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Anti-inflammatory Activity of Ethanol Extract of Undaria pinnatifida
Root in RAW 264.7 Cells

Bo-Kyeong Kang, Na-Kyung Ahn, Yeon-Uk Choi, Min-Ji Kim!, Si-Woo Bark, Won-Min Pak, Bo-Ram
Kim, Koth-Bong-Woo-Ri Kim' and Dong-Hyun Ahn*
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The anti-inflammatory effects of the ethanol extract of Undaria pinnatifida root (UPREE) were investigated using
the lipopolysaccharide (LPS)-induced inflammatory response in RAW 264.7 cells by measuring the production of
nitric oxide (NO), interleukin (IL)-6, tumor necrosis factor (TNF)-a, and IL-1p, and cell proliferation. We found that
NO levels were reduced by 34% at 100 pg/mL. Moreover, the production of IL-6 and TNF-a was suppressed by the
UPREE treatment. In particular, the IL-6 production was inhibited by more than 30% at 100 ug/mL UPREE. The pro-
liferation of RAW 264.7 cells was measured by MTT assay, and we found no cytotoxicity in those cells treated with
UPREE compared to the control. Our results suggest that UPREE shows promise as a therapeutic anti-inflammatory
treatment.
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40-60%= mid Faficte] 14-219H20] #|7] %3 It Ahn et
al,, 2004). 1]9& AHE f 2 v]ejo] @ Hio] vitho| B
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ZHJ3}A A, nitric oxide (NO), tumor necrosis factor (TNF)-a,
interleukin (IL)-1B, IL-65 o1& 71X €% wi7ieIA50] A4
=7 SItHWu et al., 2004; Valledor et al., 2010). GZ1)71<1
A2 22 £440] Htet B 3 of E 2 3t 2l o] XRK(Dinarello,
1998), o] 243t H5HE-g-0] THeshA dojubA =¥ HutaiS
SR8k, of, A, 7| 8A 4, B, A 22 B[R]
A eHE0) 2tF AShS fFeshy] wizol A Ed AA1E ¢
3 FSHte 2L 1 T stth(Willoughby, 1975). T A7}
A 7HekE] o o] &5 1L Q= AR 3 AFAAAl= 1H A 9
A=Y, AR Fe FARE 55 Zfiste] AREAl B
Folet Algtd o] it ofof He- A
A HAw FellY T =42 2= A4S
th(Kwak and Lee, 2014). 18|22 7| E]11 Qli= n|oj#ia] o]
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wheba] 2 Aks i 17154 Yl v AR Y] A2
Hoko 2 A, m] o Bl ofgks S5m0 LPSE 52 doA
24515l RAW 264.7 cells®] NO, IL-6, TNF-o & IL-1p &4]
of| nj A= Gkl sl ARt 3elS AvE dobia HA
FASAZA o8& 75 doll sl g starz} skt
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o] Z=A5}aL 54 7 Z(EyelaFDU-2100, Tokyo Rikakikai Co.,
Tokyo, Japan)$-of| 0|5 £3tslal z1g 3245to] -20 T ol A|
A7Fsto] a1 Agof| ARg-5F3ITt

AR | Hie] Eae] 10812 95% ole-E-S 7hske] &
3+ & A1 E2]7](UNION 32R, Hanil Co., Incheon, Korea)=
3,000 rppmof| A1 1027t LA 2|3k 3 A5 HS Fstirh fof
A ZAbE o|9F Ut Wi o= 23] whEsto] 2E515ITt 3
3] Z&slo] Holxl AF=NL filter paper (AdvantecSA, Toyo
Roshi Kaisha, Tokyo, Japan)E ©]-&35}0] oJ}slict. 1 AR
oS- 357 water bathol| A rotary evaporator (RE200, Yamato
Co., Tokyo, Japan)2 | &3] 71arstel 5 25tai}. ‘552
237004 ARAITL 20T HHSo] T3 AR AHE
shaict
M|=zH{

ORQ-2 O] T A M| 3E£32Q1 RAW 264.7 A 2£(KCLB40071)+= &t
A 2222 o A ol ARg-51S 0., DMEM (GIBCO,
Grand Island, NY, USA)°]| 10% inactivated fetal bovine se-
rum (FBS)&} 1% penicillin-streptomycins 2715 HiA] S uj

