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Antioxidant Activities and Cytoprotective Effects of Lonicera japonica Thunb. Extract and Fraction against Oxidative Stress
Ye Seul Lee, Mid Eum Yun, Yun Ju Lee, Young Min Park, Sang Lae Lee, and Soo Nam Park*

Department of Fine Chemistry, Cosmetic R&D Center, Cosmetic Industry Coupled Collaboration Center, Seoul National University of
Science and Technology, Seoul 01811, Republic of Korea

In this study, the antioxidant activities and cytoprotective effects against oxidative stress of Lonicera
Jjaponica Thunb. 50% ethanol extract and ethyl acetate fraction were investigated. Using the 1,1-diphenyl-
2-picrylhydrazyl assay, the free radical scavenging activity (FSC50) of L. japonica Thunb. 50% ethanol
extract and ethyl acetate fraction was determined as 152.00 and 77.25 pg/ml, respectively. To measure the
reactive oxygen species (ROS) scavenging activity, the total antioxidant capacity (OSC50) was deter-
mined by using a luminol-dependent chemiluminescence assay. The antioxidant activity of the ethyl ace-
tate fraction (0.33 pg/ml) was approximately four times stronger than that of the 50% ethanol extract (1.12
ug/ml). The protective effect against 'Os-induced cellular damage of human erythrocytes (t50) was 46.0
min at 10 ug/ml of the 50% ethanol extract and 52.3 min at 1 ug/ml of the ethyl acetate fraction. We also
investigated the cytoprotective effects against oxidative stress induced by H;Os and the intracellular
ROS scavenging activity in response to UVB irradiation and found that the extract and fraction protected
human skin cells from damage and reduced ROS. These results confirmed that L. japonica Thunb. was a
valuable plant-derived natural antioxidant with potential for development as an antioxidative functional
ingredient.
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Germany)E A}&3l4th. HPLC= Shim-pack VP-ODS
C18 column (250 mm X 4.6 mm, 5 um) (Shimadzu, Japan)
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Fig. 1. Preparation procedure of extract and fractions of
dried L. japonica Thunb.

diphenyl-2-picrylhydrazyl (DPPH), EDTA, luminol, Folin-
ciocalteu’s phenol reagent> Sigma chemical Co. (USA)]|
A FAstg . 718 FeCl;6Hy0x Junsei Chemical Co.
(Japan) A|&L, HyOyx= Dae Jung Chemical & Metals
(Kovea) A} Al &£ A18-31 5. ol e &(BLOH), e (MeOH),
D otAH o] E(EtOAc), -84t 5 Z2+F = AR S5
AloFg AREStRith Hl L EAR AREEE (+)-0-tocopherol
(1,000 IU vitamin E/g), L-ascorbic acid, apigenin, caffeic
acid, coumaric acid, luteolin® Sigma Chemical Co.
USA)o A FYstich Ao A3 d5H =2 2017d
48 NE ZBEARAA skl AT

dsE=9 &
gg of AHg3 JAFEY S Fig 13 22 Wygos 23
3o AAEET. AZE ASYE 400 g2 T B4
50
[e)
o

228 Y 48

oS

09 lE*i 8 Lofl 24 h ¢ AFAIZ £ o5} G .
g Aok s 552

ZZ317] Y8l 50% oler
L= odotAlglo|ER 33] &
< Y 5o eHE
Y2400 )& 71222 AAls}
g Q1sd 4 50% ofete FEEL 4.85%, o2
32 0.41%= VERTE

01
o] o

et nllo
ox 4
o 11
)
filo
J-;
kS
lo
ST

=259 A3 a3 &4
DPPHH S 0|23} Free Radical 27 &4). DPPHH2 A&
o gt AASE HE 5 JE AFHOZA, v

March 2018 | Vol. 46 | No. 1



20 Lee et al.

Y 529 d5YE FEE 1 mlE AUl 42 o
1204 10 min 59 WX ¥ spectrophotometer®
517 nmo A FFEE AU I 849 27]= ANEE
gz oo AL 2 R (contro) &2 3t A RS Y2 A
= AP (experiment) © 2 3}t A 2o 2 A
S DPPHY %7} 50% Z4aE =g st AR &
(free radical scavenging activity, FSCs, ug/ml)2 4 £7]
steH, A St 2 (DPPH) 2484 (%)= AlLtsh=tl AF
&3 AL o3 A

