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W E B LR ERRKIRPRALFa ERLF AN Tk, TR E A BARRIRIYE, ik KA &
AR Gk, B AR A SB-Cus, A AR A TH- K (B EZRBL) , AR A 40 °C, 7k % 1.0 mL/min, 40 9% K % 210 nm, #4£2Z %
10 pLo ¥ B F XA RIS ] Atk E MR AF KRB L, R 2Fab e dey BRRE A wpiL, kA
Box-Behnken v & @ ik AL L3RR T, 5T 54 F kAo Al A R BT . 4R 33 2 a 291 23 d ) T2 0E 69 BbESE B
4% % 50.70~202.80 pg/mL(r=0.999 9) .50.50~202.00 pg/mL(r=0.999 9) ; & & F& 4 %]  0.16 .0.13 pg/mL, 0 F& 53] 4 0.05.
0.04 ng/mL; ¥ % & A2 M 75 e RSD 3 /T 2% ; s AF v & 431 4 98.23% ~102.47% (RSD=1.80% ,n=06) ,98.84% ~
102.06% (RSD=1.60% ,n="6) . JTAIEILTZ A PRI R, FRIEF ] 2,50 min, 254432 80 B 5 A st 1:28(g/mL)., 3 K IiE
RIEZERE =, R T LIFEY L a b el 28 dag T3 B4R IR 4 8.42 mg/g, & T4 & 5(8.34 mg/g) Fo Al £ 7% (8.06 mg/g) , B
FIRAT ) P 42, LE0. TIEASM R F ik RAR A, 7T )R T R B 2 2R3 KRR 2 A 23 a 40 235 dwh &2 AL PT (2 ik
BRI TEAE AT,

FEEIE Y)Y 2 a; s 23 d; B 20Uk A8 &% 7% ; Box-Behnken v B @ i KIRIR T F ; A2 2 W RE L R

Optimization of Water Extraction Technology of Saikosaponin a and Saikosaponin d from Bupleurum
chinense by Electromagnetic Cracking
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ABSTRACT OBIJECTIVE: To establish the method for simultaneous determination of saikosaponin a and saikosaponin d in
Bupleurum chinense water extract, and to optimize its water extraction technology for electromagnetic cracking. METHODS:
HPLC method was used. The determination was performed on SB-C;s column with mobile phase consisted of acetonitrile-water
(gradient elution) at the flow rate of 1.0 mL/min. The column temperature was 40 °C. The detection wavelength was set at 210
nm, and the sample size was 10 pL. Based on single factor experiment, using extraction time, particle size, solide-liquid ratio as
factors, total extraction rate of saikosaponin a to saikosaponin d as indexes, the extraction technology was optimized by using
Box-Behnken response surface methdology, and compared with the results of ultrasound method and decoction method. RESULTS:
The linear range of saikosaponin a and saikosaponin d were 50.70-202.80 pug/mL (#=0.999 9) and 50.50-202.00 ug/mL (#=0.999 9),
respectively. The quantitation limits were 0.16 and 0.13 pg/mL, respectively. The detection limits were 0.05 and 0.04 pg/mL,
respectively. RSDs of precision, stability and reproducibility tests were all lower than 2% . The average recoveries were
98.23-102.47% (RSD=1.80% , n=6) and 98.84% -102.06% (RSD=1.60% , n=6). The optimal extraction technology was as
follows: the extraction time of 2.50 min; the particle size of 80 mesh, solid-liquid ratio of 1:28 (g/mL). Results of 3 times of
validation tests showed that the optimal technology included the average total extraction rates of saikosaponin a and saikosaponin d
were 8.42 mg/g, which was higher than that of ultrasonic method (8.34 mg/g) and decoction method (8.06 mg/g), and the extration
time was shorter. CONCLUSIONS: Established method is simple and accurate, and can be used for simultaneous determination of

saikosaponin a and saikosaponin d in B. chinense water extract. The optimized water extraction technology for electromagnetic

cracking is stable and feasible.
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5 ViR FEE 43 ]k 202.80,202.00 pg/mL [ ¥R A X BR
VW

