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Abstract

Lonicera japonica are commonly used in herbal medicine for the antipyretic, detoxicant and anti-inflammatory actions.
In this study, the in vitro antioxidant activity and neuronal protective effects of the ethyl acetate fraction of L.
Jjaponica (EFLJ) on H;O,-induced hippocampal HT22 and human neuroblastoma MC-IXC cells were evaluated.
The 40% ethanolic extracts of L. japonica showed higher total phenolic and flavonoid contents than those of other
ethanolic extracts. EFLJ showed higher 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) and
1,1-dphenyl-2-picrihydrazyl (DPPH) radical scavenging activities than those of other fractions. EFLJ exhibited
significant antioxidant activity, as determined by ferric reducing/antioxidant power (FRAP) assay, and showed inhibitory
effects on malondialdehyde (MDA) production. EFLJ inhibited acetylcholinesterase (AChE) activity. In addition,
EFLJ inhibited the production of reactive oxygen species and increased cell viability in HO,-induced HT22 and
MC-IXC cells, as determined by 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) and 2°,7’-
dichlorofluorescein diacetate (DCF-DA) assays. The main phenolic compounds in EFLJ identified by ultra-high
performance liquid chromatography-quadrupole time of flight/mass spectrometry (UPLC-QTOF/MS) were chlorogenic
acid, quercetin pentoside, luteolin-7-glucoside, 3,4-dicaffeoylquinic acid, 1,3-dicaffeoylquinic acid and 1,4-
dicaffeoylquinic acid. These results suggested that EFLJ includes various compounds with considerable antioxidant
activity and neuronal protective effects against oxidative stress-induced cellular cytotoxicity. Therefore, EFLJ is
a valuable functional food material for the prevention and improvement of neurodegenerative disorders.

Keywords : Lonicera japonica, antioxidant activity, neuroprotective effect, hippocampal HT22 cells, neuroblastoma
MC-IXC cells
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A Skt of2] 7HA] ESS frdoh, 11 8 el
G/JAEAZF(reactive oxygen species, ROS)2 A|ELO] n|EE
EejotoflA 4k ARESto] oUAE AT o, Atst 2H
oA LAYsH= FAREO|tHPham-Huy 5, 2008). ©]=
Az A gkl AT 9 i 7150 {olgt ankE YEA|
gk, 71 9kgo] ol A, AlE 715 2 E A &
Qe Rfet Alsly AEFAR A2ty dEA Qo
(Sen 5, 2010). ROS+ superoxide radical, hydroxyl radical,
singlet oxygen ¥ H,0, 59 A5} AEFHAE AJAsI]
Alzut goff, Tl Zof, A9 4Fs} DNA ¥ A 5 A
A W Az A ol AYAIXITHBehl2} Moosmann,
2002).

Y RAL2 #2 Aba AH[F ] BR20F A4S
2 o] Sl ol e 20| HlgiA] Addjdos
< AL o] 713 7HAH, ARk AEF Ao YIS
HFSSh= £4]o|th(Choi -5, 2012). AW B/d4itaFo] B
SHA A/3E 7%, H2] DNA, 2 A8, 9 chl gz 20 7
o BRI} WS- ShH, ol= AW o E Ajarutol x| Ipik
3t 4o7|= AR OE ojojA] Ay EAte] wi-e- m}]
Aog Agslo] F8 ¥ AFAEY &S P OXITH(Niki
> 1993). o[t AlSHd AEFH A= O] 7154 aedo
Ao, =27l wkg, 7199 A4, 99 9 A3 7150 =AIE
do7|H, ol M|EAM(apoptosis) B A|ZI|Anecrosis)E
FEsto] 3520=% AD 9 HEFS AT A7 HPAY
A% 52 dovl= A& IEA SITtHLimt Kim, 2007;
Reiter, 1995). o]=]gt B4 LS 7iAdshr] Qs o
B AFEA o, HEA9] B &4o] HH 759 I
o o], AA JNdE & oJoFEE 11 A5 oo} H&
& 59 =20 A diFHIL et wEbA HEA A 9] A
oM AEH AL 3 tARE AdliAe A TR A
Aot A37F Sasith

ojgfgt ARt AEHAE AN FEHAlE T
GFAESIA|Ql butylated hydroxyanisole(BHA), butylated hy-
droxytoluene(BHT)o| FA1/d7} &2 st o= Qlsf g
2] ARSRAIEL, o AR A, vt 74 5 o
Z/gof| =1o] Qlof, 518 i AFolut ARg=el dAs] +f
A=A AH(Yoon 5, 2013). WERA, FHSHA 2352t A
FH HAEEFE Aol kst izt o] 2 B8
ol-&sh= A7t Eds] P Il ItHCho -5, 2008). ©]°]
w2}, FAkSE aatet P SR B AlA o] Thet A
M AEHAE ADAAE 5= U= A A HH
Z8Ao] diFEaL Stk

23K Lonicera japonica)e= FOMAoF AlFEo =, Qs
THCaprifoliaceae)o]| &dl= ASHZ(L. japonica)S] 522
2] T 9 07] AIRRE 202 2 oFF ol 7] Ao

AFEcKShin 5, 2012). F28k= Pt &3}, AEEdt &
o] HuE|W glom, 1 9o 7 &4, 87| T, Tue|d
9 4 g4 59 7R g3t 5of o]27171A] thefet ok
o A% A7} A= IthBae 5, 2005; Kim 5, 2011;
Yu 5, 2017). TRt A77F R AZONE ] AFAE
HS gulel st QA d7e vlEst AFolrt. et
Al & Aol Al 32819 ethyl acetate &3 E-8510]
GAksE 2 Wriel o e =Y Bl oA g, IAIskea
2RE R X AFAE APl gt BS a9 52
glRlsto], AIZAZS] AbEe| ool WA= Bl HHgt
9 ot & JRAE 3t 763 AE AAEAC] EE 71
< WlelaAt A4 ot

