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ABSTRACT

DHA, one of w-3 fatty acids, modulates cell growth or death though the changes of apoptotic signaling in human
endothelial ECV304 cells. We investigated the effects of DHA on the changes of apoptotic signaling in human vascular
endothelial ECV304 cells using lipid peroxidation (LPO) metabolites. LPO could be originated by dietary polyunsa-
turated fatty acids such as linoleic acid (LA), arachidonic acid (AA) and docosahexaenoic acid (DHA) . DHA caused
cell death of ECV304 cells compared to LA, AA or control as evidenced by changes in cell morphology and MTT
assay. LPO levels was significantly elevated by 10 fold in DHA-treated ECV 304 cells and caspase-3 activity was in-
creased by DHA corresponding to increasing incubation times compared to control. One of reasons of the cell death in
DHA-treated ECV304 cells could be expected that caspase activity, marker for mitochondrial damages, might be trig-
gered by the increasing LPO levels. Our results strongly indicated that DHA induced LPO production has an important
role on apoptotic signaling pathway in ECV304 cells. LPO production in endothelial cells which was metabolized by
oxidation of dietary PUFA, might be one of risk factors in the initial progression of atherosclerosis. (Korean J Nutrition

39(4): 357~365, 2006)
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HYgy 2 A8y L =919 APLE @ BF
A 1815 71Estn gloem 2003 dollE HEw Ao 10
Uk g 7559, Ao} 10% 9F 35.6%F¢|thY &
29 AFATES o R A= FUAse 9
HAAEL 715, vivh &7, &, 2, 973, del, ¥
% AA¥E% (cholesterol, HDL, LDL), 8% 2 A|AH|
A =S F7t 34 oFE4d (apolipoprotein) 2 7]ek
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Q) dolog o) AuAt (FHUAHSoIY B3} =t
ahol] ZFmAsL WA Ee] Bostn QS LESCH

5 A 757 Azeke] At 248 s
o] AR ofo]FAliol = thAtel HEE
g glod, Ay AEse g ATt
t}*” PUFAY. 752 952 ze] Fe2HE
MR EN pgelM e ZYAHE S54E A8
oxe] FeAuE F9& Ta9 LDL F8AE
Aoz dY LDLS AAAFCEN TS
sty gl Utk PUFA ZME w—6 A
t} 0-3 AP HolE AT v FTHAHE Z)
Ay dHA o) ofHs| =] Wk ¢ -6418
AQube] AA AT PAWIMY TXAE Z7HIAA
P23y 2 d5FEFEE 4ol v 0349
91 LNA, EPA 32 DHAEZ A33ld PGLS TXA7}
AAS dARIER AAE] daw 51 9 g4 A
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358 /DHA2] ECV304 Cell A7HAFE

& dAE) qEe] FUANEE LT + Aoty Lo
A dekin 88, ¥ 2hole AWEAE AYS B

olu XA HTH A4 ko] Ba 1 FANE w—34
2] DHAZ} AL wb gure] F84] upg Aol o
o] EHo tkn L&A U @ —3AWle] A
H HE doR 3 A¥eA Bedd A=rt A ol
Hj3) #4)s) oj5 1 DHAS SW5ud FEAlole] k2
DAY A g

Z2y, PUFASY 3] AR%E At Atels ~E
22 AMEE A7) (free radical) & LDLS AHgAl7)
3, T EHAHES FIAA FHEHRES EIAF
ogM HFHORE FUANE FIAIZTT ¢34 3l
L0 =3 AHARE ThE ARabel] wlE) |HAE Z3A|
o] EXIETL F1 cisFY EMEE olFAEE AYx
Koz Ay oA AkslE o] 719 FAtsES A
& 7ol wom Add HeES AxE gy Xy
Ao abgh Az w3 4 U Y FH P A
& goA QAo PAQ JIgE & 5 vk BuFHSR)
o1 Al o {A AtsiEE ol viEl E
A4 disiAEgo] EXTrt 52 O 718 (T
Yol Hls H7)Hgolck. B3] C20 o9 nE B3
HAFES At g o wizksl) wiEolglin ok 4
4 EXAARe] 9 ksl AE el MDA
4~HNE: AEZold 1% 2X3} Aata} 2)d 23-57]
7h BEgsto] Aba giold 3E-S A4St HJakaot
EAE o kst gfrjzo] A Ilsieta she A4t
= dosA Hol e 2dEA A FikEe
BEA B ATl ] AMgET itk

