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ABSTRACT

In this study, we investigated the anticancer activity of the fin of Thunnus Thynnus (TT). TT was extracted with
methanol (TTM), and then further fractionated into four subfractions by using solvent partition method, affording
hexane (TTMH), methanol (TTMM), butanol (TTMB) and aquous (TTMA) soluble fractions. We determined the cyto-
toxicity of these four fractions in four kind of cancer cell lines, such as HepG2, MCF-7, B16-F10 and HT29 by MTT
assay. The TTMM showed the strongest cytotoxic effect at the concentration of 150 #g/ml., displaying 95% on the
HepG2 cell lines and 82% on MCF-7 cell line. The morphological changes such as membrane shirinking and blebbing
of cells were also observed by TTMM treatment in HT29 cell. In addition, we observed that quinone reductase (QR)
activity was elevated by only TTMM and TTMH treatments in HepG2 cell. QR activity was increased to around 2.0 and
1.8 times in TTMM and TTMH treated HepG2 cell at 100 £ g/mL, respectively, compared to that in control. Although
further studies are needed, the present work could suggest that the fin of TT has a potential to be usable as a chemo-
preventive agent against cancer. (Korean J Nutrition 40(2): 147~153,2007)

KEY WORDS : cytotoxicity, quinone reductase, fin of Thunnus Thynnus (TT).
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FokratBo= QAo F83 71 eAXAZA eicosa-
pentaenoic acid (EPA)Y docosahexaenoic acid (DHA)
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AT ALgFoX = sk WY F AE 54 Ee 2
FEA G REF A)7]|= 549 quinone reductase (QR)
B39 Zv} gHE 2o B AAHaRE /Rl V|
54 AEoRAY AT Thsde BRRlE] 2ot st

o2

1
=

NE 3

1.8

og

Nz

B Ao ARg-E XA =] (fin of Thunnus Thynnus,
TT) = 2006\d 32 ek glolso] &3] Aegelr Hx
o] AFEAR L = A ES TSI AZAE
AHg # A2k 3 nonidet p-40 (NP-40) % menadione->
Sigma (St. Louis, USA)A} AE-E T3+ 3L Dulbecco’s
Eagle modified medium (DMEM) 3 fetal bovine serum
(FBS), phosphate buffered saline (PBS) 52 Gibco-BRL
(Grand Island, NY, USA) oA #dstelon 1 9f Al
AHE g 2 Aok E5E AREESITH

2. Ngo| = X 222 §X

NER AR 9 ZAA =9 (fin of Thunnus Thynnus,
TDE A2 & AEste] Mg rges 1:5 (WVE
7N F 24478 el WA 23] FE8aL, =4

olF7 e (CH,CL)

¥ |2y BES Ml 2E237] Ysle] &4 dekEd o

£ 112 4& g8 23] 23}
I 3 AFEFTIE A FFEAA TELE F A
2r| $2E (TTM) € 43t o] FE2ES tlelEZaM|
& (CHCL) 3 B2 thA] 283} tolgz 2 (CHLL)
=3 E2S d9lon, t|Ezedd (CHCL 5& It
B Heg (1 1)EgAez 233} ik (TTMH) # o)
&g (TTMM) 2858 493, E5L Y8z 3
3le] oA H&hg (TTMB) 3 45 (TTMA) & A3ith o]
£ 7 RE58 At ESl] B4 Az o wde

Eo] AE & AME3EIE (Table 1).

3. AME b

£ A ARS dAETE WIAIZE] HT-29 (hu
man colon adenocarcinoma), ZF3A %] HepG2 (human
hepatocellular carcinoma), #4422 MCF-7 (human
breast adenocarcinoma pleural effusion) 3 3|54
¢l B16-F10 (mouse melanoma) 24 20063 5€ 3=
A|ZF23 (Korean Cell Line Bank, KCLB) oA 7-l8t
& wAZl T Aol ARGt

HT-29 A|EF+= RPMI1640 medium, HepG2, MCF-7
7 B16-F10 AZF+ DMEM medium$ AF-3H31 me-
dium<- 10%2] fetal bovine serum (FBS) ¥ 1% 100 units/
mL 2] penicillin streptomycin®} T8 ZAOo& AEE T-
75 flaske]] 01218+ & 37T 5% CO; incubator®ll4] mono-
layer=. sjFstsith

