¢ $# Chinese Traditional and Herbal Drugs 38 46 % 285 S#i 20154 3 A * 671 ¢

Box-Behnken Mg EE LA ASE TS REIRENETS (£85) WEERL
2R

iﬂ\(;‘ 1,2,3 7{(% \92,3’ 3{’:4%7?} 2,3, ;’;}5] 7};}2,3’ Z}@ ;?2 37 'I:TE %2,3’ i*&‘:" 2,3, ﬁ,g-l, ’f% 1,2,3*
1. FRHEE R F L% 0E, L% Fal 210000

2. VLI ?%’éﬁikﬁx{n‘ﬁ FRAHE, VLH HEadE 222001

3. MARIZEEFEAERE SRR, L9 EoiE 222001

# E: BE MARAETESRESEENEE (&%) MBI TS, MG T 2S5 R BHINCR T, M)
IR A b R LB KR . AR mﬁﬁmﬁ\ SRR RS IRIR WNHERR . WA AR S B 2 R DO T A A
hAERR, B R RGBT, FREEGCRTRA B . BEDURTHIR L WEDIES S SRR B, BEDOpipl B . i i iz
FRERRE S TR N R 7 AN RS BT T 2 IS R A, R] Iy 2 40 T e S BT T 2 SRR 3% . SR F Box-Behnken
Wiy R TV 0 DB R 32 (M SO [ AT — D IR R S 4R . 85R RIR R0 45 5 Box-Behnken Wi N IVERF 7145 2
VAR LESE: BB 550 v/min, INBEARRURE A 4.0 mL/s. BEPIE S ORI 5L 75% W E R 30 C. *%E
W] 24 hy BEPTHTAAR 2B 1.10 g/mL (25 °C). FEPURTMREE 25 °C, UL THaRlig . S5, Bk, ik
M. W AR T R 4 K 94.8%. 97.6% 97.4%. 97.2%. 96.1%, BRUiTE & BN 42%. 56 S FH W v v
Pl T M TSRS T R T 2, A FE— PRI &R T E MR e .

KRR MER TS SWAE; TS BEUULZ: WNVIEE; SRR SRR RS iR WiE DR T
RESES: R2842 NERERD: A XERS: 0253 - 2670(2015)05 - 0671 - 08

DOI: 10.7501/j.issn.0253-2670.2015.05.010

Optimization on alcohol precipitation process for Lonicerae Flos and Artemisiae
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Abstract: Objective To optimize the alcohol precipitation process for Lonicerae Flos and Artemisiae Annuae Herba (LA) in
Reduning Injection and obtain the relationship equation of the key process parameters and quality attributes, which could provided a
theoretical basis of the control automization in the alcohol precipitation process. Methods With the transfer rates of neochlorogenic
acid, chlorogenic acid, cryptochlorogenin acid, caffeic acid, secoxyloganin and solid content in precipitation liquid as evaluation
indexes, the effect of the seven factors, such as relative density and the temperature of LA in liquid phase before alcohol precipitation,
alcohol concentration in the end of alcohol precipitation, stirring speed in alcohol precipitation, adding alcohol speed, standing
temperature, and standing time, on the alcohol precipitation process was investigated by the single factor experiment. By analysis of
variance, the key factors that could influence the alcohol precipitation process were determined. Then the range of parameters of key

factors was further studied and explored by Box-Behnken response surface methodology. Results The optimum preparation
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conditions of the alcohol precipitation process of LA were as follows: stirring speed was 550 r/min, adding alcohol speed was 4.0 mL/s,

standing temperature was 30 °C, standing time was 24 h, alcohol concentration was 75%, the relative density of LA was 1.10, and the

temperature of LA was 25 °C. Under these conditions, the transfer rates of neochlorogenic acid, chlorogenic acid, cryptochlorogenic
acid, caffeic acid, and secoxyloganin were 94.8%, 97.6%, 97.4%, 97.2%, and 96.1%, and the solid content was 4.2%. Conclusion

The alcohol precipitation process of LA have been optimized by the response surface method, which could help to enhance the stability

of the process.

Key words: Reduning Injection; Lonicerae Flos; Artemisiae Annuae Herba; alcohol precipitation process; response surface

methodology; neochlorogenic acid; chlorogenic acid; cryptochlorogenin acid; caffeic acid; secoxyloganin
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Fig. 1 HPLC of mixed reference substances and samples
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Table 1 Design of single factor tests

PEEER 150, 250, 350, 450, 550 rmin ' FEUTETARIR 258 114 gml ™' BEUTRTBOERE 25 C. Inm&fdiat 5

mL-s ™' FESTL S SEEARTR A 75%. HEIRAE 20 'C. HHE I 24 h

INEEAAFR R 7.04 5.5, 4.05 2.5, 1.0mLs!