Apoptosis (A7} AFB) & 229 7|29l AE7L 2
29 IS FAE] Yol ATEEH 5L 554
o A= ZA0E A7t AP BE TR AX AME
olglx gtk ol= A ol EelRe SAste e &}
2 71%o] HE R} 215-9] 245l 2] Ak A
g Uz A28 Z= #oz A9 A} (necrosis)

= 28 Fo] 7he AE E-Eo] AX 9= fulEA]
Mol ThE Mol &S FAE deth FHFHozE
AEE] vlF A8 AFEete] s @ Ao S57) o
o] A7+ APE A (apoptotic body) @433} 87 A 2
& AAe ZE-5 Avlsy, Aslard o 2= 34 DNA
7} & 7o) ZHe 27to g ZEkRE DNA EEE 9
o)g} ookt AEAPE A A A} 2o caspa-
se—3& MEAd £A5= DNaseE 843414 & U=
olFAI oM Az DNASY A2 zelA shof o)

%o o £ o

)

2

EZTgol &dol WE APAAZ & 4 QI EE casp-
ase—39 BAE AL APhE AEE sesled &
%O] ‘Q—‘:}‘ZLZF))
meba 2 Aol EHE ol "3t vy AEZ(ECV304
celD & o] &sto] APate] F5F (LA DHA AAE
2 XA gt F MEFATG AP Hel YFHEe| v)H]
T A7 AFE S AFEagt sk AR FHL2 1)
A A 22492] W3l 2) AR S QlojA Ak
32 A 9% 3) A HalskES FRF) UE A
FAE g 4) 2P APEE Frdshe 7184 7]
S 27198 Al caspase—3 BALEY ¥FE
skt gt

Mol M

oWy R ey

1. MY R MA)

A d3 WIAE ECV304%= JCRBoA Hokikgto
© 5% heat—inactivated FBS& &-f3= DMEM =X
2 37T, 5% CO,, pH 7.2~7.49 ZZAc|AM wljokslgich
A A Z = penicillin—streptomycin (10 mi/) & A3
3, AIE HiE Al 80% A= ME7} 2 0.25%
trypsin—EDTA (GIBCO BRL, Ithersburg, MD U.S.A)
£ Agsto] Al wieFiion, AY Al ARG Al
EE viekste] ARgEkgict AlduiekE 53] o] dEkA] ek
ok LA, DHA, AA Zt2ke] AAES albumin HEA2 2
S0l FFEZ wix)el A7¥ska, 50 #M LPO (Calbioch-
em USA) & negative control standard® ARE-ESich

2. N eI pa

AAabet kskEo] A xjE ME9] HEjE AXIOVERT
25 @)ooz #ASIF (X 200, ZEISS). 7+ ¥ =2
wieF AIZE (12, 24, 48 h)ell ki Dishe] #AE A|As
7] vt Aol dAvjFoz MEPHs HAsy, A9
7o) B2 Fhgl (X 200, ZEISS, CONTAX olympus)
2 Y33tk

3. NE9| ZAIE

96well plateo] ECV304 AZE o] TTH w2
FASA 8 F 5 x 10° cellsE 27+ wellol F3E o)
g3to] B3It 24417 vioF Skl W AEY TAo]
70% A= HoH, ojuf wixF AASIIL 100 M2 LA,
DHA AAS} 50 ¢M$9 4-HNES} MDAZ d3o] gi=
HjA] el S3AIA wellol 53130 12, 24, 484131l 4
A AEZ wjokst £ MTT A1 10 ¢ 1 (5 mg/ml in PBS)



£ F7¥eka, 37CoM wid7elA] 3AIZE FF ekt H
Ui S 25 A A3 & acid—isopropanol (0.04M in iso-
propanol) 100 u«lE Y1 ZFF 100 plE Yol £33t
% ELISA reader® 540 nmelXd SHTE S48t
Paull 5°] 31kt non—radioactive 1 MTT9 574
H8lE MTT (3-4,5—dimethylthiazol—2—yD-2,5—di-
enyl trazolium bromide) 7} FlEZ=2]ohle} dehydro-
genase 84 2Jsto] Rl oz grlEoE B4 (me-
tabollically activity) & 2= AMES] 48} v)d5+ for-
mazan salt (HEt¥) & AAdsh= 4AE o] &3k Rock

