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Abstract: Objective To optimize and scientifically evaluate the decoction process of Gegen Qinlian Decoction (GQD, #1R %%
%) based on Box-Behnken design-response surface methodology in order to lay the foundation and provide reference for the

research and development of traditional Chinese medicine compound preparations. Methods Taking fingerprint profile combined
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with multi-index quantification as the comprehensive evaluation, the amount of water, soaking time, decocting time and decocting
times were optimized by Box-Behnken design response surface method. The fingerprint analysis was performed on a Waters Acquity
UPLC BEH Cis column (100 mm % 2.1 mm, 1.7 pm) with mobile phase consisted of acetonitrile-0.1% formic acid aqueous solution
(gradient elution) at the volume flow of 0.3 mL/min. The column temperature was 35 “C, and the injection volume was 1 uL. The
fingerprints of 29 batches of GQD were established by scanning in the range of mass charge ratio (m/z) of 50—1200 with ESI source
and detected in positive and negative ion modes, and common peaks were identified. The principal components were analyzed, and
contents of 8 main components, including magnoflorine, puerarin, jatrorrhizine, palmatine, baicalin, daidzein, baicalein and liquiritin
were determined by UPLC multi-wavelength detection method. And the comprehensive score of each sample was calculated to
optimize the decoction process.. Results The UPLC-Q-TOF-MS fingerprints of 29 test number of GQD samples were established
in positive and negative ion mode. There were 23 and 19 common peaks in positive and negative ion mode respectively, and 18
components of them were identified, including puerarin, daidzein, baicalein, baicalin, palmatine, jatrorrhizine, magnoflorine,
liquiritin, glycyrrhetinic acid, daidzin, isoliquiritin, wogonoside, wogonin, glycyrrhizic acid, glyasperins D, glycyrol, chlorogenic
acid and tenaxin II. The content of eight index components of the common peaks was determined to calculate the comprehensive
score, and the comprehensive score results showed that test number 26 was the optimal preparation process condition. Finally, the
best decoction process for GQD was determined as follows, 10 times amount of water, soaking for 0.5 h, decocting for 3 times, and
each time for 0.5 h. Conclusion The optimal decoction technology with high dissolution rate of main components obtained by this
experiment was stable and feasible, which could provide a certain basis for further research and development of the classical
prescription compound preparation of GQD.

Key words: Gegen Qinlian Decoction; fingerprints; Box-Behnken design-response surface methodology; decoction technology;
UPLC-Q-TOF-MS; puerarin; daidzein; baicalein; baicalin; palmatine; jatrorrhizine; magnoflorine; liquiritin; glycyrrhetinic acid;
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*1 MKEX GQD FIETIZHFM

Table 1 Effect of water addition on decoction technology of
GQD

Jmzk FWR/(mgg") | ik MR /(mgg™)
AR RN BAEYR | AR ORHEE B4
6 14.53 0.96 12 20.86 1.32
8 19.35 111 14 20.27 1.05

10 22.32 1.37
*2 RIBFREX GQD FIETLZRIFM

Table 2 Effect of soaking time on decoction technology of
GQD

=i R R/(mg-g™") it R R /(mg-g™")
WE/h SR SRR | SRR RBEEER BRI,
0 17.58 0.83 15 13.52 1.07
0.5 23.47 0.98 2.0 13.28 1.02
1.0 20.53 1.16
&3 RIERREX GQD FIE T ZHFN

Table 3 Effect of decocting time on decoction technology of
GQD

RIZ REER/(mgg™") R,

RER/(mgg™")

WfE/M SR BRI | A SRR B
05 1574 1.13 20 1584 1.34
10 1563 1.36 25  15.64 1.27

15 17.46 1.75

R4 FIEREI GQD FIE T ZHFN
Table 4 Effect of decocting times on decoction technology

A R /(mg-g™) R W E/(mgg™)

