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Abstract

Recently, the use of seaweed has attracted significant attention and has resulted in several seaweed-based studies
for developing health-promoting foods. Sargassum sp. has been consumed as a part of the diet for centuries, especially
in Asian countries, and has been reported to exhibit diverse biological effects, such as antioxidant, anti-obesity,
and anti-inflammation effects. The present study involved the evaluation of the total phenolics content and in vitro
antioxidant activities of seaweed using 2,2'-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azinobis-(3-ethylbenzthiazoline-
6-sulfonic acid) (ABTS) assays. Moreover, the inhibitory effect of lipid accumulation during the production of 3T3-L1
adipocytes and nitric oxide (NO) in RAW264.7 macrophages were investigated. The results revealed that Sargassum
siliquastrum contained the highest total phenolics content (36.67 mg GAE/g of extract) and exhibited the highest
antioxidant activity among the 19 Sargassum sp. seaweeds. In terms of the anti-adipogenic activity, the Sargassum
nipponium and Sargassum siliquastrum extracts significantly inhibited lipid accumulation (up to 63%) compared
to that of the control in 3T3-L1 cells. Additionally, the Sargassum sagamianum extract inhibited NO production
(up to 85%) in lipopolysaccharide-induced RAW264.7 cells. Our results provide evidence that Sargassum sp. could
be useful for the development of healthy functional foods.
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THCho 5, 2008). A= o]2fgt FAgAEAFO] S

2 B2 shod], ofuix] gate] AGEL Ak % AR
HARERQ1 EA4J4 A (reactive oxygen species, ROS)ZE Zg}o]
FthKim 5, 2016). ROSOJ+= superoxide anion, hydrogen
peroxide 2 hydroxyl radical 5°] 1.2 H(Lee &, 2011), ]
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AYetA =1L, o] A2 MEW A4, THid, Ei= DNA &4
doA AFAQ AA| 7152 AAISHA Erto 5, 2010;
Koh &, 2008).

SHH, A W E 419] A GO = HREE AAAA
Q1 AR EAIE ZHEEE AL Qe BTk Al Ao] THest
A £X9 AHE ulot, 18Y, T, IXEZ L At
TS Yo7|= 5 Ylolth(Lee 5, 2014). FT A
Az W A3 ROS7E AA|a29] 23t} TAget AdhE 2t
Loja B EQithPark 5, 2013). E5] X|HHA 27} vl
A 39, B4 A Blalo] B FIAAE Ao,
B RIS BILTY BHS SUNA B,
o W 4lgE e 59| LIS FUeA HrkChoi 5,
2013; Lee &, 2011).

e A7 A 10%E Ak Yor, AT AR
2] 80 o}l AT et e shale el A
2g Bk cka HuEel, 34 HEARE AT 3
28 ARelo R FBS v SJckKim 5, 2013), St
Sh Aol Wik EEo] Qo] et PBES BS
St719] golstH, E3] =258 A, n|9, Ak 53 2
SHEFE TSR R HF8 ShKim 5, 2015a). E
ot AT SAHAEY O dA Y E s o R
Qlsto] Eoldog S Uehle Ra8Eed o
SHRSHAL Qlof 4] - QoRE 715 TR THAIZE w2 A
2 H7MEHKim 5, 2013; Kim 5, 2016; Kwon} Youn,
2017). 1 =, 2AHKSargassum)S HAIE(Fucales) EA}
HFK(Sargassaceae)of] &= 4272 YFCE S-UTte]
SeolgtolA HA AHFH =, 4009 7HQ] TRt Fol A
ok= Ao A Tt Oakd} Lee, 2005; Yeon 5, 2010).
o 25E AR it FoflA g 9 AE0 = o]&-
Eo] o, vt B E45 okl Qe Ae=E
71Z2E K Choi 5, 2019; Koo 5, 2001). wh2kA] £ 5L
Al B A7 A EA Y 7Hs/dE BT ¢
Sto] 1959] HARE ofghs &E0| ehfohe Hle A
gelstlon, A d 2A%, AdSHY s 2 A=
W NO 49452 B7Fstit

