters in the same column indicate significant differences (P < 0.05).
R3 REVAFIGFEHMZE (X X5,n=3)
Table 3 Influence of extraction solvent multiple (X *s, n=3)
L A — AR Mgy ) — A
Ao E A R SRR Ome HER AR A
10 3.176%0.013¢ 0.53540.004 0.45040.008° 5.63740.032¢ 0.241%0.004°
15 3.3584+0.014° 0.54610.008% 0.53240.0032 6.23740.027° 0.240%0.003°
20 3.57640.035° 0.52440.005° 0.55040.009% 6.3411+0.039% 0.24310.004°
25 3.60940.019% 0.540+0.005* 0.539+0.008* 6.328+0.019% 0.260+0.0032
30 3.6561+0.026* 0.5384+0.006% 0.510%0.009° 6.301£0.029% 0.258+0.0032
A — L e —
ARBHFR P G A AT
10 0.163+0.003¢ 0.116+0.002¢ 0.091+0.002¢ 0.096+0.001¢
15 0.21240.001° 0.166%0.003¢ 0.150%0.003¢ 0.17940.003¢
20 0.17940.002¢ 0.212+0.003¢ 0.258+0.002¢ 0.248+0.002¢
25 0.23840.0032 0.23240.003° 0.32640.0032 0.33240.0032
30 0.19840.003¢ 0.24740.0052 0.31240.005° 0.32040.004°

FFIAFFRRREREE (P<0.05).

Different lowercase letters in the same column indicate significant differences (P < 0.05).

{BFESREL 3 IR S5 &N R E BTN, 4G
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MR T 23—k, PLOBARFR L (4D
FUEE (B REUE] (C) FIRBUAEL (D) N
RHZE, DIRIMHEEGE AR (C. 4REER (C2).
IIHEERR (C3). ZHEMR (C4). REEFEFR A (C5).

REBHZER (C6). PIHERE (CT. TR (C8)
I A TEREEE (C9) 9 NE RS B LR &
Wor (O AEAWNAE, Bt 4 & 3 KF3Et 29
RN, SRISTTR . Wik KRR 6 P,
2.4 Pearson tfHXM 71T

PAFR 6 1 4 PP R S 9 sy 0ot & o st AT
Pearson AL, 4RI 2 fraw, BEIR 4 FhiA
RYRA 3K, 9 P fERAE EA R —E R
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4 EHEEMNEME (X £5,n=3)

Table 4 Influence of extraction time ( X *s, n=3)

FE UL [B] /min

RS H/(mg g ")

PRI A R SRR DnHERR HER FEER A
30 3.05710.016° 0.46310.002¢ 0.368+0.003° 5.789%0.016¢ 0.236%0.004¢
60 3.62740.019% 0.49140.002¢ 0.45440.003¢ 6.0111+0.021¢ 0.2461+0.004°
90 3.621£0.015%® 0.528+0.008° 0.532+0.005¢ 6.502+0.0312 0.25940.004%
120 3.659+0.024° 0.567+0.0052 0.54740.007° 6.495+0.033 0.260+0.003?
150 3.59540.033° 0.538+0.004° 0.561+0.003? 6.42940.023° 0.24940.003%
B [7]/min — M Mmeg)
ARBRH R I T N (S il 3 i I
30 0.161+0.0032 0.206+0.002¢ 0.211£0.004¢ 0.261£0.004°
60 0.121£0.002¢ 0.213£0.003¢ 0.213£0.003¢ 0.266£0.002°
90 0.150%0.001° 0.21240.003¢ 0.24610.004° 0.24440.004°
120 0.14940.002° 0.228+0.003° 0.28540.0052 0.291+0.0032
150 0.19840.003¢ 0.24740.005% 0.31240.005° 0.32040.004°
FFIAFFRERR Z R R (P<0.05).
Different lowercase letters in the same column indicate significant differences (P < 0.05).
x5 REURBEIFME (X £5,n=3)
Table 5 Influence of extraction time (X +s, n=3)
VR : ‘ _ _ Dﬁ%ﬁj\iﬁl/(rilgg") __ _
SR A R SRR DR S ER FERR A
1 2.275+0.013¢ 0.3491+0.004°¢ 0.25740.001¢ 4.61310.010° 0.196+0.003°
2 3.330%£0.017° 0.46410.008° 0.476 +0.002¢ 6.10310.020¢ 0.24440.002°
3 3.586+0.017* 0.493+0.002* 0.53140.004° 6.4111+0.018° 0.24240.002°
4 3.61110.0572 0.50540.006% 0.55740.0032 6.46210.011° 0.25140.0032
5 3.60210.026% 0.47240.003° 0.55540.006* 6.514+0.0232 0.17440.002¢
B — — S ey ) —
ARBHR P B AT Vil 2> DLl
1 0.14440.002¢ 0.0661+0.001¢ 0.066+0.001° 0.07010.001¢
2 0.15440.001¢ 0.13340.002¢ 0.127 £0.002¢ 0.13840.003¢
3 0.17940.0022 0.25040.002¢ 0.258 +0.003¢ 0.248+0.005°¢
4 0.171£0.002° 0.278+0.003° 0.29340.003° 0.270£0.002°
5 0.168+0.002° 0.303+0.0032 0.348+0.0042 0.337+0.0032

