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Optimization of Ethanol-extraction Process of Zihong Shengji Ointment

Based on Box-behnken Response Surface Design

LIU Shulan', ZHOU Yilin!, LIN Peng’, GONG Weiping’, OUYANG Rui®, XIA Xinhua'*
(1. School of Pharmacy, Hunan University of Chinese Medicine, Changsha, Hunan 410208, China; 2. Hengyang Chengming
Institute of Chinese Medicine Prescriptions, Hengyang, Hunan 421002, China)

(Abstract] Objective To optimize the alcohol-extraction process parameters of Zihong Shengji Ointment and provide the
basis for the new drug development of Zihong Shengji Ointment. Methods The geniposide, forsythiaside A, hydroxysafflor yellow A
were used as evaluation indexes. On the basis of single factor experiment, the ethanol concentration, the amount of alcohol added
and extraction time were used as investigation factors, the experiments were designed by Box-behnken response surface, and the
weight coefficients of each index were determined by analytic hierarchy process—information entropy weight method, and the
comprehensive score was calculated, so as to optimize the alcohol—extraction process parameters of Zihong Shengji Ointment.
Results The optimum alcohol—extraction process of Zihong Shengji Ointment was 70% ethanol for two times, the first time was
added with 9 times ethanol for 150 min, and the second time was added with 7 times ethanol for 120 min. The measured value of
the comprehensive score of the process parameters was 100.70, which was close to the predicted value. Conclusion The optimized
alcohol-extraction process of Zihong Shengji Ointment is stable and feasible, which can provide basis for the further development of
Zihong Shengji Ointment as new drugs.

(Keywords) Zihong Shengji Ointment; Box—behnken response surface; ethanol-extraction process; analytic hierarchy process;

information entropy; geniposide; forsythiaside A; hydroxysafflor yellow A
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2.1 MEFIF BRELOAEOE A SRIE
2.1.1 BigE&M 6% F . Thermo scientific Cg A%
(4.6 mmx250 mm,5 pm); s &5 -0.1% 5 R
VW (12:88) 5 K % K 238 nm (HE 71 ) 403 nm
(R EBER A) MR 30 C;# 1 mL/min;
R .5 L,
2.1.2 R SRIE MR H A ORS B PR ONE 5 R IR
a R BELLT A B A K BSOS A H R A R bE
T 95.55 pg/ml FRIEAEH AR A 24.39 pg/mL
(AT A T R T
2.1.3 A NUECE R SRS H & R
Bk Ty e 7 G LLAESE AR 110 g, Ji 70%
CPESREUPTUR A 1 W 8 ff i L EEHR EL120 min,
552 Y 6 £ i L BEFE L 90 min, g1, AUV,
Wedi AR 250 mL, & H

B B PRS2 I 1 mL, B R R
20 mL,WHC 1 mL,0.45 pm fFLUEBEIE S, 7 A4t
A
2.1.4  HHETBAME B AL IRIA W A
BFR AL T3t BRAE S0 & BR 2561 | BR 2L 4B A0 4% IR 24
2137 T 7 vkl 4, R4S,
215 LR ORI R IR S IR
VP VA VR RN T P X R L St T A B
X IRIE WA 5 WL, Fe“2 117 TR (A3 400 5 | 4%
REW P ST FH SR EAEEAR A
s o3 2 R, HBUE T Z0 48 09 B PR X BE oK DL
POLE 1),
2.1.6 LVEXRRFZLE KEFRBUE T H XIS R
FELT AR ZE A N A SIS 5 i HE R Rk B i)
19111 wg/mL . 39.03 wg/mL IR A X 8 SRR,
K WL AR TR A 6 IR R 1.2.4.6.8.10 mL,
B EAR R 10 mL, 108 F 1 W B 40 5128 19.11
38.22.76.44 . 114.66.152.88 .191.11 wg/mL, ¥2IELL
6B 0 R A W 4 W 3.90.7.81,15.61,23.42
31.22.39.03 pg/mL ARG % R SR L #52.1.1 7350
TSI E , UM F I s R R e R A it
BN B AR bR (X)W TE B ONAR B (Y, 4 i AT
LAERIE S F R Y=1.230 9X +
1.789,R*=0.999 1,75 I 95.55~955.55 ng . #&
FELAH AR A PIEHITFEN Y=2.570 1X-5.795 1,
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VE AR A X B AR (238 nim );BL A VA TR (238 nm);CL B HE 7 BT 14 60 9 R D IR G X R AEV (403 nm ) ;B 3 A I TR

