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Optimization of extraction process of total flavonoids from Hypericum attenuatum
by central composite design response surface method and fingerprint research
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Abstract: Objective To optimize the extraction process of the total flavonoids of Ganshanbian (Hypericum attenuatum) and to
establish the fingerprint profile of the total flavonoids of H. attenuatum. Methods Single-factor experiments were conducted to
study the effects of solvent extraction time, extraction times, extraction concentration, and material-to-liquid ratio on the extraction
rate and transfer rate of hyperoside of total flavonoids in H. attenuatum, on this basis, the central- composite design experimental
design principle is used to carry out a three-factor five-level experimental design and response surface analysis to optimize the
extraction process; on the basis of obtaining the best extraction method, on the basis of the best extraction method, the purification
method of the total flavonoids extract of H. attenuatum was optimized by using the type of resin, the loading concentration of the
extract, the loading volume of the extract, the elution concentration and the elution volume as the investigating indexes. After that,
the fingerprints of the total flavonoids extract of H. attenuatum were established by HPLC, and SPSS 22.0 software was used for

cluster analysis and principal component analysis. Results The best extraction conditions were 80% ethanol, 1:10 ratio, 2 h per
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extraction, extract 2 times. The HPLC fingerprints of the total flavonoids of H. attenuatum were determined to have 15 peaks
common to all chromatograms, and the similarity analysis of the fingerprints showed that the similarity was greater than 0.61, the
peaks were identified as auriculoside, quercetin, rutin and sannaphene, indicating that the chemical composition of the 10 batches of
samples was consistent, but there were differences in the content of each component. The clustering analysis showed that when the
Euclidean distance was 25, the 10 batches of samples could be clustered into 2 classes, S1 and S7 into one class, and the rest into one
class; when the Euclidean distance was 5, they could be clustered into 5 classes, namely S3, S5, S6, S8—S10 into one class, and S1,
S2, S4, S7 into one class each. After the principal component analysis, the cumulative variance contribution of the four principal
component factors was 88.659%, with the highest overall score of the principal component factors for S5 samples. Conclusions
The extraction and purification conditions of the total flavonoids of H. attenuatum were optimized by response surface analysis. The
HPLC fingerprint was able to easily and efficiently reflect most of the chemical information in the extract of H. attenuatum Choisy,
which could provide reference for the quality evaluation and related study of H. attenuatum.

Key words: Hypericy attenuatum Choisy; total flavonoids; extraction; process optimization; central composite design response surface

method; fingerprinting; hyperoside; quercetin; rutin; kaempferol
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Table 1 Effect of extraction temperature on total flavone

content of flavone and transfer rate of hyperoside
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Table 3 Effect of extraction time on total flavone content of

flavone and transfer rate of hyperoside

PR Z/C ST/ %% SRR R % BT (5] /min T % ELHH R R%
30 3.45 29.67 30 1.34 20.49
40 4.56 35.76 60 4.45 27.65
50 5.60 42.48 90 7.34 40.88
60 8.99 53.97 120 11.20 64.78
70 10.88 62.54 180 10.02 55.08
80 9.09 58.67
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Table 2 Effect of ethanol concentration on total flavone

content of flavone and transfer rate of hyperoside

LT 1% KR/ S RE /%
30 2.54 30.54
50 4.32 40.67
60 11.02 63.49
80 10.07 58.58
90 9.71 4534
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Table 4 Effect of ratio of material to liquid on total flavone

content of flavone and transfer rate of hyperoside

FHEEL KT % LR R/ %
1:5 6.89 40.57
1:10 11.03 69.65
1:15 9.98 52.58
1:20 8.76 49.79
1:25 8.05 43.32
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Design-Expert 11 ZitH 51T 3 RIZR 5 7K-F 0 B
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Table5 Central composite design arrangement and result

At Tass Xi/% X Xsh VW% Y% | WS X% X X/h Yi/'%  Yal%
1 56.08 (1) 0.09(-1) 141(-1) 6.03 3545 11 65(0) 0.08(—1.682) 2 3.04 30.65
2 7392 (+1)  0.09 1.41 6.21 36.78 12 65 0.12 (+1.682) 2 3.08 32.11
3 56.08 0.11 (+1) 1.41 2.89  29.62 13 65 0.10 1(-1.682) 223 19.87
4 56.08 0.11 2.59 (+1) 6.34 35.02 14 65 0.10 3(+1.682) 2.89 20.61
5 73.92 0.11 2.59 5.88  40.32 15 65 0.10 2 11.20  72.57
6 73.92 0.09 2.59 6.43 41.20 16 65 0.10 2 11.07 72.01
7 56.08 0.09 2.59 599 4121 17 65 0.10 2 11.31 73.89
8 73.92 0.11 1.41 6.09 37.90 18 65 0.10 2 11.19 7132
9 50 (—1.682) 0.10(0) 2(0) 295 1945 19 65 0.10 2 11.32 73.72
10 80 (+1.682) 0.10 2 3.12 3321 20 65 0.10 2 11.37 73.96

