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Determination of flavonoids in Paeonia lactiflora flower extracts
and their in vitro antioxidant and hypolipidemic activities
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Key Laboratory of Forest Food Resource Utilization of Heilongjiang Provincial ,
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Abstract : This paper presents a comparative study of flavonoid content ,in vitro antioxidant activity and lipid-lowering activity
of different solvent extracts of Paeonia lactiflora flower. In this paper, the flavonoid content was determined by NaNO,-
AI(NO; ), colorimetric method , the antioxidant capacity of P. lactiflora flower extract was evaluated by DPPH radical scaven-
ging rate, ABTS radical scavenging rate,and total reducing capacity, and the lipid-lowering activity of P. lactiflora flower ex-
tract was evaluated by pancreatic lipase inhibition capacity, bile-acid-binding capacity, and cholesterol-adsorption capacity.
The results showed that the total flavonoid content of the low-eutectic solvent extract was higher than that of the ethanol ex-
tract,,and also the low-eutectic solvent extraction method improved the antioxidant activity and lipid-lowering activity of P. lac-
tiflora flower extracts,and the ICy, values of the low-eutectic solvent extracts for the scavenging of ABTS free radicals were
0. 256 mg/mL,and for the scavenging of DPPH free radicals,the ICy, values of the low-eutectic solvent extracts for the scav-
enging of DPPH free radicals were 0.296 mg/mL;and the IC,, values for the inhibition of pancreatic Lipase half inhibitory
concentration was 0. 788 mg/mL, the IC,; values for sodium cholate, sodium taurocholate and sodium glycinate binding were
0. 883,0. 841,0. 850 mg/mL,respectively,and the maximum adsorption of cholesterol was 6.28 mg/g when the dosage of P.
lactiflora flower crude extract was 0.5 g. Therefore,low eutectic solvent can be used as a suitable extraction solvent for extrac-
ting antioxidant and lipid-lowering components from P. lactiflora flower,and the extracts have better antioxidant and lipid-low-
ering potentials , which can provide theoretical basis for the subsequent high-value utilization of P. lactiflora flower

Key words : Paeonia lactiflora flower ;flavonoids ; oxidation resistance ;lipid-lowering activity.

WCH F 3 120240422 57 1 11:2024-09-24 R IALAE A 20 20 LK ST AT B AR fg B 7=
SEA 0 < [ R SIER TR E T (2016 YFC0500307-07) HE T R G HL R I PR FE PR . g R A

# WAEEH Tel :86-018645123581 ; E-mail ; Irwxh123@ 163. com



Vol. 36 1 BREE ATZG AL BRI T SR A I 8 B HAR M AL TR I ME 5T 1839

Pt S i 3 R 0 TR 55— T B8 22 b g o A 06 S
T 2R YNGR YY . BE, AR50 E S T I R i
g B AR B B = ML S AH DI IR 1 2 2 25 . ik 28
2 A BOR AT DL 2ok DA HOT [ AR 17 1490 1 58 g Fn
SRR R 45 A fig 1 R e . A5 24 (Paeonia lacti-
Slora) J& T R B AL AT AERR BA B2 AW H
YrE A A A AH Y B S0 25 Rl (B, AT 2548 & o
i TR AT 25 AR D RE M 43, XA T 4
AL JRE M SEBERAT PR AE A (B, AL IR o
FREE b EABEILARYE 71, AT AE I K 25 ) B A ) 9%
T

KAEWFFE R, HE 4 ) B 2 A & YRR s AT
R NR B A ZE L, X 80 B ILRE A7 — 7 42 i A
FEVER"T B A R Vbt A R
A7 AT Y 40 A5 v LR /) B PR 4R A I JBOK -, 552
PO I A ACE Y . B RT AT AR 5T F 2 AR
T BT 853 B IF 5 B 0 S A O Xk L R 1 B 2
RERYBFFEHE R D . M RTATE BRI T 25 2 AT
AL POk RS BRI & w
FHHVBE | L5 A7 IESE 25 5y 3 R 458 75 G i) 45 1
AHLF R FE 2003 45, Abbott 55" B Sg 2 T IG
R ( deep eutectic solvent, DES) |, ‘& 2 i &
SRR S Z R L. 7E DES Xrf  F W AE N A
HEZ AR AR 5 2 Fh SR AI AR TE 25 R T L &2
W R SRR VR R B 9 P B g et s
DES HA7 ] £ 8] BB HE | JROA R 42 4 ki, Al (o]
WOk e SO0 AN, Bl AR S e (05500 T3z i TR
SRIGPEY BT HR . A ip A B AP S v 7R R A
AR IUR DLAGE

