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Optimization of extraction process of Compound Guizhi Shaoyao Zhimu Granules
by combination of response surface methodology with entropy weight method
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Abstract: Objective To optimize the extraction process parameters of Guizhi Shaoyao Zhimu Granules (GSZG). Methods Using
high performance liquid chromatography and Elisa, the extraction rate of trams-cinnamaldehyde, paeoniflorin, mangiferin,
glycyrrhizic acid, the dry extract yield of extracted herbs and inflammatory factor IL-6 were comprehensively evaluated. The
information entropy weighting method was used to determine the objective weight of each index, and response surface methodology
was adopted to optimize the extraction process parameters of GSZG. Results The method had good linear relationship within the
range of 3.27—104.64 pg/mL for trans-cinnamaldehyde (» = 0.999 9), 8.16—261.03 ng/mL for paeoniflorin (» = 1.000 0),
1.39—89.27 pg/mL for mangiferin (» = 0.999 9), and 1.00—33.00 pg/mL for glycyrrhizic acid ammonium salt (» = 0.999 9).
Guizhi-Shaoyao-Zhimu extraction had the effect of inhibiting the proliferation of MH7A cells (molded by TNF-a) with ICso of 1.02
mg/mL, and had anti-inflammatory activity. Entropy method was more scientific, reasonable and stable. According to the
comprehensive scoring results and practical situation, it was determined that the best extraction process of the preparation was to add
16 times the amount of water, and decocted three times for 1 h each time. The RSD of the predicted value was less than 3% compared

with the measured value. Conclusion The preferred process has high extraction rate, with good stability and repeatability, which is
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suitable for the mass production of GSZG.

Key words: Guizhi Shaoyao Zhimu Granules; Box-Behnken response surface method; multi-indexes; weight analysis; entropy weight

method; anti-inflammation

FERE AT 25 51 B IRL (Guizhi Shaoyao Zhimu
Granules, GSZG) AEHAER.. AA. FIBE HEL
B AR A2, BRI G 9 BRI A
BRI 5 170, b5 (4 B XS 9 ik
WEIERY, MBI BUEL 2 T, B R XBRIE
IRAHEE. WIERII, ARKHFAMNE. &
AR, B 7 IR AL 12 g AT 9 g,
BE12 gy PR 12g. AR 15g. B3 6g. HE 6
g FEFE15g. MM H 6 g

TERWAE (EBERGSTE) MR 7 “HERAT
BH, 0755501, MhECAL 3 wkov 4%, CLCANR
FF PH AR A, .~ SR PRI T B AT 2 B 7 B
VA LS TP A 4l 2-6 (IL-6)+ IL-1. IL-10 PA K
RIS AEIA -0 (TNF-0) S5 R FER, JF
AR A . DR IR AT 2 SRR
AT TR AERR S 2R &S DPPH HH
BETH B 1 B AU G o R 2 R SR B Z VRN R,
i B 2 O SO B bR O B AT SR A
W, PUCAHIFER R E S, R, AJ2HE.
T H B DA S AER T IL-6 /E N2 HL T 23T
CIETEL

R EHE AR, X2 A F LAV
W, BEHEWEN T 280" mesa T
H, B S ANVEO R R B RECUE R, S8
HPE HPEAT AL . AR SRS SR TR A% Box-
Behnken W37 VA4S REATERE AT, #iE GSZG
MR ERIN T 228, BN GSZG W5 2:0F T
R 5%,

1 XEEHR

Eyidt LC-2030C3D Ry 8GR il A, H A it
A F]; Agilent 1260 /5 0BAH LA, ZEEICRHEH
RAF; FA1204C B R, BilgEE-FRE A A
RAF; UPH-I-10T LAk Es, HESGEARHL
HIRAT]; SB-3200DT Hi A BV, THH &M
PR EAIRAT: DZTW B 7R EAE, H
AR R (i) A IR A #] 5 Agilent Eclipse XDB-Cis
EEAE (150 mmX4.6 mm, 5 pm); Agilent Eclipse
Plus Cis %43 (250 mm X 4.6 mm, 5 pm); Shimadzu
Shim-pack GIST-Cis 4 (150 mm X 4.6 mm, 5

um); Emax Plus B§#5{%, Biochrom Ltd. Cambrigde.

