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Fig 1. Experimental design
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EFAE FAHE AT MTTG- [45-di
methylthiazol-2-v1] -25-dienyl trazolium bromide)® sigmail =5
H o Fdesivh KA bEE A E 9% 4-HNE®E MDA®
Calbiochem©. 258 43l @8d Ags 9 A Fe=
coomassie blue<}

o
Bio-Rad Al3%-2- ©| &390
2. Human endothelial cell (ECV304 cell) ¢ W] %
(1) Al¥E <k

Human vascular endothelial cel(ECV304 cell)<- JCRBo| A # <%
whol  ALE-BglTE ECV304 AIX T 5% heat-inactivated fetal
bovine serum(FBS)S &3 DMEM X = 37C, 5% CO29
el A vl

] 2] e] pH+ sodium bicarbonate(3.7g/ ¢ )& AF-&3Fo] 72~74%

FAsS o A A 2= penicillin-streptomycin, 10 ml/ ¢ & A&
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(1) Cell Extract

vk 12, 24, 48A17F & WA E A Aska PBS(pH 7.2~7.4)% 23] A

2k 3 0.25% trypsin~EDTAE o] &3lo] M¥XE e 5 94 &

3101 (2000 rpm, 3 min) cell pellet-e ATt o 7]e] PBS 1ml-& 7}
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3L 100 uMe] LA, DIHA AA9 50 uM®] 4-T1INE ¢ MDAE
o] gliz Aol &aA A well o #F3FFTh 12, 24, 48 A7t
A AEZE wFst F MTT A2 10 pb(5 mg/m¢ in PBS)E 3713}
AL, 37CelA miE7lel Al 3AzbEet vk 5 WA & =P Al g
£~ acid-isopro
panol(0.04M in isopropanol) 100E il FHT 100E Lol &
ol

skl & ELISA readerZ 540 nmol A &3E=E =430}

(3) ECV304 Cell®] AWAF x4

Aoz Hestn FHE AX B4 1 g Foleh el we
AL FE2}AY. HAXE EsdS screw cap tubeol 10 mie
chloroform/methanol (2:1, v/v) #7}sle] 187t vortex mixerZ &
ot oy Wkl A 16417 o] WA g v o A (Whatman
paper #2)= ]33} 31, 5ml2] chloroform/methanol (2:1, v/v) &

HN-g v H7bste ot 0.9% NaCl solution 3 mlE 2L
vortex3F 9 Th 2,000rpmel Al 10237 YA E S & A4F 98 Hg
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2 Az & 1 mle H7Fste] AlHg & A oha A ARG,
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@ Methyl ester3}t

F %3 2| A9 BFs-methanol{Boron trifluride-methanol, Sigma
Co. #B-1252) @ methanol @ Benzen = 10 @ 22 : 8 o2 A X3
methylation reagentS 7 ml 73S, o]lu  Heptadecanoic
acid(Sigma Co. #I1-3500) 1mg= 2, 2, 4-trimethyl-pentane-

(Sigma Co. #T-5053) 10mlel =9°]A internal standard® gas
chromatography®] A= 45 93 200pt H7Fetact g 7}
A5 AFA F=2 3 & 100CE vy A3 heating blockell
90 FoF 4227 methylation A ZATh 90FE7H] WHEAIZE T
Ao A WA Al A benzendt 22 FHFE Y o] 2,000rpm 1087F
A EEstglon. ddEY F s FHAs 2 vialel @of

HAorbaz AEA A
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@ Gas Chromatography(GC)el] ¢ 3 A H4F §-4

ECV304 Axel Auwat #=4L2 Gas chromatography(Hewlett
Packard 6890 series)E AF-&3Fo] 4391 4 X742 Table 1
of et dAartEE AXAZ AZxEo| hexane bl E 2o
=2 & GC Injectore] FHAIAH AAES EAsH Y. 7 A4

2 standard?! lipid standard(Sigma Co. #189-19)¢} octadecadienoic

lo

acid conjugated methyl ester® 27 Hexano Z 343 & 1112
&3tet 25 Table 3o Ve Z 7oA AL retention timed} H]
Fol QI3 Hh Zhzbe] A Mbake]l WA 5 A HbAbe| gk W

