Microbiol. Biotechnol. Lett. (2017), 45(2), 101-109
http://dx.doi.org/10.4014/mbl.1609.09008 M B L

pISSN 1598-642X elSSN 2234-7305

Microbiology and Biotechnology Letters

LipopolysaccharideZ X|=2El RAW 264.7 M|:£2} OIA HES
oelo)| st £Hx| A%t Dichloromethane 2&I292| SIH= S7}

1 1 2 oal 5|1 o3 =3 Lis|add 591
121X, B, ZledE s, RS R2|, s8], Uz, Holgs, Hald, etEe '+

R At eh A E T e A E A
2235t Al
PR A E T

5 F&B FAN ERS A7

Received: September 28, 2016 / Revised: December 14, 2016 / Accepted: December 15,2016

Anti-Inflammatory Activity of Dichloromethane Fraction from Katsuwonus pelamis Heart in LPS-Induced RAW 264.7 Cells
and Mouse Ear Edema
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This study investigated the effect of the dichloromethane fraction form Katsuwonus pelamis heart on anti-
inflammatory responses in lipopolysaccharide-stimulated RAW 264.7 cells and mouse models. Ethanol
extract was partitioned with dichloromethane, ethyl acetate, butanol, and water. Among the fractions, the
dichloromethane fraction showed a significant decrease in nitric oxide (NO) and pro-inflammatory cyto-
kines [interleukin (IL)-6, IL-18, and tumor necrosis factor-o] production compared to ethanol extract. The
dichloromethane fraction attenuated the expression of inducible nitric oxide synthase and nuclear factor-
kB (NFB) p65 proteins in a dose-dependent manner. In addition, the expression of phosphorylation of
mitogen-activated protein kinases (MAPKSs) was also inhibited by the dichloromethane fraction. Moreover,
the administration of 10, 50, and 250 mg/kg body weight-dose dependently inhibited the formation of edema
by croton-oil and the application of dichloromethane (2 mg/ear) significantly reduced epidermal and der-
mal thickness and the infiltrated mast cell numbers. Therefore, the dichloromethane fraction exhibited an
anti-inflammation effect by inhibiting NF-xB and MAPK signaling activation in macrophages.
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kB)ol 93] ZAEET}H3]. EAAAZE, lipopolysaccharide
(LPS) 51 & A5 A=l s NF-kBY 233 14
Ik-Bo®] £3]=|o] NF-kB7} &A%} =d AEZZ oA dete
2 507} AARIAZH cytokine?] Wd W HF &t o
9] & {Hstth4]. MAPK 3 extracellular signal-
regulated kinase (ERK)2} c-Jun NHy-terminal kinases
(INK), p38& di 2 AlZ 2] NO 43} LPSE A=H iNOS
o] #ol Yok dHA UTh5]. o] E5E =
8= MAPK®} NF-xBY| &4& Adfjetr 28 = 9= =
A g o RN RALS 71X AHROE W HAHE
o= FASAZ ofd HAE Y HAAE Z7] T
A7} A3 ke,

Z2] (Katsuwonus pelamis)= o8 15079 vlwt &
A7) Dol AR, AZ2e AFoEN T A
AWE Aste AFAEFLE 78N Sl o]+ vt
E3Z3} A 9HAFQI eicosapentaenoic acid (EPA, 22:5n-3)9}
docosahexaenoic acid (DHA, 22:6n-3)& ot $h-a-33 Q)
TH7]. EPA®} DHAE= @9 Y SAAY, S 2HE 45
FEA7IL, EaT S TAaAA ABHA dHl 59
B3kt AGASE BT ofY g} Aol aatrt 9l
= Ao gYA Ah8-10]. A= AAZ LR o g0
AZF 4005t Eofl EolH o] H AA = FE T2H Az
o] &Em X T2 7H5 Al, AA A7 30-35% FEY
HAbEo] Ay, ol ggt BAER A, A5, W, A%
D YR di= 2R E o] §H7|E ot RES ALR
2 A EAY H7|Eo] $FEAE oF7IAIZITH11]. ZHA]
FAibgol tigt At 2= A o YA B Wy &
Aol Bl A= FF12], A A=gn] FEEY dAE 54
9 quinone reductase A £7} A7H13] 5 LH9 dT1 5
of &= AAolx, thFet FA| HAES a&HQ 3¢9
7NeH g AME 5= e B Aol Fastitt. wehA

