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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 inflaimmation 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 4. 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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DPPHE ©]-8-3F WA} 352 Bondet WH(17)= L
st =731tk DPPH solution< 300 uM 1,1-diphenyl-
2-picryl hydrazyl(DPPH)E 515 nmol|A &-3%= Fko] 1.000]
5 =5 ethanolS ©]-&-3tod 3|4 FH|eIgit) 2 = 5
Z=%5(0.32, 1.6, 8, 40, 200 pg/mL) 40 uL°ll DPPH solution
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spectrophotometer(Xma-3000PC, Human Co., Seoul, Korea)
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ABTS 2z ~AH&4

ABTS &z &7 &4 58-S Van den Berg 52 WY
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398 L Oyaizud] WH(19)S Faste] =43kt 2+
T2 F=E 100 pLo] 02 M potassium phosphate
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250 uL& &3 §, 50TollA 208 WA & aE'
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Acteoside®| High performance liquid chromatography
(HPLC) #2492 Waters 2695 system(Waters, Milford, MA,
USA)¥} Waters 2487 Dual A absorbance detector(Waters)S
3l AT Aol AHEE AR 9 BFEES 1 mge
Z3sted 1 mLY g2 83l3}e] 0.45 pm membrane
filter(Waters) & ©]-8-3ll &J2}5}99 11, Al 5 10 ULE acetonitrile
2 1% acetic acid/H,0S 1 mL/minZ 0-20%7}4] 10:90°1 4]
50:50% Wslsle gnf Bl& R 2819t} Waters XBridge™
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particles(Waters) & ©]-8-3}o] &3 % 335 nmol| A 43}
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Raw 264.7 Al = 96-well plated]] 1.0x10* cells/well2]
LER EFate], 4A3F gt & s HE ARE A
st A5 A2 24A17F ¥ alamarBlue® Cell Viability

Reagent(Thermo Fisher Scientific, Waltham, MA, USA)2
x| o] FwFel 20%4 A 2lsto] 2413 wfFatint. vk
% UV/Visible spectrophotometer(Xma-3000PC, Human Co.)
= o]&3t4 570 nmelA] FHEE S5t AZBEES
sholsisicy.
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Ui FFote], UAIZ et & v ' AEE A
SIAth Al A2] 1XZE £ LPSE A gjato] 24431 ulj kgt
4T HE NO A% 4o AH&sith A2 s el
Griess reagent(1% sulfanilamide, 0.1% N-1-naphthylenediamine
dihydrochloride, and 2.5% phosphoric acid)E * 2|t 540
ol FHEE ZHeA.

Western blot

Raw 264.7 Al 22 6-well plate]] 1.0x10° cells/well®] 2
S8 o], 443 videt - wE HE AlE Y LPSE
Aelstdh A& 22] 24213 & PBS® F ¥ AX g 5,
protease inhibitor cocktail 2 ¥3%3F Radio Immuno
Precipitation Assay(RIPA) buffer2 £33t & d 54 30
w3 AR FAT AE B3 HE 4T, 12,000 pmel|A] 203
7t QARYstn, AENS Bradford 4] 2k(Bio-rad,
Hercules, CA, USA)= o] -&3lo] vhila &S 2513
o}l Al Z §-38) 92 2xLamilae buffere} E33}o] 957 4]
5% 3t 71 $ 7h 20 pg P e s Gt AlRE 10%
SDS-PAGECI| A H7] &3t Eelatitt 171 J5d
A & polyvinylidene difluoride membrane(PVDF) o]
&7 Lol A 1A17F E2F blocking(5% skim milk in TBST)
st 13 FAE 12,0002 3]Asle] 4Tl A
overnight 12|33t} ©]F 10+ 7HH 2.2 TBSTZ 33] Al
28}, 221 34 1:50002.2 3 A 38te] 1417 Sk uE-S-A]
Zth o] F 10% A2 2 TBSTE 33| 412 3}aL enhanced
chemiluminescence(ECL) western blotting detection kit(Bio-
rad)Z WHalth Tl Wl=% FluorChem E(Cell
biosciences, Santa Clara, CA, USA)Z &<J3le] gl

