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Hhr 5Tl FREAS AN FRIR L L8 242 % B (CQAs) 5 KA & B B 45 A % RUBE R Fo 200 7 ik 4 e K& 4RI
B Al AR BR A 4L T A (CPPs) . KA ZHRGRAEEFANE T Fotd S F o d ¥ HEn it s s,
KBRS -BABGES P T E 5 R o048 Rk F 234746, & A Box-Behnken ) i & 7% 44 & CQAs &5 CPPs 44 52 4
A, AR T LA RS R P ATRAE, R RARR T LR TR A mREIS5~1245 FEICA 1 1~1.7 h RIS 3
Ko BIIE, BAE T M AR AR T L5550 55 4 89.79.84.93 2, Gt AMEAHANEFWRIRIETH T LA 6
i
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Optimization of the extraction process of Shenye buyi formula

WU Yanrao"**, YU Mingming', NIU Xiaojing"**, DUAN Xiaoying"*? (1. Dept. of Pharmacy, the First
Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450003, China; 2. Henan Provincial
Research Center for Clinical Application, Evaluation and Translation Engineering of Traditional Chinese
Medicines, Zhengzhou 450003, China;3. Henan Provincial Key Laboratory of Traditional Chinese Medicines and
Clinical Pharmacy, Zhengzhou 450003, China; 4. Jiangsu Kanion Pharmaceutical Co., Ltd., Jiangsu
Lianyungang 222001, China)

ABSTRACT OBJECTIVE To optimize the extraction process of Shenye buyi formula. METHODS Based on the quality by
design (QbD) concept, the contents of rutin, nuciferine, sinapine thiocyanate, liquiritin, and glycyrrhizic acid ammonium salt, as
well as the extract yield, were selected as the critical quality attributes (CQAs) for the extraction process of Shenye buyi formula.
The fishbone diagram combined with the failure model and effect analysis method was adopted to determine the water addition,
extraction time and extraction times as critical process parameters (CPPs). High-performance liquid chromatography was employed
to detect the contents of rutin, nuciferine, sinapine thiocyanate, liquiritin, and glycyrrhizic acid ammonium salt. The analytic
hierarchy process-entropy weight method was used to comprehensively assign weights to the content of the five components
including rutin and the extract yield. The Box-Behnken response surface method was employed to fit the mathematical model
between CQAs and CPPs, screen the operational space of the extraction process, and validate it. RESULTS The optimal
operational space of the extraction process was 9.5 to 12 times the amount of water added, the extraction time was 1 to 1.7 hours,
and the extraction times were 3. Upon verification, the comprehensive scores of the optimal extraction process within the operational
space were 89.79 and 84.93, respectively. CONCLUSIONS The extraction process of the Shenye buyi formula can be applied to
the development and production of its granule preparations.

KEYWORDS Shenye buyi formula; process optimization; CPPs; CQAs; AHP-EWM; Box-Behnken response surface method
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At g L T A B R A R B, A HE T
AR Y BT B2 A A T R A
HPHEH R B BUE AL LT i S D A 2 R
g H R CH R R AU B PR SEE Y Y %y
TEIG R H 22 LAz DB A A7 R 7 B 1 )k
BEPE M ANME T AR AR ESE A, PR, AR
FORKE LT A R O HAR T 20, DUNTE R
SRR R BN ETEE T, R FIRAR R Y Talk Ak
GV 5

i PR T 0T (quality by design, QbD ) B & DIfR
PR B0 R TR A B SE R TR
e P NS T A B AR AR e PR 2R OG5 o i g
(critical quality attributes, CQAs) 5 &4 T. 2 2 % (criti-
cal process parameters, CPPs ) 2 [H] ) 5 2 , 2 1 4 37 B feit
MBS RIS, O T2 s . 2
43T (analytic hierarchy process, AHP) fig 7 — & F& Ji
T ARBR 2 Tr R AR BRI IR (H ) 2
B8 & 3 W2 56 52 i) 5 i AL (entropy weight method,
EWM ) J&—FP & MIRAL: , 32280 i WAL & 48 Z (R
25 S AR FE B e AU, {0 5 32 B AR 1R 25 52 ; AHP-
EWM Al 3= WATRN 25 WERAAH 25 6, 2565 1 e AT
B, M A R AL A E Y, ABFSE L) QbD
P AT T LS b s T I 2 Y CQAs 5
CPPs; 5K H = 2B AR € 33% (HPLC) R A 2 T fay Pk
IR (AT T s b ) H B R iR (LA H
TR ML 1) i, 45 A AHP-EWM X 2 H-4h 25 5 1
B3 3R 5 R R i R AT 2R A ; IR B, SR
Box-Behnken i I [f] 1: 1115 CQAs 5 CPPs HY% A 54
i e B AR U 20, B A 24 4 5 8 0K il 51 2 7
SRR

