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Abstract The effect of tuna extracts on the production of nitric oxide (NO) and cytokines including interleukin-6 (IL-6),
tumor necrosis factor-o. (TNF-ot), and interferon-y (IFN-y), was investigated. All extracts and fractions from tuna significantly
reduced NO production induced by lipopolysaccharide (LPS). The acetone+methylene chloride (A+M) extract, n-hexane
and 85% aqueous methanol (MeOH) fractions had stronger inhibitory effects among them. The 85% aqueous MeOH
fraction at a 10-pg concentration significantly decreased LPS-induced IL-6 and TNF-o productions at 6 h of incubation.
In the case of LPS-induced IFN-y production, the 85% aqueous MeOH fraction at a 3-nug concentration showed significantly
higher levels at 48 h of incubation. These results show that the 85% aqueous MeOH fraction inhibited the production of
NO and pro-inflammatory cytokines (IL-6, TNF-o.), suggesting that this fraction acts as a potent immunomodulator.
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aqueous methanol &8 =& T4 S=E th2A 24 NO A4 H
WP o] A& 283 iy HEE feske IL-6, IFN-
y 2 TNF-o 22 AlolE7IRIC] A4S HAESIATL
ELRTE

Mz o Al

2 A AHgE FX s FiF A Aol A st
A 2712 B Yo] A2 13 7Ax7]E o83t 40°Ce]
A 40 torr®] HE O 3047 ARSI Al ETR] 8-S 4
3 A FES $A Balble PR-22A S 85 U9, AT 25¢
Hele] As tighbol AR, SHEE)ZRE T3t
Ago) A8 TE. LPS= Escherichia coli (serotype 026:B6)°lI4]
2] AAE AZ(Sigma-Aldrich, St. Louis, MO, USAYS A}&-3}
%3, concanavalin A (Con-A):= Pharmacia’l(Pharmacia Fire
Chemicals, Uppsala, Sweden) A|#2 AF&-3}A T} IL-6, TNF-a,
IFNyE =437 9 AleF2 Mouse IL-6, TNF-o, IFN-y
ELISA kit (Biolegend, San Diego, CA, USAYS AH&-3}ith.

=& 9 =&

AxE FAe A7 AR A7EA] -70°C] deep freezer (NF-
400SF, NIHON FREEZER, Tokyo, Japan)el| W% R#A&3itirt
17180 FE& 9135l acetone:methylene chlorideE 1:1 H]&Z
Efste] AlE7t T8 =S st 2447 WAgE & &
SR o] S 23] WHESl] ANS ATt B acetone:meth-
ylene chloride (1:1) &3 SZ FZEXA] %S AE-S methanol
MeOH)Z FZ&3t2A} G2 AR acetone:methylene chloride
(:)F 532 MeOHZ 919} FUe WHoz 23] HHEsle] o
Aqs Aolrt. F SRR AR F53 FEES £
oAl Sl S wEt SAF R 283t n-hexane, 85%
aqueous MeOH (85% aq. MeOH), n-butanol (n-BuOH), water
THES At AFPole 77e] FEEEE dimethyl sulfoxide
(DMSO)l =] M IR 2 ot FE2 3]Aste] d3ol At
&3ttt

Jon

Nitric oxide (NO) &X

RAW 264.7 A|ZE 96-well cell culture plate] well & 2x10°*
cells/mL7} S|=8 #5310 37°C, 5% CO, incubatordl| X 24417}
ot WigEiiTh wldlS 10% FBS7F $HrE MEM HiX| 2 w
A & FHIE ARE NTF S AAEEL, NO B8-S
T37] 98] LPS (1 pg/mL=1 ppm)S A3+ & 4877 H<t
37°C, 5% CO, incubatoro|4] #]g3FATE o] & AFE NO9| <4
L Griess A]2F(0.1% N-(1-naphtyl)ethylenediamine: 1% sulfanilamide
=1:1)% ©|£3}> microplate reader (VICTOR3, Perkin Elmer,
Waltham, MA, USA)Z 570 nmollA F23=E 24319t} sodium
nitrateS ARS-3l] FFE FHEE ZEFAL AAEH] NO2