BT B P RO 25 e 4 s A 24 M 4 A BR
AL, WK 1 PR, SRR EE 2R e
B , FERCNRERHE Y R KE Cinnamomum cassia
Presl TR, AATNEEFHEM AT Paconia
lactiflora Pall. WIFFEAR, FIEENE & FRHEY R0 EE
Anemarrhena asphodeloides Bge. WT/#MEZ%, BiX
RNAFERHEYIRG R Saposhnikovia divaricata (Turcz.)
Schischk. HJ T+ &M, B R AFHHHEY A AR
Atractylodes macrocephala Koidz. HITEEARZE, FRIE
MR ERHEY) E /R3S Ephedra sinica Stapf Ff)T g2
R, HERNERMEH S Glycyrrhiza uralensis
Fisch. HJTBARMR 2L, 2 N L RHEY) 2 Zingiber
officinale Rosc. WIHTEARZE, MM A v BEAEHEDY)
Y3 Aconitum carmichaelii Debx. W HRINT A
B BRI T . % (P EZG) 2015 SERROTE
R, SFFEAHRIUT HE . SRS EE R (S
110710-201821, FiE/ 3 99.6%) AJZH (b5
110736-201842, JiE/2H 97.4%) TR H (L5
111607-201704, JiiEsr% 98.1%). HEMEE (it
5 110731201619, J5ifE 7347 93.0%) T [H &
mm i AR, OB, tial, Sigma AF];
HoAt )35 9 3 B 2, SIREe FH /K Dy s s | i i 4l
7K o FEPAIR T R I AT 4E 40 i MHTA W4T 75
JEPI IR H AR BR A 7] IL-6 ELISA 177 & (it
5 A30690153) .MTT Cell Proliferation Assay Kit(lt
5 A86710643) I TR =B AA R A 7]
2 FEEHR
2.1 #EFE. 5HE. ERENMEBERNESENE
211 O HE SRR H A o0 A B R IDURE e
AJEE . TEREAH R CH R = 5%

&1 GSZG Wik %R
Table 1 Sources of substance decoction of GSZG
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BT /1020 7) K HE SIS B, 0 HR O ) RO IR
FEE43 528 105.060+ 268.000- 182.000+ 291.000 pg/mL
(R0 R i i £ VR o 2 i s 5 % EDORT HE T i & U
T FR A R B AR B O R P R R VAR, A
2.1.2  AEEER A H & RS EIUE T KR
25mL, BT 100 mL &, MHEEER, &5,
0.22 um PFLIEMEIEL, HUSRpE, HPfR.

2.1.3  FAMERE RIS & %I GSZG Ab U
&, AR B AT BRAETRE. BB
FAEAL G AR 4 43, 0 16 5 &K EHRSREL 3 WK,
FIX 1 h, 38, AIFIEM, R EDGRER . BhE
AJ s BRENERE BH R BRSO 25 mL, BT 100
mL S, MHEER, #%5, 0.22 pm fMFLIER
JERE, HUERUEWE, BPfS.

2.1.4 it

(1) AR, i LC-2030C3D M ROl
BEAY ; Agilent Eclipse XDB-Cis i #E (150 mm X 4.6
mm, 5um); PAZSE-7K (321 68) AtahiH; Al
WK 290 nm; #HIE 30 C, #BEREE 10 uL, ARG E
1.0 mL/min.

(2) A5, Agilent 1260 15 R0AH (it A ;
Agilent Eclipse Plus Cis i #% (250 mm X 4.6 mm,
5um); LLZNE-0.1%EER KGR (14 1 86) Niisl
Fs KM 230 nm; AR 30°C; HEFERE 10 pL;
AR R 1.0 mL/min.

