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Optimization of Water Extraction Technology for Bupi Yangshen Granules Based on Multi-index Weighting
Analysis Method Combined with Orthogonal Test

HU Zhaoliu', CHEN Qiugu', WANG Fochang"?, HUANG Shiying"?, ZHENG Ping', ZHANG Shangbin"*, YI
Tiegang"*, LI Shunmin'*, CHEN Jianping"*(1.Shenzhen Key Laboratory of Hospital TCM Preparation, Shenzhen
Hospital of TCM, Guangdong Shenzhen 518033, China; 2. The Fourth Clinical Medical College of Guangzhou
University of TCM, Guangdong Shenzhen 518033, China)

ABSTRACT OBIJECTIVE: To optimize the water extraction technology of Bupi yangshen granules, and to provide basis for the
follow-up research and development of it. METHODS: The contents of astragaloside IV and salvianolic acid B in water extract of
Bupi yangshen granules, were determined by HPLC-ELSD and HPLC-DAD. Using the comprehensive score of contents of
astragaloside IV and salvianolic acid B and extract yield as index, weight coefficient of indicators were determined by AHP,
CRITIC and AHP-CRITIC mixed weighting method. L,(3*) orthogonal test was used to optimize decoction time, water volume and
decoction times in water extraction technology of Bupi yangshen granules. Validation test was also performed. RESULTS: The
weight coefficient determined by AHP-CRITIC mixed weighting method was the most reasonable. The optimal extraction
technology was decocting twice, adding 12-fold water, 1 h each time. The results of 3 times of validation test showed that the
average contents of astragaloside IV and salvianolic acid B were 8.79, 609.50 mg (total amount of 121 g medicinal herbs extracted
from whole prescription) , respectively. The average extract yield was 31.24% . Average comprehensive score was 96.59 (RSD=
1.01% ,n=3). CONCLUSIONS: The optimized water extraction technology is reproducible, stable and feasible. It can provide a
scientific basis for the follow-up development and industrial production of Bupi yangshen granules.

KEYWORDS Bupi yangshen granules; Water extraction technology; Orthogonal test; Multi-index weighting analysis method;
AHP-CRITIC mixed weighting method
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(2R alibk fae 22N will (7S N g GBS AN /il aE o R 4]
(A2 B 235 24 PR T 25 AR S BORER BT, R 25 301G
(A7 S0 P 00 B B I BAT TR LRI R 2R 44k S bt
SEALDLIAE 2B , BE 25 PSR A Sk O P R
B HATRE PUerdE bS5 25 3R, LB e o 18 1k
BB AT A B RCR . I, AR e FR IR
HB S PR IR B A R LUK R A I A
B, SR A8 FR A 0H12:485 5 ISR e AR
FURLI R KR T2, S ST R AR A .

1 7
1.1 {438

LC-2030 = 808 AH 4,354 \ELSD- 11 78 % G HU 6
W#E . AUW220D 553 Z— T R (H AR B A
Al
12 AR5

BRI (BN I 2R 25k A PR A\l it
180201) ; FF & H (35 : 18061101) 111254k H- (35
18062101 ) P AR A (4t : 18063001 ) 404 [ 2 M Tl
TRRIR T BRAA w5 AR TR R (k5 : 1805002) K B
R (415 1806001) X0 5 ) M 7 U B vp 2501 v A BR
INEVIRIL AT AL SRR (T RA M A w25k
]t : D2917916) 5 5 H R AR (WU T 5 h 25 Befin Ay
R w145 18080092 ) 5 2 1S FH H 6 BE A (Hh [ & i 2
a R EDF T B, S 110781-201717, 4l : 96.9% ) ; F+
Ty % B X B (0 ) 1148 4 ve 25 AR D RHE A FR A | 45
wkq16060405, 4 : =98% ) ; Z i F itk 4l , /K Ryt 4l
7K, AT A A B
2 AEEHER
2.1 KIEEAHIE

