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[ Abstract | Objective: To optimize ultrasonic-assisted extraction technology of betulinic acid from
Forsythiae Fructus using response surface methodology. Method; On the basis of single factor tests, Box-Behnken
experimental design and response surface methodology was adopted to optimize extraction conditions with the
concentration of ethanol, extraction temperature and solid-liquid ratio as factors. HPLC was used to determine the
content of betulinic acid from Forsythiae Fructus, chromatographic conditions were as follows: Thermo Hypersil
GOLD AQ-C; column (4.6 mm X250 mm, 5 pum), acetonitrile-water (9:1) as mobile phase, flow rate of 1.2
mL - min~", injection volume 20 pl, detection wavelength at 210 nm. Result; Optimal ultrasound-assisted
extraction technology of betulinic acid from Forsythiae Fructus was as following: the volume fraction of ethanol

"' The actual value of betulinic acid yield was

80% , extraction temperature 37 °C, liquid-solid ratio 32 mL -g
(4.28 £0.05) mg -g ', which was consistent with the predicted value of 4.30 mg -g~'. Conclusion: This
optimized extraction process was reasonable and reliable with high yield of effective components.
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25EAE T MEAR R SRR (1A N IR L 2 P A 2
PR = B UM R R B S 2R A oA
WE D A AR R S R A 7 AR
{2 0.025% *'. Chiba M"* % {5 B th 43 B 438 1 3 DN | N
IR MR A (I REE R L 5 BUR R L 2 s M
B

B2 ) o H BT JC & T i MR R 3 BT 2 4
T o ARSI SR 1T A i B B 02 3l 5 Box-Behnken
T 6 A IO TR Ak DG B T R R AR R R A A BT
20 HHERTR I TT R R 2%

1 ##

Water 1525 7 i 20 AH (438 R 48 (717 B4 A 3)
HERE AR ,2996 B AR A ARG TN 8% , 58 [E Waters A W] ),
Thermo Hypersil GOLD AQ-C 4% 4¥ (4. 6 mm x 250
mm,5 wm, LT K& AR A7), Sorvall Legend
Micro 17 % 8 .0> 1 ( 38 [ Thermo /A %] ), B3510E-
DTH #4 & 2 7 75 BEAL (3 [ Branson 22w ), FW80
AU U BE R EAL (R R TR AR A IR A A
BSA-1248 #1 1/77 43 #1 K (b 50 38 2 F 0 B} 24X
AR A F) , GZX-9240 MBE I ¥ i 8 K+ 44 44
(BRSO A RA A BES 7 &) o

HEA TR XS Bt ( AR, 265 >95% ) , 1%/ (1 A
Jb BT R A MG IR A3 B 28 2R AU ROl R 27 38 ol A
Pt IR IR BB 5 v O 1) 55 W 25042 M E S R R B AR )
%% Forsythia suspensa ( Thunb. ) Vahl fy F 5 5
S, LG g Al oK SRR Al K, HAB R 2 S g
Hrati,

2 EEER
2.1 &% Thermo Hypersil GOLD AQ-C , {4
AR, AR Z M -/K (95 1) L3 1.2 mLemin "B
i 25 C, A= 20 pL, &4 210 nm, WL 1,
2.2 ARdEHI LR ST RS R BORE K R X IR g
10 mg# 25 mL S, i £ W R i 0T E A, 14
Xf AR RER . R B B BUZ BRI 12,5 mL, BT 25 mL
S, IS WEE 2 % M T M R 3 UK, 15 T Ak
B4 12.5,25,50,100,200,400 mg- L ™" 2 51 X} H8 5
VR, DLW T AR AR AR o vk B R R A R A5 (]
)7 Y =5196.797 1X -1.936 5(R* =0.999 9) ,
LEPEYLE 12.5 ~400 mg- L™,
2.3 Ml m o d S FRIBUE S E MR, T
60 CHt T 2 15 H 5 By it 40 H i, & o % x
W — 5 B AR i, BT 10 mL SRR i — s A
UM B OB 9 mL, T — 5 il T B A I
W—sE mf ) (40 kHz, 170 W) , % 20 2= F i, & A 12
A, B1.8 mL 2B T 2 mL B0 #,13 000 r-
. 16 -

2 4 6 8 10 12 14 16 18
t/min

AL XFRESL BB 1. HEARTR
E1 %% HPLC

min "B .0 15 min, B 0.8 mL - 3% W 1E b 4L i
W o

2.4 KRR HH

2.4.1 CPEARFRA B FRIGERM 0. 45 g, [
[FE] 20 min, 42 BORBE 30 °C W 20 mL-g ™', 4>
SRR R4 %8 50% ,60% ,70% ,80% ,90% , 100%
(R 0 TV WA B, 5 SR AR K TR 4 U2 43 391 Ry 0,92,
3.04,3.81,4.05,3.81,3.72 mg-g ', # & # 80%
V) -

2.4.2 HREUAFR] FRIGERM 0.45 g, [ E LR
5%k 80% HIBUIEBE 30 °C LW [E . 20 mL-g ™", 435l
PLHL 5,10,15,20,25,30 min, 25 5 HE A 1 452 BUR 4
Wk 3.25,3.49,3.40,3.30,3.50,3.35 mg-g ', i
AT 1 BRI ) Xof A A TR 44 BB 52 i) AN K

