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Optimization of extraction technology of Guizhi shaoyao zhimu decoction
ZHENG Shujing, WANG Jia, HU De, LI Yang, LENG Xiangyang, WANG Shumin (School of Pharmacy,
Changchun University of Chinese Medicine, Changchun 130117, China)

ABSTRACT OBJECTIVE To optimize the extraction technology of Guizhi shaoyao zhimu decoction (GSZD). METHODS The
contents of 9 components in GSZD were determined by HPLC, such as ephedrine hydrochloride, pseudoephedrine hydrochloride,
mangiferin, paeoniflorin, liquiritin, 5-O-methylvisammioside, glycyrrhizic acid, cinnamic acid, 6-gingerol. On the basis of single
factor experiment, taking material-liquid ratio, extraction times and extraction time as inspection factors, taking the contents of
above 9 components and the yield of dry extract as evaluation indicators, the analytic hierarchy process and entropy weight method
were used to determine the composite weight of each index and calculate the comprehensive score; the extraction technology
parameters of GSZD were optimized by Box-Behnken response surface method, and the validation tests were conducted. RESULTS
The composite weight of the contents of ephedrine hydrochloride, pseudoephedrine hydrochloride, mangiferin, paeoniflorin,
glycyrrhizin, 5-O-methylvisa- midol, glycyrrhizinate, cinnamic acid, 6-gingerol and the yield of dry extract were respectively
0.12, 0.10, 0.05, 0.12, 0.14, 0.06, 0.13, 0.15, 0.10, 0.03. The optimal extraction technology of GSZD is that the ratio of
material to liquid is 1: 14 (g/mL), extraction is 2 times, and the extraction time is 3.0 h; average comprehensive score of the 3
verification tests was 95.879, and RSD was 0.50% (n=3), the deviation from the predicted comprehensive score (94.328) was
1.64% . CONCLUSIONS In this study, the optimal extraction technology of GSZD is determined.

KEYWORDS Guizhi shaoyao zhimu decoction; extraction technology; analytic hierarchy technology; entropy weight method;

weight analysis; Box-Behnken response surface method
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ATZGFE BT | 5-0-H JE 4RI B R B | AR L
MR . 6-22 W (1) 5 T B 19 R IR I T 2P 4R
b, R FHE RO AT E FRRGE T B 2 AR, 4 &
Box-Behnken i )i 17 3% 4k GSZD W EL T 75, B £ N
JA % GSZD T R it 52
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1.1 FEUE

AT FE I FH 2 AL AR A0 45 LC-20AT AU B R0 AH 2
1 2 47 e HUE 45 19 SPD-M20A %95t v — W 48 1 91 ke
I %% . SIL-20A &) [ 3l kA 2% ( H 4% Shimadzu 3 ] ) |
MS105DU o K- CHERE ) -FE R 2438 A IR A A
GXZ-9140MBE 7l H P XU A (i i sl A B
ANEIESF AT, TGL16M % & i 250 AL G R DA R
AT FRA F] ), RE-52AA et 28 AL (b0 5 1
E)EIDE N
1.2 FEHRBSIKF

AEER R H SR AR RIS )R A (543
52k 38420007 . 05620036 . D01020009) ¥4 [l Ik 0>
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F (6242351120 200403 ,200402 . 200401 , 200302 ) 3414 [
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201911004) g [ P4 52 ity 38 B 24 b A BR 28 v 5 A= 20k
(Ht5 201022) Mg B ACEE K P 251k 7 A IR A Rl Bk
FITA R R G 3 v s 2 K2 U S 5, 29 0 o
HAFA 2020 48 g [ 25 80) (—35) 25 25 550 T AR,
R CH R AT 6-22 8 AT (R L5-0-H
e 24 07 B K 6 B i (15 431 S DST200412-009
DSTDG000601, DSTDS007001, DST190716-027, DST190305-
031.DST190413-045 .DST190213-006 , 4 1447 98.0% )
I 8 AR R AR AR A PR W) 5 ER R R A R
PR DR JRR B ARG R 5 (L5 23-301) Ry 171241-201809,171237-
201809, i ] /35" 100.0% .99.8 % ) H41y [ v [E €2 51 24
TS EWFFEBE s LN (B ik 4l ) Wy H 58 [¥ Sigma 28 7] ; H
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FREUEERZ 12 g A7 9 g FIBE 12 g (B XL 12 g JRR
Wog . HA1g EEI5g HHE6 g M+ 6g, MK
1400 mL, 321 30 min, X K &, 5% SCK B0 | B P
U, B 60 min, A FF RIS , We i 22 100 mL, RIS (4F
ImLH 5425093 g)0
22 BEMESHEENE

