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i E: BY FERAGIANEKNERFIRIPIEENEEE Epimedii Folium ¥EZ3LE5) (flavonoids extract from E. Folium,
FEE), BN 26 25 0 ) T R B8 e seie 2. F35% A 1,1- 2R3 -2- =3 28 (1,1-diphenyl-2-picrylhydrazyl, DPPH)
H I RS ) 585 TR R L AS /) (ferric reducing ability of plasma, FRAP) iR $6FR, ik FEE th BE AR
PERIGEY, FRUMOARF AN G, s T S EE 510 SH-SYSY ZUA 4k RS AR PC12 41 A 4005 21 2545
RS RL PP Al S 2 4n M Rt Ve, USRI Stk A SR L F#E v (middle cerebral artery occlusion, MCAO) K RS HY 1) £/
PUERA. R EEER. ERERE L £40F. M. B-BUKEEERE GRS DPPH A HILE kR AE I FET
LR (P<0.01); MEFEZR. SAMTERIN L TPT R EHH] SH-SYSY JUME LR, Ry SEE A5G 1) PC-12
YA, KIS TR (P<<0.01). JHTEEIK TG (P<<0.05. 0.01). SH-SYSY 40fap8 — &=/ (P<<0.01) HJf
B EALYIE LB KT TR (P<<0.05. 0.01); JREFER. S Metr. Wil 1 ar et B 1 T K UL e he o,
WHEDE. BRI (P<0.05. 0.01), EAMARIIEM. &t EFEHER. ST, MRS RISt
PLEM K2 RGPS, X MCAO KEREA R EH.
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Protective effect of flavonoids extract from Epimedii Flolium on cerebral
ischemia-reperfusion injury based on antioxidant activity

CHEN Ying" 2, LIU Qiu'-2, JI Chunyan'-2, LI Liang'-2, WANG Zhenzhong'-2, WANG Xin?, XIAO Wei'-2

1. National Key Laboratory on Technologies for Chinese Medicine Pharmaceutical Process Control and Intelligent Manufacture,
Lianyungang 222001, China

2. Jiangsu Kanion Pharmaceutical Co., Ltd., Lianyungang 222001, China

Abstract: Objective To screen effective compounds with antioxidant and neuroprotective activities of flavonoids extract from
Yinyanghuo (Epimedii Flolium, FEE) for laying the experimental foundation for the development of drugs with ischemic stroke.
Methods The study used 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging ability and ferric reducing ability of plasma
(FRAP) as indicators to screen compounds with high antioxidant activities from FEE. Based on the results, the oxidative stress model
induced by hydrogen peroxide in SH-SY5Y cells and oxygen-glucose deprivation model in PC-12 cells were established to evaluate
the neuroprotective activities. The acute middle cerebral artery occlusion (MCAQO) model was used to verify their protective effects
on rats. Results Antioxidant assay showed that icaritin, icariside I, hyperoside, quercitrin, 3-anhydroicaritin had high DPPH radical
scavenging ability and total antioxidant capacity (P <0.01). Evaluation of neuroprotective activity showed that icaritin, hyperoside and
quercitrin could significantly inhibit oxidative stress injury in SH-SYSY cells and improve oxygen-glucose deprivation in PC12 cells,
as demonstrated by increased cell viability (P < 0.01), decreased levels of reactive oxygen species (P < 0.05, 0.01), decreased

production of malondialdehyd (P < 0.01) and increased levels of superoxide dismutase (P < 0.05, 0.01) in SH-SYS5Y cells. Effects of
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cerebral ischemia-reperfusion showed that icaritin, hyperoside and quercitrin could improve the anti-oxidation ability of brain tissue,

regulate nerve function and reduce the area of cerebral infarction (P < 0.05, 0.01), showing a good neuroprotective effects. Conclusion

Icaritin, hyperoside and quercitrin had antioxidant and neuroprotective activities, exhibiting protective effects on rats with MCAO.

