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Anti-Inflammatory Effects of Ethanol Extracts from Ulva pertusa Kjellman on LPS-induced RAW 264.7 Cells and Mouse
Model
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Recently, various marine algae have been considered as a natural resource for anti-inflammation. In this
research, we investigated the anti-inflammatory activity of Ulva pertusa Kjellman ethanol extract
(UPKEE). This study showed that UPKEE inhibited the secretion of cytokines including IL-6, TNF-0, and
IL-1B, and reduced the expression of NF-kB and mitogen-activated protein kinases (MAPKs) as well as iNOS
and COX-2. In the formation of mouse ear edema test, three doses (10, 50, 250 mg/kg body weight) of UPKEE
showed inhibitory activity after inducing inflammation using croton oil. In conclusion, we found that
UPKEE showed an inhibitory effect on NF-xB and MAPKSs, and reduced the secretion of inflammatory
cytokines. This result suggests that UPKEE can be used as a natural anti-inflammatory resource in food
industry.
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o e WY vE 5 ostuvtolnh Y REREH Ml I AYTI FAlO] B3] FRJo] FHHEHEA B UHE ¢
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(TLR4)ZEE QA o] AT AT vl o2 olste] HAF
QRS2 B3I ol Het. EH Ao =
nuclear factor-kB (NF-kB)2} mitogen-activated protein
kinase (MAPKs)7} 91t} 913:0] AZolu} A% 22 A
Ast7] Al E8lE EF "7 cytokineo] ristA B E
H o9 742 g5 2l 7]osHA He Aot Hoez
ZAAE NF-kBx cytokine ©] 9]¢ &= inducible nitric oxide
synthase (iNOS), cyclooxygenase-2 (COX-2)9] {ZAHAE
W A 71tk GZuh-g-o] A ZEH cytokine I HH|7}
dojut A5 B A3 4o, 354 cytokine Fol 9
slo] BE & iNOS+ nitric oxide (NO)S] RS FRA|7]
tH23]. NO= ¢ dolA Hegdyer Fast 98&
Wbl uheejolS Zof WMol TolshA|ut of Hu|
o] HESH F71E H9oll 0] HBE @5 B3L o
o7 #AH Fag 2eoin FeiA sioH1s). COXE
Yy 2 COX-13} COX-2 ¥ 7H9] ol 4 A2 EAfe}
& S0l 53 §FoIHE COX27} POE,S 442
A AFEES €27 COX-29 T2 NZ7t &4
Ak 1E, 25 0 9e A4ER 94 0 Aol 2L 5
AT B0 Ze A2 YA SUrHAl MAPKs®] 24
S AN Zo A Loy extra cellular signal-regulated
kinase (ERK), c-jun NH,-terminal kinase (JNK), p-38%}
Z& 78 3709 AATL EA 7). o] HE signaling pathway
o F4E AT =N EF5A cytokined] EB|FS AA|
tuAl 5t FEEL S AAEZRY FAstux A @
< B AF=0] AYEHIL YrH10]. & Aol AREE T
g (Ulva pertusa Kjellman)= 279 3z d&
oo 9-371Fd o2 BXHA A 10-30 cm E= 11 oA}

g7 i EHE Aol Wol Ak o n|E
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A= AHgstE.

NY5E
A9 A% 859 ICR vh928 A %
Foll AHg st theat ey

3992394

Hz
o ] (Orient Co.,
A

Korea)ZHE 3¢ stHTH A3 gs_ }-_,_}\L-_Q_
E 2012C, FE 50 £10%, 124179 HY37]71 $A 5
€ TEAIA 1572 dH7IE 713 l$°ﬂ AP g 1Y
T YEF At & FE A 2T FEA
P2 U2 RE FEAY 5U& wob F35Ant
(2015-04).
A=z uf

