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Purification of Flavonoids from Eupatorium fortunei Turcz. and Its
Anti-oxidant and Resisting Exercise Fatigue Effects

HU Hua
(College of Physical Education and Medical Care, Chengdu College of Arts and Sciences, Chengdu 610401, China)

Abstract: This work investigated the condition of macroporous resin purified of flavonoids extract from Eupatorium
fortunei Turcz. and effects of anti-oxidation and resisting exercise fatigue. The optimum purification condition was
confirmed by single factor experiment, meanwhile the activity of anti-oxidation and resisting exercise fatigue of different
product were researched by free radical scavenging experiment and animal experiment, respectively. The results showed
that the optimum purification conditions were as follows: The sample concentration was 3.0 mg/L, loading flow rate was
1.0 mL/min, the pH of sample solution was 4.0, and the volume of sample solution was 60 mL, and the 100 mL of 70%
ethanol solution with 1.0 mL/min of desorption velocity. The purity of flavonoids in product increased from 24.2% to
69.4%. The anti-oxidation capacity of purified product was higher than crude extract, and the ICs, values for -OH and O, -
were 0.47 and 0.42 mg/mL, respectively. Compared with blank control group and crude extract group, the purified product
could evident prolonged exercise time of mice, decreased concentrations of lactic acid and blood urea nitrogen after
exercise of mice, and possessed enhancement activities of SOD and GSH-Px, then decreased the concentration of
malondialdehyde in vivo. Therefore, it had better resisting exercise fatigue effect, and the research could provide a reference

for exploit of Eupatorium fortunei Turcz.
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A PEEAF R AR Y I0T, Un: Z 8% . ¥R, 28 . £
Bk, BRIS . S FERR A, O A MEA RAFnIPliz sy
TR 0 H AT TS 9 Pis SRR O AH S
TR

2% (Eupatorium fortunei Turcz. ) 228 FHE Y
TR EER S, A MENITE | R ERMEED)
B, 1A TR T4, O DI e IR s iy
WINEGT, J& T25EPHEY), A8 i avEpcey, Hik
2R BB RPE RN . BT . 28 A e
TRZEA B 500, HAr, S H3E %1l A0 PRI o 48
Z, mixF s E2E b &P F ot 80 o ok il 5E
BB, 2 TR AR S 1 25 fe 2 A S B D T 2
SR, B T MR AR, AR R R AL, T
etk ia E BA U P T A A E R, (B R R B
FYZRBTE 2, AT RESEMAAHSCIE MEAVE I o [, AT
FHRA AR AP 535 53 2 i A aO R, B8
Fali b = SR B A BB 25, LhEcalifbny. J5
FEIRBTAEARRE T, [RIR R B P00 A5 4 H s )
P57 PR, LA Sl % R VR A TJT & -5 R $R 4
=%
1 MRI5RE
1.1 MREEE

== AT R A 24 7, G288 R S R HAE il
LR T RS AL 24 SR e IS e (i
“5:100080-201811); PHIESMURL 7 RAS A
FRAAE]; D101 RIS RE  REF A AERH A BR
ST PLIR MR . SR8 =y . — ¥R I I e (Tris) .
TRV AERES  Hhsrtivati, E 2542 B fk2E8GRAa TR A
w5 FLAR (lactic acid, LA) . IfiL74 IR 2 & (blood urea
nitrogen, BUN) . N [ (malondialdehyde, MDA ) .
HEE ALY ALl (superoxide dismutase, SOD) . &t
H Ak it & 1k ® B i3t 57) & ( glutathione peroxidase,
GSH-Px) mLUaliBH A B F]; 5 VK S alifk
Ko SEBGBhY): SPF YA FEiEE/ N 80 L, AT i
19~26 g AR A MIRIHA R F] [ S v
AlHIES: SYXK(JI1])2020-230].

KJ-14B06 #IpkEEHL  TRYNTT HER A R
H]; ME203 AUHL TR Hpdrif)-FE R =G R A
L5 BUEAR-A] LSOOG T R SRR R E
FRZNF]s RE-3000A BUEFLZERAL AR anie
#HARATF; DHZ-C BUERIRZ 28 TR oS5
B BN 7l STIA-12N-50B BUS7 A0 R T L
T RGEAAEAT FR N F]; H3-18KR AUl IR
T A S A FR A F 5 JA-500 BY @ S I B ds
BT B TR A IRAT .
1.2 SEWFE
1.2.1 il Z e lREEE il =2 &5t T e, o
80 H i, MEHAFREL 2.0 g #yff f5 A i T 60 mL {4
BUTECH 70% LB, 15 50 kHz B D13 $
HY 30 min, A HEH 4 )5, GIFHRBORES O, i