1 ##
1.1 FENEE

AT T EZA A AL 45 Agilent 1260 % HPLC X
(& [H Agilent 2 7)) , XS105DU A Ht, 1 K - (Fii -+ Met-
tler Toledo 23 ] ) , JW-2018H Y i 33 2500 L (2 85 SCAY
PR BRA T ), HC-C 5002 I B, 1R (2R AR 14
g Sl A PR T ), DHGI146A 71 H FAE Yt 55 XU T 1
F (g IR PR R, HH-S6 A %Y B $iufiE i
KA MH-3000 #4575 LS (LR 7k %A A
FRAF] 4
1.2 AR5

F (L5 2212292, 77 1L 2B, SRFHE Y R Morus
alba L. (1) Aar i (FE5- 2209172, 7= Mo it e [ 5%
B ¥ 3% Nelumbo nucifera Gaertn. 1 T ) (35 5F
(5 2209033, = #u P 1T, +FAERHEYIIT Brassica jun-
cea(L.)Czern. et Coss. [ TJi AR T 10K R 410 A 284
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HA P 2GR R A IR s NS (i 220403, 77 1l 75 4K
TOMBHEYI N2 Panax ginseng C. A. Mey. )T 1A FIAR
2RI A Z RN R 2R A BRA D 5 B (L
220524, PN ST, GRHMEY) H R Glyeyrrhiza uralen-
sis Fisch. (1M ZE ) TR R ) [ 1T R 2 AR 200 A5 B
NT o IR IR T T B 2 R AR A — B s B 2 2
PR B IDE R AT 20T S H O B

T (45 J011B203749 , 46 i =98% ) | fa -l (it
5 NO6GB166466 , 4l [ =98% ) . I+ Wl FURR £ (At 5
027GB165515, 4[5 =98%) . H 11 (4115 J291B221288,
4l i =98%) . H HL R g7 (Jit 5 M04GB140062, 46
Ji =98% ) Xt BE S 50 B s AR R A BR A
BEIR . CIE B kAl KO 4liK .
2 AEEHER
2.1 REIZ CQAs TE

AR 2025 47 ff € 24 i) (— 35 ) FIAH DG SCHR™ 7,
ERETT Aoy B T R R R S R R
BB R E T PEECT 2/ CQAs.
2.2 EETIZ CPPsHITAZE

SR FH B B A B R T X6k 2 b 2 7 B
AR R OB R RECT 2 R R
FF53 0T 45 B e e M AR BT 2 AT AE CPPs () 1) . 3l
I 2R RGBS R AR 43 B 5 (failure model and effect
analysis, FMEA ) X} [ 2% JE47 XU 2 2 (risk priority num-
ber, RPN) PEAE[RPN=SX OX D(S: “EHFEE , 0. K& i
DR IMES) R ) s RPN<<40 AR5 .40~100 Jy
& >100 E )Y, AR BN, A (RPN=32) | &
(27T<RPN<36) FI 3 5% [K £ (24 <RPN<<32) iy RPN #J
FR G, TR A ZE Y RPN S H 45 (TOSSRPN<<84) , #£HL
T2 R EM RPN A2 (RPN=210), K, 155 Z0
#0255 $EHL T 20 A9 CPPs by 41 BV B $2 JURst 1) L
K,

a5 PN TZ

T " o \PEHURCEL
ol hﬁ?é”a‘EM kB
TR =\ BRAEDRZE S\ S ]

