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Abstract: Objective To establish a validated ultra-performance liquid chromatography (UPLC) method for the simultaneous quantification
of multiple components in modified Jiegeng Decoction and to optimize its water extraction and ethanol precipitation processes using the Box-
Behnken design-response surface method (BBD-RSM). Methods Platycodin D was determined by UPLC coupled with evaporative light
scattering detection (UPLC-ELSD) , while gallic acid,

[E: 405 H | FiEdE 5 /R [ A KRS T 07 22 4 2 B 2 45 0] chlorogenic acid, corilagin, hesperidin, and rosmarinic acid
WOR A R X 1 B A S E R T KR R R were quantified via UPLC with ultraviolet detection (UPLC-

UV). Weight coefficients for each evaluation index were

R RRR (0 2568 GO T P2 R 5 7 0T G B AR AIF 5 ) 3
(2024LQ03007) ; 7 X 2 BB 7 BB A R A "l Z 460 A

calculated using the analytic hierarchy process (AHP)-entropy

weight method. Based on the results of single-factor

(2023310031004645) experiments, BBD-RSM was employed to investigate the
[FEH Wi ] EHRAR o BB, EE NS 25 2550 I effects of soaking time and decoction time on the water
LAl 5 A R AT S extraction process, as well as the impacts of ethanol
CEAFES ] TR, IF5E 5, A5 A 500 ; E-mail : wehexm@ concentration, precipitation time, and extract density on the

163.com ethanol precipitation process. Results A UPLC method for
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the simultaneous determination of multiple components in modified Jiegeng Decoction was successfully established and validated. The

optimized water extraction conditions were confirmed as follows: no soaking, 12-fold volume of water relative to the raw material, and two

rounds of decoction (65 minutes per round). For ethanol precipitation, the optimal parameters were determined to be 80% (V/V) ethanol

concentration, 48 hours of precipitation, and an extract density of 1.65 g-mL". Conclusions The established UPLC method exhibits high

accuracy and reliability, and the optimized extraction-precipitation parameters demonstrate good stability. This study provides a solid

technical foundation for subsequent pharmacological research and large-scale industrial production of Modified Jiegeng Decoction.

Keywords: acute pharyngitis; modified Jiegeng Decoction; optimization of water extraction and ethanol precipitation processes; content

determination; Chinese materia medica research
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Merck Millipore 2\ Fl s R IER ¥ 7 (F15 . VX-200)
2 [# Labnet International 2% ) ; 15 20 & O L (B 5 .
CT15RE), H 7 Hitachi A v .
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TR, FE 2K, 1T By v D s 30 22 1, s on
FH s o el VA A, e R2 28 5 mL R, o F s & )
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NN K (28:72) 5 28 R OGHUM KL 45 - 55 L 4% IR
JE 30 °C, EAAT IR 30 °C, AT 1.6 AniETHEE S
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XTEORE AR (x) , W T RSB AR R (y ) 5 oA AL
43 DARE SR B R A (), W TET B AR AR (y ) , 25
HlpRErh Ze TR IR . 45 R BN, & o TE
AR R BEYE RN A R R AF . BARGERILE 1,
2.1.9 W EEEHE OB AR R TR %
“2.0.57FNU2.1.6 7 TR (B S S HEAE 6 1K, I 5k
S B S SRR I I TR TR RSD . Z5 R UK,
FEAE A D B TR SRR ] Bt AR
k&R A RSD 53 5 i 1.86% . 0.14% . 0.13%
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0.3236  92.87

RSD/%

w
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( \x ¥ 0.1180  96.00
. m,—m, )X
HER(%) = 225—><1M x 100% 0.0875 01488 99.19 99.62  0.44
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0.0193  104.79

0.024 1  101.00
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k=1/In(m) (3)
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WAL . BARG R 5,

x5 MARBATEIAFH B A
Bt/ (mge g, I TR

MV B . D PO e
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1 26.56 0.282 2 3.246 4 2.908 3 2.402 4 0.637 7 0.4159

2 32.18 0.251 8 4.312 8 3.0037 2.674 3 0.939 7 0.466 6

3 34.67 0.244 2 4.617 2 3.1323 2.924 8 1.158 9 0.496 8

2.5 7K4% T ¥ 49 Box-Behnken *f) 5 7 5% B 2 W=86.51-2.21xX,+4.72XX,+1.50XX,—2.04xX X,—
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40
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R°=0.947 0, X iZ 8 R 3047 J7 22 70 M, 45 2R WLk 8.
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129 2.5%10°° min 7K 11.86 4% . HI 3 64.24 min, 45
AR R A T2 AR oK 1245 , Bl
# 65 min 1T T ZKIE