2.1.3 AT BB O R B RS
i ( HESEZ R T ) KB FRI300.0 g, & T HL#E 2
FRASC Y e I A5 1 N A — 2 A9 A K BB,
b, BUEWE 3.0 mL, 60 CH#E T, B T 10 mL i, in i
BV e 25 5, RS

2.1.4  BIYERW DAR B BHE AR

2.1.5 RMEXRFZLE ik WI2. 12" W MRG
X B SR 2.5.4.0.5.5.7.0.8.5.10.0 mL, & F 10 mL &
R, B 2, BIAS S BT a JOT VR B 43 S
50.70.81.12.111.54,141.96,172.38,202.80 pg/mL, 44
BAF d iRk 4 9o 50.50.80.80, 111.10, 141.40,
171.70,202.00 pg/mL [ RANE ML R TAEGH R . BUE
L 2.1 (R A A R R, DT R R
pg/mL) AR AR R TR () AR A TR ], 15
SRR a Bl 5 RN y=5.694 Tx+6.221 4(r=0.999 9),
Sl A d [ A AR K y=5.766 9x+4.492 9(+=0.999 9)
FEUSE T A a B8 AT o RGN B o VA 1 kY R
43511k 50.70~202.80,50.50~202.00 pg/mL.

216 EEREGRMEES KR EIC2.1.2" 5 MR
AR BRSO i, 0 R LUAR R 2. 117 I R
TS A HEREINE , LIS L 10: 1.3 120 B e R R
FmIRR . 255, S B4 a  SElT R A d W SRR 451k
0.16.,0.13 pg/mL, KPR 53514 0.05.0.04 ug/mL.

2.1.7 RS BCU2.1.27T0 FIRA X R ST 10
uL, F5 2 11 I 3 S5 A i S R D 6 UK, 1 S i
TR 255 SE T a SE AT d I TR R Y RSD 43 5]
$10.5% .0.3% (n="6) , R IUUHAE R E K AT.

2.1.8 R MiEs  Be2.1.37 0 I A 10 L,
AT EIR TS 0.3.6.12.24 hi2.1.17 1 F 4,4
AP HEREINE SR TR, S5, Se R a SE R
1F d TR FR A RSD 23910 1.1% . 1.0% (n=5) , Bkt
PRI TSR R RCE 24 h MR ETE R

2.1.9 mEEMRE WMEERNHR, L6, By
300.0 g, #% “2.1.37 I N Jy ¥ i #% Ak b T W, T AR
“2.L17 N S SRR R | T SR AR AR
LIRS PSR R a SE R AR SR, SEIR L
EAEE T a SEI R d 191 5 O 2.80.,3.69 mg/g, RSD
G358 0.4% 0.5% (n=6) , £IIZ Tk EE MW RIT.
2.1.10  fFEEDCRE R AR Y B 2R A
an B A, L0, A 6 4y, B 24 150.0 g, 43 HIKE B I A —
FE BTSN IR A TA TR 1.5 mL (55 Sl a T e
56.64 wg/mL . ¢ 21 d T ik B 74.53 pg/mL) , #%
“2.1.37 IR R A R I, PR 2. 117 T

- 2548 - China Pharmacy 2019 Vol. 30 No. 18

SRR R |, 1 SR U TR RO TSR [T i e, 25 5L T
#1.
F1 MERKERKELER (n=06)
Tab 1 Results of recovery tests(n==6)

o O, WARE, W, MR, THMEERE RSD,
A
mg mg mg % % %
St 0.0843 00850 01706 101.53 100.63 1.80
0.084 1 00850 01712 10247
0.0849 00850 01715 101.88
0.0847 00850 01706 101.06
0.0842 00850 01677 9823
00838 00850 01676 9859
SR 0031 01118 02239 99.11 100.38 1.60
0.1127 01118 02232 98.84
0.1134 01118 02257 102.06
0.1132 01118 02267 10152
0.1130 01118 02269 101.88
0.1129 01118 02234 98.84
2111 FEM S N E B MR O ORGE i,