Mz Y Y

Naxs Y 22

2 Ago] ARERE F28k= 20199 AT A 57t
oflA AuiE R LUt ARSI AlEs AR
(FDU-8612, Operon, Gimpo, Korea)E ©]-85lo] Ax3st &,
A& 20 gofl 40% ofgkE 1 LE H7lsto] 2417 5%t 87
Y2t FE519loH, FEH2 No. 2 of¥X|(Whatman Inc,
Kent, UK)Z oJ37}5}0] 5=(N-N series, Eyela Co., Tokyo,
Japan)sloith. 553 FEE2 S5 250 mLE -85},
22 %9 n-hexane 8- Z1Pst9irt. o] g7t FLot
A chloroform & ethyl acetateS ©]-&5}o] XA o0z H3
2 Aslol HABE AYow, ol FAALII0| 20T
WS w7 2 A A8t

Al

E A%o] ARRE A|9FS Folin & Ciocalteu’s phenol
reagent, Na,COs, gallic acid, NaOH, diethylene glycol, rutin,
sodium phosphate buffer, 2,2'-azino-bis(3-ethyl benzothiazoline-
6-sulfonic acid)(ABTS), potassium persulfate, 1,1-diphenyl-
2-picrylhydrazyl(DPPH), sodium acetate buffer, HCI, 2,4,6-tri
(2-pyridyl)-1,3,5-triazine(TPTZ), trichloroacetic acid, thiobarbituric
acid, ascorbic acid, cetechin, tris HCI buffer, 5,5'-dithiobis-
2-nitrobenzoic acid(DTNB), acetylthiocholine, fetal bovine
serum, calf serum, penicillin, streptomycin, H,O,, Roswell
memorial institute medium(RPMI) broth, 2°,7°- dichlorofluorescein
diacetate(DCF-DA), 3-(4,5-dimethyl-thiazol- 2-y1)-2,5-diphenyl
tetrazolium bromide(MTT), Minimum Essential Medium
(MEM), Dulbecco Modified FEagle Medium(DMEM),
dimethyl sulfoxide(DMSO)+= Sigma-Aldrich Chemical Co.
(St. Louis, MO, USA)olA 451, 71 9] ARG &
2 AR BF 1 oVdY] SES ARSI
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Folin & Ciocalteu’s phenol reagent 1 mLE Y1l Z¢}5}0]
587 Ao A 9EGAIF T E-8Holl 7% Na,COs 10 mL
£ o] o] 35t 3% SRSE 25 mLE FE%t F,
23T oA 2417 B2 HEEAIZ] T 760 nmof|A S (UV-
1800, Shimadzu, Tokyo, Japan)S =435I ct 4% &%
T 2 gallic acids o]-85to] Al=8t FATH o 43
H BEFAE B0 e ke I AKXk
ZETH ot SlF =42 Alg 29N | mLof diethylene
glycol 10 mLe} NaOH 1 mLE €1l &g}so] 30TOofA] 14]
7k B2 HESAIXL 2 420 nmofA] FFE(UV-1800, Shimadzu,
Tokyo, Japan)S 275199t} 245 S0 Zhoptical density,
OD) ruting AR&SHo] AJ52}t ATt WHOo R A4E H
A0 tiQlste] FETHEo|E FRS Al 4
gt S 7= olekE & T2 FRIsk] {6 o, 20,
40, 60, 80 X 95% OfgkE FEE2 ol-8sto] AP XI5t

.

ABTS % DPPH Z2iC|Z 274

ABTS oz &7 &4 5742 150 mM NaClo| Z3H
100 mM sodium phosphate buffer(pH 7.4)°]] 1.0 mM 2,2'-
azobis-(2-amidinopropane) HCI(AAPH)¥} 2.5 mM ABTSE
Sgstod, 68T 204 308 5t 7HFste] HESAIA
% ¥ 400 108 5 WA THEold EHEoS
Syringe filter= of}slo] 4ToflA] 24417t B2t Btk & ARG
3lH oY, T4 Zko] 734 nmof|A 0.70+0.027} =A 34
SR Alm 89 20 pLof ¥ F= 9 ABTS &9
980 pLE 7kstod 37CAA 1027 ¥ESAIX] & 734 nmof|A]
53 (UV-1800, Shimadzu, Tokyo, Japan)S =745lch
(Kim 5, 2003).

DPPH 2z AAEA S742 80% &) 0.1 mM
DPPHE £3i5}0] 517 nmol|A] T2% Zho] 1.00+0.027} =]
=% SlAelgl AR 89 S0 uLo] SAE UL U
DPPH 8] 145 mLE 7}5}o] 3037k QoA WkAIZ] %
517 nmoj|A &L (UV-1800, Shimadzu, Tokyo, Japan)E
Z235199ckBlois, 1958).

