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Abstract

In this study, we evaluated the antioxidant activity and anti-inflammatory effects of Abeliophyllum distichum (A.
distichum) leaves that were prepared via air-drying. Fresh and air-dried A. distichum leaves were examined via

1,1-diphenyl-2-picryl hydrazyl (DPPH) radical,

and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)

diammonium salt (ABTS) radical scavenging assay and measurements of the reducing power. The suppression effects
on inflammation of the leaves were analyzed by a western blot and RT-PCR on LPS-induced RAW 264.7 cells.
As a result, the antioxidant activity of the fresh leaves was found to be more effective than that of the air-dried
leaves. Also, the fresh leaves were more effective in suppressing the protein and mRNA levels of iNOS and COX-2
than the air-dried leaves, thereby indicating the better anti-inflammatory effects. In addition, the contents of phenolic
compounds and acteoside were analyzed by high-performance liquid chromatography (HPLC). The results showed
that the acteoside content decreased with the use of the air-drying method, while there was no change in the content
of phenolic compounds. Therefore, this study indicated that fresh A. distichum leaves potential antioxidant and
suppression activities of various factors that are involved in the production of NO, which were found to be better
than those of air-dried A. distichum leaves. These biological activities were also found to be independent of the
content of phonolic compounds and were assumed to be directly or indirectly related to the content of acteoside.
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1, cyclooxygenase-2(COX-2)= A% T4 A543 A+
ol ofste] v F=so] FHH iNOS COX-2+
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W127137 78 JHAAAFSY 1A Hvhstol
F24 AAZRE AA 2 Az on], FUsta

o, o{Nv

At det el A S Al RS A5l TH(voucher
number: JWU-031). £ A& of| A}-8-F Dulbecco’s modified
Eagle’s medium(DMEM), 10%(v/v) fetal bovine serum,
penicillin/streptomycin trypsin< Hyclone(Laboratories Inc.,
Logan, UT, USA) A &2 A3t} HPLC grade] methanol,
petroleum ether, ethyl acetate, chloroform, acetonitrile 2
dimethyl sulfoxidex= Merck(HPLC grade, Frankfurter,
Darmstadt, Germany)A+2] A &S AH&-SFATE He 2] Al <k
< Sigma-Aldrich(St. Louis, MO, USA)ALS] #| &S Al-8-3
Atk 71eF Al 2 V7] HE ®71E Y BRE dAle
abcam(Cambrige, MA, USA)2] #|&-S AF8-3151th

3: ~N&g =A

1S A B Hx AR skt AA
A AH A ARSI em, AEAIRE
st AlRE ARSI ZF AR 100
2 ZA3Fe] autoclavel A 121C, 1.2 atm
1 FEIF oM, o] FEES TEAXS)

ool‘ q

DPPH =iC|g&d AHEH

DPPHE ©]&-&F A} Fof5-& Bondet "H(17)= FaL
3l =731t} DPPH solution2 300 uM 1,1-diphenyl-
2-picryl hydrazyl(DPPH)E 515 nmol| 4] &4 %= Fko] 1.000]
5 =% ethanolS ©]-&-3tod 3|4 FH|BIqITh 2t =l
Z=5(0.32, 1.6, 8, 40, 200 pg/mL) 40 pLell DPPH solution
760 ULE H7}ek & 37ToA 208 ¥H2A]7A UV/Visible
spectrophotometer(Xma-3000PC, Human Co., Seoul, Korea)
£ o] &3t 515 nmmelX FHEE ST

DPPH ]2 2AZ(%)=(1-

ABTS 2tz

ABTS 2z &7 24 532 Van den Berg 59| WY
(18)2 Frmsle] =743kt ABTS solutione 7.4 mM
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid)
diammonium salt®} 2.6 mM potassium persulfate S Z35}o]
2417t ABTS radicals B4A1Z & S/HFE o] &3t
734 nmel A FF= gto] 0.700] HE= A ettt 7t