A WEHE-S(arca % of total fatty acid)® #A4Fslar, o] internal

=
Ol
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-—

standardZ 4 A8 3% Heptadecaenoic acid(C17:0)E 7|so = 7}

Agarel gFe T

Amount of fatty acid

= Peak area of fatty acid/Peak area of Heptadecaenoic acid

xAmount of Heptadecaenoic acid added during transmethylation
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Table 1. Instrument and operating conditions of GC

Instrument
Integrator

Column

Detector

Carrier gas

Injection port temperature
Detector port temperature
Column flow rate

Split ratio

Oven temperature

Hewlett Packard 6890 series
Hewlett Packard 3390A integrator
Supelcowax-10 capillary column
(30m>0.32mm*0.25¢m)

Flame Ionization Detector(FID)
N

220°C

2757C

Imf/min

splitless

initial 150°C/min, 2min hold
increase at the rate of 1.5C/min to 230C

increase at the rate of 8C/min to 250TC
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(1) A2 3{431E=(LPO : 4-TINE + MDA)SHEF 54

A FH43 AT lipid peroxidation assay kit(Calbiochem,
#3763 5 o] &3to] FHABGTE o= EX AN OZIE QA
5= FHE92EEE malondialdehyde(MDA) 9H2-hydroy-2(E)-

nonenal(4-HNE)Z-& 4-hydroxy-alkenal s =A]¢] &A3E Wy
olt}. A F 42l thiobarbituric acid(TBA) el ¢J3 MDAS =

AL B Aradd o8 S wal AdAo] dHoiAnm

N-methyl-2-phenylindole®©] 45Tl A MDAS$+ 4-hydroxy-alkenal
S} gke-3lo] WAL= 98 E o] &3¢ spectrophotometer
(Pharmacia) 586nmel 4] &F%E =AH3sle] 1 mg proteind &%

b groz gHikskol v
(5) Caspase-3 A= =A
Apo-One™ Homogeneous caspase 3/7 assay kit(Promega)E ©]&

3lo] caspase 3/7 el Fol| wel HlE AR AHEHE JAFEAES

detect3d}= W ot}

(]

Homogeneous caspase 3/7 Wks-H3} Yowelldll =A== A =
1:1 o] Y& A3 & 37CA 427k o] incubationdt t}-g-
!

&

2

1 u

e
Ol

spectrophotometer(Pharmacia) 40onmol A &4 T &

protein®] & F 3= oz T3

ije}
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6) W A

£l

i

22 Bio-Rad protein assay &8 ©]&3t9] Bradford

ol whet =4

4. A A ¥

H oA de e i} minitabs 0] 83t Hit £+ ¥&

HAHmean + SD)ZE T8 3L, ANOVA test & p<0.05 G904
ZF AEa Y FYAE YER AT
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1. Al ¥ 3 g s} 2 (Cell morphology) ¥ 3}

2

A 2| A A Al spabekE 5w FA Zbe] whE Al dd W]
Aol Wass #Ee ZAae Fig 29 2 22 v A3t
Aol upeh Al e] T o] WERRaL, LA 9F AA A A2 A

Aoz wgAgte] FIge] wek A7F APEA AXE AREo] o

AZ7F ALl 9= Aol #EFTH 4-HNE A A 2 DHA AT

2 e on, DHA XA W & o A¥x A
o] AFA e MDA AR Uiy FASE Ago s
w g Algbo]l A el wel Ao FA o] uEhuth F) tixaol
Algte] LA 31 AA A A2 A7F AR Alx Wasrh GERshal
7t A4E Ax deed WEgs DHA HAT oA YeRyh
o] AL AA WA E F 4-IINEES 50uM=z A A 3F o3 u]s23
A E Yedid v A4 3akstE T MDAE S50uME A A8
oA e Ae Ax Fejsra W ebubA Gkt

=
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Fig 2. Effect of 100uM LA, DHA, AA and 50uM 4-HNE and

