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Chemical Components and Biological Activities of
Dried Mackerel

Joo Ri Jang

Department of Marine Bioscience and Environment, Graduate School
of Korea Maritime University, Busan, 606-791, Korea

(Advisor : Prof. Sun—-Young Lim)

Abstract

This study investigated chemical components and biological activities
(anticancer and antioxidant effects) of mackerel dried by low temperature
vacuum method. In order to determine the inhibitory effects of solvent
extracts from dried mackerel on growth of cancer cell lines (AGS human
gastric adenocarcinoma, HT-29 human colon cancer and HT-1080 human
fibrosarcoma cells), MTT
[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide] assay was
conducted. Inhibitory effects of acetone with methylene chloride (A+M) and
methanol (MeOH) extracts on the growth of AGS, HT-29 and HT-1080
cancer cells increased in a dose dependent manner (p<0.05). The treatments
of n-hexane, 85% aq. MeOH, n-butanol and water fractions significantly
inhibited the growth of cancer cells (p<0.05). Among the fractions, 85% aq.

MeOH fraction showed a higher inhibitory effect on growth of cancer cell

_1_



lines. DCHF-DA (dichlorodihydrofluorescin diacetate) assay was conducted
to determine the protective effect of dried mackerel on H:Os—induced
oxidative stress. Levels of intracellular reactive oxygen species (ROS) were
measured in a cellular system using HT-1080 cell line. All fractions
including crude extracts of dried mackerel significantly reduced the
production of ROS in a dose-dependent manner (p<0.05). Among the
fractions, 85% aq. MeOH fractions showed the highest protective effect on
production of lipid peroxides. In addition, n-Hexane and 85% aq. MeOH
fractions from dried mackerel increased levels of intracellular glutathione
(GSH) in a dose dependent manner. In case of nitric oxide (NO) reduction
assay, A+M extract, n—hexane and 85% aq. MeOH fractions reduced NO
production by 38%. In conclusion, these results suggest that 85% aq. MeOH
fractions may be developed as a candidate for potential antioxidant related
to oxidative stress, and that the intake of mackerel may be recommended

as a valuable food for preventing oxidative stress and reducing cancer risk.
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>
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==

of Ab&% 315 9(Scomber japonicus)(Fig. 1)+= 20063 12¢ 3 okol A
S TG oA Q] TG40 g)o] B3 LG E AATE e A
of me], fAS AAS T WE FAOR woR ro] 5mm FARE 3%
=

2 go

Y
o

=)
AC)
=

=

o
ke

)
fo
N,
ol
N

1% 71(STVD-50, Sanya, Korea)Z o]-&3&to] 4
Cold 40 torre] re o= 30413k Axsqivh dxd algols st
15 A8 A71X] 75T deep freezer (NF-400SF, NIHON FREEZER, Japan)
o W% Hyadh

o

>

Fig. 1. Photograph of Scomber japonicus.



+
op
o

duitAdFE 9 Fr)d B4 % 2 B F column chromatographyoll A
e Bl 15 AE skl ARRSSIvh & ZdlsHE kel A
kit Alof2 AlgFslstofE 2 3| AHKorea)oll A 93k 3, TLC plate &
AF&3F spray reagent™ 5% HSO, NMR ZAo|= CDsOD (deuterium degree
99.95%, Merck, Germany)E AM&3FATE ME wj%Fe] A8&¥ DMEM
(Dulbecco’s Modified Eagle's Medium), RPMI 1640 (Rosewell Park Memorial

+
op
o

i
=

Institute 1640), FBS (fetal bovine serum)< HycloneAHUSA), MEM
(Modified Eagle Medium, 2X), 0.056% Trypsin-0.029¢ EDTA, 100 units/ml
Penicillin-Streptomycin<- GIBCOAHUSA)ZF-¥ FY43H Y. MTT assay=
#3F kit (MTT cell proliferation Assay)¥ R&D systems (USA)ZHE -9
3lo] Abgslow, dabsl g4 AEo] ALgw  11-Diphenyl-2-picrylhydrazyl
radical (DPPH)-& SigmarHUSA), ROS &Aoo Al-g%¥ DCFH-DA= Molecular
ProbesAHUSA), GSH ZA¢°| AF£-¥ mBBr (monobromobimane), NO 24 9]
AL8% LPS (Lipopolysaccharide)®} Griess A]¢F$! sulfanilamide, HCl, NED+=
SigmarHUSA)l A gk airh. Apal 40 ARR3 FFEEH2

NU-CHEK-PREPAHUSA)Q] 462 standardE A}-&3}31 ).

Ol

2-3. 717]

=

=

o wk-Ad 0 27172 B8 93 high performance liquid chromatography

ri
Y

(HPLC)Y(P580, Dionex, USA), % % #3825 93] rotary evaporator (N-1000,
EYELA, JAPAN)E A}&319 3, stt&Ee #8& 93] A3 TLC plates
silica gel 60 Fosy 0.5mm (Merck, Germany), column packing materials< RP

