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Optimization of Extraction Process of Forsythioside A, Forsythin and
Rutin from Forsythia suspensa Leaves Based on Response Surface
Methodology and Entropy Weight Method

LIU Lulu, LI Ke, WEI Zhijiang, GUO Ran, ZHAO Zihan, DAI Xi, LI Weidong"

(Engineering Research Center of Ministry of Education for Standardized Production of Traditional Chinese Medicine,
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China)

Abstract: In this paper, the ultrasonic extraction technology of Forsythia suspensa leaves was optimized based on multi-
index components. The contents of forsythioside A, forsythin and rutin were determined by high performance liquid
chromatography (HPLC). The ethanol concentration, liquid-solid ratio, extraction time and extraction temperature were
taken as the factors. The entropy weight method was used to obtain comprehensive score by calculating the weight
coefficient of each index. Subsequently, the comprehensive score was taken as the index. Finally the Box-Behnken response
surface methodology was adopted to optimize the extraction process. The optimum extraction conditions of Forsythia
suspensa leaves were as follow: Ethanol concentration 50%, liquid to material ratio 28:1 mL/g, extraction temperature 51
°C, extraction time 25 min. The results of the validation tests showed that under the optimal conditions, the extraction
amount of forsythioside A, forsythin and rutin were 69.69, 22.87 and 22.46 mg/g, respectively, the RSD was less than 3%
and comprehensive score was 32.18. The extraction technology was stable and feasible, and the extraction quantity of active

components was high. It was suitable for the extraction of Forsythia suspensa leaves.
Key words: Forsythia suspensa leaves; multi-index determination; entropy weight method; response surface method;

ultrasonic extraction
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1.2 SLWHE

1.2.1 HPLC &3ilE ik iyeEsr.

1.2.1.1 BEXFRSEREH b S PRIBOE N
T AL I B T B &, A R A 1 mL
FEFBETT A 1.880 mg. T 0.700 mg Al T
1.000 mg FATRAXT ISR

1.2.1.2 AR EREIES RS RBGERMM R
(it 4 S5 1 g, BT 50 mL #EEMHP, T—E
WRBE | OB . FRERESA] | PREGE A5 TS
B, ¥HIGT 4 °C T LA 8000 r/min 5533 250> 20 min,
B EIE WS EASZR 100 mL, 0.45 pum PFLuE g
o, 7.

1.2.1.3 @35 A% Waters Xbridge™ shield
C,5(4.6x250 mm, 5 um); B shAH: ZHE(A)—0.4% &
FR KW (B) , B P (0~8 min, 10%~15% A; 8~
18 min, 15%~22% A; 18~25 min, 22%~40% A; 25~
30 min, 40%~95% A; 30~35 min, 95% A); Il & %
K: 277 nm; TR T | mL/min; £E1R: 30 °C; #EAE
H: 20 pLP,

1.2.1.4 ZPERFRFZLE MRMRBEC1.2.1.17T0 MR
B RE SIS BIFERE 2. 4. 8. 16, 32 1%, HIEERS
fi#t, 0.45 um TEFLUE MR UE L, BIAS 2220 o b TR 1 T
AXT R LR . R IECR YN AR BT E R IR &
X B SR AS 20 pL, TE AR A, 10 Sk g T
FHo DAAS T RE S BT v 5 S i Al s (30, I TETRR A
AR (Y ) 2 hlbrrERRZR, FEAT 5347 .

1.2.1.5 R BC1.2.1.17 0 IR -& X 18
VSR, ¥ 1.2.1.37 T F A S ERE ARSI, 3% Sk
6 Ko WA EMEE T AL T A T W m ALY
RSD.

1.2.1.6 TR MG HUR]—HEEE RS R, P AT
6 1y F&“1.2.1.27 WK 7 il 5 Ak s TR, %
“1.2.1.37 I Ao i SR AR R AG I o T334 5 g
T AL T M T IR & RSD.

1.2.1.7 FREMss B —HEE R B s W, %
“1.2.1.37T N OiEAFFE 0. 2. 4. 6. 8. 12 h 43513
FEDGE o THREEHER T AL 38T Ao T W AL
RSD.

1.2.1.8 fInAEIReREEs  BO AR s &
s R AR 0.5 g, 3k 6 15, KRS ERE, 431
T 2548 B S IE F A L PR A 0™ Tk e A, 3%
“1.2.1.27500 F 5 hil & e s e, $461.2.1.37 300
OSSR R BEAREAG I, T AR 2R T AL 1454
T B T 0P A I3 & RSD .