MDA on the cell morphology of ECV304 cells at different

incubation times.
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A "prke]l Fpel wE AY AYEL2 Table 3 ¢ Figure 49 Y-E
Tk 12417 "k A LA A A7 AA HAATS 557 F715H

S0uMK.tH= 100uM &) A 3%
a2 100uM DHA A =|tol vla] Az Apbirge| zko]7p gisith 24
AZEElF Al LA AATE w7t SoMgel wEk Al APgEe] 7
el w438 F7hskaith
50uM AA H A el B3] 100uM AA HA T2 HE AEo] F7t
3L ovf 100uMell v]38] 200uM ] A|3Z A EES A As T 484K
HlF A LASH AA AA T AY AALES ¥y FERE o
s, DHA AHA7e] A AFES 7 S7HEF=

Ak & 1247 9l ¥ 200uMe] DHA H A2 LAS AA A A
ol wlE] AEAEEC] oA om EA(p=0.027), 2443 Wik

>~
—r‘
_‘_.

o] F7Fd o 200uM DHA #

>

a3t ey DHA AHATS AX

ol % 100uMell Al DHA A= wro] LA9F AA A=A ¢l vlal] A=
PgEo] Fodoz :UtHp=0.021). 4841 wiF FolE= H0uM
DHA A A <o] thzxtel Hs] A EANTES] 14% F718to 24 LA
9 AA HA Lol vl A EZAEE O] oA o E =ATHp=0.037).
AyA o2 DHAE AMEol AHAS 7+ EE FRolA LAY AAE
A A gk FEYE ME AbEC] FUbeke AEE dERCh

Terano 5 “'¢] AToA 0-6 AWt 0-3 AL Evp PYa2
Al
=

S~

{

Fe
lo
o

2% A& da, 53 EPA 9 DHAY AXF7]o04 FX7]
A= S Aedrtar ok o] ¥ gk maki= Al

&_,

7]

4
=z
-~
t

_20_



ool Sl Al&Airet=e] &+ wwdo]l Yvkal Cornwell DG &

= Al A DHA(w-3)8] -5 Aaze] 4o Asfslort LA(e
-6)¢] 7= Alx THe] AdlHA @ AAlw-6)¢ 4-F DHA

B A Bl wt7)s kA Alake] F2jo] Aol
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Table 2 . Effects of incubation time of various concentrations and

different types of fatty acids on ECV304 cells

(% of control)

12h 24h A8h p-value”

50uM -112 + 27 -16

H
H

3.2 -103 £ 69 0.082

LA 100uM -205 £ 44 -183 £ 129 02 + 258 0.328

200uM  -381 £ 90 -143 £ 58 -168 £ 262 0.226

p-value 0.004 0.110 0.645

S0uM -44 £ 5.3 2(0 £ 47 140 + 145  0.017
DHA 100uM -126 + 188 97+ 94 133 £ 196 0.199

200uM -11.3 £ 8.7 A8.5

H

65.7 264 £ 95 0.239

p-value 0.696 0.505 0.645

50uM 6.8 £ 184 3.0 £ 275 168 £ 87 0.705

AA  100uM -15.2 + 9.0 9.0 + 6.1 b2 £ 134  0.050
200uM  -28.3 + 89 25 £ 67 -86+ 206 0.126
p-value” 0.041 0.714 0.200

1
' value are expressed mean £ S. D

2 p-values for the significance among the incubation time
according to the various concentration of fatty acid
& p-values for the significance among the various concentration of

fatty acid according to the incubation times
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<A> LA

40.0
20.0

ALA 50uM
mLA 100uM
E1LA 200uM

0.0
—20.0
—40.0

% of control

—60.0

<B> DHA

140.0
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80.0
60.0
40.0
20.0
0.0 - '
—20.0 - 12h 24h 48h

B DHA 50uM
mDHA 100uM
B DHA 200uM

% of control

<C> AA

40.0 7

20.0

E AA 50uM
I mAA 100uM
i BAA 200uM

0.0

% of control

—20.0

—-40.0 -

Fig 3. Rate of cell death( % of control) of ECV304 cells according
to the incubation times and various concentrations of fatty

acids with different types
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Table 3. Rate of cell death( % of control ) of ECV304 cells
according to the various concentrations of fatty acids with

different types.