4, NgM oY

Avako g AHesta A" AEZ F49 1 ml& Fo-
lch® Well uet 2)2-& #2300tk FE3 22 meth-
ylation reagent (BFy—methanol : methano! : Benzen =
10 : 22 :8) 7 ml A7F51% 1 Heptadecanoic acid (Si-
gma Co. #H-3500) 1 mg= 2,2,4—trimethyl—pentane
(Sigma Co. #T—-5053) 10 mlel =14 internal stand-
ard® GC (gas chromatography)$) #Ag £4& 3
200 gl H7¥8kdck ECV304 MES) 2wt 2442 GC
(Hewlett Packard 6890 series) & AHE3lo] EA13}5ic)
Z}z}e] X|Hhate] WAL F APitel| gt WA wE-g
(area % of total fatty acid) 2 AAFsl1l, internal stand-
ard2A A9 Heptadecaenoic acid (C17 : O)E 71F
o7 7z} AuRte] #E elglor 28HE AAs B
< o]&33ich

Amount of fatty acid

_ ( Peak area of fatty acid )

Peak area of C17 : 0

X Amount of C17 : 0 added during transmethylation

5. NEMMOIE (LPO) &% &3

A2 Fitel AT+ lipid peroxidation assay kit (Cal-
biochem, #437634, USA) & |83l Z33l=l 2
o|x|utate] HEFIHSHES MDA 4-HNEE FAlA &
Ash= Whgoltl, %A thiobarbituric acid (TBA)W
Hojl o]st MDAS] 43S B A5 EA 3) 3=
g Alo] Wolx 22 MDAS 4-HNE % total LPO
Z Ao Z33I3itk. N—methyl—2—phenylindole®} 45T
o2 Bhgow whlsk= Yl o]8-8fe] spectrophoto-
meter (Pharmacia) 586 nmelld S45E 57431 1 mg
protein Zto.2 FAFSIGITCE
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6. Caspase-3 activity 53

Apo—One™ Homogeneous caspase 3/7 assay kit
(Promega) & ©]&3}o] caspase 3/7 EaliEkl ule} v)d
Aoz AHE FFEAE detectdhe BYolch

Homogeneous caspase 3/7 {43} 96welle] £
SHe AE #3 1: 10] HEF AX§ £ 37TelA 44
7F o4} incubationdt TR spectrophotometer (Pharma-
cia) 405 nmolA &FEE 43t 1 pg protein®] 3
k= gto 2 75t

7. BHR e
el ekl Bip—Rad protein assay £98 |83}
©] Bradford¥lel w2} 4313

8. S~

£ AgM 9 BE A3+ minitabg o]&-3sle] Ho
+ %FH2} (mean £ SD) 2 78131, ANOVA test ¥ p
<0.05 FEolM Z+ AP 2o FYAHE dehi]lch

ot @ A

1. MIEYESHS (Cell morphology) B3t

AR At 22 dAikeE 9 oAl wWE Q1
A ¥ Y9 Hxe] HelE B3 Fi= Fig 19 2ok
27wl Algho] Aol whel M3Ee] Falo] vielkk
T, LASE AAXRFE fAFSE AEFo R wljekA|zto] F7t
Stoll w2t 27F AFEA AR APEo] JEbsith 53] 484]
b ujer 3 o]} 2 Ato] TRk

DHA AAF& 12Xt vk 358 Axeo] 53Fo]
A7} AFEE A EAFHo] FEISHA] LR, 48A17F vl
Foll AoRleE AE7E A9 Gle Zo] #ERTH LPO
T2 DHATETH A Apgo] HstA] vebsttt

2. ME AjE

Table 12 Z} AAke] wljebd ME AVGES B2 A
olth, LAT# AAT-E 12A17F vjekAlellE w571 S71
off whah Al AFgEC] Fro)Fog A48T (p= 0.004)
DHATLS 50 #METH= 100 M AE Apggo] 7}
ot FoAQ Aol glch wiAIztel] WE At
F59 AZAPLEQ Aol 12417kl 200 M, 244]
= 100 pM, 48A17kE 50 pME%elA DHA >
AA> LAECE APREo] o7 o= Zr18l5itt (Table
2). Terano 59 QoM w—6 APA} ¢—3 AR
E o 282 A2y F4E Ak, £3] EPASH DHA
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LA 100 «M DHA 100 M

AA 100 u4M LPOS0 uM

Fig 1. The changes of ECV304
cell morphology in 100 «M LA,
AA and DHA at different incu-
bation times compared to LPO
80 #M as the positive control.

