Journal of Life Science 2013 Vol. 23. No. 9. 1140~1146

ISSN (Print) 1225—9918
ISSN (Online) 2287—3406
DOI : http://dx.doi.org/10.5352/J1.5.2013.23.9.1140

Protective Effect of Dried Mackerel Extract on Lipopolysaccharide-induced Inflammation

Kwang-Hyuk Kim‘, Myoung Won Choiw, Hyang Mi Chof and Sun-Young Lim?

' Derartment Microbiology, Kosin University College of Medicine Busan 602-703, Korea
“Division of Marine Environment & Bioscience. Korea Maritime and Ocean University, Busan 606-080, Korea

Received August 2, 2013 /Revised September 9, 2013 /Accepted September 9, 2013

The effect of dried mackerel extract on the production of nitric oxide (NO) and cytokines, including
interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), and interferon-y (IFN-y), was investigated. All ex-
tracts and fractions from dried mackerel significantly reduced NO production induced by lip-
opolysaccharide (LPS). Among the extracts, acetonetmethylene chloride (A+M), r+hexane, and 85%
aqueous methanol (MeOH) showed the strongest inhibitory effects. The 85% aqueous MeOH fraction
at a concentration of 10 ug significantly decreased LPS-induced IL-6 and TNF-a production after 6 hr
of incubation. In the case of LPS-induced IFN-y production, the 85% aqueous MeOH fraction de-
creased the production of IFN-y afer 6, 24, and 72 hr of incubation in a dose-dependent manner. The
results show that an 85% aqueous MeOH fraction inhibits the production of NO and proinflammatory

cytokines (IL-6, TNF-
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a, IFN-y), suggesting that this fraction acts as a potent immunomodulator.
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Fig. 1. The procedure for solvent extract and fraction of
mackerel.

USA)9l 1 ml% £33 3 2=4)(LPS 2 pgtt Con-A 2 ng)9t
A% 15019 85% aq. MeOH ¥ 8E& Fx¥(1, 3, 10 ug/
ml)2 A-EAIA 37C, 5% CO, ¥ 719 il Fsolt. hzw&
0.01% DMSO7} H =5 AHE-st o v vl ATk 37]9f &
Aol 6, 24, 48 2 72A1 o k. wokol B 3 A
A& A T 300x goll A 1027, 10,000 g2l A 30+

7 QAN F O FF5AE FASA 70T BB
[10]. ©12] 96 wells microplate®] mouse IL-6, TNF-a ¥ IFN-y

o t)3t capture FAE coating bufferdl] &435ke] 100 pld-&
T 4TColA shEH A8 thad plateE Al A&
o2 49 A3 ¥ assay diluent 200 plE ¥ &
Ao A 1A7E Bt AT Al HE dFdo R 4 A
23t & plate?] 2+ wellol AlE 100 & 23}t /“9‘01]/\1
M7 FeF A S AT A HE FEH O 4 A3 T de-
tection A 100 pl& £ & A2 147t 5 HA] 3}
Aok AHE dE2do7 44 A3 F avidin-horseradish
peroxidase® 100 pl& A3}t thr] Ao A 308 F<t W
A3tk S gFdez 59 AHF F tetrame-
thylbenzidineo] E3-# 7] A 100 ulS Z3s}sho] Ao
158 5 WA F stopd 100 W& 7hste] ¥h3-5 A Al

> e fr
rfo ofy N
o = _l% rot,

>

>,



1142 A 748k5] =] 2013, Vol. 23. No. 9

ZAth. Optical density= ELISA (Bio-Rad, Model 550,
Hercules, CA, USA)E ©]-8-3}] 450 nmoll A S48t TH17].

SAEA

28 A3+ Mean + SD (Standard diviation) &2 e 1

A E AY datat 2w T 4 ARERH 22 A8A4E
ZHE ANOVAE AAste] foAo] 1S 7%l post-hoc
testZ Duncan’s multiple range testS A3t 95% <ol
A Fo48e AsstAt

Z 150 FE2 9 2329 niric oxide MA |

X

O

i)

bl o

rol

=2

=

A

o

2.

Q.