242 MG KITESHT RA Design-Expert
8.0.6 T, L Yiv Y2 AWM SHHER Xiv Xov Xa
AT 2 R WA RVA TG, BIE TS 0N
Y1=11.144+0.27 X;—0.25 X,+0.33 X3+0.27 X.Xo+
0.38 XoX3—2.19 X12—2.19 X22—2.36 X3 (R2=0.828 2,
P<0.000 1), Y,=72.46+2.79 X;—0.68 X,+1.41
X;+1.53 XiXa—0.54 XiX3—0.30 XoX3—13.5 X2 —
11.72 X2*—15.66 X32 (R*=0.911 4, P<<0.000 1),

MIA TN R 5 P Al s, 2 IRZ IS5 AF,
AT FH PR o) S B T 2 AT S AN A T o Y
Yo MIHTTRE T Z 0 WK 6. S5 Y. Yo
RTE P<0.000 1, TEBAREIHTTFE R OC Rl i3
Hlo XF Vs TR, Xi. X0 X XXy XX,
X3 X2 XA XM REED, 2 Y. LIEE
SRR, RHEMEZE 3D MOR KRS w2k E
Kl 2,
2.4.3

M NEOCAL ST A5 A aEREsR, AKX

2
37

o o 7 TR 25 i 30 o N B A R X, R PR £
YL, WhE R EETE R 50<X1<<80, 1 : 8<Xh<<1:
12, 1<X3<X3. #*/H Design-Expert 11.0 #AEA A%
SRR Va2 s L B B T ) A AL L
SN X1=65%, Xo=1:10, X3=2 h, H Y=
(11.2440.11) %, Y= (64.23+6.05) %.

244 ARALTEIRTTIGAE Bk BRI 10 HEFE
i AN A OE L % “2.2.37 TR EISAAE
S, GRNR 7. LR EFTR, BEEE L HE T )
AL TT TER CBEREE R 65%, BHEEL N 1110,
PEEUAF A 120 min. %1% L2442 3 fitkE
BB RE o, RSN 25 SR S LA T R I T A
b, de s DA 22 = (FUIE — SEllE )/ i
DE ] THE AR ZE,  CAVPA AR 7 F2 1 AT S84
FHORE S B A R T Y 11.14%, SENE
11.17%- 11.21%- 11.25%- 11.24%. 11.38%- 11.30%.
11.21%- 11.19%. 11.22%. 11.27%, SZill°F¥4E

*6 EAEBMBZENNT

Table 6 Analysis of variance of regression model

T % SRR & & GUMERRE i SY-yL Ges Et A SR 2
FIR HHE PR P P PR F{E PAE |RIAE HIHIE FM oFE P{H FAM O FE PE
R 9 188.97 536 0.0075 6983.48 11.42 0.000 4| X2X3 1 1.17 030 0.5968 0.6962 0.01 09214
Xi 1 0.97 025 0.6291 10597 1.56 0.240 1|X;? 1 6938 17.70 0.001 8 2628.03 38.69 <<0.000 1
X 1 0.84 0.21 0.6528 6.37 0.09 0.765 8| X22 1 6883 17.56 0.0019 1979.04 29.14  0.000 3
X3 1 1.50 0.38 0.5497  27.12 0.40 0.541 6| X3 1 80.41 20.51 0.0011 3532.89 52.02 <<0.000 1
X 1 0.56 0.14 0.7129 1879 028 06104 %% 10  39.20 67.92

X1 1.45 037 0.5573 233 0.03 0.8567
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11.25%, SEME 5 FINAE 2 18] B AH O D 22 <5%, £
AR T & WK R 2R TE 64.80%, SEII{E
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54.76%. 67.44%. 65.22%- 65.96%, ST HIMH
64.23%, SEIE S TR 2 8] FRIAR R 22 <5%, 5
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Fig. 2 Response surface diagram of independent variables X1, X2, X3 and dependent variables Y1, Y2

