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1.1 %88 Agilent 1260 ERTRAHETEH (2] Agilent
N 3 AX 205 B4 T7 43 2 — (Fig+ Mettler Toledo
8 F)) KA Milli-Q B4l i 454X (Millipore 2] ) 5
3K15 H el B AL (SE [ sigma A H] ) ; XW-80A %l
WHERA w8 (IR P iR ) .

1.2 ilzh W NG EsaE, W A 52 Fisher
N R kel 1 3 26 E ROE A+ 95% L1
SR o3 AT At W [ K E T BERHERNL A BR A R 5 6 R
i IT 25 (LS DST190407-087 , HPLC =98% ) . 3
e (65 . DST190108-024, HPLC =99% ) i1 Ji #F
T R A W ARAT B R ER AL 22 7 W 1 223N
i,

2 HERE4ER

2.1 JToRRE B e R

211 A% & A% A Agilent ZORBAX SB-
C18 (4.6 mmx100 mm, 1.6 wm) ; M sHAH : A A 0.1%
HRIK , B FH NG s BB PR :0~20 min, 15%~35% B;
20~25 min, 35%~37% B;25~28 min,37%~95% B. ¥
M % K :0~21.8 min, 254 nm;21.8~28 min, 205 nm.
W £ 0.5 mL/min, F:15 : 30 °C; UFEERE: 5 wlo 550
Kl 1.

2,12 XFREEEAHS ORI 2 R
P IR S mL BSR4 DL
VAR IT o A 2 20 B FE i BOR B2 1 mg/mL (1% R
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Fig.1 Chromatograms of reference substance (A) and

sample (B)
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2.1.3 SR HIE O BRI EORLR (i
2 S0 )10 g, A 80% LT 150 mlL, Ji#A ] 37 $2 B
2 h, MR AREL 2 WK, MK 256 0T, 4 CUKAR it A7
%M.

214 PERRFEE KREHERC2.1.27 T X R
A A RGE B, DA R R R 2 0 B T R A A
JHié 500 pug/mlL AR X REVAS TR, 148 VYR R A IR
Pkt 2.2.5.2.2.2.5.2.2.5 15459 9 NASTA] e B A0 75
WA 2017 R s S, AR P m AR (Y )k
NARFR , B0 ) 1 U BE (X ) MR AR, A5 57 25 B0
B BT RS VR BE i e M DG &R 430 R Y =23.102X -
15653,7=0999 1,05~500 we/mL;Y =70.769X +139.630,
r=0.9992,0.5~500 wg/mL. FHR MMM R R
215 MEELE  OREWRIC2.1.47 5 IR A X
HETH R GE 1, DA BEAi e 5 A5 5 #2117 F
TR I R FE LR VEREI 2 6 YK, AHXTFRUEZE (RSD)
H53 3 3.9%F0 2.2% , F AL ARG 23 KA.

2.1.6 FREMECE KSR IRIC2.1.37 I T A
WS &, 3211730 R 7R T 0.3.6.12.24 h
SE TS5 RNBE 7 W i AR, 24 h Y RSD (B4 9 R
1.1%F01 1.0% , R EER SIS IRAE 24 h e R AT

217 HEEMETE  FEERIREE SR 6 4, fh
10 g, PA“2.1.37 30 Jy i P A7 il & Atk i v i, 4%
“2.1.17 TR T I R ST e R P e i, RSD
{E5 500 2.8%F 1.4% , FWiZ )y ik EE T R T
2.1.8 JNFEIENLE KEEAREEE SO 6 0y, B
5 &, S ERA I — 32 12 ) ST 2 R 5 Jhig ok R
W, T 80% 52 150 mL, $22.1.37 30 F )5
A E TR S AL P 34 [ 4y
58 103.0%F1 98.8% ,RSD N 1.5%F1 2.7%

22 HRERSER

221 CBHATRGEL FEEPRZE AR 10 g, 38
4.4, Sy HIMART BN 50% .60% . 70% .80%1]
ST, ¥ “2.1.37 TR 5 vk A A R, DA
RIS R ST IS AR P e i, 4
RILE 2 A, CTEARFR R 60% 1T, IT 75 e & 1o i
1o BT ECR T0%I) , 2875 g ey, LT 2R B
T AW BN, O RS B 60% |
70% 80% .