HMEFRE 5 #E R 30 g 1112530 g IR 10 g T K
10 g . HR 10 g fFZ 15 g KE 10 g MK H L6 g4
Ao B B /ABRAPZGIR R, 5 Lo(3Y) IEACIRIS 4Rk
FPEEEL, IR, &I , Wedn 23 i, iR B &R,
FKEZSZE 1000 mL, £
22 HERHELENNE
22.1 @i%&M  @i%4 . Agilent ZORBAX-Cys (250
mmx4.6 mm, 5 pwm) ; K 2% « 28 &G HUFAS I 28 5 3 sh
M O NE-7K (34 :66, V/V) 5 ¥ 33 : 0.8 mL/min; #1: 7 -
30 °C; AL : 55 °C 3 8K 7 : 350 kPa; #EFF 4t .
5puLs
2.2.2  HEEHX SRR E SRR R
X B 12.0 mg, FH S RO 2 45 28 10 mL i,
il £5 5 R v B O 1,162 8 mg/mL [ B B B AF X IR S
VWL
2.2.3 MR AT A B2, IR K $2 U 500
mL, iR 45, A B, KR 28 2 50 mL, 2R 5

HEZED; 2019455 30 5 19

FHKARURIIE T B AR P2 4 Ik (3K 40 mL) , A9

IE TR, PR DR 2 IR (B 40 mL) , 53 5 200, %
IE T EEROKIEZE T AR I BEs i, JE 56 R %2 5 mL it
S i R R R 2R PR AT, RIS .

2.2.4 B EERIPERE RSP E A BB A
AT AR, He 2.1 7T T i i A K BRI (FE AS U
LS EMERBO J5 , BB 500 mL, $%42.2.3" 100 F Ji%k
il B e v P BH R VAT

2.25 TIRMHEE BRI BRI HEA A
W (% 2SR 15 25 PR B IR0 e 2 1 B 1k A ot Vs T
(FZIE ARG 1S 45 R0 , o il42e“2.2.17 30 T 835 4%
PEERRINAE SR g, S5, B R S5 AR I R]
OYESRE> 1.5, LA FE IS IS A >5 000, i
VA TR 5 S P X TR VA YR AH [ 174 £ P B ) 4 A
[i) € 10, 50t 3 FE AP it T VR AR 5 B EE X R
VRORH ) BR S TR1 b oK DU AR, €030, e BHIAME G T4 %
JEME RAT R T S ) e SR i P DL 1
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Fig 1 HPLC chromatograms of astragaloside IV con-
tent determination

2.2.6 MERFRFE  E2.2.27T0F O H AT IR
VES WA T s JRE A R 3 ] il J A [] Jo i R R (1.162 8
0.581 4.0.290 7.0.145 4.0.072 7.0.036 3 mg/mL) 1) &4
T IS T R AR, 5 2.2, T 85 A% R R AR
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SE L TC SR TR, DA TR X O A AR () B TR
JE X ECA R A A (o) 22 il A v il 2, 75 21 181 0H 5 7%y
y=1.481 5x—15.689(r=0.999 1), Z5HFFKM, B HEHIT
TE BT B 4 0.036 3~1.162 8 mg/mL 15 [l N 5 Ho I T
MR R AT
2.2.7 AEWEERY  BHC2.2.27 00 F T B X ER
VWO i, He 2.2 17 IR A A SRR 2 61k, 18
SRR . B52R, B H I AR RSD 2N 1.57% (n=
6), RUULAHG B L R AT
2.28 fethiRee R — /K 500 mL (3% 5S8R
B 1S 2R E) , $2.2.37 300 Jy 12 i A R A
W, TR N UE 0.2.4.8.12.24 h 5 $42.2.17 1
T EIESAFHRENE IC TR AL G5, B R
R RSD 4 1.41% (n=6) , RIABLK AR EZ I T
HE 24 hNERRE
2.29 HEMIKE EBOKHEE 500 mL(F1EAZ R 1
SRR CEATRR 6 4, A3 41 2.2.37 BT vk
R S A TS, B 2,217 TR (3 A5 1 ERE 4
Br e g ORI . 458, L
i VA VR T S I Y B & O 0.374 0 mg/mL, RSD 2
1.95% (n=6) , RWZ L EE RS,
2.2.10 MAEEIMGRE  REBGUE AR 15 AR
J5 B K 298 500 mL (£52.2.37 30 F 7 il 45 ) L 45
WA R 0.374 0 mg/mL) , FATREELO 3, 43 Bil4%
W AT S5 R0 50% . 100% 150 % fin A 5 A % B
db, BR300, He2.2.37 N Jy il A A S A W L T
Fe 2,217 0N Gk SR HERE 0 T 0 SR T AR, IR
FESRR P E R RS 458, WER Y
[l % 96.85% ,RSD M 1.10% (n=9) , 2 1% J5 P U
A RAT . BB FT DCR I e a5 R % 1,