MR Z52 VA 5 , Vo UR TR RISl == 2
£/ 7/

1.2.2 A5 pem

1.2.2.1 WAL RYRTRSCILE R, M Lae

W pH4.0, FFREFHE 1.0 mL/min, 535175%% 60 mL A~
[F] BT s e e i _EAER (1.0, 2.0, 3.0, 4.0, 5.0 mg/mL)

AT TA B S A R B I8 2 T4 (2.6 cm>25 cm)

PRI [ 23 68 D RE VRS BE 3.0 mg/mL, A il

1.0 mL/min, PAERPR sk S AENTR IR pH, 435075
£ 60 mL A[F] pH _FAEK (2.0, 3.0, 4.0, 5.0, 6.0) A
3% ASEHAFRAY 3.0 mg/mL AR (pH4.0) 43531 T+
0.5, 1.0. 2.0 mL/min %t AR5, W2 kI vk 4 25

Pl 2 i, 2R 2k, i dncfd: EARRARER S i .

n="2"T 100 A (D

m,
b my S B AR R BE R T, mg; mg SR
B S o B R P A B BT i, mgs m S ZBRRR, %o
1.2.2.2 PEMLAAFFEEE  ARIBETSCILS R, FAESTEAL
J&, 28 50 mL ZKBEE, R 100 mL REWAF3550(50%
60%. 70%. 80%. 90%) LFEHW T°2.0 mL/min Jiik
XA RS RS ORI EA TR, W TR
W, I HCE ] 5 da, TH AN RS 2 Z B B
R, IR £ B AR ARS8 SR RS2
R 70% ZEEE RS ST 1.0, 2.0, 3.0 mL/min i
e 8V R B S AR R A, I AR TR PR
B e, 2 IR 2R, 0 AR R AR
L o
cy X'V,
m, —m,

D, = x 100 X (2D

b my S AR I B T, mg; m A
IR SO J 325 9 v 14 28 ) ST 6, mgs oy A BRIV T B
Hiil ¥ B, mg/mL; V, S BEM R AREL, mL; Dy S B
#, %o
1.2.3 FEEHSEENE DL TR IR S, SR A
T - P A - S LA B T O A it PR ] 2 ), A
AEBR AN TR BT R BE ) T WU, AR A
PN G RE(E, A5 2 AR R R T RN y=15.22x+0.014
(R?*=0.9998), A I7E 0.005~0.05 mg/L [ & I [l
ERPE DGR RATF . FRETI RS, SR IR ST
T R B FS, AR =GR w2
BT,

cXVxD

W= %100 A (3

Ao ¢ HAESE T Y BEIRMR EE, mg/mL; V AL,
PARFR, mL; D AMBATEG m AR YR &, mg; W N
AL P RS, Y.

1.2.4 Hréafbilss:
1.2.4.1 FEEA BECOH)VEERAEIAIIIE  PISE
PNEIIIA 10 mmol/L GRS 1 mL F1 10 mmol/L
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IR - W 1 mL, 53 4kE A 1 mL B RS
AN V . FER (BT ER) IS, 45 8.8 mmol/L
AEIK 1 mL, BF 37 °C /KB 30 min Ji5, F 510 nm
MR SCRE (A, I3 LAglifbkfEas X IR(A), #%3C

(DA EIRal e =X 258 [ B EE0IE R, $REL

W PE 5 ] EAREN

THFEE(%) = % x 100 =x 4

1.2.42 HAEIHEF A HEEO, ) IEERGES iE
W SCIRAE P9I I 50 mmol/L Tris-HC1 %559 (pHS8.2)
5 mL F1 5 mL glifbsK, BT 25 °C /K¥ 25 min, 55701
A 1 mL BRSPS AN Vo B (FRPEXT B, 43
SN 25 mmol/L 48 =% 0.5 mL, 1R 5] a4k B
F 25 °C /K 5 min J5, 5% 8 mmol/L HCI %
1 mL F 510 nm M5E WG (A, 55 LLalifb/KAE =S
EIXTAR (A, #22(4) TR B ER Atk 7 4 %o A B 28
5 F SR ATE IR, BRI S SR A
1.2.5 Zh¥ssss
1.2.5.1 SCEeHEss 80 HU/PMRZE N EMEFE 5 d A,
BEMLF-25550 R 23 AT BEZH . BT BRZH . PR st
Tl FRE KM M DI RE VRN 2R Y I 45 S AR T
RRAIF R 7 150710, Bl iae & 7 B A i A AR HERE
HE 30 %, AR TSR0 2h R, A5 2H 25 24 50 R FH B AR
AR 30 135, o, BHMEXT REZH 45T 0.3 mg/g (LA
WREE T, T ED P EES0RL R 2 fnatifb a2
45T 0.3 mg/g il % B R HE B S5 Liie ), T
HE BT 2 mL, 25 X RE 2 )7 B AR R A
oK. A G25EERE R T, BR 1 IR, %4 30 d.
1.2.5.2 J@FFEEEe  RUKHE B G595, 25 4 BN
10 HU/NRBUE TR b, i st LA Bk i BIeFT
FERERVE TR, S5 9086 3 wa, B Bt Ee
TEFFRS TN,
1.2.5.3 LA. BUN., MDA ¥ /¥ 5 SOD. GSH-Px 7%
JIE A E/NEE UK K 30 min HUH,
RB. 10 min J&, SRIMLESC, 38 13 1350 SR DU i 7 =
LA 5 BUN ¥#REE, 55 UJHUIFIE, $4 FEAH S50 S i
B MDA ¥ )% 5 SOD. GSH-Px 1 /7.
1.3 HIELIE