(3) PHRFF, B LC-2030C3D = RLBFH
4% ; Shimadzu Shim-pack GIST-Cis foifék: (150
mmX4.6 mm, 5 pm); LLZJE-0.2%0KEE R KA
NIRENA, BBV 0~5 min, 10%~14%Z.11;
5~10 min, 14%~15%ZJiE; 10~20 min, 15%Z
s KA 258 nm; Al 30 'C; HEFEE 10 pLs
AR E 1.0 mL/min.

(4) HEFRUS, Agilent 1260 = B (L3 A% ;
Agilent Eclipse Plus Cjs i #+ (250 mmX 4.6 mm,
5um); PLZJE-0.05% B B /KIS IR BIAH , BHIE B
it: 0~8 min, 19%Z4ME; 8~35 min, 19%~50%
LB 35~36 min, 50%~100%Z.fi5: 36~40 min,
100%~19%ZE; Falllg 237 nm;  #i& 30 C;
AR 10 uLs AR E 1.0 mL/mins

GSZG FF it S 20 HE i 1 a1 P L ] 1~4.
2,15 BMERRFEHE 3k E IO G R 51 5
BBV, 3% “2.1.47 TR (3 S kg RERS I
AT, DA IR IR B AR AR (XD, % g

FE RS
A A
o b
C
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t/min

1 HEEEXBS (A). GSZG H& (B) REERBAMHE
m (C) B HPLC
Fig. 1 HPLC of trans-cinnamaldehyde (A), GSZG sample

(B), and negative control without Cinnamomi Ramulus (C)
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2 AHEWNEBME (A GSZG #m (B) REkAXAMH
&n (C) B HPLC &
Fig. 2 HPLC of paeoniflorin (A), GSZG sample (B), and

negative control without Paeoniae Radix Alba (C)
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& (C) B HPLC
Fig. 3 HPLC of mangiferin (A), GSZG sample (B), and

negative control without Anemarrhenae Rhizoma (C)
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Fig. 4 HPLC of glycyrrhizic acid (A), GSZG sample (B),

and negative control without Glycyrrhizae Radix et Rhizoma
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RIS (V), TR, 15% B
LRPERNA T RE . MR R ) REMETEE, 4R
H: R Y=176 166 X+31 265, r=0.999 9, £t
3.27~104.64 pg/mL; AjZjH Y=14.031 X+
9.251 7, r=1.000 0, Z& i 8.16~261.03 pg/mL;
TERTF Y=44 122 X+19 406, r=0.999 9, £k
1.39~89.27 pg/mL; H¥ER Y=6 3854 X+
1.775 6, r=1.0000, Zt475H 1.00~33.00 pg/mL.
SEIRRA, LEAH RLEERE T BRI R Y % o ek
KARU .
2.1.6 FEEFERL  BOG RS EREE 13.08
pg/mL. AJZ5EF 32.63 pg/mL. TSH4F 11.16 pg/mL.
HHER 8.29 pg/mL) % “2.1.47 TUT il & ki 4:
HBERE 6 UK, DI 5E 5 A (o R VR W T AN o 45 SRR Y 15
AJEH L PR A H S RRIE AR RSD 73734 0.12%.
1.47%- 0.89%- 0.35%, FKII{CEHKEZ B RIT,
2.1.7 FEthikse BRI, T
0. 2 4. 8. 12, 24 h R HT, MEkE RS AT
25 TR NI R A B W TR AR, 4 SR A B R
AU . TR AH RRRUETAR M RSD 410N
1.01%- 0.72%- 0.36%. 1.44%, UMK AR
24 h WEE
2.1.8 FEEMRK % “2.1.27 TR ksl &
SRR 6 1, 1% “2.1.47 TR k&g .
RAFRERZBE . ATZH . T IRE A R 15
S5 0.505, 2.595. 0.705. 1.414 mg/g, RSD
RN 1.42%. 1.62%. 1.69%. 0.05%, FWi%i7
FEGHERLT,
2.1.9  IFEEIERRES RS IR S A E
a1 mL, et AlET 10 mL &,
F 25 AN B VAW 1 mL, W 2 mL, RRDE
WE T AR FETH L5 o IFE e e . 25 SRR R e . A
iR S e IS RN R S ik A EL g S [y
99.29%. 101.09%. 102.33%. 103.03%, RSD %%
N 0.54%- 1.17%. 1.53%- 0.54%, FBi% 7% (0
W R AT
2.1.10 FESIE  HL “2.4.17 TR 17 #KIRHR,
iz “2.1.27 WURJPER & ARSI, % “2.1.47
TR g% FNE, RAMr— BT, 15
FR R
22 HERNE

F I S 7 KR 25 mL, B CiEE R ER
AR, &+, T 105 CFH:3 h, B, BF

FREETHAH) 30 min, KEEMERE, HEHBEE.