)

A Bk AEe vjg] FHjE HAHE E5AS 10%
7F =HA A& ejo}lEAE 715 RPMI 1640 (Gibeo, Buffalo, NY,

USA) WIAZ 2x10° /mL M|2Z7} =5 243k, 24 wells tissue
culture plate (Costar, Coming, NY, USA)°l 1mL% EF3 %
A=A(LPS 2 pugt Con A 2 pg)et ZHx12] 85% aqueous metha-
nol fraction =M (1, 3, 10 ugmL)E ZEA7A 37°C, 5% CO,
Hjek7lo) wjgatatt. xS 0.01% DMSO7} H=2 A3}
Ao Az A71e] 276 6, 24, 48, 2AZHO= SIS
Hjko] Bt & M= wigd e AT o 300xgoll Al 1087E,
10,000xgellA 30327+ A A & 2 FFde sk -70°C
o HASFATH(S).

IL-6, TNF-a ¥ IFN-y &3

"2] 96 wells microplate®]] mouse IL-6, TNF-a. % IFN-y°l
st capture S coating bufferdl] 3|41t 100 uL 22 #5
S = 4ollX SRR WAEIGATE U plateE AlHE $hEH o
2 48 AH3 F assay diluent 200 pLg B3 5 A Lo)A |
AlZHERE WS A S dFdoF 48 Mg T plaed]
Zb wellell A& 100 uL #slate] d2olA 247 &<t WA s}
Aok MHE Aoz 40 M3 T detection T 100 pL2
et & A2dA A7 FSF B AT AFHE e s
40 A|AH3 3 avidin-horseradish peroxidase®] 100 uL-& & a}ale]
ThA] A2ollA 30i Tt AT AlHE- Sadoz 5 A
A3t 3 tetramethylbenzidineo] E3E 712 H 100 LS 2 slsled
AeoA] 158 B WA T stop?] 100 pLA S THEke] WHES
ZHAIAZTE. Optical density'= microplate reader (Bio-Rad, Model
550, Hercules, CA, USA)E ©]&3}>] 450 nmol|A] =73 3153 tH(16).
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A g HelHe dzes 4 ANEERE de AF A5E=
FE ANOVAE AAste] feide] & 739l posthoc test
Duncan’s multiple range testg AAI5ld 95% oA FoAd&
AS s
dnt A nE
x| =EE % 2=82 NO Mo olxl= s3

NO2| A RAW 264.7 M2 vjFl Fof LPS =2
2 A= NO9| TS Ak 2102 A2 &g IF
< VXA = TR FHX FEEY BYES ATt H)
o &, AE uFAo| Griess A2k WHEAIA FRISIGATE Al
= 005 mg/mLe] FEZE M on, hERFOoZE= AEA
PBSE A3t LPSE A& & controldt A5 ¥ LPSE *E]
B4 & blankE AM-EIATE LPSE A28 controlS NO2| A
Aol EA Jelow, LPSE XE|aA] &2 blanks NO2| A
Aol AHoR wl- YA vElth 95 fdel Fa3 o
&2 s Aoz 4zl NO Al Uist A FEE 2 13
EEY dAlERE ERlgt A, acetone:methylene chloride
(AtM) % methanol (MeOH) & 4 K& #9252 NO A
98 fFodoz A5 oM (p<0.05), MeOH FZE3} B w3
S o AM FEE4 93 NO A Asi gzt =4tk Fig 1).
et Z BEYEES controlRTF & NO AAZHS YRS
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), 53] 85% aq. MeOH % n-hexane ¥ &) 2|3t A3 a7}t
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Fig. 1. Effect of extracts and fractions (0.05 mg/mL) from tuna
on the production of nitric oxide. The values were expressed as the
mean+SD, and different superscripts indicate significant differences
among treatments (p<0.05). Control, sample was treated with LPS
and phosphatate buffered saline; Blank, sample was treated with
phosphate buffered saline. A+M, acetone with methylene chloride
extract; MeOH, methanol extract; n-Hexane, n-hexane fraction; 85%
aq. MeOH, 85% aqueous methanol fraction; n-BuOH, n-butanol
fraction; Water, water fraction
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3 =Tt Wb #FA 85% aq. MeOH E-3 &0 23 B4
F9] AP]EFFCI(IL-6, TNF-a, IFN-y) Ao mAE 9IS 6,