(%6 of control)

50uM 100uM 200uM  p-value®

LA -11.2 + 27" -203 +32 -381 % 69" 0.001

12h DHA -44 =53 -126 + 47 -11.3 £ 145" 0696
AA 68 £ 184 -152 £ 275 -283 + 87" 0.041
p-value” 0.216 0.746 0.027

LA -16 + 32 -183 + 129" -143 + 58 0.110
24h  DHA 27.0 + 4.7 9.7 £ 94" 485 t 657 0.505

AA 35+ 275 9.0 £ 6.1" 2.5 £ 6.7 0.714

p-value 0.148 0.021 0.183

LA -103 £69° 02+ 258 -168 £ 262 0645
48h  DHA 140 = 145" 133 £ 196 264 + 95 0.526

AA 168 £ 87" 52+ 134 -86 + 206  0.200

p-value 0.037 0.739 0.081

Y value are expressed mean + S. D

2 p-values for the significance among the incubation time

according to the various concentrations of fatty acid

3 p-values for the significance among the various concentration of
fatty acid according to the incubation times

* a, b, ¢ values with in incubation time of fatty acids groups

with different concentrations are significant at p<0.05
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Fig 4. Rate of cell death( 2% of control ) of ECV304 cells
according to the wvarious concentrations of fatty acids with

different types.
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Table 4. Fatty acid composition on total ECV304 cell by different

of fatty acid on 1Z2hr incubation

cont LA 100uM DHA 100uM AA 100uM
Fatty acids
mg/mé{(%6) mg/mé{%6) mg/me (%) mg/mé{26)
C14:0 6.25(7.17) ATI(T.T7) 4.60(6.23) 0.96(1.73)
C16:0 42.12(46.46) 29.93(48.74) 31.35(42.47)  21.36(38.38)
C18:0 31.70(34.97) 22.39(36.46) 30.03(40.68)  24.71(44.40)
C18:1 2.05(2.26) 0.65(1.06) 0.57(0.77) 1.97(3.54)
C18:2 0.28(0.31) 0.21(0.34) 0.0(0.00) 0.82(1.47)
C18:3(0—6)  0.26(0.29) 0.21(0.34) 0.0(0.00) 0.82(1.47)
C18:3(0-3)  0.14(0.15) 0.14(0.23) 0.0(0.00) 0.05(0.09)
C20:0 0.35(0.39) 0.18(0.29) 0.17(0.23) 3.29(5.91)
C20:1 3.95(4.36) 2.11(3.44) 0.62(0.84) 0.18(0.32)
C20:2 0.61(0.67) 0.22(0.36) 0.0(0.00) 0.18(0.32)
C20:3(0-6)  1.21(1.33) 0.38(0.62) 0.0(0.00) 0.11(0.20)
C20:3(0-3)  0.36(0.40) 0.0(0.00) 0.82(1.11) 0.21(0.38)
C20:14 0.0(0.00) 0.22(0.36) 0.0(0.00) 0.24(0.43)
C20:5 0.2(0.22) 0.0(0.00) 0.24(0.33) 0.43(0.77)
C22:0 0.0(0.00) 0.0(0.00) 0.0(0.00) 0.0(0.00)
C24:0 0.69(0.76) 0.000.00) 0.0(0.00) 0.27(0.49)
C22:6 0.23(0.25) 0.0(0.00) 5.42(7.34) 0.05(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
o-3/0-6 0.53 0.14 6.48 0.37
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Table 5. Fatty acid composition on total ECV304 cell by different