18 (YMC-GEL ODS-A, 12 nm, S-75mn), 'H-NMR 232 VARIAN NMR



300 spectrometerE AFE3FATE A HME B4e gas  chromatography
(GCYHCP-3380, VARIAN, USA)E AF&3sA o™, column< silica capillary
column (60 m x 0.32 mm inner diameter x 0.10 pm film thickness)(CP-7856,
VARIAN, USA)olt}, &35+ UV-visible spectrophotometer (helios beta,
thermo electron corporation, USA), microplate reader (VICTOR3, Perkin
Elmer, USA)E A}&3Fo] 4313t}

a9

belowl 7hs) ekl

Ol

A A %8 Folch 59 WHl43]s W ste] AA
W e Zvh. %48 butyl hydroxy toluene (BHT)S 7 -3
methanol® WyFslo] #2388l 2 ES 1 mL #3 ¥ chloroform 2 mL
9} 0.2 M NaH:PO, 1.4 mLE 231 ykste] 4T, 3,000 rpmel A 383F Y4 &
g & AHAZE Ay o9k 2L IS W o AP H AAVEEE o
&3lo] AAF {7)&WE A8 dH ohe AEE AT Morrison¥t
Smith®] ®H[44]o wg} F=¥ A Ao  methylation® Al°FQ)  boron

m

trifluoride (BF3) methanol 1 mL® n-hexane 0.4 mLE 7}3F & 1417+ ot



_6,‘_
thA 4T, 3,000 rpmell A 333k 4] 7e
g

S 4. o] s el Hart

ol
2,
o
ne
4%/
jV\L
=
ije}

5 Ade Auake AHAE B4 A 7% -75C deep freezer (NF-400SF,

NIHON FREEZER, Japan)ol|l X.3#3}3vHTig. 2).
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Sample + BHT/MeOH 1 mL
1
Add chloroform 2 mL + 0.2 M NaHzPO, 1.4 mL
| <Nz gas, vortexing
Centrifuge (3,000 rpm, 4°C, 3 min)
1
Place lower chloroform layer in another tube
1
Add chloroform 2 mL + 0.2 M NaH.PO; 1.4 mL again
1 <N, gas, vortexing
Centrifuge (3,000 rpm, 4C, 3 min)
J
Combine the 2 chloroform layers
I
Dry to completeness using nitrogen
!
Add BF3/MeOH 1 mL + n-hexane 0.4 mL
| <N, gas, vortexing
Cooking (100, 1 hr)

1
Take tube out and cool

!

Add n-hexane 2 mL + DW 2 mL
1

Centrifuge (3,000 rpm, 4C, 3 min)
1

Remove upper n—hexane layer into tube

1

Add n-hexane 2 mL + D.W 2 mlL again
| <N gas, vortexing
Centrifuge (3,000 rpm, 4C, 3 min)
I
Combine the 2 n—hexane layers

l

Purge with gentle nitrogen until dry and keep in deep freezer

Fig. 2. Procedure of extracts of lipids and fatty acids.
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2-6. Gas chromatography= ©]-&3F x| H¥AF £

A argolel Ax aigoldA] FEld AWARS 1 L FHske] A WAk 248
gas chromatographyol ¢ 3Fe] X WAikS #2489 tH456]. X Wil &40 ALE-

3 EFE8Re wFF NU-CHEK-PREPAFS] 462 standardgl o™, o]&%

_4

column< silica capillary column (CP-7856, 60 m x 0.32 mm inner diameter
x 0.10 um film thickness)o|t}. 7]7]9] F24x72 injector 250C, detector
S 71E& 175 C7FA] 4C/min, 210C7HA|

1C/min, 245C7+A] 30C/min), carrier gasi FFS AFE3F9 T X U4 4

(FID) 250C, oven (initial 130C, %

2 HT899 retention timeA]ZFd Wt A, UE EEEZ
(22:3n-3 methyl ester)& ©]§3to] T XWAHE A3t o e AWiE

& AA| peak aread HAEZ &)

Az 359 7718 FE5S 93+9 acetoned} methylene chlorideZ 1:1
g2 Z3tste] A 87F S8 VRS gto] 2443 WA & FE3vh
o] HAE 23] WrEFle] A FHAL 40T & oA rotary evaporator
(N-1000, EYELA, Japan)® & =3} aceton/methylene chloride 5% =(A+M)
S Adu g2 Fatel H e methanols o 919 HUd Wpoz 23 wb
& %3t methanol &5 (MeOH)S A%} + 55
= g Ao ugl ¢xFow E3Fe] n-hexane, 85% aq. MeOH,
n-butanol (n-BuOH), water ¥ 8 =5 A tHTig. 3). A¥X A= Z7+9

FZEE5S dimethyl sulfoxide (DMSO)ol| o] wiAZ HQd w52 3438}

o
%
o
BN
b
e
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of AF&3I9T. AN ol A-EE DMSOS AEFEE 01%0]87 HES o
k.
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Scomber japonicus

~<— Low temperature vacuum drying

dried mackerel (1241.3g)

-«—— Acetone + Methylene chloride

Acetone + Methylene chloride
extract
(444.4¢) Residue
~«— Methanol
Methanol
extract
(126.0g) Residue
Crude Extract
1/2 of crude extract
partition
Methylene chloride Water
Hexane + 85% aq. MeOH —> -«— p-BuOH
partition
n-hexane 85% aq. MeOH n-BuOH Water
fraction fraction fraction fraction
(188.6g) (21.62¢) (31.75g) (38.41g)

Fig. 3. Preparation of crude extraction and solvent fractions from

dried mackerel
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(2) aEole &4 A

7

ri

AZx 1509 85% aq. MeOH & tha] MeOH®t waterd] =3&uv=
Ab&3Fe] RP flash column chromatography S 2 Al &8F) 0 (Fig. 4), 50% (rfc
1), 60% (rfc 2), 70% (rfc 3), 80% (rfc 4), 90% aq. MeOH (rfc 5), 100%
MeOH (rfc 6), 100% EtOAc (rfc 7) &v &3& AT dojxl Z}7be] &
< 'H NMR 2324 A59 MTT assay, A5 %<& n#ste] rfc 6 £ &
of thall silica gel column chromatogaraphyE 2 A 8te] 100% CHCl; (nfc 1),
5% MeOH:95% CHCls (nfc 2), 10% MeOH:90% CHClz (nfc 3), 20%
MeOH:80% CHCls (nfc 4), 30% MeOH:70% CHCls (nfc 5), 40% MeOH:60%
CHCl3 (nfc 6), 50% MeOH:50% CHCl; (nfc 7), 70% MeOH:30% CHCIl; (nfc
8), 10026 MeOH (nfc 9), 90% aq. MeOH (nfc 10) &7} & 3& Ao, Ao
7 Zzbe] $HES 'H NMR #2384 Aush AR 4 1#she] nfc 2 &

P& tha] AWAHS F%E3}9] gas chromatography S A A &) vl
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Crude Extract

l

85% aq. MeOH
(21.62g)

1/2 of 85% aq. MeOH (10.81g)

RP flash column chrom.

