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Abstract: The anti-inflammatory effect of tuna heart water
extract (THWE) was investigated using lipopolysaccharide-
induced inflammatory response in this study. Anti-inflamma-
tory effect was detected by the cell proliferation and the pro-
duction levels of nitric oxide, pro-inflammatory cytokines
such as interleukin-6 (IL-6), IL-1p, and tumor necrosis factor-
alpha. As a result, there were no cytotoxic effects on prolifera-
tion of macrophages treated with THWE compared to the
control. The production of pro-inflammatory cytokines was
remarkably suppressed compared with that of the LPS only
group. These results suggest that THWE exerts the anti-infla-
mmatory property by inhibiting production of inflammatory
factors and may be a potential material for anti-inflammatory
therapy.
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1. INTRODUCTION

Aol L=, s, Aldadd s g2 oA=L
ZRE AL A 22D 5o TS Folsty] gt U
T 7122 229 B4 Qs flote] dojue B
Al Hkgoltt [1]. A= BAA 22 dF Hhoo] 2T
7ol A5=27d vi7HA (pro-inflammatory)2] 24 ] A|
ko] Ao HAEL FASA 7H Ae S7HE A
W dsukeol 2a2 AljtE = 28755 7HA AL o 2]
AT kol woiste F8 Al dfAA = (macrOPhage)E
dEA on 2z fSHEZA FUAAAAZS 7]
st o Aoy WA 20| EHlshe /\Poliﬂol
ol A& Bt Hol 5, #F, d v A e+
staL, ?:ﬂr%: TR WA A ol 5 A [3]. RAW

lr

P2 AN 2 Ee @G 8 ST Al EE
aloj| —E—XH 3h= U=4 9l lipopolysaccharide (LPS)2] z}=oj
9J3}} tumor necrosis factor-o. (TNFa), interleukin-13 (IL-1B)
9 [L-62} 2+ pro-inflammatory cytokineX} nitric oxide (NO),
prostaglandin E, (PGE,)E v &35t o] 2] G5ulj 7l Q1AL HH|
£ 22090} (4], GEWS-E AA el 4 WA Wl
HEEHA WY S 7 Z%éif& SR Al e dg



o 4 S UhA gl That 24 WAS Aot 7|3 8
Bho) o) AR B TP oA W RS A BkAA ot B
o, A4, A AhE, G4 B AT 2L ekt A8
o] gelo] =7 Gk [5.6] WA AU AAAZA A
$H3 9 TP 2 Ro|E W uAg o= FYF
A 7170 8§ A o] RG-S o] 4 Uk b5
2 7HA 3 glof H AR § ) JAAE Fo el e
o] F7kstar gl A elch (7]

ShH, AL o] B nFol o] uherE Y| 2 ek 4
FoRn GUtHOR 958 Wyt ohfet BF B4

£ FEE R sUAIE oAYsty [8], A% Ao 35
[91, = o] A2 7] 7} [10], o 249 [11]3 &2 of 2
71 IR G- 7 2 B AE 3 Sholoh E
3t 0-3A4 =& ZSFAAF (polyunsaturated fatty acid, PUFA)
2] eicosapentaenoic acid (EPA, C20:5 »-3)%} docosahexaenoic
acid (DHA, C22:6 0-3)7} 7HAl= @t a = ¥ald Aot
oA Aol o H-E o] = DHAS 754 A7k =W
efof A hars] A= L QI [12-14]. & 323t AT 0] 29
T ZHA] 2 peptide®] B2 [15], FHlek 2 [16] 5ol
el Bzt = AL Qlek Al A A o= 3R] o g Xt 400
Tk Eofl Eohm -efubete] He Ak 26vt E H=E ol g5t
A QIGH[17]. AP FA = T2 F2H22H A 25 o] o]
SHed A7 s ez 7k o, A<, 1e, A,
s, 55, WA, 75 S0 22 ol 7] ksl
e o= AA A= 9] 30~35% H =5 AHA| et [18]. 2]
<, T2 Alzwo] 71 ol uhet A E e FARE O
o] WolA #7]& = ek e w ARt ol 2t o] & A&
OS2 3], o] &5t W o] Jido] Wi HARE Aol
ol 3t 2| FARE 9] 7] 5 A of] e A= A Ha HA
HehEdo] Wl Bl wiAl= G [19], FA| A ==u]| 5
Z59] oAz =4 U quinone reductase B4 =7} a4y}t
[20], RHA] Ap<3of of gRAkal B of FupAd AL A= G
F21] % S 24 [22]5 EFho] Bl H a1 glof o
€ ksl digt HgA e B S Lok A& mjmt A

