ACHEIN B bR B SE A B (0 AR BRARS L, AR RS BRX
PR A L ) DA S A 5 = B AT T A
45 LI 7T R K A A5 1 P JEAC SR (10 PR PR AT R 5
R R BN B SRR, e A S RE .
ZRERTA, TR EON B N K R AORE 5 R
R S N EAT B S AR AR, IR AT TS R R
7 T ARBRAE IR PR _E X W s B AV AR RO AR L
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Optimization of Extraction Process for Shenhuang Recipe Based on Multi-index Comprehensive
Evaluation Method

DING Meihong, FENG Ling, SUN Qiuhua*, SHI Senlin*(Zhejiang Chinese Medical University, Hangzhou 310053,
China)

ABSTRACT: OBJECTIVE To optimize the extraction technology of Shenhuang recipe. METHODS Comprehensive
evaluation score by analytic hierarchy process as the 6 indexs, such as the free anthraquinones in Rhubarb, honokiol and
tanshinone Il 5 extraction rate, extract rate. The effects of ethanol concentration, drug-solvent ratio and extraction times on
extraction were investigated by orthogonal test. The extraction technology was optimized and validation test was conducted.
RESULTS The optimum extraction process was as follows, 6-fold 60% ethanol, 80 ‘C water bath heating reflux extracting 3
times, 1 h each time. The validation test showed that the average extraction rate of emodin, rhein, chrysophanol, honokiol and
tanshinone Il , were 70.48%, 57.36%, 83.87%, 49.18%, 83.87%, and the average extract rate was 37.27%. CONCLUSION
The optimized extraction process is simple, stable and low cost, which can be used for the extraction of Shenhuang recipe, and it

is helpful to promote the study of the compound preparation.

KEY WORDS: Shenhuang recipe; orthogonal test; analytic hierarchy process; extraction technology
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1 XBE5RG
1.1 X8

JA2003N HLF R (iR 2 A A PR A A
XS105 HLF R TF (Mg ) -4E R Z A A IR A A));
FE20 5256 % pH T (M4 ) -0 R 2 A A TR A 7))s
FW177 B2 LR B T R TR B A PR A
Al); DGG-9053A A #1E I 3 )T 1846 (il 7k
SIS A PR A E]); DZF-6050 25 T546 (L
RS 77 S 36 £ PR A 7] ); DK-S26 F#VIE i 7K 7
B (EGRE RS A R A F]); DF-101S £E#K
ELR TR 45 2 (DL ST T AR A IR T4
Al); SHB-II fEF /KA 2 H B2 ORI KA T
HAATRAF); RE-3000 FE#% 7% K a5 (L o A1k
XA RAT): Agilent 1200 & R0 €A (3
Agilent A ]); Milli-Q %4l /K H1(3% [ Millipore
Aw]); WH-861 inligiR & a4 R & T RHEER s
KQ-300DB 2844 8 75 35k 35 e (B L T 68 5 A 2

HIRAF,
1.2 R
AEWIZ ., KB, &, BAN. e, T#F.

R WL EEZ KR AR H IR A A,
I WL v R 24 K 5 vh 2 BRI S 48 0 2O = R AL
AR S, KR ALS: 110757-200206).
JERMEY (S . 110729-201513). K HEG 5 -
110756-200110). KIaEy#tt5: 110796-201319).
FIZE A5 110766-200619), 04 [ o [F £
ih 24 ARG SE A TR, St =98%; HIE. BEFR(tL
wkafi, £E TEDIA A#]); /K4 Millipore #E4EK s
LIEOHTal, REK RN FAFA R A F]).
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2 FESHR

2.1 ST AR & B E TR R AT
2.1.1 XSS RIH S A REKER . B
. KRR, PP LA KBy IR AoE &
e, BT&AEMT, HHPRSEFHRE
BRI, 43 mI ) K 24 0.057 2,0.097 8,0.132,
0.117, 0.129 5 mg-mL™" FRIXF IR S A, 3850, %M.
2.1.2 RE XA H S R “2.1.17
TR (ot HE A i A S B, B PR RS, R
1 mL & KRR, AT . KER. FFSE A K
BN 11.44, 14.67, 13.20, 3.51, 12.95 pg
R VR S VARG, 0.45 um BRFL BB R e, H 4k
TEW, HIAS,

2.1.3 SERHGRMIHI& 4% 40 J7 LB AREAE B
Z, K, 15 BAN Bsg, RZEFE ML 50 ¢,
1 60% . 500 mL [FIASREL 2 ¥k, ®IK 1 h, &
FIRBUGR . eI, JEWRE [ 4B %2 500 mL,

HIEE B
214 LRSI EIRS IR BOR

S5mL, BT 25 mL &M+, MWHE 20 mL, &@H
LAEHE (T2 300 W, #1i3K 25 kHz)15 min, i, i
H AN B2, #85], 0.45 pum FLFLIE I 3E,
HRSRyEW, HifS.
215 BEXMFESRGENEIRE A
Kromasil Cig(4.6 mm X250 mm, 5 um); ¥izitf:
F I (A)-0.1% % R (B), A WMt : 0~13 min,
78%A, 13~25 min, 78%—>85%A, 25~35 min,
85%A;: Vii#: 1 mL-min'; WK : 254 nm;
MR 30 C; #EFEE: 10 pL.