FFA ZFLHEKCLB 40071)0| A Hofure o2 4| =

RAW 264.7& AMEste] AlZufjoke AASHH T RAW 264.7
cell& DMEM HJA] 10%¢] inactivated fetal bovine serum
1} 1% penicillin- streptomycin 10%E A7t A& =9fF
Hoz o] wjok AAI e g 242 37C, 5% CO,
£ AT & U= st AP APste 1A Foll A
|H 2E ’\ﬂ:ﬁe% A plate®] 80-90% H =2 Y=g &
e o A wjkE 8HAL 20 passagesE H71A 2 Al
Z9k AHEsHTH

Az =4 =3

2 Ao AHEE P4 g FEEY AE =
L Brtat7] 98t MTT assayS A A8ttt 1x 10°
cells/'m19] RAW 264.7 cell-S plateo] 3313 204 7F A
wokS AAISHETE. o] %ol 1 ug/mlo] LPSet H=H(0.1, 1,
10, 50, 100 pgm) @ TR ot 2HES HrFeho]
37C, 5% COy ZZA9 incubator (MCO-15AC, Sanyo,
Japan)ol| A 24A]7F v k3l AT 24X 7F B S FEI T
5 mg/ml %9 MTT A|F-S E32351e] 2417k A wjFstS
th. o]Z 47T, 2,000 rpmoj A 1087 YA1E-2](UNION 32R,
Hanil Co., Korea)dte]| 438 Aol ll o] F, 2+7+9] well
o] DMSOE A7}5t% microplate reader (Model 550, Bio-
rad, USA)2] 540 nmol|A] 4= (obtical density (0.D))Z &3
2 S AE BAS 2Tt 2L Aol 9Astel Ak
k.

.I
oL
.I])l'

Cell Cytotoxicity (%) = sample 4% / control E33=x 100

Nitric Oxides(NO) 4% 24
NO AAZS 2A317] Yste] £ AL Kim S[14]¢) ¥
ol wakr] Raw cell 264.7 cell& DMEM HjA| & 0|85}



2.5% 10° cells/ml2 ZA3F & 24 well plateo] JE3d1
5% COs incubator (MCO-15AC, Sanyo, Japan)o| Al 20A]
7R Wope AT o] F, AT 1 ugmle] LPSS}
0.1, 1, 10, 50, 100 pg/ml®] FPZuY & FEEE5 A
st en] thA] 24A17F v kS AASHETH vl o] 2w
% wopole] 4Folg AT FFY griess AloH1%
sulfanilamide + 0.1% naphthylendiamine dihydrochloride,
1:1)S A71ste] Ao A 1087 ¥E-$-A]7] I, microplate
reader (Model 550, Bio-rad, USA)E ©]&3}4] 540 nmoj
A FFEE SAsAT NOY =& Y WY nitrite
TEE griess ¥H3[16]F o]-&3dto] SASIH L Al vigH
Y NO9 H%+= sodium nitrite (NaNO)2] =¥ E&F
A3} vlasto] AbEstgiTt

A543 cytokines Eu[F 3

H5a A AEZufgd o TNF-o, IL-6 E IL-1B
cytokine®] EH|ZF-S ELISA kit (Mouse ELISA set, BD
Bioscience, USA)E o]&3le] 24 AXst¢tt. ELISAY
2 Kim S[119] W¥lol wet Eulge 245 4 s
A= ELISA microplate®] capture antibody® anti-mouse
TNF-o, IL-6 @ IL-1E B F3}o] 4T oA coatingd} i Th.
o] 2 0.05% Tween 20°] Z3E PBSTE A A3l 10%
FBS &% 0 & blocking A A3} PBSTE A A3 5,
microplated] NOZ 2745t % 27 SUa wof A3
5ok Ao A 2A17F ¥ESAI T ThA| PBSTZE A| &%
% 3] 43t biotinylated anti-mouse TNF-o, IL-6 detection
antibody®} streptavidin-horseradish peroxidase conjugateS
A7bste] Ao A 147 BEGAIF T o 7] A IL-1BY] £,
biotinylated anti-mouse IL-1f detection antibodyS 7}
5Fo] 1X]7F W3 3, streptavidin-horseradish peroxidase
conjugates F7}sto] 30& VHSAIFTH I &, o] F THA|
PBSTZ A| 3 k&, OPD &5 37lsto] A-LoA 302
FoF S AIFTE 2N HeS0.Z2 HHSS £2A7 3,
microplate reader (Model 550, Bio-rad, USA)E ©]&3}4
490 nmo A FFE=E SHsHh