E‘% 3% 40 Lo ABTS solution 760 (LS 3 7}3h

% 37ColA] 208 ¥Hg-A]# UV/Visible spectrophotometer
(Xma-3000PC, Human Co)E ©]-8-3F] 734 nmol A F35%=
= 345k
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&9 FEE 100 pLe] 0.2 M potassium phosphate
buffer(pH 6.6) 250 uL¥} 1% potassium hexacyanoferrate(1II)
250 L2 E§E -, 50CellA 208 WA - =
Y743}, trichloroacetic acid(TCA) 250 L& 71815

9 WEEHE 2,000 xgoll A 53 A Eelste] Ay
400 pLell SF4= 400 uL9} 0.10% ferric chloride 16 ULE
71l &3k T UV/Visible spectrophotometer(Xma-
3000PC, Human Co.)Z ©|-&3}o] 700 nmol|A] TS =
et

A

Z vlE =2 Folin-Denis "' (20)= Farste] 4}
Atk FEE 50 UL} SF< 950 1L, Folin 500 1LE &33t
% 20% sodium carbonate 2.5 mLE o] 4057F A -&of A
BEEAIZAT REEE &5 &L B2 dAE UV)Visible
spectrophotometerS ©]-8-3lo] 725 nmo|lA FHE=E =%
&}91t}. Standard:= tannic acidZS AHE-8}) 11, & = 244}
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Acteoside &2k 24

Acteoside®| High performance liquid chromatography
(HPLC) #-4]2 Waters 2695 system(Waters, Milford, MA,
USA)Z} Waters 2487 Dual A absorbance detector(Waters) S
ol AT Al AHEE AR B EEES 1 mge
Z3ted 1 mLe WErEo] 83l3ted 0.45 um membrane
filter(Waters) S ©]-8-3f] oJ2}311 11, Al & 10 ULE acetonitrile
2 1% acetic acid/H,OS 1 mL/min= 0-20E7}4] 10:9001 4]
50:50% W3kl 4 v]&2 $4319 T Waters XBridge™
Cis column(4.6 mmx250 mm) packed with 5.0 ym diameter
particles(Waters) & ©]-8-3to] &4 = 335 nmol| 4] £4138}3]
o, AlR9| acteoside FHS HFEFY vl wsle] 53 2
A ZF3lh ETF2 Sigma-aldrichAFe] A &S o] 831
onl, £FFC] B Y AAPHH L AHgtel el

M|z ufet

Ao AMg-E Raw 264.7 A= American Type
Culture Collection(ATCC, Manassas, VA, USA)°l| 4] &+
o} A&3stA ) AlE+= 1% penicillin/streptomycin 2 10%
fetal bovine serum®] X DMEM@A 37T, 5% CO, 211
sl w3t

M=Z MEg

Raw 264.7 A EZ 96-well plate©l] 1.0x10* cells/well2]
U g FFote], 4AIZ vt & w2 HE X85S A
a3tk A& 22 24413 5 alamarBlue® Cell Viability

Reagent(Thermo Fisher Scientific, Waltham, MA, USA)S
wjz] o] FFe] 20%4 A gfste] 2413 vl el Wk
% UV/Visible spectrophotometer(Xma-3000PC, Human Co.)
= ©]&3t 570 oA FFEE SA st AZAEES
gkl sttt

o

NO Moz £d

Raw 264.7 Al 5 96-well platecl] 1.0x10* cells/well2]
WER RS, A7 R F M AEE A
SFTE A& A2l 1A F LPSE A 2lsto] 24417 vt
FEAS NO AR Y 240 AHgstath AL 3Bl
Griess reagent(1% sulfanilamide, 0.1% N-1-naphthylenediamine
dihydrochloride, and 2.5% phosphoric acid)E * l3}o] 540
el N FHEE 2Aa9