Aexperiment_Asample blank) %100

Radical Scavenging (%) = (1 - 1

control

Luminol '344-& 0]-4-31 Fe**-EDTA/H,0,74] | 1ol A &4
Kb 2AEH(F FA8HS). Fe’-EDTA/H 0,4 & th e
ROS (057, ‘OH % H,09)F AFAI7]13L, & o] Hh-g-o)A
Zuj 2 2§t weta] o] AE o]83td ROS gt &
P S EAT 4 den, o] ¥ PAlsHsole 240
o QA& ot deolE AE= 23hd £ ik A4
| ROSS H&& F0)=7 ROSHS W8-S 5 st T
FE ST 2ZN AT 4 Ut 3t T

24¢ By
of FHF 178 mIE Y1 A7 FEY AFHE FE=S
2otk o7])o] 2.5 mM EDTA 40 ul ¥ 5 mM FeCls-

6H,0 10 ul& 7}st & 35 mM luminol 80 ul& Y11 &
o 401794 ool A SHSLE719] coll holdero] 22
Y1 5 min §¢ 2471 F 150 mM Hy0, 40 plE 4
3hst g2 25 min F¢F ST 27 (control)= A
7 &Y gl FF,E 21, 3AE (blank)yS A 24T £
o] FY st Hy0:9 FeCly-6H,0 Al 5745 715t
). 38tk 7] 6-channel LB9505 LTS ZF 9L A
Aol Bt A 70] Zol7t A9 YES sk, B}
Hgo s ST A& %) tha A Zo] YEsl,
A 2AGA Y 27 = 35t B3 Al 7] (counts per
minute, cpm)7} 50% A E = B R3E A| 5 9] % (reactive

oxygen species scavenging activity, OSCso) 24 E7]|3} T}

(AT

AN

Cpmoniro—C peri
ROS Scavenging (%) — {( PM ontrol pmexpenment)}x 100

(Cpmcontml - Cpmblank)

5344 (Photohemolysis)HS o] 43t N|Z B S a3} 4

HEF A A2 HY = A A GHREE A
At AE ZA] heparine] FH7FE Ao Y2 & 1,518
xgS 2 5 min F¢t YA Bt 7o AL £t

http://dx.doi.org/10.4014/mbl.1711.11004

3, B3 A8 = 0.9% saline phosphate buffer (pH
7.4, NagHPO,-12H50 9.6 mM, NaH,PO,4-2H,0 1.6 mM)
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Table 1. TLC mobile phase for separation of EtOAc fraction of
L. japonica Thunb.

Eluent System

EtOAC

.~ Hexane : Ethyl Acetate : Acetic Acid =21:14:5 (v/v)
Fraction

ZoF 37Co] WA FHTh WAE formazanS dimethyl
sulfoxide (DMSO)Z =0]1l ELISA reader (Tecan, Austria)s
olgste] 570 nmol A FHEES S elsir.

s eAR SRR AEZ &4 g AZ 2S a3
HaCaT H|ZE 1 x 10* cells/well2 96-well plateo] £33}
11 24 h B9 37T, 5% COy ZALE incubatoro| A vjeks}
Jth. 24 h incubation &, HiA|E 2%+ A At FEH uj
Aol ABHZ 50% o eE 22 2 oJLolAHo]E 23
55 s=EE 345te] 24 h 5 w8t PBS 100 ul
2 18] A3 F, US4 2 mM S (n PBS)Z 30 min A
2lstgich. sk 25F Al A &, PBS 100 plz 23] Al
Aabqich. AH ¥, B8Y WAZ B 370, 5% CO,
incubatoro] A 24 h v} %3} ¥ ). 24 h incubation$, MTT
assay® M| EZ FEESE Felsto] JigeLE fEE A2
A gk JIEEE 50% eHE FEET £YEY A=
B3 ang gelstqith

A Z 4l ROS 2AEA] H7} A W ROS 2AEA H7he
2", 7-dichlorodihydrofluorescein diacetate H,;DCF-DA)E
AbE5Lo] fluorescenceS &4 st= HWHHS o] &35}t
HaCaT A|ZZE 96-well plateo] 1 x 10* cells/welld] E =2
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BFste] 24 h O M T, HEAR AT 2T A
2]3}o] 24 h F¢F v %35} 4 ). Dulbecco’s phosphate-buffered
saline (DPBS)E o| &3t A ZE 23] N A3ttt 20 uM
H,DCF-DAZ 30 min $¢F 37CollA 2|3 &, CL-1000
ultraviolet crosslinkerE ©]-&3lo] DPBS Arg]o A 200
mJlem? UVBE ZALalo] AZ ] ROSE A4AZ 4T,
fluorescence ELISA reader (excitation, 490 nm emission,
530 nm) 71712 kol Fel AE ZHatqn