. g}
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FH o= 37T, 5% CO, incubator (MCO-15AC, Sanyo, Osa-
ka, Japan)ofl A uj st ik, A2 o BLE Al = 80-90%7
Lol A 2 A5k uff Al vjeFel3lal, 20 passagesE H714]
oFe AlER AL 3Tt

HE 54 53

A7 A2EAS Hr7lsk7] Yl 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assayS A A| 5}
Atk RAW 264.7 cell (1 X 10° cells/mL)E- 96-well plateo] 5
31l 20417 AuieF &, 2 ug/mLe] LPS (Sigma, St. Louis,
MO, USA)¢} 3&5(0.1, 1, 10, 50, 100 ng/mL)Z 3 7}5}
37°C, 5% CO,°lIA1 22413t vlokstsict. ¥k ¥, 5 mg/mL 5
L MTT A|oFE H7ksto] 2417 A Fstal o] & 4C, 2,000
rpmof| 4] 1027F Yl e|sto] A5HS Al AT L =, 2t
wello]] dimethyl sulfoxide (DMSO)E A 7}5laL ©]& micro-
plate reader (Model 550, Bio-Rad, Richmond, CA, USA)E
o]-g-5to] 540 nmol| A SFEE AT A2 S4 52
<= Aol ol Aliksit.

Proliferation Index (%)=sample &3=/control &3 X 100

NO 2H[Z =3

NO2| ‘5= vl W nitrite 5= griess 72 ©|-&
stof Z745H3ItE. RAW 264.7 A| = DMEM Hj#|E ]85}
o] 2.5x 10°%ells/mL2 243t & 24-well plated] 53}
37, 5% CO, %= 9] incubatoro]| A 20A] 7t % v i Tt Hi
A2 w35, RAW 264.7 Al 329 2 ng/mL 2] LPS9} &8-S
(0.1,1, 10, 50, 100 ug/mL)E ] 3}o] 244]7F 2 wjokalgich,
By o] AFoH A T, 59 griess A|2F(1% sulfanil-
amide+0.1% naphthylen diamine dihydrochloride, 1 : 1)& %
7¥sto] Aol A 1027t §H-A1%1 3=, microplate readerE: ©|
&3to] 540 nmof| Al FF =5 SAskATh Al W NO
9] F %+ sodium nitrite (NaNO,)9] 5= #3417} H|aL
sto] 45t ek
Pro—inflammatory cytokine 2|2 &3

A|Zvf ok W€] TL-6, TNF-0 ¥ IL-1B cytokine®] H-H|=F
2 ELISA-kit (BD Bioscience, San Jose, CA, USA)E- ©]-8-3}
o 433t RAW 264.7 Al 3= DMEM Hj A& ©]&-3}
2.5x10°cells/mL 2 =83 3 24-well plateo]] 453131 37T,
5% CO, incubator| 4] 18417t 7wl 3t et Al 32e] 2 ug/mL
O] LPS9} 1] H2] ethanol &5 A 2] 5ko] 12A17F Ajuf<F
SIS T} MA, ELISA microplatef| anti-mouse IL-6, TNF-o, 2
IL-1B mouse antibody (mAb)E £33} s524F 52t coat-
ingAl AT}, 015 0.05% tween 200] (EZ3HH phosphate buffered
saline (PBST)= AJ&l5kaL, 10% FBS &4°.=2 blockings}
%ith. PBSTE Al 43t ¥, 7} microplateo] #jeF A5-HE @
AL 2ol A 2A17F HEGAIZI TR HHA] PBSTE A 23t 5 3]4]
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Fig. 1. Inhibitory effect of ethanol extract of Undaria pinnatifida
root on the production of proliferation in RAW 264.7 cells.
“®Means with different superscripts are significantly different
(P<0.05).

St biotinylated anti-mouse IL-6, TNF-o. mAb<} streptavidin-
horseradish peroxidase conjugates % 7}s}o] A2-0f A 147+
QWRSAIZTE IL-1B2] 7%, biotinylated anti-mouse IL-13 de-
tection antibody S 7}skal 1417 #H-8-A171 &, streptavidin-
horseradish peroxidase conjugateS 7}slo] 302 HH-2A1 7
t}. 1 %, o] & thA] PBSTZ A& g T3, o-phenylenediamine
(OPD) &4 Z7}8to] ARk A17] 1L microplate reader: ©|
83101 490 nmol 4| FHES ZAs}ecY.