C18
50% aq.| 60% aq.| 70% aq.| 80% aq.| 90% aq.| 100% 100%
MeOH | MeOH | MeOH | MeOH | MeOH | MeOH | EtOAc

rfcl rfc2 rfc3 rfcd rfc5 rfcé rfc7
(1.45g) (0.35g) (0.42g) (0.57g) (1.52g) (4.18g) (1.632)

silica open column chrom.

100% 5% MeOH | 10% MeOH| 20% MeOH| 30% MeOH| 40% MeO

50% MeOH| 70% MeOH 100% 90% aq.
CHCL 95% CHClL3{ 90% CHClyf 80% CHClyf 70% CHCly

60% CHCl3| 50% CHCLY 30% CHCl MeOH MeOH

nfcl nfc2 nfc3 nfcd nfcs nfcé nfc7 nfc8 nfc9 nfcl0
(0.07g) (1.21g) (0.50g) (0.08g) (0.22g) (0.27g) (0.41g) (1.14g) (1.16g) (0.13g)

Fig. 4. Separation scheme of dried mackerel
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2-8. B =4

e AEF 2P Ao 2REH AA ALAEAGS), A 2dLdA
HT-29)¢F A AR5 AZMHT-1080)5 Frtel 2 A HoA A ¥ie
StHA Ade AMEA T AGSeF HT-29 M2+ 10% FBS®F 100 units/mL
2] penicillin-streptomycin®] % RPMI 1640 ®]%], HT-1080 A ¥ = 10%

Fl

O

FBS¢} 100 units/mL9] penicillin-streptomycin®] % DMEM HI %] 2 37T,
5% COs incubatorol Al #]ok3l o vk S92 A TS AdFYo] 2-3H AN =S

Wl x 2 vy FEJAE. dF Y & phosphate buffered saline (PBS)o. 2 A& 3l &
0.05% trypsin—-0.029¢ EDTA (GIBCO, USA)= F-zd M X E FE|slte] dAE
g g 5 HAE dAEe] wiAE ¥l yslo R dAEVL 2T EAYES
2 23tato]l 75 mm® cell culture flaskel]l 10 mL® Y43 F7 Biste] F9

sha A4 6~7Uvhet A WFstAA A Agstsic

@ MTT assay

MTT assays ©l&3te] 2Eig0]7t Al Al nx= s dofu
STh MTT assay= Ao SA3 Axe] Hopgles ARS Aoz 54
dhs Ao=A Al el Wi 14 AdAbe] 5HoR gol Ahg
o diAbbg el ek Al e A wEEEot Eaa Ba ZEel 9
3ol w@Ae] =84 7]Eel MTT tetrazoliums A4S w]i= ¥4 9

MTT formazan [3-(4,5-dimethylthiazol-2-y1)-2,5-dipheyl-tetrazolium
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bromide] ZA 2.2 A 7ItH(Fig. 5). Bd¥ MTT formazan® &#%T 540
nm®| el A vk, o] e SA4E FFEms Aol il Azt
G AEY sRE Gy wekA 7 welldl EAetE AX AL 9 v
o), vl DA EZE 96 well cell culture plated] 5x10° cells/mLe] = &=
100 uL® E3Fo] 37T, 5% CO- incubatorol| A 244)7F vkt & viA|E A
A g 7 Ans A2 st 7 welld ABES 100 uLA D71eka, of
Zad= A® di4l PBSE 100 uL® H7sklch o] plate® v 37T, 5%
COs incubatorol 4] 2447+ wf<kslsdct. wiek & MTT assayE ¢35 MTT
Al°F 5 mgs 1 mL PBSE %9 ¥ 10% FBS7F &% ®i# 9 mLet 843}
bt wjkste] MTT7E g ==

5y

o Z} wellel 100 uLE #H7Fshar 3~4A13F
Sy vlEEn ¥ AAE formazan ARE Ak F 7t wello] §4
TT A2l WAE A

AstAch WX 7 AAE 7 wellel formazan ZBEE &3AI7]7] 9l31

S

Aol EEAAA FEE FotHA W F g M

)

DMSOE 100 ul® EF3F9) 5~1087 ®¥H2-A1#A  microplate reader
g A3 461

o]
ol
i
i

(VICTORS, Perkin Elmer, USA)Z 540 nmol 4]
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N—N+/< CH, yellow

[3-(4,5-dimethylthiazol-2-yl)-2,5-diphe
AN / yl-tetrazolium bromide]

mitochondrial
reductase

CH;

N
/< CH,

MTT formazan
N violet(540nm)

Fig. 5. Metabolization of MTT to a MTT formazan by viable cells.
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(2) &4tz &t
O DPPH #d# ~A &4