BT A RS AT RE 5 IR, 45 R RN SR
{H+bRvE 22, it SPSS 19.0 FR{#EFT BN 28 7 22
(ANOVA)S#T, thixdia] 25 5%, P<0.05 AW B3 i
EPEIESE, P<0.01 Y EAM R ETE2E R
2 HBRESH
2.1 BSR4
2.1.1 EFEWMREESEE AR BRI EEXT D101
LA BB W BAHIRL =2 B TR sz ), a0 &1 1 s, BEE
PERA BE MBS I, A BE X B B Ak 540 00 W ¥ 2R AW
sN, Herp, Y EAER BT EE R T 3.0 mg/L B, W R

AT BRI R BT, Heah i e
Ze Bl B H AR5 S W B, wl (s I B AR AT
B, DTS A o3I = A S 4 e itk e, ARG Bk
USRI E el AR EE S 3.0 mg/L.

90 1

1.0 2j0 3j0 4‘.0 5.0
FARBOR B (mg/mL)
U1 E AR R o i~ R ) R B 35
Fig.1 Effect of different loading solution concentration on
adsorption rate of Eupatorium fortunei Turcz. flavonoids

H: ARVNE R FRoR 25 57 B35 (P<0.05), B 2, B 4. B 6~
"7,

2.1.2 DA pH ¥4 AR A pH X D101 K
FLAR N 2 AL 2= B R sz i), an &l 2 rs . DA 2
AN, AR EE R LS 4 R R B R EARER pH 3R
FERGICRIE N, MEEW pH oA 4.0 B, ERFERR IR,
FH T2 2R Ak S ) S A i A BlAZ Ry 2- 83505
Hi, FEAEREZZ I AR IE SR IE, ARSI MERBE T,
Ty B4 IR SR AR TR LS A B AR, S B
SEFFE U, PRl B BRI pH o 4.0,

2.0 3.0 4.0 5.0 6.0
T FEW pH
P12 EREM pH O == B 4 B 5 )
Fig.2 Effect of different pH value of loading solution on
adsorption rate of Eupatorium fortunei Turcz. flavonoids

2.1.3 Umihge 4 RR—BERF ]S, i b B
Wil b5 ) 5 B 248 ERERRAR E 10% B, DAk BT
FraRIR, £ HIASFFE T D101 K FLAE A9k E2
HHZE, 25 UL 3. DNIED 3 mlZ, 24 L AR i kg
I, WU A N 1) AR AR 24 80 mL v /N =
40 mL. I RE T IFLA B %] 25 il £k 5 4 114 12 B A
TEREY SR O AR, e P, Jil > 2 i A
SR FE AR EAE, H AR 12, MifSatifbpst
(A, AR THE R, 25575 R Rer 5 4lifk
RO, e _ AR 1.0 mL/min, ERERAIEFR
4 60 mL.,
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Fig.3 Adsorption leakage curve of the macroporous resin in
different flow rate

2.2 EIASHERRA R

2.2.1 VRS F M BGERE  SRAH— SRR
LS TRAE AT, 25 B AR G380 25T
XL 24 B T Ak A 4 VR R SR S ), £ SR DL 4, A
Bl 4 51, B L EEARFR MBI O, RIS
VEME SR W FFE, MHERZE 70% J5, FFia I T .
B T B AR St s, TS A ) R A b
B BE J1 e, (EARFR S EGE =, W S EAR A

