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Extraction process optimization for active anti-influenza components from Suye
Huanglian Decoction and correlation analysis among objectives
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( Zhejiang Chinese Medical University, Hangzhou 310053, China)

ABSTRACT: AIM To optimize the extraction process for active anti-influenza components from Suye Huanglian
Decoction, and to perform correlation analysis among objectives. METHODS  With liquid-solid ratio, extraction
temperature , extraction time and extraction frequency as influencing factors, rosmarinic acid content, berberine
hydrochloride content, extract yield and inhibitory rate on influenza virus as evaluation indices, the extraction
process was optimized by uniform design- ( multi-objective) genetic algorithm. Subsequently, Pearson analysis was
applied to investigating the correlations between inhibitory rate on influenza virus and various objectives.
RESULTS The optimal conditions were determined to be 28 : 1 for liquid-solid ratio, 97 °C for extraction tem-
perature, 108 min for extraction time, and three times for extraction frequency, the rosmarinic acid content, ber-
berine hydrochloride content, extract yield and inhibitory rate on influenza virus were identified to be 2. 41 mg/¢,
30.92 mg/g, 28.3% and 66. 8% , respectively. The inhibitory rate on influenza virus demonstrated significant posi-
tive correlations with the contents of two constituents ( P<0.05). CONCLUSION This stable and reliable
method can be used for the extration of active anti-influenza components from Suye Huanglian Decoction.
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Ky AN PERM Y B R LABEN ", gl
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DRGIZH 7 B DI 5 B 1% 2R FE A XA YT I BRI 1 IR
REL, JR % MDCK 40 i PN 37 S 25 189 5
BAHBIHEER, #iE, SR B2
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AU ZH bR B GE i BE L R 24 H AR
AR A, T E | SR se 34 R ik
WE A A BRI E 222 HFZKTE . 29 H
FROEARII T, JF 45 P R v L S T S i b
N RE 31 0 N 5 D | N W SRR (Y T A E RTINS
R IR O FR A 26 A T I B R 3% 4k 4 Al
b, RABAEIT-2 B st kA 52 B T
20, IEor BBt e dE A R A 5 A B AR ] A DG
P, DA S I AW 98 9% J7 P B B AE H 25
Al
1 7
L1 iXz5  pnt (F7HurIL, dit% 160701) |
B (PRI, S 160901 ) H0 EH WL E
R R R B IRA T, Sl BE 2R 22
Bt 245 0 1R 5 4 S T 2 R K R B 4 R IE
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(#it%5 110713-200208 ) XF H& 5 49 00 F v [ £ 4 24
m R EWF I BE . IR Al A F R (I R
A, it B1354) , MTT (AHuHiCE 4k TAL R A R
N, #E 5 K1520257); MEM 85 3% W (#t 5
1760237) . BRA4-IM3E (5 1347575) . A& B
(M5 1677185) , HH R HHH R BW (M5
1582953) . 25% EDTA-Jif (#t5 1737903) . PBS
e (45 1740269) 0 [ 3 E Gibeo 2 H
Wl MR EIEl; HAGR 4k 5 sk,
1.2 A% Agilent 1260 =580 A A% 4L, Bl E
G1315D RSN KM 2% . ChemStation 4,38 T-4F
whi (£ Agilent A 7)) ; R-4100 BIEFFRIL (25 H
Dynatech 23)) ; 3111 # CO, fHIR¥EFR4H . 705 #I
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-80 CHEBMRIR KA, A2 M AEY R4 (£HE
Thermo A ] ) ; DC-300 51 & B8 (2 Leica 22
A]); AB135-S AU 20 Hr K1 [ M4 - FE R 24X
ar (b)) ARAH ],

1.3 #mietkS Atk MELEK (MDCK) H
WA s T 2 il v Lo i T AR AL, PR TR e
B HINT F# 748 900 107 42 i) o0 95 2 o S 3L
T-80 C MR VKAR T O AE, (HFHFTHERD 9 d A
JIR PR BE R AR, B LRGSR 72 h S SR T BRI 5
WY, WEEEHE N 1 512,

2 HEE4R

2.1 RBGRHE WEPRBCET, mEER S
Sg (Bl 1), RA, 18 f5EK, 100 CF
MUREEE 2 K, 40 min/IR, 98, HIF 2 KIBH,
B8 (455 0.1 ¢/mL)

2.2 HPLC &K En %

2.2.1 XTRASVAWCRI S RSP IO B R kA
R 1.5 mg, EHER/NEERL 2. 6 mg, HWEEEZR T 10 mL
s, B Ay, B4R (& v 4R ] 150,
260 pe/mL), 4 C TR,

