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TRk, Pty 8 AMABE N FFARRRERTE ., —REBIU B E . —RBIUR CBARE, —REBIURYE
BEE, ZORBLUMBLRE . ZREUR LEAORE . SRR G E A KRBk pH 1E, AL, KA
o B kR SR E B ) SR e BRI R AR 00 XA R A GF AR SR B . — RBLIUIR %R B E A pH AR R T i —F eh BF
REFT, R BAN_RAREFERBEFe, LR AT EFIAREREREFEEA 115 mgmL . — REITKY
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Optimizing Process of Radix Salvia Miltiorrhiza Ethanol Precipitation by Response Surface
Methodology

HE Guoyong', ZHOU Mudan', TONG Shengqgiang', QU Haibin®, YAN Jizhong' (1.College of Pharmaceutics,
Zhejiang University of Technology, Hangzhou 310014, China; 2.College of Pharmaceutics, Zhejiang University, Hangzhou
310014, China)

ABSTRACT: OBJECTIVE To optimize the process of ethanol precipitation of extraction of protocatechua-ldehyde.
METHODS An effective two-phase statistical approach to enhance extracting rate. In the first phase, Plackett-Burman design
was undertaken to evaluate the effects of the eight factors: namely density of Radix Salvia Miltiorrhiza extract, first ethanol
precipitation rate, ethanol concentration of first alcohol precipitation, density of condensed alcohol precipitation, second ethanol
precipitation rate, ethanol concentration of second alcohol precipitation, concentration of sodium hydroxide solution and pH. By
regression analysis, density of Radix Salvia Miltiorrhiza extract, density of condensed alcohol precipitation and pH were found to
be important for extraction of protocatechualdehyde. In the second phase of the optimization process, a three-level three-factor
Box-Behnken design was used to optimize the above critical internal factors. RESULTS The results showed that the maximum
experimental value of protocatechualdehyde (0.487 mg'mL™") can be obtained. CONCLUSION This extraction technology
could be used for the extraction of protocatechualdehyde in the process of Radix Salvia Miltiorrhiza ethanol precipitation.

KEY WORDS: Radix Salviae Miltiorrhizae; ethanol precipitation; response surface methodology
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T2 0] 5 Wi g BT 2511 25 R R AT W1 282 I B9

DL R AR AR T2, A PSS Az = 42
S 56 HE il R 2 2 B

1 MR5FE®

1.1 SEE PR

L1 XA & OB (B A (K501 s 28 .

HT-230A #3148 Autosampler3800 H I HEFE 2
K-2501 ZEAMGIM ) (4 E Knauer); BS224S UHL
T RAFACREFEZ RIS REA R A F]) -

1.1.2 X2y JR)LREERRAE S, FHl, 2l 98%:
. ST o b all; B Nt 2z all; K75
WK PFSREWRAEH, e KEHE R AR
A LR o

1.2 SEE T

121 TEHEY BUTS KRS 3 mL, %
I 95% LlER — RS =, Wik, HE. Ml
Oy, BUEGEH, A Al E i, S TR
TRE Ol AR ER, TN 95% LRER
TR, HEEBEEIRTY pH A, modid:,
HHE . W, B IR EEDUROE IR, JEUEZE B
MEwk, FHZRMWACGER, &H.

122 a5t A B 1 FE Cis £E 4.6
mmx250 mm, 5 pm); JBEIAH A K 0.2%R-7K,
B 4 0.2%W MR- &M . BREEVENIAS: 0~ 8 min,

i 10%B Ft+4 22%B; 8~15 min, H 22%B J+ 4
26%B; 15~35 min {1 26% B T+ & 39% B; #EFffE
S 20 puL; WA 1 mLe-min™"; A% Kk 280 nm;
FEiR: 35 °C.

1.2.3  JFULRESEANE KPR 3.7 mg Ji
JLAE, FHZEMKERE 10 mL. SR)5 0 B
1.5, 1.0, 0.7, 0.5, 0.2 mL % 10 mL &+, H
AIRACE A o XL v LA 7R R 55.5, 37.0,
25.9, 18.5, 7.4 pgmL' o £ 280 nm AbJ & WL
(AR IR PE(OE LML RTA, 75 b5 1 ith 26 7 72
H: A=0.121 5 C-47.629, r=0.999 5, ZkyuF N
7.4~55.5 pgmL s K R IE RSD A 1.5% (n=5);
FHEMERI RSD 4 2.1% (n=5); InFERIBR K15
SR g 98.5%, RSD 4 1.2% (n=5).