of fatty acid on 24hr incubation

cont LA 100uM DHA 100uM AA 100uM
Fatty acids
mg/mé{96) mg/me(%6) mg/mé (%) mg/mé (96 )
C14:0 6.3(9.06) 2.6(2.60) 2.8(6.59) 4.9(5.30)
C16:0 33.9(48.78) 37.7(37.66) 20.1(47.29) 48.4(52.38)
C18:0 20.4(29.35) 35.5(35.16) 15.0(35.29) 31.1(33.66)
C18:1 2.6(3.74) 4.8(4.80) 0.8(1.88) 4.0(4.33)
C18:2 0.3(0.43) 3.5(3.50) 0.2(0.47) 0.4(0.43)
C18:3(0-6) 0.1(0.14) 0.4(0.40) 0.0(0.00) (0.1)0.11
C18:3(0-3) 0.2(0.29) 0.0(0.00) 0.0(0.47) 0.0(0.00)
C20:0 0.3(0.43) 0.5(0.50) 0.2(0.47) 0.1(0.11)
C20:1 4.8(6.91) 10.9(10.89) 2.1(4.94) 3.0(3.25)
C20:2 0.1(0.14) 0.5(0.50) 0.2(0.47) 0.1(0.11)
C20:3(0-6) 0.1(0.14) 0.3(0.30) 0.0(0.00) 0.1(0.11)
C20:3(0-3) 0.1(0.14) 0.4(0.40) 0.1(0.24) 0.0(0.00)
C20:4 0.0(0.00) 0.8(0.80) 0.0(0.00) 0.2(0.22)
C20:5 0.2(0.29) 0.7(0.70) 0.0(0.00) 0.0(0.00)
C22:0 0.0(0.00) 0.0(0.00) 0.0(0.00) 0.0(0.00)
C24:0 0.1(0.14) 1.5(1.50) 0.0(0.00) 0.0(0.00)
C22:6 0.0(0.00) 0.0(0.00) 0.8(1.88) 0.0(0.00)

Total 69.5(100.00) 100.1(100.00) 42.5(100.00) 92.4(100.00)

P/S 0.14 0.28 0.14 0.09

o—3/0-6 1.00 0.22 9.90 0.012
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Table 6. Fatty acid composition on total ECV304 cell by different

of fatty acid on 48hr incubation

cont LA 100uM DHA 100uM AA 100uM
Fatty acids
mg/mé (96) mg/mb (%) mg/mé (%) mg/ml(%6)
C14:0 4.3(3.36) 5.9(7.87) 2.2(3.55) 9.8(9.17)
C16:0 52.9(41.36) 37.0(79.33) 35.9(57.90) 57.0(53.32)
C18:0 35.1(27.44) 19.0(25.33) 18.7(30.16) 31.2(29.19)
C18:1 14.1(11.02) 5.4(7.20) 2.0(3.23) 3.0(2.81)
C18:2 0.5(0.39) 0.8(1.07) 0.2(0.32) 0.2(0.19)
C18:3(w-6)  0.0(0.00) 0.2(0.27) 0.1(0.16) 0.2(0.19)
C18:3(0-3)  0.0(0.00) 0.4(0.53) 0.2(0.32) 0.1(0.09)
C20:0 1.8(1.41) 0.3(0.40) 0.0(0.00) 0.3(0.28)
C20:1 16.2(12.67) 4.9(6.53) 1.9(3.06) 4.2(3.93)
C20:2 0.2(0.16) 0.3(0.40) 0.3(0.48) 0.2(0.19)
C20:3(0-6)  0.0(0.00) 0.4(0.53) 0.1(0.16) 0.2(0.19)
C20:3(0-3)  0.3(0.23) 0.1(0.13) 0.1(0.16) 0.0(0.00)
C20:4 0.4(0.31) 0.1(0.13) 0.1(0.16) 0.1(0.09)
C20:5 0.6(0.47) 0.000.00) 0.0(0.00) 0.0€0.00)
C22:0 0.7(0.55) 0.1(0.13) 0.000.00) 0.2(0.19)
C24:0 0.8(0.63) 0.1(0.13) 0.1(0.16) 0.2(0.19)
C22:6 0.0(0.00) 0.000.00) 0.1(0.16) 0.0(0.00)

Total  127.9(100.00) 75(100.00) 62(100.00) 106.9(100.00)