Table 1. Effect of various fatty acids on dose—and fime-dependent cell death in ECV304 cells

(% of control™)

12h 24h 48h p-value”
LA -112+ 27 ~16% 32 -103 % 65 NS
50 uM AA 68+ 84 35+275 168 = 8.7° NS
DHA -44+ 53 270+ 47 14.0 + 14.58° .
LA -203+ 44 -18.3 £ 129° 0.2 +258 NS
100 uM AA -152+ 9.0 9.0+ 6.1° 52+ 134 *
DHA -12.6 + 18.8 97+ 94° 13.3£19.6 NS
LA -381+ 90° -143+ 58 -16.8 = 26.2 NS
200 #M AA -283+ 89° -25% 67 -8.6 + 204 NS
DHA -3+ 87 48.5 + 65.7 264+ 95 NS

"value are expressed mean = SD (NS: non-significant)

“p-values for the significance among the incubation fime at each concentration of various fatty acids (*: p <0.05)
Ya, b, ¢ values within incubation time of fatty acids groups with different superscripts are significant at p < 0.05

= AZF7)elN FR)7|2RE 2 ABHE AL A
stciar h® ojzjst a3k A Qhof Q= A -IME
329 okat BHo) 9tk Cornwell DG $-& B gt}

£ A7oM = DHA (0-3)9 2% AlEY F2o] Al

RO LA (0—6)2] A5t AE F2o] A=A &
%1 AA (0—6)2 35 DHART Asadrt @7)= 8t

A|qE A3e] F2lo] A= et v LPOE 50 #M, 100
M, 200 ¢ ME Z}zF ECV304 cello] )3+ 23} iz
o]l 1|3k LPO 50 ¢M¥ 12 hr, 24 hr, 48 hr #9FA]
ko) F7kdE 2.1, 6, 20%2, LPO 100 ¢M< 8, 19,
45%% LPO 200 uM & 10, 41, 69% =% AE AFL-Eo)
FelHog Frtetelch(Fig. 2).

3. AN 2

ECV304 Al¥+= EE AlZthellA pamitic acid (C16 :
0) 3} stearic acid (C18 : 0)o} F X|WALY) 80%E XX
Tt wjofAlzbel] W 2 ¥ LA, AA, DHA 24249 &
AES AFEE 124 wiRA] LAY &2 LAY
tzTo] FAFEL DHAT M= S4ER] 23tor AA
- HETRT 478 FdEo] U (Table 2). AA
FUEE Aurd LAY AATANNE SAHA gt
1, DHAS} AATC] fAFHSith DHAY §9&& LAT
A= A ggton], DHATS izl sl 304
71 fdE0) S8R, AATAE dRTRY <)
o] 3A S4HAG

2413t vk F Apgal

=
IS

24% $A8 um LAY §9)
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Table 2. Fatty acid composition of ECV304 cell after 12 hrs of incubation with different fatty acids

. Cont LA100 M DHA 100 M AA 100 M
Fatty acids
mg/mi (%) mg/ml (%) mg/mi (%) mg/ml (%)
Ci4:0 625(C 717 477 ¢ 7.97) 460 ( 6.23) 096 ( 1.73)
Cl6:0 4212 ( 46.46) 29.93 ( 48.74) 31.35 ( 42.47) 21.36 ( 38,38)
C18:0 31.70 ( 3497 22.39 ( 36.46) 30.03 ( 40.68) 24,71 ( 44.40)
Ci18:1 2.05 ( 2.26) 0.65 ( 1.06) 057 ¢ 0.77) 1.97 ( 3.54)
Cl18:2 028 ( 0.31) 0.21 ( 0.34) 00 ( 000 0.82 ( 1.47)
C18 : 3 (w-6) 026 ( 029 0.21 ¢ 0.34) 00 ( 0.00) 0.82 ( 1.47)
C18: 3 (-3) 014 (¢ 015 014 ( 0.23) 0.0 ( 0.00 005 ( 0.09
C20:0 035( 039 018 ( 0.29) 017 ( 0.23) 329 ( 5.91)
C20:1 395 ( 4.36) 211 ( 3.44) 062 ( 0.84) 0.18 ( 0.32)
C20:2 061 ( 0.67) 022 ( 0.36) 00 ( 000 018 ( 032
C20: 3 (w-6) 1.21 ( 1.33) 038 ( 0.62) 00 ( 0.00) 011 ( 0.20)
C20: 3 (-3) 0.36 ( 0.40) 00 ( 0.00) 082( 1.11) 021 ( 0.38)
C20:4 0.0 ( 000 022 ( 0.36) 00 ( 000 024 ( 043)
C20:5 02 ( 022 00 ( 0.00 0.24 ( 033 043 ( 0.77)
C22:0 0.0 ( 000 0.0 ( 0.0 00 ( 000 0.0 ( 0.00
C24:0 0.69 ( 0.76) 00 ( 0.00) 00 ( 0.0 0.27 ( 049
C22:6 023 ( 025 0.0 ( 0.00 542 ( 7.34) 0.05(C 0.09
Total 90.65 (100.00) 61.41 (100.00) 73.82 (100.00) 55.65 (100.00)
P/S 0.12 0.07 0.12 0.1
w-3/w-6 0.53 0.14 6.48 0.37
800 - DHATS tiz3d vlsslglon AATE xRt &
o Utk AAS] FUELS TE HHTo| PRTHG S §
600 —=— 1PO100 0166 13 0] o
g 400 —4+— PO200 t]'é"‘é‘ A= ‘:]' DHA«] 1:] DHA°ﬂ)"1 i3 % Z]Hp\}a:
3 9 0.16% 7¥% 2T, The FolME SR Wtk
= 0 TR T BES Ak HlE (P 0
00+ 77;% " '48; T 3 AL -6 AWHAF ZAI8]EE Table 3~5¢ ek
-0 - Uigleh 12A12F ik & Ex3): 23 At (P/S) 9 H]

