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Optimization of extraction technology, evaluation of hypoglycemic activity and component analysis of total
flavonoids from Hypericum japonicum

ZHOU Zhihong, HU Qin, XIAO Mingming[Dept. of Pharmacy, the Affiliated Children’ s Hospital of Xiangya
School of Medicine, Central South University (Hunan Children’s Hospital), Changsha 410007, China]

ABSTRACT OBJECTIVE To optimize the ultrasound-assisted extraction-deep eutectic solvents technology of total flavonoids
from Hypericum japonicum, evaluate its hypoglycemic activity in vitro, and analyze its chemical compositions preliminarily.
METHODS The most suitable deep eutectic solvent for total flavonoids from H. japonicum was screened using the composition of
hydrogen bond acceptor and donor, molar ratio, water content as factors, and the total flavonoid yield as the response value. Using
liquid-solid ratio, ultrasonic power, ultrasonic temperature and ultrasonic time as factors, the yield of total flavonoids as response
value, the extraction technology of total flavonoids from H. japonicum was optimized by single-factor experiments combined with
Box-Behnken response surface method, and the optimum extraction technology was validated. Taking acarbose as the positive
control, the inhibitory activities of total flavonoids from H. japonicum on a-amylase and a-glucosidase in vitro were determined.
The chemical constituents of total flavonoids from H. japonicum were analyzed by UPLC combined with comparing the reference
substances. RESULTS The most suitable deep eutectic solvent was choline chloride-oxalic acid (the molar ratio of 1:1, the water
content of 30%). The optimum extraction technology was as follows: the ratio of liquid-solid was 52: 1 (mL/g), the ultrasonic
temperature was 54 °C, the ultrasonic power was 240 W, and the ultrasonic time was 42 min; the total extraction yield of total
flavonoids from H. japonicum in 3 validation tests was (73.26 +2.48) mg/g, the relative error of which with the theoretical value
(73.48 mg/g) was —0.30%. The total flavonoids from H. japonicum could inhibit «-amylase and a-glucosidase with ICs
values of 0.73 and 0.44 mg/mL, respectively, which were higher than those of acarbose (0.23 and 0.15 mg/mL). UPLC
analysis showed that the total flavonoids from H. japonicum contained isoquercetin, quercitrin, quercetin-7-O-a-L-rhamnoside and
quercetin. CONCLUSIONS The optimized extraction technology of total flavonoids from H. japonicum is stable and feasible, and
the extract has certain hypoglycemic activity in vitro and contains isoquercetin, quercitrin and quercetin-7-O-a-L-rhamnoside, etc.
KEYWORDS total flavonoids from Hypericum japonicum; ultrasound-assisted extraction; deep eutectic solvents; response
surface method; hypoglycemic activity; component analysis
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RO £, AVLE Rk 15 e 5, BAFTET:
PER ARIBCHCRAR AR BRSSO e 4 (8, 224 Ry H
FE R AR T 2 R AR N .

IR IL45 557 (deep eutectic solvents, DESs) /i —Ff
F e SRS I R SRl o = I VR B 7 B i R X o
RO T TR AR Y R B B T R A
Bh# B (ultrasonic-assisted extraction, UAE) 1 1] FH A 75
PRSI LSS5, [R) s AT 255 LN I As 4
DI REPE B BT, B R R ) D RE PR oA
R EESY, UAE-DESsHARZE A T Lk i 5 ik 1y
PR, SRR W M A 4 B iy 5 FH AR, 5
T, A5 L JE 8 o Ok, DLE G A5 3 PE A 4
P, 7 326 FH 356 2 S vl 4 R YY) Fe i DESs AR 2R | P LABRL K]
7 5L 5 Al Box-Behnken M N7 17 72 P10 b &% ¥ ) 12 L %)
UAE-DESs T 44, W15 PF0 T 4 S 8 1 %) 4 71 1.
WGP IE BT HLAb 2 iy, DA A F 33 1 255 R
TS