(403 nm);F. B 2T AE 92 % BRI I

B 1 #&F. 4% HPLC Ei%

R>=0.999 5,&MEH N 19.50~195.15 ng,

217 EFELE O MRPEC2.1.07TN A &,
HHEFHRE % RSD M 1.58%, & 7% RSD 40.33%,
FasE P RSD K 0.28% , V-2 inAk [m e # - 103.48% ,
JNEE IR RSD A 1.46% ; FRIL LT L TR (R A A5 %
J& RSD & 1.43%, 5 1 RSD K 0.67% , Fa & PERSD
M 0.90% , ~F- X AL [l 354 101.06% , JFE [l i 5
RSD 4 1.59% , & W% J7 1 7] ] T-HE 1 Rl L 41
AR A M RIE,

22 FHERHMERT A S

22.1 MmiEL&M A4 . Thermo scientific Cig F

(4.6 mmx250 mm,5 pm) ;i s 205 -0.4% VK i
RV W (15:85) s K5 P K 0330 nm A 25 °C5 it
# .1 mL/min; #EFEE .5 pl,

222 XFRRSLIE A ORGSR AR HOE IR A
Xof e it 3 o, 0 PR R AR 141,912 wg/mL 1 34 SR
A XTI ST

223 MORXIE WA R EURC2.1.37 R 1
BRI 1 mL, FESE RS 10 mL, E 1 mL,0.45 pm
(CE{R/Y Y -SugN IEL N

224 BRIV SR A H A BRI T P BR
HRBANS G M $92.1.37 T F ikl 4, R4S
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AEFR (Y ) AT LR PE R A5 R A mUE R A
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5 MR A RS % % RSD M 0.72% , # 42 1 RSD
1 0.98% , & E P RSD 4 0.66% , - 34 i B [ % Ky
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FF M BE 1T A 1Y & mIE
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2.5 Box—Behnken M Ji [fif % 15 Ak 55 21 4= WLAKCE (1)
BEE T2

2.5.1 Box-Behnken Wi i [ i 50 3% 1T 78 51 K 33k
B BLAn b e O MR (A) INEEAG i (B) A4
B (COFE R B 2 SR BOR B 2 IR, K T Box—
Behnken M 17 [f] 25 #E A7 3 30 1% 1, 1050 I R 5 KF
W 1, FREUE Ty e+ % ZLAE%5 K 110 g,
17 Gy, 53 S F AR R SR B AR SR IBOR , T 5 45
TR A

% 1 Box—Behnken i I F &Kk R

K W 1/ %0 T A U ] /min
-1 50 6.4 90,60
0 60 8.6 120,90
1 70 10,8 150,120

2.52  IEPAECE A HE

2.5.2.1 JZWSHTE (analytic hierarchy process, AHP)
WEME  AHP 245K 5K B2 A R R0
figp i FL AR HEN T7 5 A8 SRR AR R Al 2 L AT RE
PEAE B2 BT B RS T LD FEAI I T R 2R A
P B R B AR R 71 R T A R IEAL
BB AR A B R LR B RBCN T R )2 R
LT A LKL T B9 B AR O (ALY 2% By 25 A0 AR
P55, 4 4 Fh$8 bR 801 9 AU S8 AR T DL
BE5HIC A 1; b J7 8 25 HE 1 19 A 280 o1, 1% 8 i
HAILH 2; L AEA BN BRI T AR AL
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A3 RERRAREE L, LN 4. &8 b 1AL ST
J¥ O M8 T e B RS HERLBR T A BB RS R AT
EHOR A FBBARSETRR W hn oo A
WP R L2 2,

2 HEHR AT b BB F B 56 46

DRI FETHF BB A BREAEEGR A BEH%R
e F# 1 2 3 4
HRBRTT A 12 1 2 3
REALEOARA 173 12 1 2
BT 1/4 1/3 12 1

R I 22 25 58 ] spssau HH G FIHE T H 55
ROEMERT A BB R RO O E A BBE,
AR 4 WHEFRAE R0 00 0465 8.0277 1,
0.161 1,0.096 0, #4232 CR=CI/RI(CR:Bfi#llL—
PELL 3 CL: — B0 48 B, RL:F 29 B AL — 2 v 48
Fr ), CR=0.012<0.10, B 48 #5446 Ll A 4] W7 46 B B
A R0 — 80 BCE R B AL
2522 (HFRAGESEAE 5 B —F
MR 25 95 b T 4 B0HE i £ A A5 8 5 0 /N R e
A5 HR PR 1 2 WAL o 248 b 1 D 2 B 25
FRAC, JLR (A B/ SR A0 5 B i B ok e 25
PEH TR AV AR, BRIT S A R,
FLPT o A R /N