FESIAFF R R ZRBE (P<0.05).

Different lowercase letters in the same column indicate significant differences (P < 0.05).

FHIEME, RIS A SRR AN IR (1) 20 S U R 52
AFE, SHdBeE AR SRR INHERR . i
g WG, SABER, PIHEE. WA
B S AN A SE B L BB MR IR AN DG, R & =
F oy 2 (B EERIEA G (7>0.96). B. C» D 5
KEBo oy B IEA G, Horh D Xy RIS FEHUCR A5
WA 38 = SR s B,  HAS5 AR R B R IR R 2 ]
BEREZEWIEHRX (r=049). Bk 4 HEEF
FHEEY R B B =i B oy IR e, AR 3R

(138 3¢ ] 25 e S T ARG A 5 SRk — 25 434
25 ER7FOH (PCA

29 ANHEATERES 9 AN TR 2 B
A OriginPro 2025 8 #47 PCA, LA RHE
L >1 ks, 350 7 PC1 A1 PC2 3t 2 N EH
(BT ZETTHRE N 82.82%), 4 HIfERE T 77 21
50.63%- 32.19%, 9 ANECT EATIE AR 7 Fis,
DA 2 AN E RS 177 22 TTRREE MR, R et 4856
BT M IR AN, 15 B8 AT L5 64357 LA PCI,
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Table 6 Design and results of response surface test
FE A%  BA% Cimin DK RES A mere ) Y
Cl C2 C3 C4 C5 Co6 C7 C8 C9
S1 90 (1) 151 90(0) 3(0) 1.07 045 041 347 023 022 038 063 050 04533
S2 70 (0) 25 (D) 90 41 352 054 053 629 027 020 038 058 049 0.8691
S3 50(-1) 25 90 3 352 054 055 635 020 0.18 021 023 021 05636
S4 50 20 (0) 90 4 374 057 054 635 021 019 021 023 022 0.6014
S5 90 20 120(1) 3 1.18 041 042 401 024 020 039 062 051 04882
S6 70 25 90 2(-1) 344 049 050 6.13 023 013 035 056 046 0.7086
S7 70 15 90 4 349 052 052 624 026 019 036 058 049 0.8285
S8 50 20 90 2 365 052 050 6.13 022 0.13 015 0.15 0.16 04592
S9 70 15 120 3 345 053 048 621 022 019 036 051 043 0.7328
S10 70 20 90 3 353 057 053 634 027 021 041 060 053 09164
S11 90 20 90 4 1.67 046 038 451 024 021 042 064 057 05870
S12 70 15 60(-1) 3 336 050 052 6.01 021 016 035 055 046 0.7045
S13 70 20 90 3 354 061 056 635 025 020 041 058 051 09031
S14 70 20 90 3 348 057 053 639 027 021 041 059 053 09145
S15 70 20 60 2 316 048 050 6.02 021 017 034 056 044 0.6802
S16 50 20 60 3 349 046 051 624 021 017 020 020 023 05113
S17 70 20 120 4 321 055 055 635 025 020 042 061 047 0.8626
S18 70 20 60 4 316 054 053 627 023 018 034 056 046 0.7625
S19 50 15 90 3 341 049 054 627 025 0.16 018 0.19 020 0.5491
S20 70 20 120 2 290 051 052 624 024 0.18 036 057 045 0.7508
S21 70 20 90 3 351 060 056 637 024 020 041 058 054 0.8972
S22 70 20 90 3 347 057 052 633 024 021 042 062 055 0.8898
S23 70 15 90 2 335 046 050 6.01 022 0.13 034 052 042 0.6506
S24 90 20 60 3 .19 039 041 371 023 0.19 037 058 049 04173
S25 70 25 60 3 353 047 058 6.17 021 0.17 034 043 043 0.7054
S26 50 20 120 3 358 051 054 634 022 019 022 021 024 05885
S27 70 25 120 3 348 057 054 635 025 021 042 056 047 08737
S28 90 25 90 3 1.18 046 042 435 024 022 036 051 047 04911
S29 90 20 90 2 1.04 035 036 340 023 020 043 058 053 0.3949
PC2 J A AL T WA SRR JARBTIPCA  FHIIBUE S I 4545 PCA BT A AL,