Fig 2. Dose and time dependent cell death in LPO-freated ECV
304 cells compared to control. Data were expressed as mean
percentage of control. Cell death was significantly (p < 0.05)
increased with LPO concentration dependent manner at each
incubation time.

£2 LATo] diETRc 8ul71 fl80) 5711, DHA
T AAT-E 27T vt (Table 3). AAS
A& A RE 27 DHATA =
AAT) B8} LATIA 3.7 71 EA 45U o]
£ LA} AAZ FAEE b]go] tE At XHXFE 2
T 022 DHAT#HY Ro| ofo]zrtels e
3l 2 Azt 48 4 oAk DHAY #Y€S
A RE DHA AXT ofiAut & xAatae] 1.88% 713
23507, O FlME SR gk

48117 il 3 Aebal 244 9] WH3l= Table 49} 7}
LAY #Y&L LATL WEZEY 2.79W71F SVl

R I T

Fo] Q& 0.12¢ vls) LATL 0.072 Z4as

DHAZH AATL 0.123% 0.18 dizxT3} v} 24
AIZE WO Al= P/S vlEo] tiZT 0.14 vlsl] LAY 0.28
2 2u7kE SveiE 013 w6 A4 53] LA
9] f9l&o] Z7137] yRoltk DHATS 0.14903, AA
& 0.09E 2T Zo)7 ¢lleh 48A1ZF viokA el
£ P/S H]&0] di=F 0.379 vjs) LATS 0.21, DHA
T2 0.09, AAT2 0.08% URTRL} BF $3it} o)A
2 ECV304A439] CLA (C20 : 1 cis 10, cis 12)7} Z7}
7] RO E RO w-3/w—6% 12A1A th2F
©] 0.53, LAT 0.14, DHAT 6.48, AAT 0.37% DHA
& el vls) 128 Foith o)A 1241 vig &
w—3 A%} 53] DHAS #3&°) 7137 wio],
LAT# AATE w6 At Bo] FY=7] dEe)
H]go] vtA velgdth 24A12E 0—3/0—-62) H|&o]



362 /DHAS] ECV304 Cell A7iA

Table 3. Fatty acid composition of ECV304 cell after 24 hrs of incubation with different fatty acids

