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Radical Scavenging Effect and Neuroprotective Activity from
Oxidative Stress of Engelhardtia chrysolepis Leaf
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Abstract — In this study, the radical scavenging activity and protective effect of ethanol extract from leaf of Engelhardtia chrys-
olepis HANCE (ECE) against oxidative stress were investigated under in vitro and cellular system. ECE showed strong radical
scavenging activities in 1,1-diphenyl-2-picrylhydrazyl, hydroxyl(-OH) and nitric oxide(NO) radical as a concentration-depen-
dent manner. Particularly, strong scavenging activity against the -OH and NO radical were observed with the IC;, value of 1.30
pg/ml and 12.61 pg/ml, respectively. Furthermore, the cellular oxidative stress was induced by amyloid beta(Af,; 55) in C6 glial
cells. The treatment of Af,; ;5 to C6 glial cells generated high levels of reactive oxygen species(ROS) and declined cell viability.
However, production of ROS was decreased by the treatment of ECE. In addition, the cell viability was significantly increased
at each concentration(10, 25, 50 ng/ml) as dose-dependent manner. The Alzheimer’s disease-related protein expressions in
AB,s.s5-treated C6 glial cells were analyzed. The ECE treatment inhibited expression of amyloid precursor protein(APP), C-
terminal fragment-B(CTF-B), B-site APP cleaving enzyme(BACE), phosphorylated tau(p-tau) proteins in C6 glial cells induced
by AB,s3s. The present study indicated that ECE has strong radical scavenging activity and neuroprotective effect through atten-
uating oxidative stress.
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Engelhardtia chrysolepis HANCE= 7RIUSFo)| 4381=
HER T G ool Al EasiaL 9len, 1
de &g 2 A5 g3 /R sy It F
2 2] P2 385 A3 Y= E chrysolepis®] Hol=
dihydroflavonol?] taxifolin®} =2 BJGA|Q] astilbin, 2] 3L ©]
2379 isoastilbin, neoastilbin 5] g0} glom #1 o]
28+ E. chrysolepis®l] T d aAks) 720 ek gE 3
aldose reductase®} sorbitol A4 A A o] WE
Ao}, AAA L] sbehd ~Ed 2o Uit e g3fe}
271l gk A= ob msdk Aot mebA, &
AN M= E. chrysolepis? Ethanol(EtOH) F+E22] free
radical 224 %53 C6 glial cell2 ©]-&3}%] Amyloid beta
(ABys39)E F=H 28} 2Eg 2ol thel 7|d 232 4
E515
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ASKE FE -2 AZZ AR E chrysolepisSl-S-
Maruzen Pharmaceuticals Co., Ltd.(Hirosima, Japan)2] Dr.
Nobuaki Ohto®} Kr. Tatsuya Nakaharaol] <]sf] 7 X743}
3, 30% EtOH FZE(°]3IECER %3S A 23 A&
Maruzen Pharmaceuticals Co., Ltd.9|A] A|&o} dimethyl
sulfoxide(DMSO)°l =51 Aol A3kl

MZ &5 % A} — 2ol 283 C6 glial celke 3
A EF 23 (KCLB, Seoul, Korea)lA] £ Hlo} AR-319]
ok Al E B S $13F 10%2] fetal bovine serum(FBS)3}
100 units/ml penicillin streptomycin, Trypsin EDTA 8]
712 Dulbecco’s modified eagle medium(DMEM) HIX|=
Welgene(Daegu, Korea)oll A +9)ate] ARE-a1 4L, 4ksh4
ZEHEE FUal7] Sl ARSSE AB,s 52t 3-(4,5-Dimethy-
Ithiazol-2-y1)-2,5-Diphenyltetrazolium Bromide(MTT), DMSO
9 dichlorofluorescin diacetate(DCF-DA)+= Sigma Chemical
Co.(St Louis, MO, USA)°lA +4 3ttt Western blot
analysis®] AF&¥ RIPA buffer, 30% acrylamide bis
solution, pre-stained protein size marker, pico EPD western
reagent kit~ Elpis Biotech.(Dagjeon, Korea), protease
inhibitor cocktail 1= Calbino chem.(Novabicochem, La
Jolla CA), protein sample buffer+= Sigma Chemical Co.(St
Louis, MO, USA), polyvinylidene fluoride(PVDF) membrane
2 Millipore(Billerica, MA, USA)IA  Fuj &} o,
primary antibody 2} secondary antibody<= Sigma Chemical
Co.(St Louis, MO, USA), Cell Signaling Technology
(Beverly, MA, USA)$} Santa Cruz Biotechnology(Santa
Cruz, MA, USA)IA <48t ARg-sISiT