W R =TT R/ 4t &

2.3 RIEEF IL-6 BUNIE

231 AEEER S DUERAT A R BEA B 7K
$EH 200 mL, FLEWRRTHR, WIS FERAT 25 MBS
VIR AR T . R FRIAR T4 0.25 g, hNZSiH
KB 1 BSTR B EE N 0.125 g/mL FRITERAE it 47 o
2.3.2 MTTHM  JHALES.C, 4 M E 2, 114 5 000
ANEEFLRNT 96 FLE; F DMEM R57#% [ 86 10%
faA4-iniE (FBS)] #39% 12 h &, Z0fonGEE, WiFE
B9k, ¥ B 50 ng/mL TNF-a FIAS [5) 5 9K
(0.125. 0.25. 0.5, 1.0 2.0 mg/mL) & 2585953
(100 pL/AL), ¥59% 24 hy WEHZAET, FFLIIA 20
uL 5 mg/mL ) MTT ifdk, 4k8:355% 4 h J5 38 BiE
W, BEFLINA 150 pL Formazan ¥ TR — H JE AR
(DMSO), ¥ 7E¥% % Formazan £# R, 7570
nm WEWRSE (D H, THEAIMAATEER.

TR =(A sw—A 2)(A ww—A =)

SRR 2 s, BRI R EEA BT KSR
FAHH MHTA (1 TNF-o 3855 $EGEER,
BANHIR T (ICso) N 1.02 mg/mL, #HfiE 5 445
245 R E M 0.125~1.000 mg/mL.

233 IL-6 WGFI&ENE RAER+ AL, 400
#HiE, 1ML 5000 MEFLFPTF 96 LAk I DMEM
RFEdE (57 10%FBS) 1597 12h 5, AHGEE:,
W R I, e & 50 ng/mL TNF-o A [A] Ji &
W (0.125. 0.25. 0.5, 1.0, 2.0 mg/mL) 52
B R (100 pL/AL), B5 37 24 h Ja B 5, 1% Elisa
B SR UL B AT I , Elisa I 25 5 bk LAGH

R2 BERMHHEZE S KRR BAEEERMER T
IL-6 S EHFM (X+s5,n=3)
Table 2 Effect of different doses of extract on cell viability

and content of inflammatory factor IL-6 (x = s, n=3)

AR EIKE/ (mgmL™)  AIEAFEH/% IL-6/(pgrmL™)

= 100.00+£12.14  60.27+12.86
F 99.294+ 1.35 145.60+13.117
0.125 93.19+ 242 11627+ 4.46"
0.25 86.51+ 2.46" 91.93+ 3.44"
0.5 67.73+ 3.00™ 83.83+ 7.77%
1.0 5226+ 3.51™ 64.67+ 431"
2.0 15384+ 1.25™

HREAMALLE: "P<0.05 P<001; S5%=A4LE: *P<0.05
P < 0.05 *"P< 0.01 vs model group; *P < 0.05 vs blank group
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WA R B KOE R 7 TL-6 F IR, 45 3 %
2. R 2 GRRIPEEATL BRI B A TR E
P, HEFERBM, HAZREREN 1 mg/mL
B, BraeiEtEfeom, MOz ERE T R SA A
T2 IL-6 2T HII5E

2.4 Box-Behnken I H AL GSZG IZEITZ
2.4.1 Box-Behnken M [HERE TR RITLEY
PEIR 46 AR SEBR A BT IATRER S, DARHR L (AD
FEHURT ] (B) $RHUREL (C) AFHEKHE, HUkE
K12 g0 A5 9 g4 KB 12 g4 B 12 g2 A 15 g.
3 6g. HiE 6g. A£FE 15g. T () 6g, It
93 g, 17 4, #% Box-Behnken 5 ¥ it451FE4T Al
WIREL, SRR SR IR 3.