P TR AT

2.5 LS EITREEY) HPLC 58 EE RV E L
251 Bk iR Xbrige Cis £ (250
mmX4.6 mm, 5 um); LLZE-0.1%EE KN
WA T A e : 0~3 min, 15%ZJfE; 3~38
min, 15%~90%Z.fi; 38~43 min, 90%ZfF; 43~
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Table 7 Physiochemical parameters of total flavonoids

extract of H. attenuatum

ELE /%

bk S % R T———. FeRER/%
S1 11.17 0.27 0.41 65.85
S2 11.21 0.25 0.38 65.78
S3 11.25 0.32 0.43 74.41
S4 11.24 0.30 0.44 68.18
S5 11.38 0.25 0.45 55.56
S6 11.30 0.26 0.44 59.10
S7 11.21 0.23 0.42 54.76
S8 11.19 0.29 0.43 67.44
S9 11.22 0.30 0.46 65.22
S10 11.27 0.31 0.47 65.96

46 min, 90%~15%ZME; 46~50 min, 15%ZMf;
AR 1.0 mL/min; AHEA 35 C; Rl
266 nm.

252 PRESARECH]  HCE k. Sk
W ZEmy. TR RIEE, B,
HH A1) B 23 70 0234 0144 0.24+ 0.18. 0.20 mg/mL
RO RTINS

253 RSB BOR R R LR
i 3 g MR, i 4 50, 65%EE 30 mL [FIEHE
2h, BIRBURIKAEE 10 mL IF25T, FHFH B AR,
AE g Ll 2 ] Xt VA

254 REHREERES  HE] R e S e A
Wi, FESEHERE 6 K, % “2.5.17 Ttk A E
SEFRSUEG o I FHAH AL RE 3 A 0 ol %o LA HE SC U (1)
FEOT R B B () FIAR S W AR AT G vk 45 SRR,
B AT 8 SUUG IR Ko {5 B S ) AT o} e T R T B
Ak (RSD<3%), FEHEAEM, FFEiRaEigm
HAREK.

255 FaoEthitne  HE] A O e o e A
W, % “2.5.17 UG KT, 2 RIFE 0. 4. 8.
12+ 16 h 3ESAE 6 Ik, MEFa S ERE . N FHAHL
FEE 3R A3 Sl o) A i S0V () R X £ B B ] AR A o i
AT GEE . 25 RRY, S ILH RS AN IR
B N [A) R AR X I T ARG B A8 K (RSD<<3%), it
BAIBTRAE 24 h WHEATRGE, fFEfRsEGEAR
ER,

2.5.6 FEIUERL  HUEHEOGE ILEEZG M FE S 6
B3y 4% “2.0.17 TR 7R R 6 43T 1L HE A PR A

A, TR R A A VR E SR 4L
PRIt o 97 FE R AL EEE S A 4 ) %ot A i 30 e 1) A Y £
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Fig. 3 Fingerprint of total flavonoids of H. attenuatum
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RBYHR SR BEAT T IN5E, HBARGUEIE T ILA 1R
UG (R AF X OR B I [ RS T AR LR 8, ARLLEE
THEARNE 9, WEHAIEE, KIAE 15 ML
Wy T BT ST, B E N IEA 1R EUE, AN[AIE
YGEE L HESR IR BARE R T 0.61, AHALLEE PRAY 45 2R
KL, AACGMFER AR EAFAEE . ST IR
Xt IR 1) RSD AHZERER, FEon A Al iU 1L #E 2y
MR B2, (B BAFEES

26 BES

DL 10 A S R 15 AN LA U8 PR AF T U T AR g Ji
HEE, SRF SPSS 21.0 #BfF, VARGIEKIEL S
BRICEEES (&) NIFEHAT 8T, S55R K 5. HE
505, d=25KF, 10 AT SN 2 25, S, ST
RN, HRBN— d=151, AIEAN 5 2%,
Bl S3. S5. S6. S8. S9. S10 FHAN—2, SI. S2.
S4. S7 HRN—FK,

=8 10 A LR B B e LU (R EE R E) KIS EFRAY RSD
Table 8 RSD of shared fingerprint peak retention time and peak area of 10 batches of total flavonoids extract in H.