“2.1.37 0T Jy i A U, PR 2. 117 U A
FAFEREINE A THRATE 3 YK, T SR IR Fiebm vf h 2
DATHEFE G PSS BT a S BT d B 255, 48
BT a 9 5 5 2.48~3.64 mg/g e BT A S &
1 3.34~4.74 mg/g.
2.2 SEHKIRBEPEPEFa SLEPEFIRERER
RYME

BGMEE SO AE &, 32,137 00 F Jr ikl s
ARV, TR 2.1 R S A R AR | 1 SR TR
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(CxnxV)/(Lx W) 2 C Ol Se BT a S 1T d i
U Z R, n AFRBAEL, VAR BOR AL, L Rt
A TR, W T
2.3 BEXRXK
2.3.1  FEBORFONS S B A a 5485 B AT d BRBUER
(AR R FR“ B REBCR" ) s B M REA R R, 355
By, By 29 300.0 g, IAK A HRIBGE I, AESE BN H] 3 min,
BHE L 1:25(g/mL) it 60 i F T, BEOR R4
BUOR B (1.2.3.4.5 %) X L BOR (5%, 25 5 L&
3A. HHEIBA W], B PRIBGR ARG N, BARAESRIL 3
UK PR f S A LR R TC I B 22 5
AFIBRE AR AU R, MR BN 1
W HIFH AT RE A S AT a 5o b BT d e HL 1 R
EL A SR IO R, IR PR R B R, A PR ECR Y
JASB &2
2.3.2  FEEUA AT EARBCR IR BZGMFR A A
54y, B3 £4 300.0 g, LK IO ), AEFE R B L
W, BHA EE 1:25(g/mL) , A dhad 60 B 454, B8N
[ 45 U 1] (1.2.3.4.5 min) Xf 4R B Ay 52, 25
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Fig 3 Results of single factor tests
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SR INE BRI A #, Y 52IBURF[A] 24 2 min I, G
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55 A B N AN U3 ik B B AT e 25 HE B
Tk B B Al AT 5%
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50y, B0y 249 300.0 g, LI & IBUA ], 7E 52 Bk £ 1
WRHRHE 1225 (g/mL) 4R E] 2 min 2500 T, B8R
[ RHRLRE (3 40.60,80,100, 120 H i ) X B3Ry
S, 45 R OLIE 3C. m IR 3C AT UL, Bl 0 Rk BE A 38
T, SRR S e N 5 B A 3, SR E 1) 80
H A, AP R AR 5, O PR RRLFE I Dy ae 60~
100 H i, oI5t K AT R Ry ebhr B o) 80 H i , bl
FTARLRE ST, A% BT 38 22, AT 52 e S 0 42 1 a2
HRAT d TR .
2.3.4  BRE X SIRBCRMEN MR R, 2
50, T2 300.0 g, LK R $2 BUA ), a4 R B 1 I,
PRI E] 2 min, B 5 AL 80 B Z41F T , B ANA H
(1:5.1:15.1:25,1:35,1:45, g/mL) %F 45 UK (1 5%
Wi, 45 R UL 3D, KT 3D AT UL, BEE RN FE s, S
WA B s FEAR a3, R o 1: 25 (g/mL)
IF, B IO A, OGERERMR LU R 12 156~1:35
(g/mL). LI R ATRE by ik 22 s ) S Vs A o1 22 (R 2% o
AT B R BCR I
24 REEIZMKL
241 It 54 ERRRIAR I, DI
HE] (A) B (B) BHE L (C) B 52, DLETE
B (y) R A, R T 3 IR 37Kt . RS
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FEHE 2019FEF0FFE 108
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Tab 2 Factors and levels