R (B 3), 255K, PCA MIFEAIIE B A5
BN, WFEA I Aiash By R 3 HOERRN 4),
AT LA AP R S e KRR 308 45 RIS,
MR B i fur o A L o] W, 3 ZHAEA Y 22 57 3
BL5Z PC1 (W52, FROMMERER AR . oEiR . 41
BRI RN 1, KEBRR, PIHER. A5
FTHE ARG AT N 1 4, HIX 7 ANEsr a3 4L
& PCA 1353 52 ma K o

2.6 AHP-JEHELE &MY

2.6.1 AHP EWMBE/SHT AHP 2 —F&eEttsS
SE T ZHEN RSk Tk, 38 AT A B AT 2 1)t

I 5 R RIS EIR Y (THEZGH) 2025 SRR A S
TURARBR Y, BE 9 MEFRE T FIRSEIF 5
R > SR ERSE I A R = S S R = W R = P B
B =V 3 5 B B =T A D > R SRR A= AR
FE, MR LRI IR R, 4RI 8.

T R 451 % 9 N IR REGEAT 704,
2 WOCHRARIEDY, 1 etk THERE TS LT T 24MH G,
FEXPBMERATIH AL, 15 248 PR AL E )
B owie FERA—EEHE (CR) RAIMTFERER) —
Bk ez, P RE R BR GG, RN
LB Fabr IUE Hy 1.45, S5 RKW, FEFERIRK