*1 EBEXKRHRKENESER(n=9)

Tab 1 Results of recovery tests for astragaloside IV

(n=9)
B HRSEmg AR mg SR mg R FEEIE, % RSD,%
WERE 18700 09350 27873 98.11 96.85 1.10

18700 09350 27766 96.96
18700 09350 21m8 96.56

18700 18700 36926 9741
18700 18700 36759 96.57
18700 18700 37135 98.58
18700 28050 45598 95.89
18700 28050 45711 96.30

1.8700 2.8050 45407 95.21
2.3 AEEEBEENNE
2.3.1 {OiEsF A% FE . Inertsil ODS-SP (150 mm x
4.6 mm, 5 pm) ; K8 56 AT SRS % 5 W Sh A -
N -0.1% W lR (21279, VIV) 5 7 3% + 1 mL/min; # i -
30 °C s Kl K - 286 nm; PERER 10 pL.
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2.3.2 FHBER B X SR & AFERIG TR B
XT B 10.5 mg, FH S AR 25 28 10 mL o, 72
A7, R R R 1.029 0 mg/mL A9 FHE B2 B X HR 5
AN

2.3.3 MRS ARG B2 KBRS &,
TALUENE (0.45 pm) UE3 , IR , RIS

234 SPFSEAMERE R E R SR
Wb KR FE IE AR 15 S TR B, i g
B UE W dE IS, S B, MK E 2 1000
mL, RIASEPE S B A 5 P45 42.3.37 300 5 A
il 28 BT 2 PR SV

235 TREMESHL  WOHHER B AR GE AE
VSR P S B S, 43 A “2.3.1 7 T i 5%
PEHEREINE Il sk g . S5, PHB IR B 1 (04 5
AHAR UG [B] () 43 15 B > 1.5, LAFFE R B i 11 P8 # 5k >
5000, iz RTE 5 P IR BT HR it T WAH W] A £
VIS () b A A ] € i e, SR P12 BRPE R i VA WA 5 P
1% BT HEL it 7 YRR ] B s ) Ak oA LA e 0, 3R ]
B TC TR & Jm R A7, PRI R B 3 il o i) s A0
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Fig 2 HPLC chromatograms of salvianolic acid B

content determination

236 HMEXRRFZLE 23270 T FHEY IR B XT BE

PEZG 2019455 30 4555 1940



VSR TR BER R, A5 AN [ B fE Mk B (1,029 0.,0.514 5,
0.257 3.,0.064 3.0.032 2.0.008 0 mg/mL) it 2 41| '} i iR
B BESRVA TR, A3 945 2.3 17 30T (8,33 4% R 5
eI A DA TR AR AR (p) P AR B T vk
JEE R b A A () 22 il b o Tl 2, 45 3 (] 0 5 7R R y=
6 422 370x—2 685.65(r=0.999 9) , FHHFHEHER B 7 i
W FE 4 0.008 0~1.029 0 mg/mL 3 il P 5 Ho g i FR Lk 1
KRRLF,
2.3.7 KWL BC2.3.27 T PH R B X R AL
W5 2.3.17 T A3 25 (i BRI E 6 1K, 0 SR 4T
Ho S5 25 P 2 B IS TR AR A RSD 4 0.27% (n=
6) , Ik % i R AT
2.3.8 FuEtids  BUKEEWR | mL(HIEASE 154
PR , #2.3.37 500 J7 vk il 2 LAl s I, 400l
R CE 0.2.4.8.12.24 h 5, FH%“2.3.17 01 F (41
AR, TSR TR . &5 5, PR R B 0 ALY
RSD 2} 1.46 % (n=6) , & B A it 5 W 7 3 UL T
24 hINERE .
2.3.9 HEEMEAER  BOKIE (FIEASR 1550148
BO6 05, B0 1 mL, 4%2.3.3" 51 R Jy 25 5 e fi it i v
W, PR 42317 0N Ak S5 F AR A3 A L 0 SR P R B
W AOP R HIE R P R & . 450, PHRER B 195
14 0.380 0 mg/mL,RSD 4 1.05% (n=6) , 1% J7 1k
HmEVERLE
2310 nFEEBGREE  ERCH SRR B &N
0.380 0 mg/mL ¥ /K29 1 mL (#21F 383856 1 5 5441
IO, o 54 P R B 75 51 509% . 100% | 150 % il A S}
TR B X B & B2 3 40y, $42.3.3 7 I T vk 45 ik
VSRS, B 2.3.17 0N Gl S5 R HERE 20 AT 0 ) ST
iz B W BT R . 45250 FH R B i~F-34 11l
W%k 104.05% ,RSD 4 0.94% (n=9) , ¢ Bi% )7 ¥
P AT, FHEYER B [RNSCRI0 22 45 R L3 2.