2.2.2 {EL&E) Agilent Hypersil BDS G, {7
EF (250 mmx4.6 mm, 5 um); Vi3 M 2
(A) -0.2% MR (=M pH 2£4) (B), BEDE
i (0~18 min, 20% ~27% A; 18~35 min, 27% ~
30%A); PARFGER 1.0 mL/min; #EK 345 nm;
FEVR 35 °C; #ERERE 10 wL, S 1, hE R
M, RGGEEL, B (>1.5), HELRIER
IR T 4 000,
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YR 0.1, 0.2, 0.5, 1.0, 2.0, 3.0 mL,
HT 5 mLafith, WEEEZRZE, #£25, 153
PRIEFF IR . Fh R /N BE B 5T i vk B 4 5 o D 3.0,
5.2 wg/mL; @ 6.0, 10.4 pg/mL; @ 15.0,
26.0 pg/mL; @ 30.0. 52.0 wg/mL; ® 60.0.
104.0 pg/mL; ©® 90.0, 156.0 wg/mL, 7F
“2.2.27 WA BRI E . DATS TR AR
JERRE AR (X)), W BN ARAR (Y) AT [
H, BREFR, HR/ANER TSN Y=
8.202 5X+1.081 3 (R*=0.999 6), Y=29.214X +
10.428 ( R°= 0.999 9), 4 % £ 3.0 ~ 90.0,
5.2~156.0 pg/mLyu B NZEPER R R

2.2.4 FEWEAE O <2.2.37 TR X G
WS, fE “2.2.27 WATERM T IR E 6 1K,
WA 2K 3% A /R . R IR /I B 6 1% i AR RSD 43 1 4
0.47% . 1.00% , FEIUERG % R AT

2225 #wEEMWIRAE R - R, %
“2.17 WUR kAR IBOR 6 1, fE “2.2.27 W
PR NUEREI A, DR AR R | BRI/

WETE AR RSD 43914 1.95% . 0.52% , W% 7k
HEM R

2.2.6 foEtEils  BULS S B, T 0. 6,
12, 18, 24, %hf”azr’m@mﬁ#TL#
W, MAFRIEAIR . EhIR /N EER I 1 AL RSD 43
A 2.08% . 0.93%, FHIFEWAE 48 h W E M
R4r.

2.2.7  JnAEmICREE RS PRICE A a EA
LR O 1y, O 0.5 g, KEE A 80% .
100% . 120% 7K F-F % IR S, 78 “2.2.27 T
ISR T BRI, THE R, R, Rk
MR EhIR/INBEGCT 35 A [ 353 54 99. 82%
100. 80% , RSD 4330 1. 12% | 1.40% .

2.2.8 Wik AEEWREC “2.17 TN HR UK
1 mL, 45 KERT 25 mL B, 6 H
0.22 pm HFLIEME T UE, F <2.2.27 TR
FHERENE, MR EA R,

2.3 REMAFEMNL KEERIURBOK 25 mL, JX
FEEZ KA, & T 105 CHAEh T EfEE,

MGG, FREBR, THRRES R,

2.4 RSP AR EE R FTR

2.4.1 HMIEEURGL R (TCID,,) E 10 f58S
KRR B AR R B 13107 ~ 1x 107 4%, A2

PBS 2% #h ¥ Uk % 2 WK ) MDCK B 2 41 i mp
100 pL/AL, BAEE S ANEAL, RATXEIERFA,

BT 37 C. 5% CO, ISR, BRI
U, 72 h J5 7E 5] E BT T LSS AN A AR
ROV, 1C SN AR S A AR LA, Reed-Muench i
M4 TCID,, o 1x1077/100 pl,

2.4.2  ZjPxt MDCK a5l e i B B
WA 50.0 mg/mL, % HORGRER R A0 s e B,
AE K 2 g0 i 96 L% 3R M b, A AL
100 pL, FANFEEWRE 4 NEFL, ERAZE, [
X E IR 4L, BT 37 °C. 5%CO, B FRf b aks:
%%,u%%m%w,%hﬁ%mﬁﬁo%ﬁ
MTT ¥, BEEASUIAE 490 nm KA (0D)
B, TR R, ASXCARAER= (42
HODE/TEH 4 0D () x100% , A& 245 4 %t 20
MO K TCRE W E (TC,, 20 A= 77 R ik 2] 95%
i),

2.4.3 25N EE L MDCK 21 Jf 3 P 1) 52
M DA RICEEVR B A aR i Wk B, A A
P25 WA e Ff B R A BT vk B, 5 50 TCID, 1Y
BRI G ARBRA, 37 CFIE 1 h 5, %5
THUZ MDCK 4 i3k 72 i, &£l 100 pL, &4~
Frimilk BE 4 AN E AL, fERA A, ik EIER
4, NEEdL. PEMEZG4 (BEEMT), BT 37 C
5% CO, $EFF IR 1 h JFW s Big, #haksst
WAkLE R %, 48 h 5, MTT il & Ui s 2% 3 i
O 75% ), AR MEIR= [ (45
4 oD H-WFHL oD {8) / (IEH 4 oD {H—-I% 5
LoD 1fE) ] x100% .