1.2.4 SE W

1.2.4.1 Plackett-Burman SZ& 17 W 4E S0
DU TCERAE (0 427 T2 LA S PE 2350 A M (1 A5 01
T, A BORIS TR s 2 W 1, PR RRR A
LA RER & 5, VAN S5 LR 20 AR B i e vl
o S BLAR N 252 2010 45 2 H A8 27 4555 2 )

Hi 3t KA ST B 1 SAS V8.0 i 58 ko

%1 Plackett-Burman 523 3% it B & K F & 44 5

Tab 1 Level and code of variables chosen for Plackett-
Burman design

Al £ i Rgnhy -1 1

IR A W S /g-mL ™ X X 1.10 1.30
IR BEDU L BEIR S % X2 X2 70 80
— RT3 )% /mL-min ™! X X3 15 25

— KBTI AR % [ g mL ! X4 Xy 1.10 1.30
LR BEDT S BELIR I % Xs Xs 80 90
YR % S /mL-min™ X6 Xs 15 25
LA BV IR TR L /% X7 X 10 30

pH Xs Xs 7.00 9.00

E: G S IR R xi=(X1=1.20)/0.10; x,=(Xp=75)/5;
x3=(X3-20)/5 ;  x4=(X4—1.20)/0.10 ; x5=(X5-85)/5 ; xc=(Xc—20)/5 :
x7=(X7-20)/10; x3=(X3—8.00)/1.00

Note: The  relationship between code value and real value:
x1=(X—1.20)/0.10; x,=(X>-75)/5; x3=(X5-20)/5; x4=(X4—-1.20)/0.10; x5=
(X5—85)/5; x¢=(X6—20)/5; x7=(X7-20)/10; x5=(X3—8.00)/1.00

T2 REPRHEDEELR

Tab 2  Regression coefficients and their significance for the

model

B BUHRE bRkt ot Py
KA 3% ¥ /g-mL ! 0.7403  0.0525 14.09780 0.000 7
— KRBT L BEZHR P 1% 03854 00525 7.33970 0.0552

RN B /mL-min™ 0.731'8  0.0538 13.57910 0.186 4
—KEEURAEN% E/gmL ™ 03826 0.0538  7.09979  0.0057
TIREEYI  REL IR BE 1% 02475 0.0538 4.59285 0.0593
TREEVCINEEE B /mL'minT —0.0905  0.0538 -1.68020 0.1914
SR BRIV R % —0.1063  0.0538 -1.97305 0.1430

pH fi 04716  0.0525 8.98080 0.0029

1.2.4.2 Box-Behnken L4 %I HEFH—k
Becgm a5, M B a5 R - Box-Behnken
Wiy 57 THT AL TV, 0 5 W P 2 BE DI OC 8 DR 1 R AT
WEFCRIARAL,  LAIRAS 32 I de i 45 11 S BR AR /K
Yo . S5 A B A A Design Expert.o
i Plackett-Burman 50 45 LW, X PF2 iz
DUIEFE 52 me) Sk 3 (1) A0 S DR DA K 3 e 440 3
IR FEA pH . PRI, AT A
J5 LR B & B (mgrmL ™) W AR, AR K
PEIRAR B FE . — IR BT A 5 FE AN pH A, 43
AL Xy Xov X AU, #27HE Xi=(Xi-Xo) AX XY
AAARE TmE . H, x b AZENwmEE,
X; b HAR R ESIE, Xo A SEi A0l 3 A &
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PILSEME, AX AHAZRNEHSK. K%Y
PEIERS v G
%= 3 Box-Behnken %% it F & K -F K4

Tab 3 Level and code of variables chosen for Box-

Behnken design
SIS il ARl -1 0 1
IR 8 ¥ g mL ! X X, 110 120 1.30
— KBTI S /gemL™ x2 Xp 110 120 130
pH 1 x5 X3 7.00 800 9.00

e GRS S B R RN x= (X,-1.20)/0.10; x,= (X—1.20)/0.10;
x3=(X3—-8.00)/1.00

Note: The relationship between code value and real value: x,=
(X,-1.20)/0.10; x,= (X,—1.20)/0.10; x3=(X3—8.00)/1.00

WL AL T o /N I IEAU G I IR 2 WU
FEA

Y=By+Bx;+B:x,+B3x3+B,x; X, +B3x X3+
Bz3X2X3+BnX12+B22X§ +B33X§ (1)

A Y I N AR B b HE: By
B\ By WEMERE: Bios Bisy By A HINREL:
Biis Bo By N IRIA L.