Ao A= A FAEY st A A7-S ethanol
22319 dichloromethane© 2 B33t & o A A L o A]
F WAEEEY A 94 a3t 9 ARE dAaLE &
sto] A% A2AY 242 &8 7S AAsHH
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ZA) A% ethanol 35 2 4uj'd 23] A=

2 UG AST FALY LU (5 F&B (Korea)
oA AFurron £ AdEf] A A% B2 wyky|H-
0820, Dongwon Science Co., Korea)E ©]-&3l 70% ethanol=
7het & 3A17F Bt mykA 7] ¥ 33] &4 FEES
A1 E 2] 7] (UNION 32R, Hanil Co., Korea)2 1,977 xgo|
1027F dAlEgste] ASdS Ao F-2 WA ¢
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St OoR &3P0 AFYL 37CAA LY 557
(RE200, Yamoto Co., Japan)Z ¥=3to] At 70%
ethanol =ZE2 watero] £3]A]7|1, dichloromethanes
water?} SU3F oF 0 2 Yo dichloromethane £ &L o
St} 1 water 2 ethyl acetate, butanol®] A2 £8
E& A=xsta, YA EHE water RYEE AR5, Z+

AEL AY 5718 o83ty F&35H3h

ML o

Al sz e

Murine®] tj4] A E39] RAW 264.7 A 2= FIFHEF
S (KCLB 40071, Korea)ol Al Zrol A&t o,
Dulbecco's Modified Eagle Medium (DMEM) (GIBCO,
USA)o] 10% inactivated fetal bovine serum (Hy-Clone
Laboratories, Inc., USA)T} 1% penicillin/streptomycin
(Hy-Clone Laboratories, Inc.)& 7}gt vj x| & wjFojoz
37T, 5% COy 27 A Bjestsict.

NZz=4 &4

A2 NEZEAE H75t7] $3] MTT assayS A A3t
AtH14]. RAW 264.7 N]ZE 1 x 10° cells/ml®] S =2 96-
well plated]] #5381 2041 7F ¢+ A Wi g &, 22 A%
dichloromethane 23 &S S =HE A7}3to] 2247F SoF
v okl ATk i &, 5 mg/mle 3-(4,5-dimethylthiazol-2-
yD)-2,5-diphenyltetrazolium bromide (MTT) A]2F (Sigma
Chemical Co., USA)E A7}ste] 247 v okslgich. o] & 4,
879 xgol| A 10&7F YAE2(UNION 32R, Hanil Co.,
Korea)d}o] A5HS ZojY il dimethyl sulfoxide (DMSO,
Sigma Chemical Co., USA)E 100 ul EF3lo] YA =
formazang =9 microplate reader (Model 550, Bio-
Rad, USA)E ©]-&35}f 540 nmo| A SFE=E SH 5T
Az BEELE th3 Aol Y3f A4ttt

Proliferation index (% of control) =
Absorbance of sample/Absorbance of control x 100

Nitric oxide JA=F &4

Griess RH-&-[15]% ©]-&3dto] it} ol EAs}= nitrite
£ =439t RAW 264.7 A|ZE DMEM Hj X & 9]
o] 2.5 x 10° cells/ml?] H =2 24-well plateo] HZ3}
, 5% COg incubator (MCO-15AC, Sanyo, Japan)<] A
20417+ A wjoFskieh. Aol 1 pg/mle] LPSeF 23] A%
S EYES 4 FEEE AP sto] 2447 v sttt
depolel AEAle 9e T, AEoAT griess A%
sulfanilamide + 0.1% naphthylendiamine dihydrochloride,

1:D)S ALoA 1087 ¥H-&-A]7] 1, microplate reader



(Model 5500F ©]-83}% 540 nmoA FF=E St Al
EZ Hjgd Y NO2Q| Hx+ sodium nitrite (NaNO)2] =
W RZIAMI v Loko] AESHAC