DPPH #tt)%r &7 248 Fusdshi 2ol 1ad Fats gagoz
ka3

= (phenol)3 wWekE o}9l 3} & (aromatic amines)®] A3} A Ao o]

r
do

Ab-&F tHA47]. 1,1-Diphenyl-2-picryl-hydrazyl (DPPH)+= 3}8d o2 oA 3T
g guzdE 7R e 84 BEAEA A8 yweds 1) 518 nmeoll A o4
9l F WE 7Bt DPPHO = st Zo] et 2 oy HdAE A

ol

AF= AR FoA et wkg-slo] <kA 3 Ex} diphenylpicrylhydrazineo] %™
2de Heps @a =g uA HWA, 518 nmoll Al FEkA Mol &
Wl AbEkA Al ACHFig. 6). uel waske] Mol WMty FFEE 74Aad)

N
o
oy
2

]_
HuE, FHEY HaE 2GRN JUL A 48 ¢
A wEE AEE MeOH o Fof F#ujstth, DPPH Al oF
A @3le] ethanol (EtOH) 15 mLel ¥} DPPH 9S8 e
of DMSO 500 uL¢} EtOHZE 3000 uLE &3l DPPH 8448 #n)diu},

ol 37l 094~0.97

AN
O
I

—

o

S

=

=

-

JNr

=74

o

=Hl ¥ DPPH 3|4 H-g cuvetted] Eil SHEE

o] Hr% ureEth FHg AlE 100 uL$ DPPH 34 900 nLE 412 % 10
- ¥ UV-visible spectrophotometer (helios beta, thermo electron corporation,
USA)Z 518 nmollx] ZATE ARE A7FsA & blankw ¥ H]aste]
g gz A @4E WEeRE dEhdA

EDA (electron donating ability) (%) = x 100
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NO, OH

N—N NO, +

NO;

DPPH « (Violet, 518 nm)

NO, Q.
H
N—N NO, +
NOJ
Diphenylpicrylhydrazine Phepoxy
(yellow) radical

Fig. 6. Scavenging of the DPPH radical by phenol.
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g AEF SFAN YU ez RH A AFHFAEHT-1080) ¢k vk
WA Al £ (Raw 264.7)8 & ol B Aol Al wjgstHA Ao A
3. HT-1080 MXE< Raw 2647 AXE 10% FBS9 100 units/mL2
penicillin-streptomycin®] $H¥ DMEM ®j#| 2 37T, 5% CO- incubatorl] 4]
vkt o vk S92 AXE dFHel 2-39 AMER WA Z g FAT. o
F+<Y % phosphate buffered saline (PBS)2. = A &3 5 0.05% trypsin-0.02%
EDTA (GIBCO, USA)E F-zd MEE g ste] d4g 3 5 FJAd 4A

iz
Zo WX & Wil vIlog GAxT} =

Rl

!
Mo
2
®
b
JHU
moi'
_O|L
s
3l
3

EDJ

cell culture flaskel] 10 mLA LA = Faslo] FU3t AL 6~7Lvir}

At wjFsbHA] Ao ALE-st T
@ AE W 24442 Z(Reactive oxygen species) =4

Al
=43} vhH48, 49]. DCFH-DA (Sigma, USA)E A X W &44ka%E3 w33}
o] o3& 4 (dichlorofluorescein, DCF)& THEo] W& ALoZ o] AofS AX

-1
o Wol WASE FBL FAFOEA AT WY BHNEES ZHT

b 1

Fl

Y &A= DCFH-DA (2,7 -dichlorofluorescin diacetate) assay =

1Y

AHTig. 7). AIXE 96 well cell culture plated] 3+ 5 24A17F v 3oL,
PBS= A2 & 20 uM DCFH-DAS 7} welldl &F3Fo] 37T, 5% CO
incubatorol A 2057} pre-incubationd} A tl. 2 welld]l AEE X 3Fe] 37T,
5% CO- incubatorel A 1A]7F #]%k3st & DCFH-DAS $lola AXE A
PBSZ A& % 500 uM H:0.& Heste] A|zPE8= DCF fluorescences

excitation 488 nm, emission 530 nml 4] microplate reader (VICTORS3, Perkin
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Elmer, USA)Z 2431900} o) 275 (blank 3} controlit)& A& thal PBSE
A 23k, controli& 500 uM H:0:5& A E 3}al, blankw 500 pM H:O:
A4 PBSE Huldte] =A39ch

_23_



-

o 2. 7-Dichlorofluorescein
cl dacetate (DCFH-DA, non
fluorescene)

OH

2',7'-Dichlorofluorescein
(DCFH, non fluorescenet)

2'. 7-Dichlorofluorescein
(DCF, fluorescenet)

Fig. 7. Degradation pathway of DCFH-DA in an oxidation—induced

cellular system.
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B

@ M2 W GSH (Glutathione) ¥+ %4
MEge] A" GSH %2 thiol-staining reagenty]  mBBr
(monobromobimane)-&  ©]-&3ko] FA3FATHE0L. A EE 96 well cell culture
plated] well 3 5x10* cells/mL7} ¥ EE BF310] 24A7F wlekst & 7} well
of FEEE ARE X3t thA] 37C, 5% CO- incubatoro] Al 3083+ Hi <2
atovh. thAl Zb well2 PBS ¢hefo® A2 F 40 tM mBBr& A 23]
=

i
O

3
o]

W3lE Al7FH 2 excitation 360 nm, emission 465 nmol4] microplate reader

R

7C, 5% CO- incubatorol A 30%-7F ¥F&-2A171 & Alg X g 293 GSH
(VICTORS, Perkin Elmer, USA)Z A3} 9t}
@ M3 U NO (Nitric oxide) A4 =A