N T RAFITT ZR IR E, 7 15 4%k
Kfft, SRR 4. PTG Design
Expert K47 5250 & 1T 5 047 o
% 4 Box-Behnken 523 ¥% i+ K v i & #y 52 U (L

Tab 4 Factors of design of Box-Behnken and results of
experiments

IKPERAETE  — I BEDLIR AR W Jt ) L7 I S
Al m N y pHH | O
2 /g-mL 5% /g-mL WME /mg-mL
1 1.10 1.20 7.00 0.469
2 1.10 1.20 9.00 0.307
3 1.20 1.10 9.00 0.286
4 1.10 1.30 8.00 0.442
5 1.20 1.20 8.00 0.459
6 1.20 1.30 7.00 0.423
7 1.30 1.30 8.00 0.225
8 1.10 1.10 8.00 0.303
9 1.20 1.10 7.00 0.341
10 1.20 1.20 8.00 0.474
11 1.30 1.20 9.00 0.348
12 1.20 1.20 8.00 0.483
13 1.30 1.10 8.00 0.244
14 1.20 1.30 9.00 0.487
15 1.30 1.20 7.00 0.158

PR WA A T 2S5, s
M . AN IR E LS, Bk EESE
K, BTN O 20 mL-min~' . S AL
WAL R 20%

2 HRE5HR
2.1 BERUFREE S B P
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R BT Mg L3R 4, FIH Design Expert
Bk, E R 4 PR LA SR K K R ()i
T2 Jelal A, BRAT I LA I 75 0 g i B AR
K PEIRAT B S . — IREED IR A % pH A
1) =k Z TRl 7 75 A -

J5 L 45 B A B =-20.263+24.888x,+15.434x,—
0.842x3-3.950x,X,+0.880x,x3+0.298X,x;5 g/mL+
1.613x,°-5.238x,°—0.035x5° )

MBLHL I )5 25 00 Mr e 5 I WL, AR B ik
M — w2 B R s R E N
(Prode=0.001 4<0.01), KRIUIFLE 0=0.1 /KT F A
% (P=0.1179>0.1), A IE o E R KL () W
0.876 7, RUAILHIRIULS JEELT, BALAEE L5
O BT BT (Ao UL, 2R R Ao TN 4%
DR 22 06F i ) LAY TS 5 St PR 5 )
x5 —REZTHEAT EpE

Tab 5 Analysis of variance for the model

Ay o CFUM AmE B FAi  PAt(Prob>F)
B 0.160 9 0.017  23.850 0.001 4
KPIH 3.371E-003 3 1123.580 7.640 0.117 9

RZTT 2.940E-004 2 147.000

[cad

1 0.160 14

= 2 2 =
r=0.988 5 r=0.9772 r Adj =0.876 7

2.2 J5t) LA e 5 s 1 i) . T8 4 A7

TR T R (2) B A 1 e T P R A5 v 2 1] AL
K1, K2, W3, B 1 ERT pHALTH LK,
R pH 8.00 I, 7K o 4 05 58 FH— IR TR A4 i
RN T LA I 5 8 (R A8 EL RS W SN o KL Ok A v
NI TR RN = BAE- A S, i1
JEWA HAER R . mE 1 s, 7ERE R
AR I, B — R B 0 e A4 VR i (1) 3%
b, SRR S A N I I . 4 K R A A
FEAE AP, R LR i B A — IR DR 4
VR P TR G 0 B T S o E e N T AT BUE Y, K
PER G AL TARAKP I, SR LAY 5 b
VI M R IR DNITITEZ S B NP (N =1V S
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Fig 1 Response surface plot and contour plot of density of Radix Salvia Miltiorrhiza extract, density of condensed alcohol
precipitation on the extraction of protocatechualdehyde
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Fig 2 Response surface plot and contour plot of density of RSM extract, pH on the extraction of protocatechualdehyde
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Fig 3 Response surface plot and contour plot of density of condensed alcohol precipitation, pH on the extraction of
protocatechualdehyde
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B 2 SR T AE— R EEDTIR A 0 Ak T
IOV, KSR I3 AN pH (B AF AE 28 B
WY o FHAE 2 B AT DU H, S DR 3R A S/
(R I PN I, S &5 R A o i B AR D K I
SRR Y e B . B 3 B TEKIRIK
G BE AR T P AT, — IR B 40 T
N pH HABRAFEAE AC H AN o TS BT &
WLy 8 R IR IR A 254, DR, W50 pH B
PSP A A R . B pH {H 138
T, D) LA TS 5 e 5 UL T 358 o e 9
2.3 AL IESLLG