iNOS, COX-2, NF-kB =3

RAW 264.7H| 25 v g3t 20 ofge FEE0]
AZA Yol A E+= iNOS, COX-2 U NF-kBo] 2 o
U A FEFS dorE ATt RAW 264.7 Al Z 9 o] £
M| EZE 3 E3}H9] PBS (phosphate buffered saline)Z 33]
Al A& HHESE & cytosol extraction lysis buffer [50 mM
HEPES (pH 7.4), 150 mM NaCl, 5 mM EDTA, 1%
deoxycholate, 5 mM phenylmethylsulfonyl fluoride (PMSF),
1 pg/ml aprotinin, 1% Triton X-100, and 0.1% NP-40] 2
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nulclear extraction lysis buffer (10 mM HEPES, 100 mM
NaCl, 1.5 mM MgCly, 0.1 mM EDTA, 0.1 mM DTT)E
247y Abgske] 3047F 4Tl A lysisE AAISHAH. o] %
12,000 rpmol| A 2087t AAE 2] st Alxzet A7 55 Al
Astgth @A == BCA protein assay kit (Pierce,
USA)E AH83ste] AFgstglen, 30 w9 lysates 10%
SDS-PAGE=Z @& 2|5kt 2]d @ 2< PVDF
(polyvinylidene difluoride) membrane (Bio-rad, USA)9]
70 mAo| A 1X|7F 302 FF AT £, 5% skim milk7}
Z3FE TBSS (tris buffered saline; pH7.5) X0 2 A2
ol A 2A1 7t &<t blockingd} & t}. anti-mouse iNOS, COX-
2 Y NF-xkBE AH&-5to] 1:5000. 2 3]A]kaL AF-2 0| A 24]
7S A17] & TBSSZE 33 Al e A& o] 439 iNOS,
COX-2 ¥ NF-xBo &4 ¥S HES}| ¢35t A2 o] &
st4th. 22 A2 HRP (horse radish peroxidase)”} 2§
% anti-mouse IgG ¥ anti-rabbit IgGE 1:2,0002.2 3] A4
gho] AL oA 1A 8H-S-A1 7] 3, TBSSZ 33] A3}t
ECL 7183} 1-3% 7+ w33t & ZH2to) il WiE= Gene
tool (Syngene software)E ©]-&35}lo 7}A|S} SH4 T

MAP kinase (JNK, ERK, p38) %@z =

MAPKs®| HaFS S4517] §lsto] RAW 264.7 N ZE
1% 10° cells/mlZ 18A] 7t v F-& A A5t 1 Zujaf of
e 222S A2sho] 308 S B ke AA S
v ¢Fo] & iNOS, COX-29 FU3 oz AFo] P&
Qlth. Q148 E c-Jun N-terminal kinase (JNK), extracellular
signalregulated kinase (ERK), p38 protein kinase (p38)
9] WEFS =A3}7] $35t9] anti-mouse JNK, ERK &
p38 (Cell Signalling Technology Inc., USA) &A1& 1:5000.2
5| 45te] ALt