4. MR =9 ZRFT (Cytotoxicity)

AAA=v] FF EHES] AHX AT A g9+=
MTT (3- [4, 5-dimethyl thiazol-2-v1]-2, 5-diphenylte-
trazolium bromide) assay S AR} 3Sich

AL &S FAhs Yo ENE FFEELJIMTT
7} miEZ=gohle] gaih Agol 93] dark blue
formazane AR 9ElS ©]43 MTT assay " & ©]
£33k 012 3 4 AEFE 1 X 10° cells/well?] &
T8 237 48 wellol 22 500 pLA H7kske] 24413

Table 1. Yields of various solvent fractions of fin of Thunnus thy-
nnus (TN

Fraction Yields (g) Yields (%)
Methanol extract (TTM) 36.69 36.69
Hexane fr. (TTMH) 1.56 425
Methanol fr. (TTMM) 3.49 9.51
n-Butanol fr. (TTMB) 1.33 3.62
Agueous fr. (TTMA) 25.00 68.13




%ol 37°C, 5% CO, incubatorollA] kst & SuiERE
BaEe 717t AAFC] dimethyl sulfoxide (DMSO) el =
o34 30, 60, 90, 120, 150 xg/mL2) FE& 78IS
o, HZF DMS09 EFEE 02%% 23 35tk 48A1%F
=9} wjok & 7+ welldl] PBS ¢80 3 MTT £
& 100 pLA H7kslo] 447t Bk OhA] wiekAzTh well
upetel HAE formazane] XA @Al FEAE AA
&3 DMSOS} ethanole 1: 12 2838t $9 1 mLE 3
7¥ske] 233] =<1 ¥ multi-detection microplateE ©]&
TE =389tk dET AETE
X

3] 540 nmellx &% =
7)1%0 2 dto] Al ATAR AAES TIIITH

5~ O

5. YYAANES ©| 80 MIEFE A

717}+e] AN EFE A ZH|FE petri disholl 24417 &
ot QFA3IAIZ U XA =r] #EES 30, 60, 90,
120, 150 pg/mlA EEHE xg]dlo] 48A17F &< ui
3 & Pu|A-g olgsle] 20001 W& 7} HEe wWE
StiZ o) FeHstE #2g g Olympus DP70E ol

stol agsisick

6. Quinone reductase (QR) Y &%

QRS 7H| XA F2 AAEE phase 1T enzymes]
Z5H% quinones FANA FE5HA WEL MEl #
Txo] ojg] BHo] B4 ) dojuhe EAWolY F
kgle wolFal walEd-S TR o 9Es Ak

B A8e]xE Prochaska$} Santamaria®] 57 4
B wgslol Ssick T-75 flaskell HepG2 Al#7} 80%
olAF Z=A8HA =¥ 24 well plate?] 2 welle] 1 X 10°
cells/mL HEE AEE 319 37C, 5% CO; incu-
batorollA] 24A17F <t viokst & FX|x|=ejw] £
HepG29 AlZAEE0] 50% H& ¥E IF FEZ Hol
247y DMSOel %1 40, 60, 80, 100 pg/mLe 352 3
Z¥shar ThA] 24417F vileslodch vkl S AAE - 2} well
o] 250 uL9] lysis buffer (10 mM Tris-HCl pH 8.0, 14
mM NaCl, 15 mM MgCl, 0.5% NP-40)& 7t &
37°C, 5% CO, incubatorell 10%#3F FAM cell lysise
2 reaction mixture £, 10mM Tris-HCI (pH 7.4), 0.5
mg/mL BSA, 0.008% tween-20, 40 M FAD, 0.8 mM
glucose-6-phosphate, 2 U/mL glucose-6-phosphate dehy-
drogenase, 25 M NADP, 40 gg/mL MTT % 1 mM
menadiones 3310 welldll 1 mLA 371819 5% &<F
A7) 93 A] §9Q) 0.3 mM dicumarol, 0.5%
pyridine, 5 mM potassium phosphate (pH 7.4) &%
< 250 pLA Arsle E2uke-S FRAA7IAL multide-