[¢°]

1o

o
=
1.,
o, zIN

2

Z o v 2 = oy
o My X 2 2 X

=
e
o o Z,
ox
I
o
=2
o
o2
o
E .
)
~
o2 §o
rir
ff
M ow
2,
>~
™
22 Borr

g 4 PBSE Ab&-3}
o LPSE A28 control¥ ]JJ. 2 LPSE AR Ze
blankE AMH-3F4 T Fig. 2014 B vhe} o] LPSE A 2)d
control& nitric oxide®] A #o] =4 YElygton, LPSE A
Elé}?(] %L blank+ nitric oxide2] A #o] A H oz nj

S Ut g 8% 98-S she 2R ¢
34{ nitric oxide A/3o] tjgt A& 150 FE2E E £I&
9 JAaRE s A, acetone:methylene chloride
(A+M) ¥ methanol (MeOH) & % B& Z2YEEL ni-
tric oxide A43& FgH o2 7HAAZ 21 (p<0.05), MeOH
FEZES U S 1 A+M —r%%oﬂ 2] 3} nitric oxide A4
AAaH7F =4k =3 7 B EL controlBE T B nitric
oxide A HFS YeESoH, ——,‘?5] 85% aq. MeOH % n-hex-
ane B3 &9 93 A aI7} £}k Calder [4]S FA] 9}
e 5 F8 A tF ¥ EPAY DHAE PUFAY)
ol3] A H eicosanoidsdl 23 FddF a9E Yedtin
B3yt =3 DHA [14]9} EPA [15]< LPSE +% % ni-
tric oxide AAS A3ty HuEon, E3 DHAE
LPSZ =% nuclear transcription factor-kappa B (NF-kB)
4& AT 2ZA pro-inflammatory AHo] E7FIES] B4
< AsE Ao B1EATH7L. NFxBE Ao EF}ol, 4
U7 B AERZEA T FEE oAy FHAEY] T

20 -

NO contents (uM)
> o

o

OHIIHII

control blank A+M MeOH Hexane 85% aq. BuOH Water
MeOH

Fig. 2. Effect of extracts and fractions (0.05 mg/ml) from dried
mackerel on the production of nitric oxide (NO). The val-
ues were expressed as the mean = SD and different su-
perscripts indicate significant differences among treat-
ments (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 ex-
tract; Hexane, r+hexane fraction; 85% aq. MeOH, 85%
aqueous methanol fraction; BuOH, rbutanol fraction;
Water, water fraction
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Table 1. Effect of 85% aqueous methanol fraction from dried mackerel on the production of LPS induced interleukin-6 at different

times in mouse spleen cells

Concentrations (pg/ml)

Samples (ug/ml)

6 hr 24 hr 48 hr 72 hr
LPS 39.8+4.0° 126.4+14.1 154.8+2.0° 235.8+76.3
LPS+85% aq. MeOH 1 114+16.1° 122.2420.1 161.9+28.1° 255.7+40.2
LPS+85% aq. MeOH 3 2.8+4.0° 127.84+20.1 176.1+0.0° 173.3+12.1
LPS+85% aq. MeOH 10 0.0+0.0° 76.7+36.2 105.1+12.1° 210.2+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; 85% aq. MeOH, 85% aqueous methanol fraction from dried mackerel.
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Table 2. Effect of 85% aqueous methanol fraction from dried mackerel on the production of Con-A induced interleukin-6 at different

times in mouse spleen cells

Concentrations (pg/ml)

Samples (ug/ml)

6 hr 24 hr 48 hr 72 hr
Con-A 0.0£0.0 108.0+40.2 190.3£4.0 292.6+52.2
Con-A +85% aq. MeOH 1 0.0£0.0 110.1+20.1 255.7+32.1 267.1£24.1
Con-A +85% aq. MeOH 3 0.0+0.0 59.7+36.2 176.1£0.0 335.2+24.1
Con-A +85% aq. MeOH 10 0.0+0.0 93.8+28.1 247.2£36.2 292.6+12.1

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; 85% aq. MeOH, 85% aqueous methanol fraction from dried mackerel.