1 #F#
1.1 FE{ES

A 5T BT H 3 2R 145 BioTek Synergy?2 i filifr
([ BioTek 23] ) \HWCL-3 A P E IR Hvig )
PPt MR T 347 B 7] ) . SN-HH-6 745 5 48
T K T (it i AR 13 45 AT FRZA F] ) \KQ-400DE %!
P T Ve A CRS L T 8 75 A28 A BR A A | Waters
ACQUITY UPLC H-Class %It & 24 i 4 {0 1% (ultra per-
formance liquid chromatography, UPLC) {¥ ( 3& [& Waters
v H)) L Agilent Cary 60 728 #h- 1] UL oy 66 T H (€ [H
Agilent A F]) 4
12 FEHZSKF

FH BE 24068 (7 M e =5 1, 145 220102121) 1 B
KT I B R G, SR e E Y 54k T
TR 2 Bt A i A S 0 Ry e ) 4 2 Bk A A b L
H. japonicum Thunb. [/ T4

SR R M 3R -T-0-0-L- AT i
BT BT R R RE (HiE 2 5 R J12H 13165348
J14H08186308 . Y09S11L123847 . K22N9R75247 . KO7J1-
2R 136826 ,S30N12T 105698 , 4fi & ¥ A T 98% ) Fil a-1E
A3 T oo ) A A Y T (1L 5 3391 2 10002 ,.S10050, 17% 4
PIRIETF 50 U/mg) 0 [ IR A= R A BRI
AB-8 T K L W B AR i (F2 42 0.30~1.25 mm, #it 5
02J9X64576) W F VLA AR 4k TA7 BRA & 5 LI . 2
TR L 2- T 1L AT TR R B L 2
2 LR A R R E | SRR A R JE -0 D-
Nk, Mg 6 24 M8 (p-nitrophenyl-a-D-glucopyranoside , pNPG )
13, 5- KK 2 (3, 5-dinitrosalicylic acid, DNS )iz
RIS B e, HEE R R s ol 7K o Sk .
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2 AEEHER
2.1 DESsHI#I&

DESs i S fb IRk (S5 22 1) 5 A [ S s A die IR
—EBEIR FLIR A 2 MBS FE 45 - 43 SRR IGE 5 1 &
BEZ R AR, BT 100 mLBEAR A, T80 °CF FRE 14
FPEARIERE , R B O ABE R, BRI 2=, B
13 DESs. MRS T A A B 35 B, A 20% (1R F4
B, R EDBYKY, 48 DESs BRI T3 B, 765
IR A, AFRZEAI DESs RYZ4 R L FE 1,

#x1 AEZHEIDESs HIHRMK

sl B B BRI HKE
DES-| A LR 12 20
DES-2 A AR 12 20
DES-3 ELal 10-HZF 12 2
DES-4 A 14TZR 112 20
DES-5 A i 12 20
DES-6 A L 12 20
DES-7 Ao L 112 20
DES-8 AR A 12 2
DES9 Uil e 12 20
DES-10 A i 12 2
DES-11 ELal K& 12 2
DES-12 Al Lt 112 2
2.2 HE#EIEMARE

I BB 250, UV B, Wi, 8 60 H i , 15 FH SE B8
KB GE T 4 COKF AL, & o LR Z5H
K 0.50 g, 5 AR [60% 2 BEF 12 Fh H il DESs]20
mL SR AL A (IR JE 40 °C, DI 3 200 W, 411K 40
kHz)Ab ¥ 30 min, HI15,
23 HEHZHEMSERSERIIE
2.3.1 T hRUERRZR 2

S KO A I RS AR A O MERR AR U™ T
X B 15 mg, BT 50 mL 25, LA 60% SR 7
AR 25 P50, RIS T8 B o 0.30 mg/mL 3 %) I
Pl VTR o RV B L A X B 535 0,0.50,1.00, 1.50
2.00.2.50.3.00 mL # T 10 mL HZE L a5, i A 5%
VA R BN K 0.50 mL, £ 5] f5 ## 8 min; A 10% fiF§
FRER R 0.50 mL , #85) 5 /- 8 min; MIA 4% S A ALAN
W5 mL, $EA)J5 H 60% LBEE A2 10 mL, §iHE 15 min,
USRI T X6k Rt 8 VB P S IO 3 W R 25 L 6 R, 7 510
nm Y% 4 A 3 S A A A R I TR A IO B (4D M
DL AE AR 5T X B V5 VI Y 38 (o) SR R Al
bR AR FE T2 4=5.905 2¢+0.048 2(R*=0.999 4) , /i
RGN BT v R Y 4 R S LA 0.015~0.090 mg/mL.
KSR ERfR B | MR AT A 5 245 6 2020 4 il
(i 2 L) (IO 3R) A AH G K .
2.3.2  HHFEEE BTN B AR