3 ) W TR B ke B VR R R VA R,
17 HPLC 43#r, SR SR s e % i 4
PR s R AT, &R 5 AH AT R 1A 3 B 28 4y
B, AR>S, EISHREER K E R 1 =9 000,
TR A TR I 3K
2.1.6 LREMERE BORAXRSER. 7.
KEBAME FESBAM BN M R 5 )
BEAT HPLC 734, 253 LI 1. W] DU H 70
S 7 R AN B X KR AN
KEFR IS A KEB I E B A, %
Al 43 1) HH D P T 5 56 R A v B A — B
2.1.7 ZMHRRMELE B “2.1.27 TUNIRA X
MRS, 18 BR ek %R, iR 1, 2, 5,
10, 15, 20 pL, WEEEAR, DU i gEpf &
 E BRI 2452 2016 4F 12 A5 33 528 12 1

NREAARER x, T RIS y,  DLRERE R 20 %
HH L Ve R REAT 2R [, AR BRI RE, SR
R 1, SR SR BLZ MR R

5 10 15 20 25 30 35
t/min

5 i0 i5 20 25 30 35
t/min

4

5 10 15 20 25 30 35
t/min

o]\_ O]R Oh'&_ o

5 10 15 20 25 30 35
t/min

t/min

1 58T F 5 MAHMMA HPLC & 1 F

AR B B S ER C-Bh K FIPERE R DRSS Pk
Fdhs E-SREAMIIVEREfh s 1-KOEIR; 25 Fh B 3-K3E K 40
SEITA; S-KEW.

Fig. 1 HPLC chromatograms of 5 constituents in
Shenhuang recipe

A-mixed reference substance; B—sample; C—negative sample without
Rhubard; D—negative sample without Salvia; E-negative sample without
Magnolia;  1-rhein;  2—-honokiol;

3—emodin; 4-tanshinone II 4;

5—chrysophanol.

®1 EHPATE. MXREUKEMEE
Tab. 1 The regression equation, correlation coefficient and
linear range

L% EYE Wy MFERE r KT /Mg
N =3 546.4x-1.176 7 1.000 0 11.44~228.8
JEHH y=1 443x-0.053 6 1.000 0 14.67~293.4
K##HR =3 459x-0.375 1 1.000 0 13.20~264.0

FIEEI . y=4386x+0.030 0 1.000 0 3.51~70.2
N1 y=4 522.9x-1.028 2 1.000 0 12.95~259.0
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2.1.8 AR E AL RS “2.1.27 TR
SRS VATR, IR “2.1.57 TR fh ik 4 1 AT
FE6 Ik, BR 10 pL, THEIERA RSD H. 4558
KER BAH . KER. AW LA KEmE
I TH A2 RSD 43514 0.30%, 0.75%, 0.17%, 0.38%,
0.31%, R IHE % E R LT
2.1.9 Rt % “2.1.47 #EN R RS
W, 2| FHHF0, 2, 4, 6, 8 10, 12, 24h
R, % “2.1.57 TN g KRR T, THE
WA RSD fH . 25 R KHER . JEAMS . KB
P ov KRB HIE T AR RSD 43732 0.97%,
0.91%, 0.59%, 1.26%, 0.62%, ¥J<2%. FH{t
R VATRAE 24 h NFaENE R I
2.1.10 EEMERE  ORSREL “2.1.37 TR R4
B 1 mL, “PAT 6 f, % “2.1.47 TR il % R
W, FENE RTEER . JEANSY . KR PFSE LA
KIEM &2, RSD 518 1.14%, 1.19%, 1.49%,
1.16%, 1.04%, FKUWIEEZ MR
2,101 AR ESCRIREG R SR 2
FEHGH 1 mL BT 10 mL 2+, 4 AR N &
L RIRERER. EAD . KER. TS
o KREMEREE, #% “2.1.47 TURH &40
AR, % “2.1.57 TN i s iR b, W
SEVETHIAR, FEUHSRnpemc s, g5 ] Wk 2. R3g
B2 JEANEY . KIEE . FESE A KM -F
6] 05 % 4 %A 100.05%, 100.09%, 101.27%,
98.60%, 97.39%, RSD 5N 2.79%, 2.75%-
2.75%, 2.20%, 1.75%. FHIZACM 77 iLuEwh, 5
HEK,
2.2 ERRIHALE