AWFFE h , REAT 245 A6 AN [R] 3 55 B SOy A 7
THREARE I FE %S, £E0) DPPH H 2 ABTS
F R PR DL B R SRR T S b R A TIE Y 5
G3HT. VRSN BE I3 LAXT BB RE 7 1 400 1 g g
AR B 8 7 K IE [ W45 5 5. ) o B 248 b, LU
AT EGAE A PTG PR U TR 2 T R R B R
1 w57 Z®
1.1 #E5iEH

ATEAE T 2022 4 B e VAR AR B el 224 B 4
b, 2850 2% B W 5T 51 48 5 ) A7 24 ((Paeonia lactiflo-
ra. ) (A6 3 AL NE B (98% , 7 R L) ; DPPH (it
5. 128258, 4li fF > 98% , MedChemExpress /A 1) ) ;
ABTS(#t5-: C15306340, 4liff >98% , [ i 7 w kA=
WA IR T 5 A R ARRR B (HL°5 - 145426, 4l

>98% , LiFIEM A B ARAIRA ) ;s H 2 MR
(55 :863570 , 40 >98% , | i3I A= 4 R A BR
NHD) s HE IR AN (52 73163538, 4li i > 98% , |
IR A R R A F) ) 5 0 B 4l £ e S 3 i 4l
P sy (b IV Bk TR0y A BRA R ) 5 5256 K
HUERS A 4K

1.2 FENFE5EH

RT-6000 RIfHRAL (RN F5 FE A A B A A7 BR A
A]) ; TDOM B.CoHL (i FILIA B2 AL B A BR A 7] ) 5
DK-98-T1 A H #fiE i K v By ( R T R W R A A A
MRy H]) 5 PTOD20N1P-GS (WO ) i b (77 s 2241
TACIb £ 3T P A 1 A PR ) 5902 B I 1 7 4
PEES CT OB Z AR By 45 BR A 7)) 5 SHA-C K
WEEIR G A CF N S R AR A BR AT .

1.3 REHZE
1.3.1 F#s

AJEAEARTR T4, R i S 60 H 3k 0, FH A vl ik
Jiiig 24 h, BZ5 i UEAAT AL R A o
1.3.2 A 300 B A 3B 60 5 &

FREL 2 g ATZAER R, ¥ H 5 O BEAT DES 435
TRA AT, ) FH w7 A A Bt Al BB B, 4 551175 3]
BRI 2, 5% 30 6 000 r/min Z54F 250 10
min (B0 1k 500 g) , 38 48 U v 4 2 BRI R FR
1Y 1/3 15 BNAT 25 LA P, FH-UR 115 3155 25 A6 R 4
Y.
1.3.2.1 Aj251E SFEER I 0 il 2%

R A5 M 7 17 S 36 A A 5 S, 1 AE SRy
Bl 60% BRI 1: 26 (g/mL) (GG RFE] 25 min
T H)# 500 W 2544 T, R i Bk X 2 g A
AN A TR, PR A5 30 (0 R B8 R 28 0t i R vk
TR A
1.3.2.2 AjZ54¢ DES $#2 U a4

R A5 e 17 7 S 3 LA 45 SR, i 7E DES fR &
FACREGE AN = BE A5 R 12 3 f0 I [E] 190 s ik
BT 500 W BHA L 1:30 (g/mL) 5K 37% 5%
PET RO R BT 2 g AT2TAEM EA T HEHR, 7
A5 2 AR PR IR e R e 46 R T e L A o
1.3.3 HHRLEHEEZNE

K NaNO,-AL(NO, ) (i (3 R A sle k1,
SEAT ARSI T A A5 R RS & H 0. 0,10,
2.03.0,4.0.5.0.,6.0 mL T ARUERH R 3 E T
25 mL A& KK INA 60% 2,15 6.0.5.0 4.0,
3.0,2.0.1.0,0.0 mL; A 1.0 mL 5% 3V fif§ B2 #h 7%