=
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tection microplate ©]€-3k 610 nmelr FBFEE 5
3t Akttt

whalgere. 2018l set) well plateo) wi$k crystal vio-
let Q3R o 2 A3tk 24 well plateol] 2% ethanol
o =<9 0.2% crystal violet £34& 150 xLA ket
37°C, 5% CO, incubatoroll] Wjst & TR/HTE A st
k. 2 wellel 50%IgH&o] =21 0.5% SDS &=
mLA 7}ste] 37°C, 5% CO, incubatorolld 1417+ =%
% 610 MmN FFES 731t Quinone reductase
A=A (nmol/min/mg protein) & U7 2ol 33t
Specific quinone reductase (QR) activity

__ absorbance change of MTT/min
~ absorbance of crystal violet

X 3345 nmol/mg

7. SHAE

B AFe] digt A¥ATE A W Agst] dojx Hd
2] @ 2FEAE Yepla, 2502
dent’s t-testE o]-&3to] E433iH

1. §AR=E0| FEE U 801 2UE £8
A A =en] (TTE WS 23] 53 F ol 2
2o e 11 12 412 follo] 23] FE3o 3
A AgEz7|2 A $FEANA FANE F FAA =
o] 2&E (TTM)S 43ith o] F2& (TTM) 36.69 g=
sk wWere, Rekd 9 B2 g FEsle] Sk (TTMH)
1.56 g, mlg-e (TTMM) 951 g, &g (TTMB) 1.33 g
ol =2 B3R (TTMA) 25 g Atk 2 A8 $aid

552 Table 13} 2t

2. M 47 A 23t (Cytotoxicity)

B Aolx= 459 dAEF tigk ZR)x|=2n] ¥
Eo] oE A oA &9E FARE] A8 MTT assay
2 35tk AgellE HEZFS] HepG2, SFLHET
9l B16-F10, tiALAZEF HT29 2 FhA a2l
MCF-77} AHg-EI9l 0w, A8ATR= Fig. 1-4°f Vet

Fig. 1& 7HEFQ] HepG2ell thet Axg o] AlESF
ML 7+ BEE AIZE 30, 60, 90, 120 2 150 pg/mL
A7t A wx @A oz SE AR oA A el
Qon B3] 90~150 pg/mlelA 7K w2 o4 578
velgich &, e £35S 120 pg/ml 3F7HEE o
o]n] 89.98%, 150 pg/mL H7FE w 94.96%2] i+



150 / XA = 2jn] 5500 &g dAE 54 2 Quinone Reductase 84 &7} &3}

2 GAE AT IA 29E HeEYeH Feks 13
AME 1 FE 150 pg/mLolA 74.01%2] A
FAE Jehoth e og 5% BEE Wi 23
o2 PAEZ AF A a3t Yebktth

Fig. 25 9% EFQ BI6F-100] tjat Anza o
Al HEhg BEENA 7 B AL G A a9E
vehliglom, Ja1 A7F5EQ 150 pg/mLoA 81.9%<]
oA &3E e} vhEo g aaHe B3 Reke
EEEo|or 150 wug/mLolX 68.01%2 A} &3=
R gick

ok

o Hy
e ol

2Rl F&e ke R E0IYth Wwg ¥EES] F4
& 559 30 pg/mL H7IIARE AA3] T2 JEH
2 1 94 a3 27181 90,120 2 150 wg/mLe]
Lol 22 50.01, 65.31 ¥ 70.30%2) ¢AE A%
A &35 Jdepdgleh @it 2389 =5 2FEQ 7
e A FEoME 1 &3} vdkelgln H1 FxoA
T 62.45%9) 56.56%2 EHE Bt

A ZS0) MCF-7¢] it A8 4d3= Fig. 49 Y
el HepG2, B16F-10 @ HT29 AlZFoxe} 2
o] WghE FFEAM w& 47 A4S Boich vk ¥
2L Hu F7FsEY 150 pg/mLolA 67.8%2 A% o
A ZAE JeRT, A REES] B¢ H1 w52 150
rg/mLolA 60.21%8 E3F Yepf oy Fabg 23
2 55 ZHEANE ¥ AL AR oA a9 o

do 12 of (o

Fig. 32 tAUAEFA HT29° 24 9 A5 2EE
S 718E v SAE A A a7E YER I¥eE B
E 34 5 gEFo= oA a7E Rnyor dgs
TEENN =& AL A a9F By e ® a9
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Fig. 1. Inhibitory effect of four fractions from Thunnus thynnus fin
extract (TTM) on the survival of HepG2 cell. Values are repre-
sented mean = SD of 3 repeats. TTIMM: Methanol partition layer
of methanol extracts of fin of Thunnus thynnus (TTM), TTMH:
Hexane partition layer of TTM, TIMB: Butanol partition layer of
TIM, TIMA: Agueous layer of TTM.