Western blot

Raw 264.7 Al EE 6-well platecl] 1.0x10° cellsjwell2]
T2 o], 447 vkl = FE HE AR 9 IPSE
A8t A& A2l 24413 & PBSE F W A A 5,
protease inhibitor cocktail® ¥38F Radio Immuno
Precipitation Assay(RIPA) buffer® £-3f3F & d-3-0l|4 30
2 AAA AT AE 3 H-E 47C, 12,000 rppmel| 4] 203
b QAEYsta, AE9e Bradford Al 2F(Bio-rad,
Hercules, CA, USA)S o83l Tl d -8 2 A|51%
o} Al &3] A2 2xLamilae bufferet E3H3to] 95Tl A
5% 7E 71D 5 720 g T A Ge] SFEkE A RS 10%
SDS-PAGESI A A7) 953t Helstdrt. 47 9%
@A - polyvinylidene difluoride membrane(PVDF) 2}ol]
&7 d2ollA 1717t <t blocking(5% skim milk in TBST)
skt 12 FAE 12,0002 FAsle] 4CoA
overnight 2] 3t t}. ©]F 103 7H4 o2 TBSTZ 33] A
A3}l 221 A 1:50000.% 3] 3ste] 1A3F E<F vEE-A]
Zith. o] % 108 7H4 o= TBSTE 33] A2 3}aL enhanced
chemiluminescence(ECL) western blotting detection kit(Bio-
rad)Z ®EE3S9th @& wl=i= FluorChem E(Cell
biosciences, Santa Clara, CA, USA)Z &< 3lo] gHelsteitt,

Total RNA % % cDNA &4

Raw 264.7 Al ZZ 6-well plate©l] 1.0x10° cells/well 2 -
Fato], 447 Hjker F v HE AR ARtk AR
2] 48A12F T PBSE F W 4123 F, Nucleo Spin® RNA
Plus(Macherey-Nagel, Duren, Germany)E ©]-83}] total
RNAE Atk BE 22 4CollA ZP= A 2™, Quantus
fluorometer RNA system(Promega, Madison, W1, USA)E
AHgste] g Fetslem, cDNA F4de el 1 1gel total
RNAE A}-8-3}9] ReverTra Ace -a-*(Toyobo, Osaka, Japan)
£ o]g3lo] DNAES FA AT
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RT-PCR

cDNAZFe Bl A5 SEA1717] 96k Quick
Taq® HS Dye Mix(Toyobo, Osaka, Japan)$} §H4 &+ cDNA,
forward primer$} reverse primer= PCR< 4-3) 5131t} PCR
o] 272 33 Zrh 94TE 2% 2t denaturationS A7
B 94TCeA 30% 7t denaturation & 55Col A 30% 7t
annealing, 68 Col|A] 13 %} extensionS 25 cycle ¥H5-5}93 3L
upr] ek A2 72°C A 1085 7t extensiond} S T} House
keeping gene®.Z Bacting AME3II3L 2% agarose
gel(Affymetrix, Cleveland, OH, USA)Z UV ‘g4 bandE
ekt 7} primere] M EE tha3 ZT

iNOS forward 5’-AAT GGC AAC ATC AGG TCG GCC
ATC ACT-3’, reverse 5’-GCT GTG TGT CAC AGA AGT
CTC GAA CTC-3'.

COX-2 forward 5°-GGA GAG ACT ATC AAG ATA
GT-3’, reverse 5’-ATG GTC AGT AGA CTT TTA CA-3’.

GADPH forward 5’-AAC TTT GGC ATT GTG GAA
GG-3’, Reverse 5’-ATG CAG GGA TGA TGT TCT GG-3’