TLC L HPLCE 0|88 AT F 2 589 A& &4
ATH=E T35 T ALoMEIE B &S 100% g
$o &9 &, syringe filter (Milliopore 0.45 um)E o]-&3}
of Tt ¥ ofTE 2EE §94E o83t 34 TLC
(normal phase) ¥ H|=/] HPLC (C18) 49| o]&3}3it}.
TLC 84 A AH&3 A7) &= Table 19 Yehfigict. A
wo oju B Baety A2, 2EPe R QAT A9
Al 9 NP-PEG (natural products-polyethylene glycol, 2-
aminoethyl diphenylborinate) 224 H-S o]-83t w o] AA}
52 53 sttt HPLC 42 2% acetic acid 89
T} 0.5% acetic acidE $H+3F 50% acetonitrile $=-8-H-& 0]
g9 7127 $eMoR BASYT, HPLC Re2ae

Table 20 e it

Z U= E Y F S eo|lE S

AFBE FEEY T HsA = TFF 582 Alves
59 HHH-S o] 8351 TH23]. ZE 80 ulof| Folin-Ciocalteu
A (0% vivye 20 WE H7FRE o, 25T oA 5 min &¢F
WA ZTH 1 % 23} NayCOs 89 (2% wiv) 200 plE 3

Table 2. HPLC condition for the separation of EtOAc fraction of L. japonica Thunb.

Condition of HPLC Analysis

Column Shim-pack VP-ODS C18 Column (L : 250 mm, LD : 4.6 mm, 5 um)
Detector UVD 170s DIONEX
Detection Wavelength 254-400 nm
Flow Rate 1.0 ml/min
Injection Volume 20 wl
Program Time 2% AA" in Water 0.5% AA" in 50% ACN?
Order (min) (%) (%)
1 0 100 0
Mobile phase 2 10 100 0
ditions
‘;‘;’r‘ L 3 150 50 50
gradient-elution 4 200 0 70
5 210 0 70
6 215 100 0
7 220 100 0

VAA: Acetic acid, 2ACN: Acetonitrile.
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o+ &2 A& A (free radical scavenging concentration, FSCs)
= S74stsiche).

2 AgoA = vd kA3 2tz ¢l DPPHE o] 835t

Free radical scavenging activity
(FSCs, pg/ml)
*

0 . I
50% EtOH extract EtOAc fraction (+)-o-Tocopherol

Fig. 2. Free radical scavenging activities of 50% EtOH extract
and EtOAc fraction of L. japonica Thunb., and (+)-o-tocoph-
erol. Data are presented as the mean + SD. "p < 0.05 compared
with (+)-o-tocopherol.
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GAETE 50% Hadte FE2 0SCs 1EE=E 50%
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0.33 ug/ml2 YEFITh(Fig. 3). 7 7HA] 23 257 7
F 484 3FAESHA| 91 L-ascorbic acid (4.95 pug/ml)Q} B 1
lo e =2 FAEsS 7FR T Qles o & gtk E3], 9]
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acidie U453 £ AT E5S T 9L FA%
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=
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o

ROS scavenging activity
(OSCysg, pg/ml)

%
0 L [
50% EtOH extract EtOAc fraction
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Fig. 3. ROS scavenging activities of 50% EtOH extract and
EtOAc fraction of L. japonica Thunb., and L-ascorbic acid in
Fe3*-EDTA/H,0, system by luminol-dependent chemilumi-
nescence assay. Data are presented as the mean + SD. "p < 0.05
and “p < 0.01 compared with L-ascorbic acid.
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A2 AR A A TAS A jHEo] JRAQ] A4 A
3} A (+)-a-tocopherol (37.5 min)ETtE =& X 25 &
e 7L Qe et QP = o EotAlEH ol E
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5ug/mle] FEoA AE BS a7} ok A
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Fig. 4. Cellular protective effects of 50% EtOH extract and
EtOAc fraction of L. japonica Thunb., and (+)-a-tocopherol at
1 ug/ml and 5 pg/ml on rose-bengal sensitized photohemo-
lysis of human erythrocytes. Data are presented as the mean
+5D. ?p < 0.05 and Pp < 0.01 compared with (+)-o-tocopherol by
one-way ANOVA. #p < 0.05 1 pg/ml versus 5 pg/ml of 50% EtOH
extract by Student’s t-test.