NO reduction assays 2 AES F238 7% 59 342l phagocytosis e}
H

o ogEe dnhg gl

s
g
i)
=
iy
2
r [0
it
o,
B
o
lo
ol
ok
o
i
i

>,
=,
2
N

A sl JEXE Lol W otHbl]. -89 E]lE 1-Naphthylenediamine,
sulfanilamide Z2] 3. NO:-7} ¥F&-3}e] Azo couplings ©|F+=d o] F 719
g et 570nme] el A Hule]l FHEE ke dEhdY o] gte A%
o b A o= NOY =S Ak Aot Raw 2647 AXE 96 well
cell culture plated] well ¥ 5x10" cells/mL7} I =& #3319 37C, 5% CO:
incubatorol|l A 24A1 {F & Qb w3tk wlgH S 10% FBSZF ¥ MEM Hj
A2 wAE 5 FuE A IAIZE &9 AAelstal, NO Ade =3
#lel LPS (lug/mL = lppm)E Hg F, 4843k &<k 37C, 5% CO:
incubatorell 4] #j stk o] = AAE NOY F2 Griess Al°F0.1%

-

=
A

(ld

N-(1-naphtyletylenediamine : 1% sulfanilamide = 1:1)& ©] &3} 570nmel A

EAEE =439 sodium nitrateE AFEEe] SAE FHAERE EEFAS
2E3te] NO9 vd¥ T3S dglon HFIAS AgAye 28319
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£ K
o
A

= 7} & wel Mean + SEM (Standard Error of Mean)2. & 4

g AE A= g Z2ay v auE 98] statistica program<

0.05 F= A t-testZ TS A=3A}.
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745 0.02 mg/100
g& UEhlt. 4%, 24, FdxHE, F 2zddAr dx sl
0.05%, 0.88%, 128 mg/100g, 7927.38 cal/g-s YWERHA S, TaF vj&o] Al
4oz Az nFodA FhA9Ee ¢ & U

Table 1. Chemical composition of dried mackerel.

Raw mackerel Dried mackerel
Moisture (%) 58.2 + 0.03" 2.7 £ 0.19
Crude protein (%) 174 + 0.13 325 + 0.10
Crude fat (%) 229 £ 0.36 64.2 + 0.25
Crude ash (%) 1.2 £ 0.05 21 £ 0.14
Vitamin D (mg/100 g) - 0.02 + 0.001
Calcium (%) 0.03 £ 0.00 0.05 = 0.00
Choline (%) 0.03 + 0.001 0.88 + 0.03
Cholesterol (mg/100 g) 54 128
Total calorie (cal/g) 3303.88 7927.38

YValues are Mean + S.E.
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=
=

3-2. Gas chromatography

ofel A oF 8% A t

ofell Al oF 249 WA iERRE

[e=]
=

n-67

=
]

tHTable 2).

I

o]
33%, 15%,

==
&

/1\1,

el

A Ytttk n-6 AE A

=
=

ofell A °F 30%

77}

o] of| A
20(4n-62 Ax 1L

T
al-&

Az

o)
T

s}
=1

22:4n-69]

wl
15% A YER%EaL, 18:3n-6, 20:2n-6, 20:3n-6

A 18:2n6, 22:2n-6

o] o] A]

=
(¢}

wl
=

7y 7y 12%, 30%, 18%, 77% %A vrebstth EPA 2

o1 2

ofoll A 47% o =7 e

R

+
o

ojy
ojn

R
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Table 2. Comparison of fatty acid compositions between raw and

dried mackerel.

Raw mackerel Dried Mackerel

Fatty acids
Concentration (ng/mg)

Total Sat.' 38.4 345
Total Mono.” 30.2 22.4
18:2n-6 (LA) 2.2 1.4
18:3n-6 (GLA) 0.1 0.1
20:2n-6 0.3 0.4
20:3n-6 0.1 0.1
20:4n—-6 (AA) 16 2.8
22:2n-6 0.3 0.1
22:4n-6 0.3 0.4
Total n-6 49 5.3
18:3n-3 (LNA) 1.7 13
20:3n-3 0.3 0.2
20:5n-3 (EPA) 84 9.0
22:5n-3 (DPA) 2.0 1.7
22:6n-3 (DHA) 15.8 22.9
Total n-3 28.2 35.1

1Sat. means saturated fatty acids

*Mono. means monounsaturated fatty acids
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ME,
M
ol
(e
o,
0%
ik

o
oX,

3-3. FE=
(1) &9t &9
@O MTT assay

A% 3150 FEEY 2 BIESY A dAE T4 JAERAE XA
& MTT assays 33t} Ado= A JAAZAGS), 14 AHUAAXE
(HT-29) 2 1A AHHFALMHT-1080)7F A& Sl eH, 0.01, 0.05, 0.1, 0.5,
1, 5 mg/mLe] ¥E2 Agstd A34E YT Fig. 82 X 31509
acetone/methylene chloride FZ&&(A+M)¥ methanol F=&&(MeOH)-S AGS
Aol A s W A GAE T4 AABAE YER Aolvh A+M FE=
7 MeOH F&E2 & g 2o 552 001 mg/mLAAHE % &4
OS2 AGS A s AAAMNAFE.00). A+M FEE2 4%, 1 mg/mL
o] 7w olA 68%, 5 mg/mL H7lsEolA 87%2 52 AAEHNE HH o
H, A+M FEE9] ICs 72 069 mg/mLol A vH(Table 3). MeOH F&E-&

23 FAEA 1 2 5 mg/mL H7FsXolA 727
55%, 93%9] ME T2 A EHE B oW (p<0.05), MeOH FEE2] ICy
S 0.88 mg/mLo]AtH(Table 3). A% 11509 FEHE-S n-hexane, 85% aq.