BE A9 Avbe 3u o) FASon, BARA L
SPSS 18.0(Statistical Package for the Social Sciences)= ©]-&
sto] 7t Ade] Wy FEUAE A4 1, ANOVAS
E3F p<0.05 =X Duncan U577 (Duncan’s
multiple range test) &= A skl 2 Ao fo]dE

s O]’O:]E]'

st 2y
®ATE A% R0 mE nAuT 4 F38e
a5 9 geS %W,Oﬂ {1 ¥l & sfo) 443

AANA w315 Qﬂxﬂ% Arz
AT DPPHsﬂr ABTSE B2 obg e} gl g8 7
E42 DPPH &% &A 4L F4 FoAe 245
ek wHow sy SR, BEE olulF % o
F2HIAF Sof| o8] S} AR Ho} 39l E|o] Halalo]
el E)E 922 0] 23l Who|n], ghakst BAS el
] H & o] o] &=x gith2l).
Az 2o whg mlAdv ole) gksl A4S st

71 -?40 DPPH &t]Z AAEA, ABTS ) 2AEA
2 g9z o2 Frlalgty. DPPH &tz A7 84 oA
(Fig 1), #Z%°] 527} 5713l w2} DPPH 2H] 2 47
o] Frkelom A% FEE B E 200 pgmLolA

N

T2 ZAAFEE A A25H A1E (2018)

=
4
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gy

90.1+0.9%, 70.7+0.7% %} vlwated A FEE0] F&
J<& YERA T} B3 ICs(inhibitory concentration) %
%9 227 pgmL, B 18.0 pgmLo &2 JERTh

82.7+1.3%, 40 pg/mLolAl 68.0+1.1%= A F=
[e)
=
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¥ Fresh
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Fig. 1. DPPH radical scavenging activity of fresh and air-dried
Abeliophyllum distichum Nakai leaves.

All data are from one experiment, representing three independent experiments (‘p<0.05,
air-dried-treated group vs fresh-treated group).

ABTS &tz &AL etz AYds= ABTS7t
ZA A1, hydrogen peroxide$} metmyoglobin®] -2 3};ks}
Hk-g-of] 2]&] myoglobin radical S #HAA7| &= 7] oZE A&
AgAS VeRdT) ABTS 2oz &A 84 ol X (Fig. 2),
Az FE5E T 200 pg/mLolA] 94.143.6%, 40 pg/mlof|
2] 90.8+2.8% % A FEE 952+4.1%, 93.5+4.0% 9} ¥ 1
sto] frol Al Apol & YERNA] Z%AIRE 8 ng/mLollA
33.642.5%, 38.2+1.6% = WEISTE B3 ICs #h2 =8
10.7 pgmL, A< 9.3 ygmL o2 UEelyt) 398 Hrie

Ago] S o] what wakale] A falo] FAl i
=408 Agty]= A o] &gk Aok kstA e} &
3L 4| & Fe''[ferricyanide complexZ 2+ A7 ferrous
?%}EHE A3+, o] &2 13} Perl’s Prussian blue?] A<
700 nme Al S sh= A ] olth22).

Az A i njduE o & FE559 g Y (Fg.
3)S 2o 2 A3 L-ascorbic acid(100%)2} ¥] w3ke]
200 pg/mLe] FZoA AZ2Y(102.4+0.8%), A 4 (110.9+
14%)°] &S Yehllon, 22 o] ¥ vl
ste] o =& &35 Ve o A AETellAl =
723 ghd e Uepith olefek ksl @ HAt
o5 WA Aol dom Ayea] s Sgata
T AAGT 2 AW S 7T Az i) w}e
AU 9 B FEES =2 s a9E el
BAR R Aol Do) X o] GAET =2 %—4/‘3

< veid,
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Fig. 4. Total phenolic compounds of fresh and air-dried
Abeliophyllum distichum Nakai leaves.

TAE, tannic acid equivalent.

Concentration (ug/mL)

Fig. 2. ABTS radical scavenging activity of fresh and air-dried
Abeliophyllum distichum Nakai leaves.

All data are from one experiment, representing three independent experiments (‘p<0.05,
air-dried-treated group vs fresh-treated group).
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032 16 8 40 200 Fig. 5. Chromatogram of identification of acteoside of leaves of
Concentration (ng/mL) Abeliophyllum distichum Nakai according to drying methods by

Fig. 3. Reducing power of leaves of fresh and air-dried  HPLC:
Abeliophyllum distichum Nakai leaves.