SRR R PR

25 9 2o #3t APE 57 Hal AHEE S
85% 9 4% ICR "R-29] Kim [10] 59 ol w2t 10,
50, 250 mg/kg -body weight®] =3 FHZu et =
255 200 w¥ AT BS54t A7 &, 2.5% croton oil
S 20 pear ST 2 TE3he] 7| BEL FUALT vk
29| @ 2& o croton oil& AT o] F AT A FH o
A FAE 4381521 croton oil& A 2|7 o] Fof FA ¢
S7HE FEY AL E HY|E . A 23 A=
mast cell?} 7] 232 £ HIE 54517] ¢354 ICR v}
S29 2& o] FH A oEE FE=S 100 mg/
ml FE=2 20 W =E35 158 5§, 5% croton oil 20 ul
A = EZ3 T 12 EE 6A)7F 0] %9 diethyletherZ H}3
A XA A 22E AAsHE S o= 10% formaldehyde®
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Edema formation (%) =
Sample®] F F4| / Control®] F FH4 x 100

FAAE

ol QY] et 23] $7 BHS SAS software
(SAS Institute, Inc., Cary, USA)o| A B 7S EA4F 24
3} Duncan's multiple range test Hol @t p <0.05 5=
oA AAsI=S sl

< FEE°| AN 2 m]X]
7¥st7] fiste] A2 | nEZE = ot &S S5
MTT assayS A A3+ RAW 264.7 cello] 2&E3 0.
1, 10, 50 ¥ 100 pug/mle] =2 Aa]sta 24A)7F vjofst &
ANz AEES el 23}, e A FRolA 94
o o] & HolR ghgkon o]F Fdto] AlxZEAo] YEht
A 35 Felstdth(Fig. 1).
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Fig. 1. Effect of Ulva pertusa Kjellman ethanol extract
(UPKEE) on the cell cytotoxicity of RAW 264.7 cells. Cells were
incubated in the presence of UPKEE (0.1, 1, 10, 50, and 100 ug/
ml) for 24 h. Cell cytotoxicity was determined by MTT assay. Cell
cytotoxicity (% of control) = (sample O.D. / control O.D.) x 100.
Means with letter (a) above the bars are not significantly different
(p > 0.05).
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Fig. 2. Inhibitory effect of Ulva pertusa Kjellman ethanol
extract (UPKEE) on the production of nitric oxide in LPS-
induced RAW 264.7 cells. Cells were incubated in the presence
of LPS (1 ug/ml) alone or in combination with UPKEE (0.1, 1, 10,
50, and 100 ug/ml) for 24 h. The culture media of the treated cells
were used to measure NO level. Means with different letters (a-
d) above the bars are significantly different (p < 0.05).

Nitric oxide (NO) A 2IA a3}

NOE= QA WollA] Wol7] 5 =33t oleo= AT A
975, A% 54, 8 FF 59 o9 7HA YA 7s
< 7HA I Qit}. YR 9 Aol #of A Yo] HAYEH o]
£ AASL AAE B3] Y3 NOQ EH|gF2 5713t
A =, el A 4 H 9 ol AL 2 YEUHA H
H 229 EAfolv A5ATE fUsHA He 2= g
A QATH19]. olof whet iz utE e &2 NO 4
4 Bro) nA= FFSE S5 st RAW 264.7 cell
< LPSE @43} AjX] 3of +gZdutef ofgh
=9(0.1, 1, 10, 50, 100 pg/m)E AHa]3te] N
< AASIAT. 1 A, P4 s FEES %
3 A$ NOY MAHE LPSE AYFL oo} v a st
T oEHoR AT AT = UATHFig. 2). 3,
50 ug/mle| F& O] TRE= LPS TEA 219} H|IL A] 34%
o] NO9| A= HAE ST 4= . olge 2t
£ Kang 5[9]9] dtolA AHEE Z27Q thAjut F2 o
B FEES T2 AAxoA AAFE 1 100 ug/mle
FEOA 28%2 NO B4 JAaxntE 2l Z2akt © &
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Fig. 3. Inhibitory effect of Ulva pertusa Kjellman ethanol
extract(UPKEE) on the production of IL-6 (A), TNF-c. (B), and
IL-1P (C) in LPS-induced RAW 264.7 cells. Cells were incubated
in the presence of LPS (1 pug/ml) alone or with various concen-
trations of UPKEE (0.1, 1, 10, 50, and 100 ug/ml). The levels of pro-
inflammatory cytokines in the cell culture media were measured
by ELISA. Means with different letters (a-e) above the bars are sig-
nificantly different (p < 0.05).
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H| S 223%tH12]. 3 9ZA cytokine¢l TNF-o= H}
olg|A o det AT 715E 7Hl Fa% AF HH
cytokineo]|™ o]&= IL-1p¢} IL-62] &dS 2Adl= Ao R
WA UTHE]. IL-18= 54 A5 v vizlsk T A=
o] Z43tel B Nl Z9 &S Feth 9% W3 Al A4S
Fof ZAgste] YEFFS o7l AL