Total RNA =% % cDNA g4

Raw 264.7 Al 22 6-well platecl] 1.0x10° cells/well &
Foto], 4417 v e & s HE A RS ATt AR
2] 48717t T PBSE F W A1H & %, Nucleo Spin” RNA
Plus(Macherey-Nagel, Duren, Germany)E ©]-83}9] total
RNAE Atk B8 2142 4Tl A 8= 2] 2m, Quantus
fluorometer RNA system(Promega, Madison, WI, USA)E
AHE-ste] g &kl o, cDNA &= 13l 1 gl total
RNAZ Al-83}9] ReverTra Ace -a-"(Toyobo, Osaka, Japan)
£ o]&3lo] cDNAS A3t
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RT-PCR

cDNAZS] Bl FAAE 53FA1717] 918k Quick
Taq® HS Dye Mix(Toyobo, Osaka, Japan)®} 34 3 cDNA,
forward primer$} reverse primer= PCRS <33} t}. PCR
o] 24L& t23 2t 94CE 2% 7t denaturationS A 71
% 94Coll A 30% 3t denaturation & 55C| A 30% 3t
annealing, 68 ColA] 15 It extension= 25 cycle RHE-8}%] 1L
22 SAZ 72T A 102 1t extensiond} St House
keeping gene® 2 [-acting AME-SF I 2% agarose
gel(Affymetrix, Cleveland, OH, USA)Z UV “J<lA] band&
g1ttt 7} primere] M E-& thd Zth

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’
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SPSS 18.0(Statistical Package for the Social Sciences)= ©]-8
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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 (kp<0.05,
air-dried-treated group vs fresh-treated group).
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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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Fig. 3. Reducing power of leaves 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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Fig. 4. Total phenolic compounds of fresh and air-dried
Abeliophyllum distichum Nakai leaves.

TAE, tannic acid equivalent.
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Fig. 5. Chromatogram of identification of acteoside of leaves of
Abeliophyllum distichum Nakai according to drying methods by
HPLC.
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Fig. 6. Inhibitory effects of fresh and air-dried Abeliophyllum
distichum Nakai leaves on cell viability.

RAW 264.7 macropahges were stimulated with treatments of alrdned and fresh leaves
(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,
tepresenting three independent experiments. ('p<0.03, 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 pg/mL) for 24 h. After 24 h stimulation,
NO secretion in the supematants was measured by using th Griess reagent. NO secretion
was calculated by using a standard curve according to sodium nitrite 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
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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

(30). COX2&= 95 HH-g¥t olet g1, A7),
doxd 9 W9 vhg Foll #od3stal, 954 cytokine©]
HHEH coxX27F €43t T3l 3 COX2& dox
2], e Tz A oA Hg Aol vlEl B ool T2
ElZdde] A fFEste] 3 S 38k A2
e B2 W ol W9y S dAT =N
el & S ATkl COX-29 THL T TE
Aol WA AHAQ AAAE S HERATH32).
Az o] e nAduy o & F559 INOS %

Q
@)
2
\S)
ey

)
w
mE
¢

WA e -S 2Q1gk A 3K (Fig. 8), iNOS Tl
, 50, 100 pg/mLol|A] B ZHAasksich mgh A
= 100 pg/mLel A= LPSF-A 232 iNOS 2+l
3 5o ZHAEIE Btk coX2 v uk
o] o] wgtom, A FE5F FE 25, 50,
A BT 22 AR E Btk dx W
o duE 9 & FEE9] iNOS ¥ COX-2 mRNA
< gl A 3KFig. 9), iNOS mRNA 52 25, 50,
100 pg/mLellA 25 7Hastint s A 55 v
25 pgfmLell A= LPS A 2]w-9] iNOS ' &} v 5=k 4+
© 2 iNOS mRNA®| #Ag IS UehlA] ¢9kth COX-2

T
=

re ol N
fo &y &
[}

48z
@ oy om Mo
2 B o o
2

AN



N
.
L

mRNA FFo] TS 21290 &Aool Ygton, A9 +

T 50, 100 pgmLoll A 2 HAgaE Bk %
9 FEE $% 25, 50 ngmLE COX-2 mRNAZ] W& A3
B} Sl 28402 A5 v e #do] 212 iNOS
g COX-2 QIAke] whild vy 3l mRNA 9] ZA4a)
7h sl om Aol gl x| dET =8k
t}

 AelA Az WA whE nAduE o = FEE

o1ttt T3l INOS 2 COX-2 vz w3 2 mRNA
T A BAE GRIsi o, ol2ldt A= HEshet
28k o gt rlduHRErE 236kl Sl acteoside®]
AR AAAATE dvka Al ETh o] & Baf A
WA ol whet mP v o] S 9 gikel 24 wist
3}o