All data are from one experiment, representing three independent experiments (‘p<0.05, 120 s
air-dried-treated group vs fresh-treated group). W Air-dried  ®Fresh
100
HEF ShetE B B4 S
Az Ao e vduT o & F229 HeR 3% &
BE BN AFg 4, B O1EF BB e A E O
21(13.69 mg/g TAE), A %(13.61 mg/g TAE)Z LERSiTH = 40
T ARt HER AT GBS Aot gk A S
F SR Gas @4e 1 TRl 543 Badel 2
e, o5 B4 Aol A, YA, Bre 27 0 '
Al, AF&EH e g4EshA (chain breaking antioxidants) s 2 2 - 25 50 100 200
Al gl 719leh Ao Leid Ak F A=y o Concentration (ug/mt)
_ o Fig. 6. Inhibitory effects of fresh and air-dried Abeliophyllum
2o rlokst Lzl Bxlakl 71l 2} AR 24 §1Ak g oy S1 A
E"Lr/} ¢ :r:"'g]r EARE 7R 24 o }“EL% 14 ‘; distichum Nakai leaves on cell viability.
5l & 5 5 S = 5 © = ko
sk 29t el @t BT A HE 8 e B AR RAW 264.7 macropahges were stimulated with treatments of air-dried and fresh leaves
;5}%.—% 3t AngdAaEdz A g}\q.(23). (0, 25, 50, 100 pg/mL) for 24 h. After incubation for 24 h, cell viability was measured

by using the alamarBlue® Cell Viability reagent. All data are from one experiment,
representing three independent experiments. (p<0.05, non-treated group vs treated group).
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Fig. 7. Inhibitory effects of fresh and air-dried Abeliophyllum
distichum Nakai leaves on the production of nitric oxide (NO).

RAW 264.7 macropahges were stimulated with treatments of Lipopolysaccharide (LPS),
air-dried and fresh leaves (0, 25, 50, 100 ug/mL) for 24 h. After 24 h stimulation,
NO secretion in the supematans was measured by using th Griess reagent. NO secretion
was calculated by using a standard curve according to sodium mitrite standard solution.
Comparing with non-treated group (p<0.05), LPS-treated group (p<0.05). All data are
from one experiment, representing three independent experiments.
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Fig. 8. Inhibitory effects of fresh and air-dried Abeliophyllum distichum Nakai leaves on the expression of iNOS and COX-2 protein.

RAW 264.7 macropahges were stimulated with treatments of Lipopolysaccharide (LPS), air-dried and fresh leaves (0, 25, 50, 100 pg/mL) for 24 h. After 24 h stimulation,
total cell lysates were subjected to Western blotting analysis. The protein expression of iNOS and COX-2 was detected by using an enhanced chemiluminescence reagent. Those
levels were quantified by analysis with the software Un-SCAN-IT gel Version 5.1 (Silk Scientific, Inc.) and normalized to corresponding B-actin levels. Comparing with non-treated
group (*p<0.05), LPS-treated group (‘p<0.05). All data are from one experiment, representing three independent experiments.
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Fig. 9. Inhibitory effects of Abeliophyllum distichum Nakai leaves on the mRNA levels of iNOS and COX-2.

RAW 264.7 macropahges were stimulated with treatments of Lipopolysaccharide (LPS), air-dried and fresh leaves (0, 25, 50, 100 pg/mL) for 6 h. After 6 h stimulation, total
cell lysates were subjected to RT-PCR analysis. The mRNA levels of iNOS and COX-2 was detected by DNA electrophoresis. Those levels were quantified by analysis with
the software Un-SCAN-IT gel Version 5.1 (Silk Scientific, Inc.) and normalized to corresponding GAPDH levels. Comparing with non-treated group ('p<0.05), LPS-treated group
(p<0.05). All data are from one experiment, representing three independent experiments.
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