253 AKRIZEHIE FRMEAEKEFMFEIT IR
UESE g o A5 R oK, RS 2R G I A
93.79, SIS A T2 MM LR G PF 3 93.01 FEA
W4, RIS B R KR T2 AR E AT e . 45
R,
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0
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&7 Box-Behnken " 5 7 52 & 45 R

. i/ (mgeg', IE miT)
FE X X, X, iR \ — LA
7 o T maD waTm  GRmM WERr BAgE kEEm

1 1 -1 0 2398 08207 3.093 5 20436 15263 0.616 9 02756  77.70
2 -1 1 0 2839  0.8741 3.766 8 26925 1.8352 0.788 1 03769 9426
3 1 1 0 2643 0.798 4 3.560 3 25048 1.8825 0.6615 0.305 0 85.93
4 0 1 1 2640 07180 2.993 1 23496 1.4349 0.486 3 03030 7429
5 -1 0 -1 2605  0.6969 3.008 8 23619 1,442 4 0.488 8 03046 7399
6 0 0 0 2716 07213 3.586 6 26652 1.8627 0.902 6 0.292 6 89.11
7 -1 -1 0 2334 07111 3.456 4 2401 4 1.6029 0.6025 0.260 5 77.90
8 -1 0 1 2742 07739 3.110 0 27615 1.8149 0.9525 0.328 1 90.67
9 0 0 0 2677 07937 3.605 3 26320 1.640 7 0.829 0 0.2547 86.58
10 0 0 0 2668 08753 35940 2594 8 1.6227 0.829 3 0.271 4 88.78
11 0 1 -1 2324 0.6874 3.661 8 2.643 8 1.653 3 0.845 0 0.276 6 84.85
12 1 0 1 27.06 0.6866 33899 1.838 7 15695 0.600 6 02302 73.66
13 0 0 0 27.93 07865 3.661 4 2579 1 1.6397 0.5438 0.3117 82.90
14 0 -1 1 2674 0.6785 3.507 6 21645 1.7157 0.669 0 02990 79.99
15 1 0 -1 2469 09520 29373 2.349 4 14207 0.6337 0.2890 81.85
16 0 0 0 2720 07773 3.609 1 25206 15136 0.8275 0.266 1 85.20
17 0 -1 -1 2362 06190 2.689 0 21731 1.3782 0.398 4 02624 6593
x8 B @A EHAER BRE LR 0.5 g-mL " (DUEZGRTT) B 50080 vk
BERWH PR AdE F( P At FE X LR G VR BRI . AR AN 5 iR, 50 °C
i $2223 o B T RI70 CHEATAEBEER, 60 CLHAITAMIET
X, .09 Do s 000 g R TR ARG R A 5 60 C
% 785 Lo DT RS 70 CH SR (e I
% 17 : 2 ez SEZITSE T 60 °Co 83 Tl A = i Aot i
?2 o Lo SRR IO Y | V648 50 “CHeHTTE WA T
XX, 151.54 1 23.05 0.002 0™
e 100
X’ 1.54 1 0.23 0.643 1
X} 42.37 1 6.44 0.038 7" i
X7 210.91 1 3208 0.0008™ f\i 90
e Aplmt 19.35 3 097 04905 5 85-
FlA 46.02 7 5z 80 )
afiRas 26.68 4 A |
KEAE ST 868.25 16 .
Y # R P<0.05 , ¥+ P<O.01, **% 75 P<0.001 . —
FEIEPEI e A 77 3 R K 3 T2 4 15 2 A A/ °C
JID KL, IF43 BIFE 50 “CL60 °C .70 “CF ISR 4 Bl5 R 4EE AT AT 500 %0 (n=3)
RO ARTLEIELER
BB AR PP ey DV GAWS W RSDI
FRERTD BETR 25U o B R IR IR
1 27.37 0.854 3 3.7218 26557 1.822 4 0.776 5 0.368 4 92.60
2 28.42 0.882 1 3.798 3 27046 1.8479 0.793 2 0.379 8 9489  93.79 1.23

3 27.85 0.877 5 3.772 1 2.6813 1.823 6 0.784 7 0.3721 93.88
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27 BRIZGEREZEE JID RIS E
B 5 M) 245 RV T SRR M R FH SR TIA X JID
HEATAACAL . DL S BEAR R B B R) L 249
W REENE, AT H LR IR DO E
TR LRI A LR A8 R KRR Y Y
25 EEAE AR, AR B PR 3R S 06 2 SR e N T S 5
B FRC A5
TR EBH () = (1 - BOUETHE )0,
PO T &

271 CUEBERAIBEE BUARGREE N1 gmL
() JJD AR W, PRIBEAZ I A T K £, 2 AR
I R 40% .50% . 60% . 70% . 80% 90% , 4 “CIK
FEEE 24 hJFBUE L3 000 remin” B0 10 min, B 1
THRE 7 BAH AR, AR T B K 3%
“2A7TUT AR AT, AR ANIE 6A TR A