P/S 0.37 0.21 0.09 0.08

0—3/0-6 1.00 0.33 0.80 0.14
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LPO(4-HNE + MDA) A 4dxE HAmud 12412k v]gA] DHA
A2 ol A HrkstE Aol dlxTEu 108 F7kske g =9k
ow(Table 7, Fig 5) LA AAT3 AA AATL a3 w538
ZFol st s A} 2442 wlFAl DHA A Aol A Ak

= Aol lELny 274 Frkske] P Ekow, LAx A A
T3 AA AATE xat ve o] dakstES A, 48
A G E e 1247 e gs wel vlxd AFgFor DHA
A2 ol A HAkEE Aol iz rct 10v] Frhskedcl. o] A e
-6 A Wte] ud] -3 AWAS HHET A cis Fo BAG
ol Azt Awal A B¥xIEz A& AH Uz mab

st 59 A AspitstEo] oS wWol A Akl &4

-

P

A A HEREE9 4-TINE® MDAE 50uME A4 a0y A
Fol A AT F LPO A4 AE Ay ud 1243 wj9F A 4-HNE
H Aol Al FHAbEE o] txwE v 308 S 7hlar, 244 7 W
ok Al 10W), 48A17F ik Al 258) FrhEvh wbd MDA A A ol
M 12129 24412 e gEe o #kslE A4 (UA-HNE  +
MDA)2 thx 3 v s=glar, 4817k Wi gFals o dfxa ¢ 1.3 7}

_34_



F 780 2 57 dFd AR o-3 AWt Sl A% EPA ¢
DHA 7} 3538 ojf2oleA #Hibst=o] o Heo] AAEHATHIL
Hausa gloew ofdHA offo] HHE oA FibEEo] HobA

T AFHE " W Aol AAagkd wha] zhe] A H
o= 2 WEy gy dEolHn wuwsh F Ve A

A= ol fraloli= ThE Aojol wlal Aol AAl U ST o)

Ao dojos FuHA gon= b o gqtdle el wob
A= Aozt Ban gl

_35_



Table 7. Total LPO concentrations in ECV304 cells by different

type of fatty acids and final metabolites of lipids according to

incubation times

(uM/1mg protein)

12h 24h 48h p-value”

cont 39 + 047V | Y42 £ 06" | B0 £ 03 | 0.045

LA 100uM | *4.0 £ 03" | "39 + 1.1° | "23 £ 06* | 0.050

DHA 100uM | *35.9 + 12.9° | Y115 + 80" | “495 = 159" | 0.028

AA 100uM | *3.0 + 0.3° | 3.0 £ 06° | 112 £ 1.2° | 0.000

4-HNE 50uM | “97.6 + 38.8°| "46.2 + 12.3° 71299 + 295° 0.045

MDA 50uM | 839 + 05° | .0 £ 0.6*° | '88 = 04* | 0.000
p-value” 0.000 0.000 0.000

1) values are expressed mean £ S.D

2) P-values for the significance among the incubation times

3) P-values for the significance among the types of fatty acid

* x, y, z values within the treated types of fatty acids groups

with different superscripts are significant at p<0.05

* a, b, ¢ values with in incubation time of fatty acids groups

with different superscripts are significant at p<0.05
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Fig 5. Total LPO(4-HNE+MDA) concentrations in ECV304 cells

by different types of fatty acid according to incubation

times(uM/lmg protein)
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Fig 6. Total LPOU-HNE+MDA) concentrations in ECV304 cells
by different types of final metabolites of lipids according to

incubation times(uM/lmg protein)
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4. 4-HNE ¥ MDA A Ao u & A3 A ¥E9 A4

A-HNE ¢} MDA+ 204 o-6A41d A WAatat o-34] #|ibo 2 5
H A elA vFEzad wrgoz AAED AelA a9 A A
W e ZAARHA AR 2Ed 2] o Suldo] Ju) A E
et A7F Apdd A sl dge] Bt @vd Aolv uhat
Al °o]ES 1112 &3 4-HNE+MDAZE 50uM, 100uM ,200uM =
ECV304 cell o A& Ax, tfzxe Hge] 4-HNE+MDA
50uM 12hr, 24hr, 48hr HWI%¥3E  FeE -21, 6, 20% =
A-HNE+MDA 100uM <& 8, 19, 45%=2 4-HNE+MDA 200uM &
10, 41, 69% = Az ApdEe] fro)d oz Frhskelt.