T TR WRATIN 5 B 1,14 gemL ™ B UTRTIRIRLE 25 C P E 550 r-min '\

B4 08 CEEARFA 0 75% BREWRIE 20 'C. FHE N E 24 h

HEERE 4. 10, 20, 30, 40 °C

WEDTRTBURN 26 B 1,14 @mL ™ \BEUCRTRIEE 25 °C W BiHkd% 550 rmin '

INEEARFUR B 4 mL-s™' . BEUTL S ZREAATR 80 75%. #EINE) 24 h

WHE A 10, 204 30, 40, 50h

T TR VRTINS 5 B 1,14 gmL ™ I UTRT VRIS 25 C B 550 r-min '

IEEAARR & S mL-s 'y BT S 2B B 5% #5020 °C

P T2 R SRR T1% 3% 75%
7% 79%

TSRO R 116+ 1.14. 1.12. 1.10.
1.08 gmL™

FESURTIEE 154 20 25, 30, 35C

FEDCRTIBOA 2 5 1,14 g@mL™ \EEDURTRLE 25 °C PP 550 rmin '
INEEARRRGE R S mL-s™' . FHEWAE 20 C. HE K 24 h

PR B 25 °C v Hibk® % 550 rmin' BRI R S mLs™'
WEDLL T CFERRUN B 75% B EILE 20 C FrE R 24 h

WEDURTMI 2 1.14 gmL™' HEdHER 550 rmin”'s INEABE 5

mL-s ™' FESTL S SEARTR A 75%. HE IR AR 20 'C. HHE I 24 h
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Table 2 Results of single factor tests

S KT AR - Bl /% SR VRS
WERRR SRR BRI R W R

P FE 4 B /(r-min") 150 81.1 78.9 81.3 98.2 88.4 45 0.55
250 80.0 77.7 80.2 96.6 86.4 43 -7.98

350 81.0 78.4 81.1 98.0 87.7 42 -0.15

450 81.3 78.8 81.5 97.5 87.8 42 0.98

550 81.8 79.4 82.0 98.6 88.2 4.0 6.60

INEEARF B/ (mLs ) 7.0 76.4 74.1 76.9 93.8 76.2 4.1 —4.65
5.5 79.6 77.0 80.3 98.2 78.6 43 3.73

4.0 80.5 77.9 81.4 97.4 78.7 43 4.68

2.5 77.7 75.0 78.2 95.7 76.6 43 -2.93

1.0 78.4 76.1 79.1 95.4 775 43 -0.84

W/ C 4 78.0 74.5 71.3 92.9 73.7 42 —-4.21
10 79.4 75.8 78.3 94.2 74.3 43 -2.62

20 80.6 773 79.8 95.4 74.9 44 -0.79

30 81.5 79.2 81.8 100.0 76.2 4.6 1.23

40 84.0 81.9 84.5 103.0 78.3 4.6 6.39

BN E) /b 10 80.6 76.7 79.3 98.6 85.6 4.7 1.79
20 80.9 77.1 79.5 98.9 86.8 4.7 3.59