B P31
IR —/ IR TE
JinFAsE ) MR
B R

Bl SHizmAREINIE CPPsHEaTE
2.3 IEHRMERSTHEENE
2.3.1 A&

LI Agilent ZORBAX SB-Cjs (4.6 mm X250 mm, 5
wm) @GS ; DL 2 (A)-0.1% W52 (B) Wi shAH AT
H6 BE e B (0~15 min, 10.5%A ; 15~45 min, 10.5%A—
13%A ; 45~46 min, 13%A—22%A ; 46~60 min, 22%A—
23%A;60~61 min, 23%A—32%A ;61~80 min, 32%A—
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40%A) ; Y34 24 1 mL/min; A 35 2y 30 °C 5 K I 1Ky
270 nm (T Aaf 0 H FF I FER ) (326 nm (SFF
) 5 ERER R 10 WL,
2.3.2 RN R S IA AT

R BEARBUS T Aar AR T T OB R SR H AT
H AR R SR IS i, BT 10 mL A &I, i
B e 25, A0S Bk 5 A4~ Bl 43 B & Vi B2 43 51 o 0.100
0.115.0.147.0.035.0.201 mg/mL HITEA X B4R
2.3.3 i ny e

Foe b 7 L BRRBUIT A AR R, I K, R el
B, U8, 15 S A a5 7 KR IE o B /K R o, DA
12 000 r/min 20> 10 min, B F VS, 25 0.22 wm fALUE
I, SR g, IS .
2.3.4  BIMERE S

FEAL 5 A 3 590 ) 5 150 5 P R iy P | R BT LB
H R BAPE K B, $42.3.37 3 F 5 1243 )l 4% ke S5 -
Al BT H R A B A
2.35 TRtk

BRI, 452 42.3.17 T (033 S5 BERE 20T o
GERGR T A B T B SRR R H
i Bl R (0 3 U 55 AR S (e 14 73 B9 B R4 (43 B E >
1.5) , B & G i BRURE N 7 e 1 T e, 25 (sl
CH ) X e T4, RZ T L IEM R AT 45
L2,

120 A 120
80 | s 80 \
= 410 = 10 ( )
ol 23 || ol 2ald, 3
—40 I —40 !
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
#/min t/min
AJRE X B A (270 nm) B. AR (270 nm)
120 120
80 80 hﬁ
=) =) 4
< 40 ) < 40 [
E olh. . T e E I, —— _ 3l J\ s -
Y
—40 1 —40 !
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
#/min t/min
C. &R it FIHER (270 nm) D. it HE PR (270 nm)
80 1 80
1
240 20 \
g g l
oL T R |
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
t/min t/min
E R0 B 7 (326 nm) F. A3 79 (326 nm)
80
=}
<40
£
ol 2l

0 10 20 30 40 50 60 70

t/min

G IRBEIF T BT (326 nm)
LI PO R 2 T4 5 3.5 T 5 A faF 5 5. T B bt
B2 RExRBMmEik fhd sk AEERERN

HPLC &
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2.3.6 LMEXRFE

Fie2.3.27 WU R Iy kil Ag T g R T A
PRk H B H R A R T R R B 43 R 0.243 2
0.064 4.,0.126 8.0.063 2,0.122 0 mg/mL AR A XTI &
BEVE . ORG%  ERTR A X B B 0.5.1.2.3.4.5
mL, ITH BEE 25 2 5 mL, §il15 R 500 . B Lk
RIS 5 2.3. 17300 F A3 55 e o0 b . DA Ly
Jor H TR B SR AR AR (X)) TR AR B (Y ) AT A (]
HHT. SR WE L,

FR1 BHIWEEXRERER

b W r Al (mg/mL)
BT 1=3816X-15921 09997 00243~02432
Tk Y=14 249X 45849 0999 6 0006 4~0.064 4
bima s Y=11482+4.776 09997 00127~0.1268
R I=13821X-1821 09993 0.0063~0.0632
TR =3 051.LX—19.96 09993 00122~0.1220

2.3.7 FEE AL

H42.3.37 T HE A A, $e 2.3 17 TR g Ak
HELEVERE 6 YK ICFIE I AR . ZER TR, T S T
TR AR EL L H R | H R B B 0 T AR Y RSD 4
A 1.35% . 1.711% .0.49% . 1.94% .1.80% (n=6) , & J5
Dok % R R
2.3.8  FeuE

