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Optimization of the aqueous extraction for Liangliang Capsules by orthogonal
test combined with Box-Behnken response surface method

LI Hong-juan'?, BAI  Wei-rong'?, GAO Ru-yi'?, XU  Zhen-qiu'?, Bl Yu-an'?,
WANG Zhen-zhong'*,  XIAO Wei'?"

(1. Jiangsu Kanion Pharmaceutical Co. , Lid. , Lianyungang 222001 , China; 2. State Key Laboratory of New-tech for Chinese Medicine Pharmaceutical
Process, Lianyungang 222001 , China)

ABSTRACT : AIM To optimize the aqueous extraction for Liangliang Capsules (for chloasma) by orthogonal test
combined with Box-Behnken response surface method. METHODS  With considerations for paste-forming rate,
and the yields of gallic acid, puerarin and paeoniflorin, the processing parameters of liquid-solid ratio, extraction
time and frequency were primarily screened by orthogonal test, then the further optimization was performed by Box-
Behnken response surface method. RESULTS The optimal conditions were determined to be 12 : 1 for liquid-sol-
id ratio, extracting twice, and 90 min for each time. All the relative errors of various indices were less than 2% .
CONCLUSION  Orthogonal test combined with Box-Behnken response surface method can reduce the frequency
for aqueous extraction of Liangliang Capsules and lower the production cost.
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BORDEM PR CERBET . BT, &R
PEORTUE KRG, 28 THhFHEarE, 2K L
W LT SOMELUIA BT Y B SR 2 —, T EEREm 1R
9 AR L A AR A B Y R AL
S A = R SN S S RSN S A )
g PO 2 TR R LA R B A R
TR B B e, AR SRR K R
PR A RO, B IR . BRE . A
A IMERIENG AR, TR IR B
k., i id Box-Behnken mi i i 35 i — A 44k T
28, AR AT SR R
UEE5IRE
1 A& Agilent 1200 w2 B (&%
FEEAT]) 5 Sartorius BP 211D ML 7734 KF (12
Sartorius /A ] ) 3 DZTW RUJERHEAE (dbatth
AOEH SRR ) 5 RE-300 AUfigE 38 &AL (kb
o) 5 HLKHL (3E[E Millipore 2AH]) .
1.2 X2 B OFideRE, BRESAE
2.6% ), M (ZHUHRIRE) . AR (LR
=M, AT AR 1.6% ). HFHE (PR
ZM, BEFREARE0.2%, AT A=
1.0% ), 23 HsREZ R 2 b5 R FHOlL 245 D 485
NG RHE Y B 5 Pueraria lobata ( Willd. ) Ohwi [
TR . IR RMEY) 24T Angelica sinensis ( Oliv. )
Diels. [TRMRZE | BRAMEYIATZY Paenonia lac-
tiflora Pall. )T 1EAR . BEFBHE Y 4 S} Paeonia
suffruticosa Andr. W) TR, WE TR (S
110831201204, &4 = 89.9% ). HEZE (%
110752201313, &4 95.5% ). A725# (#t%
110736201438, & A& 96.4% ) XHHESN (hHEE
i A E IR ) o B, CHE N Cikal; HoAl
S B B o VTEZ P T F £ EL LY
2 HEEHER
2.1 FBARAR LW
2.1.1 3% Waters Symmetry C,q f3 % #+
(4.6 mm x250 mm, 5 um); PAZHE (A) -0.02%
=AM (B) MBS A, BREVEL (R Wk
1) ARG 1.0 mL/min; Al 30 °C5 AGIN K
250 nm, FEULARMET, WETRR, BRE, AJEH
Y] 5 HA o3 R W AR B B 2 A, WLIRT 1,