2.42 Box-Behnken M W [ ¥ i 56 &5 R %
“2.1.107 TR JNVERHATREIGE , 13 4 MRS R
TR, % 227 BUNFMIEHER, % “2337
TR 2 A0 5E IL-6, 4553 W3 3.

243 [FEEIEANEARN AT BEEBRREAS
WEEM T EENEE, BT EEHRES G
B, 2PN R F kA E %48
PR ZI R AP TR AR E R 1 BN &,
THEOZIRFR A R, HEUEL R RR R,

TR, G BRRS, SRR ET, R
SRR BB, IR AU 5
L/

(1) FUABERAEER b, SRR
Sl B m ANEOERR 1 AT B B A R
FEN A= (ay)mns KT FEIT—AFTFE] R=(xj)mnr XK
5 MR A SRR T 2, 58 DA A R 4718 — 14
Xy = (ay— " {ag (M fagh — M (0, Xy o
B0 YRR MR, 1=1,2, 3, -,
m: j=1, 2, 3, =, n.

(2) 45 B HOR FE (X B 30 9 08 50 3
Powns TEREBRARE PO A BIOMEE, W
B OSP<I1, KA TIIFEERE (X mn B — 404D
B, R RL B AR B TN T SR (M A
ok Py R ORI TE S § AMTE R F MR

Pi= X/ X,

(3) THEIRFRIEME, #Es i NP TR
%‘A%»ﬁ% (Hi)o
Hi=—k Pyln Pyk =1/ n

J=1

(4) HEIERRIRRE (W),

*3 MEEEHRES RRER
Table 3 Design and results of response surface design test
. A Bk R AP TRRE HERY A BT (1)
(mgg) (mgg') (mgg!) (mggh (pgmL™)
1 14 (0) 1.5 (0) 3(0) 0.977 2.619 0.789 0.912 32.00 543 85.3307
2 14 20(+1) 4(+1) 0.991 2.664 0.985 1.109 30.94 67.6 90.291 1
3 14 1.5 3 1.164 2.616 0.801 1.021 32.13 69.6 88.167 8
4 14 2.0 2(-1) 0.887 2.408 0.747 1.110 31.67 66.9 83.3897
5 14 1.5 3 1.050 2.874 0.855 0.966 32.52 67.6 88.787 9
6 14 1.5 3 1.129 2.595 0.763 0.896 30.90 80.9 82.614 1
7 16 (+1) 1.5 2 0.900 2.503 0.709 0.878 30.05 70.9 78.213 8
8 14 1.0(-1) 2 0.978 2.558 0.709 0.879 28.52 64.9 79.604 3
9 12(-1) 1.0 3 1.126 2.512 0.701 1.126 30.51 60.9 87.0513
10 14 1.5 3 1.078 2.614 0.687 1.126 30.88 59.9 87.158 1
11 12 1.5 4 0.892 2.678 0.740 0.982 31.97 70.3 82.788 9
12 12 2.0 3 0.775 2.702 0.848 1.159 33.20 85.6 84.896 9
13 14 1.0 4 1.076 2.861 0.946 1.051 33.03 71.6 91.8927
14 16 1.5 3 1.254 2.695 0.653 0.897 30.16 52.9 86.285 4
15 16 1.0 4 1.130 2.958 0.896 1.014 34.27 543 94.743 4
16 12 1.5 2 0.842 2.570 0.566 0.974 30.57 68.9 77.488 2
17 16 2.0 3 1.092 2.865 0.826 1.039 33.27 90.3 87.6156
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Wi=1- H/Z(l H),

AR, U5 EERN, R R
X, Eﬂé)ﬂ,ﬁifﬁﬁzﬁ R ZIEVMEIE NG B E
B2, (EFER, HACEEBA. @iditE, 4R
W 4.