XPEATT SR — B 5, i 45 Xi=1.15, Xo=
1.26, X3=7.86 F1 Y=0.533. HIIfE2H & /KR4
WL IRBRURGERCSE N 115, 1.26 mgmL ™,
pH fHh 7.86 I, FeAE41F T IR LAS I FO(E A
0.533 mg'mL ™',

UEAh, A T B SR LA S AR R (2) 11
HIEMRAT R, AT T R R LA RS R
AR . TR 5 IR LA HEI 17
AE N 0.512 mgemL™", XA 5 I AR ) 4 15
RUF. nf WZAE A ] LU T 10 R ) LA £ &
FEPUS R R 3R B A, RN T R R A T
B, JERA iR B SR
3 it

AR HES BN L ERER L, NV
Plackett-Burman fiffiE i 30552 T T2 K Z 5 DT
BRI, RIUKPRIR AR5 . IRREDUIK
A8 0% FE RN pH AN FES R Ui RS i f ok 1 %
3ok 1 I [T ¥ 8 A AT T O DN 3R R UL A T
Er R IR AR, IR et 2E o
GMHRHT T BEEALR, e T TESL B®
W T H R B T AEH . AIH Design Expert 4%
P, R LS B 4 IR 22 T B 2 A R g 0
BEASAN: (EKIRIRAGRE L . — IR DTG 2%

FE4 1.15, 1.26 mgmL™"', pH1EN 7.86 I, J&JL
FWE SRS A 0.512 mgrmL ™', 5 TR )
HRIT,

% LRk, PSR RE R LA B
IR B AE T80 KRR N 1.15 mgmL™
WEYTNEEE S 20 mL-min™'; —YREEITIR 20 &k
N T5%; — IRIETIRAE RS 126 mgmL™; =
YRIEESUMBE TR B S 20 mLemin™'s —IREEVTIK 4%
WA 85%; S AMAMEIIIKREE Ry 20%; —IKIEE
GUMMBETR S 2y 20 mL-min~" F1 pH {4 7.86.

REFERENCES

[1] WANGZP,FANJY,LIUY Q, et al. Study on adsorption of
Danshen water-soluble compounds with macroporous resin
D301 [J]. China J Chin Mater Med ("1 rf'252%:), 2003,
19(6): 554-560.

[2] HUANG K, AKOH C C. Optimization and scale-up of
enzymatic synthesis of structured lipids using RSM [J]. J Food
Sci, 1996, 61(1): 137-141.

[3] SHIEH CJ, AKOH C C, KOEHLER P E. Four factor response
surface optimization of the enzymatic modification of triolein
to structured lipids using capric acid [J]. J Am Oil Chem Soc,
1995, 72(6): 619-623.

[4] CHIATAI QINGCHUNBAO PHARMACEUTIACL CO.LTD.
Preparation methods and Quality control of Salviae Miltiorr-
hizae Injection: China, 200710143306.2 [P]. 2008-02-27.

[5] PLACKETT R L, BURMAN J P. The design of optimum
multifactorial experiments [J]. Biometrika, 1946, 33(4):
305-325.

[6] DRAPER N R, LIN D K. Projection properties of Plackett and
Burman designs [J]. Technometrics, 1992, 34(4): 423-428.

[7] = MONTGOMERY D C, BORROR C M, STANLEY J D. Some
cautions in the use of Plackett-Burman designs [J]. Quality
Engineering, 1997, 10(2): 371-381.

[8] ~AHMED S Z, OMAIMA A S, MOHAMMED A H, et al.
Quality by design: understanding the formulation variables of
acyclosporine a self-nanoemulsified drug delivery systems by
Box—Behnken design and desirability function [J]. Int J Pharm,
2007, 332(1/2): 55-63.

[9] FERREIRA S L, BRUNS R E, FERREIRA H S, et al.
Box-Behnken design: an alternative for the optimization of
analytical methods [J]. Analytica Chimica Acta, 2007, 597(2):
179-186.

ek H 3 2009-02-03