24, 48, T2AZF viEEE & AHEgTH 2 APMe F 7K A
FAZ ALgsldEY ©] F Con-Ax AFFolA Ead dslo
2 TEY HYTE sk Nt ol THZFE A=
e 9% 3, T g AFAY LPse aE3ATe 9ut
o] &AL FAEL lipid A F3} core TFEA| FiE 5o =
Ho] gt} Aol LPS7F B0l S A7) a 4235
o714 LpSell <& M E7}F IL-13}F TNF-oE Y5 1A
v, B g5 FAMNER B3| 98 gl Table 12
IL-69] AFES vebd 2102 vgA|2E S438IA7]= LPSo
ofs) W2 Fo] EH|EH v ATte] T/IEFE ATFE T
7Fet ). X 85% aq. MeOH £8E2 F=(1, 3 2 10 pg/
mL)Z A& v Tt T/IEFE 1169 AYFS 2438
o} T3 dhgAIZhEE Awn 3] 85% ag. MeOH E3&E 3
71 - wjgAIZre] AdFE IL-69] Bl VI 10 pg/
mL FA7FEEe] A9 Al Y & 7P W2 L6 TS &
AT F7F AATHPp<0.05). ©1/de] A= FA| 85% aq. MeOH
TEYEC 9t IL-6 AP A Tde AR WY & P &
A olu o] iA=L G ARSI 72417 vk

AAE B} gl Ao AT F ek 9, BA 8%

agq. MeOH £8% 1 2 10 ugmL HA7FsLdME 55 gFF0
2 IL-6 AEES HAFHOY HVFEE 3 ugmle] S 24A17F
HIFAI B = IL-62] A Fol F43] Skttt oldg A
T H7FsE 3ugmLe] F3A] 85% aq. MeOH EE &L 617
kAN 7P EFFOR (L6 AL TUrATE Ao=
AARL & o2 2AFA Con-AS AREHS W) (Table 2) Hi
FAIZE S7keE TE] IL-6 A o] 71T Con-A%t
ZH2] 85% aq. MeOH #8ES XS w IL-62 AFS &
E H7Fs&odlA Con-A%F A PS A-HTE F7l8IE o H7t
TEERE AEE 3R] 85% aq. MeOH ¥ E H7bswrt =
STE IL-69] AgTFo] adte AFE YR oo 2

Table 1. Effect of 85% aqueous methanol fraction from tuna on the production of LPS induced interleukin-6 at different times in mouse

spleen cells

Samol gL Concentrations (pg/mL)
amples (pg/m
ples (1 ) 6h 24 h 48 h 72h
LPS 39.8+4.0° 126.4+14.1° 154.8+2.0" 237.8+76.3
LPS+TM 1 19.9+4.0° 85.2+0.0° 147.7£16.1® 2159+ 8.0
LPS+TM 3 17.1£0.0° 164.8+32.1° 184.7+36.2° 193.2+40.2
LPS+TM 10 2.8+4.0¢ 85.2+0.0° 139.2+ 4.0° 198.9£16.1

The values were expressed as the mean+SD, and different superscripts in a column indicate significant differences among treatments (p<0.05).
LPS, lipopolysaccharide; TM, 85% aqueous methanol fraction from tuna

Table 2. Effect of 85% aqueous methanol fraction from tuna on the production of Con-A induced interleukin-6 at different times in

mouse spleen cells

Samples (ug/mL) Concentrations (pg/mL)
amples (ug/m
pres i 6h 24 h 48 h 72h
Con-A 0.0+£0.0 108.0+40.2 190.34+4.0° 292.6+£52.2
Con-A+TM 1 0.0+0.0 119.3+0.0 394.9+£33.3 416.7+2.6
Con-A+TM 3 0.0+0.0 152245.1 358.717.9° 420.3+35.9
Con-A+TM 10 10.9+£7.7 108.7+10.3 326.1£5.1° 373.2+17.9