OB AR SR | B BOEEE R
1 18.46 1.37 4 1757 1.74
2 2046 1.56 5 1743 153

3 21.42 1.77
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Table 5 Experimental design of BBD-RSM optimization of GQD

J K (mg-mL™")

RS XM Xo/h Xs/h Xa/k

Lrertsr k4

BRER KEHIC R HEH /SR BT AWM E57T

S1 10 10 10 3 2.215 0.212 0.173
S2 8 05 1.0 1 2.190 0.164 0.158
S3 10 0 15 2 0.891 0.145 0.200
S4 g8 1.0 1.0 2 2.440 0.239 0.037
S5 8§ 05 10 3 0.167 0.467 0.199
S6 10 05 1.0 2 0.219 0.036 0.055
S7 8 05 15 2 1.126 0.168 0.230
S8 12 05 1.0 1 0.893 0.110 0.195
S9 12 05 05 2 3.282 0.410 0.067
S10 10 05 15 3 2.280 0.199 0.019
S11 10 05 05 1 0.754 0.094 0.165
S12 8 0 1.0 2 1.435 0.126 0.073
S13 10 05 1.0 2 0.890 0.128 0.207
S14 10 1.0 05 2 1.985 0.066 0.074
S15 10 05 15 1 1.985 0.194 0.119
S16 8 05 05 2 1.880 0.106 0.025
S17 10 05 1.0 2 2.674 0.303 0.094
S18 12 05 10 3 2.674 0.345 0.063
S19 10 05 1.0 2 1.065 0.229 0.217
S20 12 05 15 2 2.692 0.022 0.084
S21 10 10 15 2 2.218 0.231 0.026
S22 10 0 0.5 2 0.459 0.072 0.082
S23 12 1.0 1.0 2 1.703 0.213 0.093
S24 12 0 1.0 2 2.246 0.206 0.262
S25 10 1.0 1.0 1 0.597 0.075 0.130
S26 10 05 05 3 2.769 0.433 0.073
S27 10 05 1.0 2 1.347 0.087 0.083
S28 10 0 1.0 3 0.772 0.041 0.108
S29 10 0 1.0 1 0.521 0.082 0.090

0.012 0.256 0.020 0.013 0.176 0.279 8
0.022 0308 0.045 0.090 0.213 0.274 11
0.018 0.356 0.030 0.080 0.158 0.198 21
0.045 0.064 0.287 0.081 0.321 0.290 13
0.017 0.403 0.047 0.045 0.217 0.259 15
0.067 0.069 0.034 0.057 0.058 0.176 22
0.037 0.298 0.027 0.091 0.250 0.219 18
0.019 0.277 0.028 0.013 0.136 0.174 23
0.346 0.147 0.096 0.079 0.135 0.351 2
0.143 0574 0.032 0.043 0.140 0.299 7
0.083 0.253 0.046 0.084 0.174 0.262 14
0.271 0.025 0.251 0.092 0.146 0.310 6
0.036 0.026 0.253 0.090 0.097 0.170 24
0.025 0.138 0.055 0.011 0.104 0.141 27
0.010 0.016 0.287 0.099 0.177 0.278 9
0.353 0.082 0.225 0.010 0.169 0.275 10
0.029 0.039 0.365 0.030 0.085 0.273 12
0.183 0.606 0.171 0.135 0.113 0.340 3
0.032 0.125 0.051 0.022 0.041 0.156 26
0.164 0.071 0.332 0.012 0.090 0.206 20
0.228 0.066 0.274 0.082 0.196 0.335 4
0.047 0112 0.019 0.011 0.080 0.116 29
0.015 0.267 0.095 0.023 0.205 0.214 19
0.385 0.452 0.041 0.010 0.158 0.326 5
0.065 0.230 0.032 0.020 0.050 0.165 25
0.882 0.093 0.376 0.093 0.288 0.359 1
0.014 0.038 0.211 0.012 0.186 0.253 16
0.111 0.076 0.086 0.092 0.204 0.244 17
0.047 0.166 0.011 0.011 0.064 0.139 28