12 H Design-Expert 8.0.6.1 ZAEXTR A 15
HAT 2 WELEAREG T (8 5), RERNEEL
(A). FREUE (B). $EERE (C) %,zé%ﬂ:/\
(V) ZIa[) 2 kZ oA R ¥,=7.695 64+
9.526 99 A—22.718 24 B+11.081 13 c+0.113 23

ZW,_l 0o=<w<l1

AB+0.903 94 AC—2.900 41 BC—0.413 74 A+
9.805 42 B>—2.459 64 C2,

A F=7.90, P<<0.01, W] 2 kK% oAk
RELF, 1 2=0.910 3, rg’=0.795 1, ZFZRH
(CV) =2.47%, RUFERIGFLE RIF, MKXER
if, RIGIRZER/DN; F x9=0.35, P=0.794 9>0.05,
TSR AP A .35, ] DU B ASE R 3047 43 B FR T30
HHERH FAERT D, BEALE 1 IR C 2 ARG E 50 ;
EEIM 2 IR R . & HFX GSZG H#E T
SR ERIRF A C GREURED >A CEHK
t) >B (FEEU D,

T4 BROWEXIFNIERTELER FIFH Design-Expert 8.0.6.1 #4533 2 ¥k [al Y3757
Table 4 Results of relevant evaluation indexes of each FEEE 26 K i i T B S i 56 1R 25 22 1) [ A2 5
component &, REfE RAERH TES 8. FrmLmEIRar Ll
Wb H W | "W JR W A2 LTRSS 1 A 2 5 A
R 1.0755 01795 | HEER  1.0814 01936 AREE, R A B T RS B RS, S5 S,
AJZH 1.0845 02009 | THEE  1.0839 01995 MR SRR A4 A 4k B E) S2 R e 77, o GSZG it iR i
TR 10702 0.1669 | IL-6 1.0250  0.059 5 T8 RN 16, $2E01h, $2E03 K.
&5 EERKRBEFESHT
Table 5 ANOVA for regression model
FTEFRIE CPIAM AmE ¥ FME P | TERIE PO A®mE ¥ FE P
sl 318.190 9 35350  7.900 0.0063 | A2 11.380 1 11.380 2.540 0.1549
A 21.090 1 21.090  4.710 0.0666 | B? 19.670 1 19.670 4390 0.0743
B 0.310 1 0310  0.068 08013 | C? 19.800 1 19.800 4.420 0.073 5
C 150.020 1 150.020  33.510 0.0007 | FkZ%E 31.340 7 4.480
AB 0.040 1 0.040  0.009 09274 | RN 6.460 3 2.150 0350 0.7949
AC 10.180 1 10.180 2270 0.1753 | 4z 24.880 4 6.220
BC 8.800 1 8.800  1.970 02037 | MiRZE 349530 16

100

88

100

88

# 5 3D MmEmERESLE

Fig. 5 3D response surface and contour map
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2.5 REVITZHIE

AR BT UL 5 (0 B U SR T 2 2 AR AT BRIE S
W, FACTTRRE3 U, BT, Itk
MILESHEATIR, HIERI LR UL, T
WA TESEROHERKEL 16, 520 1 h, $2H 3

W, R IE 6. BIRLE 16, FEHL 1 h, FEHL 3 KA
TR [F) SEIE LB, RSD<<3%, 3% BH AR 7R Fi ) 4
If. Vi8] Box-Behnken 1538 v B ) & H T
GSZG [P T2, A 3R T 28 E
HEMRAE, TR, B— e 0 Seha B ANME .

x6 ITZHIEER

Table 6 Process validation results

RS HEEB/(mgeg!) AH/(mgg) TREF/(mggl) HEmR/(mgg!) TEHZXY% IL-6/(pgmL™l) LZi&wsyr
1 1.24 2.66 0.79 0.89 32.81 53.90 89.543 8
2 1.26 2.72 0.80 0.90 32.69 54.10 90.4859
3 1.21 2.69 0.76 0.91 32.80 54.20 89.079 2
RSD/% 2.03 1.12 2.66 1.11 0.20 0.28 0.80
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