He2.3.37 0 N AR A, a0l TR IR TS 0.
2.4.6.8.24 hifH#“2.3.1" W1 F 438 4 FBERE 3 MY 30 5%
WETT AN, Z5 IR, T ey A T iR SRR AR CH
B H R R PR R W TR AL ) RSD 43 B Ok 1.88%
1.75% .1.14% .1.70% . 1.72% (n=6) , 32 B 328 5 TR e 7
FIRFCE 24 h NFasEME R T
2.3.9 HEEMHRAEK

H2.3.37 0 N A s s v, 2R 6y, 422,317 T T £
TS HERE AT, T SRV TR BF 4 4 [l 5 R 3
fo SRR, ST R T AR R H AT
H AR P AR S I RSD 4351 1.929% . 1.55% \1.41%
1.45% .1.82%(n="6) , R EEE R
2.3.10 AR DGR

W EE M SR 233" F 2 4h 25 KR
W 2.5 mL, & T 5 mLAS i, s G & mA T far
L 1 R W 7 N & B A N S RN 8 RN T =73
YR 4 0.418,0.240,0.507,0.391,0.324 mg/mL )% BE i,
VA (L H B A 3 3 E ) ) 0,505, 0.488,0.195,0.182
0.506 mL, il F B 5 25, $22.3.37 300 Oy vk i 5 A3l A
TR (L6 0)) , FH“2.3. 17T (a1 S A b RE A0 HT , iE 58
WE T AT A IRE RICR . 258K, 2 T i I
TFORA R LR H B L H R R B R T A A [l
R4y 5 100.8% ., 100.0% ., 97.25% . 102.3% . 99.47%,
RSD 43514 3.34% . 1.88% .3.54% . 1.78% .1.38%(n=6) ,
FEUH T B R ] 5
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24 HEERMNE

I 2.3.37 T N S0 #b sk /KR 25 mL, &
FHgEEENELIS , KEZET, BHE T 105°CT
PEAAN T 3 b AR5 T T8 T2 200 30 min, GEEFRRE
TR R = (W, — W) X V25X Wi X 100% (X,
W W WA R R R R S g R LR TR S
KRBT, VS 25 7 K BRI UE AR,
2.5 AHP-EWM &N EI5IRHINE
2.5.1  AHPIEHE £GP AE

MR A 5 B LA 5 & FR bR o3 & 2, AT
BARBR B SN Ry T 1 > fap B 55 2 > JF
BRARER R & i > H R & o~ H R R e Eh o 5 >
TR A IR P e R, L3R 2. 48 SPSS Pro %
oMt , 2T S i e R B T B R AR
i H B A R B R S A R F AL
T RE(A) 535k 46.275% .24.338% .11.297% .6.903% .
6.903% .4.284% , —F M 2% [H ¥ (consistency ratio, CR)
7 0.022 (<0.1) , 3 i — B PR 55, 3% B AHP 7 AL
AR,
Fz2 AHPF|HREHERE

WRAR FTRRIMESE AR RRGRAR A

il FTRE

7
FTae | j 5 6 6 7
A E 13 1 3 4 4 5
bimh fi 115 13 1 2 2 3
TEHFEE 116 114 1n ! 1 2
HEREE 16 14 1n | 1 2
HiE " 115 13 1n 1n 1

2.5.2 EWMiE SR hAGE

EWM RE % F| FH 45 8 b 25 HORE FE i 2 A T FRAE
XA FR BRI Fr 2 B SRR T S 25 AR A L A B, P
B R A MR A o A R0 B G A R FE R . 2 EWM
TFREAF R T & & a0 2 T P SRR i
R H R IR SR A R R A B A E R
B(S) 4 5k 19.328% . 16.282% ., 15.442% . 18.405% .
17.465% .13.077%.,
2.5.3  AHP-EWM ZE G MAU M 25 A 115