222 MR KSEFREEESRES 10 g, 38 4 13,53
ARG AR A 5011001 ,15:1,20:1,
F22.1.37 IR ikl g R W, PAC2.1 IR
OISR R I IS RN o e B 1 25 R LR 2 B,
OB Ry 2001 B, B8 e 5 i i e, T YR B
T, LR B4 i R RT B oo, O S YRR EE R 10:1
15:1.20:1,

223 PRI KREEFRICGEE SRR 10 g, 3k 4 47,
PEBURE M 1h 1.5 h 2 h 2.5 h, 4%“2.1.37 3 F
7 e B AR A A, L2117 T (A3 S
ISR FNBE P e it o S5 DLIE 2 €, BRI ] Sy
1 h B IT 5 52 e ) P B e SRR ey,
FEHEBURA A 1h 1.5h 2 h,

224 REGKEL KESHRIGEEFTFES 10 g, 38 3 47,
PEBOREC 5 1.2.3 WK, 422,137 300 R Jy ik il &
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2D, FEHUR B 3 URE, I+ 25 Bl FNAE 1 Jie i) £ BORR
BT, MO PRIURECR 1.2.3 IR,

2.3 ST IMP SEE AR A
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Fig.2 Effects of ethanol volume fraction (A), liquid—to—solid ratio (B), extraction time (C) and extraction times (D) on
extraction effect

F1 EHRHTXBERKFE

Tab.1 Values of different factors investigated with custom

R 2 EIEMRRAEINEL{E
Tab.2 Conditions in the experiments and values of

design experiment simulated response

% o H% o
AN B %) B C R (h) D ORI s — B C p R

1 60 1 1.0 10:1 1 1 3 3 3 7.44

2 70 2 1.5 15:1 2 3 3 1 1 5.01

3 80 3 2.0 20:1 3 1 2 2 1 0.28

4 2 1 3 1 3.18

T e AR e g, B 2R R A3 H 60% , UK KR s 5 3 5 5 334
3K HEEETIE] 2 h VEORHEL 2001 T 28450 T 3y 6 ) ) . 5 213
FF 5 e 52 75 T S v B v o 7 3 2 3 2 5.04
233  BEAL PR R AEARILE R IMP 3R x) R 8 1 1 1 2 175
2 SR T N IR A T, AR P AR 9 3 1 2 3 4.97

HH S e A O R DG SR A 3R, P<0.05 S 22 34T GE it
ROCARILE 3, R 3 IR SRR 8 A K

®3 RIIZMIERESSFTHAICD

Tab.3 Summary of effects of fitting analysis in extraction
UOBC B ERS E]) EOREEE PAE KT 0.05, R 4 Fh process screening
R BRI AR (R IFAER n P S Y % X4 £ B P
KHE R AL TN 45 R 75 i — 2D 9 (%) 02247
2.4 IEACSNG O ARE AN R SR AE R 1R SRR S ) 0202 8
OYRCTRORY HG BRI ] SRIBCHL 4 R343R *%fj”?"ﬂ w 0:2302
WOt 0.129 9

3K, LIIT I e MR i i 25 SR bR kAT

L9(3*) IEAZ S, By e Fe AR BT 2 45 . IR KAF
BT LR 1. F2IRER 1 9E1T 4 [ 3 K IEAC LR,
S EE R 4, RECT SRS ECS IMP B 5

BB R TR A5 R — 2
W22 Rp>Re>Ry>Ro, RIFZIEE 5 SE U)o o5
JY VAR 7 Y 5 ) 2 U DR 2R D i RO > 4 I
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Ji]> 2 B BESORF L, L4 S 5 7 2 43 7 s R —
S, 3 5. MR (LHEA T A0HT 0T 5 B P SR 4
HET L4 ABLCAD,, B Z BEARUMEL 70% , 425
YB3 Uk, BRI A 2 b, R 1501,

T4 EXTWRER
Tab.4 Results of orthogonal experimental
EMivesy i it (me/g)

A B C D
1 1 1 1 1 3.08
2 1 2 2 2 3.92
3 1 3 3 3 4.32
4 2 1 2 3 3.54
5 2 2 3 1 4.10
6 2 3 1 2 4.12
7 3 1 3 2 3.64
8 3 2 1 3 3.75
9 3 3 2 1 4.21
K1 3.77 342 3.65 3.80
K2 3.92 3.92 3.89 3.89
K3 3.87 4.22 4.02 3.87
R 0.15 0.80 0.37 0.10

x5 EXIWERFESN

Tab.5 Analysis of variance of orthogonal experiment results

HWE  wmzrurm AHE FE FIRRME BEN
A 0.033 2 2.200 19
B 0.974 2 64.933 19 P<0.05
C 0.211 2 14.067 19
D 0.015 2 1.000 199