1,1-diphenyl-2-picrylnydrazyl(DPPH) 27H& &3 -
EtOHel 91 7} x5 A8 100 pl2} 60 yM DPPH &Y
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2} 10mM FeSO,H,0-EDTA®| 10 mM<] 2-deoxyribose
solutions} %= ¥ A|E8NS &S ok, 10mMe] H,0,
£ F7ksled 37°CollA 4x7 wieFesiltt. o] Edtliel 2.8%
trichloroacetic acid®} 1.0% thiobarbituric acid solutionS Z}
7} A 7vste] 2047} boilinggt § coolingdte] 490 nmell 4]
FBF=E Sk

Nitric Oxide(NO) £ £A - 10 mM sodiumnitrop-
russide solution®] methanoll] =<1 Z} =2 A|&5 Y&
T A2A 15027 H-SAIZTE ©] B TGN griess
reagent?} 5 HFOZ 96-well plateol] o] Ao 30&7F
HiFEE F 540 nmollA S8 E SA sk NO9| #8124
S 18It As) B4 sampled] H7FF9l FHVE
o] FEE 7HAEE YERAIT

M= HigF —C6 glial cell> 100 units/ml penicillin-
streptomycin 10% FBSE %7}t DMEM BIA| & A-8-3}
& 37°C, 5% CO, incubatoroll A BI3FATE. vl H AlZ
© 120l A kel S wpto] AL A2 B3t &
o] =E3192 ul phosphate buffered saline(PBS)Z A|3Z
£ AlE 3 F Trypsin-EDTA £ 2 mlZ 28 A
£ Zaste] 1,000 rpm, 327 AR E AEE B F
HiRel] WAL ZAR FAAA AlHElF $ ARE-SFIT

Cell Viability — | 227} confluence “3El 7} S™ 96-well
platecl] 5x10* cell/well= seedingdled 37°CollA] 44]7F H<t
wjksted M7 F-2EE ECEE ZF 5=(10, 25, 50 pg/
ml)E A ste] 241 7F Wi 5 AR, 5525 ptM)E A2l 3t
of 2417k ulFatATE. 2441 7F v SF Foll, ZF well®] wiA]
£ AASL 5 mg/mle] MTTE 200 ¥ F7sle] 37°Cel)
Al AXZE FRF AR ST 4A7F & MTTE Al A8k
A3 formazan A4S Wo] e Fejolx] DMSO°|
=9 540 nmellY FFEE ST

Reactive Oxygen Species(ROS) & - AlZ7} confl-
uence )71 =W 96-well platec]l 5x10° cell/well2 seeding
skod 37°Coll A 4X7F &<t v skt Al 27F F-2hEd
ECEZ 7} %10, 25, 50 ug/ml)z *g]sle] 2417} vl st
T ABys35(25 uM)yE Al ste] 2447 wi sttt 24417
- 20 uM©] DCF-DAE-H-E 7} wellell =3t 37°CollA]
308 7F Aui et & FLUOstar OPTIMA(BMG lavtech,
Ortenberg, Germany)S ©]-8-31] excitation 480 nm, emission
535 nm= 783 Aeh>

Western Blotofl 2|§F THEE WUd £H - AIRE 10%

TC

E+= 13% sodium dodecyl sulphate-polyacrylamide gel
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(SDS-PAGE)S ©]-&-3}4 80 VoA A 7] & (Power Pac
300. Bio-Rad. CA, USA) &ttt 217195 § SDS-PAGE
£ PVDF membrane®l] F-2tate] 2417k 59F 100 Vol A
transferstA ). 2417 & 5% skim milkS ©]-&-3le] 147+
blocking %1 ¥, blocking®l PVDF membrane PBS-TZ
33] A3} A28 membraneS primary antibody=S 3]
A5k g-Mof] Wil 4°ColA] overnight RESAIZ] §, F-215]
] Q& primary antibodyS PBS-TZ %3+ ¥, secondary
antibodyE 3415k &l 1417+ Wh-SAIZTh ¥ES- 5 PBS-
T= 10827+ 33] Al¥se] F-21=]2] %2 secondary antibody
£ A|A3}3L enhanced chemiluminescence S48 78] wt
32A1#A Davinch-Chemi' V(Davinch-K, Seoul, Korea)elA]
ul g #ed it &g Western blot band ©]7]A]
+ Image J software (NIH, Bethesda, MD)E A}-£-3}<
normalol] gt Jth4 densitys 57835t
SHRM - g2 AE2RE 4L A8 A9ES 3
THEFHAE YERI, thawat A3 AF A=
ANOVA(analysis of variance)E -$+ -+ Duncan’s multiple
range tests ©|-&3t F-olFF 0.05004 Fo8S AS3S
ATt
25y o
DPPH radical 271 &2 — DPPH radical 2275 3792
2 W radicals 7HA AL e Bebd o] shghEo] dxjut
TAE ol BV o2 QPgs BAIE S Eofof up
2} el x] galEo] 7he 92]E o] &3 otk v
WA ZhSPAXE o R =4 Thsalr] wie] thekst
AALAZHE kst 248 Ast=d g ol &5+
Wy F9] shbelt). ECEQ] DPPH radical 2752 5%
HE AHE Aye Table [ 2o, FLolEFog ¢
T3 2A%E HA, HYFE 25 pg/ml oPFeIAE 80%