T3 L6 T AIZE 843} st AFuiiEdS EaA
A AL Y MAlste EEE E8A tH11). 9454
cytokine®] /o] tht TP AT otE FEEY &
= Golr 7| 95t RAW 264.7 cellof] LPS A &3t o] &,
By e FEES FEEE A2t ELISA ¥
o7 2439t 1 A3}, IL-6, TNF-o 2 IL-1BY] =7}
HE 5k gEHOT Fadte AL EIsHTH(Fig. 3). IL-
62 TNF-oi= LPSTF A 2|3t 799} Bl wstgl& o, 0.1 ug/
mlo] A2HLRE = QEH o2 fasl= A Bt IL-
1Be 2E FEolA LPS @ Agjtof H|gte] gt B
fom 53] 100 ug/mle FEA= LPS A2 &
Aol Hsto] oF 51% Lo FAT HaFS AT
At o] AB}= EX ol g FEES S L
2 AL o dette 23¢9 fAFSHH (11, °)E 5
T3z ute ofeE FEE0] RAW 264.7 Cellof A
T cytokines AMH O At AR EHT

iNOS, COX-2 ¥ NF-kB 23 oA &7}

ol o] EZo] HQlste AN E7} 2H-g-51A =H NF-
kB AHsH Ho 2 &4stElo] 8 Y& ol FHct. 3
ol A G-AA} @Hgo] Yojuh iINOS, COX-25 FAISHTH15].
NO| Fg a9l INOSE YRATORRE FEHH A
Fe¢t b NOE £H]8t1 NO= 239 &4, £33
AeATE S5 b2 5l 229 AALE
to @52 ASAZITH, 11]. NF-kB= thRt cytokine
A& 2Ast= AARIAR, 859 wH3olA iINOS,
COX-2, NF-kBo] A4 9 &4 A& FAF2=ZH 4
9 A%E 7IHE 5= ok wEhA, RAW 264.7 cello]] +
P4 et 2EES 0.1 ug/mld FEHE 100 pug/ml
TR A st 74 g A o] W FE western blot 0]
43t A3ttt I AT (Fig. 4), LPS ©= A 2 Fo A
HE oo wrazko] dAsHA F7HeE o iNOS %
COX-29] HEFL 5 JEH O R Fhsiglon HFsh
2l 100 pg/ml = AL A LPS ©E5A 2]} vl A] Z
7t 36% 2 40%2] T Fo] AAEE Felstgtt. Edt, &
Z 3 HARRIARI NFkBY @3S &5 0.1 pg/mlo]
A FERE T JE2HO R Fashe AFS Bt of
3t Ate 2o e FEES AYPL B9 fAke

r\l
flo of

i

]

1o e m\
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Fig. 4. Effect of Ulva pertusa Kjellman ethanol extract (UPKEE) on LPS-induced iNOS, COX-2, and NF-kB p65 expression in LPS-
induced RAW 246.7 cells. The levels of INOS, COX-2 in the cytosolic protein and the p65 subunit of NF-kB in nuclear protein were deter-
mined by western blot analysis. RAW 264.7 cells were treated with the indicated concentrations of UPKEE (0.1, 1, 10, 50, and 100 ug/
ml) and LPS (1 ug/ml) for 18 h or 30 min and the proteins were detected using specific antibodies. For quantification, the expression
data were normalized to the PCNA signal. Means with different letters (a-f) above the bars are significantly different (p < 0.05).