The values were expressed as the mean+SD, and different superscripts in a column indicate significant differences among treatments (p<0.05).
Con-A, concanavalin A; TM, 85% aqueous methanol fraction from tuna
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Table 3. Effect of 85% aqueous methanol fraction from tuna on the production of LPS induced tumor necrosis factor-o at different

times in mouse spleen cells

Samples (ug/mL) Concentrations (pg/mL)
amples (ug/m
pes 6h 24 h 48 h 72 h
LPS 211.2£10.3° 228.2+48.1 242.7+41.2° 199.5+16.2
LPS+TM 1 107.8+9.7° 137.6+0.0° 208.7+16.2 181.2+9.7
LPS+TM 3 144.5£42.2° 153.7£3.2° 144.5+£3.2° 174.3£19.5
LPS+TM 10 75.7£9.7° 78.0+38.9° 181.2£22.7° 206.4+38.9

The values were expressed as the mean+SD, and different superscripts in a column indicate significant differences among treatments (p<0.05).
LPS, lipopolysaccharide; TM, 85% aqueous methanol fraction from tuna

Table 4. Effect of 85% aqueous methanol fraction from tuna on the production of Con-A induced tumor necrosis factor-o at different

times in mouse spleen cells

Samol gmL Concentrations (pg/mL)
amples (ng/m
ples (u ) 6h 24 h 48 h 72h
Con-A 32.1+6.5¢ 114.7£13.0° 174.3£19.5% 181.2+16.2
Con-A+TM 1 43.6£9.7° 126.2+35.7° 247.5+7.0° 252.5+£7.0
Con-A+TM 3 52.0+3.5° 138.6£7.0° 212.9+£14.0° 222.8+21.0
Con-A+TM 10 66.8+3.5° 170.8+17.5° 240.1£3.5® 225.3+24.5

The values were expressed as the mean+SD, and different superscripts in a column indicate significant differences among treatments (p<0.05).
Con-A, concanavalin A; TM, 85% aqueous methanol fraction from tuna