HR I 5 45 5, R H EvaGear 2.1.7486 4y

BITHENE T H B % IR A R R
H AR A FBRE BEMRE 4NN RERE
ZH0M 0.212 7.0.423 4.0.152 9.0.211 0,
2523 AHP-JHALEAH GALE ML 5220 A4 AR
TR 96 KB 7 A R 4 7, AHP 325 4 4k
TV F8 AR T TR R W A S AR B 1S B T L
FWAE B B Al A R, AR T SR A
WUHKCB 4548 A 1 32 Y K 207 B B AR A 1) it
J 5 [ s SR P AR 32 SR A5 AH B 6 B 14 % DAY T 3R 48
AL BB T 55 R A B 1) A8 5 M A8 B ] 19 A
S e X WAL 114 B ) A SRE B T S U IR A AE E 1) D
B, WA B A AR RIE AR W ss = W g
Wi 52 Wans W s 3152 GACE | LUBI A 3] T
AW B PR AR i bR s T A B4R
FAT R ERERTT A Rk RO E AR
A FR R R R4 TR AR A B R AT 0
0.379 2.0.449 0.0.094 3.0.077 5.
253 R ER AR ST ARYE & R AR
{EFT“2.5.2.3 78 2 AL EE R AR, = A X5

ZEA A=Y Y 1,ux0.397 2+4Y,/Y,,,x0.449 0+
Y/Y 3,ux0.094 3+Y /Y ,,.x0.077 5)x100%

I FH Design Expert 8.0.6.1 #4533 s
BV 5 SRR AT i B IS [ AT e T

% 3 Box—behnken IRt EE R

L ass Al% B/ C/min Y% Yo% Y% Y% LEA VST
1 50 10 210 76.28 53.00 84.61 2272 83.26
2 70 10 210 73.30 63.54 58.94 2221 86.26
3 60 14 210 87.25 64.85 91.53 24.91 97.19
4 60 18 270 83.45 65.86 84.47 24.15 95.31
5 60 14 210 88.72 62.82 90.79 24.08 96.12
6 50 18 210 84.20 54.47 82.17 24.62 87.92
7 70 14 150 80.84 54.19 69.87 23.72 84.78
8 50 14 270 86.33 52.12 86.34 23.04 87.19
9 60 14 210 90.05 64.36 92.07 24.47 97.96
10 60 10 270 80.52 53.23 63.54 2372 83.36
11 70 18 210 87.91 67.20 78.65 24.16 97.49
12 70 14 270 87.58 68.82 81.52 24.17 98.73
13 60 14 210 89.61 63.58 91.05 24.84 97.27
14 60 18 150 87.19 51.52 87.06 24.04 87.53
15 60 10 150 78.07 51.69 74.37 24.76 82.73
16 60 14 210 90.06 64.21 90.87 24.49 97.75
17 50 14 150 72.55 58.51 87.36 2227 85.52

TE A CBSe BE s Bo I B o 5 B IR 18] 5 Y HE T A R 3 Yo IR T A BB, V3 R IR AR I 0 38 A R0 3, Y, R 1 R
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C: CHAW ]
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AAZEAR

BBhEER

B 6 7 EZEZE R mEEERES&E

[ 3B, A5 3 0 I H 07 #2508 ¥'=97.26+2.924 +
4.08B+3.00C +1.64AB +3.07AC +1.79BC -3.35A° -
5.17B-4.85C* ,R*=0.985 7, % BRI UEAT )7 2240 Hr , 45
BULE 4, R 4 TTH, LLEEA PR o B AR I, 12
TR T R B 3 (F=53.75,P<0.000 1), [EH 5
PRI TCGE 1% 7 X (P=0.088 0), 7 WA 1K &
XF SR A5 T AR /N, BRI A B .C AC A%,
B.C* A B (P<0.01), N % AB BC A 3%
S (P<0.05) o M4 F B TR0, 4% 2R X 258 6 P40 5
Wil 1) R /N SR B (A 4 ) >C (BRI TE] ) >A (&
BV ) o A FASS UL AR i S5 28 R 70% &
BRI 2 UK, 268 1 U0 9 fiid LEEFEI50 min,
952 W 7 A% B O BRI 120 min, ZRA VAR
101.05,