Ie2.27 T T A5 H AL v R SRR BOR LIK E B 2
50 mL, Lk 8 000 r/min &5.0> 5 min, B {f W 38, IEE I
W RS B I IR YEWR 3 mL, B T 10 mL B ZE @48,
Fi2“2. 317 Jr ik AL BRI A AE, A [R1E D R
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THA R R T B B (LA T h) I T = H R
33 MBS % (mg/g) =c X VX NIM (X, ¢ RE
PR R, VO AR IBOROE R I R AR N
TEASEI, M Ry H LR A (R BB ) o
2.4 &Ri& DESsBHik

(1)DESs Fli 25 K 2 FREUH ZL 58 K 0.50 g, B T
50 mL .04 T, 20 A 60% £ EE A 12 F [ i DESs
(DES-1~DES-12)20 mL , ¥ H: & T8 /5 P v s, i
FE A DR R 200 W, A%l 40 kHz, 40 °C R Ak
P30 min. A SERUR , B0, BT BOEE , BOE R
“2.3.27 T T 7RI FH R R B R AR R
BARFTATEAE 3K, SR FH SPSS 25.0 #AF X4 5t vE 47
G B DL x £ s Fow , ZALRHCECR S 2
FE50 M, L8] G L AR FH LSD-¢ A6 56 , 46 56 /K W o =
0.05(Heit2E i A o

R (1) R, 4 L DES-6 (AL IR -FE 1R , BE IR
Eb 1:2) #1 DES-8 (S AL IRAR-FLIR , FE /R EE 1:2) ¥ 5
B, FH R B A e (2 5 T Ay DESs (P<<0.05) 5
S5&5: 5557 (60% L1 M Eb , DES-6 \DES-8 1) & v i 143
FA L E T 95.03%.92.29% (P<<0.05), %3 4h,DES-6
1) o R 152 NG &5 T DES-8, {H2H 6] b4 2% % To g it
FREX(P>0.05), HIL,AF5E %4 DES-6 il DES-8 i
THEERaes .

50 4

07 -I- ab _I_
ab

a b ab
30 ab ab i

20 4 ab b ab ap

A%/ (mglg)

S 104

0

]
DES-1 H

DES-2
DES-3
DES-4
DES-5
DES-6 -
DES-7
DES-8 -
DES-9 -
DES-10 -
DES-11
DES-12 -
0% £

6

a: 5 DES-61£#¢,P<<0.05;b: 5DES-8 4%, P<<0.05,
B 1 AREAMKDESs 60% ZExNHERSEMRMEER
BIZIM (x £ s,n=3)

(2) DESs FEJR [t : AW 9E i — 2 % %5 | DES-6,
DES-8 & iz R S5 A A A EE /R 1 (1:0.5.1: 1, 1:1.5,
1:2.1:2.5,1:3)%F H 3 88 BB i 75 3R (0 fE ), 458 /R L
SEATERAE 3, 455 (] 2) R, 24 DES-6 & Ak AH B
SRRINEE /R R 12 1B, 12 DESs 48 T 1Y FHJL 3 B v
il 15 % fi e [ (45.68 + 1.84) mg/g], H. i35 & T DES-6 H:
APE IR H (P<<0.05) 5 24 DES-8 H & fk IE A% 5 FL 1R ) g
JREER 12216, % DESs 20 BT % H R B Bl 153 fe ey
[(39.54+1.76) mg/g], H % % /= T DES-8 H AR EE /K It
(P<<0.05), Pt , AHiF 5% 16 £ DES-6 (S AL IR A - FL iR
JEEJR LG 1: 1) I DES-8 (AL IR B -FLIR , BE /R L 1:2) k47
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ER/ e N YN

a: 5DES-6(1:1) 4%, P<<0.05;b: 5DES-8(1:2) lt#¢,P<<0.05,
B2 A[EEE/RLL DES-6.DES-SXHEH SR EMBESER
IR (x £ s,n=3)