SRS

= A9 Ayte) tfgt A X 2= SAS program (Statistical
analytical system V8.2, SAS Institute Inc., Cary, NC, USA)<
ol &5}0] ANOVAR.0.2 BAHEA S AlX| el gl o, 24} 32
= 7be] G014 AH-C Duncan®] CHEAHH O 2 P<0.05 525
ol A AAISH T

Znt 9 D3

njoia| ofEre FES0) oft MESA Tt

MTT assay & ©|-§-5fo] 1] o ¥e| ofehs 2259 A2 5=
off W2 RAW 264.7 A 2£9] F415-& S7d5k¢iet. 1 21}, 1]
of Mg ofeke 228501, 1, 10,50, 100 pg/mLo] =2 7
2] Al HE Fof A FAfe]to] vaf Al FAEo] S7Ieh
Ho A2 54g0] gle-2 2hlstalth(Fig. 1). whebA n]of e
ofehe %52 NO Y cytokine 1] 9JA| HI}7} Al E 54
off ofgt anp7} oS Ejlagict.
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Fig. 2. Inhibitory effect of ethanol extract of Undaria pinnatifida
root on the production of NO in RAW 264.7 cells.

**Means with different superscripts are significantly different
(P<0.05).

arginine & 256 /J == §h&/d o] 7t At A 24 4l
AAY, A 9 e 59 Al 7l 24 &
23t 93-S h= A S HY B2 ot Weisz et al., 1996; Kim
et al., 2012). 3}A]9F LPS ¥ pro-inflammatory cytokine®]] 2]
) therol NOZI A=), T NOE B3 SH4S 5

THA FEE do7|il 5 Rhee A6t 24 S Y F

& BFAY G0l HolshA| Hrk(Stuehr et al., 1991). whehA] o] ¥t
2] oehg 580] NO A AL §F& dohi] )
shol ThAIAIEL] RAW 264.7 |20 LPSZ §38H3-2 §5

}. [e]
[e)
Al7]13L n ] ofehg 2EES = Z(0.1, 1, 10, 50, 100
3 A5t
[e}

ug/mL) A2sto] A2 vief A5 el NO &= &
th 71 Axh, LPSe ofaff oF 21v F-7He NO A/d o] w5t
2] ok &=l 9Jef LPS A2tk Bt s & 2%,
4%, 22%, 32%, 34% 7+Aste] NO Ak goz o g 7+
43R A 02 UeRon(P<0.05), IC, 32 147 ug/mLo] %
THFig. 2). Choi et al. (2008)-2 ThA|uF7} 200 ug/mL%s Eo A
NO #H[FFo] 21% FHAE| okl Harsto] u|S&ie] 7} ophAjut
Hrp NO #HFF Ao o a7} Sla& & = Qe whebA
u|e] Ba ofghE =EEo| AlZEA §lo] NOY A4S A
AA S mate] 7103k gl
0| OEtZ2 FE20 2/st RAW 264.7 MZQ
IL-6 24| &4 1t

THAJAIZEQ] RAW 264.7-> 15t 57 Alte] Alazefuto] &
Ajgh= LPS AH=toll <J3)] IL-6, TNF-0. % IL-189}F 72 pro-
inflammatory cytokine=2| w-H|7} %1 ¥ th(Guha and Mack-
man, 2001). IL-6+= TA| 22, T3l @ o 2] 4| 32 F-of] 25 48 4]
B3l JEZ1Y] V)5S AT A Y] 2848 =
Aotz A HY 1h3-9] fieEdolth(Akira et al., 1990; Shan

ron
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et al,, 2009). T3} [L-6= FZ=L 9ulslo] YN EE Eo}
S A2 grAlk gt BA| YA SR = 75 gttt
(Hur et al., 2013). LPSE -3-%=¥ RAW 264.7 A|3£0]| u]<]
2] oflghe FEES A T o WelAll IL-62] £
B glst Ak, LPSTE A gl o 2ol A= 259.50 pg/mL
O Hulgrg ol ok n|d B ofghe 2EE AT el
2 717} 222.86,209.77,200.61, 167.90, 161.35 pg/mL 2] 1]
e Hol & o]EH 07 IL-62] #H]7} AAIHS Eelstd
o w(Fig. 3), £3] 50 @ 100 pg/mLe] FEoj| A= ok 35%%}
38%2] 7h4 F IS Belste] | W] ofehe &5 RAW
264.7 N3O A IL-6 A& S A5t A5 oA ks 7HS
stolslgitt. Choi et al. (2013)2 1] ofete 2&E2HE &
2|3} ethyl acetate F-8=-2] 345 7o) A 50 ug/mLe] 5=
oA A a7} gl eu 100 ug/mLsEo A= 63%S] &
SAAaTE Yeb okl Barste], ooy ek &
Bo| A wor FHF a3t o A 2R AlRHC)