x4 WEHEFE DT

TRV BOrF AlE E2EFrm FE PE
] 623.16 9 69.24 53.75 <0.000 1
A 68.27 1 68.27 53.00 0.000 2
133.17 1 133.17 103.39  <0.000 1
72.18 1 72.18 56.04 0.000 1
AB 10.79 1 10.79 8.38 0.023 2
AC 37.70 1 37.70 29.27 0.001 0
BC 12.78 1 12.78 9.92 0.016 2
A’ 47.29 1 47.29 36.72 0.000 5
B’ 112.72 1 112.72 87.51  <0.000 1
c? 99.10 1 99.10 76.94  <0.000 1
B 7% 9.02 7 1.29
ES R 6.98 3 2.33 4.58 0.088 0
ali 5 2 2.03 4 0.51

Wil 7 1 43 AT DL 1L 6, F & 6 WL, IR AB .BC |
AC T [ i T YRS BENY , H AB BC A C % = 4 S
, & W L 22 BAE F H4 A5 s Y [ S Bl 16
(9. 7) 50, 25 5 V43 il 2 2 e B 1) 386 Jonn v - v
FNIKG FHEJF N, FLBE A BV AR (LR B 2, 3%
A 2 52 B A 5 Y [ SR BBORF ] 2 270150
120) min B, 254 PF 5 B 5 2 Bl J8 384 Jin i &b 3 7
B, BRI FAE S N , LB R AL B,
F WP 28 AR R Y B SRR R T0%HT
LA V43 Wit o B SRS [ 18 o ot T e B s st/ LB
& 7T A AL R B G, 22 W W 38 BV FH AR s 4%
K2 22 B AE U5 854K AC>BC>AB , 575 25 53 it
iR,
254 FHR T ZEMAESHEERSHUE eI L
T i AR K A i T 2 S50, B B 70% |
1 9 i CBEE M 150 min, 25 2 W 7 £
BRI 120 min, FREUE AL 7 B4R A 3 0, 4%
R AR T A AT 3 WORATIR IR U6, 45 R W
5, MRS A3 REIEIX I P L5110 R
100.70,RSD 2 0.45% , 5 & AL HUNAE (101.05) 45T,
WU B T 20w v S A e AT

5 BIFRBEE

i@z Y% Yo% Y% Y% LA
1 89.94 68.58 91.89 24.77 100.81
2 91.88 67.89 90.97 24.83 101.09
3 91.04 67.18 90.90 24.64 100.20

¥E 90.95 67.88 91.25 24.75 100.70

RSD 1.07% 1.03% 0.61% 0.39% 0.45%
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3 Wit

TG T LAY B A% R B — AR AR TN E T I
PR T 0 LA A KA R T PR AR G i R
H 22 3 P A3 B P B8 R RN B A5 R A S R BT
PN R B AF G TP 25 U7 2 0 28 R UR BN
FERL

A5 A TN R s A (LR -K S -
0.4% W2 . LNE-0.1% W5 R ) 1K R T R ILLLAL AR
A SHEFHMSEEN, SRRV NHE-0.1%05
VE R SR B FR L LT AL T (A R A S8 T 1 40 B AL
RAF . R DAD K85 I B R A 54
FATHEAT A P A A ARl P A W A D K B i
Wl 2k, 28 403 nm A0 A BRI LT AR B 0K
A FEE 238 nm PRKALIENE T A, WE KR
BRI R IE LT R A SAE 1, B A AR
P W6 T AR REUE R R

S5 S0k S TR 56 25 5 1 E SR ECR 2K,
LRI NSV i 5 ~ N g N i 3793 7 NI D11 X s
it S T4 JBCERF ) X 45 8 A B 40 1) 5 I S B 2 SRk
B bk 3 A X AR R TC W B i L
W PE % VU N 50%~70% , TNEEAS & 10~18 1%
FEPURFIA] Sy 150~270 min, 5 5 R R 5 BE S 3
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