Key words: flavonoids extract from Epimedii Flolium; icaritin; hyperoside; quercitrin; antioxidant activity; neuroprotection; ischemic stroke
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R RN E B, BA R

SR (LB RERE A L ORI L B0 o o
Es o 141 11 o S L I 7 R PR IR R DR S Sl e
A, THEpTEEEEE, SCE TR, K
MAEIAR, BARITME RGRm L0416, FEE
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1.1 ¢mAEEk

N B SH-SYSY Zffukk. KEIER
YU fYRs PC-12 4030 B _E g iRt e 4 i 2
1.2 B

SD K 60 X, SPF 2%, Ik, 1AFiE 250~
320 g, HHTULAE (IR AEEARA RA AR,
SEEENYIVFATIES SCXK (F57) 2022-0006, &
FEAIES No.202400311. sh¥E 7% T-I11 55 FES 251 ik
WHRAFEIR 20~26 C. BE 40%~70%.
FR/EERE I HACY 12 h IDFREIAEE, TRFRIE A i
BRIRIK . A TN LI A 75 B2 2491 SL 8 3
YIMeEEZE okl (bHES 2023122211).
1.3 H@m5ERF

SRR (IS 1128F021, JFiE4r%1 98.0%)
WWHILEZEERBFARAR; #EE Al (its
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P10J11F118161, JiE4r 41 99.5%) #i%E & B (it
P19A11F121806, Fi&4r4199.8%). i & C (it
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VII (45 P06J9S63029, JFi /4L 99.9% ) #idE H
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5 YA0903SA13, JiEsr4 98.0%) W HFGRN
AR AR AT FEEER3-O-RERT (s
wkq21090602, Jii #4351 95.0%) T H AR L\ A&
MIBHA R AR KIGEFEET A (5 67603,
i34 99.27%) 1 H 3% [ MedChemexpress “E4)
BHE AR DPPH H HHEEE B AR IR & (it
520210910 W B REFE R S fbie
(ferric reducing ability of plasma, FRAP) A illis{7l]
& (45 20211008 HEAYEALES (superoxide
dismutase, SOD) k7l & (k5 20220206). A &
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W) 1 P A AR ) AR TP s i I A AR
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2360320). Ham's F-12 357#% (Jit'5 2553719x).
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1640 15953 ('S 8122606). RPMI 1640 /25 % i
BERE IR IE (Hb S 2458379). JRA-IME (S
2377222RP) I F 3£ [H Gibco A F]; TTC ek} (it
5 T8877) WHEE Sigma Aw: &7 50 [T
SECXA, #E MHEZEMHIES (2020) MEZ5IEF 06
5] W EZEE Vibac AF]; HRFENE (S
20210102, JFiE4r% 99.8%) T H KD FERFERL
FE G, T A EE GIES 110862-202213, Ji &35
99.6%) ) [ H [ £ vl 24 et A A TR
1.4 4=5

3111 M S AiE 7248 (32 Thermo Fisher
Scientific A 7] ); CB150 =S 5744 ({#[X BINDER
/> ); Flexstation 3 7 2 ThgEEFAR X (3£ [E Molecular
Devices A 7 ); S1003S101 % 7 K °F (Hit
METTLER TOLEOM ] ); ACX-SC-DA HZ)¥fk

HIR (REENBFREAFD.,
2 HiE
2.1 ImEMiHE
2.1.1 DPPH H HZIHEFREE IR F2 R 15 B 5RO ]
DPPH TAEM S RE S, WETH. XL FEE %4k
G2 FEE SAL G PIRIRA . 2= NN 10 L 75
Tk, SRR 10 pL AFERRFELEER C brdEs
Wi, FEE SAL G041 1 FEE Ak &A%t FRZHE 73 il s
J1 10 WL FEE H11) 23 B &K (50 pmol/L) . B
FEE XI/&ZH4, #FLInA 190 uLDPPH TAE#%, FEE
STHRZE NN 190 uL oK O ViR %, BRIRSET
37 CHEE 30 min, T 515 nm AJEBCE (4D 1H.
2.1.2 FRAP fuill  4ZMUHRCH] FRAP TARRA
gL, B A SR FEE S$ALae, 2 adhn
NS uL ZEBK, SR 5 L RIFIREE FeSO4 brik
W, FEE SAUEWIZ 3 5NN 5 L FEE A1) 23 Fiik
B (50 pmol/L),  FE AN 180 uL FRAP TAF
W, 137 CH¥E 3~5min, T 593 nm AIE A &
2.2 (REMEBIRIPIEM TR
221 ZHMREFE ANAREBEAH MR SH-SYSY 41 fatk
FIRT NEIRE I, HES, AR5 IE
WA ICARL, B2 N T A RGP KR
AT 23R L) 5 T s 707, RS 10% 064
ME 1% MEM FE0 TR BRI 1% RN
1% GlutaMAXTM-1 #0551 f 1% 5 2/ 55 5 7R
A MEM/F12 15983, T 37 C. 5% CO, 3
1 rh 1% 9% SH-SYSY 4.