1.2.1.9 FEFRAAT RO e R 28 W IO BE S
PRSI 4S 20 ul, TE AR GIEAY, i85
W AR . SR FHA MR S AR UE 2R )3 5 BT 545
FEPRII AT R, AR AT R .
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mg/mL; 100 SAEZHIAT; W FoRPRE, g0 ZX

1.2.2 PAKZESCE i=1

1.2.2.1  AN[A) 2 Peide B8 Xp 32 58 - oo U P b 4 B o m 1

) o R ) ] sz—kZpijln(pij)kz — £ D

MISZIE WOBEEE 3001 mL/g, $EHCHTE] 30 min, $2HK ~ In (m)

1 WK, $RBURE 60 C. R BEAMFEREWEN T, % (1-H)

2L MR T 30%. 40%. 50%. 60%. 70% % 3% 331 1ik = —— A EP)

A IR T PR 5

1.2.2.2  A[EIRCER T 22 vp s P il o B AL 1Y
FEME LEEHREE 40%, $REXATE] 30 min, $2HL 1 1K,
PEPURE 60 Co HHEZKMFEERIFILT, 50
BHEE 10:1, 15:1,20:1, 25:1, 30:1, 35:1 mL/g X}
MR AL IS AT SR BRI R

1.2.2.3  A[A] 4 Bk )X 342 58 i v 30 P g 3 B e
BIRZE LR 40%, WORHEE 30:1 mL/g, #2HR
1K, PEEUIREE 60 °Co fEIHE AR N T, %
ZLPLHUAFE] 10, 20, 30, 40, 50 min XTEEBEH A
FEFHT R T R A 52

1.2.2.4  AS[a] 4 B R Xk 342 56 i v 30 e ol A B
IR LR 40%, WORHEE 30:1 mL/g, #2HL
1R, $2EATR] 30 min. A H & 44 EE TS AL R,
FELPRPGIRE 20, 30, 40, 50, 60 °C XF45EETF AL
U NS R I B G a0

1.2.3  man EAGS RSP E SIS LA T, DA 2k
FE(A) ., BB (B) | $2BUREN(C) | $RBURE (D) N
RN, A ARAR I PG PPN R AR, £ 5075
(M) Jg i S {8, F1)JH Design-Expert 11.0.4.0 454 3E
1T Box-Behnken Wi i/ [ 565 1, i 4% BRI 22 e A
HAFA . IREEHFE SKPEILE 1.

1 HEHKFE

Table 1 Factors and levels
7K AR EE Bk CHEHUR[H] DYRHURE
(%) (mL/g) (min) (°C)
-1 30 20:1 20 40
0 40 25:1 30 50
1 50 30:1 40 60

1.3 HiEALE

TSR 3 IR, N A ST M T 255047
KH Design-Expert 11.0.4.0 Zf4, YEEIRFH GraphPad
Prism 8.0.1 {4,
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2.1.1 @iEE “1.2.1.37 @554 X B8 S Mg
RS EIE R 3 FhdEER A E RN R T B B
4, 54 RE SR B E Al AEE], DA 1.
1.00 4
0.80 1
0.60 4 2
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0.20 1
0.00

0.00 500 1000 1500 20.00 2500 30.00 35.00
PR EZ I A] (min)
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0.20 {
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Fig.1 HPLC chromatograms of mixed standards (A) and
sample (B) (277 nm)
TR 1 PR Ay 2. 55T 30 i

2.1.2 ZRMHEXR “1.2.1.47°TW FIRR& 55 119
B 77 F%  AHE R B G RIS L, DLER 2, oRi%
FABETT AL ZERITF . T 430 #E 0.058~1.880. 0.022~
0.700. 0.031~1.000 mg/mL 7 [l PN 5 {0, i 0 T A
RLAT 2P e R