1840 KIRF=YIBE R 5T K

Vol. 36

W, F25) , #E 6 min; INA 1.0 mL 10% RSFRES AT
P25, 85 6 min; A 10.0 mL 5% S A AN W,
NI 60% £ 1 25 20| B %, $25) & R 15 min, JX
S A O R 4 507 nm K AR OB (A,
HIASbR ERR 28, 09 2 K.y = 7. 3752-0. 003 9
(R*=0.999 5), BUZ4E 3.0 mL, #% 8 i ik
IR AT 0, 00 R
1.3.4 2 230K F) 5 7 32 B4 40 BAL E AT 5
1.3.4.1 DPPH [ L& i e

S Liu 2" W07 B R M As ok, 2 30 o) 46 R )
VBB FE AT 25 A6 U 759 (0. 2.,0. 4 .0.6.,0. 8 |
1.0 mg/mL) , DA [F] J5 £ 3 B 31 FB1 A9V Al BH A ot
HE 517 nm 04540 S o A I BE AR, 452 A X (1)
1145 DDPH [ L EBRFE(R) .

R:(l_ﬁiﬁquwz (1)

Ao, Ay TooK CEERR RN I TR EAE 5 A,
FEM NG A, - oK CBEARE: DPPH Ji i I i 74
W EAH
1.3.4.2  ABTS [ 335 bR e

2% Qin 2 I EERVE B I, 4 500 45 S )
W BE R BE AT 2 AL S IV (0.2.,0. 4 .0.6 0. 8
1.0 mg/mL) , LIAH [m] 5 122 ¥ B2 S T YV o AR PR X
B 734 nm 045 20 2 B A W AL, #e A 5R(1)
THE A R ERERR R, A oK B R
@E@”ﬁ%ﬁ;l‘ll : ﬁt%éﬂl]&%ﬁ;/lzi RN KA ER
ABTS S )i i A5 W H
1.3.4.3  FaAJERE S A9

S Jin S50 0T RSB L, 40 S 45 0. 2.
0.4.0.6.0.8.1.0 mg/mL A2 46 3 HU AT, L)
AH )T S v S R ) V AP XT B, #E 700 nm T
T 5 s I T AL, W AL 1 o A1 B e T 3R i g

[HEER
1.3.5  REENZ&A4F T IRI0 FH ARG & e 5T 70
1.3.5.  JE s o 30 &l 4 H

%% Gong % Jyik RIVEAS S, M2 AT 2 464
SBCH %o R 0 T ) 400 o 4 T U A R AE AR
i, WERR-ER S i v, I s i T ¥ e ( o WA PR R 5 o
VEMRIC ) T 250 mL B HER I, DLZE 1K %
AR D92 10t B 0 ) A8 P M OO AN R JEE 9 AT
ZUAETEICYI L, IR U R R [ i FH 2B A Qo
ATEAESE U RAE S S IR . 37 CHMF T KIE S
min 55, LA LB (95% ) 28 1k OB, 0 3 ~ 4 i

1% Tk, Fi 0. 025 mol/L ) NaOH ¥ ¥ i =2 , [F] Bt

Ve XTI, #502X(2) THEA IR () .

V=V, = (V=)
vV, -V,

Ao, VoA THAE NaOH I 9 1, mL; V,
R O BETHAE I NaOH 53 1Y 1, mL; V, 25 1
BEIHAER) NaOH ¥ 1) 5t , mL; V, 2 25 0 BRAEH
FEMY NaOH ¥ 1) 5
1.3.5.2 fHERERZSARED

R Wu 25 07 i 45 IR R B b v th 48 4R
T I 2 Pt SR B9 R A A b T A () IE R 6 ) Joi 114 ¥k
B A AR I SRy W AR ) D i 25 2R . 45 B I PR B A
HErhZE .y =0.397 12 +0.007 3(R*=0.993 2) ;4
SRR A AR E 26 M.y = 1. 293 6x-0.014 9 (R® =
0.997 7) ; HE MR MR MEI Z Ay = 1. 261 4x +
0.000 7(R*=0.996 5)