Cig (B4 (100 mmX2.1 mm, 1.7 pm);
Waters Acquity UPLC® BEH C;s (50 mmX 2.1 mm,
1.7 um); FRBNAN 0.1% F R AKIEWR- 206, BhEED:
fii: 0 min, 5%Z.0; 0~5 min, 5%~10%Z.JiE; 5~
10 min, 10%~12%Z.fE: 10~17 min, 12%~22%
& 17~20 min, 22%~29%Z.JE: 20~25 min,
29%~80%Z.fiE; 25~27 min, 80%~95%Z.fi; 27~
28 min, 95%ZJfiE; AAE 0.3 mL/min; AR

35 C; HFEE 1 L.

242 JiE&M ETEOVHEBIE B TR (ESD;
KHIE. AEB T RERA: BHMEBE 3KV, FiH
854K 650 kPa (6.5 bar), HEFZHLE 35 kV, HEES
ERURE 50 L/h, R AR 350 °C, EFHIA
PR 700 L/h, YRR 180 Co

243 REEREALE FREGAL S 17 M, % iRe2.2”
TR 7w il Vs, %R “2.4.17 TR
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245 HEMWRE SPATHISRIES 17 55 6 0
I 227 TR JPiERIR RIS, 4 4% iR
“2.4.17 T RS EAT R, SR B AR
VR R . M NAE R R VTR R I 2R B N S
FR U, 5% LA W o % B IS ) ATURE %o U TR AR ) RSD
IAINT 2.26%. 2.83%, FKIHA G IEEEME R,
2.4.6 FRAENEST 4 RIFREL 29 MALE S A,
I 227 WUR A iEHI AR SIS, 2 4%
“2.4.1742.4.27 TBUR €38 25 AT 0 26 A EAT RGN
23] 29 MRS FE S UPLC-Q-TOF-MS 1E. 12
TR B2 I B (total ion chromatogram, TIC),
TLE 1, 20 Bk RSN “rp 2 it fe 8RS A
PE R4 2004A Wi 34T HT. Al T OB,
BRU T HIERA R EE MR SRR AR E

10 11 12 13 14

AR N WP

MIFEHIE 23, 19 4~ (R XIS, ARHFAHNT 4
TR, TS EE BT,
FRINGE R WK 6 Fim.
247 ERK45455HT (principal component analysis,
PCA) ¥ GQD FEahIE. s il NRa g
L I I T AR 40 ) F N SPSS 20.0 4, #HAT
PCA, IEE P T PCA ZRILE 7 FK 3-A;
BT PCA 45 R W3 8 FIE] 3-B. F s RFALE
. BB ZTTRE DRHIEE > 1 iR EsE, 1E
BRI 8 AN T, IR R
FAJT ZE TR 78.57%; RS T T LRt 5 4
TRy, 153 3 1 1 BT Z DTEREEN 72.611%;
REREARTRRE i B2 I R (5 1B

MR 9 ] DL AR R 7 30 46 R, 76 32 Bk
1, BRT 13, 8 Sk, HA 19 Ak
SR TR AR R B, B R 1 B E E TR
B4y, BHIERS PRGN B 1 IRFHRIE T
GQD Z o5k

MR 10 H R LA H AR5 DR 28 A B, 7 2
1, BRT 9. 19 Stk bish, HA 17 AR
MR P AR e, ¥R R 1 B E DTk K
55 VLA AR E A 1 IRIFHBRIA T GQD
Z A TR o
2.5 GQD ZH A SEMNEMRR
251 FERNE  TEILAIERRIAA PCA [HE:A I

2

T
JwNM-J‘:\Aq’\;‘ ™,
AN A bt s
‘ N -
S g : 4
“ & S+ P “
—4 1 -
i R P N N WS A N S R S iy g FAN — —
T& ’"‘“Mf———g______;.‘,-_._._-'—w‘\x_k_,_’\-‘/-'-\H?"~)~,.}-._)_.'-._.\,‘-!L«_K_,-n\,“ﬁ.n.\_)\___,,,.« R SN | DY S N - 7_ g%
0 4.06 8.12 12.17 16.23 20.29 2435 28.41