Table I. DPPH radical scavenging activity of ECE
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‘OH radical 271 &2 — A WellA 2As= ROS F
of| A A3}z &kl 71 ZAJo] 738k -OH radicalS WHS
Aol wl-¢- =of XE 4ks} DNA &4 2 Eddo|E #&
alo] thget Agte] uhgo) #edsitt?® ECES] -OH radical
27%5S AR A3(Table ), 5= o407 =& 4
Aeg BAoH, 10 pg/mlo] W FEAAME 70% o]
-OH radical 227152 YERNATE 25 pg/mlollA= ascorbic
acidBt} =& AL B0, -OH radical 24 &3S
IC, 2 A E A3 130 pg/mlZ 53 radical 275S
71 Aoz FE Atk Xin 579 Ao w2W E
chrysolepis31 2 ZH-E] ¥-2]g flavanonol glycosides A3+
o] &3} peroxyl radical ¥ -OH radical 2H 52 =73
A gk ksl S-S AL AL A A e,
B Ao YERY radical 2455 E. chrysolepisol 3
¥ flavonoid “g¥to] kst 25 3 Zlo = o ddT).

NO &7 &3} —-NO= 0, ¢} vhgato] t whgAdo] =5
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Table II. -OH radical scavenging activity of ECE

Scavenging activity (%)

Treatment Ascorbic acid
(ng/m) ECE (positive control)

5 61.31+0.09' 65.29+0.31"
10 75.4740.21" 78.04+0.17°
25 85.53+0.23° 81.85+0.28°
50 87.66+0.21° 81.99+0.11¢
100 89.06+0.10° 70.67+0.188

IC,, (ug/ml) 1.30£0.00 5.59+0.05

Values are meantSD. “Means with the different letters are
significantly different (P<0.05) by Duncan’s multiple range
test. ECE; Engelhardtia chrysolepis leaf EtOH extract

Table III. NO scavenging activity of ECE

Scavenging activity (%)

Treatment - -
(g/mi ECE (posive comto

5 25.88+0.65" 94.32+1.25

10 49.01+0.97° 97.41+0.67°

25 84.50+0.89" 98.4620.36°

50 90.98+0.85° 97.84+0.52°

100 92.2240.69™ 97.66+0.22°

IC,, (ug/ml) 11.30+0.10 5.59+0.05

Values are mean=SD. “"Means with the different letters among
same concentrations are significantly different (P<0.05) by
Duncan’s multiple range test. ECE; Engelhardtia chrysolepis
leaf EtOH extract

Scavenging activity (%)

Treatment - -
(g/mi) ECE rosive contro

5 44.99+1.33° 30.91+1.89¢

10 47.9240.26° 37.31+1.78"

25 53.46+1.35° 54.24+0.23°

50 59.69+0.45" 59.67+1.46°

100 68.13+0.96" 67.44+1.11°

ICso (ug/ml) 12.61+0.31 23.66+0.18

Values are meantSD. “*Means with the different letters among
same concentrations are significantly different (P<0.05) by
Duncan’s multiple range test. ECE; Engelhardtia chrysolepis
leaf EtOH extract
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Fig. 1. Effect of ECE on level of ROS in C6 glial cells
treated with AP,;55 (A) Time course of change in intensity of
ROS fluorescence with ECE. (B) The production of ROS
treated with ECE. Values are meantSD. ““Means with the dif-
ferent letters among same concentrations are significantly dif-
ferent (P<0.05) by Duncan’s multiple range test. ECE;
Engelhardtia chrysolepis leaf EtOH extract.
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E. chrysolepis2°] AP, 28 ROSAAON thal] o4 &
7} e Ao g AlsEtiFig. 1B).
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Fig. 2. Effect of ECE on viability of C6 glial cells treated
with AB,s;s.-Values are meantSD. “*Means with the different
letters among same concentrations are significantly different
(P<0.05) by Duncan’s multiple range test. ECE; Engelhardtia
chrysolepis leaf EtOH extract.
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Fig. 3. Effect of ECE on APP, CTF-B and BACE expression
in C6 glial cells treated with Ap,; ;5. Values are meantSD.
"“Means with the different letters among same concentrations
are significantly different (P<0.05) by Duncan’s multiple range
test. ECE; Engelhardtia chrysolepis leaf EtOH extract
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Fig. 4. Effect of ECE on p-tau expression in C6 glial cells
treated with AP,s;5. Values are mean+SD. “Means with the
different letters among same concentrations are significantly
different (P<0.05) by Duncan’s multiple range test. ECE;
Engelhardtia chrysolepis leaf EtOH extract.
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Fig. 5. Effect of ECE on BDNF expression in C6 glial cells
treated with AB,s,; Values are meantSD. ““Means with the
different letters among same concentrations are significantly
different (P<0.05) by Duncan’s multiple range test. ECE;
Engelhardtia chrysolepis leaf EtOH extract.
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