455425172527 IS A 8 bR AL EE , AR 4 A =X
F=AS/S ] AS, PEAF BT & & il i Jr
BB AR L o & H R o B H R R R O R
TR A NE R E(F) 598 50.57%. 22.40% .
9.86%.7.18%.6.82% .3.17%., #—HiH BV 45
BIFor= O T f /5 T 3 i i K AH X 50.57 %+ ik
BT B B M X 22.40%+ % F IR IR R R £
/T FURR & i K AE X 9.86%+H B & it/ H
BT O R RAE X 7.18%+ H 5O R Bk £k B i/ H R PR
e 5 B B KAH X 6.82%+ H B R/ B R e K X
3.17%) X 100,
2.6 Box-Behnken N 5 AL IREL T 2 2481

L) AHP-EWM AT CQAs 18 IS5 PE43 i 1
{8, LUK (4) FEEUE (B) A BOR £ (C)iX 3 4~k
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T2 CPPs %545 R % , >k FH Box-Behnken M Ji [fif 1 15
AL . ST ZME R 5K IR, LR 54
R4, T2 e R L3R5,

x3 EIRNIZMEZRSKFE

K AR Bh o
-1 8 | |
0 10 15 2
| 1 2 3

%4 Box-Behnken R EESLIGHFRESHER
gBE 4§ C BT Gt FTREEARE WREA HEREE R GAE
: mg  mg mg mg mg % b
I8 15 1 188 3526 5207 26,50 5361 1166 395
201002 3 81T 1B 88.66 976 20307 2150 8200
3010 2 1 140 482 56.30 013 667 13 &l
48 12 1963 7630 86.34 5083 1015 1786 629
5000 1 1 1420 4169 61.63 2488 6808 1278 4414
6 8 2 2 14705 9106 66.12 5165 1269 1767 61.00
70101 2 M8 17 106.70 5854 16097 2077 841
§ 8 15 3 19128 119.14 93,92 441 13590 1996 7686
0 10 15 2 19423 10503 10051 5725 1519 2019 7178
0010 15 2 1925 1716 10426 6391 14895 1998 971
122 2 17626 BLT 100.11 81.85 19513 2116 8102
1215 3 181 16437 11339 ®Y B 0T %I
310 15 2 19025 11703 10026 5927 BL3 2012 7808
41215 1 1630 6306 71.94 03910065 1430 5023
1510 15 2 20235 10286 10030 6087 16430 1991 79.88
6 10 1 3 B4 142 1.2 7009 20892 2218 9484
710 15 2 17828 11341 10238 60.77 14580 2009 7571

%5 Box-Behnken R E AL HFENITER
TiERR ik A i) F P
fRR 4962500 9 551,390 98920 <0.0001
4 631.720 | 631.720 113330 <00001
B 41,500 | 41500 7440 00294
C 3761480 | 3761480 674780 <00001
4B 0.046 1 0.046 0008 09300
AC 21160 | 21160 3.800 00924
BC 34870 | 34870 6260 00409
£ 41940 | 41940 7520 00288
B 37330 1 37330 6.700 00360
e 358.780 | 358.780 64360 <00001
F=il 27530 3 9.180 3200 0.1456

K JH Design-Expert 11 80F%5 3 4 25 REA 7005, 14
) T LA T FE Y="78.23+8.894 —2.28 B+21.68C —
0.107 54B+2.304C —2.95BC—3.164°—2.98B°—9.23C",
FH 2 5 AT R Ty 22 1 25 (P<<0.01) , JRADITHUAS Il 35
(P>0.05) , FBIZAL R 00 B ey, AT R B B T2
CPPs 5ZR 51V Z I R EOC R LA MR B R Ny
99.22% , P BE TR AE F AL R’ T 98.22% , e WIIZ A AL S
{ERTTNME LA BT, T FLR B vEor il . RIZE 4.
K2 C. % B H I BC X455 VB4 A 3% 5w
(P<0.018{ P<<0.05), 2 HI AB  AC K L35V E4r o b &
SZNR (P>0.05) , 3 B $& B (] R P2 QR B e b 2 28
HAEM . ZRE T nAE s 2k S 3D KL 3,
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LGS