=

L DI

b,

ol

Az
S g A3, B P A
ol ¥l ele] et Byo] Holwdeh, SR %
24

gl

2

W2 AU 9 ke 24 8 g

N

o] 2 frel Al zhol 7t gl e, wAduTe] 24
A2 47l acteoside®] TS A Ay AYC
acteoside®] 3FFo] ESkt}. w3 FAT AAE e}
A&l nitric oxide?] &rzF 2 A E = 7y
Q17HQ1 INOS$F COX-29] Tl B3 Bl mRNA FF&
shelgh A, Aede] A ZAo] AxARY £t o]

ol Az Sloll Hlsh Asle] o] & HA7E ke, oH g

ks 2 BAF B acteosided] TSl Aoloh WD
Bo] 9 Aoz Audth

References

1. Maxwell SR (1995) Prospects for the use of antioxidant
therapies. Drugs, 49, 345-361

2. Asensi M, Ortega A, Mena S, Feddi F, Estrela JM (2011)
Natural polyphenols in cancer therapy. Crit Rev Clin Lab
Sci, 48, 197-216

3. Kehrer JP (1993) Free radicals as mediators of tissue
injury and disease. Crit Rev Toxicol, 23, 21-48

4. Lawrence T, Willoughby DA, Gilroy DW (2002)
Anti-inflammatory lipid mediators and insights into the
resolution of inflammation. Nat Rev Immunol, 2, 787-795

5. Choi DS (2009) Study on the antiinflammatory effect
and mechanism of isoegomaketone in vitro and in vivo.

10.

11.

12.

13.

14.

15.

16.

17.

18.

T2 FAGRFE A A25H AT (2018)

MS Thesis, Chonbuk National University, Korea, p 4-5

. Chae CH (2004) Functional role of inducible nitric oxide

synthase and cyclooxygenase-2 in acute inflammation.
Ministry of Health and Welfare, Gwacheon, Korea, p
10-11

. Bak JP, Son JH, Kim YM, Jung JH, Leem KH, Lee

EY, Kim EH (2011) Suppression effect of the
inflammatory response in macrophages by paeoniae radix
rubra extracts. Korean J Med Crop Sci, 19, 373-379

. Jung HK, Kang BM, Jang JH, Ahn BK, Yeo JH, Jung

WS, Cho JH, Kuk YI, Hyun KH, Cho HW (2014)
Inhibitory effect of Alopecurus aequalis Sobol ethanol
extracts on LPS-induced inflammatory response in RAW
264.7 cells. Korean J Med Crop Sci, 22, 98-104

. Park JH (2011) Antioxidant activities and inhibitory

effect on oxidative DNA damage of extracts from
abeliophylli distichi folium. Korean J Herbol, 26, 95-99
Oh H, Kang DG, Kwon TO, Jang KK, Chai KY, Yun
YG, Chung HT, Lee HS (2003) Four glycosides from
the leaves of Abeliophyllum distichum with inhibitory
effects on angiotensin converting enzyme. Phytother Res,
17, 811-813

Park GH, Park JH, Eo HJ, Song HM, Lee MH, Lee JR,
Jeong JB (2014) Anti-inflammatory effect of the extracts
from Abeliophyllum distichum Nakai in LPS-stimulated
RAW264.7 cells. Korean J Plant Res, 27, 209-214
Xiong Q, Hase K, Tezuka Y, Tani T, Namba T, Kadota
S (1998) Hepatoprotective activity of phenylethanoids
from Cistanche deserticola. Planta Med, 64, 120-125
Schlesier K, Harwat M, Bohm V, Bitsch R (2002)
Assessment of antioxidant activity by using different in
vitro methods. Free Radic Res, 36, 177-187

He ZD, Lau KM, Xu HX, Li PC, Pui-Hay BP (2000)
Antioxidant activity of phenylethanoid glycosides from
Brandisia hancei. J Ethnopharmacol, 71, 483-486

Li J, Wang PF, Zheng R, Liu ZM, Jia Z (1993) Protection
of phenylpropanoid glycosides from pedicularis against
oxidative hemolysis in vitro. Planta Med, 59, 315-317
Xiong Q, Kadota S, Tani T, Namba T (1996) Antioxidative
effects of phenylethanoids from Cistanche deserticola.
Biol Pharm Bull, 19, 1580-1585

Bondet V, Brand-Williams W, Berset C (1997) Kinetics
and mechanisms of antioxidant activity using the DPPH
free radical method. LWT-Food Sci Technol, 30, 609-615
Van den Berg R, Haenen GR, Van den Berg H, Bast
A (1999) Applicability of an improved trolox equivalent
antioxidant capacity (TEAC) assay for evaluation of



19.