ERTET

AlgF & 7171

s 3F 9 2z A7% 270 AR8E Folin-Ciocalteu
reagent, 1-1-diphenyl-2-picrylhydrazyl(DPPH), 2,2'-azinobis-
bis(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS) A|2F2
Sigma-Aldrich Chemical Co.(St. Louis, MO, USA)oJ|A] <
dsto] ARESFITE Al Hfefol] ARE2t Dulbecco’s modified

Eagle’s medium(DMEM), phosphate buffered saline(PBS),
fetal bovine serum(FBS), 0.25% trypsin-EDTA % penicillin/
streptomycine Well GENE(Daegu, Korea)ol|A -5}t
Insulin, 3-isobutyl-1-methylxanthine(IBMX), dexamethasone
(DEX), Oil Red O, dimethyl sulfoxide(DMSO)+= Sigma-
Aldrich Co.(USA)OIM -5t} ARESHAH.

yEyz

2 AollA ARRE AR 2E2E2 AFESHIAEA
FAof| A Algigkon, A AR A N Sargassum pinnatifidum
Harvey), Z3H&E2 A Sargassum muticum (Yendo) Fensholt),
VAR 2 YK Sargassum  filicinum Harvey), 3AJo] A
(Sargassum horneri (Turner) C. Agardh), ZOF2 A= Sargassum
nipponium Yendo), F7| AN (Sargassum  siliquastrum
(Mertens ex Turner) C. Agardh), Q) ZAN Sargassum
macrocarpum C. Agardh), BIETHRARN Sargassum sagamianum
Yendo), 2o AN Sargassum patens C. Agardh), &%0|
AN Sargassum confusum C. Agardh), LIE7R2ARN Myagropsis
myagroides (Martens ex Turner) Fensholt), ZF7}A]EARE
(Sargassum micracanthum (Kiitzing) Enflicher), Z|&©]
(Sargassum thunbergii (Mertens es Roth) Kuntze), 2 T2}
WH(Sargassum hemiphyllum (Turner) C. Agardh), AT
(Sargassum coreanum J. Agardh), ZQLL0| AR Sargassum
pallidum (Turner) C. Agardh), ZE5YRAEK Sargassum
giganteifolium Yamada), Y 2R Sargassum serratifolium
C. Agardh), S(Sargassum fusiformis (Harvey) Setchell}=
H33t F 19719] FEE-2 DMSO stockdlo] SH-RE 5

o] 9 sjajste] Agel Agsterk

SH= = %2 Folin-Denis ' (Folind} Denis, 1912)
2 ol8ste] 2l %, WA $2E 70 uLo] 2 N
Folin-Ciocalteu 2% 70 pLE 7}slo] 387F HR-SAIZ] & 2%
Na,CO; 70 pLE Z7Fsto] 1A17F 420l A £ spectro-
photometer(SpectraMax M2, Molecular Decives, San Jose,
CA, USAYE °]8slo] 760 nmollA SFEE S50t 1
FEERE gallic acidE 185l oH, A=} 3T U
S5 ZAsto] ARt FEFA0RRE FHls S A
seark

DPPH 2tcizt 4715 &%
w2220 DPPH iz 47]

AL Ramos &
(2003)9] WS 2 Alzof| 9 Mot SHo19t. 7t &
Z=7 02 mM DPPH €943 308 B9 WAl &
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spectrophotometerE 018510 515 nmoj|lA S 455 5745}
%t DPPH 2tz &7 822 ol A2 ol-gsto] Allst
s
AA .