Aok 5B = oEoAHIOIE £ E2S 1 ug/mlo] F&=9
A 71 BE AR B3 A3E dehgion, 5U% 5=
9] (+)-0-tocopherol (31.1 min)¥} B X3} HE o oL =&
AZ 85 53E ehfich B3, 1 pgml] SEolA <
T3 AEOtAHOIE £82 50% AeE FEEHT ¢F
20 52 AE B3 B7E dehfsion ok BAMozR
o3t 2ol & UE Stk (Fig. 4).
TEEA EEE F25 L EYEY AXZ BE
t2E 30, 1e=EY FE2E Y FYE Nxgt o
AE 548 el 239 274 71548 o)
ok AT7E 10 pg/ml =9 Q1EE = oHotAH O E &8
oA 2£7(30.8 min)Eth o] WA Yehts Ao
2 n|FojHo} o] EFo| oHotAE|o|E £Eof T Wol 3
FE Y& AeZ AT

1..

o &
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HaCaT A& ¥ S a3}
VEFRE FE 2 EZ =Y HaCaT N Z 54 F7E MTT

Table 3. Cellular protective effects of 50% EtOH Extract and EtOAc fraction of L. japonica Thunb., and (+)-o-Tocopherol on the

rose-bengal sensitized photohemolysis of human erythrocytes.

Tso (Half time of hemolysis)

Concentration (ug/ml) Control 0.1 0.5 1 5 10 25

28.5 24.8 36.2 46.0 31.8
[ - -
50% EtOH extract (+08) (£0.5) (£0.9) (+0.3) (+14)
. 30.8 26.2 39.0 523 47.1 16.9

EtOAc fraction (*12) (+0.4) (+0.6) (+0.5) (*1.8) (x0.4) )
(+)-0-tocopherol 303 ) ) 31.1 36.6 375 387
P *13) (*1.6) (*1.5) (*1.3) (+1.6)
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Fig. 5. Effect of L. japonica Thunb. 50% EtOH extract and EtOAc fraction treatment on HaCaT cell viability. HaCaT cells were
treated with various concentrations of samples for 24 h and cell viability was determined using the MTT assay. Data are presented as
the mean + SD. ?p < 0.05, ®p < 0.05 compared with untreated control by one-way ANOVA.
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Fig. 6. (A) Cell protective effects of 50% EtOH extract and EtOAc fraction of L. japonica Thunb. on H,0,-induced HaCaT cell.
HaCaT cells were treated with different concentration of sample for 24 h after being exposed to oxidative stress. (B) Rate of increase in
proliferation of cell protective effects. Data are presented as the mean + SD. ®p < 0.05 compared with H,O, treated control in 50% EtOH
extract dose-treated groups by one-way ANOVA, ®p < 0.05 compared with H,O, treated control in EtOAc fraction dose-treated groups

by one-way ANOVA.
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Fig. 7. Effects of L. japonica Thunb. 50% EtOH extract and
EtOAc fraction on UVB-induced oxidative stress in HaCaT. L.
japonica Thunb. 50% EtOH extract and EtOAc fraction scav-
enged UVB-induced upregulation of intracellular ROS pro-
duction. The 2, 7'-dichlorofluroescein diacetate (H,DCF-DA)
probe was used to investigate intracellular ROS levels. Data are
presented as the mean + SD. ®p < 0.05 compared with UVB
treated control in 50% EtOH extract dose-treated groups by one-
way ANOVA, ®p < 0.05 compared with UVB treated control in
EtOAc fraction dose-treated groups by one-way ANOVA. p <
0.05 50% EtOH extract versus EtOAc fraction by Student's t-test.
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Fig. 8. TLC chromatogram of EtOAc fraction of L. japonica Thunb. and references (UV 254 nm, NP-PEG reagents; UV 365 nm).
Eluent system : hexane : ethyl acetate : acetic acid = 24 : 14 : 5 (v/v), D apigenin, @ coumaric acid, @ ethyl acetate fraction,

@ luteolin, ® caffeic acid.
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Fig. 9. The HPLC chromatogram of EtOAc fraction of L. japonica
Thunb. 1: LJT3, 2: LUT1, 3: LUT4, 4: LJT2.
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Table 4. Bioactive compounds contents of 50% EtOH extract
and EtOAc fraction of L. japonica Thunb.

Total flavonoid
(luteolin, mg/q)
145.5
6354

Total phenolic
(caffeic acid, mg/g)

50% EtOH extract 35.7
EtOAc fraction 159.2
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