(3)DESs 1% 7K i1 : DESs ¥ 7% 7K i A] 51 DESs [ %6
JFE R, X B AR A 2 A AR K ™, PR X AN
] & 7K HE (10% . 20% . 30% . 40% . 50% . 60% ) #4755,
B TEAE 3R . S5 (3) on, 5K N
30% i}, DES-6 . DES-8 3 [H Fft 75 1] (1) HH 5 785 i 14 %6
FRIA B e KA, H DES-6 11 ¢ = 15 % i 3% =5 T DES-8
(P<<0.05), TR, & KA 10%~30% I}, H
LW R RS R S A TR TR RO 2 5k
AR, i DESs & /K 5 A3 in , Hh i AE /N,
ot 75k BT 5 3 ) S AR TV T 244 5 7K A 3 30%
FH 3 B B B 15 5 52 T R 34, T RE R B oy K i
AN TS E R 8 DESs B4 P i 55 38 R 3 R, A
T S U B AR 2R AR
60 =

504 [JpEss

40

10 20 30 40 50 60
T KL %

a: 5DES-6( /K 30%) Hu4k, P<<0.05;b: 5 DES-8 (%7K 30%)
Fb#s, P<<0.05,
El3 A E&/kEDES-6 DES-SY HEHAEMESR
B0 (x £ s,n=3)

LAy IR vE L, R, AT BE £ DES-6 (G Ak A AR -
PR BE ORI 10 1, B 7K 309 ) 1E Ay FH 5L ¥ 2 5 A g
gl
25 HERZEMRINIZMHAL
2.5.1 PARNEK

FERE“2.27 00 T $E O ¥, AW L) DES-6 (AL IR
Bill- AR L BE R EL 111, & 7K 8 30% ) WA, 3 5l 28R
[k (10:1,20:1,30:1,40:1,50:1.60: 1, mL/g) &
7% (160,200,240 ,280 320,360 W) i 75 I (30
40.,50,60,70,80 °C) F1 4 /5 B 4] (10,20, 30,4050, 60
min)" % FH 3 B S BRSNS 45 SR A TR 3
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W GER (K 4) B, B3R 50 1(mL/g) R I
oM 240 W G R R 50 °C A IRHE] A 40 min B, 3
LB oY 1 =

80 80
e =
&b 60 2h
E a E60 y b
i £l :
E X ¥ = 40
# 20
b
20
10:120:130:140:150:160:170:1 160 200 240 280 320 360 400
WORLEE/ (mL/g) TR /W
AL B.HF 2
80 80
) )
& c c &
E60 ¢ E60
@ @
= 40 = 40
# #
e e
20 L 20
30 40 50 60 70 80 90 10 20 30 40 50 60 70
R C A ] /min
C. A IR DS ]

a: FUWCRHE50: 1 (mL/g) LbAE, P<0.05;b: 5l A T #:240 W HLES,
P<0.05;c: 5AIRAES0 °CHE, P<<0.05;d: 5 A ] 40 min AL,
P<0.05,

B4 HEELEMRENIZAUHBERRIEER

(x*+s,n=3)

2.5.2  Box-Behnken M )i/ [ 5256

MR LD 2R S IR 25 3 AR 9T LAVRORL L (4) (75 T
R(B) MR (C) I (D) M HEEIN K, LU
P 75 2% (Y) Ay 7 {8 , R FH Box-Behnken i 17 [ 12 fE £k
UAE-DESs #2 lt T. 20, & 5 & B P AT #E 31k
Box-Behnken M )i [ 545 K 28 57K Wk 2, 00 S
ZERLRS,

%2 Box-Behnken Mg i/ B L3 F & 5K F

LS AllmLig) BIW e Dimin
-1 40:1 200 40 30
0 50:1 240 50 40
I 60:1 280 60 50

AHIFFT K F Design-Expert 10 #5444 %F 2 3 5k k47
UG, 15 R Z oA 2R Y=23.840+3.1204+0.630B+
1.240C—0.750D—0.6804B+1.2504C— 0.046AD+0.550BC —
0.015BD+0.028CD—0.3504°—0.170B°— 0.230C* — 0.520D%,,
FEMTEER A4,