il
2

2. MATERIALS AND METHOD

21. FAAAF E FEEAR

2 Ao AHSSH FAMAE 22 ()5 Y F&B (Seong-
nam, Korea)of| A A|-g-1kQL 0 Fkibel o] 2] 442 a ik
7] (H-0820, Dongwon Science Co., Busan, Korea)& ©]-&3
108 oFo] B2 7}ah 5 24A7E 2B 2E RS AR
2] 7] (UNION 32R, Hanil Co., Incheon, Korea)Z 3,000 rpmo]|

ol

—_
(==}

Ae)

B2k UAl e shol 450 Attt e 1Ak B
QAP © 2 23] WhHEsko] &5 AL A2 37°Col A 2
Q==7] (RE200, Yamoto Co., Tokyo, Japan)= 5Z35}¢] -20
°Cof| Hytstm] A o AHE-513L T
2.2. | ]k

Murine®] o A Al| i 5591 RAW 264.7 M| 3£ = b= A| 252238
(KCLB 40071, Seoul, Korea)of| ] Hofdto} AL-&3}¢ 00,
Dulbecco's Modified Eagle Medium (DMEM) (GIBCO, Grand
Island, NY, USA)°f 10% inactivated fetal bovine serum (Hy-
Clone Laboratories, Inc., Logan, Utah, USA)Z} 1% penicillin-
streptomycin (HyClone Laboratories, Inc.)& & 715t v X £ uj]
FH O = 37°C, 5% CO, 7ol A vl &3} S

2INEFY EH

A& 2543 B716H7] $18) MTT assay& A A5kl th
[23]. RAW 264.7 A ZEZ 1x10° cells/mL2] == & 96-well plate
of &35k 20A17F Bk A Wi & MU B FEE
(THWE)S %= 2 (0.1, 1, 10, 50, 100 pg/mL) A 715k 22
X7+ 2 wjokshgict. #loF &, 5 mg/mLe] MTT (3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) A] ¥ (Sigma
Chemical Co., St. Louis, MO, USA) & A 7}35}o] 2417 A Hl)
&ttt o] & 4°C, 2,000 rpmof| A 10427t 4l &2)ske] A
FHE AoJY L dimethyl sulfoxide (Sigma Chemical Co.)
100 uL 2535}0] A A= formazang o] microplate rea-
der (Model 550, Bio-Rad, Richmond, CA, USA)E ©]-&3}¢]
540 mmol 4 FHES 2T AE FA 5L the Alo]
of3) A 4kst ol

Proliferation index (%) = Sample S>3 / Control 3% x
100

2.4. Nitric oxide &Y &3

Griess HH3- [24]& ©]-&-3tof M ¥ Y L NOS) 5 =5 54
3FTH RAW 264.7 A ZE 2.5x10° cells/mLE X A3 5 24
well plateo]] &3} 37°C, 5% CO, incubator (MCO-15AC,
Sanyo, Osaka, Japan)ol| 4] 20A] 7t A v oF5}¢ic). -1 & THWE
2.1, 1, 10, 50, 100 pg/mL A 2]8}31 1 pg/mLo] LPSE A}
SFoq 24417 2 Hje¥al gL}, o] & 4°C, 2,000 rpme 4] 10874
QAR so] 43NS Qo] Hak o] AHEATE. A
oll-2- Griess A] 2F (1% sulfanilamide + 0.1% naphthylendiamine
dihydrochloride, 1:1)¥} 1:12 A} o] A 1027 HF-3-A] A mic-
roplate readerE ©]-&3f 540 nmof| A EF =5 S5 T).
A 2E Bkl Y NO9] &=+ sodium nitrite®] 5= 8 =3
A3} ] ot of AEel o,