20.

21.

22.

23.

24.

25.

26.

Comparing bioactivities of leaves of Abeliophyllum distichum Nakai by drying methods 35

antioxidant capacity measurements of mixtures. Food
Chem, 66, 511-517

Oyaizu M (1986) Studies on products of browning
reaction: antioxidative activities of products of browning
reaction prepared from glucosamine. Jpn J Nutr, 44,
307-315

AOAC (1995) Official Methods of Analysis. 14" ed,
Association of Official Analytical Chemists, Washington
DC, USA, p 8-35

Que F, Mao L, Pan X (2006) Antioxidant activities of
five Chinese rice wines and the involvement of phenolic
compounds. Food Res Int, 39, 581-587

Ferreira IC, Baptista P, Vilas-Boas M, Barros L (2007)
Free-radical scavenging capacity and reducing power of
wild edible mushrooms from northeast Portugal:
Individual cap and stipe activity. Food Chem, 100,
1511-1516

Ferreres F, Gomes D, Valentano P, Goncalves R, Pio
R, Chagas EA, Seabra RM, Andrade PB (2009) Improved
loquat (Eriobotrya japonica Lindl.) cultivars: Variation
of phenolics and antioxidative potential. Food Chem, 114,
1109-1127

Bremer B, Bremer K, Heidari N, Erixon P, Olmstead
RG, Anderberg AA, Kallersjo M, Barkhordarian E (2002)
Phylogenetics of asterids based on 3 coding and 3
non-coding chloroplast DNA markers and the utility of
non-coding DNA at higher taxonomic levels. Mol
Phylogenet Evol, 24, 274-301

Szabo C (1998) Role of nitric oxide in endotoxic shock:
An overview of recent advances. Ann N Y Acad Sci,
851, 422-425

Martel-Pelletier J, Pelletier JP, Fahmi H (2003)
Cyclooxygenase-2 and prostaglandins in articular tissues.
Semin Arthritis Rheum, 33, 155-167

217.

28.

29.

30.

31.

32.

Weisz A, Cicatiello L, Esumi H (1996) Regulation of
the mouse inducible-type nitric oxide synthase gene
promoter by interferongamma, bacterial lipopolysaccharide
and NG-monomethyl-L-arginine. Biochem J, 316, 209-215
An SM, Kim HG, Choi EJ, Hwang HH, Lee ES, Back
JH, Boo YC, Koh JS (2014) Screening for
anti-inflammatory activities in extracts from Korean herb
medicines. J Soc Cosmet Sci Korea, 40, 95-108
Kang CH, Choi YH, Choi IW, Lee JD, Kim GY (2011)
Inhibition of lipopolysaccharide-induced iNOS, COX-2,
and TNF-a expression by aqueous extract of Orixa
Japonica in Raw 264.7 cells via suppression of NF-xB
activity. Trop J Pharm Res, 10, 161-168

Hur GM, Ryu YS, Yun HY, Jeon BH, Kim YM, Seok
JH, Lee JH (1999) Hepatic ischemia/reperfusion in rats
induces iNOS gene transcription by activation of
NF-kappaB. Biochem Biophys Res Commun, 261,
917-922

Sato T, Nakajima H, Fujio K, Mori Y (1997) Enhancement
of prostaglandin E2 production by epidermal growth
factor requires the coordinate activation of cytosolic
phospholipase A2 and cyclooxygenase 2 in human
squamous carcinoma A431 cells. Prostaglandins, 53,
355-369

Huang M, Stolina M, Sharma S, Mao JT, Zhu L, Miller
PW, Wollman J, Herschman H, Dubinett SM (1998)
Non-small cell lung cancer cyclooxygenase-2-dependent
regulation of cytokine balance in lymphocytes and
macrophages: up-regulation of interleukin 10 and
down-regulation of interleukin 12 production. Cancer
Res, 58, 1208-1216