30 80.0 76.5 79.0 98.2 86.3 4.6 2.07

40 79.8 76.1 78.5 97.4 85.7 4.6 -0.73

50 78.5 74.8 772 95.7 84.1 4.6 -6.71

B2 5 SRR 03 0% 71 81.1 77.6 79.2 97.7 85.4 52 -5.88
73 82.4 78.6 81.3 100.4 87.8 4.7 431

75 82.4 78.7 81.6 100.2 87.6 43 5.06

77 81.1 77.0 79.5 99.3 86.0 4.1 -2.42

79 80.7 76.8 79.5 99.8 86.8 3.5 -1.08

BEDCRTAI 2 B (gmL ™) 1.16 83.8 81.5 81.4 89.7 85.0 3.4 -4.99
1.14 83.9 81.6 81.8 90.3 85.7 35 -4.76

1.12 90.3 88.6 89.9 108.8 91.6 3.8 1.93

1.10 92.3 91.5 92.3 110.0 95.6 3.8 4.18

1.08 90.1 89.6 89.6 101.3 93.0 32 3.64

BT RRE/C 15 83.8 81.9 84.8 94.4 90.6 43 -2.25
20 86.9 84.2 88.0 96.3 923 45 1.28

25 89.3 87.3 91.8 104.0 96.5 4.6 7.97

30 85.1 83.3 86.3 96.1 90.8 48 -1.43

35 75.6 81.1 85.6 96.2 91.6 5.5 -5.57

A 4 IR HHEAT z-score FRYEILAE  BRECR = (AT B— BRI RIS, R4 %
0, ERCARRAE (RS EO (ORRIEI HRRECR IR (L BT IR, (3515 4
A 26 3 B HC = (SR — SEATR B0 SRS I RHE LIRS 2 A 5 SR 4.
o GUNIRFREGR (PR MEREGAEREAR AU Design-Expert 8.0.5b Bty 45 2 V43 £ LA T
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Table 3 Analysis of variance of single factor tests
- Pa
MERR R % BIFIRER R RARIRER R MR R W S HEEE WE R
PP 0.706 0.726 0.706 0.764 0.571 0.000
PILTEEN AR 0.096 0.092 0.059 0.124 0.282 0.522
R 0.030 0.002 0.004 0.000 0.032 0.002
I 0.459 0.484 0.476 0.403 0.433 0.666
B YT4 i LTEARRAIY HL 0.640 0.517 0.364 0.466 0.475 0.000
U R % 0.001 0.000 0.000 0.000 0.000 0.000
i T VU S 0.000 0.021 0.005 0.001 0.037 0.000
4 Box-Behnken MWt RER (&S HNARELLERRINEEE)
Table 4 Design and results of Box-Behnken test (brackets for standardized processing of test data)
s AC B/fl cre — — iﬁg%:% —— —— HSE% 81
(gmL ") WLk IR R /Ny Ko 2 Jr iR umEERR MR ST
1 20(-1)1.12(1) 25(0) 89.3(~1.070)93.6 (0.165) 93.3(-0.270) 97.4 (0.289)  94.2 (-0.593) 4.7 (-1.260) —2.738
2 30(0) 1.10(0) 25(0) 94.4(1.058) 98.2(1.803) 98.3(1.777) 97.2(0.128)  96.2(1.158) 4.2(1.019)  6.941
3 40(1) 1.10(0) 30(1) 92.3(0.182) 93.4(0.094) 92.2(-0.720)98.1 (0.853)  93.4 (-1.294) 4.6 (—0.804) —1.689
4 30(0) 1.08(—1)20(—1)88.7 (—1.321) 90.6 (—0.902) 90.4 (—1.456) 96.5 (-0.436)  93.7 (-1.031) 4.2 (1.019) —4.128
5 30(0) 1.10(0) 25(0) 93.5(0.682) 96.1(1.055) 97.2(1.326) 98.4(1.095) 963 (1.245) 4.2(1.019)  6.422
6 20(=1)1.10 (0) 20 (—1)91.2 (=0.277) 91.4 (—0.618) 92.3 (=0.679) 96.8 (—0.194)  93.1 (-1.556) 4.7 (—1.260) —4.584
7 30(0) 1.08(=1)30(1) 90.8 (—0.444) 91.2 (—0.689) 92.6 (—0.556) 97.2 (0.128)  94.1 (-0.663) 4.8 (—1.715) —3.940
8 30(0) 1.12(1) 30(1) 89.3(—1.070) 91.4 (—0.618) 92.5 (=0.597) 95.6 (—1.161)  94.7 (=0.156) 4.4 (0.107) —3.494
9 30(0) 1.10(0) 25(0) 95.7(1.600) 96.5(1.197) 97.3(1.367) 98.2(0.933)  95.3(0.370) 4.3 (0.563)  6.031
10 20(=1)1.10 (0) 30 (1) 88.3 (—1.488)89.2 (—1.401) 91.3 (—1.088) 95.6 (—1.161)  96.5 (1.420) 4.2 (1.019) —2.698
11 40(1) 1.08(=1)25(0) 93.1(0.515) 92.3 (=0.297) 94.9 (0.385) 94.8 (-1.805) 93.9 (-0.856) 4.4 (0.107) —1.950
12 40(1) 1.10(0) 20 (—1)88.7 (—1.321) 91.5 (-0.582) 95.6 (0.672) 95.9 (—0.919) 95.6 (0.632) 4.3 (0.563) —0.955
13 30(0) 1.10(0) 25(0) 95.2(1.392) 96.4 (1.162) 96.1(0.876) 96.8 (—0.194) 96.4(1.333) 4.2(1.019)  5.587
14 30(0) 1.10(0) 25(0) 94.3(1.016) 97.8 (1.660) 96.4 (0.999) 97.5(0.370)  95.4(0.457) 42(1.019) 5.521
15 20 (=1) 1.08 (=1) 25 (0) 91.7 (—0.069) 90.1 (~1.080) 91.2 (—1.129) 96.1 (—0.758)  94.4 (—0.418) 4.5 (-0.348) —3.803
16 30(0) 1.12(1) 20(=1)92.0(0.056) 91.9 (—0.440) 93.5 (—0.188) 99.8 (2.222)  93.8 (—0.943) 4.6 (—0.804) —0.096
17 40(1) 1.12(1) 25(0) 93.2(0.557) 91.7(=0.511) 92.2 (—0.720) 97.8 (0.611)  95.9 (0.895) 4.7 (—1.260) —0.427