Table 3. Effect of 85% aqueous methanol fraction from dried mackerel on the production of LPS induced tumor necrosis factor-a

at different times in mouse spleen cells

Concentrations (pg/ml)

Samples (ug/ml)

6 hr 24 hr 48 hr 72 hr
LPS 211.2+10.3° 228.2+48.1 242.7+41.2 199.5+16.2
LPS+85% aq. MeOH 1 112.4+16.2° 160.6126.0 169.7£19.5 206.4+19.5
LPS+85% aq. MeOH 3 119.3+13.0° 142.2+£19.5 149.1£29.2 142.2426.0
LPS+85% aq. MeOH 10 89.5+9.7° 123.9+6.5 174.3%0.0 206.4+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; 85% aq. MeOH, 85% aqueous methanol fraction from dried mackerel.
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Table 4. Effect of 85% aqueous methanol fraction from dried mackerel on the production of Con-A induced tumor necrosis factor-a
at different times in mouse spleen cells

Concentrations (pg/ml)

Samples (ug/ml)

6 hr 24 hr 48 hr 72 hr
Con-A 32.1+6.5 114.7+13.0 174.3+19.5 181.2+16.2
Con-A+85% aq. MeOH 1 34.4+16.2 110.1+0.0 156.0£6.5 178.9+0.0
Con-A+85% aq. MeOH 3 18.4+6.5 98.6£3.2 192.7+13.0 224.8+26.0
Con-A+85% aq. MeOH 10 36.7+0.0 96.3£6.5 162.9£22.7 188.1£6.5

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; 85% aq. MeOH, 85% aqueous methanol fraction from dried mackerel.

Table 5. Effect of 85% aqueous methanol fraction from dried mackerel on the production of LPS induced interferon-y at different
times in mouse spleen cells

C trati 1
Samples (ug/ml) oncentrations (pg/ml)

6 hr 24 hr 48 hr 72 hr
LPS 0.0£0.0° 1055.6+157.2° 1027.8+39.3 2833.3+0.0°
LPS+85% aq. MeOH 1 83.3+0.0° 1250.0+117.8° 1708.3+530.4 2166.7+117.9°
LPS+85% aq. MeOH 3 0.0£0.0° 1166.7+0.0° 2083.3+471.4 1708.3+58.9°
LPS+85% aq. MeOH 10 208.3£59.0° 791.7+58.9" 1166.7+117.9 1541.7+58.9°

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

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

Concentrations (pg/ml)

Samples (ug/ml)

6 hr 24 hr 48 hr 72 hr
Con-A 125.0+56.0° 2000.0+235.7° 3916.7+707.1 4333.3942.8
Con-A+85% aq. MeOH 1 83.3+0.0° 1416.7+353.6° 3750.0+1060.7 4833.3+1414.2
Con-A+85% aq. MeOH 3 83.3+117.9° 1791.7+294.6™ 3833.3+353.6 4541.7+294.6
Con-A+85% aq. MeOH 10 83.3+117.9° 1333.3+0.0° 4083.3707.1 4125.0+176.8

The values were expressed as the mean + SD and different superscripts in a column indicate significant differences among treatments
(7<0.05). Con-A, concanavalin A;85% aq. MeOH, 85% aqueous methanol fraction from dried mackerel.
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Z5 : Lipopolysaccharide (LPS)0| 2falf REEl B0 tist HAx 150 F&=22| &HF s

2l zmel - 250 - e
(nAgetn oJajst vige st 24, *dFs Foista S FBR AR
B dAFdMe Ax 150 F2F 2 BYE5 9F nitric oxide Bl plA= ST AHHEID Ax

3150] 85% aq. MeOH ¥ 82+ THOZ WAnge) A&ohA 484 a4 vshs freshe IL-6, [FN-y

TNF-a & pro-inflammatory Ao E7FQ1S] P& ZA3t] Az 150l F229 98 FEF5 Aol tsto

AESG A% 150 FE2EY 7t BIEL control 2T W& nitric oxide A4 S YeERloH, E3) 85%

aq. MeOH ¥ rrhexane £ &l 93 Asazr} Eth A2 159 £EEL Con-A B LPS 93 A=

® IL-6, INF-a 3 [FN-yo] A& #aA7led o aa2oitth IL-6 3 TNF-a9 4L M ATt 6417 +

A% 3150] 85% aq. MeOH £ 859 ZE M7 %(1, 3 2 10 ug)ol M F4aS Ath(p<0.05). IFN-y9] 3%, Az

3150] 85% aq. MeOH &8 &5 LPS9F &7 A& wf 53] 7247 v Al IEN-yo] A4 o] s EH 0

2 72395 Con-Adl oo ASH IFN-ye) AAHE 6 % A 1% F 491202 74sAhp<005). o4

of ARZHEH A% 15 8% aq. MeOH TZE-2 nitric oxide 443 pro-inflammatory AFo] E7}SI(IL-6,

TNF-q, and IFN-y)& Z&AA G50S4

AR 7l En.