B PEAR BT UL AT BB W IR, 8 W Se A " 0, S 3K
VR R R, DRI RE L B AR B 70% .
95
90 - ¢ c c
8s | —+
£ 80 b
J:% 75t
270t
a
65t
60
55— : : : :
50 60 70 80 90
VR EE (%)
Pl 4 OREHARTRGM B O BERBON VR I 2 (5

Fig.4 Effect of different ethyl alcohol concentration
on elution rate

2.2.2 VRERHNZR FEARFEEE T, SRAARFS% 70%

LB B S 9 D101 RALAIR, Wi vk
B, IR B RS B, 2l thZe, anisl s J

—~ 25 —=—1.0 mL/min
- /R o-2.0 mL/min
E /\ ——3.0 mL/min
220 7\
= A
oy
= L5 Y. Y4 N\
#=1.0r / \\\\\
S
= L //
=05
0.0 / I I \. L] \\\

0 20 40 60 80 100 120 140 160
VEBURAARRL (mL)

P 5 TR T FUR I vk i il 2k
Fig.5 Elution curve of the macroporous resin at
different flow rate

No BEAE VRN ARG, BB WAL 58, H 58 40k
e A A 00 2B RS 22, e e O (R TR e
i 2R W T 5 HL X FR, DRI 1 32 9% e A4 9 b6 o 3 oy
1.0 mL/min, YEERAAEL 100 mL,
2.3 RESCIZEUE

24 FIREESR, B5E D101 KA A2l b im 2 B
Bt S A28 PR S5 3.0 mg/L
F1 1.0 mL/min, A% pH S51ABY51E8 4.0 5 60 mL,
VEBRAART B S350 70% 5 100 mL, B
WL 1.0 mL/min. 7EIZBAELEALSAE T, il =2
A& = P ol 24.2% B R E 69.4%, 24
Peim T 2.87 4%, ARk AP SR D101 KALRAR
ali b B AR W, 4l 2 R ali AL T 2.05 £7%; 255 1)
K D101 KA AR LA BA S, 25 24 4l
AT 2.79 5, FHIRH D101 R FLI IS 2l Ak il 2= B
Bl T 25 T4 7 S
24 SRR RImEN/ER
2.4.1 -OH BIERMELE: -OH fb2APEnGik, nT5
1A PN Z B M MAR AR, 38U R AERR B AU . AR
Wit | R S 2R SR AE N RO, L Ve PEBA
PEXT R, 25 AN [R]HR B (A 2 S ) 5 gl bt
-OH 7EBRR A m, 251 ULE 6, MKl 6 Al UL, i 2=
TR A HE B S ali At OH 193 I RE 1 24 e 52
P8R 1 T R, L > e ) et e 4 )~ 00 i e e
(ICs5) 79 0.47 mg/mL Ik T2 ¥ (0.61 mg/mL), 3
BHZlAE T 256 A T4 e g R-OH RE ), (HAEAHIRIE
B HIERR-OH MIEFIRT Veo

100 | b 3
A d P
S ¢ — T %
% o0 o
bz b
o 40 e 4RI
o e LA
b c
200 ¢
a

0.2 0.4 0.6 0.8 1.0
¥ (mg/mL)

K6 NREYETX-OH BTk g
Fig.6 Scavenging ability of different substances
on hydroxyl radical

242 O, BRI O, - SikWiufb &4
BRILLE GBS I F= W) SR DNA, S H e #
Yiigo LA Ve VEBHPEXT B, 258 AN R BE (il 2= 25 1l
PR S AR O, T BRFRASEM, 45 R LI 7,
DNE 7 0] UL, PR I O, - T 5k E 1 A Bt e B
PO i T O, (R SliAb )11 1C, 18 (0.42 mg/mL)IK
THEBY 0.52 mg/mL, & B 4lifb 5 it == 2 7 X
O, IS IRAE 1 B8R, {0 3 103 B E R T4k
BE Vo
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Fig.7 Scavenging ability of different substances on superoxide
anion radical

2.5 mEstEEFEIER

2.5.1 JEFFERE /N RIF 24 S RemiHFEtEiz s),
FSIIA BEIPOR U =97 N Eik2E 7 AN FENiS) (L7 SR i 21 R 5= S S K ey
Bl 7, G5 ULER 1. AFR 1 nT I, 525 X REZE AR
b, $EEH 5 alifb 4 /)N BRI TCHFF RS [R] 43531 75 A S
1.2 min 1 2.4 min, B 3% 2257 (P<0.05, P<0.01),
FEHAR 2 B B T 2P L AGs shiE 57, i Kis )
A la], T2l fb g /) BRI TCAT- A (R fc PR B e 1, HLAF
Wi 2 22 5 (P<0.01), FRIARBLIAL T 2GR FHg&
DS BETR =4 v e, AE 2 T T A B X
REZH

x 1 AFEL/NRBIEHFRE (n=10)