ABTS % DPPH 2|z AAGA 42 thd Alof| o5t
of At= it

ABTS HUZ2A5(%) =
Blank OD - Sample OD
Blank OD

x 100

DPPH 2HHZA75(%) =
Blank OD - Sample OD
Blank OD

x 100

[

A shaly =4

Ferric reducing/antioxidant power(FRAP) €91 &z HlH
<2 300 mM sodium acetate buffer(pH 3.6)2} 40 mM HCIo]
EZSkE 10 mM TPTZ E£38M3} 20 mM FeCl;2 AA%H
Hl&= #igoto] 37CoAl 1587t 9ESAIA THESIHE AR
50 pLof| ¥H=0]%1 FRAP E3R8-9 1.5 mLE 7Isto] 420
Al 3087 HESAIRD HRE 593 nmoflA] SF=(UV-1800,
Shimadzu, Tokyo, Japan)S Z7J5}3tH(Benzie} Strain, 1996).

AdDpEHEE dddAEd 23

nhes ¥ 248 o]g3t WIS AT
243517 Yol 1577+ ARSSE 4539 47 Institute of
Cancer Research(ICR) TF-AE A3 5-E0H<A X (Samtako,
Osan, Korea)Z5E 5t0] 32(22+£2T), 35(50-55%)
= FAISH, 12417 A 0 2 W v wihA]7|= 5jt
AN BET 450t ARE Fisto] ARk 4]
1014 ARSRE ICR TFeAe] HE HEslo] ¥ 2457
of| 20 mM tris HCI buffer(pH 7.4)& 108 H7}sto] #23}
A7 PAEI(12,000 xg, 158, 4T)51o] ol AL
A[go] ALBHTE ] 4] 450 0.1 mL, 10 M FAHE
(I 0.1 mL, 0.1 mM ofAFEZAL 0.1 mL 2 Al 0.2 mL
£ Edsto] 37ColA 1A1RE 52t HESAIZT, o] % BE3-E-H
of| 30% trichloroacetic acid 0.1 mL2} 1% thiobarbituric acid
0.3 mLE F7Islo] 80T F2FofA 208 52 7HEeh &,
HHEYE ol8sto] 2 AFAS 532 nmoA FFE
(UV-1800, Shimadzu)E =75} H Chang 5, 2001). & &
UYL Aot SR8 59 A4 A
SIAtHAA=EET sty 5243 A7PHS: GNU-120831-
MO0067).

OIMEET FEsiaa Y Ed =4

opMEl =] B8 A (acetylcholinesterase, AChE) AE
A 2L acetylcholine iodideS 7|2 = ARESlo] 24319
o} OB SR Eollade AEAIEY] E/44E 2= PCI2 A
E HIFAZ 200 xgollA] 687 4TA YR st 5
MG A AL, 23} H5-EH(1 M NaCl, 50 mM MgCl,
1% Triton X-100(pH 7.2)) 1 mLE do] FAs7 3, o}
Al FAEE](12,000 xg, 30, 4T)ste] dojd AS5HS 4
3of] AREJCE 50 mM sodium phosphate buffer(pH 8.0), A]
=890 10 pL ¥ acetylcholinesterase 10 pLE &3}510] 37C
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oA 158 B9 ¥HxAIZl &, 50 mM sodium phosphate
buffer(pH 8.0)°] 831471 0.5 mM Ellman’s H-3~8-H(0.5
mM acetylcholine iodide, 1 mM DINB)& 70 uLE 3751
37CoNA 108 < 8iFstE 3, &3 %+= microplate reader
(Epoch 2, BioTek Instruments Inc., Winooski, VT, USA)=
405 nmo]|A &45}HHElman 5, 1961).

b MFME Y

H Ao ARESE MC-IXC AJE(CRL-2270, ATCC,
Manassas, VA, USA)= Q1719 x| Ao [afj=|glom,
A7AIEZ S E4S UERdt:. MCIXC AlZ= 10% FBSSF
50 units/mL HUAE D 100 ug/mL AEZEnfo|4lo] x5t
© MEM Hjz]o] HF5to] Bjfg e, 37CA 5% CO, =
2ol A viFstAT. Mouse®] X Sfut ZZof|A [2iE HT22
A= Adaddietn ojneish 2215 Al dolA 2017
W 1090 EFol ARESIGITE HT22 AlZ= 10% calf
serum, 50 units/mL penicillin 2 100 pg/mL streptomycin©]
23 DMEM 2|4 37T, 5% CO, A0 vjFaict.

b MFEME WEE U MH AEYHA *o“é'lmlﬂ-ﬁﬂl‘ é’g

X AFAE BEEL AN P2 9 AEEA
7(-]01— /\ 01_1:_ MIT A %J% ogH Q—o]cﬂ- A oh;]. 96 well plate
o] MC-IXCS} HT22 A|ZE 7} wello] 1.0x10% cells/well2]
A, HZ~1 24,&]7]— HHOJ: ];d ;'Ez’ ]E_ _Q_OHQ_ 71‘71‘,] 5;]

AZA| 3] A= Fek 24A17F &, 200 uM THABRAE A
gJsto] 3A17F 2t 71014 B8 AlFH: o] MIT &
A Az|sto] HFTIBTE, 5% COmolA 3413 53t Bt
%, WjFHLS AAG H DMSOZE o]83}o] Hkg-2 247
t}. Z-3%= microplate reader(Epoch 2, BioTek Instruments
Inc., Winooski, VT, USA) determination wave 570 nm&%}
reference wave 690 nmoj|A SFEE =45 cHHeo 5,
2001).