©198 - F49EF1H 20265F1HA %¥i34ak £ Drug Evaluation Research Vol 49 No.1 January 2026
ZRHRBU NeWN s S 1.0
R 0.8
e B ] 0.6
PR EL *k | 04
LR £ L | -0.52 & 7 A X X )\ ) 02
SRR |-0.50 SO & 4 | o
MRS |-0.74 091 0.78 / L
HEEE 078 098 0.80 0.92 - 02
FREERFRA W & & -04
KRB & & & 0.6
FIRER | 078 Al L
A SEH R | 081 T o2
A ERERE [ 082 0.98 098
& @ X i o o -1.0
f:f = % S & Person MR AREL
= # !
"P<0.05 “P<0.01.
2 TZRERSHORIERKMENIER
Fig. 2 Correlation analysis results between process factors and component extraction yields
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Table 7 Loading values of PCA ‘ . ‘ ‘
\ e o _RSEmA 104
Ay PC1 PC2 LRIy 47 g N AT e s
. : - A A AR
PNHEBEE AR 0391 0.294 0.293 o PR LR */ﬁ%ﬁ?ﬁ%f 02
9 S 8150
2 _ ) o
SR 0225  0.468 0.264 30 SR U A~
UL 0356 0337 0.289 g S Y "
e I @ 52g5 1-0.2
W 0372 0337 0.297 e
FEJRIR A 0.175 0.390 0.214 ] — 1-04
SH —6
AJREER 0.277 0.218 0.210 a5 o 0 . :
P S 0.370 0.320 0.290 PC1(50.6%)
T 23 T B 0375  0.283 0.281 B3 PCA WURE
TR D P 0.382 0.293 0.288 Fig.3 PCA biplot
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Table 8 Judgment priority matrix for comparison of indicator components
. _ I FAL e . L PR AT A 3o R
PEM FEFR 5 E R . N SREE g « e . o
WA T £ i I % A HER
HERR 1 2 2 2 2 2 2 3 3
IR A R 12 1 1 1 1 1 1 2 2
SRR 12 1 1 1 1 1 1 2 2
B 37y 12 1 1 1 1 1 1 2 2
P S 172 1 1 1 1 1 1 2 2
AT 12 1 1 1 1 1 1 2 2
A TEREIE 12 1 1 1 1 1 1 2 2
SRR A 1/3 1/2 1/2 1/2 1/2 1/2 1/2 1 1
KRB 1/3 12 12 12 12 12 12 1 1
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FRIEAR M 9.012 3, —FELFIAF (CD 24 0.001 5,
CR=0.001 1<<0.1, B JIT#4) g2 i 1 o 2 — B0k
FOR . FROMMERE AR . SRR  NMERR . 56 E R
SRR A RBRE R, PH TR, WA SE. 7
ANTEBHERER] AHP BCE 5250505175 0.112 31 0.112 34
0.1123. 02106+ 0.0579. 0.0579. 0.1123. 0.1123.
0.112 3.

2,62 JEAUEEMAESNT EEGE N — M EET
&R R VPN ik, s S FR AR E
A S R SR e A A1), R SCRRARIE D), Bk
X 29 HEREAIIN E B AT H— AL B, T
TR E, FHE SRR E B 25 R/
KH R 4.5.1 AT S E e A iR . SRR
MIHERS . HERR . RaERE AL KBEER. PEE
P T A0 S T L T D I ) R BUE AL R E
54 0.141 6. 0.0773. 0.0889. 0.1038. 0.1425.
0.1192. 0.098 4. 0.118 8. 0.109 5.

2.6.3 AHP-JPUEITE Y PLS4EARH AHP %E
MAE (w) GBGEFTREUAE (wy) THHEER
DINHERES A IR SRR WIIHERR . 25T 2405 IR
A KREBER. PEEE. HATEE. JHA TG
MEEERE REL (wp) 203108 0.146 94 0.080 2,
0.0922. 0.2019. 0.0762. 0.0637. 0.1021. 0.1232.
0.113 6. MR w; 715 29 ALK ¥ (R 6).

m
wi=wiwal Z WIW2j
=

Y=y X (CEBMERE T AT R+ SRR+ R+ 2
B i+ BRI A AR E A PHEE W ATSE +
AR )

KH Design-Expert 12 ¥, LY 4558 #17 250
BHIE, ESZ 4 DMEZEPEETTE: Y=0.904 2—
0.036 8 A+0.024 4 B+0.043 0 C+0.072 2 D+0.005 8
AB—0.001 6 AC+0.012 5 AD+0.035 0 BC—0.004 4
BD+0.007 4 CD—0.323 7 A2—0.070 6 B>—0.077 1
C2—0.0674 D?, R*=0.9910. JjZniraRing
9 frn, HERLEGHEZEME (P<0.001), K0
P=0.061 8, & 1 iZ A 0] F T A S 2 H s 58
At o AR — IR I R B A KN e 4 MRER
XY IS K /AMEIR N D>C>A4>B. A. B. C.
D K ZIRI A%, B2, C*. D2 X LEE o BA W B
FHRM (P<0.001); ZZHNZE BC FFEEA WL
M (P<0.01), ASIE PR 222 BAE FH Bz ) (1)
MR 4 fias. Bl Y SOk B s, B
BESR RN SR T 50 69.11% T 75 5L
21.22 %  FEEU 1] 100.81 min, FEEK S 3.54 1%,
gh G T AL Pl AR . AR,
R T ZHAREN 20 5 70%LEHRE 3
W, K 100 min,