2.5 ¥4t FERRERE AR L, EEER
(X)) SRR (X,) ., SBUE (X)), &
Wk (x,) fERsEmEE, BERAELEL,
PR EEIR A&, B/ NER S AR, BER
OB B RN FE AR, E 1T Ug(6)*
¥swat, g 2,

x1 HEEKE
Tab.1 Factors and levels
. X, $EHL X5 $EHL X, $EHL

X AR 2 3
AT R e WAL min B

1 10: 1 50 20 1

2 14 :1 60 40 1

3 18 : 1 70 60 2

4 221 80 80 2

5 26 : 1 90 100 3

6 30 : 1 100 120 3
2.6 %8 ﬁT%’f?‘ﬁ—xE’VM&W B EFRETH
i, RN A A RESR . RN R

ol B RE Y, Y, Y, Y, @il
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Tab.2 Design and results of tests
Wit mpy BB MRRRC KRR R AR, WS
WRE/C i8] /min WREL IR (mg-g™") (mg-g™") 1 R/%
1 10: 1 60 60 3 1. 87 19. 44 14. 22 51.70
2 14 : 1 80 120 3 2.23 21.96 19.76 57. 11
3 18 : 1 100 40 2 2.01 22.39 17.10 58.54
4 22:1 50 100 2 1.50 22.28 18. 30 53.91
5 261 70 20 1 1.25 18. 34 15. 05 49.10
6 30 : 1 90 80 1 1.59 19. 17 17.16 50. 80

SPSS17. 0 #XAFZA AR AR B4 A R, WL3& 3,
A, 4% HFR R P<0.05, FMIBRIILIA
R4f,

#3 SHERHEMAHE

Tab.3 Fitting equations for various objective functions

#& 4 Pearson HHEMSTER

Tab.4 Results of Pearson correlation analysis

fbn EEFREAE RS AE EETER REURTEHIEHR

r 0. 804 0.911 0. 640 1. 00
P 0.027 0. 006 0. 086 —

ERINEERA A7 r P
Y, Y,=0.000 5X,X,+1.001 0.978 0.001
Y, Y,=0.228X,X,+12.676 0.913 0.010
Y,  ¥y=0.000 015 45X, X,X X, +14.229 0.894 0.016

Y, Y,=0.004 7X,X,X,-0.003 3X,X,+41. 119 0.971 0.014

WE SRR T =40, SRS =
100, Pyysy =0.80, Pyygs =0.01, HA HERIN
B, MR LR, UZ HRR SRS
A Matlab AL ER I T 2350, B 10 KEEHLIY
RIGFHME, B2 T2 M A 28. 4 f5 5K,
1£97.3 °C FENRHEH 2.92 ¥k, 4K 108.2 min,
RIEFR AR, SR/ S AR, BRERE,
TR T A R 5 5 A 2,38 mg/g. 31.58 mg/g.
27.72% . 69.92% ., T8 A X F B bx i 31 2 4
B, ZHR2 RS R84 5 H AR 95%
DL b, ERUE T il Sk
2.7 BiEikie KEEFPRECAMAER 5 g, 33 1y,
FRAE SEBRERVE RS B 28 {5k, 7E 97 °C F [l
PEHC3 R, AFIK 108 min, HIEFRR A&, iR
ANBEGH S A R BB ER DR I 2 43 )
2.41 mg/g. 30.92 mg/g. 28.3% . 66.8% , RSD
(n=3) HB/NF2%, 5 “2.67 T F)ykirfdss i
TREES (P>0.05), FHTEZAMEE,

2.8 AEMHAH i SPSS 17. 0 BAFXHUER
BEIMHIR SR B IR & A i, $hI/NEEm & A it
BEAHRIAT Pearson M EME T, 45 WK 4,
FH R AT, Boi B s i e 5 Fh R /N & A
PG RR, WIEFMR S AR, $#RiX 2 Pk
SIEBLER B T R IR

3 iFig

g 2558 7 BB LK RN 32, RS0
2840
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