x2 FHEAEBEKRENELR (n=9)
Tab 2 Results of recovery tests for salvianolic acid B

(n=9)

%) AR mg  MAEmg  EWEmg  FK % FEREE % RSD,%
FIEEB 03800 02000 05899 10495 104.05 0.94

03800 02000 05909 10545

03800 02000 05883 104.15

03800 04000 07958 103.95

03800 04000 08001 105.03

03800 04000 07893 10233

03800 0.6000 1,002 4 103.73

03800 06000 1.0012 10353

03800 0.6000 1,000 0 10333

130 min, FRE T, A B R R (%) =[(x
1000)/(50.00x121)] x100% , H:Hr w3 50.00 mL ¥4 i
HPETEYIR B, A 121 FosiZdT i 121 g,
25 EXRIMEKRIZ

R 48 AH 56 SR B B R Z B 45 A, LUK A% 2K
(A) FZEWE(B) BIZRE(C) WHEEREK, LI—F
F RIS 2] () 8 R PR R B R B R
K ERFRFR BT Lo (3) IEAC ISR . IR 5 /KF L3 3,
IEsSRR B S AR LK 4.

*3 BEHEEKER

Tab 3 Factors and levels

¥ i)
JkAEE(A), £ HUERE(B),h ikt e ()
I 8 | |
2 10 15 2
3 1 2 3

x4 L(3) EXAWIZITEER
Tab 4 Design and results of L,(3') orthogonal test

it mg

me ~ R =
qe A B C D(%FM) o FHRRD HER, %
1 1 1 | 1 531 35020 242
2 1 2 2 2 788 479.00 3252
3 1 3 3 3 6.85 47112 3537
4 2 | 2 3 822 55228 32.04
5 2 2 3 1 6.70 53319 34.63
6 2 3 | 2 469 38726 24.63
7 3 | 3 2 7.94 649.91 34.63
8 3 2 | 3 435 399.54 21132
9 3 3 2 1 8.95 52088 3491

2.6 IERNERBIHEE

2.6.1 JZWIrHT (AHP ) IE#EFCE R4 AHP 25k
T B WLGCAEA TR ) — b7k R AR TR
A B B A R A AR AR 25 B A3 555 , %)
B AP IR B A& & R A A 18 R T L
AL B 3AERR A 3ANZ IR, B RE 3 TR RS
MRy - 8 EC R > FH IR B> A A MBI
TR B S R S A W 5 s S
BV R AR 5+ F AR 65 PHI R B 3 B i
T = A A, TR 2 AR B 4 B RO L ) I
JERFE WA 5.