Hy 2 4 PR ) PAE (<<0.000 1) W], SRRl 4 B
U o B HE R BC(RY) S 0.991 2, 1 % e g R 4L
(R%w) 247 0.984 6, 15 HH 12155 Y BE A 6l Jz W 45 5 52 R 38

WIS ARSI o F A — I RIS PAE AT, 45 B
FONT H HL ¥ R B A5 R A B R (P<<0.05) 5 4%
EHIG Y PAE AT H, AB . AC . AD % HI R 3 5 3R 15 2R 14
H W FER M (P<0.05) ; A — K I FAE AT, 45 K 2
Xof T 25 8 T A5 5 ) R 2/ kg A CHROBHLE ) >C
(IR ) >BGES %) >D OB AT
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%3 Box-Behnken I ELWZITHARESLER (n=3)

Re AllmLlg) BW Cre Dimin 1(x+5)/(mgg)
| 40:1 280 50 40 58241201
2 50:1 280 40 40 62.5612.12
3 50:1 240 60 30 65.8412.11
4 50:1 200 40 40 6248+2.04
5 50:1 280 50 30 63.76+2.06
6 50:1 240 40 50 63281221
1 50:1 200 60 40 66561224
8 50:1 240 50 40 70281245
9 50:1 240 60 50 65221221

10 50:1 240 50 40 7028245

11 50:1 200 50 30 603.601222

12 50:1 280 60 40 62851226

13 60:1 200 50 40 63.68+2.02

14 40:1 240 50 50 58.96+2.04

15 50:1 240 40 30 6296+ 2.11

16 50:1 240 50 40 7028 +245

17 50:1 280 50 50 61761211

18 60:1 240 40 40 61.5212.06

19 40:1 200 50 40 58.16+2.01

20 40:1 240 40 40 59.12+2.04

2 40:1 240 60 40 61.52+2.08

2 60:1 280 50 40 62.16£2.13

JA] 60:1 240 50 50 63.7212.08

A4 50:1 240 50 40 70281245

25 50:1 200 50 50 62.16+2.01

26 50:1 240 50 40 70281245

Y 60:1 240 50 30 6448+ 2.11

2 60:1 240 60 40 64241213

29 40:1 240 50 30 62961212

34 Box-Behnken I ELWERN AT ENTER

JiERR Tl il 2y F P
fRRl 348.16 14 2487 3535 <0.0001
4 36.19 | 36.19 5145 <0.0001
B 602 | 602 8.56 00111
C 17.06 | 17.06 2426 00002
D 235 | 235 334 00290
4B 6.64 | 6.64 991 00364
AC 8.6 | 8.6 1836 00015
AD 262 | 262 3B 00339
BC 1,59 | 159 210 00703
BD 0.08 | 0.08 0.1 07435
9) 022 | 022 031 05841
£ 1872 | 1872 265.85 <0.0001
B 11542 | 11542 164.07 <0.0001
& 5629 | 5629 8001 <0.0001
g 53.60 | 53.60 7632 <0.0001
Wik 9485 14 0.70

K 985 10 098 192 03604
ik 0.04 4 002

BEE 358.01 2

Sk ik — 2 PR 4% TR 2R A8 AR FE R o B TR A5
R, A5 K FH Design-Expert 10 422 il i )i
e, 45R(E5) 8RR, 4A5B.45C.A5 DL HAEM
YWD TR 0 A B, DX 3 2 5 T A IR T R
AR A AW L T B 5 C B 5 D.C 5 DA HAE
I FR W) 17 TR 39 JRE AR R 5 %, 16 X 3 4 58 A I 0 T 6
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BRI RO A R, FiREE R S 2200 i 4
R—F, A5 K Design-Expert 10 FF K fif ik —
TR RNH 7 22, 45 FH Jk 3 B o ) e 0 4R BT 25 Mokl
. 52.32: 1 (mL/g) #8751 J¥ 53.84 °C #8752 % 238.42
W A IR ] 41.65 min, RO FH 266 B G0 2 7 1) B 12 45 28
h73.48 mg/g. F EILRAEFEIE O, AR 0K B A HE
T2 ROR L 52 1(mL/g) A IRLEE 54 °C A T)
#4240 W ST B] 42 min,