1 29t GQD H@EMEE (EBEFEN)
Fig.1 Chromatogram of 29 batches of GQD samples (positive ion mode)
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Fig. 2 Chromatogram of 29 batches of GQD samples (negative ion mode)
®6 GQD HAIEHINER
Table 6 Identify results of GQD common peak

s prX BTEX KREmEz)  BEIREmz) WHET WE(X1079)  EIgE R

4 C3oHaOs  [M+H]* 4713469 4713451  371.1484,303.082 8 3.82 HERR

10 CaH20o  [M+H]* 417.1183  417.1169  255.064 3 3.36 K #H

11 CuH»Oo  [M-+H]* 419.1327  419.1325  257.0805 0.48 A

16 CisHioOs  [M+H]*  271.0602  271.0595  253.1543 0.89 WEHE

17 CaH2000  [M+H]*  417.1183  417.1171  399.107 0, 381.094 4, 351.087 0 2.98 B

18  CisHioO0s  [M+H]" 2550650  255.0645  199.0740 0.95 KeE#Ht

19  CuHisOn  [M+H]"  447.0923  447.0902  271.059 8 437 BT

20  CxH2On  [M+H]™  461.108 1 461.1069  285.0758 2.60 POHE T

21  CigHi20s  [M+H]"  285.0759 285.0752 2702425 1.57 POEE

22 CuHeOs  [M+H]" 8234103  823.4092  647.3730,453.3355 3.83 HER

23 CxH260s [M—+H]" 371.1884 371.1842  303.082 8 11.32 glyasperins D
2 CuHis0s [M—H]” 367.1138 367.1166  339.8777 -0.86 HERE
3 CiHisOs  [M—H]"  353.0878  353.0870  191.0556,179.034 3 2.56 SRR

12 CaH20¢ [M—H]" 4411156 441.1144  321.1147 3.80 HEE

14  CxH2NOs [M—H]" 3381376 3381378  292.092 8 -0.78 2B

15 CuHnoNOs [M—H]™  352.1547 352.1523  337.1310,308.1300 6.82 BT

17 C0HuNOs [M—H]"  341.0662  342.1691  297.0779 32.20 N

19 CpyHuOs  [M—H]"  301.0707 301.0698  283.0233 2.99 WEEE

X 29 MREG S i 8 M A B TR AJRET S R
WE. WK 4 Fros, 23 254 nm (SIRE. KE
). 270 nm CGEEF . BER. R0 T
). 345 nm (YT Z5MRAED KX AR