LPS (1 pg/ml) - + + N . . .
UPKEE (ug/ml) - - 01 1 10 50 100
p-p38 v . — — ——
p38 — — S G ———
p-ERK
——— —— —
ERK ——
S — ——
| — L —
p-JNK e
— — — — — — —
INK — —— — — — — —
14 1.2 a 1.2
12 : p-p38 10 b p-ERK | * o p-INK
d : c
2 0 b b pe g 08 S f 208 i
& 08 & K]
2 ° 2 06 206
2 06 d 2 2
3 8 o4 8 04
04 o : 9 . d
0.0 0.0 0.0
LPS R + + + + + + LPS N . . . . LPS _ . + + + + +
UPKEE - - 01 1 10 50 100 UPKEE - . 01 1 10 50 100 UPKEE - 01 1 10 50 100
(hg/ml) (ug/ml) (ug/ml)

Fig. 5. Effect of Ulva pertusa Kjellman ethanol extract (UPKEE) on MAPKSs expression in LPS-induced RAW 246.7 cells. The levels
of p-p38, p-ERK, and p-JNK in the cytosolic protein were determined by western blot analysis. RAW 264.7 cells were treated with the
indicated concentrations of UPKEE (0.1, 1, 10, 50, and 100 ug/ml) and LPS (1 ug/ml) for 30 min, and the proteins were detected using
specific antibodies. Means with different letters (a-g) above the bars are significantly different (p < 0.05).
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ATE BYori10], o] QoE FEY g 2EE]
INOSe} COX-28 Aejele a3 TakllA FA% 2
B8 Uyt ol4te 2nE HEor FyAuE ojg
£ 228 A2 2o B A< NFkBE] BEF o
Aol o8] @54 cytokine A4 o] AAT Aom AmH
o E3 NOO| 4R} Bl Y iNOSe| FEelEd
Asre] AL NO Bule 74 Anls BATL Jge v
SR

MAPKs ¥4 oA a3}
MAPKs+ NF-xBS] &43to] 43S T+ 7P dx3 <
AZEAZ G A Jom X Yo izt oz &
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Fig. 6. Inhibition of Ulva pertusa Kjellman ethanol extracts
(UPKEE) on croton oil-induced mouse ear edema. Means with
different letters (a-f) above the bars are significantly different
(p <0.05).
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RS AN A EF WS HS EA4FAIY
[6]. WA MAPKs?] 282 Western bloto 2 £413F 4
¥}, LPS ©5 A 2|94 p38, ERK, JNKO| HdFE ZF
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A 7F A a8 =233 #F
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ol A EAE YetdH, % 5hs wiAEEE 3 EF
o] FX =W FH9| o] 9 FF EREE F7HA 7| L, 4
FAEE ot FHAE, SAGAEZ L BAZ 55 2o
7 3o} ABHAI 71T, B TEA E (mast cell)= ALH| 2] A2
HE 2Fo) A5t RAF o2 HE D/4J3HE mast cell

A2 A Urh21, 24]. WA, T AEH RO EA

prednisolone ¥ FHZu ogtE FEE0| A FF L 2

B

Ll P

e,

Fig. 7. Photomicrograph of transverse section p < 0.05ns of mice ears sensitized with topical application of 5% croton oil (v/v)
in acetone (a-c) or vehicle acetone (d, non-inflamed), stained with hematoxylin-eosin (A) and toluidine-blue (B) examined
under light microscopy (magnification: x200). Treatments: vehicle 2% Tween 80 (a), prednisolone 0.08 mg/ear (b), and UPKEE 20 pl/
ear (c). The numbers 1 and 2 indicate dermis and epidermis, respectively and the arrows indicate mast cells.
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O
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