H2ZRE ZFA] 85% aq. MeOH &2 wpg-2 HIZA oA
Con-ART} LPSe 2lafl =% IL-6 BAS ZaA71ed o &
FZHel Ao AR} TNF-a2] 73-$(Table 3, 4), IL-63 A}
3 AS YeRfo] FX] 85% aq. MeOH ¥-8% 10 ug/mL H7}+
Tl 6AI7F vl F LPSE =% TNF-a2] A o] §2
o7 ZFAEATHTable 3, p<0.05). x| 85% aq. MeOH #3)
S (1, 3 2 10pgmL)E AH2dE o 527t S
& LPSE X% TNF-0f BT AT vhEAZHE 2
AR Z2] 85% ag. MeOH I E 7t & wjokr|7lo] Zoj
ALE TNF-00] A %] S7lske AES YAt Table 3).
Table 4= Con-A°l] Y&l 5% TNF-ao AAH W3} Fol=
Uehd Zoz wjgrzie] S7HE TNF-0o A%l S7t
3Tk #x] 85% aq. MeOH I ES FEE(, 3 2 10pg/
mL)Z AP FE7F 7S Con-AR ¥ TNF-a
o] AL 6, 24 B WA MG E Ttk AT
YER AL 72417F vz = 94 el fiich wEk
A IL-69F ARl 3] 85% agq. MeOH H8 5= LPSOlA
Z5= TNF-of] BAZFS A7l o 4420 A= o
AZITE Table 59F 62 LPS®} Con-AZ 27} A=s8le] IFN-y2]
A2 32 Yehd 232 LPSSF Con-Adl &8 viAI 7=} o
Eo] IFN-y] A #e] S71e 813 71 Atk A 85%
aq. MeOH #8& F=H= A¥WHH Fo7t S71FE [FNy
ARE HANTIE AEFE eI uRAEE An
A 85% aq. MeOH £ E(1 2 3 ug/mL F7F5%)S LPS
7 AE] e w 24X 743 48417 WIS o IFN-ye] A
o] F7kshs ZAEel ey o4 Aol fIZ 72A17F By
Al 1 2 3pgml A7FeEe] A9 IFNwy] A zFo] 7Has)
A7FEE 10 pg/mLe] A5 wGA ko] Hojd &
Zo] F7kele A4S YERNTK(Table 5). Con-A2
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on-ARF A 2|g 23} vl s u AAdFo]
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o H7bEE 3 pgmLe] 739 IFN+ye] Aol wloka ke
Al F7vskAtt wekA A 85% aq. MeOH #2E-2
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AEe T A st om S-180 N EES H=E3
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Park 5(20)2 3MNYEF & T SRl E&(dphsia kurodai)l Xl
Y59 Hodxd a9E HES A3 T cell line
9] F25ol Uit vt S71gel wEk Sl Uik B
= HAFAI TeelllA] 2477k 48A17F 9F 4 T
2S5 YIS o 129 IFNyy A 97 7=
Ao}t RAW 264.7 cell linedll thsled IL-122] 7% 47% ©]
7kt Basidct X718 <F 30% ©1’34<] DHA®t
6%2] EPAEZ -5t =l AAAT] &5l o5 n3A 2L
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524 NE o838 FEAHNAM AA7E Fods A pros-
taglandin E2 (PGE2) &=9} IL-1 2 IL-62] A4S 7AAA &
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Table 5. Effect of 85% aqueous methanol fraction from tuna on the production of LPS induced interferon-y at different times in mouse

spleen cells

Samples (ug/mL) Concentration (pg/mL)
amples 'm
ples 6h 24 h 48 h 72h
LPS 0.0+0.0 1055.6+157.2° 1027.8+39.3 2833.3+0.0°
LPS+TM 1 0.0£0.0 1291.7+£58.9* 1583.3£117.9 1250.0£117.9%
LPS+TM 3 0.0+0.0 1208.3£58.9* 1875.0+176.8 1458.3+176.8°
LPS+TM 10 0.0+0.0 541.7+58.9° 833.3+235.7 1000.0£0.0°

The values were expressed as the mean+SD, and different superscripts in a column indicate significant differences among treatments (p<0.05).
LPS, lipopolysaccharide; TM, 85% aqueous methanol fraction from tuna

Table 6. Effect of 85% aqueous methanol fraction from tuna on the production of Con-A induced interferon-y at different times in

mouse spleen cells

Samples (ug/mL) Concentration (pg/mL)
amples m
ples i 6h 24 h 48 h 72h
Con-A 125.0+59.0 2000.0+£235.7° 3916.7£707.1 4333.3+942.8°
Con-A+TM 1 0.0£0.0 1416.7+353.6 2225.0+1025.3 1650.0+282.8"
Con-A+TM 3 0.0+0.0 1791.7+294.6° 1850.0+212.1 2200.0+70.7°
Con-A+TM 10 0.0+0.0 1333.3£0.0° 1575.0+176.8 1375.0£35.4°

The values were expressed as the mean£SD, and different superscripts in a column indicate significant differences among treatments (p<0.05).
Con-A, concanavalin A; TM, 85% aqueous methanol fraction from tuna

hTd of
B dfolMe 2] FE2E 9 BIYEE 2d NO A4 v
e FEFS AHEUT FA] 85% aq. MeOH £ ES Ao 7
Hpg o] YE 283 ALY WslE f=sks IL-6, IFN+y
9 TNF-o 22 APl ETRRIe] AS Zgsle] x| FEE 9
g W 7|5 - et HESL B 253 7 23

EE2 control2T} ¥+ NO AAFHS UeRlglon, 53] 85%
aq. MeOH % n-hexane £33 &) 23+ A |lazrt &y} IL-69}
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