2.5. Pro-inflammatory cytokines £8]3F 23
RAW 264.7 A Z 0] A|ZHjoFoH o] TNF-o, IL-6 2 IL-1B
cytokine2] £-H| =2 ELISA kit (Mouse ELISA set, BD Biosci-
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ence, San Diego, CA, USA)E o]8-3}0] =43} T}, A )
oFolS 917] 93] RAW 264.7 A L E 2.5x10° cells/mLE %4
5}to] 24 well plateo]] 3} 18X 7FS] A v 9F 2 0.1, 1, 10,
50, 100 pg/mL &%= THWES} 1 pg/mLe] LPSE A 2]3} %
£ 2 1240200] Bk 71 LIRS ol Aol
¢l th. ELISA+= microplate®] capture antibody = anti-mouse
TNF -o, IL-6, IL-1BE E335}0] 4°Cof| A 3154} 52t coating
AT}, 0]% 0.05% Tween 200] 3% phosphate buffered
saline (pH 7.3, PBST)& A & 5}32 10% FBS 820 0 2 block-
ings} 93l PBSTZ A &gt F Z microplate wello) A 3 HH oF
Agolg psin AN 247 MEAZT WE
PBST=Z /\1] 2] 3}a1 3] 4 31 biotinylated anti-mouse TNF-a, IL-
6, IL-1pB detection antibody®} streptavidin-horseradish peroxy-
dase conjugate S #5}0] Ao A 1X7F WA FTE 1 &
TFA] PBSTE A| 25131 OPD §-91-8 7}51o] A Lof A 305
& ANESAIZ T 2 N H SO, 2 BEg-& S &A1 $- micro-
plate readerE- ©|-8-5}0] 490 nmoj| A SF =& =454

2.6. 84 A ¥

HE A3 Ailof o3t §-2)x} AA-L SAS software (Ver 9.3,
SAS Institute, Inc., Cary, NC, USA)ol| A H4#3FS FAMLA]
3} & Duncan's multiple range test ¥ o] whe} p<0.05 4=Z=0]| A]
A8t

3. RESULTS AND DISCUSSION

3.1. RAW 264.79] 1| = A (A B S22 XA
NEZEA ZA o] o] &5 RAW 264.7 Al 2L 13 A9
Y =40 LPS¢} -2 9 Ex}=of o)) thekdt ¢ = ok o]
Z A zolth. o] 23t

A wHlste] gFHeE dole
=SS A 9 T B E 2-sk=H oA T8
TS ok A = —?—i o] RAW 264.7 A 3o

(0.1, 1, 10, 50, 100 pg/mL) RAW2647/\1]:£0]] 2] 3lo] A&
&9 %ﬂ'oql?‘e MTT assay= ©]-&3l 5‘133}‘2'1‘4- :’—
I, oOFF A = A 2] ShA] oh 2Tt H] AL A] X
31915} 43 th (data not shown). 0] S E3f

< 0.1-100 pg/mLof| A A3 A Eof| G n] 2| A ghof =
Hol gl A0 2 ALt ufeha] 2 ol AL§E THWE
of H 70 = A ol EAS e A] S 100 gl ©. 2
eIk ol YA ol MRS A A3k 5w 92
o= HZEA o] LhehbA] e At [25] W FHA A5
Al 25 A A3 ME254S ety 2 Zakel &

Apshet [26].

ﬂlﬁ

3.2. Nitric Oxide 4 I A &3}
LPS 59 QR A2 A2 A5 dEE 3 NFkBE &
A A T2 S| A5 FAAQ]INOS7E HE = A |k

NO+= & 8421 NOS % iNOSo]| ] 3} | -arginine®] |-citru-
lline® & %j?lil = oA T2 A== v o] At
of A} At A= A W A Aol HA 2l w0l A
TR EA ot} [27,28]. AR o= Y H o w
1o ofgh, AaTAA, WA XA, AR Y w7, gt
74Oﬂ Tolste] Eobs 288t 59 TS sHAIT 2144