KF B
A,min B,H C,g/ml
-1 1 60 1:15
0 2 80 1:25
| 3 100 1:35
F3 KEAREITELER
Tab 3 Design and results of Box-Behnken
tied A B C Y,mg/g
| 0 -1 1 758
2 -1 0 -1 580
3 0 0 0 830
4 | 0 1 175
5 0 -1 -1 6.52
6 -1 | 0 6.67
7 0 0 0 8.34
8 | 0 -1 6.98
9 -1 0 1 7.09
10 | | 0 7.68
11 0 0 0 829
12 0 0 0 §27
13 | -1 0 749
14 0 | -1 6.66
15 0 | | 7.56
16 0 0 0 838
17 -1 -1 0 643
F4 FESHER
Tab 4 Results of variance analysis
VERR  EEETIA A Bi% F P
A 190 1 1.90 459.17 <0001
B 0.04 1 0.04 942 00181
C 1.99 | 1.99 48135 <0000 1
AB 541%107 1 541107 0.13 0.7283
AC 0.06 1 0.06 15.05 0.0059
BC 625%10 1 625%10° 151 0258 6
A 212 | 212 513.56 <0000 1
B 1.23 1 123 297,39 <0001
¢ 2.04 1 2.04 49358 <0001
i 10.01 9 L1 269.09 <0.0001
553 0.029 7 4134x10°
K 0021 3 6970x10° 347 0.1301
HRe 8.026%10° 4 2007x107

Jasill 10.04 16

2.4.2 BRI AREEST R H Design-Expert 8.06 {4 X}
2P R Z e A RIH . 2558, —ikZockhliH
J7 # F Y=8.32+ 0.49A + 0.07B + 0.50C — 0.01AB —
0.13AC—0.04BC—0.71A*—0.54B*—0.70C’[R*=0.997 1,
FIEREL(R ) =0.993 4], P<<0.0001 , B J5 RE4U 4 1
W3 A TR R R 0.997 1, 3 B 1 8 19 AR fb A
99.71% K H T Prik 242 it 5 R #U P K 0.130 1 (>
0.05) , WA IR 228/, ] F T IS 32 e . o7
ZE BT S AT A, 3 DR 2T A B I3 52 M 4 5T DA R
/NN C>A>B;AC A° B .C' Mtk i % , B.AB,
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Fig 4 Response surface and contour plots of the ef-

fects of each factor on total extraction rate
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Tab 5 Comparison of average total extraction rates of

different extraction methods

TA%HW?E;‘ %H}(H‘Jﬂfﬂ ,min %ﬂ]‘éﬁ%ﬂ){% ,mg/g
HUBE R 250 842
Filin 93.00 834
LIRS 35.00 806
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W OE ALK E SR v 7 E B ST AY B IR S AR i T A B AR A S & F B (MRSA) 69 57 A Ae e A,
20144 1 A —201546 A £ 290 4 MRSA A3l & B3 A B = 7 & B2 2 RE EF5EAB 7 FEE0, %
201557 A —2018F 12 At Mt v 7 FHEEH At v 7 FHFA, B ARG EIFL 097 ke 101 EA ALK KKE, L ma
EXFWNAARATE EREHINVILARATE TdHRAAXAREARSRRRR L AR, &R . BT FHFFHLEAN
1084 &%, it 0 7 F B EMMAN 2796 B BATM G PR EBLE A AN 1084 Bk, B it s E L0 E
F 4530 dA W5 4 10.19%(11/108) .7.41%(8/108) ,22 3+ F 4 %4 90 d A B L= % 3 4 63.64% ,7 d I A 20E R 255 A
75.00% (48/64)F2 81.94% (59/72) , 4R 18] b iz £ 573 K%t 5 & L (P>0.05), B =it 0 2069 e JUEF T3 > 11569 K A F 05 4
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