attenuatum
e T AR RSD/%
&S #/min
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  FREAI ] WETHIAR
1 3.55 97720 895.80 713.35 829.09 913.67 885.64 793.74 72132 889.54 769.54 3.73 8.55
2 574 16447 151.29 15531 17022 171.31 16432 19380 19021 173.04 168.77 4.8l 8.01
3 828 199.01 189.76 206.05 207.37 202.08 207.68 202.76 188.65 197.62 193.89 1.70 2.62
4 835 868.08 972.64 860.31 830.98 845.54 889.56 918.81 840.32 887.73 89443  0.05 4.92
5 12.31 1046.95 1141.26 1230.35 119429 1198.11 1259.72 1152.89 1098.43 1108.39 1178.14 1.23 6.04
6 1250 81536 71348 737.80 840.88 802.73 700.85 763.80 729.40 805.56 781.45 0.05 597
7 15.01 2121.07 2280.89 2 186.56 2237.22 1923.41 1947.68 2058.28 1999.57 2 087.65 2 090.67 0.31 6.09
8 15.63 72743 84826 739.78 767.07 803.88 737.82 72095 726.89 759.67 800.59 0.29 5.59
9 18.86 383.66 380.40 424.69 431.37 44947 41282 41473 397.50 404.67 419.87 1.90 5.07
10 2039 39735 362.62 361.65 311.86 327.39 319.26 309.10 32398 348.78 318.67 0.65 8.26
11 23.62 55492 55048 565.97 54997 589.47 524.15 56841 52589 54898 55897 0.37 2.95
12 2890 17556 177.85 15472 159.92 163.03 203.56 180.43 168.76 172.59 196.78 1.26 8.43
13 3492 103536 989.37 1162.90 1111.21 1063.94 1251.80 1069.47 1074.87 1092.90 1046.69  0.36 6.81
14 4291 5866.76 5716.16 5692.01 5091.11 4 743.34 4 908.56 5899.10 5056.47 5129.67 4896.59  0.62 8.07
15 43.62 1617.61 1621.37 1895.06 1862.64 1771.80 1856.34 1938.95 1699.07 183245 1730.01 0.17 6.42
910 HATLEERAE S E S IEFN 4R

Table 9 Evaluation results of similarity of fingerprints of 10 batches of extracts of H. attenuatum
. HRAAE
it

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 ot HE
S1 1.000 0.724 0.654 0.765 0.670 0.752 0.621 0.687 0.754 0.688 0.872
S2 0.724 1.000 0.612 0.631 0.718 0.827 0.873 0.701 0.778 0.671 0.886
S3 0.654 0.612 1.000 0.787 0.776 0.869 0.634 0.717 0.769 0.701 0.855
S4 0.765 0.631 0.787 1.000 0.674 0.669 0.727 0.689 0.735 0.696 0.793
S5 0.670 0.718 0.776 0.674 1.000 0.883 0.639 0.614 0.689 0.757 0.859
S6 0.752 0.827 0.869 0.669 0.883 1.000 0.629 0.712 0.704 0.682 0.811
S7 0.621 0.873 0.634 0.727 0.639 0.629 1.000 0.698 0.720 0.683 0.837
S8 0.687 0.701 0.717 0.689 0.614 0.712 0.698 1.000 0.698 0.726 0.798
S9 0.754 0.778 0.769 0.735 0.689 0.704 0.720 0.698 1.000 0.649 0.801
S10 0.688 0.671 0.701 0.696 0.757 0.682 0.683 0.726 0.649 1.000 0.845
Pl 0.872 0.886 0.855 0.793 0.859 0.811 0.837 0.798 0.801 0.845 1.000
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Fig. 5 Cluster analysis dendrogram of 10 batches of

samples
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Table 10 Eigenvalues and variance contributions of four

principal component factors of total flavonoids of H.

attenuatum
ERAHT RFIEE T ETERER% RS ZTTRRE %
1 7.639 54.561 54.561
2 1.958 13.989 68.550
3 1.473 10.520 79.070
4 1.342 9.589 88.659

F11 10 fELEEREERSEFES RHF
Table 11 Factor scores and ranking of main components of

10 batches of total flavonoids of H. attenuatum

i LR Py e HY
Hr1 By2 By3 K14
SI  -1.62 274 -072 043 —0.54 7
S2 448 079 045 211 249 10
S3  -238 -121 032 103 -1.34 8
S4 289 248 -141 028 -2.04 9
S5 401 -0.18 -1.56 -0.73 1.93 1
S6 333 076 199 -1.60 1.77 2
S7 080 012 168 155 0.78 4
S§ 058 -022 -020 0.3 0.25 6
S9 096 1.09 -035 073 0.71 5
SI0 170 0.10 -021 055 0.97 3

3 it
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