ABH AEAA B OAIIE ¥ AAE o] 24
AbAaZ0] EXS 2A5H= 2°, 7 -dichlorofluorescein diacetate
(DCF-DA) assay< 53] &9I3l}. Blank 96 well plateo]]
MC-IXC®} HT22 AIZE 7+ wello] 1.0x10* cells/well2] 5
s Bk, MFIOTC, 5% COel 24471 5L HH}

K708, o} 2417 FF MIFAIZL T, 200 M TS
48 #efsto] 347E B9 3TCAA 5% CO,8] ZAOE Bt
39 A7t} ofF 9 ATk AlelolA] 50 M DCF-DAS
Agsto] 504 2t HiFSIAAL, FFF A (fluorometer,
Infinite F200, Tecan, Mannedorf, Swiss)E AF85}0] excitation
wave 485 nm@} emission wave 535 nmojA] FL2 =35}
AtkHeo X, 2001).

Mpjgtded B2A

r{|1

oH=ocE= =
28k Ay 54 55k Yol S8} 40% ©f
BR2 FEE2 cthyl acetate® £3|5t0] I ZAARES

50% WEE= 501 100 pgml=2 MES ARt BEH
Cis column(100x2.1 mm, 1.7 pm; Waters, Milford, MA,
USA)o] & ultra performance liquid chromatography-
quadrupole-time of flight mass spectrometry(UPLC-Q-
TOF/MS, Xevo G2-S, Waters, Milford, MA, USA)E o]-&
Sto] 244& JYstglrt dAEE MS® AHEZL 1040
eV, 50-1500 m/zof|A] EA31At.

£7342)

A% olE: v WS Elol vehd e SAS
software(version 9.4, SAS institute, Cary, NC, USA)E o]-&
St ELAHEX(analysis of variance, ANOVA)S S5f] SA A2
£ st¥2™, Duncan®] T3 A7 H(Duncan’s multiple
range test) & 5% TE(p<0.05) WollA 2 A= k] 72
‘S A5

mx
El

by
h=d sigtE ¥ SESEL0|E &

= sheke2 AEAdl de x4 22 drmtEE,

His4] SRS S4blo] ol 44 Folol His 12 72
hydroxyl(-OH)7|9} M1 121 747 9k o] Eolek
of 3% Fyspol Of AT 5SS e A0 B
3l IeK(Kim 5, 2008). 0, 20, 40, 60, 80 H 95% o+
FEEY 582 4 26.74%, 35.08%, 35.36%, 32.00%,
30.88%, 12.31%% YUEFATHData not shown). 7} =2 &
s slRbEl g2 7R FEES 40% R FE=
24, 7432 mg GAE/g9] =& HeRioH, 60%, 80%,
20% ofjehS ZZEo| 77} 71.86, 63.70, 63.53 mg GAE/g
9] &0 LERHTHTable 1). 2R o|Ex E2vl=0] &
sfe o= 450 9 F 27 Q @] 50 Bo] B4
Eo] Qlom, o= 2 flavonols, flavones Y flavanones &
07 J2AE]o] QltiHerrmann, 1988; Herto 5, 1993). &2
ofo] SETE 0L A 40%9} 60% offg-s FE=01A]
717} 53.32, 57.86 mg RE/gO.2 .2 312k Holom, 80%
2} 20% FEEONA 2+ 52.47, 43.24 mg RE/gO & Ve
THTable 1).

Song 5(2018)9] Ao m=r opfet WHEEE, 44

220, A= 01'04 | Eduls g 223t
_4 chlorogenic acid®] & &8 =73t 23}, I+ F&3

l

40%, 60%, 80% oﬂE}i T o AfFo s Zobs g

o
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Table. 1. Total phenol contents (TPC) and total flavonoid contents (TFC) of ethanolic extract of Lonicera japonica

Ethanolic extract (%)

0% 20% 40% 60% 80% 95%
TPCY 60.63+0.79° 63.53+0.70° 74.3240.91° 71.86+2.36 63.70+0.40° 40.37+1.21°
TFC? 34.65+0.38¢ 43.24+1.60° 56.3242.25° 57.86+0.97° 52.47+1.78" 25.2942.35°

)TPC total phenolic contents.
TFC total flavonoid contents.

Results of TPC and TFC are presented as mg GAE/g and mg RE/g, respectively. Values are mean+SD (n=3). Different small letters represent

significant differences at p<0.05.
=2 g80] =2 7o F Ho}, o]
RE 4Ee] BEHY FF270E WL Shindt
Yoo2012)9] il w2 g skt 4 A, 3
231 70% g FEBo| B FEBHL &L W 5
Y8} FBehizol= Yol 7 Lhebete ANt
ol= 70% ofgkE FE=°| S8t 58 4JE<l chlorogenic
acid, hesperidine, naringine, luteolin 53} Z~2 polyphenol
7 AY B4 S ¥ e or &5V fEes udt
ok 2 g A F2519] 0, 20, 40, 60, 80 E 95%=
g oS FE= ':—4 =4 oiktE %‘*%Ur SETHE

2F A chlorogenic acid2]
1_.

ol FS vlwHS . 405} 0% S FolE ot
U o Fehiols G skipo 2 it 510
th GElo] QIR 248 & 4 qlgiek. olol uiet Sl

4 ot 9 JJr a}z&o]t o] 7 A Uehd

40% OJErE FEES Al85lo] BIS AFPstyow, p-
hexane, chloroform, ethyl acetate & F5 EES 717t
LA

A7BAIZ Be aits HolFs 523t ethyl
acetate F2E0| AL ELS 54517 Hdll, UPLC-
Q-TOF/MS'Z o] &35la] 9 Mgk o] T3t B4

Item name: : GW100
Channel name: 2: TOF MSe (50-1500) -6eV ESI- (BP)

5.28
200,000 oAt 459

S

150,000 Luteolin-7-glucoside

Counts]
-
=
&

§ 100,000 |
Quercetin pentoside Ve 4_53 ‘\ |
50,000 ‘ . e
o 482
Chlorogenic acid )