HsHgol ol NO7t 2t=alA F7He A, Wl deh
EueSE:R 7]J+x]m thab A A Ea) 7o WA ueo
1t} [29,30]. & Ao = FAAA & 2529 NO
Eﬂré °‘°PE71 flste] Al o) &gl JF=
= 5% (0.1, 1, 10, 50, 100 ug/mL)oj 4] LPSZ
‘?_P%% et RAW 264.7 A| 2o FEE5 A 25t vy
o =, uj o“’“oﬂ griess A|oFZ WH3-A|A gHQl5H3ITh. LPS
At o] Al E-ZA ALY AEHAS
frstod NO—J e S7HAZI T AL HarE o] Ql=d] [31],
RAW 264.7 A3 of LPSTFO &2 =8 gulsl A3} NO £H]
2ol 14.3741.13 uM= 0]-5,1,\5 A 2 3FA] S negative
control®] 2.2740.42 uME.t} oF 6.38]] Z7}8H2 H T} 514]
W THWES A 2]5F9-& 79, positive control w1} H] 1.5}
o] 228 E=r o]ZZ 0 g NO AT A H AL 3ol
shelonl, Sl 23 5521 100 pgmLol 4] NO A4 #-&
positive control T H] 32% ©]A+9] oA & 1+& e T} (Fig.
1), ol 9} fAket 91 ATk, R ok-8 A 2lo] <l 10, 50
2 100 pg/mL EEO) A 50% o]4+e] ALY Holthy B
aLE o] Qlt} [32]. @A 7HA] A9 FAF A= FHA| ol A
2]t EPA 9 DHAO| tjgt A7t =5 o]l it [33].
T AREA 0 7 ofFofl= W2 peptideZ} O] U=
tl] Hwang 5 [34]2} Lee 5 [35] 22 Zh= 1} upA| 2] 5
F A& 57 peptide”} LPSZ -3 =% RAW 264.7 A|3£2] ¢

OFU

< W0l A NO itk oAsto] s avs 7Hiva
18
16 a
i o,
14 T g
g b
2
S 10 <
3
L 8r
z .l
4
d
| [
0 LPS - + + + + + +
sample - - 0.1 1 10 50 100 (ng/mL)

Fig. 1. Effect of tuna heart water extract on nitric oxide production
in RAW 264.7 cells. Cells were incubated in the presence of LPS (1
ptg/mL) alone or in combination with THWE (0.1, 1, 10, 50, and
100 pg/mL) for 24 h. The culture media of the treated cells were
used to measure NO levels. **Means with different superscripts are
significantly different (p<0.05).
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Fig. 2. Effect of tuna heart water extract on production of IL-6 in
RAW 264.7 cells. Cells were incubated in the presence of LPS (1 pg/
mL) alone or with various concentrations of THWE (0.1, 1, 10, 50,
and 100 pg/mL). The levels of pro-inflammatory cytokine in the cell
culture media were measured by ELISA. “*Means with different super-
scripts are significantly different (p<0.05).

Hagkup ek up2hA LPS2 e i 21 A| Zojl A F-71
NO©j gt THWES] 4] {4 &= 32 Aol o o
T S 5 A 2/ peptide Aol A 719l E A=
A=

3.3. Pro-inflammatory cytokines A§ 4 9} A & 3}
2 Q1o A o] 4 LPSE o4 M E | B4 s}o] Tojal
SEA ] FAHLEE (mitogen) 0 2 Bh9-2 A 4| E)
RAW 264.7 A| 220] A 2] st of 2] M| 22.9] 3 4=8-A ¢l toll-
like receptord 7} ©] & ¢l A5}o] A3slA Hf [36]. thAI A E
ol A LPSo] 9]&f HH]E+= pro-inflammatory cytokineo]+=
TNF-c, IL6 % IL-1B 5] It o] i3t Ao E7h2I 52 4
Aol AERESoA DA o2 A= o] thefet W 2 ¢
20192 2WFH= g2 gk [37]. 7 % IL-6% B cello]
FANEZE F3etz S FR8H] A A S7HA
s8] Aol A The) AVEE 79 o4 Ffolut 217} el
4B 52 T A A8 5L FUTH 202 elA
Atk [38]. 53] TNF-o= t AN 2] g/ 3}ol| whe} mast
cells, lymphoid cells, endothelial cells 5 A A o] A 5}+= T
Gt Ao A ALE = Aol ERIC R LPSE A= 7
S Ayakepol o BrobAltt [39.401. TNF-.2] 4|7} 571t
ue} o, 5, 55 9 UA 5o e R AR
= do7ANE A&A Q AL HE dSHEE 43
A NF-kB2] &35 g 224 Alo]E7}Ql ¢ iNOS,
COX-29] B4S SHA7IAL WSS Fdste] HEA
Q%4 A Ak e Arhwel A Az g

|

Jo

she o= e A ot [41]. Et IL-1pE
Fukg A AR EE 224 Aol Eskel o 2 Al@zk el o
o 454 Sekel A 9 el Fasit ol e s

40
a
wial EA
0}
b b
< be
d I
o
B 20}
2
a
-l
=
10}
d
0
LPS - + + + + + +
Sample - . 01 1 10 50 100 (ugimi)

Fig. 3. Effect of tuna heart water extract on production of IL-1f in
RAW 264.7 cells. Cells were incubated in the presence of LPS (1 pg/
mL) alone or with various concentrations of THWE (0.1, 1, 10, 50,
and 100 pg/mL). **Means with different superscripts are significantly
different (p<0.05).