A-TINEZE 50uM, 100uM, 200uM = ECV304 cell o] %3 4
ol W te] 4-HNE 50uM< 12hr, 24hr, 48hr H]%3li= 59
15, 16, 42% = A-HNE 100uM-& 28, 44, 68%= 4-HNE 200uM
< 41, 60, 83 % = A XALEEO] Fo Ao EZ7E T

Z 5% o] dAFeA PC 12 A¥ %A 4-HNEEZ FH7}ste] oz
T3 v wE S 4-HNEQ] ¥ 57} 71852 A% ALgEo]
ooz ZFrtstAtt. ol# s A= 4-HNE7ZF @Az 4, 9
MRS X33tE XY AEAYG HI A& AEe x4 A

171 Wit QlEl, Aol A o] AR

1 9)o] Stephen W. Luckey and Dennis R. Petersen™2] <79
A ZEAE¢] Kupffer Cells ol A% 4-HNEE 0~250uMZ A =] 8}
of 2AI7HEer Wik sle™ AlE FAHol Uetwoew, AlXd
250uM €] 4-HNEE® A A5t wells = Axe 16% Fr=7}

=4 = AT

_38_
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Table 8. Effects of incubation times and various concentrations of

LPOU-HNE+MDA) on ECV304 cells
(26)

12h 24h 48h p-value”

LPO 50uM  -2.129+87"  6.086+4.2 20.583+7.4 0.004
LPO 100uM  8.193+14.1 19.762+4.1 45.637+5.3 0.001

LPO 200uM  10415+138 40.826x3.4  68702x41  <0.0001
p-value” NS <0.0001 <0.0001

;Value are expressed mean * 5. D _ _ _
p—values for the significance among the incubation time

according to the various concentrations of fatty acid
& p-values for the significance among the various concentration of

fatty acid according to the incubation time
Y NS : values are not significantly different between groups

80.0 —e—LPO050
° 600 —=m—1P0O100
= —ALP0O200
o 400
o
w— 200
o
D\C’ 00 >
-20.0 12h 24h 48h

Fig 7. Rate of cell death(%ofcontrol) of ECV304 cells according to

the 1incubation times and various concentrations of

LPO(4-HNE+MDA) on ECV 304 cells
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Table 9. Rate of cell death(%ofcontrol) of ECV304 cells according
to the incubation times and various concentrations of

4-HNE on ECV304 cells

(96 of control)

12h 24h A8h p-value”

A-1INE 50uM  14.883+6.0"  16.193+7.2 42.124+3.4 0.004
A-HNE 100uM 27.583+2.1  43.591+7.2 68.417+3.3 0.001

A-HNE 200uM 41.348t1.5  56.959+1.5 83.018+1.8 < 0.0001

p-value” NS < 0.0001 < 0.0001

value are expressed mean £ S. D

1)

2 p—values for the significance among the incubation time
according to the various concentrations of fatty acid

¥ p—values for the significance among the various concentration of
fatty acid according to the incubation time

Y'NS : values are not significantly different between groups

100 —— 4+HINESD

a0 | —B— 4-HNET0D
—A— 4-HNE2WD

60 |

40 |

20 | ¢

12h 24h 48h

% of control

Fig 8. Rate of cell death(%ofcontrol) of ECV304 cells according to
the incubation times and various concentrations of 4-HNE

on ECV304 cells
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Table 10. Rate of cell death( % of control) of ECV304 cells
according to the incubation times and various

concentrations of MDA on ECV304 cells

12h 24h 48h p-value”

MDA 50uM  -0.720 + 82" -2.738 = 58 -0.841 £ 60 NS

MDA 100uM  3.251 £ 5.8 0137 £ 40  2.006 £ 10.8 NS

H

MDA 200uM 6971 £ 80 -2.362 + 92 1628 £ 7.3 NS

p—valueg) NS NS NS

1
' value are expressed mean = S. D

2 p-values for the significance among the incubation time

according to the various concentrations of fatty acid

3 p—values for the significance among the various concentration of
fatty acid according to the incubation time