o
N

>

—

23 Aol A+M FE

MeOH, n-BuOH, water= T} FF3slo] dojzl 7 2dEE 7 g5 HE
AGS Alxeol| AHzls Aye Fig., 9o Yerdglth 72 #8552 5 mg/mLe
oA M w2 AR S AAEAE JErdle, Z47F 93%, 94%,
0%, 84%°] =2 HAE F2A AABHAP<0.057F HERY A+M FEE H
MeOH FZ=E3 FAFE JAEAE Bk ols EIAEES9 ICo #2 023
0.21, 211 ¥ 2.06 mg/mLe|$tHTable 4). £3], n—hexaned} 85% ag. MeOH

TP Eo] B2 dAX 4 A aHE HEhlsdvh

[11
d
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(A) A+M

120 r
/o\g A
E 80 i *
5 *
S
>
> 40 «
(@]
O 1
control0.01 0.05 0.1 0.5 1 5
mg/mL
(B) MeOH
120 r

cell viability (%)

80

) | I I

0 1 1 1 1 1 1 -_|
0.1 0.5 1 5

control 0.01 0.05
mg/mL

Fig. 8. Inhibitory effect of acetone/methylene chloride (A+M) and
methanol (MeOH) extracts from dried mackerel on the growth of AGS
human gastric adenocarcinoma cells.

“p<0.05, significant effect between the control and each extract
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(A) n—-hexane (B) 85%aq. MeOH

120
e _ 120
8 2 _
2 80 g
pr—r >‘ -
= £ 80
© Q
> o
= | >
[ 40 = 40
o
0 . 0 .
control0.01 0.05 0.1 05 1 5 contro0.01 0.05 0.1 05 1 5
mg/mL mg/mi
(C) n-BuCH (D) Water
120 1 120
> 80 t = . - > 80 . B . I
;6 _—
@ @
> >
8 40 r T(j 40
0 L 0 '
conrol 001 0056 041 05 1 5 control0.01 0.06 0.1 05 1 5
mo/mL mg/mL

Fig. 9. Inhibitory effect of solvent fractions from dried mackerel on
the growth of AGS human gastric adenocarcinoma cells.

“p<0.05, significant effect between the control and each fraction
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Table 3. ICs values of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from dried mackerel on AGS human gastric

adenocarcinoma cells.

Concentration Inhibition 1Cs
Treatments
(mg/mL) (%) (mg/mL)
0.01 6
0.05 16
0.10 33
A+M extracts . 0.69
0.50 41
1.00 63"
5.00 87
0.01 13"
0.05 17
0.10 18"
MeOH extracts . 0.88
0.50 37
1.00 55°
5.00 93"

*p<0.05, significant effect between the control and each extract
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Table 4. ICsy values of solvent fractions from dried mackerel on AGS

human gastric adenocarcinoma cells.

Concentration Inhibition 1Cso
Treatments
(mg/mL) (%) (mg/mL)
0.01 27
0.05 37
_ 0.10 48"
n-hexane fraction . 0.23
0.50 74
1.00 80"
5.00 93"
0.01 21"
0.05 30°
85% agq. MeOH 0.10 45° 0.21
fraction 0.50 91" '
1.00 93"
5.00 94"
0.01 20"
0.05 24"
) 0.10 23"
n-BuOH fraction . 2.11
0.50 28
1.00 26"
5.00 90"
0.01 27
0.05 20"
_ 0.10 27
Water fraction . 2.06
0.50 22
1.00 25°
5.00 84"

*p<0.05, significant effect between the control and each fraction
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9] 5 mg/mL H7lsZolA 90%, 89%2] UME F2 JA &I} HoH
(p<0.05), 7t F==9 ICs < 1.050 € 1.81 mg/mL=Z YESTHTable 5).
% 0] FEHE-S n-hexane, 5% aq. MeOH, n-BuOH, water®
dojrl 7 BIEES 7 v® HE HT-29 Alxe Hd A7
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(A) A+M

120 r
®
Py 80
3
S
>
| N I I
. L
control 0.01 .05 .
mg/mL
(B) MeOH
120 r
®
> 80
3
S
>
8 40
0

control 0.01 0.05 .
mg/mL

Fig. 10. Inhibitory effect of acetone/methylene chloride (A+M) and
methanol (MeOH) extracts from dried mackerel on the growth of
HT-29 human colon cancer cells.

“p<0.05, significant effect between the control and each extract
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(A) n—-hexane (B) 85%aq. MeOH

120 1 120 r
R [ = ]
> 80 | Z 80 f
= K]
5 E
> —
= >
o 40 | © 40
O L O 1
control 0.01 005 01 05 1 5 control 0.01 005 01 05 1 5
mo/mL mg/mL
(C) n-BuOH (D) Water
120 r 120 r
S 80 | S 80 1 )
3 o) .
© ©
> >
T 40 | S 40 |
(@) (&]
0 : 0 :
control 001 006 01 05 1 5 control 001 006 01 05 1 5
mo/mL mo/mL

Fig. 11. Inhibitory effect of solvent fractions from dried mackerel on

the growth of HT-29 human colon cancer cells.

“p<0.05, significant effect between the control and each fraction
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Table 5. ICsy values of acetone/methylene chloride (A+M) and
methanol (MeOH) extracts from dried mackerel on the growth of

HT-29 human colon cancer cells.

