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Abstract: For improving the yield of alkaloids from Corydalis yanhusuo W.T. Wang, response surface methodology was adopted to
optimize the extraction process. The effects of different parameters on yield and purity of alkaloid were studied. Based on
response surface methodology, the extraction conditions on the basis of single factor experiment using alkaloid yield as index were
optimized. The optimal conditions were: extraction time 116 min, extraction temperature 49 C , 80 % ( volume fraction) EtOH
as solvent, EtOH dose 10 mL/g ( based on raw material ). Under optimal conditions, the yield of alkaloids and purity were
0.598 % and 17.38 % respectively, after three times extraction.
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1.2 EHREVHRN

FRIC10 g FESH Ry A, B T 250 mL B S Be i, 3 BRSC I 7 28, SRV ), DR Il i 42 B, 30 0%,
WO IR, T 45 C B3 M SRR 218 R Y, # Fo $R BT R b ) B RN R S BRI 5 48
RO BE R ERUR ] B2 B B 2 o
1.3 EHREVYBSENNE
1.3.1 Arfwm&aizd MERBUEH R ZFEX I 3.6 mg, LA 5 % H,S0,, L 70 % (KR40, T
[f]) BV i, OF 8 45 % 25 mL, RPASAE R £ 28 X0 IR I W, ST B VR B o 0. 144 g/ L 43 DK %% IR U X
MRS 0.5.1.2.3 4 mL & T4 s, M AR 48 5 mL, pH {6 4.0 Z2 0P 15 mL, 53 51| — 58
FE 20 mL ZEHL 2 IR, BRI 2 min #1805 h, IR BOR , AP E A % 50 mL, DL & W b i
WoR 2SR 414 nm 2RI WO BE S DLW BE g G AR bR, T R v R B AR bR 1S B 0T 5 R Y =
0.1003X +0.024 7,R* =0.999 1,7 1.44~11.52 mg/L Ju[H N, B vk B 5 WOG R 2 BAFIZE C &,
1.3.2 #H#mAymszone 1.2 WhumSERyH 70 % & B3, WS BIE R 1 oL,
FEHR 1315 AT, D aE 414 nm ZEIOGIE (A) o

FES A YA R (Y, ) SRR A OIS i AR W B S 2 A BT A A . AT RO

Y, =(A-0.0247) xn/(0.1003 xm) x 100 %
FE ZE A Yy gl B T AR SR
Y,=(A-0.0247) xn/(0.1003 xm,) x100 %
K A—OGEE ; m—ES R R M BTG, me; m,—FRY BT, mg; n—FRBEATEL
1.4 HPARZEZSENNE
1.4.1 &3E454"  f@i%k . ZORBAX Eclipse XDB-C18; i ah A : I - 0.1 % B MRV W ( = 2 e &
pH {H 6.09) (KB 55:45) s AR 25 C ;i # 1. 0 mL/min; &6 % 4 2 280 nm,
1.4.2 ARfw&edl & HERBUEHRCEMIE, D8 P EE G, BB A 25 mL Fa)id, P
KEZNE A, MECL . 2.3.4. 5 mL,@mBE 10 mL, # b3k @5 5200 . LA i AR5 0 IR
W UEAT S IR A5 [T Ay AR
y =10228x -29.55,R* =0.999 7

1.4.3 #Hedklxtezomg BT TR ERYH P BEEE M, o 0.45 pm GLALIERE,
P 1. 4.1 (0% 45 1 000 A T AR AR R Pk DI SR v B E I R i, RO RAE Y =
(A, +29.55) xn, /(10228 xm,) x100 % , X . A, —UWEHFL; n,—H BAEEL .
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2.1.1 RECGEFEA AW BSFEB LG Yra F I T, %5 5 [R) B8 R R X A 4 0 A5 5 R 4l
BIFE . Z5 AN 1 (a) FToR o B T (a) ATAL, 38 HUGR BETE 25~55 °C Yo N, A= Y 15 22 b6 & R 1 T+
1R T HE T, 25 ~45 °C B 3G K o B S PR, Bl IR R R Tt i B KR B % . MR E R 55~65 C
BF, Az W B A5 28 S T W A T B AIR o 25~45 °C B, A= W 170 20 2 i o JBC T B85 1 v T 35, X e 2ot 45 °C
J& , 40 ST B A B B T R ARG o 3R PR R R B TR S A A W B I G, e A
AL ORI I, S 30T A= Wyl A B (O FRAR . 5By T R kR 45 °C W BGE HRE .
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WR 2% o R SR A W B S 2 I T B i, B S T R B, 7E 90~120 min {5 [
W, T BRI GE e IR T R o 3 PR A B A I JR) 9 S S B R b i e RO R L e T AR
Bl P 2 AR BT JRD S, A R AN B Y A SRR T A SRR [R) A 5 e AR Py R4 E . 120 min
hy B3 L 11 4R B [

2.1.3 ZEARSHE S A BFEALEH Y HE 1 (c) 1, Y 2 EERBL BN 60 % 1 =
80 % I, 2L ) i A5 % S a3 B 3 80 % LUJR , A W Bl A5 e Bl 25 £ AR AR 43 B0 2 v BT R B X
J2 PR kg SiE 1 2R A ) B 2 Ay 2 e R A ) R TR A 0 T e, 2 AR R B N 2 e U A
¥ D o R L AR Y Al B B A £ BSR4 B S I RS . 25 B R WA B DA A
K2 ,80 % T Sy 8 - 1 4 B 711
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Fig.1 Effects of different reaction conditions on yield and purity of alkaloids
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Table 1 Experimental design of RSM with 3 factors and 3 levels