Cont LA100 M DHA 100 «M AA 100 M

Fatty acids

mg/ml (%) mg/ml (%) mg/ml (%) mg/ml (%)
Cl4:0 63 ( 9.06 26 ( 2.60) 28 ( 659 49 ( 530
C16:0 33.9 ( 878 37.7 ( 37.66) 20.1 ( 47.29) 484 ( 52.38)
c18:0 204 ( 29.35) 365 ( 35.46) 150 ( 3529) 31,1 ( 33.66)
Cig8:1 26 ( 3.74) 48 ( 4.80) 08 ( 188 40 ( 433
Cl18:2 03 ( 043 3.5 ( 350 02 ( 047 04 ( 043
C18: 3 (w-6) 01 ¢ 014 04 ( 040 00 ( 0.00) ol C 0O
Ci18: 3 (@-3) 02 ( 029 00 ( 0.00) 00 ( 047) 00 ( 0.00
C20:0 03 ( 043 05 ( 0.50) 02 ( 047 01 ( 011
C20:1 48 ( 691 109 ( 10.89) 21 ( 4.94) 3.0 ( 325
C20:2 01 ( 0.14) 05 ( 050 02 ( 047) 01 ( 01D
C20: 3 (w-6) 01 ( 014 03 ( 030 00 ( 0.00 01 ( 011)
C20: 3 (@-3) oY ( 014 04 ( 0.40) 01 ( 024 00 ( 0.00)
C20:4 00 ( 0008 08 ( 080 00 ( 0.00) 02 ( 022
C20:5 02 ( 029) 07 ( 0.70) 00 ( 0.00 00 ( 0.00
C22:0 00 ¢ 0.00 00 ( 000 00 ( 000 00 ( 000
C24:0 01 ( 014 1.5 ( 1.50) 00 ( 0.00 00 ( 000
C22:6 00 ( 0.00 00 ( 0.00) 08 ( 1.88) 00 ( 00O
Total 69.5 (100.00) 100.1  (100.00) 425 (100.00) 92.4 (100.00)
P/S 0.14 0.28 0.14 0.09
w-3/w-6 1.00 0.22 9.90 0.012
Table 4. Fatty acid composition of ECV304 cell affer 48 hrs of incubation with different fatty acids

Cont LA100 M DHA 100 M AA 100 «M

Fafty acids

mg/mt (%) mg/ml (%) mg/mil (%) mg/ml (%)
Cl4:0 43 ( 3.36) 59 ( 7.87) 22 ( 355 98 ( 917
C16:0 52,9 ( 41.36) 37.0 (79.33) 359 ( 57.90) 57.0 ( 53.32)
C18:0 351 ( 27.44) 19.0 ( 25.33) 18.7 ( 30.16) 312 (. 29.19)
Cl18:1 141 (11.02) 54 ( 720 20 ( 323 30 ( 28D
Cl18:2 05 ( 039 08 ( 1.07 02 ( 032 02 ( 019
C18: 3 (w-6) 00 ( 0.00 02 ( 027) 01 ( 016 02 ( 019
C18 : 3 (@-3) 00 ( 000 04 ( 053) 02 ( 032 01 ( 0.09
C20:0 1.8 ( 14D 03 ( 040 00 ( 0.00) 03 ( 028
C20:1 162 ( 12.67) 49 ( 653 1.9 ( 3.06) 42 ( 3.93)
C20:2 02 ( 0.16) 03 ( 040 03 ( 048 02 ( 019
C20: 3 (w-6) 00 ( 000 04 ( 053 01 ¢ 0.16) 02 ( 019
C20 : 3 (w-3) 03 ( 023 o1 013 01 ( 016 0.0 ( 0.00
C20:4 04 ( 031 01 ( 013 01 ¢ 016 01 ( 009
C20:5 06 ( 047) 00 ( 000 00 ( 0.00 00 ( 000
C22:0 0.7 ( 0.55) 01 (¢ 013 00 ( 000 02 ( 019
C24:0 08 ( 0.63) 01 ( 013 01 ( 01& 02 ( 019
C22:6 00 ( 0.00) 00 ( 0.00 0.1 C 016 00 ( 0.00
Total 127.9 (100.00) 75 (100.00) 62 (100.00) 106.9 (100.00)
P/S 0.37 021 0.09 0.08
w-3/w-6 1.00 0.33 0.80 0.14




27+ 1.00, LAY 0.22, DHATL 9.90, AAT-& 0.012
%tk DHATS tjz3te] vl 9.98) vl&o] =9tw, LA
T2 124131l Bls) v]-go] wotsith o3& LATS] LA
FdEel 717 WE wgolth 48411 elM= BE A
A Z2FETY w-3/0—69 H]Eo] WTh
AEHOF 1) ECV304 AHIE2 80% ©)d& xpx)3k=
Z1& palmitic acid (C16 : 0) &} stearic acid (C18 : 0)©]
t} 2) AEY A 24 FollM LA, DHA, AA HXT
2 Z}zh A8k Auake] Al f9lo] & o]FojF )
3) LAT 244131 v Fof] &) diz79] 8ull= 7}
& %3, DHAY 12713 wi%d Fof] fd&o] iz
3012 718 =94t 3) TE Aol A3y xubate)
Zd T LATE LAY v]&o] 71 £9k3, DHAT A
o] DHA B]&°] 7}F¥ 91, AATS AAS] Blgo| 7
=9tk 4) 3)Y A= P/S vl 0—3/w—69] vl
ggs Fth & LATo] DHATO vlsiA P/S H]go]
12778 Agstne BF =gkow, EE AlZttelA
LA] DHAT | B]3|A 0—3/w—6 Bl&°] W&