2.1.3 EESEHEEL “1.2.1.5~1.2.1.87I1 F 32| 1Hs
R AN RRE ERINRE ISR R DL 3. 4%
SRR IR 2 5 A A MRS A, (VAP 12 h
ERSE, I ISR GA&, £F 6 8 AT PTIIZEKR .
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Table 2 Results of linear relationship investigation
FEPRPE LY LRPEmIATR r n ZEPEN P (mg/mL)
HERBRH A Y =15227008.7617X+192504.3035 0.9998 6 0.058~1.880
R Y =12575561.4418X+17580.7313 0.9999 6 0.022~0.700
T Y =9698992.4208X-95383.7214 0.9994 6 0.031~1.000
3 ORPEEE ., FENE TS MERUINRE [ 3R s
Table 3 Results of precision, reproducibility, stability and recovery
- KR AN Fasetk piEamilied
FEPRPERLSY -
RSD(%) HEEUR (mg/g) RSD(%) RSD(%) SEEIEE R (%) RSD(%)
HERRRTTA 1.69 67.02 1.20 1.42 99.11 0.87
HERATT 0.30 20.58 1.26 228 99.53 1.16
T 0.69 21.63 2.34 1.64 100.98 111
22 BREIBLER Ik P——. 0
22,1 ARIF) 2R b i ST 25 15 bk Bk £ 5 ER =g Fa0 E
B &l 2 AL, SRR A IR EE RS £ B = 60 fgj
BRSNS 1= THIE R e, 7 LRIy 40% I IS5 3 08
{EL, 79 63.66 mg/g. IMHERTTAL T HHEBURIEE 2 . 20
S JEE (10 44 00 AT 2 /N I R 0 4 3 A ) £ 7 g o
S LRI L TR IR L e i # — 8
7 40%, IR HAE Ry i 1 TR IS AT S5 40 I T T 1 0
5:1 10:1 15:1 20:1 25:1 30:1 35:1 40:1

8071 o iEAHTA 40 2
o | EMT %
?70. = ST -3035%
iz =
l%zso 2053
z
& 50 10§
o =
e &

40 0’

o
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20 30 40 50 60 70
LR EE (%)
K2 AN[R] T B2 o) e R 22 4 bl I ) SR
Fig.2 Effects of different ethanol concentration on the
extraction amount of multi-index of Forsythia suspense leaves

2.2.2 AN[FEIRCRE XA I 228 AR B 14 S
3 AT, APl sr i B ORI AR — 3, Y
WORHEE RGeS, =P B S TS Rl
FpoPha. X BRIk LI N, Fabrai o S
PR BE 224, TS s i ok, LR LSy
TEGFIT Y GRS TP, SR AN TS . 3%
FUMR T A RN PR IO AE 2501 mL/g B ik 3]
B, 439K 56.79 F1 20.97 mg/g. 5T 7E 20:1 mL/g
IIRBIEAE, 2 32.17 mg/g. RGBSR ERoRH
Feoh 2501 mL/g, IR HAE i i RS AT e S48
2.2.3 [l PR EHE ] S 24 AR (4 5
I 4 g, =g SR B AR fh i S — 3K,
YAy it 5 B B TR () R N . 33X AT RS PR AR AR
WO SR A A AFAE R B 22, P i e 2B K5 Ak T
ZEACFIHU N, A5 F A RO s e, = Fh

TR (mL/g)
3 R[RIBOR LG S R 28 b B 52 )
Fig.3 Effects of different liquid-solid ratios on the extraction
amount of multi-index of Forsythia suspense leaves

807 o g irA (30
W | W =
A it T E
i 70 —20@
2 ]
2 H/‘\i/. =
Z 60 -10&\
2 4o

50 , , 0

10 2IO 3I0 4IO 50 60
PRI E] (min)
K4 R[RRIUR AL AR I 22 FE ARSI 520
Fig.4 Effects of different extraction times on the extraction
amount of multi-index of Forsythia suspense leaves

(=)

B3 ) H B S AE 30 min Bk B 06, 2% R T
A CH 65.44 mg/g, M 19.92 mg/g, 7T R
23.30 mg/g. ZEAE SRR IR E] A 30 min,
TR A Ry B R I T S8
2.2.4  AS[RIHR U X T 22 Fe bR G 1Y 5 1)
H & 5 AT, R HGR XTI NS A FEEER2 W
B W, XA A T RO S AR N . 2R
SR 50 °C B, ZElNR 1 A FREUESSE 4, ~ 57.88 mg/g.
W5 PRECIERE gk S 1N, B R BCE T IR T [, HH0
HF A AT BB AR A 07 rh B s, B i
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20224 1 A

BEZ KRR LR 2B IR PR B AR GRS 50 °C,
FR HAE g i W TANAIO T TS
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Fig.5 Effects of different extraction temperature on the
extraction amount of multi-index of Forsythia suspense leaves