TREZIGHARE, BRIZEEVES AR AL B
C MR WEEER7fE: Y=6.10+1.10 A+
0.88 B—0.26 C+0.11 AB—0.65 AC—0.90 BC—
3.95 A’—4.38 B’—4.63 C?, R*=0.9853, #if 1,
I L R ENA1S B SR A VP 0 SR i
Uf o [RIRS, WA YT 2R R 5 R 2295 B 4 R L3k
5, G RN SEA VT 5 ST 1 [P A S AR L ik 2
W2 (P<0.01), RPIALRE (P>0.05), K
Jli s Eith D AV

SR ER, A A% BA CPIUAFIRY

FIKFE (P<0.01), B Tk E/KF (P<0.05).
[ AR N AT HERT, 8 BTk e ae e
3IANKIERNEGEAEVER A A>B>C, HEA S
B A HAE M N B HAEA

FIH] Design-Expert 8.0.5b 84, Hd#in ol & A7
o AN [ 5 W) R 38 0] 25 VP 20 1) = 4 it 2 1) AL I
2, TR& R BAE XN SRETED 5.
2-a R, ZEEVPArBE A RINSEIE S, BE B 1)
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ST NS 221k, B C BE gz g mn. K
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Table 5 ANOVA for quadratic regression equations of response surface
ZESERIE CPIT HE  FE P1H ZESERIE CPITR H F 14 P1H
Y 286.00 9 52.12 <<0.000 1 A? 65.65 1 107.68 <0.000 1
A 9.69 1 15.89 0.005 3 B’ 80.83 1 132.59 <0.000 1
B 6.24 1 10.23 0.015 1 2 90.39 1 148.27 <0.000 1
C 0.53 1 0.87 0.382 4 hk e 4.27 7
AB 0.05 1 0.09 0.777 2 R AT 2.85 3 2.69 0.1816
AC 1.72 1 2.81 0.1374 aliiR e 1.41 4
BC 3.21 1 5.27 0.0553 MZE 290.27 16
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Fig. 2 Response surface plot for effect of standing temperature, temperature of LA in liquid phase before alcohol

precipitation, and relative density of LA in liquid phase before alcohol precipitation on comprehensive indexes
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28 P (P& 2-a~c JES 8T 1T D) T 4 X sk A7 % 52,
S AP e Y VAT A o VT OB 5 e S D
Design-Expert 8.0.5b K {AF £5 G HR bR 1 — X [H1H 5
FisR g, M mfl T2 AGHERE)31.45 C,
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2476 C, ZEGvESr N 6230
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HATIRAE . AT ESERRERAE, K90 Uk B 1IE A i
B 30 °C, EEUCHTHAIXT 2582 1.10, BETRTIK
WA 25 Co %M LA T & DT, PATE:
TE 3 Wk, SR NER 6. WERIIEIATIREL b
H, AN 6.42, SN 6.23 AHEL, SZBF
SR S TINEE G VR W ZE R 3.4%.

AWFFAF ) G T BT B A T 24 Pl das
%550 r/min. JNEEAAFLA 4.0 mL/s. #E ] 24
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Table 6 Results of verification (brackets for standardized processing of test data)

- % o e
R — ” — /% AV
Pk R R SEJR IR FaZk R IR IR R Wré A BT
1 948 (1224)  982(1.802)  95.7(0.713)  97.5(0.370) 96.4 (1.333) 4.2 (1.001) 6.44
2 94.6 (1.141)  97.9(1.696)  98.0 (1.654)  96.8 (—0.194) 95.8 (0.807) 4.2 (1.001) 6.10
3 95.1(1.349)  96.8(1.304)  98.6(1.899)  97.3 (0.208) 96.2 (1.158) 4.3 (0.548) 6.47
A 948(1.224)  97.6(1.589)  97.4(1.408)  97.2 (0.128) 96.1 (1.070) 4.2 (1.001) 6.42
3 e B AP 255, T 38 2 S M ORI 1 D

PTG TSR & BT L 2 0 A 7 PR R A
FNARZEZRBRKR, XFFAE 15~20 C, EF
HEARTE 40~50 °C, BIEANIEZET BT AT O AN

NEz—, W2 HWSHE DA T EN
JRPER
AW B R 2 AR5 45 & Box-Benknken 1
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