R5 IERRBUNT EL B H F A ST 45 BE

Tab 5 Judgment priority matrix for comparison on

index pairs

WEHFT R FHARB i hileg
HERH G | 5 6
FHBARB & 1/5 1 2
R 1/6 1N |

24 HEBRNZE
Ko HUK R 50.00 mL, & F O T £ R
FEE M KIBZET, F 105 CT43 h, BF s

HEZED; 2019455 30 5 19

MG 5 P4y R, {# [ yaahp 12.2 53 W18k 061§
PE . SR SRR SRR B
RIALE 2B 0.725 8.0.172 1.0.102 0; —FPE L
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I (CR) =0.027 9<<0.10, RI$845 BN H I B 5
SR FLAT — S0 AR RECA R

2.6.2 BRI MEAHCT (CRITIC) B EMN R 25 £
SR AUAS RE AT 200 4 17 M AR B 4548 b v B 2 7 $R B
SRFRIGICR , 1M CRITIC 15 LATEA 48 b5 1] (4% Eb i B
Ko GRAEAE S Bl 388 2ok TSR o 22 T Lo A
K, Je— PP RE B S LA PR TR AR AR A A i,
W75 %R ] CRITIC VB E A5 FR PR A R 8. #3R4 1E
SR A R B E AN AR AL, BV 8 hR BB = (5
I — fe/IMELD /(B KB — e/ IME ) < 1007 , T4 B B A7 1 2K
J&i , FH SPSS 22.0 3R A 1534 Ar [R] A X 3 BE () L phioe
P () ZREAE (¢) SAE (w) , S5 R ILK6,

%6 CRITIC EMEXITHEE
Tab 6 Relevant calculation data of CRITIC method

i R AR FHED &8 HER
5 358707 313064 18137
J 04360 03959 03899
¢ 15,6396 123942 147436
o 03656 0897 03447

128 6 25 T, B RS 3 it PH R B 1 A
B R B0 0.365 6.,0.289 7.0.344 7, B FEH
T i 5 R AR R .

2.6.3  AHP-CRITIC IR &5 AL i & AL EE R %0 AHP
PR R 2552 0y 8 LA Al AR A T 2
R R R AR R 8 (A 25 P12 T PHB R B A &
R 2, BB RAE R U/ CRITICHEIT RS R B
N, B AT S B R AE RBOHT, AR EULE AL,
{HARRE S b 2552 7 AR A . AHP-CRITIC TR &
IAGE M F LA, BEREAT &8 EAL Il SOR
JB M, A A IR IR A (B A5 B, , iloe R ] AHP-
CRITIC JE A AL 8 22 FR AR AT R AL, B (wsmy) =
OO crimcil 2 Oanpi@crmcy( R, @ a8 AHP LAY
FUE BB, ocrmey 7678 CRITIC BB AL EE 250, i FR
EiNNERRRE A . s AHP-CRITIC IR 5
IEGE AT EE AT & it SR B & A R
FEE ZE 5k 0.757 3.0.14 23.0.100 4.,

2.6.4 3FRAGEMZE AR 435 3R R
ROEAS 2 AR R B0 IE SRS B UE A T4 1o, 4
RWET,

RTEER IR, 3FMACEAT B LR B R 2
SEUN, @It SPSS 22.0 FRAEXS 3 FIHALLAT B LR A
PEArHEAT A S4BT, 45 5 AHP 75 5 CRITIC 74455 1Y
2R G VE o> Z [ B AH OC &R FCR 0.977, AHP 15 5 AHP-
CRITIC IR & MAGEAT BN A 275 PE 43 Z R W AH C R ECh
1.000, CRITIC ¥: 5 AHP-CRITIC IR & AL 45 3] 1Y 25
EIESr Z [ AR G 2800 0.973, = F 6] i A e v 1
#(P<0.05) , BLHHIX 3 FPIRAGEAS B PE o 25 5 B —
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RT SWBMBUENEATESER(5)