DPPH radical scavenging acitivty(%) =
(A-B)/ A x100
A: absorbance of the blank

B: absorbance of the sample

ABTS 2tCjg 274s &3

=
o] 7.4 mM ABTS2} 2.6 mM potassium persulfateE S35}
of FAoA] 24A17F F2t HA|SIGITE 0% 735 nmoJlA &
=7 0.7-0.80] HEE ABTS stock 8-S phosphate
buffer saline(PBS, pH 7.4H)Z 3|45}t 3143%H ABTS
reagent 150 pLoj| 52 50 uL 7}sto] 5E7F HA51912
™, 735 nmoj|A] SFEFE S7F5ISIH: ABTS 2oz 44 &
e ofgfe] 42 ojgsjo] AN,

ABTS radical scavenging activity(%) =
(A-B)/ A x100
A: absorbance of the blank
B: absorbance of the sample

M= Hj

Asjo]| ARESE vk~ 98 macrophage A|EZFQ RAW
264.7 % 3T3-L1 preadipocyter= SHA|EZF23(KCLB,
Seoul, Korea)of|x] Eofdto}l ALESIITE. RAW 264.7 AL
9] HjF2 10% FBS2} 1% penicillin/streptomycin®] 71
DMEM HjX]E ARESI9ioH, 37T, 5% CO, incubator
(MCO-15AC, SANYO, Osaka, Japan)ollq] HHeFslgich. 3T3-L1
preadipocyter= 10% FBS2} 1% penicillin/streptomycin®] g+
9=l DMEMS 0]835}9] 37C, 5% CO, incubatoro]|A] vjoF
stelow, AMzEe= 2duitt Al widsigich 3T3-Li
preadipocyte?] E3IE G5t Yolo] AZ7F 100%
confluency ® 2¢¥ &, ESFEE2 (0.5 mM IBMX, 0.5 uM
DEX, 10 pg/mL Insuline, MDI)o] $-R-5 HjA|9} 252
247 wAlSHY A|ZE wieFeigith EItE &, FEEY
10 pg/mL9] insulino] EFHE B2 wekoto] HjFort.

NZ=d Al
TR 2220 Al =4 AT MTT assayE ©l-§st
o] =75t} MTT 842 3-(4,5-dimethylthiazol-2-y1)-2,5-

diphenyltetrazolium bromideZ 5 mg/mL2] ‘FE=Z PBSO] =
o] ARESITE AZEE 1.0x10° cells/wellQ] L2 96-well
plateol] 25K 244 59 WOIRE 7. $HEE Aslo]
24212 < WFSISIh W1 ., MTT 894 20 WLE #2)
g+ & 5% CO, incubatorof|A] 4417 H{FAIR 01, HiAIE A
Adt E-& formazang DMSOZ &3A]A 570 nmof|A] &
BEE oIt Ax AE&2 dxt tiv] WEg= U

Ehglet,

Oil Red O G

AA|E 58 I 5 BE A9 SHFE Ol Red
0 QAL olg3lo] Zalech. 8 B wajet AEO)
HiXE AASE F, PBSE AZE 23] AAHSE th3, 10%
formalin g0 4204 3027+ 7G5k LA E Al
IE PBSE AA35H H, Oil Red O S48 7+ wello]] A7}t
of ALofA 147 Bt AASHIE. AME A lipid
droplet] TG 274517 Ffote] AR PBSZ AHT oF
< FAH 0il Red OE 100% isopropyl alcohol ©]-8-5
gt & 510 nmoflA SF=E S A SAFS
4 dE oiv] SEEE VR

fo o

oX, 0

RAW 264.7 cell2 0|&%t NO 44 A3 8 =4

LPSZ QTE RAW 264.7 AZoA] mApsl 2250] NO
B3AA 5 &7t HI5ke] Griess assays ©]-8-5t0] Al
3 HiFH O] NO A3 S75I3th RAW 264.7 Nli2E
1x10° cell/well®] =& 96 well plateo] EF5}0] 24A|7F &
OF 37C, 5% CO, incubatoro]| A HiF5}H Tt viSH Ao
FEES ATsto] 6ARE B3t HigRt F, LPSE 1 pg/mL
7¥sto] 24 h BiSSHRTE. 96-well plateo] A|ZEZE[Y 45
100 pLo} 55FC] Griess AloFS E6to] =004 10& &
t BESAIZL F 540 nmollM F8=E 574513t NO A4
g A dixst div] HEeE YeEriit:

SHAZ|

= A Ak 33 W SAsielon, B 25
HAKmean+SD)= YERHQITE. BA A 2= SPSS 18.0(SPSS
Inc., Chicago, IL, USA)S- 0]-85}] one-way ANOVA(analysis
of variation)E& AAISF & p<0.05 $FA Duncan’s
multiple range test= AR FA5Io] Ao FolidS #

Fsteint

N
&
a
kd
?'l-l

= = =
205 g
AF &oll= AYE/dS UE= phytochemicalo] ]
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1 % tannin, procyanidin, flavonoid, phenolic acid2} Z
W SRS A8 Sol /1Y gol Rl It 23}
AR O]THChoi 5, 2010; Park S, 2015). 0}S9] Mgk
g Fxo] £oll= t=r9] phenolic hydroxyl 7] T,
B4R 9 JE AdRAST 4 ARk 498 7}
Al U2, G52 9 1 e Aoz
E|IcHCho 5, 2018; Kim 5, 2012). A&9] t}jofst Ajeje
42 AEo] Ikl Q= HlsA SiRkEe] It HlEl A
o= F7ke A%] Ack BUE. Wy Aol
31T Qe T TS AAEo] ekl s BHS
Bkl 7|24 88o] © 2 YriKim 5, 2013).
A 1959 SE2vs sike 99 Fig 1°ﬂ A5t
act &= RS B4 AT 1.34-36.67 mg/g extract®]
Sk HolZ Yehgton, #hl7| 2AHH36.67 mg/g extract),
AR RAHN26.87 mg/g extract), S EARR22.31 mg/g
extract) 08 B2 AR YERH: v, 7P W2 Hls
SRS UERH BAHES AJto] H21HK(1.34 mg/g extract)©
E YEPTE Son 52016y SIRFE AR HE TF
g Asi9ow], ] EAjlo] Aglo] AMgE AL 5
Vg ES YL Ho] B A7} AT A ek
L Cho 5(2007)2 Thil7] SR ek 29] 2380
W o] 1273 mggO2 B Ao} vuBe 1] JoFs
2 W THE e, olefa Ane shane) A
A, A7l W 2E Pae] Aol wRel Ao Az
2= =ZF(Chlorophyceae), Z3F(Phaeophyceae)

rIo u)

2
4 ZXF(Rhodophyceae)2 77} El=t, 1% HANo]
st 2257} 52T U SR Holel 9 Aefary

=8

2 a0p a

U =

on

Esl b

£ 1 c

= al I d

= 20r

(=}

(5]
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Fig. 1. Total phenolics contents.

All values are expressed as the mean+=SD of tiplicate analyses. Different
superscript letters on the bars show significant differences among groups
(p<0.05).

< UEhdth Y B 75 thKim 5, 2013; Oho} Lee, 2015).
Az 2ol EZ 2 (phlorotannin)S Th&F TRk =
AR dHA Yot EZEHIL EEZZIFFAlE]phloro-
glucinol(1,3,5-trihydroxybenzene)]-& ©HAZ FAE =
"]}_-:_7;" RIEZ Sk, Adtel, 2 AHE At 7+

Ho, ghtolg|A 9 oL, e, 3 59 TRt A
ﬂ%”*é.% UERAtk Y. B E itk (Lee 5, 2020). & A0
A= 198 AR SulE o gRlstalon, 471 A
23S v R 7} FJ}HU g a7, AESA A
5 % NO AIA 52 B7I6.