—_

2.1.2 IBEWAHIE
2.1.2.1 RAXBEMBER WEKRIEE TR,

WM B E R, 5, 4 1 oL FHE TR
1934

x1 BEXRHER

Tab.1 Gradient elution programs

5} 6]/ min /% 0.02% = LR/ %
0~5 5 95
5~20 517 9583
20 ~25 1718 8382
25 ~30 18525 8275
30 ~50 25,88 7512
2
120 ‘
2 80
g 40 3
0L ................. A =
5777700715 7200725 77300 735 400 45 4/min
AREXT A
120 |
2 80
g 40
STT00 15 200725 773007 35 40 45 /min
BE B TR
500 2
2400
<300
£200
10g B
TS0 15 200 25 7300 3540 45 4/min
CHEHME
80
jun]
60
T 40 ,
G4 I . B
57710015200 25 7300 735 40 45 4/min
DA
2
150
= 100 .
E 50 3
o I WY U | I O S —
5777701520025 7300 3540 454/min
E.F#0 Ji B 7K 3R B

I WEFR 2. HIRE 3. AN
1. gallic acid 2. puerarin 3. paeoniflorin
E1 HPLC &it[HE
Fig.1 HPLC chromatograms

10 pg, HHREK 40 pg, ATZHH 25 g KRG XA
R

2.1.2.2 SRR RG2S AT, 4
PRECERR, 010 FFEKBIE PR, BT h, B
B2 mL, HEERES mL, JE, WEER,
IR

2.1.3 JrikeeBE

2,131 &M 7R 2117 TEEEAMET,
VAT BN AR (), X HE ity Joi e J3E Do 1 A

b (X) efilbraEi s, #3175 R0 50 o i
M2 Y =16.629X - 1.100 3 (r=1), 7 5.77 ~
57.69 ng/mLiE NG R RIF; BAREK Y =
41.571X - 1.943 1 (r =0.999 8), ¥ 13.337 ~
106. 692 pg/mL JLFENENME R RUF; ~2GH Y =
15.248X + 1.234 3 (r =0.999 7), f£ 6.22 ~
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93.34 pg/mLyu B NLRME R R I

2.1.3.2 MEmERAE WA -mERENKET
e, BARE . AT ISR, £ 2. 117 T
SR R SR E 6 YR, INA545 L5304 i AL RSD
3R 0.8% . 1.0% . 0.5% , & BIUEHE %
RAf

2.1.3.3 EEMRE  H& 6 MILREw, 7E
2117 WA TFIE, MARE TR, &
WZE ., A2 A RSD 4351k 1.5% . 1.8% .
0.9% , KWZFEELZHERI,

2.1.3.4 et Bt B E W, T
“.1.1" Tifai &k FF0, 2,4, 8,16, 24 h
Wi, WMAFEEFmR. SRR AT 0% mm R
RSD 4350 1.9% . 1.7% . 1.5% , 3% 00V Wi 1F
24 hNFRETE R LT

2.1.3.5 mAEmECRIRE: KSR S A RE R
PN 10 mL, B F 25 mL &iffd, A 100%
THBNEE TR, BRE . ALHXTEM, 50%
HEEAZZIE, AT 6 i, FEWE 10 pL, #
FEOY BT S5 5, F 3 Il & o 5 o BT R
99.32% , RSD 1.69% ; %5 f 2 98.12% , RSD
2.07% ; Aj259599.35% , RSD 1.01% .

2,14 WHECRIE R W R RE AV
(mL), ETFCEEMNZELIY (M), Kk L#F
+, 105 CHLAEh e, Buh, BT TR
HY I 30 min, HREEFRE TR (M,), HHH
R, AW ER= (M, - M) Vo/mV, x
100% o o, m W RpIAE S 244 SRR, V) IfE
R AR

2.2 EZXE

2.2.1 it FRHCEAR SO g, 41H62.5 g
A7 37.5 g 4#EJFRE S50 ¢, 369 £, LAWK L
(A) . 4REUE (B)  42IGKEL (C) MR
W, DI TR BARER . AT IRBCR LU
FEARONIEAREA TN o AEIEIERL 1, X8RI
PEATLRA BG4 B Bk 100 4y, 454
F WA AR, BWEBRRE TR, IR
. A IRPCR L B R3320 504 30, 30,
30, 10 73 LA D ARZIEAR I RY I SE A, LA4s 4
PR R ORE D, WS, TR B A
(OD), A3 OD =30 X Dy e et/ D - weteeme +
30 % Dymgwsen/ Dun- iz + 30 % Dgmipen/
D sy 10 XD g/ Do - s o IV I
ZERINFE 2,