Y NS : values are not significantly different between groups

140 —e—MDAS0
120 —=— MDA 100
100 —&— MDA 200
80
60
40 ¢
20 ¢
0.0
-20 | 12h 48h
_40 L

% of control

Fig 9. Rate of cell death(%ofcontrol) of ECV304 cells according to

the incubation times and various concentrations MDA on

ECV304 cells
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Fig 10. Cascade cell signaling of apoptosis by oxidative stress
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Table 11. caspase—-3 activity of ECV 304 human endotherial cell
treated different types , various final products of fatty
acids and incubation times

(pmol/pNA/hour/ug protein)

12h 24h 48h p-value

LA 100uM 248 £ 0.2 V201 £ 03" 169 = 1.7 0.038

H

DHA 100uM  *32.9 + 06* Y289 + 15" %530 + 0.3  0.000

H

AA 100uM 21.2 £ 0.7 Y192 £ 05" 327 + 06  0.000

A-HNE 50uM 564 + 24.9° 533 + 0.0° “66.3 + 1497 NS

-+

MDA 50uM  *15.3 + 21.6" '155 £ 2.1° ‘184 £ 1.5 0.004

p-value NS 0.000 0.003

1) values are expressed mean = S.D

2) p-values for the significance among the incubation time

3) p—values for the significance among the types of fatty acids

* X, y, z values within the treated types of fatty acids groups
with different superscripts are significant at p<0.05

*a, b, ¢ values with in incubation time of fatty acids groups with

different superscripts are significant at p<0.05
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Fig 11. caspase-3 activity of ECV 304 human endotherial cell

treated different types of fatty acids and incubation times.
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Fig 12. Caspase-3 activity of ECV 304 human endotherial cell
treated final products of lipid 4-HNE, MDA) and

incubation times.
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13. Caspase-3 activity of ECV 304 human endotherial cell
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0

treated different types of fatty acids (12h)
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14. Caspase-3 activity of ECV 304 human endotherial cell

treated different types of fatty acids (24h)
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Fig 1b5. Caspase-3 activity of ECV 304 human endotherial cell

treated different types of fatty acids (48h)
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ABSTRACT

The apoptotic effects of the final products of lipid

peroxidation, 4-HNE and MDA, on
human vascular endothelial ECV304 cells.

Kim young youn
Department of Food &Nutrition

The Graduated School

Sungshin Women’s University

Docosahexaenoic acid (DHA) was w-3 fatty acid its ability to
modulate cell growth or death with changes of apoptotic signaling.
Since the mechanism of DHA induced cell death remains poorly
understand, we investigated the effects of DHA of apoptosis on
human vascular endothelial ECV304 cells. We used final
bio—metabolites of lipid peroxidation such as 4-HNE and MDA
that were originated by dietary polyunsaturated fatty acids(PUFA).
Since DHA or LA or AA can be well incorporated into ECV304
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cells compared to control, DHA caused apoptosis of ECV304 cells
compared to LA, AA and control as evidenced by changes in cell
morphology and MTT assay. LPOMA-HNE+MDA) was not
elevated by LA and AA, otherwise LPOA-TINE+MDA) was
elevated 10 fold by DHA compared to control. 4-HNE caused
apoptosis of ECV304 cells compared to MDA as evidenced by
changes in MTT assay. Since 4-HNE induced apoptosis of ECV
304 cells with evidences of caspase activity. We expected DHA
also showed same effects because of high production of 4-HNE.
Caspase—3 activity until 48h increased by LA, DHA, AA 4-HNE
and MDA Caspase—-3 activity increased 2 folds DHA and 4-HNE
compare of other groups significantly.

Our results strongly indicated that DHA products 4-HNE on
ECV304 cell has an important roles on apoptotic signaling
pathway. This metabolite, 4-HNE by oxidation of DHA, might be

one of risk factor in the initial progression of atherosclerosis.
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