DPPH ¥ ABTS 2iC|Z& A7 s

19%9] mAFE 529 AIat S U] ffsto]
DPPH Y ABTS Z 427452 =759t} DPPHE= Kot
A w= B QY free radical 2, 4TS} Z1-g0] Hof
it EAEC] o5l eHiEjo] Ll o R gilo] = B 7}

2|31 9Jck. webd DPPHE] Hehdo] OWQ} Hoj| osf] &Y
=l Arof wgt 49 01494}—" A & AHKwak2

Lee, 2014). ABTS ZtjZ &AL potassmm persulfate2}
ABTS7} ¥kg5to] /g% ol E’rtli’:}OI AR S
7H E80f| 9fsf| A E o] Eejo] HEAo] BAE = Az
£ o83t tstEE S5k ot (Cho 5, 2012).

ZF BAE 2522 1 mgmLe] FE= S]4sto] S5t
Fow, AIR= Fig. 20 AASHCE 2R 1952°] DPPH
Sz AASS I Ay, 7| EARKT3.10%), 22
T R 2RH(71.01%), SHHEARK66.91%) 0% EA LEt
WTh ABTS iz 47452 SRIg Aajollx= Zhl7] 24}
HH(88.75%), ZUuiHAPTH84.41%), AR EAPH(74.60%)
+£08 =74 Ut

7|20l DPPH ¥ ABTS oz 27452 H= sRekE o
T e AP k= A7 v A ]ItHBoo 5,
2009; Jung 5, 2017). Kwakd} Lee(2014)+= A8 %5 55
= o]&sto] it FAE BrIsleleH, siaF ==
=] Sl Fule ol HiEsle] gridE saaEos
AAsH= 235 UERS E} 1959] EX}HP "z‘j«l Eal
= W g AAe AEAE AT Z3(Table
1), ¥z 3kekE9] ol $7Fd<% DPPH 9 ABTS it
L4 27A%50] Sk AES Hol 22 Ho ABIA(r=
0.808, p<0.01; r'=0.883, p<0.01)Z= LFEFN L ou% 712 o
Ao} AA|ol= g HAlrk 53], 7MY w2 HE
= UEhd ZHl7| 22 2550 7R 2 gHEd 47
S YeiE=T, ol#et Z3ak= Cho 5{(2007)9] 3752
2F 22E = FHf7|naEo] 7R =0 3RS S-S

Uehgichs 71& A7 ATelAE 13 4= gtk o]} Zol
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Fig. 2. Antioxidant activities of 19 Sargassum sp.

(A), DPPH radical scavenging activity; (B), ABTS radical scavenging
activity.

All values are expressed as the mean+=SD of tiplicate analyses. Different
superscript letters on the bars show significant differences among groups
(p<0.05).

NZYZE

19%9] B 2280] 373-L1 & RAW264.7 A2 A
Zof WA= G SRI6k] fI5te] MIT assays 435131
o, AI= Fig. 3A%} Fig. 4A] At Akt 35
E2 100 pg/mL 5= 2 3T3-L1 & RAW264.7 Al| 30| X2
g A3}, FA o] Hlste] Al FEES FOFQl AolE
HOA] FATH(p<0.05).

3T3-L1 AYAIZ 28 L AW Y4 51t
APATLAER] 3T3-L1L in vitroo|A ESFEE
716 Wl AP ER AgEH, AEW A2
(adipogenesis)?tt}. AAIZES] EIPF k= B
CCAAT/enhancer-binding proteins(C/EBP) family2} peroxi-
some proliferator-activated receptory(PPARY)2Q} Z-2 ZAR1
Ao E/gsetE=t, ol A 24 A=Y A=
Age FEdom=M A AL ZI1E Fiedks 2os o
2] QJtHOhE} Lee, 2015; Park 5, 2014). 1959] HAHE 3=
S50 3T3-L1 preadipocyte®] AW+ G40l v|A|= FF=
selsr] Sjetol AMATARS] BolE fwatet 1 %,
lipid droplet¥h& £0]4 0= JMA|7]:= Oil red O HHEZ
Soto] Ay MEZ=O] ZateiA] vt selstalen, dx
+ Fig. 3B YERAIITh BARE 3225 100 pg/ml 504
Fhal7] EAER)(63.60%) 7P EIF0Z A|HF 2L oA
stglom, AHlEAEk63.42%) 12T TAREARH59.28%)
o8 2 AR SAARHE B3, 11 ol9joll= 50%