®2 EXHEZITEER

Tab.2 Design and results of orthogonal tests

FEHCR/%

S5 AR BRI E/min G ERIBOREV IR TP e, mre WA/ % B H—E" /%
1 8:1(1) 0.5 (1) 1(1) 17.23 33.95 15.79 6.38 32.91
2 8:1(1) 1(2) 2 (2) 20.15 40.19 23.74 8.52 41.52
30 8:1(1) 1.5 (3) 3(3) 45.03 52. 14 49.62 9.09 67. 44
4 10:1(2) 1(2) 1(1) 56. 34 59. 64 75.11 10.97 86. 54
5 1001 (2) 1.5 (3) 2 (2) 57.16 61.94 75. 54 11. 62 88. 54
6 10:1(2) 0.5 (1) 3(3) 50.92 50.77 69. 88 9.43 77.24
7 12:1(3) 1.5 (3) 1(1) 69. 96 70.31 80. 12 12.28 99. 86
8 12:1(3) 0.5 (1) 2 (2) 51.65 60. 41 55.46 9.13 76. 02
9 12:1(3) 1(2) 3(3) 63.19 69. 34 78.97 12. 45 96.25
K, 0.47 0.73 0.62
K,  0.84 0.69 0.75
Ky, 0.9 0.80 0.85
R 0.43 0.12 1.09
2.2.2 i SRR3R, £H ®3 HESM
ZRI A/ MER R A >C>B, BIWE L > $EEL Tab.3 Analysis of variance
B> PEHRS ] Hor, AL C PR A W& 1k KU EEET R AME )y PP
e
0.05) . wZHE, WERKTZHN AB,C,, Hlm c 0.08 2 0.04  23.51 <0.05
12 5 KPR 3 Ik, AR 1.5 h, WEH 0003 2 - _

1935
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2.3 Box-Behnken & & @ i%
2.3.1 HEAF FEIECRE A [, R Box-
Behnken W W A E— 200010, HESHORILL . 2
RO AL AR O K 3 IR, AR B3 K
F, BARILER 4,

x4 HEKE

Tab.4 Factors and levels

AT TR BRI min | C R
-1 10:1 60 1
0 12:1 90 2
1 14:1 120 3
2.3.2 REGLEH FIFH Design-Expert 8.0.7.1 4k

IR0, BTSSR R S, Tr 220 i
#6,
*5 RAWIGIHS5ER
Tab.5 Design and results of tests

PR/ % R, S —
BETR BRE AAT % {E” /%

|
—_

-1 0 53.67 63.75 79.99 11.25 87.72
-1 0 53.45 59.27 72.08 12.01 83.39
1 0 5467 6271 73.08 11.27 85.19
1 0 51.32 59.41 73.86 10.98  82.42
0-1 59.45 60.23 72.05 11.25 85.78
0-1 54.86 49.91 72.17 10.92 79.21
0 1 61.45 60.11 75.84 86. 67
0 1 66.77 5571 77.69 9.89  88.01

|
[N

|

_ -
g

9

el

O 00 9 N AW N -
|
—_ —_

0 -1-1 5413 52.03 79.28 10.23 81.88
10 0 1-1 5432 51.8 79.85 10.42 82.23
11 0 -1 1 5516 51.56 80.35 9.97 82.32
12 0 1 1 5509 5263 79.23 10.02 82.37
13 0 0 0 69.05 69.28 80.56 13.35 98.41
14 0 0 0 69.46 70.31 82.17 12.86 99.25
15 0 0 0 6838 68.67 80.46 12.10 96.89
16 0 0 0 70.11 69.88 79.87 12.87 98.51
17 0 0 0 70.37 70.24 81.01 12.89 99.20
=6 HEDW
Tab. 6 Analysis of variance
RIE BT BBE By F b.>F
s 811. 84 9 90.20  38.61 <0.000 1
A 19. 00 1 19.00  8.13 0.024 6
B 1.20 1 1.20  0.51 0.496 6
C 13.18 1 13.18  5.64 0.049 2
AB 0. 61 1 0. 61 0.26 0.6255
AC 15. 64 1 15.64  6.70 0.036 1
BC 0.02 1 0.02  0.01 0.924 6
A? 128. 63 1 128.63  55.06 0.000 1
B2 286. 21 1 286.21 122.51 <0.000 1
c? 269. 96 1 269.96 115.55 <0.000 1
B2 16.35 7 2.34 — —
S 45 12.71 3 4.24  4.65 0.085 7
iR 3.64 4 0.91 — —
Mig%E 828.19 16 0.980 3 — —