0 491/ 15.21|| 540
B I {1 I

= APF o, LA SIMEY] fragmentation E retention
time o]goto] Z}Z EQIFItH(Fig. 13} Table 2). F238
ethyl acetate 28504 E2|H SIKIEL J2ufE o7
veplor, 5784 A2lg/4d 42 chlorogenic acid(4.53
min), quercetin pentoside(5.06 min), luteolin-7-glucoside(5.12
min), 3,4-dicaffeoylquinic acid(5.21 min), 1,3-dicaffeoylquinic
acid(5.28 min), 1,4-dicaffeoylquinic acid(5.36 min)Z 2}l
S tH(Clifford -5, 2005; Goger 5, 2019; Hvattum, 2002).
Kwon 51(2010)0]] k29, scopolamine 2 & =% 7]2go]
SAE] =5 Eof|A] chlorogenic acid®] A#= Y-maze 2
[k J,]. Morris water maze A1S EsH 1:]-7] 7]04 _1:_E:] 1:!.1 x1-04
71019] &4 olH 0 NN E Sletel AR I
Zof4] AChE2} MDA AIE B34 Al HS 2ats Wetl
t}. Lima -5(2006)0f T2, 719t A|32E21 HepG2 Al|ZEof| A
tert-butyl hydroperoxide(t-BHP)Z 3% A3 APgo] st
luteolin-7-glucoside®] M| HS §3E ERls] &2 A1} ]
AAKS1o] HAREQ] thiobarbituric acid reactive substances
(TBARS)9] 2 HAAIF oW, t-BHPO] 2J3F GSH 4%
4ol i8] 9% o 9= Bt} Kim 5{2005)0] w}
Efﬂ OI7F 417 HA|EZ9Q] SH-SYSY A|xEof|A THAksl
T AIFAIE Aol et BS ayE A 2y
3,4-d1—O-caffeoquu1mc acid(3,4-diCQA)°] 9Jst AIZAE

1,3-dicaffeoylquinic acid

1.4-dicaffeoylquinic acid
N

3 4-dicaffeoylquinic acid
715 972 998 1102 1121
T

05 1 15 2 25 3

65 7 75 8 85 9 95 10 105 11 15 12

Fig. 1. UPLC Q-TOF/MS"® chromatograph in negative ion mode of ethyl acetate fraction from Lonicera japonica (EFLJ).
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Table 2. Identification of main compounds of ethyl acetate fraction from Lonicera japonica

No. RT" (min) Parent ion” (m/z) MSE fragment” (m/z) Compound

1 4.53 353.08 191.05 Chlorogenic acid

2 5.06 433.13 300.03, 301.03 Quercetin pentosiede
3 5.12 447.09 285.03 Luteolin-7-glucoside

4 5.21 515.11 353.08, 173.04 3,4-Dicaffeoylquinic acid
5 5.28 515.12 353.08, 191.05 1,3-Dicaffeoylquinic acid
6 5.36 515.12 353.08, 191.05, 173.04 1,4-Dicaffeoylquinic acid

YRT means retention time.
Jlons are presented at m/z [M-H]J.
»Bold indicates the main fragment of MSE,

B3 g3} QI3 A5 SRIFH: E3L olett AuE St
ol9S u), F-2319] chlorogenic acid, luteolin- 7-glucoside
1811 dicaffeoylquinic acid =4 59 HE SRIESS
AR AEHIAR QIR k| AFANE HE9} 7|5 fAO] &
= € T U 1A AAEN &8 = 78S T
Ae Aog wee:

ABTS % DPPH Z2iC|Z 274

ABTS ZZ AAZAEL ABTS A|2FQ] potassium
persulfateo]] 9J3] Q1Ao7 YA oFol FrjZo] A&
7} 74 Gateh 20 ofs) AAEle] ABTS ehrizo] 4
ol H2Aol BBo Wal 4 wsh YEg ZHake
Hog, 84T X84 F 7 49 e} 58S 57
& Qlo] Wgo = FgE= YHoITHRe 5, 1999). ABTS

A
Z
E

[ n-hexane
[ Chloroform
[ FEthylacetate
[ Distilled water

%}
S
T

Jo

60

40t

ABTS radical scavenging activity (%)

Vitamin C
200 mg/mlL

Concentration (mg/mL)

gz A4 S8 5798 2= Fig. 2(A)9 2 1,000
pg/mL STof|A ethyl acetate F-215(98.56%, 1Cs5=261.37
ug/mL)o] 554 B81E(54.40%, 1C5=439.79 pg/mL)°] H]
S oF 1.84[ =2 ABTS 2|z A4S itk DPPH
gz 2ASES ST 2= Fig. 2(B)2t 2t 1,000
pg/mL 5ol A ethyl acetate E-8E0] 90.80%, 55 &
EE0] 34.66%Z ethyl acetate £-8-=2] DPPH =]z A7
So0] 25 BIE db] oF 2,68 =& AL EQlg 4 A%
t}. Ethyl acetate B-8=2] ICso 5 421.96 pg/mLE THE
Vo5 Bl o 7MY W gk Hof %k g
2AS/GZ YR Cho 5(2013)9] o] whad, 2%
9] gk F&0| ot =43 E-&E(n-hexane, chloroform,
ethyl acetate, n-BuOH, 55F)9] 415} 84S DPPH &t
Z a7 avtE S4% 23}, 100 pg/ml 5=2] BHASF o2

—_
=
-

=

S

[ n-hexane
[ Chloroform
[ Ethyl acetate
I Distilled water

9
=]
T

100

a

e

80

40t

DPPH radical scavenging activity (%)

20 F

Vitamin C 50 100 200 500 1,000
200 mg/mL

Concentration (mg/mL)

Fig. 2. ABTS radical scavenging activity (A) and DPPH radical scavenging activity (B) of n-hexane, chloroform, ethyl acetate and distilled

water fraction from Lonicera japonica.