olste] aHg MYt

g ﬁ o

2

Table 1. Correlation coefficients among total phenolics content, DPPH and ABTS radical scavenging activities as well as lipid and NO

inhibition
Correlation coefficient
Factor
TPC" DPPH? ABTS? Lipid inhibition NO inhibition
TPC 1
DPPH 0.808™ 1
ABTS 0.883" 0.914™ 1
Lipid inhibition 0.362 0.273 0.384 1
NO inhibition 0.384 0.439 0.506" 0.013 1

DTotal phenolics contents.
PDPPH radical scavenging activity.
YABTS radical scavenging activity.

Y’Significant difference at p<0.05, ~Significant difference at p<0.01.
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Fig 3. Inhibitory effects of Sarggasum sp. on lipid accumulation
in 3T3-L during adipogenesis.

(A), viability of 3T3-L1 cells treated with Sargassum. sp.; (B), inhibition
of lipid accumulation of Sargassum. sp. in 3T3-L1 adipocyte.

All values are expressed as the mean+=SD of tiplicate analyses. Different
superscript letters on the bars show significant differences among groups
(p<0.05).

con, control.

71Z0] RAMERE o83 3T3-L12] AYAE 23lojA]
A7t o EAE I Lee 5(2012)2 IVRAI AR 25
£0] 100 pg/mLo] FEoJA OF 49% Al W AFSAS o
AlSFAT AL H115H1 01, Kwon 5(2019)2] 7oM<
Aol BARE F5E0] 250 pg/mLo] FERE FHOR A
A54E AAISHA. Kong 5(2015)2 Hufj7| ANt &
£0] 500 pg/mLFE FoJH 08 AALO| F5le} Al
ZAAE 22S JABItT Busilth 2 o] A8
TANE FE2E2 HIF-E 100 pg/mLo] 2 FEoA e 21
S2 oA aE Hol 7|E9 AFsEY 5t ans
BRI ESL, 71& AFsol ARE AR FEEE2 3
SHoE APAE7L Eilsk= H Toske HARIAKI
PPARy % C/EBPa?] T&2 a0 Asfslol=t], &
AtollA Uehdl BARE 2289 A1d SHAA|mT= 2at
vF 2EE0] AW A4 28T RES] ol Hojsh]

ML
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Fig 4. Inhibitory effects of Saggasum sp. on NO production in
LPS-induced RAW 264.7.

(A), viability of RAW 264.7 cells treated with Sargassum. sp.; (B),
inhibition of NO production of Sargassum. sp. in LPS-induced RAW
264.7 cells.

All values are expressed as the mean+SD of tiplicate analyses. Different

superscript letters on the bars show significant differences among groups
(p<0.05).
con, control.

WA= ded AAIER 2371 e BolA
AYdS 8= Sh= NADPHE A/Jsh=H|, NADPH=
NADPH AFFaA(NADPH oxidase, NOX)2} 22 oxidant
enzyme©]| J3f] E4dAkAF(reactive oxygen species, ROS)=
Al Aksl AEHAS SIS Lee S, 2012; Yoon 5,
2012). & AtollA BARERZE RS Sle & &R
9] gFgat AASAAA| A= AR AR AT veRt
A QA TH(Table 1), E2|#=0] AA|E £3} 2HgofA
AE= ROSE &75k= A3E 7IHi3] & & U= Zo=
ARt