o % ek

4, N MMelE B

AA e A3t fel7)E A4dste] DNA
9] single—strand breaksE ¥927]1 DNA%} whilza}o)
BEATE FAFE® o FRGANA o] {HHF &
A 27t solutn fAA o7 Bebyst Azt A &EE
oo M3 5L woitky HuHT itk A
g AWAre] F£76] wE LPO AXATE AvRE 12
AIZE WAl DHAT A o] dj2FRct 108 5718t
o] 7} E9ko™ (Table 5) LAY AAT-S tiZxod
vl #o] IbslES AT 24417 BiA] DHAT
N dxRTET 2749 FTbste] 7 wokoH, LAY
AAT-E RT3 H|SGTh 48A1ZF viFRE wlE 124]
b RS W} v)d HEoE DHATO] YzFHT)

[e]
e

HESFEEEE 394) 357365, 2006 /363
108 F718ldet 01 w—6 AuHtol Hls) w—3 A%
A AT AS cisFY EqHEE ol AET At
A EXIER QE A SE T BsE 52 A
ARpkslEo| vS o] AAdE o] Aol &44& 237

fog Er}

w3t HEGAEHEQ LPO 50 «ME AE a4
Fo| Hxgt & LPO AATE AuEA 1241 vk
] oiZ2ae] 300, 24 A1z vieF Al 104, 48A13F wlijek
&= 262 ZHzF Z13i) ol 2§59 dAFg 7o)
w—3 AWAt FE EPAS DHAZF 335 o] f-2lo)
oA FrtstEo] v Wol AYEHATE Bl fAHL
59 dFelAE offols thE Ao H]g| o] =}
A o BkstERo] gor olgst Ao] xpA Ul A
IS ke g Fol7t HAE 1 FHor EnlEA| o
onzH 2t FlsEEo] Bolx|= Zolgt By gl
0. 2 APME LAY AAT) H8} DHAT A A
A FiskE Aol FrsIsith

5. Caspase-3 #YT 573

BjoFAl el W AXE AE R LAT-S wjgARle] S
7¥EE caspase—3 BT} 48891, AATY DHA
T2 24A1ZF ek A] 122]7bel] B]3] caspase—3 BAHE
7F ok AR ST, wkAIRbe] UM E cas
pase—3 A7} Frleke A¥%S Btk LPOTS Hj
FAzbe] F7VE4E caspase—3 BT} F7I8Rs A3k
= HAAE FrelZo) A= sttt 12417 wiekA] DHAT
& caspase—3 EAo] LAT# AATC] HI3) 1.34, 244]
ZF uleE Al 144, 48A1%F vl Al LA A ATl HlsiAde
3, AA AAEoll BlshA = 1.69) 713 caspase—3 €4
7} wekon fralAl ahg Jebilth(Table 6).

Arita 5& A WEHAE (HL-60 cell: human pro-
myelocytic leukemia cells) ol AA, EPA, DPAS 60 u
M= 2% 2] caspase—3 A E7} EPA >DPA > AA

>

S

Table 5. Effect of various fatty acids on the LPO production in ECV304 cells compared to LPO 50 1M as the positive control

(«M/1 mg protein™)

12h 24 h 48 h p-value®
Cont B9+ 04° 42 £ 0.6° B0+ 03° -
LA100 «M 40+ 0.3° 8o+ 1.1° 23x 06° -
DHA 100 «M 359 + 12.9° M5+ 80° 495 % 15.9° NS
AA 100 M 3.0+ 0.3° 3.0+ 0.6° m2+ 1.2° e
LPO 50 M 97.6 + 38.8° 462 + 12.3° 129.9 £ 29.5° "
p-value® - o -

"values are expressed mean * S.D (NS; non-significant data)

?x, y. z values within the treated types of fatty acids groups with different superscripts are significant (x: p<0.05, **x: p<0.01)
¥a, b, ¢ values with in incubation time of fatty acids groups with different superscripts are significant (x*: p<0.01)
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Table 6. Dose—and time-dependent caspase-3 activities compared to the positive control LPO 50 #M in fafty acids treated