Pro-inflammatory cytokine ¥4|3F =3
Pro-inflammatory cytokine £H] 94 a%& ¢olH7]
A3te], RAW 264.7 A|ZE 2.5x 10° cells/mlZ 24-well
platec] HFstL 18A17F T+ A wjgstgich. A=z ol 1 g/
ml®] LPS&} A2 5 2t 5= = A2 ste] 12417 A wj
Skt vkl Wje] IL-6, TNF-o0 ¥ IL-1f cytokine?] £H]
S ELISA kit (Mouse ELISA set, BD Bioscience, USA)
£ o] &sto] 555 o] & $13) ELISA microplate]
capture antibody® anti-mouse IL-6, TNF-o. ¥ IL-1p&
EF3to] 4Tl 3 B2 coatingdlH.oH, ©]F 0.05%
tween 202 X33}= PBST (Phosphate buffered saline
with 0.05% tween 20)Z A| &3} 10% FBS £do =
blocking 3} ¢ th. PBSTZ A& &, ZF wjf 34 £
Skl Ao A 2A17F BE-GA| Fith. ThA] PBSTE A A3 &
biotinylated anti-mouse IL-6, TNF-o. detection antibody
¢} streptavidin-horseradish peroxidase conjugateE &7}
sto] A-2oflA 1A7E BESAIZIT. TL-189] 7%, biotinylated
anti-mouse IL-1f detection antibodyS 7}5FaL 147t 4t
€ &, streptavidin-horseradish peroxidase conjugateS
A7tsto] 302 HSAIZTH I &, o] & thA| PBSTE Al A
g th, OPD &4 H7lsto] Ao A 308 AHSAIH
th. 2N HySO42 ®183 £RA|7] $ microplate reader
(Model 550y5 ©]&3t%] 490 nmoA FF=E 455t

Western blotting

HjoFo] B ANEZE $33le] 33 PBS (phosphate
buffered saline)2 A&t &, A2 g &9 H 9
lysis buffer [560 mM HEPES (pH 7.4), 150 mM NaCl,
5 mM EDTA, 1% deoxycholate, 5 mM phenylmethylsulfonyl
fluoride (PMSF), 1 ug/ml aprotinin, 1% Triton X-100,
0.1% NP-40]2 #7}3to] 3087F 4ColA lysis A7 &,
14,240 xgol| A 2087 P4 &2 st} Aze & 52 A
Astgt. A U WA 2£9 72, nucleus lysis buffer
(10 mM HEPES, 100 mM NaCl, 1.5 mM MgCl,, 0.1 mM
EDTA, 0.1 mM dithiotreitol)S ¥ 7}8te] 3087t 4ol Al
lysis A/ 71 3 15,520 xgo]| A 2087+ YAl &g 5lof Azt
B2 52 A7 ¥ d FEE BCA protein assay
kit (Pierce, USA)YS AME-3lo] Aeslg o, 30 ul lysate
€ 10% SDS-PAGEZ 3ttt Ed g2
polyvinylidene difluoride membrane (PVDF, Bio-rad)©|
70 mAS A 1At 30 5 AAAIZ] &, 5% skim milk7}
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Z 3= TBSS (tris buffered saline; pH 7.5) X0 2 A2
o A 2A17t <t blockingd} 1 T}, iNOS, COX-2 ¥ NF-xB
p652] W S AESLY] 3t A ZE anti-mouse iNOS,
COX-2 ¥ NF-kB p65 (Santa Cruz Biotechnology, Inc.,
USA)E AH§3H4.0 1, MAPKs®] ralghe oroluy] 913
anti-mouse p-JNK, JNK, p-ERK, ERK, p-p38 % p38
(Cell Signalling Technology Inc., USA) @A & A-8-3}¢
150022 BlHahH ALGEISIT). 212t Aol A 247k 4
AlZ1 3 TBSSZE 33| A|Qst¢lTt. 22 A 2+ horse radish
peroxidase (HRP)7} A%t anti-mouse IgG L anti-rabbit
IgG (Santa Cruz Biotechnology, Inc.)E 1:2,0002.2 3|43}
oA 1A17E ¥E3 A7 &, TBSSE 33] A% 3te] ECL
(Thermo Scientific, USA) 7|21} 1-38.7F k23t & Zhzto)
A W == Gene tool (Syngene software, Synoptics Ltd.,
UK olglel 715 9 areisic.