25.2 LMK ARHELE

B BEATINE « B SRR “2.4.17 BT

R B “2.17 TR
Xof i 2 VR, P R I 2 AR 0 R RE 2.
4. 8. 16+ 321, 132 BRI (TR G X I i
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RT ERSVIRFHEEMRRAFETHE (EBFIEN)
Table 7 Initial eigenvalue and contribution rate of principal components (positive ion mode)
ERS RHIEE ﬁﬁﬁ gﬂjﬁﬁ TS RHIEE ﬁﬁjﬁc gﬁﬁ% o5 M i (11 ﬁﬁﬁ %%Fﬁﬁ
WA /% TTHRE/% BRER/% TR/ % WRE/%  TTHRER/%
1 4875 21.197 21.197 9 0.892 3.880 82.450 17 0.167 0.724 97.941
2 3.706  16.115 37.311 10 0.808 3.513 85.963 18 0.140 0.607 98.548
3 2.814 12.234 49.545 11 0.718 3.121 89.085 19 0.115 0.501 99.049
4 1.826 7.937 57.482 12 0.572 2.489 91.574 20 0.091 0.394 99.443
5 1.497 6.509 63.991 13 0.436 1.895 93.468 21 0.065 0.283 99.726
6 1.288 5.601 69.592 14 0.334 1.451 94.920 22 0.041 0.180 99.905
7 1.060 4.609 74.201 15 0.284 1.236 96.155 23 0.022 0.095 100.000
8 1.005 4.369 78.570 16 0.244 1.062 97.217
3 A 61 B
4 3
4
3
i 21 i
2
1 1
0 1 04
iI3IT5II%IéT1I1I113)I1I511I7I1l9I2I1]2I3 i'é‘éll7lérlrlyl‘3l1l5lll7l1'9
B3 EEFER A) MABSFER B) T PCAEAE
Fig. 3 Gravel diagram of PCA in positive ion mode (A) and negative ion mode (B)
R8 EHAVIRHEEMRERSENRE G1ETFEN)
Table 8 Initial eigenvalue and contribution rate of principal components (negative ion mode)
FERsr  FHEE ﬁﬁﬁ ;%*Fﬁﬁ ERr RHIEE ﬁjﬁéﬁ %Wﬁ% B o % S (11 ﬁﬁﬁ %iﬂﬁﬁ
BREE/%  TTRRER/% WRE/%  TTIRE/% WRE/% DT/ %
1 5117 26.932 26.932 8 0.751 3.952 85.553 15 0.120 0.632 98.829
2 3.860 20.314 47.246 9 0.698 3.671 89.224 16 0.102 0.536 99.365
3 2.075 10919 58.165 10 0.566 2.977 92.202 17 0.079 0.418 99.783
4 1.509 7.942 66.107 11 0.387 2.036 94.237 18 0.028 0.149 99.932
5 1.236 6.503 72.611 12 0.332 1.745 95.982 19 0.013 0.068 100.000
6 0.892 4.695 77.305 13 0.222 1.171 97.153
7 0.816 4.296 81.601 14 0.198 1.044 98.197

B IR “2.5.17 TUR AT IE, 0k

Ho DUREIREEARALFR (XD, W NALER
(V) HATEAMERENE, 15& 5 B BE TR 55 B AR
LR Y=32 917 X+765.76, r=0.999 0, Z&itiE
0.071~1.510 mg/mL; #HiRE Y=18 077 X+
246.57, r=0.999 3, L% 0.020~2.240 mg/mL;
Z9IRA% Y=93 737 X+1646.8, r=0.999 7, &Ml
0.010~0.150 mg/mL; EHy] Y=20 535 X—

387.09, r=0.999 5, £V 0.040~1.370 mg/mL;
WX Y=46 102 X+2299, r=0.999 3, X7
0.020~1.720 mg/mL; KEIFJt Y=87 047 X+
58.59, r=0.999 6, Z&MEJEH 0.006~0.600 mg/mL;
R Y=50 810 X+294.76, r=0.999 3, Zkitiu
0.004~0.500 mg/mL; HE Y=23 347 X+2
042.6, r=0.999 2, &M 0.060~0.180 mg/mL.
253 MEERAR ART 17 HmlSTEs %
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Table 9 Component score coefficient matrix (positive ion mode)

ENp iy

5% B %

(B5) 1 2 3 4

5 6 7 8

7]
(E5) 1 2 3 4 5 6 7 8

1 -0.107 0.071
2 —0.041
3 —0.024
4 0017
5 0.056
6  0.022
7 0.023
& —0.048
9 0111

0.185 0.064 —0.021

0.136  0.077 —0.021 —0.011
0.151

0.165 0.072 0.105 0.250 —0.044 0.118
0.160 0.066 —0.094 0.208 0.079 0.186 —0.504
0.029 0.142 0.332 0.282 -0.199 —0.197 0.003
0.177 -0.135 —0.137 -0.016 —0.042 0.393 —-0.007
0.184 0.010 0.157 -0.105 —0.219 —0.065 —0.065
0.162 -0.175 0.114 -0.187 —0.086 —0.058 0.094
0.075 -0.144 0.170 -0.088 0.371 —0.357 0.017