Fig. 3. Inhibitory effect of four fractions from Thunnus thynnus fin
extract (TTM) on the survival of HT29 cell. Values are represen-
ted mean=£SD of 3repeats.
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Fig. 2. Inhibitory effect of four fractions from Thunnus thynnus fin
exiract (TTM) on the survival of B16-F10 cell. Values are repre-
sented mean=SD of 3 repeats.

Fig. 4. Inhibitory effect of four fractions from Thunnus thynnus fin
extract (TTM) on the survival of MCF-7 cell. Values are represen-
ted mean=3SD of 3repeats.



Fig. 5. Morphological changes of
HT-29 human colon adenocarci- |
noma cells freated with TTMM. Cells

were treated with TTMM at various |
doses for 48h and taken picture
(X200). A : Conirol. B : TTMM 30
pg/mL. C @ TTMM 60 pg/mL D :
TIMM 90 pg/mL. E: TTIMM 120 xg/ |
mL. F: TIMM 150 pg/ml -
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W TT™MB ] TIMA

Relative activity (raiio)

Concentraion (uzg/mL)

Fig. 6. Effect of four different fractions from Thunnus thynnus fin
methanol extract (TTM) on the quinone reductase in HepG2
cells. Cells were cultured at a starting density of 1x 104 cells/mL
in DMEM. Values are represented mean = SD of 3 repeats. Sig-
nificantly different by t-test: xp <0.05, *xp <0.01, =#xp <0.001 vs.
confrol.

So m3lgo] BAET e AT AoiBE0] Felo) B
AR, 1120 ATFNAG Bl HE AZFIAE 7

9] 72 73S ®BSi=t] (Data not shown), ©)JHCE B
oF A2 gk Feld Wy A5 IR =en] 2§
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F 2 glA

4. Quinone reductase 2§ 31t 2}

Quinone reductase (QR)+ phase II 4419 X ¥&
22 oekst 79 FAEA 3 1 o] fTH
o] & ks AEshs 84S /M1 QlouR ¢ o
28] gae] gol ARgHo gt QR AEER B4 <
A A vl o R gajglon, FAA=gr] £EES]
& oY g GTTE FE 2] Yste] GAIE A
7 AA o)) AM8E 459 HHNEF T FY8H quinone
reductase® 7HAL = IAHE HepG2E ARSI QR
g 7t 29E S4s19en, 1 daks Fig 69 vEl

ek m{n
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WStk &, HepG2 AlEFol 2+ §id N g 28EE A
71308 Wl ¢k9] cytotoxicity Z¥ollM e v 2 ws
=

& BEEN 7} F w5 QR 840 YE I tEe
2E I BB 1 99 8BS Z 9L V]

27} ko) BE SN T A& ke vER
ock HEre R2EEY A9 40, 60, 80, 100 pg/mL2] &
T8 Ay A gz viste] QREAe] 2+t 1.23 1.49,
1.58 U 209812 Z/159L, 5 9&4e Byth o
So2 I BIEY AgoAe 242 1.15, 1.32, 1.47
2 1.844) ZFE JeRidch

olate] AsfolA o o a2 HEZ AMEEHE QR &
A 7t Edhe AXA=r] BEEF vEs FEEA
“OU% 2o g it FEEIYT. Hee
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o] EATE FHE # AR oleft A= £ A7
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AIBEQ 7129} S48 AAP AL QR BA
adel skt deet g 5 “jr goz fer A% gl

s

£ A7 B3l AT 2ERFY BY B
23, Y 0 T2E FPEeRA AT Yo
o s o EHE A 715N AFAR b F23 3
2719 4 9le RoE Mg

oo ¥E

FAA =efn) 9] & i &
FAA =S gL s 253 T, oA S HE
Be B2 £AKoR B FE3e] 4 EEER

o st SAEH oF o XEQ QR B FVT
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