AFRFT S LA B

A FEE 33 8 ICR uwpe2o] XA
dichloromethane £&E&2 10, 50 L 250 mg/kg -body
weight =2 200 W4 73+ Fojstal 3 A7t &, L EZ
Aol 2.5% croton oilZ 20 ulear =2 =EZ34TH A F
A= croton oil& A3 5A|ZE T AP 2™ croton
ol A2 % TA) S48 250 YA DRI,
3 271 B ICR the2g 222 o B 4%
dichloromethane 23 &g 100 mg/ml =2 20 Wl =X
3193, 6A17F F, diethyletherZ w3 A7), AZA S &
A5k 10% formaldehydeo] 72A|7F A8t 14 & 1t
2y E5E w50 8-S A X 3to] hematoxylin-eosind}
toluidine-blue A2 3}lo] Z2Z-& W&}

¢

[

A%

Edema formation (% of control) =
Ear thickness of Sample / Ear thickness of Control X 100

SAAE

BE AY Ao thet F94 AL SAS software (SAS
Institute, Inc., USA)o|A FHgS HEALEANS T
Duncan's multiple range test )] Wz} p < 0.05 $F A
Ao,
Zo Y nd
RAW 264.79| 4] Z*] XA dichloromethane £3 & 9]
Aj254

ZA] AR 70% oS FEES 21)H (dichloromethane,
ethyl acetate, butanol, water)2 £23t A1}, dichloromethane
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Fig. 1. Effect of dichloromethane fraction from skipjack tuna
heart extract on the proliferation of RAW 264.7 cells. ND: not
significantly different.

+YEo| thE £ &) Hl&f oEE FEEET AHFA
cytokine] B1|&F oA 17} =4 Y dichloromethane
2329 d3f in vivo} in vitro oA FEF ARE &
015} ¥ th(data not shown). 2] A% dichloromethane £
gl 2o| A2 F4 5 rA= FdFS ST Al
RAW 264.7 A|3Eo] dichloromethane £&E-2 A3} A
E 54 MIT assay o] §3te] 24 stsich 1 23} A
Zo BEELE X2 F(PBS AP} Bl A] BE FE
A 218l Zol7h ek 98-S BASHATkFig. 1. o
2+A, ZX] A% dichloromethane 3 &2 0.1-100 pg/ml
FLA AlZ AEE] G PIXA got 540] gl= A

o2 yehgt

Dichloromethane £3-E2] NO A oA 53}

NO= €% Wg Al "A29 FA Al 93 L-
arginine 2 2 78 QA== ¥h-3AJo] gt 7] {EAIR <l
A ol A Heukg, 254, AFAEA 4 g3 0| 5
of g FEHAQl Aol wREL 2 =3}1o] 0 AQlo]
o B2gt F7hs 85 Ut 249 &S fEdte
HAQl BhSo A Fagt EFolth16]. & ATolA+& LPS
of ogf 7t NO ZH|Fof i3 XA E&E0] v|A|
= 9 AHEQTh(Fig. 2). LPSO 93 S7HE NO £H]
Fo 3] AR 70% ethanol 2&E3} dichloromethane &
= 47 FEHE AYaHE 4, sEEHOE HAa
A& 3}, £3], dichloromethane #3&& 100
ug/ml =2 AT sEE 1 &F 63.8%F NO A4 9] ethanol
FEE282%) Ht} ¢ fadts AS ZAT 5 Ul o

http://dx.doi.org/10.4014/mbl.1609.09008

18

I 70% EtOH
a a b [ Dichloromethane
- ™ b T

b
C
| d
0.1 1 10 50 100 (pg/ml)
LPS + Sample

16 |

a

14 -

12+

10 -

8l

6

4t

2t

0 . .
PBS 0

Fig. 2. Inhibitory effect of dichloromethane fraction from
skipjack tuna heart extract on the production of nitric oxide
in LPS-induced RAW 264.7 cells. Means with different letters
(a—d) above the bars are significantly different by Duncan’s
multiple range test (p < 0.05).
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Dichloromethane £ & 9] pro-inflammatory cytokines
A A &zt