Concentration Inhibition 1Cs
Treatments
(mg/mL) (%) (mg/mL)
0.01 9°
0.05 12°
0.10 13
A+M extracts . 1.05
0.50 23
1.00 48"
5.00 90"
0.01 4
0.05 8
0.10 11
MeOH extracts 0.81
0.50 8
1.00 31"
5.00 89"

*p<0.05, significant effect between the control and each extract
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Table 6. IC5 values of solvent fractions from dried mackerel on the

growth of HT-29 human colon cancer cells.

Concentration Inhibition 1Cso
Treatments
(mg/mL) (%) (mg/mL)
0.01 0
0.05
_ 0.10 6
n-hexane fraction . 0.73
0.50 36
1.00 67
5.00 86
0.01 2
0.05
85% aq. MeOH 0.10 15" 0.9
fraction 0.50 87" '
1.00 96"
5.00 96"
0.01
0.05 4
0.10 13
n-BuOH fraction . 412
0.50 24
1.00 26"
5.00 57
0.01 9
0.05 14"
_ 0.10 8
Water fraction . 4.88
0.50 13
1.00 31"
5.00 51

*p<0.05, significant effect between the control and each fraction
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Fig. 12 HT-1080 A o] that A3= el Ao w i AR A Eo

M

A ep mk7 A =AM FEE3 MeOH FEELS & o 7 w2 $%2 001
mg/mLAAEH FE &4 o= HT-1080 M2 A4S A A A F(p<0.05).
=59 4% 1 ¥ 5 mg/mLe] HrbemolA 2h2F 58% 2 94% = Al
A EHE BATHP<0.05). MeOH FZ=E9 4-¢, A+M F=E| 1]
2o AAaRE Jehdod 7 E 5 mg/mle FRolAE 76%
o ¢AE F2 AAEHAE YHERAATE A+M FEEH MeOH FEE9 ICs
#2472 080 R 0.95mg/mLE e THTable 7). Fig. 138 A& Lo F

exane, 85% aq. MeOH, n-BuOH, water® UA] F&3lo] dojz

e
il
o
3

o

Zr BIEES 2 e HY3 32 n-hexaned} 85% aq. MeOH &3 & 9]
ter T8 EHNT SME T2 dAEHRI o B2 ASE ¢ 5 3
on, olE BIEQ ICyhy #= Z7 0.8, 0.20, 156 ¥ 2.09 mg/mLe]dch

(Table 8). n-hexane F&E9 29 5 mg/mLY =2 H#FPS uf, AN&E7}

3
o)
o
o
o T
)
=
o

ZFA AL Qe e Moz Qi 1 mg/mL w2 XEdt Ay} dAX
F2 A &) @A YERSTh Kong §162]2 150 Hegs FE5ES 75 @
Aoz AA ALAELAGS) BEES FaAAIL, of e T2 o
Aol FHefs wolw A fdstgivial warste] 2 AT Aol fAEA
Ul Han §[53]2 n-3A149 X3} Awike] dAlxe djgh 44 JAaRE
A Ay, A A F-E4F AEe A% 50 uM LNA, 100 uM DHA, 25 u
M EPA ©]49] wRolA ooz Ax A& AlX 72T AAEglo
% 25 UM LNA, 25 uM DHA, 25 uM EPA ©]
Aol smold F94S dERA YA Baskivl ns2d o2 n-3A1d9 A4
Aol FH-g Aol e dAlx S A B F BT Hwang F(54]
< DHAZF 39 ZARFE Agst Aol AGLAEMHRT-18), LA
E(HT-29), dHAEAEZLzo)oll W3l DHAZF 35% e FAFE 100 v
g/mL o] A A& o GAE F2 JAEAE YERHAT EHasglow,
Shin 55512 Z&AFAZHT-29)E v X3t A E(HepG2), I F-AE
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Fig 12. Inhibitory effect of acetone/methylene chloride (A+M) and

methanol (MeOI)

extracts from dried mackerel on the growth of

HT-1080 human fibrosarcoma cells.

“p<0.05, significant effect between the control and each extract
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Fig 13. Inhibitory effect of solvent fractions from dried mackerel on
the growth of HT-1080 human fibrosarcoma cells.

“p<0.05, significant effect between the control and each fraction
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Table 7. ICsy values of acetone/methylene chloride (A+M) and
methanol (MeOH) extracts from dried mackerel on HT-1080 human

fibrosarcoma cells.

Concentration Inhibition 1Cs
Treatments
(mg/mL) (%) (mg/mL)
0.01 10
0.05 28"
0.10 417
A+M extracts . 0.80
0.50 44
1.00 58°
5.00 94"
0.01 18"
0.05 19
0.10 19
MeOH extracts . 0.95
0.50 39
1.00 50°
5.00 76°

*p<0.05, significant effect between the control and each extract
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Table 8. ICs; values of solvent fractions from dried mackerel on

HT-1080 human fibrosarcoma cells.

Concentration Inhibition 1Cso
Treatments
(mg/mL) (%) (mg/mL)
0.01 35
0.05 41"
_ 0.10 44"
n-hexane fraction . 0.18
0.50 73
1.00 85
5.00 81"
0.01 19
0.05 28"
85% aq. MeOH 0.10 35 0.0
fraction 0.50 93" '
1.00 96"
5.00 96"
0.01 19°
0.05 35
_ 0.10 38"
n-BuOH fraction . 1.56
0.50 44
1.00 48"
5.00 67
0.01 29"
0.05 30°
_ 0.10 30°
Water fraction . 2.09
0.50 35
1.00 46"
5.00 78"

*p<0.05, significant effect between the control and each fraction
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(2) s+xksl g3
O DPPH #d# ~A &4