Tab 7 Comprehensive score of three weighted me-

thods(score)
0 AHPH: CRITICH: AHP-CRITIC A TIRE
| 58.80 59.19 5896
2 85.96 8524 86.40
3 78.39 8.7 7845
4 9052 89.42 90.74
5 7844 84.89 7820
6 5539 6043 55.16
7 9159 95.16 9124
8 5373 6220 5331
9 96.44 9381 97.05

k. @it SPSS 22.0 # 4 Xt AHP #: 5 CRITIC 32 4L
& R BT R BT, 45 R RE REAHC B
BN 0.637, HH LA B #E (P>0.05) . MHKZT,
AHP-CRITIC IR A MAGLSES & T AHP 5 CRITIC i
P73, BB 32 L 0 TG AR BRER B T 25 i 52
PRt . R, ek Fl AHP-CRITIC R & INAGE &
B R BT A TR, RN G 1T or = [ (BT
S/ HT O R R(E) x0.757 3+(FHER R B 7 i/
B IR B 75 st fie A(H ) x0.142 3+ (H B 28/ B R KA ) x
0.100 4]x100,
2.7 REFEKEIZHHEREIERE
271 IEACIRIGAS M I SPSS 22.0 # X IEAS
I RIEFT 8T, BT 45 S 0L 3% 8, T 25 0 W2
W9,

xRS EHUNHER

Tab 8 Results of intuitive analysis

A EL
A, mg
HEWT  SHms

531 350.20 n4 58.96

HER e HATR

1 1 1 1 1

2 1 2 2 2 7.88 479.00 3252 86.40
3 1 3 3 3 6.85 471.12 3537 7845
4 2 1 2 3 8.22 55228 32.04 90.74
5 2 2 3 1 6.70 $33.19 34.63 7820
6 2 3 l 2 469 387.26 24.63 55.16
1 3 1 3 2 794 649.91 34.63 91.24
§ 3 2 1 3 435 399.54 2132 3331
9 3 3 2 1 8.95 520.88 3491 97.05

Ko 2381 24094 16743 23421
Ko 2410 20791 27419 23280
Ko 24160 23066 24789 22250
R 1779 2303 10676 1171

R FAEDWER

Tab 9 Results of variance analysis

BRER  BEETHR FI 2yi) F P
A 69.20 2 3460 254 >0.05
B §8.74 2 437 3.6 >0.05
C 2062.58 2 103129 7570 <00
D(R%) 2724 2 13.62

1 Fos(2,2)=19.00
NOte:Fu.<>5(2,2) =19.00
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FH DL BIT 485 S AT, 45 DR 3 X R MR 7 5 ks /K
T2ERMER N C>A>B, FTEIHTESE R, fi
KEL(C) WA B 25 R HAT B3 (P<0.05) o e Z&A4L
PRI ZEHA ABICeo
2.7.2  HEIRIEIALE  PMKARE (A) JBER ] (B)
P A A FERRARL , BB T e A e i i ol 435 S ik
Irift—2b gk . PRI I sk R 3 0y, e % LA T4
PEATERI, P T F A B UE 1056 - (1) A 2 ¥k, BR ko 12
7K VB 45 min; (2) FIE 2 UK, BRI 12 457K AT 60
min; (3) AT 2 UK, BN 14 F57K (B 60 min, 255,
ek A U 2B BON R 2 Wk, BN 12 5K (B
1 h, BI 5 E AR 45 5 AB.C,— 2, FR R UL 1F 281856
RO, A IR IR IR 45 S W3 10,

F10 LERWIFAKEER

Tab 10 Comparative validation test results

4\5
BT, - WEEG GAT
EEFE HBEB Co
FE 20, BN 126K BT 45 min 787 582,15 2660 86.89
FI 20, U 124K BT 60 min 8.68 613.17 3111 95.70
HE 20, BN 14 65K BT 60 min 8.70 610.62 3007 96.09

2.7.3 PATRUEAR  FREFRIAL TR O $ RS
AL A R T 20K ABICo HEA T I, 4 FiT SCHE ST,
875 I R R B i PHE R B 5 A
TR ERIELL

R FTRIEKEER

Tab 11 Parallel validation test results

A EL
\ A, mg . - -

g, — — :.Pra;/'q ?,'::Al”/ B .Z/'i:Al\/ RSD,W‘
RS FRHT JID B, % TR TG 4
| 9.02 575.00 3043 9755 96.59 1.01
2 8.75 614.70 3210 96.61

3 8.60 638.81 3119 95.61

128 1L &5 R RT3 YRS TE IR0 ) 14 o s
4 8.79 mg S FHINER B R 609.50 mg P-4 H
2H 31.24% , P ZE5 14 R 96.59 43 (RSD=1.01% ,
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