0.247 0.060 0.014 0.264

0.055 -0.134 —0.215 0.025 0.118 —0.210 —0.066
0.153 -0.052 0.115 —0.004 0.257 0.047 —0.066 —0.115

0.107 0.238 —0.032 0.226

0.018 —0.047 0.150 -0.009 0.196 —0.018 —0.327

13 0.084 0.000 —0.086 0.361 0.015 0.222 0.277 0.117
0.143 -0.047 0.128 0.005 —0.076 0.024 0.190 —0.016
0.122 —-0.055 —0.140 0.010 0.236 —0.160 —0.220 0.162
0.115 -0.042 —0.102 -0.051 0.283 —0.183 0.402 0.281
0.162 —0.048 0.084 —0.112 —0.068 —0.109 —0.181 0.004
0.085 0.100 0.126 -0.263 —0.178 0.219 0.021 0.078
0.038 0.165 0.055 —0.117 —0.018 -0.322 —-0.354 0.129
0.007 0.185 —0.079 0.099 —0.008 -0.186 0.123 —0.157
0.038 0.037 0.192 0.111 —0.313 -0.028 0.158 0.436
0.124 -0.003 0.178 0.128 —0.182 -0.162 0.080 —0.324
0.027 0.114 0.204 -0.045 0.176 0.153 —0.005 0.084

®10 MOEHRBIEE GIBETER)

Table 10 Component score coefficient matrix (negative ion mode)

185y gy

1oy

185y 187y gy

(FE5) 1 2 3 4

5 (g5 1 2

77
3 4 5 |(&5) 1 2 3 4 5

0.018
0.067
0.031
0.062
0.067

~N o o B~ W N

0.080 —0.357 0.120 0.226] 8
0.146 —0.225 0.281 0.049] 9
0.182 —0.094 0.252 —0.238
0.158 0.010 —0.230 0.108
0.163 0.034 —0.256 —0.110
0.082 —0.040 0.182 0.141 -0.163
0.155 0.058 —0.037 —0.167 0.105

0.019 0.216
0.009 0.184
0.138 0.060 —
0.08 0.073
0.087 —-0.035 —
0.116 —0.033 —
0.123 —0.136

10
11
12
13
14

0.125 -0.129 0.139
0.191 0.152 -0.149
0.077 -0.225 0.028
0.262 0.148 0.124
0.013 —0.172 —-0.365
0.053 0.233 0.460
0.078 —0.068 0.181

15 0111 -0.152 0.020 0.045 0.057
16 0.175 —0.052 —0.004 —0.066 —0.056
17 0.172 —0.053 —0.013 —0.001 —0.059
18 0121 -0.024 0.074 0.355 —0.295
19 -0.037 0.048 0.343 0.080 0.326

BRI, IR “2.5.17 TUN Gk, gt
FE 6 UK, LA ik i IR, 5L RSD.
GiRARZEACT . IR AR BT A
REHEIC WER HEFIEEABIE RSD 7350
1.97%-0.95%- 1.64%- 1.75%- 1.56% 2.15% 1.46%.

1.55%, RIARFEHE RIT.

254 FREMRAE XRS5 17 RS T AR &
PR, FRNE, SRS 0. 4. 8.
12, 16+ 20, 24 h i}, 4% “2.5.17 TH @G &1
Mg, DS B ik I AR, o 5 I AR )
RSD. ZEHARZELEH. HRE. 290, 5T,
WA, KEHIG. AR, HEFERmHL RSD
SN 1.65%1.86%12.41%+2.18%- 1.74% 2.55%-
1.86%. 1.39%, LMK MFEBAZRNE 24 h