CEERFU BB, LR A VA S B TR R R AE
80% I 35 B Fe i , e 80% L BEARFR /3B ok Wi 7 T
AR L R

272 BHHEEZZ BMENRBEE1gml" . L
BEIATR S 80 70% , 4 “CUKFE 53§ & 4 h 8 h 12 h,
24 h .36 h 48 h, % ZL TR 8] X 256072 O 52 0
SR ANIE 6B /RN, Bifi 5 WO (B] A9 30, 255 V5
JE T BT R, 5 8E 36 h oA IR L O A A HoL
273 HMEEEE [BE LR E70% B
UURE] 24 b, 76 50 “CTF 43 980 MR 46 22 25 W % i Ry
0.5 g'mL™",0.8 geml.”" 1 gemL.7"\ 1.2 g'mL."" 1.5 g'mL"",
1.8 g mL ™", HEE E X LR BV e . 45
W 6C i, B 250055 BE 3G I, 256 0P 43 182k
b R 1.5 gemL A R AR HRC A

100 100 100
A B c
80+ 80 W—. 80-
& < <

K 60 &K 60— (t;. 60
4o 40 4o 40 1 404
20+ 20+ 20+

0 1 1 1 1 1 1 0 1 I 1 I 1 1 0 I I I 1 1 I

40 50 60 70 80 90 4 8 12 24 36 48 0508 1 12 15 18

LRHER B/ % BEYUIT ] /h K / (gmL™)

Blo CEARRSE(A) BFIUR A (B) 25k % (C) 4263 5 % (n=3)

2.8 B2 I ¥ % Box-Behnken v# 7 dy 52 3

281 ERFHERER ULEEBE(A) B
USR] (B) (2% B2 (C) 2 A 78 4, 55 10y I
AR, K FH Design Expert. 10 451 = A& =K F
Box-Behnken Wi b7 11 55 45 o HAKRILF 10,3 11,3D
M )37 T T AN P81 7 s o

282 [EEAEA L K7 = a8 K Design

SEWHIS
SEWHIS

£ 10 Box-Behnken v7 & & B3 30 T % B F X &
SES -1 0 1
Al% 70 80 90
B/h 24 36 48
C/(g-mL™") 1.2 1.5 1.8

A K Z IR BN, B VRS ], € 25
Expert. 10 FAFX LR BAR AT UG A5 2 [ 75 72 -

HEWHIS

15
Cl(g'mLY) " s »

12 24

A H 2 BER BN, B BRI, C 2R
B7 JIDBRIR I & B & ZAER 6 3D v o A
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#& 11 Box-Behnken " 5 ¥ 523545 R
BB 4 B ¢ THEERRS el ST
WD BETR  SEm MERN BT AEER
1 -1 -1 0 48.44 72.318 62.599 21.593 22.496 14.372 5.857 78.65
2 1 -1 0 60.89 77.023 61.808 18.203 17.370 12.750 5.162 75.36
3 -1 1 0 45.78 74.308 64.008 22.223 23.084 14.171 6.187 80.32
4 1 1 0 60.00 84.086 61.525 18.295 18.903 13.410 4.717 77.96
5 -1 0 -1 44.44 56.113 51.684 19.427 18.784 10.661 4.139 63.16
6 1 0 -1 64.44 48.599 37.433 12.716 14.761 7.113 3.084 50.79
7 -1 0 1 66.67 68.522 56.691 18.844 18.214 12.128 4.489 71.23
8 1 0 1 67.41 77.978 63.355 18.369 16.669 13.514 4.507 75.77
9 0 -1 -1 60.00 47.766 42.226 14.861 15.559 8.243 3.398 53.62
10 0 1 -1 53.33 62.023 50.137 17.156 17.450 10.231 4.786 64.77
11 0 -1 1 65.19 87.986 69.925 21.302 20.152 15.308 6.289 87.08
12 0 1 1 56.30 91.284 76.129 23.150 21.563 16.810 6.494 91.30
13 0 0 0 59.11 68.063 58.039 18.915 18.727 12.155 5.230 72.09
14 0 0 0 52.00 79.956 70.478 22.216 21.527 15.174 5.821 83.39
15 0 0 0 56.44 72.062 64.303 20.415 20.009 13.569 5.308 76.61
16 0 0 0 56.44 77.388 68.073 21.591 21.103 14.546 5.592 81.22
17 0 0 0 54.67 76.885 68.308 21.828 21.351 14.649 5.552 81.15
VE A Sk AR, B RS ], C 25 E
W=78.89—1.69XA+2.46XB+11.63XC+0.23XAB+4.23% x12 AR @B G ESWER
AC—1.73XBC—4.89%XA’+4.07xB*~8.77xC>R>=0.901 5, FERR  FHM HME P Pl
SHZIE BRI AT T 200, 45 R R 12, DLES TR Model 1727.45 9 7.12 0.008 5"
Max i 6 H A%, BUNAT B et T 25y SRy A 22.74 1 0.84 0.389 1
$079.90% BEGTS[E] 48 h 25 WM & 1.65 g-mL™", 45 B 48.23 1 1.79 02230
B SBR A B AR LA B B 80% LTI © SO e e
48 h 25TV IE 1.65 - mL " PEAF T LI, AB 0.22 1 8.08x107 0.930 9
283 BRILBIE HMEERIAAETIK et we e
WS, 25 RIFE 15 R R RS e e e
159507 THMEA 04,98 A . WSb S o S
R BEDCRT AR P A S b o 19 B 0 R SRR, 12365 : oo oto 5
AT L A3 6 MUSY FREDTI R R AR INR 10661 s 7 0998 6
1478 o BEUUT 2R TE L8R 50% TR RIEINR & ga 188.81 ;
B 20 80% WY FE BRIy , RIS BRI T2 apimss §2.20 4
FesE Al HE R IE A 191626 16
R 2 (9 )=(1 —FEULIRAT O BTy ) 00 HE#FR P<O.0S, #4385 P<O.01, #4435 P<0.001 .
TRAR W AS Lo 1
FR13 BRALELIHELRE
B OTRERE AR/ g L) G TR RSDI%
REEED  RETRM RKR FERS B RSRER
1 56.67 104.386 77.767 23.550 21.656 17.360 7.268 95.43
2 57.33 105.900 79.813 23.345 21.256 17.538 7.048 95.37 95.07 0.61
3 56.44 102.986 79.304 23.802 21.562 17.313 7.029 94.39
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R4 6FP RO BT E F