Table 1 The climbing time in mice of different groups (n=10)
/N JEFTHS ] (min) SEHIHE A 1] (min)
235 i IR 12.7+0.85
ERep okl 17.5£0.92"# 4.8
PRI 13.6+1.05" 12
afifpe 14.7+0.95"* 2.4

e 525 P IR A, RN B E 225, P<0.05, TRR B 2 5,
P<0.01; 5B LE, *FR EM 2R, P<0.05, "RRIR B E XS,
P<0.01, F2~F3[H,

2.52 RN LA Y5 BUNWE LA BEVUARIZLE
sh)a, NIRFEEINRIR NS R 25T, s
WH R A B 77 o RN FLAR & ik ey, A BRI
pH EERRDE, T -B-B5 UL R, 7 AR 55
JRPA AT 2 gEIRAT I, 52 X FRZH AE L, $REEH
LalifbgH/ NI IMTE H LA SPEIHEE 53 5IREAIK 1.17.
2.43 mmol/L, B 3227 (P<0.05, P<0.01), H&fifk
ZH/ N LA SR 3R HNAH R F42491.26 mmol/L,
FUA W 2P E22 57 (P<0.05) , FRHALIAL S5 (g > i il 5
A FF A E RN LA 19 A s ol H A, (B
LA ¥REEAT T BH X e

BUN 1EMRIZNZsh )5, 38 H R 5 i =4,
A TIPIAUAR IR 57 RS . AFR 2 g5 R mT 40, 5
Z5 AT R LH AR 3R, PR EAH 5 gtk 20 /N BB I3
BUN g3k 243 IREAK 0.61. 1.34 mmol/L, =53 i
# (P<0.05, P<0.01), [AIAJ4lifb2H /N Y BUN ~F-13
W A PR HUAH R RE 2 0.73 mmol/L, 22 5 B 4811

435 Y (P<0.05), R4S A 2 BER B A A1) Tk
/DR BUN AOFR 22, (HH: BUN ¥R AT i+ BHPAEXT

#2 KRREI4/NEAY LA 5 BUN 3 (n=10)
Table 2 The contents of LA and BUN in mice of different
groups (n=10)

N LA (mmol/L) BUN(mmol/L)
25 X IR 13.15£1.04 8.37+0.45
PH: X FE A 9.82+0.727* 6.56+0.52"*
Fraie| 11.98+1.12° 7.76+0.59"
afifezd 10.72+0.93" 7.03+0.71"*

2.5.3 MDA #J¥ 5 SOD. GSH-Px &1 iz3hPEg
PO EELETRIZLE SR, RN A K E A
BB E E AL, IR I 2R g BT S A e 28 T, A
SR N8R R AL, 245 MDA, MDA ¥/ JE 5T
= P EH LU AR S A, (AR S SPTE
LR G Iz, I 3 af W, 525 [l FRLE AR, #2
Wt 5 alifb gl /N BR A IS o MDA Pk 5 435 (9%
1% 0.31. 0.74 mmol/L, A7 i 3 22 57 (P<0.05, P<
0.01), MizlifbzH/NEL MDA ik BEAC BRI T %
£ 0.43 mmol/L, FA4lfb 5 B9 = B BiAA Bl F s/
RPN AR, e S MDA 194E 1%, 185 FHPEXT REZH
AR, AT5RH 5w = o

SOD 5 GSH-Px &2 &EZ LA AL, Hrh SOD
AT SRR BT A H 3R A b s A e AR
FIER A, 1T GSH-Px A ¥ ad S| AL R e H e A Lt &
AL I K RIS, AT U2 A4 Y iR o it 48 Ak S
SCELBH W F A 3 09 1) AR IR R R PO, PR 3 1T
1, H25 Xt AR, $REEH /N SOD 5 GSH-
Px ¥ 345 MRS 22.27., 24.64 U/mL, B
P25 52 (P<0.05) ; i glifb 21/ B9 SOD 5 GSH-
Px 3G S 45 B4R 42.21. 54.45 U/mL, BA W B
EFMZER(P<0.01), FAALILE BUR 2 B R 5 A F)
HASRIA N SOD 5 GSH-Px 7& M, (H R4S LK T
BEA X HEAH

* 3 RFEL/NEA MDA ¥ il SOD. GSH-Px
P (n=10)
Table 3 MDA content and SOD, GSH-Px activity in mice of
different groups (n=10)

/IR MDA (mmol/L) SOD(U/mL) GSH-Px(U/mL)
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