Y RIAM 9] toll-like receptor 49 LPS7} Agsle] S x5
+ pro-inflammatory cytokine® 2 TNF-o, IL-6 & IL-1P
7F Sitt. o™ cytokineE& WY §HHE 407]1 H=5HA
AAEE TE 9 2AE &AL GRS S215H
ATH17). 2 AFAALE AN R RAW 264.7 A o]
LPSE A2 st A=A1A IL-6, TNF-o & IL- 135 &4 &
EA7 F 2A A% BB o4 42 ELISA W
3to] 243U th(Fig. 3). 1 A3}, AYSEA cytokine
v LPS Ao o) Eu|sFo] F7het o, &
& oete &5 9 dichloromethane EZ&2 A
FAS W cytokine EH|FE FE QEHOE FAaEE= A
© 2 Vet IL-69] EH 72 50 9 100 pg/ml F =0 Al
dichloromethane £3E2 42% 9 56%= IL-6 &8 7+
AA|A, 70% ethanol FEE(34%, 35%)E Tt JA &7} o
3 A eyt TNF-a9] 3%, dichloromethane &3 &3}
70% ethanol 28 B& =& oZZF o7 Hu|7} 7H4ATE
I, 70% ethanol 2&E0] a3V} 22 ¢ =& Ao =2 U}
gl 100 pg/ml SEol A ZH7F 54% 2 61%9] ZAE
5 YeEt i IL-189 A& dichloromethane £8 &2
10-100 pg/ml F=o Al F 56%2] F2aME YEtH AL,
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Yo {0, o do
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Fig. 3. Inhibitory effect of dichloromethane fraction from
skipjack tuna heart extract on the production of pro-
inflammatory cytokines (IL-6, TNF-o, and IL-1f) in LPS-
induced RAW 264.7 cells. Cells were incubated in the presence
of LPS (1 ug/ml) alone or in combination with samples (0.1-100
ug/ml) for 12 h. Means with different letters (a—f) above the bars
are significantly different by Duncan’s multiple range test
(p < 0.05).
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70% oEtE 2ZE2 100 ug/ml =) A < 40%9] A
F3E Yeyo] dichloromethane E3&o] IL-1p £H]=k
o] JAo BI/} T2 ALE YerNTh waEkA Fx| A%
23 E % dichloromethane £¥&9] pro-inflammatory
cytokine ZH|F A S T8 FHF BLE HEPES &

st

Dichloromethane £3E-2] iNOS, COX-2 ¥ NF-kB p65
E oA ax

gZukgo] dojuhA FH iNOSE COX-2&= NOg 4%
7} £42 PGE.E ®HIAIZIA EH o2 QI3 22 4 Al
7 &4 A BE 7Y 9% S SHAIA "o18].
E 3|, NF-kBx iINOS9} COX-29] W& & zAst= Al
A2 AS5H-S Al IkB kinase’} &4 3= o] IkBE {8
To] & Y2 o]F3}e] INOS, COX-2 18] 3L pro-inflammatory
cytokine®] W&d& EX5HA HH[19]. wati] 2 AF oA
£ LPSZ =3t RAW 264.7 Al Z o) A 22| 413 dichloro-
methane #8 &% A 25l4S o FdF aLE Selstgih.
11 ATKFig. 4A, B), LPSO| Ao 93t AF wiA AR
(iNOS, COX-2 ¥ NF-kB p65)2] @& o] dichloromethane &
FEL A, INOSE 10-100 pg/ml FE A H= o=
Aoz Fastfen, £3] 100 pg/ml 5= 4 60% o]
o g o] Ak AL =2 Yetth COX-29 -, 502t
100 pg/ml FEo| A 24 da=F A E Yety AT,
HEF A ad= 324 @t NF-xB p659] S F2
10-100 pg/ml FE= A 282 Fa2aIE e A L,
100 ug/ml oA 40% o] HdZF 25 Ul
o} webA, NO&H M A54 cytokined] &EH] 72 iNOS$}
NF-xB 4@ 245 33 &5 245 Ued S gst
At