A% 31599 acetone/methylene chloride FZ&E(A+M) % methanol F=
& (MeOH) ¥ n-hexane, 85% aqg. MeOH, n-BuOH, water® t}A] o
oz Z+ #dE&E 77 0.01, 0.05, 0.10, 0.50 mg/mL &4 DPPH
7 S AT o R A F4bEAIl BHTS A 3AkskA <l

L-ascorbic acidE AF&3ldow, A4y 050 mg/mLelAs Wxa BHTE
83%, L-ascorbic acide 97%¢] 4~ 23E HAY Al&59) v & o FE&

¢l A+M FE=(19%)9 MeOH FEE(26%)2 & &35 YA 23
W FEES 49 Wl tA] n-hexane, 85% aq. MeOH, n-BuOH, water=®
B33 RIES F 85% aq. MeOH #3Eo] 28%E AR FAE 713 =
< fguZd & 24 29 deiditled, dAde R v gud a7 24
Z3HE et A (Table 9).
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Table 9. DPPH radical scavenging effect of crude extracts and solvent

fractions from dried mackerel (EDA(%))

Concentration (mg/mL)

Sample
0.01 0.05 0.10 0.50
A+M extracts 12.08 14.17 14.39 19.46
MeOH extracts 12.29 13.33 16.56 26.19
n-hexane fraction 11.67 14.38 17.81 26.29
85% aq. MeOH fraction 11.35 15.21 18.63 28.26
n-BuOH fraction 10.42 12.50 13.98 17.08
Water fraction 10.52 13.23 15.01 18.01
BHT 66.44 80.85 82.82 83.44
L-ascorbic acid 91.35 96.46 96.79 97.10
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Fig. 14. Inhibitory effect of acetone/methylene chloride (A+M, 0.05
mg/mlL) and methanol (MeOH, 0.05 mg/mL) extracts from dried

mackerel on levels of reactive oxygen species in HT-1080 cells.
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Fig. 15. Inhibitory effect of acetone/methylene chloride (A+M, 0.1
mg/mlL) and methanol (MeOH, 0.1 mg/mL) extracts from dried

mackerel on levels of reactive oxygen species in HT-1080 cells.
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Fig. 16. Inhibitory effect of acetone/methylene chloride (A+M, 0.5
mg/mlL) and methanol (MeOH, 0.5 mg/mL) extracts from dried

mackerel on levels of reactive oxygen species in HT-1080 cells.
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Fig. 17. Inhibitory effect of acetone/methylene chloride (A+M, 1
mg/mL) and methanol (MeOH, 1 mg/mL) extracts from dried mackerel

on levels of reactive oxygen species in HT-1080 cells.
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Fig. 18. Inhibitory effect of acetone/methylene chloride (A+M, 5
mg/mL) and methanol (MeOH, 5 mg/mL) extracts from dried mackerel

on levels of reactive oxygen species in HT-1080 cells.

_52_



—O— contrd —0— blank —4— Hexane
—— 85%ag. MeOH —A— BuOH —o— \Water

4000

S
8

8
8

1000 r

Fluorescence (Counts)

0 30 60 90 120

Tirre (min)

Fig. 19. Inhibitory effect of solvent fractions (0.05 mg/mL) from dried

mackerel on levels of reactive oxygen species in HT-1080 cells.
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Fig. 20. Inhibitory effect of solvent fractions (0.1 mg/mL) from dried

mackerel on levels of reactive oxygen species in HT-1080 cells.

_53_



—O— contrd —0— blank —— Hexane

—— 85%aq. MeOH —A—BuCH —o— \Water
5000

@ 4000 |

C

=)

(@]

O 3000

()

(@)

o

© 2000

n

o)

S 1000 |

T

O 1 1 1 1 1
0 30 60 0 120
Tirre (mmin)

Fig. 21. Inhibitory effect of solvent fractions (0.5 mg/mL) from dried

mackerel on levels of reactive oxygen species in HT-1080 cells.
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Fig. 22. Inhibitory effect of solvent fractions (1 mg/mL) from dried

mackerel on levels of reactive oxygen species in HT-1080 cells.
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Fig. 23. Inhibitory effect of solvent fractions (5 mg/mL) from dried

mackerel on levels of reactive oxygen species in HT-1080 cells.
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Fig. 24. Inhibitory effect of 85% aq. MeOH from dried mackerel on

levels of reactive oxygen species in HT-1080 cells.
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Fig. 25. Effect of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from dried mackerel on GSH level in HT-1080 cells.
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Fig. 26. Effect of solvent fractions from dried mackerel on GSH level

in HT-1080 cells.
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Fig. 27. Effects of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts and solvent fractions from dried mackerel on

production of nitric oxide (NO).
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Fig. 28. Inhibitory effect of rfc 1 — 7 from dried mackerel on the

growth of HT-29 human colon cancer cells.
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Fig. 29. Inhibitory effect of rfc 2 — 6 from dried mackerel on the

growth of HT-29 human colon cancer cells.
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Table 10. Fatty acid composition of component separated from dried

mackerel.
Mac-85% aq. MeOH-rfc 6-nfc 2
Fatty acids

Wt %
Total Sat.' 36.6
Total Mono.” 19.5
18:2n-6 (LA) 1.6
18:3n-6 (GLA) 0.1
20:2n-6 0.2
20:3n-6 0.1
20:4n-6 (AA) 1.7
22:2n-6 0.1
22:4n-6 0.2
Total n-6 3.9
18:3n-3 (LNA) 0.2
20:3n-3 0.1
20:5n-3 (EPA) 5.1
22:5n-3 (DPA) 1.0
22:6n-3 (DHA) 16.0
Total n-3 22.5

'Sat. means saturated fatty acids

*Mono. means monounsaturated fatty acids
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