S WM I CERE, S H B K N vA
By, WORTE CRE RIS BGESE A, W LRk
F£(40%, 60%, 80%). 2yt :6, 1:8, 1:
10). FEHOKRE(1, 2, 3 K)EIT T = HE =KW
IEAZES, #AT LT, DU e & & 3T
2 FRAKCER L5 e HE R 3, WM 9 s
BHEAMTRENS ., K. 1. Efb. #
. RIEFHAMIL 50 g, IHMEKSIER KT
5, DABA U5 RS IR AR B AT 3 N e btk
AT IEAZ 53T

KHE RS HET R R AR E,
TREEMHE R KR KiEF . EAMS . K
IS, BEAE, KER4ERE, ITEAS
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BFRIALE 374 0.378 5,0.189 9,0.189 9, 0.080 5,

0.080 5, 0.080 5, CR=0.018 5<0.1, FHFEFrIL%
Eb 3 W R P LA — B0 . IR B SR A VP4
S T7 W R AR 5~6.

F2 HFEREREER0=9)
Tab.2 The added recovery tests(n=9)

414 Fege XTHESIN WiSE  EljeR/ PR RSD/
TiE/ng ANE/pg ug % WEY% %

67.99 54.37 121.13 97.74

67.81 54.37 123.61 102.63

65.08 54.37 117.3 96.05

N 70.02 70.53 140.87 100.45
iy 69.96 70.53 138.33 96.94 100.05 2.79

I3 70.24 70.53 143.32 103.62

67.91 81.56 151.53 102.53

68.35 81.56 148.74 98.57

69.12 81.56 152.26 101.94

102.83 82.88 187.49 102.15

104.91 82.88 190.34 103.08

104.05 82.88 189.71 103.35

= 104.86 105.34 211.89 101.6
104.62 105.34 210.78 100.78 100.09 2.75

104.73 105.34 208.63 98.63

103.96 124.54 224.92 97.13

103.49 124.54 222.49 95.55

103.54 124.54 226.23 98.51

33.41 27.49 59.6 95.27

32.65 27.49 60.13 99.96

34.51 27.49 62.36 101.31

N 32.65 33.12 65.83 100.18
% 33.35 33.12 67.38 102.75 101.27  2.75

ES 32.58 33.12 66.7 103.02

32.67 39.33 73.42 103.61

32.65 39.33 72.23 100.64

32.85 39.33 74.04 104.73

12.88 10.39 23.38 101.06

12.87 10.39 23.24 99.81

12.78 10.39 22.88 97.21

ij; 12.73 12.74 25.24 98.19
ﬁﬁ] 12.77 12.74 25.75 101.88 98.60 2.20

L 12.79 12.74 25.46 99.45

12.89 15.48 27.85 96.64

12.79 15.48 27.51 95.09

12.86 15.48 28.04 98.06

91.37 74.58 162.43 95.28

93.57 74.58 165.13 95.95

91.52 74.58 163.32 96.27

X 93.61 93.64 184.65 97.22
i 93.57 93.64 184.15 96.73 97.39 1.75

[ 93.31 93.64 186.62 99.65

93.21 111.87 203.35 98.45

93.13 111.87 201.26 96.66

93.16 111.87 205.33 100.27
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&3 HEATE
Tab. 3 The factors and levels graph