Dichloromethane 23 &2] MAPKs @& 24| a3}
Mitogen-activated protein kinase (MAPKs)= T}k &
Aol wEat B3 U A AL, AR5 97 S 23
st ZAoZ d4#A <tk ERK, JNK ¥ p389} 2
MAPKs+= E545Hg0l oA JAstE S AladdS &
S 24 NF-xB9| &/4J3}o]| Fa3t 9&S ghrh[20]. wetA
E g A= FA A3 dichloromethane #3592 MAPKSs
(ERK, JNK ¥ p-38)9] @ F & EE western blotS
=35 golatgith(Fig. 5). LPSE $=5 RAW 264.7 A ]
Ae] B2l A= ERK, JNK 12)7 p3se] Ql4kslE Shel
3} 1, dichloromethane £ ES 2 =2 A3 A
dol A= AASHE p-387 p-JNKO| HH o] 5k 9EF
O 2 QAL Hadte AL FAT 4 U tH(Fig. 5A). &
8], LPSo| o3& 57HE Q1AeHE p-389] W@ =o] 58% L
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Fig. 4. Effect of dichloromethane fraction from skipjack tuna heart extract on iNOS, COX-2, and NF-kB p65 expression in LPS-
induced RAW 264.7 cells. The levels of iNOS, COX-2, in the cytosolic protein and the p65 subunit of NF-kB in nuclear protein were
determined by a western blot analysis. RAW 264.7 cells were treated with the indicated concentrations of LPS (1 ug/ml) and dichloro-
methane fraction (DCM) for 18 h or 30 min and the proteins were detected using specific antibodies. Means with different letters (a—
) above the bars are significantly different by Duncan’s multiple range test (p < 0.05).

A LPS (1 pg/ml) - + + + + + +
DCM (pg/ml) - - 0.1 1 10 50 100
S L
p38 S e e S mm— ———— emm—
p-ERK .
ERK —— A e e -—
p-JNK  c— — —
JNK
B 1.2 38 1.2 1.2
- -ERK -INK
1.0 b PP 1.0 - P 1.0 < b b P
° £ 4 o b R
E 0.8 E 08 E 08 e,
2 06 2 06 c 2 06
1] ‘® ]
c < S
3 o4 8 04 3 04
- ’_L‘ ﬂ v ﬂ - ’_Y_‘
0.0 0.0 0.0
LPS - + + LPS - + + + + + + LPS - + + + + + +
DCM 0.1 5 100 DCM 0.1 1 10 50 100 DCM 0.1 1 10 50 100
(ug/ml) (ug/mI) (ug/mi)

Fig. 5. Effect of dichloromethane fraction from skipjack tuna heart extract on phosphorylated MAPKs (p38, ERK, JNK) expression
in LPS-induced RAW 264.7 cells. The levels of phosphorylated p38, ERK, and JNK in the cytosolic protein were determined by a western
blot analysis. RAW 264.7 cells were treated with the indicated concentrations of LPS (1 ug/ml) and dichloromethane fraction (DCM) for
18 h or 30 min. Means with different letters (a—f) above the bars are significantly different by Duncan’s multiple range test (p < 0.05).
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67% = FaHE A2 UeithFig. 5B). pJNKY| 73,
dichloromethane £ &% 50 ¥ 100 pg/ml 5= A,
35%%} 40% F &= T Fo| AaFE Aoz Yelyth(Fig. 5B).
HhH | p-ERKS] 7%, 50 © 100 pg/ml FEol|A] Goj&o]
A A4S Jehfglon, 100 ug/ml SEo) A wrdeF 7+Aa7}
7V 2A UEttt. o] & E3l, dichloromethane #8592 A
27} LPSol| 93 &%= MAPKs®} NF-kB9] ¢14k3} o 7]
£ &l AAF4 cytokine?] /o] AABE & 4= SUrt[21].

ARS dA a9 ¢ =7 +F

35 LA A HellA= s 9 |zl w3
ol Ay EH, Tdo] dojuA B e 9 RF F9
el Aol dojuA Hoh B, HAAEZS mast cello]
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Fig. 6. Inhibition of dichloromethane fraction (DCM) from
skipjack tuna heart ethanol extract on croton oil-induced
mouse ear edema. Means with different letters (a—d) above the
bars are significantly different by Duncan’s multiple range test
(p < 0.05).
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Fig. 7. Photomicrograph of transverse sections of mice ears
sensitized with topical application of Croton oil 5% (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: 200x). Treatments:
vehicle 2% Tween 80 (a), prednisolone 0.08 mg/ear (b) and
dichloromethane fraction from skipjack tuna heart extract 20 pl/
ear (c). The numbers 1 and 2 indicate dermis and epidermis,
respectively and the arrows indicate mast cells.
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