SR FH RO s A T
2.2.1 XPRESAES AN KSR ARECER IR PR BB R R
PRRRBCHR 2 2R ATZGH CH B L 5-0- 1 B 4E T BT oK
BT H R R | TR | 6-22 0 X HE O 4538 o, o s
fife, i AR A 0T R T VR B 435I R 2.016,2.024
2.048 .4.028.2.026.,2.016,2.002.2.0000.203 mg/mL [
B — X RS VR o B AR A B B S VA VRS T, i
Pt o, T b 3R A% 0T B BT HE MR B 43 1) °R 201.6.,202.4
204.8.402.8.202.6.201.6,200.2.,200.0,20.3 pg/mL (IR
BN VAT
2.2.2 HEAMEW AT S KB EIGSZD 1 mL, A
AR AT F B, TR 2, 10 000 t/min 5.0 10 min, X
IR 3 0.22 pm B LU AR, RPASHS S A T
223 PBAMEAEMESIE T %I GSZD 4bJr i, 43 5
PRI RR B | BRHIEE BBl 1A R R B R A
iR 2 B B R A L 2.1 IR ik
FFERE AR , F% < 2.2.27 T 7 el S A VA TR
224 OIEKMY RZG0EHMERE: L Waters XSelect
HSS T3 (250 mmx4.6 mm, 5 pm) K &%, LL 2
(A)-0.1% W B2 7 W (B) ki sh AH 54 743 B2 Pk i (0~5
min, 95.5% B; 5~8 min, 95.5% B—91% B; 8~13 min,
91% B—82% B; 13~28 min, 82% B—80% B; 28~35
min, 80% B—77% B; 35~43 min, 77% B—72% B; 43~
51 min, 72% B—57% B; 51~59 min, 57% B—30% B;
59~64 min, 30% B—5% B; 64~70 min, 5% B) ; Ji 14 K
1.0 mL/min; £& 9% K 8 210 nm (0~ 17 min, X 18 #E 85
Bl . ER B2 O JBR BEH ) L 254 nm (17~20 min, £2 75 ) . 235
nm(20~29 min, A 251 . HEAF) .254 nm(29~33 min,
5-O-F FEAEH B K EET ) L 280 nm(33~52 min, REERR) |
235 nm(52~58 min, HHE) .280 nm(58~62 min, 6-3%
Wi ) s FEWRA 35 C s #EFER S 10 pl, B 2.2.17~%2.2.3”
T YRS XoF B A VAT i T TR BRI PR AR i Vs T A
WE 259 R, SRR PR B O R R DR R B L T 2RAT AT
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6-32 W (O A0 T [ 47, P AR RO H I AT
30 000, 73 B FEX KT 1.5, BRSO & I T4, ik
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225 RPEXRRFE KEWH2.2.17" 5 TR A%
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ng) AR AL bR TR (p) AR TR BT, 25
1,

x1 BEREFEEINHIWEAFE LiEEE

PRl Il R IR g

B y=207 308 —4 442.1 09998 0201 6~3.2256
iR y=218 T44x—6293.7 09999 02024~32384
TR =390 491x—11 090 09999 0204 8~3276 8
g y=125123x—-9 4149 09999 0402 8~6.4448
LS y=213 765022347 09999 02026~3241 6
5-0-F IR =189 381x—3 782.6 10000 0.2016~3.2256
L =14 140r+792.8 09993 0.2002~3.2032
TR =828 333r—5 5864 09999 0200 0~3.200 0
6-F y=54213r—25.522 09998 0.0203~03248
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B X) BE S A RO, A B T A LU R R, PR 2.2.47
TR S A A RE I i, AR B 301,10 143 T
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LR 0.0008 00027 || WEE 00012 0.0041
gt 0.003 6 00119 || 6-% 0.003 0 00101
LR 0.0037 00123
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VST 10 pL, #4224”0035 A LR RE 6 YK, D 5%
WET AR . 25 AL SRR ER R PR S AR R R DR PR B A L T AR
T AT H BT 5-0-F LR R EE T H iR A
FE R | 6- 22 By 16 1 AL RSD 43 518 0.52% . 1.44%
1.84% .0.51% .0.35% .1.59% .1.03% .1.48% .0.87%
(n="6) , IG5 B4
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RSD 43 %1 4 0.99% . 1.28% .0.71% ., 0.43% . 2.06% .
1.33% .0.99% .1.24% .1.43% (n="6) , 3 B13Z )7 12 [l
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RIRAR S | I3 3 3 303 5 7
LR R 1 13 3 3 33 5 7
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BA] K B B f A TR 155 10 MEFR &2 AT 5 153
A EE 250 (4,) 43324 0.193 1.,0.193 1,0.193 1.0.073 9,
0.073 9.0.073 9.0.073 9.0.073 9.0.032 6.0.018 5, —5
1 2 (consistent ratio, CR) > 0.013 4<<0.10, Z-IHFEHRAY
PEFe IR R EL T i — S , R R B R,
2.4.2 MRUGEWIENERE WAL AN R
FrAE R LASBENLAS 2, THEOR R AR AL R B . i e AL
TR - (1) IR B a6 ) —14k , 8y i iR
PN FEAREE 4 5 B m A TEAFE AR n PRI XT 52109 I 4R 2L
PEHRE N A= (ay) o, X HIH— AL G133 R= (X;) 0, X EL
(ERE M FE bR 7 $ B LR A=UH—1k