1936

£5h, g5 1~ 12 RS, 13 ~17 K
e, SRRLRIAEE, HFkEmEE
JFEH OD =168. 62 +29. 834 + 1.56B +21.67C +
0.006 5AB + 0.99AC - 0.002 5BC - 1.384% -
0.009B% -8.01C*, & 6 nl /A, BRI EA & Y
BEM: (P <0.000 1), R* 40.980 3, ZflWiA
B3, RUNZEBIL G ERAF. 5i5h, AL C IR
P<0.05, WmEMEE, SELKEWEER 3%,

Zr Bk, &R K /IMRIRS A > C >
B, [Ally, ACKZHAEM B (P <0.05), K
A’ B C? HkEI B K (P <0.01),

2.4 wmpEad WWE2~4,

25 3y 4

2.0 ~ 12:1

2 BB SRBURE

Fig. 2 Liquid-solid ratio and extraction times

114
2.0 4790961028
CHREKHUK 1.5 10506672 78%* "R t/min

3 RBURHS1RER (8]

Fig. 3 Extraction times and extraction time

13:1

9%

90

B.t/min 847¢ 1211

7 . S
waror | AR

B4 Rt SR EE E

Fig. 4 Liquid-solid ratio and extraction time
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HIPE 2 TR, ORISR IR B 52 BAE 4K
B3 WE 3 A, SEIBBCRR U 9 32 BAE
B/Ne BB 4 T, BB RO AR A — R 1
SCHAER], HARE .

2.5 BiEiXEE Ead xR ENE SR, 15E)
RAETZ&MF BB 11,74 < 1, $EC [
89. 18 min, #EMIUHL 2.07 W 7 1E 56 70
B, EAE T2 R WORHIE 12 2 1, SRR ]
90 min, FEIBREL3 K, HAPRBOREL K, 4 0.85,
K, }30.75, MHEB/N, ZRAETFTUAERER, i
ZHfERIE T2 R WORHEE 12 ¢ 1, S U [R]
90 min, EEUEHI, it 3 HIIERKE:, Z5%
WERT, KMBEETIR, BHRE ., AT HRRE
KA E R A X R Z BN T 2% , WX T 25
i, WmEMEL

F7 BIERKRER

Tab.7 Results of verification tests

s PBCR/% R/ BT H— MR
ey PR TS,

WETIR BWRE A2 % /% /%
1 70. 45 71.25 81.02 13.35 98.51 0.10

2 72.76  70.37 80.98  12.56 98. 50 0.12
3 69.76  70.37 82.45 12.89 98. 04 0.57

3 g

2 2R R AT AT R 2 RS M o 2 R VR
LR W T 2R R IR EL, TR
Febt, WOEBRG LRI U UM EE . AR
RS ARE, 456 HERRESTN R
T, XS B P R A AR A T R BUINAL,
A A AT H S RS R 2 AR AR TP PR, I
T b S BRI T 2

ARHIFSE B S BEBOROREL | B EC [R] R Bk B
3AHE, B IERRR L T2 248 HiE
i Box-Behnken M i i/ E it — 20 A fk, 57 %K
SRR, A5 2 B R 2 f AR K BRI 2 WOk L
1221, $EHCHF[E 90 min, FRIBORECM IR, 54

IR AT R, SRBORECA TR, JF AT
WA . T H., SRR A RS S A AR R 2E
INT 2% , FRWZITERE . SR alfy, mHT
SRGEREE, Al Tl A RS

S 3Lk
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