K B EHS 4T IR PC-12 20 L 46 20 BRI 22 T
fE, HeAEFIThEEIR 5 IEH AL oL, R
BRI T o 2w AR ) 2 RN 254 AL 5 TR
WEFEIST, SRS 10%06 4 35 1 1% 5 R /A5
FRIRATN 1640 Kr32%E, T 37 C. 5% CO, M35
HEE 9% PC-12 4.
2.2.2 MERL, 552

(1) SH-SYSY 4 S 4k RS i A . By
BRI, L 4X 104 AN/ALEER T 96 LA
7% 24h, KAWL A REA REHY)D . EFE
% (5. 10, 25 umol/L) 4. EFEE IR 1 (5. 10,
25 umol/L) ZH. E22pkiF (25. 50, 100 umol/L)
M. MR (25, 50 100 umol/L) ZH K B-fii /K
FFEFK (25, 500 100 pmol/L) 41, F&xFHELL AL,
HAFLIIA 400 umol/L H,0, & 1 h #57 SH-
SYSY ZHASA AL RO A, TR IR,
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(2) PC-12 #Hip 4 b F S iy . BOHE
KIHAGEM, DL 8 X 103 /AL T 96 FLERIE TR 24 h,
THERE RIS 2 I, BT = A7 TR 6h,
FF 3G, MNIEH B3R FL 4k 45537 24 h #07 PC-
12 2 it SR ) S A A A TR 5 4 B o ot R 2L (A
EHWD. HAEER 25umol/L) 4. FEAEEIRFE 1
(25 umol/L) #1. & #2#ktF (25 umol/L) #H. #it ik
H (25 pmolVL) A K B-li/KiEFEZER (25 pmol/L)
M, FEIETER, SAMBIMAM 2P0 E 24 h.
2.2.3 MTT ERAMAAESRE % “2.227 TR J7
%, A ESN, i, 0.5 mg/mL MTT ¥
H 4h, %L, A\ DMSO #RH M, T 490 nm
AP 5E A 1H
2.2.4 DCFH-DA 7% J6HRE 120 a2 4 Mo P 3% P 41
(reactive oxygen species, ROS) /K% “2.2.2”7 Ii
TV, AR E 45, LB 1S, DL 10 pmol/L
DCFH-DA ZOGHREF kL REC I B 30 min, BRI
JfL DA 7 53 LB A HE N0 B N ) Gkl o A 488 nm I8
R 525 nm RGBT I % 20 40 A .
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BRI, 73 B 705 B e Ar MBS . S4h . A Bl
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AL, BRID 2 h J5 K ZESH DGR A SEI K
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B ig 45 T 5 5%58 1L EE-80 WK -
232 MEATHFVES GG 24, 48, 72h, 7
BXTSIAT R FEIEAT VR 5, BRIBETFRASE, T
=1 SrRIENYIRIERE ST, SRR DK B R Vi
K, BARBRME WL 11290,

#& 1 Bederson iF 3R
Table 1 Bederson scoring criteria
o i
T Z AR
PNEERES S SN N A B O i 5D
KEETOUEFE L, AT HEREZEMX S 5,
AT A
3 SN AT A I ) AT T O0) {65 53] 2
4 FERR, JBARTE HRIES)

M~o§
imi3

2.3.3 fEH IR (TTC) K& SRR K
KSR GERRRIIE N 84%, H iR T 28mkd
FHT 1, AR W EASET 2 L, TR
SMEFHEA 1 RERRRID, BAHRE 3 R
VAT I A AR Bk, X AR BT %
IRAE, DR, RN L AU R B AR S S 51U
2mm #F, BT 2% TTC % (PBS i) i,
T 37 CHOLHFE 20 min. B4 )5 1Y) %7
. A, DL Image Pro P4 Ab 38 85 A v S5 i A
FEE,  LIMEAE A ZRTH AR A AR 9 B 43 b O iR
U, THES S I A