Values are meantSD (n=3). Different small letters represent significant differences at p<0.05.
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3} = ethyl acetate £-2]9] B|Wof|A] o] FARRE rid
2ASEE UElth B 528 gk 52 8
510 chloroform, ethyl acetate, n-BuOH ¥ 55 BE3lE5
DPPH 2tjd AAG75 =745t A1}, ethyl acetate F-31&
o] 7F& ICs°] B2 A& &RIF O, o]:= ethyl acetate &
FEo] Ajdoz thE BIEHTH ¢ T2 [uteolin, caffeic
acid 2 protocatechuic acid 59 &4 &2 k5517 W&
o= WEItChoi 5, 2007). Wahs], B8 = 71 in
vitro FAISH &AJo] =2 23} ethyl acetate F-2]E(ethyl
acetate fraction of L. japonica, EFLI)S AREot0] o]& AlS
< Aot

A oy

FRAPZ 53t 3hle] &7 AT A9 24004 ferric
tripyridyltriazine(Fe’-TPTZ) E3H47} ferrous tripyridyltriazine
(Fe'-TPTZ) 22 FHelo] Ejr, 2 SIS 7IX|E AR
olsf| HH=l= dol STl FB= ol SAEE A ol%
sto] A8t /S AT o Urh(Benzied} Strain, 1996).
239 ethyl acetate =-E2] FRAP £40] o3t d el
g 24 A= Fig 3(A)°] el 2859 557t 571
ool weh B4do] F7Iske A H2H, 500 ng/mLot
1,000 pg/mL oAM= 1187} 2.009] 3% 7 22 Y
EFALE Lee 5(2019)9] 97of] w2 reverse phase high-
performance liquid chromatography(RP-HPLC)S- 53 chlorogenic
acid, quercetin T2 F2310] AR S0 & FF= v
e 38 2 SIRIEE Hst3on, Wu(2007)0] mHEH
223}9] chlorogenic acid= Fe'* 0]2-2 G1}A 07 Z1AA

rde

(A)25
-
£ =
- b
@ 20 .
K
£
5
3
=
=
s 15t
=4
b=
£ <
=
= 1.0
on
=
‘3
=
=
= 05t d
2
E
5] €
= f

0.0

Vitamin C 50 100 200 500 1,000

200 mg/mL

Concentration (mg/mL)

Z & Ul BUFH Miao 5(2018)°] Wh=H, 1439 o
3t SFEC] FRAP 2Hde &7 A3]oj|A chlorogenic acid
@} quercetin® =2 A IS HolFQt}. Firuzi 5(2005)
of W=, FRAP Ao A= T2 3lgE(flavones,
flavonols ¥ isoflavones)2] AJ7to] whE T4 HIE EQ1
3t A3}, quercetino] A 02 F*'E Fe' &2 3FIAZITk
B9t} wf2bA], chlorogenic acid?} quercetind} 2 Y]
& 2450 w2319 A g S0 IS vRE= F
8 &4 IREE 44t

A uskE Y A g

i 222 A|xdio] vt £3x8} AHiko] TEERE EA
S, S g4 Al FHiR ol§EE S0l (Fe”, Cu®)
o] ZAel7] W] AkAo] Qitefo] wol 4A AbslEh
(Kim -5, 2017). 940l HERRSS 594 ROSE A4
T7gol ofsi, o] ROSE o] B2} A AR} vk
5to], XA 3HASE 2191 malondialdehyde(MDA)YE AJAISH
CH(Reiter, 1995; Sung 5, 2000). 1 IAollA AE Yol &
2 MDAZ} 25l AEuoly AT, F8 % ¥l
Qolif o}e s, B B % AE FH| RS
‘JA171H, DNAS] 94719} HEgsto] ZRIold HHs 42
A0k A Lo, Ala2o] Akst AEH AL AHE AR
o] HthJi 5, 2013; Sung &, 2000). & AHof|Af= A&}
AhE SRS S79%to =M EFLIS] A&t A4 <A
aWE B7FKFig. 3(B)). EFLI9] 50 pg/mL &EofA]
70.88%%5, YRR 7HIXE Y FEolA 71.03%E
YERHAE, EFLIQ] ICse 21.24 pg/mLE, FAT|ZR791

jc

60

40 +

20 F

Malonaldehyde (MDA) inhibitory effect (%

Catechin 2 5 10 20 50
100 mg/mL

Concentration (mg/mL)

Fig. 3. Ferric reducing/antioxidant power (FRAP) (A) and inhibitory effect of malondialdehyde (MDA) (B) of ethyl acetate fraction from

Lonicera japonica (EFLJ).