Nitric oxide(NO) MAAHS
A AE W It AAAAE AT AHEETA
29| BIE SXAF|IAY AHAIE FHo] 1|3t macro-



294 F=AFATRENEA A28d A% (2021)

phageE A=3510] ThE SAAAZS AASHo 2 HTte] &
9 9log Z83HHChoi?} Kim, 2014). Nitric oxide(NO)
= AU A5 E HYat I weo] Sl wkeAo] =2
AGHUEEA AN F2 B, A4 W I5
9, A=A, Aedg E Aol 750l $8% FEZ
AR A2 A St (Lee 5, 2006). NO= - EF4SH
SFEEA AT AHoIAY Altell Qs HEE sl
95}l NO g/ 842l inducible nitric oxide synthase(iNOS)
7} @AIgkE] o] tieke] NO7F A= th(Cheon 5, 2017; Lee
=, 2016). NOX R0 Al4v} BAAleEo R Wsle] o
£ 9154 Weloluh A7} WelAek §4) o], 4174 U &
Ao] £4g o7 & gtk mehA Tek N2 Al
L 49 oS SI8) FRsleHChoi 5, 2020).
2 Theg 9o U tiEAe) Tl 95 1ee 9
O = ‘meta-inflammation’0|2= 207} ARR-EHA, 1]
T v ASake] WAHSE WA gk il S7tstal 8l
tHPark 5, 2014). 924 el= A2z YollA| TNF-a,
MCP-1 & NO%} Z-2 AZU7/HAIE ErFo=s HAAZ
Eato] AF5 Kol o8 AlZst Ty Ak ARE i 2
HETA dgh 2 S ok Ao dEA Slth
upebA H|ght 5, AR HAA A, AFAI2eE v
Az} BT @77} Basd
1959 AL £385| YT TS Lo T
RAW264.7 H|EF0] 19%9] RAL
LPSE A2Jsto] NO A< }‘ﬂl ZAg-)
AYE 3 NO A4IAaE ERIskSirh /g%]ﬂel’]'(l:lg
4B), HIETHRAEN85.44%), JEINHAPH-4.73%), F7HA|
W ApEH83.42%), SR ApEk81.20%), 12T B mAt
5H80.13%) 2208 NO AL 80% o AFIAsH= 923t &
IS Hoh Jeong 5(20142)2] AFHofA Z7PA| AR
LPSZ HZS RSt thAA| 2] NO BHE7FS 80% oA
HAAZ M, cytokine GA] wof HA ALA = AHE
Bt E3h 7|20 A7 EAKJeong S, 2014b)3} 21E
7HEX}”}(KHH 5, 2015b)°] ofEx] I JFZ Aol
TG EARO] Raw 264.70] Thet 93t FAF 42 U
E]-‘ﬂl’%_l_ B 11519 =5(Cheon 5, 2017) 71& EAER b
Fo| & o, 2ARE 25550 9% WHEEY 2dd 58
e AL sk A= AlmHrh
S, 2 AR &4 9 AF A anE Eld
Hjj7] EXP:‘}E’J 8% 70% o149 =2 NO BHdAAls=
Ho] 9 av E3t —?—’F@L,S_’-_ e =, 27 ] ARt
o] et Hl=A =4 AT vt g miAYE

3 37 A7t AT,

Oir

J‘d

2 o

AL T BARES] 54 A4 AL Ao
Ei_a 19%9] ZAWIRY B2 275, APSHAAEL
3} % NO YIS WSl e Bkl A
8l el 192 A0 Aol Yglon e o U
of jestol o ehrizt 2752 vehflon], AuAE
SRl s A2 343} chAEol e NO 4
A PSS H s akE Aol e 3] 2
ulo] A9 0 v T A B, AW A Ak e
U S S el 2 mAl tekt A
o] Bago] uet A2 754 AU FEUI glol,
Gog 7154 HEY AUCEA 8§ TKsAol TS 2
Aos sejgch
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