) 28 = (W5 4L B 2 — V3 7 £ 5 2% ) /A T 4 A
2.3.4 WNAHAZUVEARTERRI  RRAEE 3 R, %@
SRS PR, BRI A A T )
TINTIAA A B AR K ) R ZH 2R 5007, 42 FRAR ) i
453347 SOD. MDA 7KF-46 o
24 GitESMm

% il Graphpad Prism 8.0.2 gt i3 443347 40 ¥ Ak
H, Bl A X £S FRoR, AR BRI R T £
3T, WA Geit 2 S LR ¢ BB T 404
3 #R
3.1 FEE IS WEMSERM

K DPPH H HA:ERRE )5 FRAP N R
FREGI 23 F FEE (LA 50 umol/L 3% T LA
g, SRER, BEER. BEERTL &2
B MR . KR EE R A AR =R DPPH
H HEEERRAE /IR FRAP, RWIX 5 ik & B
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B R AN AT . 258 5 Bk &
P AT RS, FHHSRE 6 MR
(15.625~500.000 umol/L) BEATHEMI, Z5HREIR, §
Ttk &1 DPPH H HHFEIE FR e /1 F1 FRAP BA K
FEARSME (B 1-AL B).

3.2 FEE #H&4RIFEE T

321 XF SH-SYSY ZHAA bR s N
HEBR 5 FLE 9 B S EEX SH-SYSY 4= 2E 3045,
ATV T SH-SYSY iS5 5 Fiib 59005 E 24 h
Ja HIZBME 11K otk 2-A s, 0~25 pmol/L ¥
FRER. EEEWH T & 0~100 pmol/L 422 Bk
Wi EF S B LK 238 2O SH-SYSY 4lifieiG /1 e
Wi, 3% IR PG FE P 4k & 0t SH-SYSY 4l
T REMEAEH . iEBUEFEAE 5. 10, 25 pmol/L
R BRI 15 25, 50, 100 umol/L 4
2R M B-K IR R RN I B B IR AR
5 E 23 h, 70400 pmol/L HoO, 4K4E0% & 1 he 1
Kl 2 fr, 5FEAE, H0: 755 SH-SYSY
YHHTE /7 B K (P<<0.01) J ROS /K FEZET+
 (P<<0.01); MEFFEER. bk ae
i L EIH] H,0, % S 10 SH-SYSY 20 03E /1 P44
(P<<0.05.0.01) 2 ROS 7K~F T+ (P<0.05.0.01),
FEEYH A SOD /KF (P<<0.05. 0.01), #iI%] MDA
T (P<0.01), HAEEE &4 MDA KTEE
PRfk#adh . IROREFER. SR FaE

0] Hy00 %51 SH-SYSY 40 AL Rk T, 42

A

R |
- LB
- W
- AR
100
S g0
&
£ 60
#
Z 401
£
E 204
[a]

T T T T T T
15.625 31.250 62.500 125.000 250.000 500.000
R PE/(umol - L)

A PUEE A ERETE, RD IR A, R g
S S A 1 LA IR 5 () DR AP A
3.2.2  XPC-12 JHPfIsepEBR A S 52 25 pmol/L
FEFFER. BBV I &2 W -t
IKIRERE ZAE T4 24 h, BF 70 HH 240 o S
PESEIGIE « Wil 3 s, MBUEEA 6 h 1,
PC-12 AR N (60.85+3.52) %, ROS /K
H(158.29+6.92) %, 5 ALK AR B EMEZE
5 (P<0.01), R IG™E; MmELE
. G2 M AT B A SR S 3
PC-12 ZHfuifs, RICAAMMIE /175 (P<0.01) X
ROS /KA (P<<0.05, 0.01), Frf p-ii /K 2 2
R EFEM PC-12 41 ROS KF (P<
0.05). PERTEFE R &M H Ml 4l
] BopE B S S0 PC-12 iy, X HEAR
B 2 B R B T
3.3 FEE #ANERIIFEF AR BTEMN
3.3.1 XF MCAO KEARLAT A2 A it A 3E i
SRR bR SRR T I R B H Rk R
HHIME YR, REmBEEERE. AR TE
B9 )G ) 24, 48, 72 h M8 Bederson ¥E5 Fr
HEXT 2GS (PR AT N D Re B AT VP, B 4-
A FiR, BFERASNYIARG & B8] ST N
Woar¥h o, BAASMES EE A (P<
0.0, 17 FfT I & KAAHATHE, T3
PIEAT T VR AN FIFE B AR, RN R,
B - EEEE
YL HIAT 1
- G

- WA
— MK R

FRAP

_‘_____‘_____—-A
0 ) L T L 1 L]
15625 31250 62.500 125.000 250.000 500.000
WP /(umol- L)

A-5 it FEE FE AN AR T AT DPPH H di 255 R AGI; B-5 A FEE fEAN VK EE T (K] FRAP 4531
A-DPPH radical scavenging ability of five kinds of FEE in different concentrations; B-FRAP of five kinds of FEE in different concentrations.