“}“‘ fa})( m;‘x fa} — “}m fa}) (R
X USRI A =1, 2,
3,0 umy=1,2,3, 0, m) o (R BCRRFE (X,)
P R BERIE [ (P,) s FEAR DI A 0 PO REAE BB
HE W 0 P<1, R L b2 S X AR (X)), B4 T IH —
ARAL PR, 2240 PR 5 8 2 B a] R R 8 BR FOME R AR . 2

AN 3Py 2 XA P UCSEBAESR DA
HEER T IOBER) . (3) SR O, B8 1P A9
10 5 LA CH) o AU < Ho=— kS PnP, k=
Uinn, (4) HSEH6 5 HORTRCR B (W) . AR - 0=
I=H/E (1= H) S W=1,0SW<1. HILARTH,

X (EARZE BRI, H )N SR IE A 5 B B, AL
FEHOR , AR PRl B E 2 SR LR 4,
x4 HBEHREERSES I0NMERMNERBFHER

Xi=(a;—

B H, [ i H A

HRRERSE 0,960 0051 || HEFSE 0882 0.149
HRMRRERSE 0967 0042 || HERMAR 0.890 0.140
IR 0.950 0063 || 6-EBEE 0911 0.113
At 0.900 0.128 || S-O-HEEMPOREAT G2 0885 0.146
TR E 0956 0056 || TEfE% 0912 0.111

243 WHEEANE @il ZR Ik ARALE 735
TR 2 SRR PR B0 | SR DR PR BB PYAETR A2
PR HEAF H IR 6-22 1 | 5-0-F S PR B 1
R ER RO, 2% T HH 10848

B AR () 0= WA/S Widyo SRR, 13 104

FEFRIY S AR 494 0.12.0.10.,0.15.0.12.,0.05..0.14
0.13.0.10.,0.06 ,0.03,,

25 BEZEXW

2.5.1 RHRILIIEEE  FREUCGSZD 4h i 25 kE , 7E 42
BFE] 2 h FEHC LRI 5500 F , i b e 1:8,1:10
1:12.1:14,1:16.1: 18 (g/mL) PEA7 %%, HE L5

5o ARANF L5 AT =100 3 (@)X (K7, X0

5 PEM AR IR I EUE , X N5 j DV FE BR A R
H). &R E/R, A ERIE, 2550 2R mE
AR a3 RN EE R 1 12 B A4 e i, e %
B R 1:12, 3L 2A

2.5.2 FREUREMHEEE  FRELGSZD AL 5 i 254 , a4
IS IE] 2.0 h R HE 12 12(g/mL) B9 28R, 20 Bix B B
UL .2 3R T H 28, 4242517 W1 F it AL A v
I¢e G EIR, BEAE PR BN, 25 50 B STt
e AR R A S P BOR B 2 IR, 25 G o e
KU 25 M g PR I A e 4, 45 PR AR SR B, 2750
A3 RTTREAIR , R R IO E Ok 2 ¥k, PR ILIE 2B

2.5.3 RN FRELGSZD Ak Jy bt ekt
W 1:12(g/mL) FREC2 WA 24T, 43990 % B B[]
1.1.5.2.0.2.5.3.0 hi 7% 5¢  #%“2.5.17 W kit &
AT S5 BN, A PRI [ A I, 25 50
AT G AR S YR ]l 2.5 hi, 2553
G, R RR PR U] S 2.5 h, PR ULIE 2C.