AFEGAESR YRS 25 6 DR R B 7« Je % 2.0
mL AR BEAT 25 1682 50 2. 0 mL (1 0. 01 mol/L
HCLEW LA S 6.0 mL ¥4 10 mg/mL 1) 15 2 i
RPN 50.0 mL (9 8045 5548 37 C Y1
RIAEE AT 1 h B B HAL, 16 8 mL BRI %
WHATT B4 pHAE 55 6. 3, 3 F BUAE 37 C
PP 4T 1 h 19 R 38 3 Ak BEPBLE5 B 5 45 n
8.0 mL JHFRER VA W, F I B2 16 2 7F 37 C I AW dik
%21 h, FELL 4 000 v/min 17550 BRES D 20 min
J5, H2.5 mL FIER TR T INAARCE 7.5 mL
60% 1) H,SO, ¥, /KB RN iE4T 20 min , B H =
S5, A 387 nm Kb OGAE, SR 5 AT A (3)
AT IR 5 &5 R IR ER 45 5%(D) .

D:ﬁiﬁ%dm% (3)
Co

K, Co il C 430 R 25 VI W RIS b ¥ 9 P IR
FRERVRFE , umol/ L,
1.3.5.3  JH[H EE0g bl B

B Wei 2511 Gy 2t JI0 [ B ofie il 28, 1551
JH [ AR th 26 7 F oy =2.903 24 +0.014 9 (R’ =
0.997 5) o ARHEAE A AR BE AR TH S o o I [ e
T,

2 HERE5HW
2.1 AEBARBYPEERSE

RS B0 43 ) 5 Bl < BE I DES 5 B %5 57
PN 2 AR BT , e A [R) 35 7900 % s T 4 A SR
B[] 14 52 Wi, A7 245 46 £ BE 42 BUCP) (ethanol ex-

1

x 100% (2)



Vol. 36 1 BREE ATZG AL BRI T SR A I 8 B HAR M AL TR I ME 5T 1841

tract, EE) B ()75 %2 8. 51 mg/g, ~j 24 4 DES
PREU ( DES extract, DE) 25 i () 153 3% 4 17. 44
mg/g. B JGA] BBV A — 8 W A, BRI )
XL HL A BRI TTRR S RN BE T L BRI AR {1 43
() A SR A S S5 22 () ) A B AR T 2 15 e 2]
B A A ORI 5 LU, eI R R i Ak &
Y, DES BT ¥EEAE R ARYE “ AU I3, A
JKJG DES Btk & Az AR 4k, DT i A8 FLv i PR g s B
J& , BT EAC AR Y = FE4L % DES f& R %65
1%, 5 T sh A 81, FA7E— 2 R, AT AT 24
AR AR, A BT rh GO T PR T Y 42 fak e
A TR A R Li AP SR A R
Y1) DES MARAS i i B2 R , T 2 B v AR A
TSR, Wang'™ SR H] DES $2 BCE - B i 8 B s
R TER AR IURAE T, RARR A 175 70 42 B0k
CBEFRIBOEAR LA, R SRR I v 0 £ B 1) B e
P A% e g, iR B 16.56% ;60% LRz, B 54K
R aE R —3
2.2 NMABAEBFIRIYMENFTEFAR
2.2.1 DPPH A sy LAk A oy 2

P T 1 TR e v 3 R N, AS TmD s 0 B BBy
X7 DPPH [ ph 567 6 5% 52 20 I S 10 e B3 A i ik B
PR FE 038 i, AT 25 AR ER LY T Bk DPPH
HFEAE T M BE Z 358, 7F 1.0 mg/mL B}, A5 25 4k
DES $2 U AT 2546 S B E sk DPPH H H 37
249k 73.58% F1 61.07% , H¥/NT V.. H
K1 A4S Ve AIATZ 6 R 42 ey 6F DPPH [ Hy 2
R BOE R BE 1C,, , BARSER I R 1, W LIS,
AJEGAE DES $& B 1Cs, fi/N T 245 46 £ B4R
Y14 0.296 mg/mL, ##5 DPPH [ H B 15 BR g