2500
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Fig. 4. Effect of tuna heart water extract on production of TNF-a in
RAW 264.7 cells. Cells were incubated in the presence of LPS (1 pg/
mL) alone or with various concentrations of THWE (0.1, 1, 10, 50,
and 100 pg/mL). “Means with different superscripts are significantly
different (p<0.05).

) )
& W WA =0 ool hF AR - T cells 43
AZ]1aL B celle AsAAH 5

NA= ASEHSAA AdZE
2= THWE®] & 72 2}0l5}7] 9]ato] LPSE 4= 5 RAW
2647 A E2 R E BulE o] E7}ol o] Hulef o 4] HIE
Wastg T THWES 524 (0.1, 1, 10, 50, 100 pg/mL)E
Az)slo] wjop 2ol IL-6, TNF-a L IL-1B2] &
ELISA kitg o]-&5to] 43t A}, THWES] A 2o ujzh
Z} cytokine] 8] o] FEO|E A g H vk IL-69
A9 (Fig. 2), LPS THE 2] 2] 517} 596.7142.64 pg/mLo] =&

oAM= A2l 4 Ao oAt d5ut
_]



330

Korean Society for Biotechnology and Bioengineering Journal 30(6): 326-331 (2015)

wHHIES 2l Ao Blsto] 100 pg/mLe| sz AT Al
364.3543.96 pg/mLE OF 39%2] A& H el AL & 4= 9]
b, E3E, IL-1B EH RS LPS THE A 2] A] 33.59+0.87 pg/
mL2] %—"—-8— HEu|FE H¥ oL, THWES 100 pg/mLe] ==
2 A2 A 19.4941.73 pg/mLE O 42%9] 4| &-< Lyl
pro-inflammatory cytokine2] &1 A| & 1}5 7}5]-& &H2ls} it
(Fig. 3). TNF-o EH| 0] AL E3}t == o]& A o] BEH|gF 7
a5 H3om 50 ug/mLe] THWE 5= o]49] A 2] A] 20%
ol4ko] oA &S eIt (Fig. 4). 0|2} fAle AT
Lin 5 [43]12 A& 92 peptide”} NF-kB 82 o174 5}0]
TNF-o #H| & AA|ghehal ghrpar Ha1skgl o n. Kang &
[44]> A4 ol & FEE0] 100 pg/mLe] 52 A 7
A] pro-inflammatory cytokineo]] T3] 70% o] A st A3}
£ gelstgint.

4. CONCLUSION

oo A & 2
7] 9130 LPSE %ﬂ%o] Q=5 RAW 264.
A A et A, 4
o4 02 NO| A HE 2247 AL 9
FEEY FAL 5 =21 100 pg/mLof| A 32% o] e
YUERH T 3, pro-inflammatory cytokine 2] E-H] &S
3 ATIE LPSHH X 2|3t o) 273} v e A
2Z5o0] = 0]2A 0 & TNF-q, [L-6 2 [L-182] HH]
S A3 TS B ou], Ba] IL-1p 2] 100 ughnL 9
o4 &S Lhehy
A kot 9]

Nl

ol o o wju

TR FEE AT A 2% H| LA w2

k. ol gt At M AR o] 7

sto] MTT assay& A3+l o, Al 22 54

F=& Y LPSE AolA] o2 FA L 2 0]

6] O O pj-o]o]_oﬂr/]_ o _E_}_‘GLOH X ﬂ} ‘]/\1 % _,i_%%
A

_{

BRaa =

NO 4 pro- 1nﬂammatory cytokine®} ZH& th A Af| 32 S-2) A
ZA i Edo BH|E Aty o Aoz N =
=2A dé%ﬁlﬂ«l ko] 7hsd Ao & AR F

o

r2 of

Acknowledgements

o] =2 2015 & S FAbt A el 0 = b= sl F el
g9 A s ot °l$°1?ﬂ A
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