8 9

—

LRATAN 5y

mm\loomo
253833333

D.[HZEA5NEB

2.7 REIZMIZIT=EEI S5%IE

A58 S 2 SCHR[15— 1610 )5 5 - 1 e ST 25 AT
53 =82.30 (85% £ 43 V- 43 i KAA ) Wy e 1123 ] (AR 4ig
Box-Behnken i 1 [ 15 TR T 2 S H0E I E) , T4t
TR SEME RTINS T REAEAE 25 5, HiZa T 2s mliih
AT EN, NI A X T 23500 95% B 15 X
] 5 SR, AR5 1] A S 0 0 D) DX Sl g 8 2 1] A
Dy B SEBRAE = f i, A5 BB ICT 2 A3 23 18] R ik
9.5~ 124% ARHUR ] 1~1.7 h RBORB 3K, 453
DLl 4 (Pl e, 52 038 3 A Ak 5 i et 2s ], i iy
FEOY A ERAE 25 ] 5 5 R 43R AU DX 38, A 5% AR TC
T R H AR s KA 5 AN RE SR A H AR X .

2.0 -

1.8 =

1.0 = Y
8 9 10 11 12
AN

4 REIZHiEIT=iE
R T B R IR R A ] AT SR AERRAE S ] P Ak
W3 AR g AT IR : #55R 6 T 3> 25 [H] X0, Y CPPs
il & S Rh 2 K BRI, #422.3.37 100 T I i il 4 Akt
VAW, 152,317 TN (35 J5 A HEREDN SE FRAR M L 1935
i AR 2,47 IR AN E R ARG TR 2,537 T R A
KRG BN 2R P4 S2{E , 38 22f Design-Expert 11 4K

2GS 2026 AR5 37 45 12 ]

ERETTESN Y

10

AN
B.HFEALHHNEC

EHFEAHHEC

3 Box-Behnken M H AL RIZE S Z&E & 3D

LIS

11 12 8 9 10 11 12
B/h
C.HEBHHWEC

LAY

FH#EBSHEC

PSRN ZERA T UME . 255 (3R 6) IR, FAE2S [
B 256 VP43 TOUI B FR S5 D0 34 K T 82.30, #5448 ] #b
P25 G VT3 TOIE AT 5S35 /N T 82,30, e W # A =5
(] N T 20 mT A

Fz6 IEZWIEER

e A Bh Ok GATBINES  SAFRSIER
V(B MAN) 10 17 | 411 4890
2B TR 105 15 3 9308 89.79
(BN 11 2 3 8123 84.93

3 g

3.1 CQAsHIHE

CQAs T ML AR E SR n AT, 4
NS HE A AR NS R KR S
AR H A B R 2% R L9 CQAs. 1E AHP AL
TR 2 SR far i A A By, R TR] B R
FPRIUE B0 5 R 0] o — e R R b R WO R 2350
SREREBUNG L. MKHR B 5 5 i B CQAs
SEMT Ry T i > far B > T B SR R
>R~ R RR AR O > R
3.2 KEKHHEE

AUREL T & B, I B SR ERAE 270 nm <
Aab PRS0 ar IR R BB AR A 326 nm P 4B TE
M 1 LT R MR SO S R, SR T 270 m ARG
T B R R FLECER | 326 nm AR I
AR EL
3.3 REIZMUEXNHETSNA

AW R F a8 8 5 FMEA 454§ 1% CPPs, 1] )
SEHL CPPs 2 5 £ XU HE 7 i i 346 11 CPPs B 42 1
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47, Box-Behnken M 17 [ VA AJ LAY AR R AEREAY , fig
EOUL S e CPPs Z [ A58 AR, kit fo 1A% G0 1F 28 52 50
SIS TS AR AR E AL, MR B e KA
AP S, SR CQAs BRI IS . A FEAE Box-

Behnken i 7 11 15 52560 Rk B, AR 2 T AL AT

PR T 82.30(85% L5 A o e KA L i HE R — 8 2

M) T 445, A L) Box-Behnken i )i [ 6 f 158 T. 5%

B 95% B AT IX AR JE i 125 0], A3 24E i T4

B4R 23 ] R K 9.5~ 12 4% RS [A] 1~1.7 h 2

BOREL3 R o B UESS R Bos , 3RS M N 2R 6 1 F5 1

TS AN SZIE 4K T 82,30, $E/R T A5 T 5 S 50w L R

15, REAS SEIN “ B 21 “Fadd " B e A8, R T 52 bR

KA,

25 TR AW TS S b g AR T 2R T

HAORL 1 A= 7

S 30k
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