o BB /%
Y i wRTm SR MR A R
1 7.50 5.61 17.60 18.35 2.92 9.12
2 4.71 3.05 18.21 18.49 2.65 12.00
3 10.05 3.64 17.14 18.45 3.13 12.24

3 itit

3.1 St FxF R Uy Z AR LI R Ak
P A 5T R H AHP-H A 3255 1745, BEAS il
B ERWAE  FHIP 4 R E A EE, 5IER
ST 25 L, Box-Behnken M) oy T 725 38 158 — YR A5 A4
PLE AL M R, A SR T 20 28 BN, fig
W m S AL RS B . R, ARBF S LT
AHP-JH AL 45 4 Box-Behnken i 137 [ 92 £t £k JID 7K
PEREDL T2 N HE— DRI R AR LS 5K
3.2 dBARR AW HAF FEAR U YRR B A R
FM, HRTReE S 2T 200 o SR, 78O (3%
rP R BB B AT (1 REAE DG, T H B Y R S DA R RE
L Ty AR MU AR R A S A
PR, RS AR S A R D B PR PUREE
PSR W E TR TR R H T
SRR , BA R PLR PR SEAE
FHETON SRR R B AT Sk 3 R o0 3 R AR AE
MR e 5805 I B2 Ul oy 2 — R R AL
RAEH 2, G552 MR N, HFSHCP AR
LN 245 L (2020 4F ML) « —3B)> 8 R i o e/
Febr o B A

3.3 &k fAetie IR R D IR AN
W, LR ZEHEATRAIR AR S AL B BOR 25 &R
R I 5 AN . 2B BRI RE T 29 R F R 24
T AR N B LA 24 L (2020 4FRIT) - —3B) 2 e K
M H e e, ¥ H 5% B BEE Wi A
UM, AP A O IE AA P, BORER B R
RE W8 V6 00 43 25 1 ok, 90 46 A AILAH be 9 3 1% (2% A2
) G R AT R I & 3% -0.19% H
K A shAR , H5 58 TR (30 °CL35 °C.40 °C) it
(0.1 mLemin™'.0.2 mL*min"'.0.3 mL*min™") K 4 il
P (210 nm, 254 nm 273 nm ., 300 nm . 330 nm) , Fx
LA AT I

3.4 Frik TEGGA LM A F I 2 Rk T s
95 e B, Ak Ty 7K BRI R BR M A 8 R T A R B
Do T BB, it FH K R i R A7 $2 BT 2004k

TEF G T e T 2 et e b, e f R A
B S A T T 2N R B o DR BB O, A
e T AR MEA S 3Z45 o SR, IR 0 244 45 s i
O3 B N SE T ik R AT O ik s B, ME LR AR
2y bF PR SR B B R RIS R SO AT
FERH T HH REE G540 o & AR R
Oy AR S8 3 Pl 24 48 1o 24 R TR R 0 8, AR
WFFE K R B A AT 1 v (BEUTAR B e SRR
50% L b BRI LR B T 20 80% MR PRI T
DA I A K AR BT T 20 A R B A g B ELAK
R RAEF W] IR 22 JID R R AR B

5% 30k
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