o|geEe| oEtE FE=0 2/et RAW 264.7 M|=2|
TNF-« 2H| &4 21}

TNF-0= 95743 Wii=4 & A+ €% cytokines stU=
W2 AEA Z2 AP Aol ZhEt Wy ui) =
Az oA L =T, ol= HAAIE, 43} TAIE, HITHA|
SO A AR S/, AL, SN2 E S]] = &
82 THKim et al., 2009). w|9j¥e] oghE FEE0] S
/d cytokine?l TNF-0.9] &H]of| 1] 2= ok Lotk 7| 25
LPSE gZ RS Fxgh &, u]o #e| of
Sk i S A-E o] 850 TNF-o #-H| & ELISA W o &
S48 Th RAW 264.7 Al|32of| 4] E-8]H TNF-0.9] %2 LPS
B2 AZE AFAHS wof 2,301 pg/mL O = AR 5| 571513
o} euh u] o B ofghg 2555 0.1-100 ug/mL FEE
A 2|gt Al 3ol A= LPSE A| 325 A=A 7S w2} vl a A, 1]
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Fig. 3. Inhibitory effect of ethanol extract of Undaria pinnatifida
root on the production of IL-6 in RAW 264.7 cells.

*Means with different superscripts are significantly different
(P<0.05).
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e oete &5 Fioof ojEdste] folH o & 7H4atgl
thFig. 4). 3] 100 pg/mL =& 2] 2|5 A 0| A& 22%2]
HAE B o]+ 1] ethyl acetate ==&=°] 100 ug/mL%
of| A TNF-0 28]9S 21% A& ZaAl7] At GAlst 4e
< 29ItH(Choi et al., 2013). o]2|3F A3H= NO 2 [L-62] &
H] 74 G ke o= A AN v <] He o ehg 2550 RAW
264.7 A| 220l Al TNF-0.2] 'd-& A5t 5 7]l o

IL-6, TNF-0.9} 74 t32Q] 954 cytokine?! IL-1p+=
NO /9] 75 a2 thAA| 22, Thal=t, BA|ZE 5ol A] 2]
ok B3 A S WA, TA|2E o] 243}, BA|Z 9
A< W NK cell2 243} A]7]3= cytokine©] thH(Lee, 2011). T
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Fig. 4. Inhibitory effect of ethanol extract of Undaria pinnatifida
root on the production of TNF-a in RAW 264.7 cells.

“Means with different superscripts are significantly different
(P<0.05).
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Fig. 5. Inhibitory effect of ethanol extract of Undaria pinnatifida
root on the production of IL-1B in RAW 264.7 cells.

**Means with different superscripts are significantly different
(P<0.05).
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SF IL-1B2}F TNF-04= o8] FEj] AFoA A7t avks
Uehdith= Zlo] gl zlon, 347] AEtheolA 543 5
7Fehekar &2 A tk(Lee, 2009). LPSZ A5 W& =8t
RAW 264.7 A 2z0] u] & Bie] ofeh& 2253 H7Fsto] IL-1B
RS A% A3k LPS Aol A= 62.60 pg/mLE 3
7¥atd o, v e oeks FEES F (0.1, 1, 10, 50,
100 ug/mL) & A 2|33 o {221 Zpol7} glo] F a5 1
o] A] ekSITh(Fig. 5).

wheba] u]e] Ha] o ehe 552 LPSo| 25 RAW 264.7
AJ3zo] ¢ w7l B421 NO, IL-6 & TNF-o £H| S Z4A1A
FAS 2IE 7S gRIste] A FASARA o8 7S
Aol Sle Ao 2 FRIE 9Tt

of

Al AL

9] 4=e 20149 AREFAR) Yoz G
EAE o] A& ol S0 A7),
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