100 |
"
3 =
3 -
< L L
P 80 =
g " a—R
o
g 60 o™ *— d
2
8
12}
40 &
& — ——V;
i Dot e EE
—A—DE
0 . L L L L
0.2 0.4 0.6 0.8 1.0

¥ Concentration (mg/mL)

B NHEREBEFREX DPPH B HERERE
Fig. 1 Scavenging of DPPH radicals by different

solvent extracts of P. lactiflora flower

Al e SRR B A O, W 2R AL G W R b A Ak
WP EESTECE T, T DES B SRS T4
B3R EUY) . Wang 2520 WF5% T DES I 2 B 9 i
FIFEE X DPPH A2 5L [ 2L BR A8 1 52,
FEAR R B $EEUR A4 T, R A DES 425U %F DPPH H
A IETE BRAE IR A T SRR HLY) , 5 AR Y 4518
—3,
2.2.2 ABTS g Wk iF et A agml e

P T 2 AT, R0 R 3 Bl P, A [ 751 B
Yyxt ABTS [ ph 17 B 230 52 20 dnb 10 e 8 0 1k
Bifi o H2 B Wk 38, A7 25 A6 4 U W5 B ABTS
H AR WBEZ 5 . 76 1.0 mg/mL B, A5 254k
DES & U FIAT 2548 B4R Y% ABTS H i BE i
K332 4350y 80. 16% H1 68. 40% , HI/NF Voo X
5 He'™! % BH 2 LR Bl 26 W6k - o R LA B Y
ABTS [ 23 B AEH, 76 0. 5 me/mL B, H ABTS
B RS R R A 99. 47% L —5, Ik K
AT AT LA b i B ABTS [ 2. [RIES Hy
Kl 2 A3 AT LR RIS B 6T ABTS [ i JE i 21 4
THBRIREE 1Cs, . H#E 1 AT A%, A5 2446 DES $2EUY) Y
1C, fH/ NTFAT 258 SR

100 |
o —a
~ /.'/ -
X
S80F 4 o
s A
g -
& A e
560 - Ve e
2 a
8 p
wor *
&% e ——V;
i —e—EE
20 - —a—DE
0 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

¥ Concentration (mg/mL)

B2 NHEARRBFRIII ABTS B AEMERZER
Fig. 2 Scavenging of ABTS free radicals by different

solvent extracts of P. lactiflora flower

Fu %2 BESY % B S 2 BEAR BU AH L, DES $2
Y ABTS [ i 305 BRAE 1 TG R R F S g
By, SRR 458 —8 . XF2ZERTTREZ M TA
(R A P 3 35 B2 B (R T AR A RE 7 5 B B i A Gl
EARSE N &Y/ R /NN N s &R e
%[26] N
2.2.3 R REEA0NE

H L 3 AT R, 7 e vk S0 R A, AS [ 7 4 B
Y0 A IR RE T 2 R I %) Wk R AR M | B A A



1842 KIRF=YIBE R 5T K

Vol. 36

W B RS, 755 245 16 4 U R R R g o B 2
3, HAEFEHIEREE R 1.0 mg/mL B,V > ~jZj 4k
DES #2504 > 2525 1L LRI . X5 Hang™' A
L1124 B $ B e 0k 2R3 S e T AR [RD , Ll 25 B2 A Vi
AR, Bifi 2 Jo 2 5 138 iy 384 K, 8 I g B i i AR
FIE AR, AT AT 25 AE R U B8 s il
JEBE ST, Liu 2% F ] DES 1 #1370 4> 51 8
8 7 A Bh AR AT 0 R Y 1Y A8 R BE T X He A
i DES #2509 08 JFURE 1 0, 5 A B S 4518 —

H,
1.0}
)]
Q &
E
s 08
8 y s
g g .
£ 06 P -
o ' ”
2 o
< 25
@ o4t
-3 A
g L
02r & —=EE
—e—DE
0.0 : ; i i i
02 04 0.6 0.8 1.0

#J¥ Concentration (mg/mL)