2.4.3 REUEE  FEE BRI B 80% |, 11
] 10 min, 3% [ [ 20 mL-g™", 4% 5% T 25,35,45,
55,65 CHFATHE I, 45 RAEATR & B it 430 4 3. 00,
3.70,3.24,3.12,3.21 mg-g ", ok £5 52 BOH E 24
35 C,

2.4.4 E L [ 2 SRBOREE 35 C, SRR Sy
% 80% , $RHLIT ] 10 min, 43 51 F 3 [ He 10,20,30,
40,50 mL-g ™" S UEAT I, 45 SR HE A R 4 1 R
43514 3.20,3.99,4.00,3.90,3.90 mg-g ", Bk £
W L 30 mL-g™'

2.5 T ZME ERE R A L EES
Pt A FRLZ3 B BRIBUTRL B VR LG S A AR R, H AR R
fi6 P RIKEA BILA-1,0,1 SEAT i A5, R 4T =
A Z = 7KF Box-behnken Design Rt  WZE



T AR, A5 < IR R TRV G A R R R RE S R BRI T

KAWL 1R HE A R LR 2,
F1 ERTHRABRBEHBHRNIZ
Box-behnken iz I [ 3% 7k £ 45 75

- X, LBAEFR X, BB X, I L
T S % /°C /mL-g ™!
-1 60 25 15

0 75 35 30

1 90 45 45

®2 ERPHARBAEHIIIRNIZE Box-behnken X1 & HE
X

No. 1 X, X, HEAR W HR Ui /mg-g ™!
1 1 0 -1 3.92
2 -1 0 1 3.47
3 0 -1 1 3.87
4 0 1 1 3.90
5 1 0 1 3.94
6 1 1 0 3.90
7 0 0 0 4.25
8 0 0 0 4.22
9 0 1 -1 3.97
10 0 0 0 4.16
11 0 0 0 4.21
12 1 -1 0 3.84
13 -1 1 0 3.64
14 -1 0 -1 3.11
15 -1 -1 0 2.88
16 0 -1 -1 3.10
17 0 0 0 4.21

DL 3% 50 v AR R TR 42 Ui A 0 B L, SR FH Design-
Expert FF X 2 2 {50 Bl 17 = e Ik 2 WA &
Am LA, AR PR Y = 4.21 + 0.31X, +
0.22X, + 0.14X, - 0.18X,X, - 0.085X,X,
0.21X,X, —0.37X; —0.27X; - 0.23X:, & F 4%
KT 2253 B W3k 3.

% 3 WAL IR A R B 2 AR AR X T 4
XHRIEAN B, BUNHE R E(R)0.993 7, U W] it
BERY 55 SE PR g0 100G BEAT , RE AR 47 o i A i 50 45
2 PR Y — ORI U T K A8 ST 4 %o AR R TR 2
T AR R A DR 3R X ) O L ) R e AN 2 R
RRPEOC R o Ol B UL M 3 IR 4% R 2R 0T ME R TR 42
WaE 19 A BLOC &R, 00 R AT e B T Ay A, 25 R UL R
2 ~4 KUK HR WL EAENE R, X, , X, HAFTE
PEER X 5 7 2 d XX, 3R B il —

R3 MEBEBIRKEROFESHMEEZERLE

7 22 A SS f MS F P
1 2.86 9 0.32 122.01 <0.000 1
X, 0.78 1 0.78 299. 66 <0.000 1
X, 0.37 1 0.37 141. 84 <0.000 1
X, 0.15 1 0.15 55.92 0. 000 1
X, X, 0.12 1 012 46.99 0. 000 2
X, X, 0. 029 1 0.029 11.08 0.012 6
X, X, 0.18 1 0.18 67. 66 <0.000 1
X2 0.58 1 0.58 224. 09 <0.000 1
X; 0.31 1 0.31 119.92 <0.000 1
X3 0.22 1 0.22 83.59 <0.000 1
B 2% 0.018 7 2.607 x10 7?3 - -

e B 0.014 3 4.683x107°  4.46 0.091 3
2% 4.200x107% 4 1.050 x10 73 - -

pe¥| 2.88 16 - - -

2R XX, X

D

s P E] A7 724 VR

HEARRARIUR /mg g™

X,/C

X1 /%

B2 ZEBGRIHSESFEENHARENENHIEARESE

2.6 AFIXE T Design Expert V8.0.6. 1 %
SO O S O A 0 R T 2 4 1 2
Pt R B 43 % 80.26% , $i& HUWR FE 37. 34 °C, Wi & b
31.86 mL-g ™", % A K R 33 £ U 4. 30 mg-
g o A LIRRESIE K T A E&MHE I S Wk
PN 80% , SR IUELIE 37 C, il 1k 32 mL-g 7',

17 -



19 B 17T

Hh [ 52 58 T 5 A A

Vol. 19, No. 17

2013 4£9 H Chinese Journal of Experimental Traditional Medical Formulae Sep. ,2013
. iz T A 04T 3 R i 50, 45 SR 3% 30 b e K 1R 42
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@ 3o B =0 R O7 B 5 S BRI DL I B AE, T A S E
= 34 T T R AR Y I A
X 55 3 itig

45

X3/mL'g-l

HEARRRIL U /mg . g™

45
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