2.3 Mg EIRIELER

M5 4 4T Box-Benhnken H10o2H G SCHG 1
P, e 29 ASSES 2, WFTE A5 DA X a4 s 4 T e
AL FERT . S T HRBGEFIZES RS M BYSEI .
IDATR A antan DN et IUE RN
2.3.1 ZEEWr (MR ARSLRCSRRGE X 2
AFERRIEA TR MRAR o B —Fh T 254
PIA) S5 SO 1A 2 VR AN 72, B ESORR R e A, 6 4s

BRI T MRS, L 2 N HFHRECT. 2
WFFER N ASHIFERRNE B A T H, THRA s
PRIUAEE, SRS S NE T AL T s T
IR EEAE S35 oA 0.2022., 0.4204., 0.3774, F& M=i%
SANETT A FREUE >0.2022-+1 4 0 HEHUEL < 0.4204+
THEEURE<0.3774, THARFEIRE 5 S br i sr4r
HPE5r(M), G55 LK 4,

2.3.2 PRI ST NIy 2245581 FFH Design-Expert
11.0.4.0 FAX3€ 4 L5155 M 70 kA
A, 2 EH T FE M=30.48+2.98A+1.47B+0.3811C+
1.30D—0.6789AB—0.9088AC—0.9716AD—0.0121BC
—0.1739BD—0.5509CD—1.97A?-0.5733B>-0.5891C?
—2.43D%(R’=0.9472) . XTHEERIBAT 7 225047, 458 W,
2% 5. 5 AN ARAN W 5, LB HALG
LT P B A s A5 it — YRI5 A T, B T, D ThiAk ik
F(P<0.01), C WA b 255 38 H I AN I 385 YR I
A? TFT D? TSE W B Sk 25 (P<0.01), B> T, C* AN
3 X RS E R SLEETES M EIFRAERTERLAYZR
PEXFR . AT PAEA 0.1922>0.05, XFLE5 15
M FEMNAN R 2, RIS & B R A, nT AR
BRI R BRI 2454

2.3.3 WA ESHT S AL R Design-Expert 11.0.
4.0 AP HAR A 25 il 25 IR 3R 28 BAE X 55145

# 4 Box-Behnken IR R S5 45

Table 4 Box-Behnken response surface test design and results

S B (mg/g)
SRS — LA (M)
A B c D HEHEE A U EINEN ]
1 -1 0 0 -1 35.01 15.27 17.33 20.04
2 -1 1 0 0 65.42 18.36 22.08 29.28
3 0 0 0 0 68.02 20.86 21.40 30.60
4 1 1 0 0 70.22 22.87 21.43 31.90
5 0 -1 1 0 67.23 19.97 20.93 29.89
6 0 0 -1 -1 56.14 17.26 20.51 26.35
7 0 -1 0 -1 46.20 16.53 18.16 23.14
8 -1 -1 0 0 50.97 15.67 17.76 23.59
9 1 0 0 -1 58.99 20.78 2227 29.07
10 -1 0 0 1 56.05 14.00 21.17 25.21
11 0 -1 -1 0 62.31 18.13 2221 28.60
12 1 0 0 1 64.14 20.60 23.10 30.35
13 0 1 0 1 64.44 19.71 23.72 30.27
14 0 0 1 1 61.58 18.44 21.85 28.45
15 -1 0 1 0 52.90 15.58 20.79 25.09
16 0 1 -1 0 59.15 20.11 22.64 28.96
17 -1 0 -1 0 48.06 14.72 18.08 22.73
18 0 0 1 -1 59.58 19.11 20.80 27.93
19 0 1 1 0 66.83 20.55 21.29 30.19
20 0 0 0 0 65.64 20.41 20.95 29.76
21 0 0 0 0 65.79 19.54 21.46 29.62
22 0 1 0 -1 56.58 19.77 20.89 27.63
23 0 0 0 0 70.30 20.94 23.81 32.00
24 1 -1 0 0 61.92 20.57 20.58 28.93
25 0 -1 0 1 59.13 17.15 19.37 26.47
26 1 0 1 0 63.57 22.27 20.90 30.11
27 0 0 -1 1 64.59 19.56 20.64 29.07
28 1 0 -1 0 67.62 22.53 21.81 31.38
29 0 0 0 0 67.48 20.62 21.46 30.41
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Fig.6 Response surface plot of the effect of interaction of various factors on comprehensive score
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