B3 AHELERFRIE 2IEERERE
Fig. 3 Total reducing power of different

solvent extracts of P. lactiflora flower

2.2.4 RREEM BRI 0 R EAAR
T AT LA Y B ah B ABTS [ iy 259 BR g
71 .DPPH [ i 275 BR e /1 IS 45 45 (9 1C, fE R/
NRRF30 Ve < AT254E DES $2IY) < A5 2518 L B4
Wy, e n] LA H A5 25 46 DES S iUy it A AL fig
IR TR LRI
®1 RRBFAGELRNDIEIMEE
Table 1  Antioxidant capacity of different

solvent extracts of P. lactiflora flower

IC5 (mg/mL)
el ~, 2 N 4
FE i ABTS [ i 3EHIRAE S DPPH [ fi 3R AE /)

Sample ABTS radical DPPH radical
scavenging effects scavenging effects
Ve 0.062 0.099
Z BRI Ethanol extract 0.419 0.575
DES $:H(#) DES extract 0.256 0.296

2.3 AEBFAEZEGETRIENEMEREFEENHR
2.3.1  JFRAS BB AE A
HRAEE 4 TR, HEE SEBCDH BE ) T AS TRl

S R AR 0 A R A I, LA 25 475
R BRI B e £ M X T 4 040
FBUAF 250 M IE R 1. 0 me/mL 1, 425 76
DES HEICHIXH 5 1 B 1 %35 68. 57% , LA 24
TEC BRI T 9. 51% , BLWIAT 258 DES 425t
A BN MR AT 25 6 2 BRI T . BF5
VT A B0 R U 2 BT B 0 B
A 5 7, AT 0 17 O > B
BE TATZEHE DES S SR A B, T
A2 DES S BEISTRRIAE /1 L A

80
S e
2 sl o
g o — ot
£ ol
:.E
£ 40 y o
£ vl
g 20 g
T —=—EE
[ —e—DE

0.5 0.6 0.7 0.8 0.9 1.0

VR Concentration (mg/mL)
4 AR AR RSB 8E )
Fig. 4 Pancreatic lipase inhibitory capacity of different

solvent extracts of P. lactiflora flower

2.3.2 femIE LA H

A WF5T 2 B IR R Eh 45 4 Ak b, A [ i 4k
JOEL Y R P, AT 8 38 AR L [0 e R ) H
g RS T, BIARAT 25 AE AR BT 3 B IR R
AR EA S, FEHEEIEE R 0.5
mg/mL B, A5 2518 £, BEHE Py 6 IE TR 4 | 2 i I 7% 44
FH B 81 B 45 6 % 50 R 30. 28% ,39. 82% I
38.22% , W1 FI: L BEEE Y b B A R Y 45 A R
FRER TG PERL Sy o A5 2454E DES $EBUY %t IRmR 4 L 4
R A T b FDH AR BN Y 45 A R ik 37 45%
42.78% 1 39. 8% , [t L BEHR B 43 B4 & T
7.17% 2.96% 1 1. 76% , 3 0] BE & i T 150 0 46 1
PEE T HE R PR S 23 A 0] 1 AT R A )RR
HORZEAROR, T DES i P bk, 385 T R
I f v, AT 25 48 R B FE DES Hp 5 i 3 78
43, I B4 58 78 iz 9 -5 IR R A 25 A 300R (e it i
PR AR E AR BR , AR AR R A I IE i LR
ST v IR b e 2 A R TR AR LA PN 1)
UL [



Vol. 36 1 BREE ATZG AL BRI T SR A I 8 B HAR M AL TR I ME 5T 1843

i EE-N0A24A EE-Sodium cholate
80 [ EE-H & IB#2#) EE-Sodium glycyrcholate
EE-4-Ti#lH 2% EE-Sodium taurocholate
60 | DE-flH#2 % DE-Sodium cholate
BZZ DE-H 2B Fe 4 DE-Sodium glycyrcholate

w0k [T DE-#Fift/lH 24 DE-Sodium taurocholate T
9

9%

XXA

X
4
XX

454 % Binding rate (%)

arereY

RKR

XRK

%%

<A

Lo
0%

229600
X%

7
%%

X2

X

o,
RS

it
a%?

XX
R

KX

%
%9

X

[RXXRRRL
o9

L
9%

R

o0

XX

ONOOUNNRRRN
AL
555

%
BT,
e
X

X

%9

¥ Concentration (mg/mL)

BS MAHEARBFIREMBREESESN
Fig. 5 Bile acid salt binding capacity of different
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