1 FEEHREWEM (X£s5,n=3)
Fig. 1 Antioxidant activity of FEE (X £ s, n=23)
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jeasl *ok
2
2 50
g
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AR (umol LY VEEREUCH W(umol- L) 422 (umol- L) A (umol L) /KIS 29/(umol- L)
C
250~
200+
S
Z 150
3-% 1004
[72]
2 50-
0-
TH R 5 10 25 5 10 25 5 10 25 5 10 25 5 10 25
EEERERY (umol L) VEEREUCE V(umol- L) 22 (umol L) R (umol L) B/ KIS 29/(umol - L)
D E
30 15 sk
~ Hit =
T # # |
‘?ED 20 o %D 10
10 < 5
2 <
[a)
=

B BEER EEE Lk B pRKEEER
WH 1T

A-5 fit FEE %] SH-SY5Y 4UFIREIERE R ; B-5 F FEE X SH-SYSY ZH S0 RS AR % I iI5EA;  C-5 Ff FEE X SH-SYSY 4ii S LR
WO E MUK PRSI D-5 Fh FEE X SH-SYSY AU 6 RS SOD /KPS ; E-5 Fit FEE Xf SH-SYSY Zlifiil S fL ROHEE 2 MDA 7K
RIS, SEAGEE: "P<0.05 "P<0.01; SHBALLE: P<0.05 #P<0.01, FEF.

A-toxic effects of five kinds of FEE in SH-SY5Y cells; B-effects of five kinds of FEE on cell viability in oxidative stress model of SH-SY5Y cells; C-
effects of five kinds of FEE on reactive oxygen species in oxidative stress model of SH-SY5Y cells; D-effects of five kinds of FEE on SOD levels in
oxidative stress model of SH-SYSY cells; E-effects of five kinds of FEE on MDA levels in oxidative stress model of SH-SYSY cells, P < 0.05 “P<

0.01 vs control group; *P<0.05 #P<0.01 vs model group, same as below figures.

2 FEE X SH-SY5Y @SN RHMBGRIPIER (X£s5,n=3)
Fig. 2 Protective effects of FEE on oxidative stress damage in SH-SYSY cells (X £ s,n=3)

T 0 T
FEOBE EEER ELE S WEE p-RKEEER ZEH
WH 1
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1201 -

180 - )

1004 = -
= i 150 ## ## »
E 804 ## ## ## 1:{:— 120-
= —
% 60 é 90-
= 40 % 60-

20- = 304

0 T T
THOOBE O REER EEE S0 WMEE pIUKEFER THOOEE BFEER E‘;iﬁ? LR W pBUKEFER
# RH 1

WHE 1

A-5 it FEE 5 PC-12 43 U0 3 B3 BOAL AN 3% 31540 ; - B-5 i FEE X PC-12 41 il 52008 1 B ARAY ROS 7KK o
A-effects of five kinds of FEE on cell viability in oxygen-glucose deprivation model of PC-12 cells; B-effects of five kinds of FEE on ROS in oxygen-

glucose deprivation model of PC-12 cells.
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Fig. 3 Protective effects of FEE on oxygen-glucose deprivation-induced damage in PC-12 cells (X £ s, n =3)
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A-effects of FEE on neuro-behavioral function in MCAO rats; B-effects of FEE on cerebral infarction rate in MCAO rats, "P < 0.05

group; P <0.05 *P<0.01 vs model group, same as below figures.
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Fig. 4 Effects of FEE on neurobehavioral sciences and cerebral infarction rate in MCAO rats (X £ s, n=15)
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Fig.5 Effects of FEE on contents of GSH (A), SOD (B), MDA (C) in MCAO rats (X £ s,n=3)
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