ECV304 cells

(prnol/pNA/hour/ i g protein”)

12h 24 h 48 h p-value”
LA100 uM 248 + 02° 20.1 £ 0.3° 169+ 1.7° *
DHA 100 #M 329 + 0.6° 28.9 = 1.5° 53.0+ 0.3° i
AA 100 M 212+ 07° ¥19.2 £ 0.5° 32,7 £ 0.6° -
LPO 50 M ¥56.4 + 24.9° 53,3 £ 0.0° "66.3 + 14.9° NS
p-vaiue® NS * -

"values are expressed mean =+ S$.D (NS; non-significant data)

?x, y. z values within the treated fatty acids groups with different superscripts are significant (x: p<0.05, *x: p<0.01)
¥a, b, ¢ values within incubation time of fatty acids with different superscripts are significant (x+: p<0.01)

Fog Bt & ¢-3 Ale] w—6 AWART ca-
spase—3 AL I nEZ=FololA] A= FH|EE
Cytochrom C¢] ¢o] wow =z 7} Alg= & §5d
o1 8Tt Turner 52 # FAFAAEX (YAMC: immor-
talized young adult mouse colon cell) o4} 50 £M2
LAS DHAS A& o LA%E= 22 DHAT cas
pase—3 BAE7} F7HC L SISIth™ QN & HEZ
Az 15522 (40~80 pM/L)2 DHAZ} caspase
-3 84& fEstT, A7t AFEe 723 ERQA dEgE
& A&t 819z, DHAS EPA7F p382) #4714
o sl A7t AFEE FEIFTHIE SFRTHPY Igrashi &
& DHASt EPA7} FAIRoA AAIEshEe] o)
apoptosisE ARSIk E SHIth™ Sylvia & 9 3l
vl ME (hippocampal cell) 9lx] LPOE <13+ A¥APE
#go)A caspase—37} B3stEtiT SHITE™

B oAM= LA, DHA, AA HATF BT w7t
V55 caspase-3 FAEL FTUIEIR L, Sl9] A
A9} Zo] £ AFHT DHA HA|FE thE 7o H
3 caspase—3 BAE7} 1.5~3MAE =4t} Sylvia 5
9] A7¢} Zo] LPOT-E EE AjZHelA] caspase—3 &
57} 7P Sk

a
oo g 32

2 A7 oA g AE (ECV304 cell) ol it
% (LA, DHA, AA)E 28] X3t ¥ AxsAH
18 @ o]l YA Ee) njX]E= apoptosis FEFS AHE
A AESA D AE Pk W) A-IPEkE 3
AFare] X WArEA] caspase—3 BAE T& S
o}t 1 A o 2

1) 12417t gieke = 200 M, 24217k 100 oM,
48A17kellE 50 pMEEClA DHA> AA>LATOR AR
Bo] fogor Zvkste] DHATO| EEst Alztel ule

> 1o

koo

3}o] apoptosis W3}7F YERT

2) LA, DHA, AAXATE 22} A X8 A|wite] AE
U £3]0] & o|FojHon LAE 247k vliek & thFT
B} 86, DHAE 12A12F vlieF & o=t 304 7}e
=%k weba] APAE 23] el wEr AF) Agake] 2
I WHgEon P/S HEY w3/ w6 HEE TS
W=},

3) DHAT A #tskE Aol dixzTiet 108 F7t
s 7P Eohkow LAT F3F AATS UETH vlsst
o w-3 APA] w—6 APART Z2 BX3ITT} =
< £02 IMEHE Ao FUHEHE BoiFith

4) v|EEZ=go} W) &3t apoptosisA| EQ! caspase
-3 A ENME DHATS thE 7ol H]#] caspase—3
G957t 1.5~38) A% Egkow LPOT9] 50%9 |2

AEHOZE ¢-3AQ At 53] LEEXIA AL
Zs 9 gAEaIH} e o2 8zl DHA
T2 Al wls] AEAE S BESIE B0
cis¥e EQHdet o]lgATE AT QoA #AsHEo]
Wo] AT A" IHsHER0] nEZE e &
“$AA caspase—3 FAIEE FULEM ECV 304 ME
o A7F AP EAIZT mEkd %59 DHAE LA
ot AA Bt "3 YoM RS X7t AFEE st AR
Ao gy FUAG] Hlo] F FoE oitg o9 &2
< A AAM] AE#HA QI 28t FUAS o
712 A2 2 AFE Ak
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