x4 HWEM

Tab. 4 The judgment matrix

— I R KHE KAR AKB EAE JT5M RBAE
K E 1 1/5 1/3 13 1 1
1 40 1:6 1 KM 5 1 3 3 5 5
N1 3 13 1 1 3 3
2 60 1:8 2 JEAN 3 113 1 1 3 3
5 %0 10 5 ﬂ?@lﬂ 1 1/5 1/3 13 1 1
BERE 1 1/5 1/3 1/3 1 1
=5 HEUMNMER
Tab. 5 The result of visual analysis %
FFo  CERREE R RIURE H NE N KM JE AN B Il BERE GO
1 40 1:6 1 1 26.07 30.03 12.89 12.95 8.51 18.06 20.51
2 40 1:8 2 2 51.69 53.55 30.76 24.65 21.89 9.97 37.52
3 40 1:10 3 3 88.88 64.64 54.25 36.37 52.26 35.29 55.89
4 60 1:6 2 3 75.70 63.25 72.10 39.18 63.41 28.12 58.55
5 60 1:8 3 1 83.22 64.80 83.68 56.11 68.19 36.45 66.21
6 60 1:10 1 2 51.03 4320 45.47 27.15 36.55 18.90 38.72
7 80 1:6 3 2 85.66 67.49 93.84 65.43 68.01 28.21 70.44
8 80 1:8 1 3 60.57 44.57 59.08 33.61 50.20 14.07 44.53
9 80 1:10 2 1 86.95 67.79 86.96 41.18 56.65 27.68 63.79
R 37.970 49.830 34.587 50.167
R, 54.487 49.417 53.283 48.893
R; 59.587 52.797 64.173 52.983
W% 21617 3.380 29.586 4.090
w6 FEMMER o ARE 7 2250 B 5 R mT N, 0B B AT 42 B
Tab. 6 The result of variance analysis KON 58 B BUR A (AR R AT S R, T
Al A i 'y PHLL TR . R, AT L A 1 £ P
LRI 76609 2 201487 18, RS T KA SRR I, B E S
R 0354 2 0-776 TSI L 226 2 M 6 55 60% L BE I,
PRI HL 1342.528 2 51.118Y 80 CHIVEHEE 3 ¥k, X 1h.
s 26.28 2 2.3 ZIHURI L Z5E e

E: Flo052=19.000, F(0012=99.000, “P<0.05,
Note: F(0.05<2)=19.000, F(().01‘2)=994000, l)P<0.05.

H 1E AT 36 45 RN % 70 Hr 45 R T
ZpLE . BRI REUXEON 2 B B IR
BRREARFZER; UGS Nk, R
FIEZ IR AR, = HE XS B ECH BU)

WAL =AW S K. M. FE&. Bk,
TEHEMREZEG 7 WM, BIEEL R TR
BRI T ZE&ME, I 6 f5 5 60% LB,
80 ClHlym#EH 3 ¥k, B 1 ho ¥ “2.1”7 BT
B ENE I ENE SR 5 FA U B &,
THEHAREOR; PUE YRR E T TRERE

S RBUR IR AR I e K > 2 BB E, HERERRIP ARk 7.
RT WIERBLERM0=3)
Tab. 7 The result of verification test(n=3)
No. RIEHIEIFE/ % REBIRIE%  KEMENEY%  FHBIRRE %  HSERRE%  ZERE%  H&EIPS
1 69.75 56.19 81.27 49.30 69.79 37.50 60.32
2 72.02 59.22 85.18 48.42 72.27 36.90 62.38
3 69.66 56.68 85.16 49.81 72.77 37.40 61.57
FME 70.48 57.36 83.87 49.18 83.87 37.27 61.43
RSD% 1.90 2.83 2.69 1.43 2.23 0.86 1.68
o = IR N 252 2016 4 12 H 26 33 556 12 i Chin J Mod Appl Pharm, 2016 December, Vol.33 No.12 - 1501 -
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ST EAMS . K&, S, EAb.
FASE, R, TH&H 7 PG4, maE AR,
DL —FR bR By HEAT T 20/ 0E, A REORIUEA 7 32
RO B RARE, @i 2 HEnsE e WM a2
BRI EREAY —FWR . A5 RE,
FHZ . B FELA W, I SCEkikoE, HAd ks
BRI AN S5 B B ik i 3l 7
WEAEH, NFEEGMA S, RS, 1
FH S 23S AFAE R, Mug$ebl B 5 Fesr
RNARBF T TRAR RS o BT AT RS A5 3%
BT A, R U N RREPERCsy s MUE R
VA Z B RO 7 o ASHIE 50 A T3 (R R
Ko LLS FEEbRE B B ONTRAR, BT
M EEC OB B8, AARCE R AT G 0 0,
VERSREL T2 PP 48 A5, [R5 R il AR 45 ) L
ikt T S E T BRI T 2. R FRA R
by oK B4 T AT FUAS BB TT I T A 2R IR O
FRB| PRI AR 2 FE AR S R E VAR
R RARSE T3 W R B4 kA

AHFFIERFEN 3 ANEFEX IR L Z23H — %
FEEE 2, AH I A A $E BOR EOR 2R FE 1) 5
W B RS E L. LGSR0 VR R 36 45
R, GEEMSW T EZ 0N, HEBRITHE T
B, WLEPEHRA, BHETRERZMEETK
(G Ry, A4S [R5 45 30 IRV 1t 5 7K S Mk
4y, BHSEERRI L ZEN 6 58 60% %
W, 80 CRRIHEH 3 ¥k, X 1 h, & T2
17 3 UCPATIRUE LSS, 45 R IIZ L2 F8E 1T,
HEML, WHERASEBIRR T2, FFRNit—
A JRORH 5% v 245 ) 79 B (AL SR Al
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