2.6 Box-Behnken Nii iz E {i4¥, S5 36

2.6.1 SCHLHESER  MRPERERTIEER, LIRHR
o (4, gmL) FEEORE(B, ) FREU R (C,h) o A 48
i, AZEE RS (V) e AR, F1 1] Design-Expert 8.0.6.1
AT 3 R 2R 3 /KT i 1o 17 S35 A AL GSZD $2HU T
2 A58 1:10,1:12.1: 14(g/mL) ,B4351 0 1.2.3
W, CHr 5 2.0,2.5,3.0 ho i 1o 1] 52 56 42 HE -5 25 28 0L
5,

2.6.2 FAEI S Hr i3 FH Design-Expert 8.0.6.1 %k
PR S S5 A T o0 0T, A5 345 N R 5255 1E 0 Z (Rl
TWRZIGEIH R Y=176.63+10.264+11.21B—1.55C+
1.144B+3.504C+7.23BC—0.574*—19.92B*+1.24C*, #f

100 100 100 1
90 90 /'\- 90
ol /\\- 80 80
70 70 ] 70 ]
& 60 & 601 K 60
£ 50 5 ] % w0
& 404 $ 404 & 404
30 30 30 4
20 204 20 ]
10 10 10
04— . . ; . . 01— . , . . 04— . . . .
1:8 1:10 1:12 1:014 1:16  1:18 10 15 2.0 25 3.0 10 15 20 25 3.0
FHAH/ (g/mL) FRIOREK SR ) /h
AR L B.AEHBUKEL C. I i)

E2 GSZDIEHIZMUWBERZILHRER
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#=5 GSZDREBIZMARmymLiLHiSER

ce A B O LERWR RRWKEK AERAR GATAR CREAR TUEAL HORAT CRRAR SOMERRRARE THRE .o
P9 ) % b ARege) Gngy  (mgd)  (agd  (mgd)  (age)  (ngd)  (mge) i/ (ngle) g oA
g 2/g 2/g 2/g 2/g 2/g 2/g /g 2/g 2/g
1 1:12 2 25 0.812 0.328 0.579 2832 0.674 0410 0.889 0.048 0.223 30.7 77.634
2 1:10 1 25 0.327 0.157 0.263 1.511 0.386 0.188 0.348 0.016 0.125 16.1 35717
3 1:10 2 20 0.691 0.298 0.535 2.583 0.819 0.319 0.767 0.042 0.216 26.1 69.134
4 1:10 3 25 0.557 0.202 0.457 2017 0.510 0.410 0.619 0.043 0.172 30.1 60.266
5 1:12 2 25 0.560 0.397 0.739 2401 0.691 0.379 0.770 0.038 0.295 26.0 74.959
6 1:14 2 20 0.806 0.327 0.597 2.885 0.840 0.448 1.130 0.063 0.397 327 86.877
7 1:12 2 25 0.764 0.289 0.600 2774 0.653 0.366 0.816 0.047 0.226 294 73.795
8 1:10 2 30 0.617 0.292 0.489 2465 0.613 0272 0.568 0.040 0.175 28 60.717
9 1:12 2 25 0.793 0217 0.710 2.804 0.553 0373 0.847 0.059 0.231 288 75.775
10 1:12 3 20 0.581 0.217 0473 2314 0.571 0.320 0.707 0.042 0.287 03 62.125
11 1:14 2 3.0 0.897 0423 0.787 1.715 0.709 0.446 1.174 0.121 0.310 29.6 92475
12 1:12 2 25 0.745 0.300 0.585 2821 0.694 0438 1.036 0.058 0.324 29.7 80.983
13 1:12 3 30 0.733 0.279 0.574 2.576 0.713 0.398 0.758 0.043 0.200 298 71.801
14 1:12 1 3.0 0.455 0.203 0.305 1.510 0.390 0.191 0.328 0.018 0.117 16.0 39316
15 1:14 3 25 0.760 0.306 0.663 2,632 0.900 0.383 0.848 0.068 0.202 339 78.832
16 1:14 | 25 0.532 0211 0.388 1.993 0437 0.198 0.628 0.027 0.154 230 49.721
17 1:12 | 20 0.594 0.281 0.489 2174 0.707 0.263 0.541 0.041 0.141 08 58.564

— AT 22500 A5 R WL 6. FRAR 6 I HIL BARL  JUAE R 94.328. 254 A PR SElR , AN S A A A AL AR BT
() F=26.52, P=0.000 1, M R ZICEIABAI R 47, 20T BHE 1 14 (g/mL) S ECE 2 e S I 1)
WA T RRBIAE R EL(RY) A 0.971 5, KWW A2E(L  3.0h,

A 97.15% K A F Pk { AR i, SRR 22 500N 5 R L0
F=3.40,P=0.134 1>>0.05, W A1 [H 2 X4 S0 1 T4
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