- X, X, X3
e BT /min BRI /C LB %
extraction time extraction temperature ethanol volume fraction
-1 90 35 70
0 120 45 80
1 150 55 90
2 MEMETRER
Table 2 Design and results of the response surface methodology
o) X, X, X, A= Wy 084 %/ %
No. alkaloid yield
1 -1 -1 0 0.434
2 -1 +1 0 0.533
3 +1 -1 0 0.394
4 +1 +1 0 0.583
5 0 -1 -1 0.462
6 0 -1 +1 0.404
7 0 +1 -1 0.523
8 0 +1 +1 0.496
9 -1 0 -1 0.515
10 +1 0 -1 0.545
11 -1 0 +1 0.420
12 +1 0 +1 0.433
13 0 0 0 0. 605
14 0 0 0 0.598
15 0 0 0 0.599
x3 FEFWER
Table 3 Results of variance analysis
KR df ss F P
sources
X, 1 0. 000351 0.407961 0.551112
X, 1 0.02431 28.24514 0.003154
X 1 0.010658 12.38318 0.016938
X? 1 0.0107 12. 43246 0.016812
X, X, 1 0. 002025 2.352782 0. 185642
X, X5 1 0. 000072 0. 083945 0. 783651
X% 1 0.013664 15. 87588 0.010484
X, X, 1 0. 00024 0.279139 0.619867
X% 1 0.017367 20.17863 0.006447
A model 9 0.073912 9.54171 0.011502
%% error 5 0.004303 0.000861
41t total 14 0.078215

P S 3 [ TR AR 2R M A I R AT AR — R I X, ML X B, ORI XS M,
X1,X, B3 A H IR B2 o R4 R K 2 T AR A R Y R e R R R B R R
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R I 22 T LAt T T A ) T R A A e T, G R 2 BROR .

[l = 75

Y, = —5.316 44 +0.012 335X, +0. 045 062X, +0. 104 296X, —0. 000 06X> +0. 000 075X, X, —
0.000 014X, X, —0. 000 608X +0. 000 078X, X, —0. 000 686X°

T 2253 Ml R o A 525 i e IR AL B 3 (P =0.011 5 <0.05) , #0045 B 4, F9T I (8L 70 552 I {8 =[]
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AT A, DA D A5 2R Sk 38 s s 4 O W B A B A 45 F -2 X, = - 0.1407,X, =0.3924,X, =0.227 5
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S EAT A 116 min, 3 BUR B 49 C , Z EARF/0 50 80 %
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Fig.2 Response surface plots of alkaloid yield by different factors
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FEOUA S A SR HUAT ] 116 min 38 O BE 49 °C L LB i 10 mL/g ( LLEEEH R I ) & BER TR 4 %X
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Table 4 Results of verifing experiment

¥ 5 LYW R % Wy L I/ SEWIR LR %
No. alkaloid yield alkaloid purity tetrahydropalmatine purity
1 0.601 17.45 1.72
2 0.595 17.31 1.78
Y4 {E mean value 0.598 17.38 1.75
AR b A 22 RSD/ % 0.50 0.40 1.71
345

3.1 wE L oA B 7 R R B A R O S e A B A — S K, SR 200 kR E O
S AU DR 2R 5 L 22 [8] 9 o RO 2R 3 e o [ U 75 R 9 23 W R TR B I T 2528, il te 22748 ) LY
— MG 7 o MBIy v AT A 1 S R N AT AT, D0 T B K SR Y R RE 2 B AR R B IE 52
BT, A SR i U BN BT AR B T SE AR A ) AT AR AR Wy el R I (] R G A 2
B AR BR8] 5C 2% A [ U R | 22 6 36 IE ] a2 A 0 2 5 LMD S 019, BB 408 050 4 Ml 00 o 6 245 2R, B AT Ak
> T B H AR, AT 2 — 25 5 R 36 F 5 B Ll

3.2 O e N IR AR E A A 20 < SR IBURE ] 116 min, $2 IO B 49 C, Z BRI £ 80 % , L1
FldE 10 mL/g(ASESI R T ) o FEBLARPF AR 3 W, A= A R 0 0. 598 % 4l 17.38 %

SE Nk

(VTR & P 254 525 B F M LMD de s . b [ B2 25 R AR AL, 1994 :874.

(2] VEFRWS , T 5 it SR P A Wl 2 7T [0 ], op [ 25 R K2 2% 41 ,2002,33(6) :483-486.
[3TX035, % BRAk. AW RBFFEHENL (1], Kb B 24 B 22 41,2005 ,24 (4) :240-242.

(4] F W, ok, 22 a4, RSB G EAMIE[)]. 7R EZE,1980(1) :37.

(5] ERAEM0 , 25 0F PR MG , 45, A8 5 2R A A W BB O LI I 1 FH A0 S2 S0 BF 5 [ 0] v [ op B2 24 B4 ,2001,8(4) :265.
(612, S, T hi K. G RAHE1E s ()], K25 24 ,2007,26(8) :916-917.

[7]8EaE4, k. AW R A T 2058 ()], dhai 2y ,1991,13(10) :525.

[8IE R IZ 5 2. pae NRILFNE 25 ML [ M. db 5 fb2F Toll AR AE 2005 :94.