WA ETE R

255 HEMRE #HAKS 17 MRS TET
Hl% 6 ALK, X8 “2.5.17 TR R
W5, & B kg AR, THE & 4 5
U RSD. ZERARZEINNN . B ZE. . B
Ty BEH. KEHIG. mER. HEHMIGEmMA
RSD 73514 1.45%. 1.23%- 1.72%- 1.63%- 1.64%-
1.53%- 1.28%- 1.46%, KHZFIEETERI.
256 InFEEWCRIRE XS 17 86T
il 2% 6 B A W, B FREL | mL, 43 Ak %50
N 8 FlonT I8 S aE R, %R “2.5.17 TR (i 24
T, RS BRI T AR, T B IR [E]
R J LG IR RSD. 45 AR 246, A E.
ZgMReE. YT, . KEFC. mER. B
FEAF ISP B IR RN 4 O 99.2% - 99.0%
98.7%- 98.6%- 99.3%-. 99.5%. 98.5%. 99.4%, Ik
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t/min

I-ERE 2-KEHIG 3-KR27e 4-HEH S-8%R 6ESH
FEMERE B, D. F 48914 254, 270, 345 nm UK R VR 6] HE 5 R

t/min

7-ZifREg 8-E2 YT AL C. E 4348 254, 270, 345 nm KT GQD

I-puerarin  2-daidzein 3-magnolin 4-liquiritin  5-baicalein 6-Baicalin 7-jatrorrhizine 8-palmatine A, C, E are GQD sample chromatograms

at 254, 270, 345 nm, respectively B, D, F are mixed reference substance chromatograms at 254, 270, 345 nm, respectively
4 GQD HFIxt R miRiRE UPLC

Fig. 4 UPLC chromatograms of GQD samples and reference substance solutions

AR RSD 735N 1.37% 1.33%. 1.47%. 1.38%-
1.14%. 1.5%+ 1.33%-. 1.27%.
257 ZAEREEMEWNESER HHESNSGE
MrE 2558, HIRT 8 Besr H FALE (8 BLsr 73N 4
WRZG A% AR RPE R, TP AHFIALE D, DAGEATF
Gy AT VR 3, £R G VE 43 = (X1/ Ximax + X2/ Xinax T+
X/ Xmax + Xa/ Xmax + X5/ Xmax + Xo/Xmax + X/ Xnax +
Xs/Xmax)/85 WIFK 5 Fn. LR EERER 26 5
LZNRETZ,
2.6 BBD-RSM [E|VAEBIFGIE T K 547

K:H Design Expert 10 F A4, i ik i )37 [ V234 T
T2 5325 R R KT 2 n e PE R 2R
PEENE, @S HRARZEA TR (D X 4 AN (s

Xo\ Xa Xa) BB FEAR AL Y =8.42—1.35 X;—0.28
X,—0.26 X;—1.42 X;—0.09 X1.X>—0.10 X,.X3+0.11
XiXa+0.71 X2X340.10 XoXa—0.24 X3X440.06 X2+
0.28 X22+0.63 X3>+0.16 X42, FHKZ%L r=0.886 5,
K IE 540 0.870 4, ULBZBAE BE R 4F, 50
Ze/N, ] A R A VR A AT e A AN T . AR
P AL A5 B B )3 7 S5 = 42 S e LT L, vPARY
IR R Z A2 HEREE, Rif e I ERIE LES
o W R 2R A TR SR AZ KON A5 E5, A [
TR HARHR, BRI BEAEREES, 458 WE
5. MRPERE AP A 45 5L, /K& 8.9 &% iR 1A] 0.57
h. BERA] 0.81 he FLEREL 2.75 K.

ik, PAASZE T BBD-RSM it NikHE, #%
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HIRoEE . AR DL 2 FR bR S R e 4
B, NBIB K JGEA L EERER R, H5%
GQD £ 4 Tyl £ T 25, A AT 2) Sl KPR
PR RO RN, &R GQD T ZN
10 587K 29 0.5h. B 0.5h. R 3 K.
2.7 ILTZWEsLis
ERRAAERE T2 On 10 58K, Rill
0.5h, HIZ 3K, HIK0.5h) #4T 3 RIGUERL,