Values are meantSD (n=3). Different small letters represent significant differences at p<0.05.
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7FeZ1(23.03 pg/mL)d} BlwSkls o, W2 ICsdk= HEr
W 92k ARSI A o) B 2 AL Tl
o} Yi 5(2011)8] H-of|A], lipopolysaccharide(LPS)Z -5t
H 34 1 &40 523 & FE20] A= IS dolt
< o, LPS o A] #H W] MDA §59] 37171 H3le
G085} & 238 oIS 59 3 W) MDA ¥el Z717H
AAHS FRIgIct. ESY, ratsof A dimethylnitrosamine O 2
Frd 73 7F &40 ik MDA 3Fgo] AAstit(Teng
5, 2010). 2-235}9] 3% AJEQ] chlorogenic acid+ rat2]
oAl sodium nitroprusside, quinolinic @ Fe*'o]] oJ&f Z¥z &
Lo At AEF A g MDA A4S AAI5HTH Oboh
S, 2013). o]=gt AL} FARSHA & AFolAE EFLI=
MDA $E& AR % U AoR TeH

OIMEEY Zdllas AMEY

AU drdd AFHE 24 F skl opEEd
(acetylcholine, ACh)> FH1/d AI7A 0] & EE5l= 7|9
WAUZS] S 24 F SjolchWatanabe 5, 2009). o}
HEH2 choline acetyltransferase AA2] 2-8-2 Hlo} acetyl
CoA%} cholineo| $HAJE]11, o= ThA] AChE §49] Z-g.0
=2 acetate?} choline2 & EaEct. 5}A|9k AChEQ] 57}
5715k ] A7AI2e] R4 AldE=EEo] Eof=lo] 7]
o 9 QIA7|5 A7t 7EE 4= Urh(Vincenzo, 2001). =t
2] 2 AoliE 2este] ACKES] oA B4S Tl
tHFig. 4). EFLIO] ICsy& 282.72 pg/mLE L}ERtom, ok
) Z9] tacrine®] ICsp 49.3 ng/mLE UENGHTE 235
F4J8.9] chlorogenic acid= -5-9]% 0 & AChE 4 A

i

100

80 -
60 -
40

20
d

0 [ ]

Tacrine 100 200 500
ImM

Acetylcholinesterase inhibitory effect (%)

Concentration (mg/mL)

Fig. 4. Acetylcholinesterase (AChE) inhibitory effect of ethyl
acetate fraction from Lomnicera japonica (EFLJ).

Values are meantSD (n=3). Different small letters represent significant
differences at p<0.05.

FOom(Oboh =, 2013), Yoo S5(2013)9] 7o waw
scopolamine©]| 2Jsf] 7|9} AFAlo] FieH F ZEofA] luteolin
O] o]¥(dentate gyrus)ollA] AChE G2 AARAIAZOEHN
Q1A7159] 7MdE ek ol2i’t AXE BFGOE luteolin
3} chlorogenic acid 53 Z2 E@|dlE e 93t
AChE %A /o] S Zo= wo=H, ol g=jg
d AL B oHEEY EolE EIHoE Asfole
b Zgo] & Ao woHEc

b MANEZ MEE Y U M31H] A A WY AXEat
Al Y ROS+= ¥HAdo] mi-e- =2 3RIEE X4, o
Z 4 DNAE ABIAA A9 &Afolu Al B 78
k= AlHE AEYAE WRIA)ZICK Dizdaroglu &5, 2012).
ARG AEHAE 2 4 AL T (ROS), €4 i T
(reactive nitrogen species, RNS) ¥ gFAls} Hio] HjAYZ0
2 248 AR B Szl B4 W8A Fo) 27 A
ololX 2FHE SHO= sk SIS AlefolchOzben,
2007). 4154 2EBAL A S} o EREZ]o} DNA
o] 4K F7HI7I0], TS} Te) PAS FAIT A
5% AEAAS 07|t ROSE A £4 Uo7 =
olo|MA] A Alzheimer’s disease, AD)I} -2 E|YA]
417 Akt 71908 Aol FER(Heo 5, 2004). A&
g EetHco|t 9 ET)ulE IRIE2 ol=e At AE
gl2o] thet S 350l 943t A0E dEA lo] HA
S Aol A7t P QsltkIshige S, 2001). £ AL A
= AR fEE HT229F MC-IXC Al ZojA 322
ethyl acetate F-85-9] AIS}d] AEH A tfst BS 75
helstoict. itk ARoA, BlEkRl Co} Hlwstr] fIs
ALSE F23F BE9] FE AAsIon, &40 535t =
23} ethyl acetate E2E9] ICs0 T0FAF 50 pg/mL-
1,000 pg/mL =5 AFHh Alx A9 B¢, AR AY
= &9l Alzo] 54 dorA] g HAY s 5 SRIF
o, 5 pg/mL-50 pg/mLE 3to] AZEATLS AP,
MTT £42 AoRl= Al & n|EZEZo MIT A
of} S HiYEISS o, ZErRk(formazan) B B4
Sk A2 o83t Al AEE =7 Wolth(Heo 5, 2001).
TARIFAR QISE AR AEH AL R HT229F MC-
IXC ] AR AESE 248 Foks ket 2oiFig
5). HT22 Aol A AFAE AEeS 4T 2, it
a5 AR HT22 A173A| ZoM = it tiv] 61.39%2]
ABAME AEES VERIAN, PR BlEH] C=
75.00%2] AFAE BEE o= HATHFig. 5(A)). Ethyl
acetate 23 20 pug/mLe} 50 pg/mL S%E°] EFLI= 247t
74.54%, 102.06%2] AFAE F2S YERITE MC-IXC
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Fig. 5. Neuronal cell viability of ethyl acetate fraction from Lonicera japonica (EFLJ) on H,O»-induced cytotoxicity in HI22 cells (A)

and MC-IXC cells (B).

Values are meantSD (n=3). Different small letters represent significant differences(p<0.05).