BHER (mg/g)
22328337F
SRS (mg/g)
22222838

o
IS

40
9, 35 220 N 35
5T a0 ° K

E.B5D F.C5D

B5s FEEXEERAMEERISERERNZN

253 HiEAL

W AR BU JE 85 250 K3 A 5.0 g, $562.5.27 T feflt
T2 ATERNE 3R, A5 I ik 5 S R A5 2R O (73.26 +
2.48)mg/g, 5 TN A AR X 152 2% 8 —0.30%.  [RIET, R
FH“2.3.27 0T J5 ¥ 0 2 BT 45 44 BRI v e 8 5
(24.21+0.84)%.
26 HEHEIEMWESE 4L

2 B SCHR[15] 7712 , SR AL BRAR i 12 X6t 4 B
P 35 ¥ B B R A 7 4 alifb . B JE 5 2541 20.0 g, F
17340y 4% 2.5.27 Fe L T A4 HUAS R o S vl RO
R R R A6 B 25 BT B K A, PR 46 W %2 AB-8 B
FCALWE AR S AE (60 mm X 800 mm) 1, DA% /INEE 14354
PR B T A 5 R R FS L AR T K 70% OBk
Jit , W T0% L BEVEILR , e 415 T2 CRIR 30
4.56%) . R “2.3.27 T ke S R i, 25
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TN, G K AL R B B 4 Al Ab s T i
(66.28 +2.42) %,
2.7 HEHZEIRAESIME A EERR
2.7.1  a-TEA BRI 1

K5 SRR BT S BRI < 2.5.27 T St T 54
Fi“2.67 TR Jy i E A Al i 3 R S B
FRER 2% i (PBS, pH=6.80, N [r] ) Bt il i A~ ] Joi e J i
(0.05,0.10.,0.50,1.00,2.00,3.00,4.00 mg/mL) ftJ £ 5 %5
W o 2 BTN S B O I R AE B 2 - HU5.00 U/mL
B - TE R BERA R (L PBS S 771 ) 40w FIAS [) o e v i
F14) T S ) i BT S R AR VS 40 L, T 3 mL
BOET L IRA, T 37T CRIHE 10 min; BEJS , iNA 1%
VEMWAWE 80 wL, T 37 °C F4ELEMEE 10 min; &2 )5, A
DNS {7 160 pL 21k s b, F il /K i i e 10 min J&5
HH A DK IS PR 5 min, DK 2 mLF B, LABT &
PEEAE A BH A X BE DL PBS AR B WA TR R 2 1 X IR
DL PBS AR il (FH 35 8 508 ) i ] < 5 ) A kg B
X R A FHBEAR AT 540 nm ARG A (8, T o-3E
53 Tl 410 1) 238 BB R R B (ICs0) o - T o THATI o) 256
(%) =[(4—4>) — (4s—A4.))/(4—4,) X 100% (X}, 4,
SRAS I (5t T VS VL) A (L, A SR AN IR (il AN o R Y
M AL, As I IIRE S IRV TR ) A 6L, A R IIRE S AN N it
WM ATH) o STWCPATEAE 3R

L (K 6A) w4 BT 0.05~3.00 mg/mL
BF, HE 3 B R R X o- U M A B0 R (O Y
12.01%~82.33%) 5 W] i 1) b a3 s XY B e B2 KT
3.00 mg/mL A}, FH 35 B8 BT 0] oo-JRE A3 T () 400 1) % 1
S o T I B S PR | BT R JRWEA ] - VE K Il M Y
ICsfH 4324 0.73.0.23 mg/mL., HiH AT 0, FH L BT R
T X5} o= V8 A9 RIS 1 AT — 2 ARSI E T L (RS an i
KU,

100

8
S fo--g---F---1 el EEEE i
¥ 80 ; g 80
.HTE 4 ’
2 60 —e— ML B =i ! —— AL
\-}?ﬁ R OR e g - - B i
o
= 40 540
b= o
ES 2
=20 F 2
S &
0 T T T T T 1 s 0 T T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5

FE S VR 2/ (mg/mL) FESH IR BRI/ (mg/mL)
A. o-TEN B. a- i A

Ee6 HEREDEIMANM-EREET - EHNE. o-FEHE
FEEEMERMHIER (x+s,n=3)

2.7.2 oA T 1) 35
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