LAV
LR VS

A

% FIRTT AT IR GRS I & B, THES R
AL EEFLUE 25304 0.983. 0.992. 0.987, 3 Ik
WEFE S & B N ER G50 3R 11 s, 5&sET
SRR VR A G, YLRAE B HR
W T 2R E AT
3 it

UL 2Rt 2 5 2530 o 5 o 242 1) 40
RO, RATHE TR T ZESH, 2m

Bl 5 4 ERERMLREFDHING R H E

Fig. 5 Response surface of four factors to comprehensive score

FT 11 IEUFStISLER
Table 11 Verification test results

FiERE (mgml™)

s AR RIRE AWRE BT EESH O KEH wmFR HEH AR
1 0.173 2.769 0.193 0.288 0.376 0.733 0.192 0.882 0.377
2 0.136 2.457 0.152 0.227 0.297 0.578 0.151 0.696 0.349
3 0.161 2.583 0.180 0.269 0.350 0.684 0.179 0.823 0.355

TR, RBE IR KA R RT S, o
SN 2R OB R . 5 iE#E GQD
PONEML . POE. OHE, B, BUKN
Th, FeBER, WP, WL, BCTE, K,
SRR BBREE TR, %1, HRTFRES
M EHE, FEIREE TS5 MEICBFE—
FEZE SR, IR T UL BT T ES 8080y
LA TSI E T HIAAT . AW AR X &%

Bt LA AR, BEARSR, WIELeKR
H” MEAROEM, SREHELR, S6%5EN
RIB L 2L bRE L, w240 GQD B T2,
MRS E 45 RSB T 2Ok E 8.9 fi5. iR
V] 0.57 hy RIZARSTE] 0.81 hy BIE KEL 2.75 K.
SEG FLA L2 SEBRS DL LA BRI S 72 v s S
Ak 25 ORI 2 F8 An & 2 I8 45 A5 B 9T i 8
GQD fETZ.
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TR AT AT B AR I, K& RIS
i), HIEEE] . BOE Y GQD MR T EA
KEZMA,  For B R EROR  BE 5 B U5 R 5 T A K
IR &R, fEM3EAE B, A7 K H BBD-RSM ¥ it
XF GQD F i T Z K& 1R A B i A]
RZ BT AL, 454 UPLC-Q-TOF-MS R4/
LS T S 2 bR O R A VRN A, W T
GQD LRI T2,

BBD-RSM ALK 2 B T4 g 2
F R T E 071, & —Mudid g5 % solalA
T PR A DR 2RI R NAR 2 8] 1) R AR R R B 42
BT 2S00 Bt kR0, i 87 T 32 T2 R T
TR T FAH BT IEAS RIS B {4k, AT
BIA R AT IR, BRI IR, R AE
FEC R B vy A4 [ I B 5 AR A o 3 AR 3
R UPLC-Q-TOF-MS ##H 5 )7 GQD HIfa4 Kl
W, EREEE. RENRE, HRIESTEME
TS BN IE . 7B AT 1A U 25 ) gk
1THRIN, AT CAEE DR HESE N AT M SO GQD 4R
43 K EERAT S BR8], (REZ ) 2020 FR
BUORBMRZIE T b AR ShIR/NEEm. 1%
H 3 AT EE ST, ASISEY. T GQD A
FIRE L ZHRat i, 456 o ath, EETE
RAF, WfE, WImREK. 5T EsEm3a g
Bt LR 8 Ao AR R bR o) 8 o 242, &
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T AL R I T 2 A P 254 7= i R R 1R R R
P, FET A T B R BT 2 T 35 0% T R
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R, WL, TR RO, AR e Rk T
BBD-RSM #%it, %54 UPLC-Q-TOF-MS f5 403
RS A HT 5 2 48 bR 0 B 255 VI R1E GQD i
FEBIARIZ T2, UPLC-Q-TOF-MS f&E Ik 4
T A GE I £ B S B GQD Ao E ., il It
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