AN oA 9] AN E FEES ST AT, Filskes
£ A3 MC-IXC AFA oAM= T2t tH] 73.02%2] 41
BAME 2SS HYoH, PR HER] CE= 87.81%
O] AN E E2E&Z HUTHFig. 5(B)). EFL] 20 pg/mLo}
50 pg/mL ST ZHE 90.03%, 98.24%2 UERATE HT22
o} MC-IXC = A|ZZoflA] 25 20 pg/mLoflAl= Pzl
HIER C9} FARSE AZAIAE 8-S UERoH, 50 pg/mL
ofli= HAFAE AEEo] HEH] CET} T 52 AFAE
AEeS Ueth

X AAAE ff /g4EAEe) oF 274 W}l DCF-DA
ATL2 A Y nEZEolo|A HFY 3FER] DCF-DA

—_
>
=
N IN
S S
He

Q
=]

@
S

60 |

DCF formation (oxidative stress,% of control)

d d
40 + N
20
0
H,0, (200 mM) - + h + + + h
Vitamin C

Sample concentration - - 5 10 20 50
200 mM
(mg/mL) m

7 A& WoflA ROS &4 Ale]l Ake}e]o] P45 == DCF
2 EoEth(Heo 5, 2001). TpASREAR QIGH AS1Y AE
| A7F R HT229F MC-IXC A4 2] E/d4kaE A
d A ST b= et AiFig. 6). HARRAE
A 23t HT22 A|Zof| A T thH] 123.30%2] ROS ¥
HAY, FPzaR] v Ce g2 tiH] 59.99%2]
ROS 312RS LFERATKFig. 6(A)). EFLY 207} 50 pg/mL 5
T= 217 47.85%, 35.54%9] 3 & HPow, A
Z7Q1 Bl Co} Bl S o, o8 Ala W /g4t
40| /o] HAE AL FRIT 4= AUt MC-IXC Az
il IBIEAE Attt IFNA tiEt ] 112.77%

—_
=
N
&

120

He

©

e

DCF formation (oxidative stress,% of control)
2

+ [—-

H,0, (200 mM) - + * * + +
Vitamin C
Sample concentration - - 200 mM 5 10 20 50
(mg/ml.)

Fig. 6. ROS production of ethyl acetate fraction from Lonicera japonica (EFLJ) on H,O,-induced cytotoxicity in HT22 cells (A) and

MC-IXC cells (B).

Values are meantSD (n=3). Different small letters represent significant differences at p<0.05.
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o) % Y7t Z7IHe AL S, Tkl ulet)
£ S0 A2et JdoMe 53.54%9] FF F=s Ve
thFig. 6(B)). EFLJ 20 pg/mLe} 50 pg/mL %% & MC-IXC
Alzzo]] A2otalE o, 22} 58.69%%F 55.68%°] ¥4 B=
£ H3lom, PR el Co} vlws] Bk o, &
A B A oIAlE Ve
ol R WIS} THL 71 TS AR S
< Ak FETF QR B, 2 0] BRI AR
7 A= ] ZAoA, ABA| Alazute] =8 RS Tt &
55} 2PARS MDAR Hgekt] 28 Tojg ol ROSE
AATFOEN = AAAE B35 G7E Uehfe Aoz
THHTHChoi 5, 2012). o] A17gA|3E2] rat C6 glioma cell
oA, AICKL7} AFAE B4 &4 Fo] AFAH
(synapse)t D ATALL WAL Afetrize) 4
4 g Q9 AT AN AEES T8} 2350
s S7HIFeRA AREde AT Bid
v} ACHJung 5, 2017). Peng -5(2005)0f =1, F23M=
hyperoside, chlorogenic acid, luteolin ¥ caffeic acidE FQ
A Ao & 7ML a2 ERIF 2, Son 5(2020)
9] Ao W=, 328 BFHEE F sl caffeic
acid7} glutamate =2 215} A173=/J0] =% HT22 A3 A
AZAT HEAIL A5, ROSE Igh Al Ajg ulo}
= 2SI 5 QA o] s 6l & W, 52
3] caffeic acid E42lo] ofal, 2-28}o] chaket A
4 250 ¥ AR AE80) Z71% BAE
S JAFo 2N AFME S IS 2h= A At
SHIEA9] &8 7hsdo] s ACoE wHETh

o OF
= =

T2t ethyl acetate 2222 |83} in vitro FAI}
DL B7ISHAIAL H,002 e AFeHA] AEF A0 et
¥ AANE HS 532 SRI5Hth ek o ufE 2
25} SH=d ofE WSS ClE dF 54 23
40% ollehE FZE0lA 7FE =A vehdeh 7P 243
TG HRl 40% oehe FEEERE Helw HeEo| ABTS,
DPPH =ttjzd &A8Y S4% 23, ethyl acetate 8=
(EFL)Q] 2t 2718740 7MY #3-8 eIt EFLIC|
d S ((FRAP)T A EIMISE(MDA) A oAl 84 =
§Z &0l EFLIS] 4t5tES SiRlstglom, AChE A &
d& FRlsileh B3, S23he IseAR Qs frd
ASHe B0 2RE X ABAE YEEO] F7Iet B
% A4S B 95 o AFNE B3 ave Jet
£ A7 v R F25} ethyl acetate B & 573 &

Astaiiet ol g o Aleh AEE A tigt H 417
AE Ho a3k 7He A= dekEt wEhA, St
TSR T in vivo B ex vivo A8Z S0l HBF HAA
AR o E= ARAR NEE 4 s A7 15AE
2ARA L] FAH 7hs3E FAT 5 & Aotk

are =2
2 7t PR JUOR FAFATAE] A7 ZAT
(2018RIDIA3B07043398)2] Z|¥-& Hio} 435 Au}=Z o]
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