TR e 0.010 2 - -

2.5 WUESCES SBT3 0y, B 10 g,
B 250 mL BB 00 T 23 TR L g
BRI 70% ./ 150 mL, [FIFEHEE 3 ¥, BK 2 h, &
IFUBR S = e, AR R B VS 0.45 pum
A HUALIE IR U8 5 2. 1.1 T T (o 1% 4 1 5
G5 F 7N 7 o5 e RN P R T S E 53 )
1.60.2.98 mg/g, RSD 73514 1.0% . 1.1% . Z5FREH]
L ZAE AT,

2.6 SEEZET R IMP SRR IEAS L 2
USRS N T L A 87, ST as R W3k 6,5
BAHE LR 7,88 5 IEAS 907 22 Hras R —3,
RUEAZ LI A R AT, FIH] IMP A5
R IRTYA )y AR AR (14 S At b, B 55 e 2 IR R J ke
SRR B ZLARAR M S DL . AAHSE 4 FhA
E I SE EAEFHXT IR I3 e B P e U 5 1 58

HREWING LN 3 7R o SF i R R AR i e —
AEPEI L B AL R iR A H AL B, S5 e 2B
OIR SR SIZRANATERE . 8 3 iRt
FEHPAS IR R P 22 8] B AR SRR s , 2 0 1 s
PR, 55— 2B 2 AR, iS5 1R PR IE A
WA AR T E T 2RI T2

xo6 BREFEHNER

Tab.6 Outcomes of model by analysis of variance

i A -5 ¥ FIb
LAY 4 1.178 5 0.294 6 213110
R 4 0.055 3 0.0138 sk
BEE S 8 12338 - 0.005 8

1 :R?=0.955 2, J#%% R>=0.910 4, RMSE=0.117 6.,

®7 RESHMEIHE

Tab.7 Estimated values of model parameters

Tt A PR 2 b HER>1]
R 2.065 0 0.406 4 5.08 0.007 1%
(%) 0.004 7 0.004 8 0.97 0.386 0
PR EL () 0.398 3 0.048 0 8.30 0.001 2%
PRI TE] (h) 0370 0 0.096 0 3.85 0.018 2%
WORHLE 0.007 3 0.009 6 0.76 0.487 5

H:#P<0.05,

3 idig

PR EfG g 2 A oy B A,
FEAYIE S 2 R B R
RS, IR ISR SRR e R R A T
Yy, BLA BELIT P 3 198 (Shh) {55 51> (55 S
THIVER 22 P R A 2550 E I I il

A DS U A TR K SR EGE: SERRTE
LA R FEIOGE (A RS BOE G POk (i
PRIUEAT . B T IRZK PRI B b A ER I FE K
SRR A AL I o R sl A RO 2 5 5
BB, M ATV N R A =, 2 R A
AT AR SRR AR &S 2 K
bk , PRI AR S 5635 ) 2 B T

R REARZG R o AE A 7 i AR v R AURE P e
BUSCR HESR SR, SCOR TR SR R R A T, %
BT SEMAST 5 M FNAE ™ R AR B 4 AR : S EEfR

AT 7Y T 15 YR G T N A A i 1 B 1
BT 3KV HTIESS S . AR I RS S A A
R, T LR CEEARFECH 70% , WORkE R 1501, 2
W3 W, BFIK 2 h, IF o5 e S8 P e & b v, 1T AA
1.60.2.98 mg/g. [RIFE AT H e AR5 11, 52 22
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Optimization of extraction process of effective ingredients in Veratrum Nigrum L.
ZHANG Mengmeng', WEI Shujie', SHEN Jiayuan', OUYANG Huizi*, CHANG Yanxu', HE Jun'
(1. State Key Laboratory of Component-based Chinese Medicine , Tianjin University of Traditional Chinese Medicine , Tianjin 301617,
China;2. First Teaching Hospital of Tianjin University of Traditional Chinese Medicine , Tianjin 300193, China)

Abstract; [Objective] With the help of the experimental design model and orthogonal experiment of JMP software, the extraction process
of the active components of Veratrum Nigrum L. was optimized. [Methods] Single factor experiment and orthogonal experiment were used
to optimize the ethanol volume fraction, material-to-liquid ratio,extraction time,and extraction times. The extraction process was
determined by analyzing the content difference of jervine and veratramine. [Results] Optimal process obtained by the model is equal to
the actual experimental results. The best process parameters as follows:the volume fraction of ethanol was 70% ,2 hours each time,the
extraction times were 3 times and ratio of liquid to material was 15:1 (ml/g). Under the optimized conditions, the contents of jervine and
veratramine were 1.60 mg/g and 2.98 mg/g,and the RSD was 1.0% and 1.1% ,respectively. [Conclusion] The extraction process was
stable and could be used for the extraction of effective ingredients in Verairum Nigrum L.

Keywords: Veratrum Nigrum L. ;jervine ; veratramine ; JMP ; process optimization