#9 MEEREFESH
Table 9 Analysis of variance in response surface methodology

KIE PR B B Fia P1H PRI SEHA A By Fia PfE
B 0.796 00 14 00569 10973 <0.0001 | CD 0.00020 1 0.0002 042 05275
A4 001620 1 00162 3132 <0.0001 | 42 0.67990 1 06799 131205 <<0.0001
B 000710 1 0.007 1 1378 00023 | B 0.03230 1 00323 6234  <0.0001
C 002210 1 0022 1 272 <00001 | C? 0.038 60 1 0.0386 7448 <<0.0001
D 006260 1 00626 12083 <<0.0001 | D? 0.029 50 1 0.0295 5692 <<0.0001
AB 000010 1 0.0001 0261 06168 | k% 0.007 30 14 0.000 5

AC 000001 1 0.000 1 002 08919 | JfHl 0.006 70 10 0.000 7 526 00618
AD  0.00060 1 0.0006 120 02915 | 4Rz 0.000 50 4 0.000 1

BC 000490 1 0.0049 946 00082 | & 0.803 30 28

BD 000010 1 0.0001 015 07081
27 T ZWIE 3 it

AR BT TR0 (1) BES B AL BUAR T 3 IR AT
SCG, G5 RRIALEE VS 1E A 0.963 5, RSD N
1.21% (£ 10), [FRF 9 AN IR bR AT =K
-, BTN 25 R 5 S b B i — Sk

Moy 2R 5 = il 2R Rl 73 243 72 il 2 T AR A% L3 12
g3 AHAFTA IR B Mt 5 2 LA R 3 %
X, I BT TR RE RIS BT 2 SRAe (1
R T7 %0 ABIFFURENT. 1 AT ) I 00 52 VA A S v 6 A
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Fig. 4 3D response surface plots of interaction effects between factors
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Table 10 Design and results of response surface test

Ji RS B/ (mg-g )

S i _ Y
pwy U WP ERR SHURRIA OAREE REER AN AV

1 3.51 0.6 0.56 6.37 0.25 0.2 0.42 0.62 0.57 0.930 1

2 3.50 0.6 0.55 6.38 0.27 0.21 0.42 0.62 0.55 0.949 3

3 3.52 0.59 0.56 6.37 0.26 0.2 0.41 0.61 0.56 0.929 5

A 3.51 0.60 0.56 6.37 0.26 0.20 0.42 0.62 0.56 0.9363

RSD/% 0.28 0.97 1.04 0.09 3.85 2.84 1.39 0.94 1.79 1.21

M2 p s 5 3 M =ik 1) UPLC & & 72,
PUIX 9 FlRLS B B BONI OB 8848 bR, 4560
MEVESHRE L E BRI RGN, BRI
HU2RA M 20 £ 70% CEEHRHL 3 IR, £:K 100 min.
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S Pearson AHORMES TS PCA. 4R ER, 44
PRI R S B b o A7 AR R, Kz
FEARRR B s o B3, 5 R R BRI R o)
R E ARG, TSR ) =6 28 A B Rl
S EMEEIEAR, RN 2SI
S YEFE GV A R . PCA 45 BT8R, 29 M
A [ g ¥ 25 1 22 S SRR R SRR 3 B 456 PCA
B B T R, S (R EZH) 2025 AR
AT FEFR S BOR, AR T AHP H

B FIRUEAR L, HE s IR 22Dk
B AHP TWIRBS BBUE 2 WAL, 280 5E %
PO R ISR AU R 9l A SRR %
MVFAT SR AL T TSR . WA R TR A AT A R B,
RPCRER G Vo> 52 2 N U R R, fEfuiE
JEBIBRIBCEAES , B2 =mESRpR (b & 7 AU
LRE VPR BRI

£ LTk, AWHTCENLIH A 98 UPLC 2 T E
BONITEREE SRR R, 456 AHP WS
RREEZ AL IR, BENEIE TSRS =ik
J3 R R A S BIN A SERBOSCR VP, i
NIRRT RN K R REE R I S
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