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Flpo: % A B R H-9 (oxLDL)5d 24 pd Ad e p it L @EAFE (1)
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M A Gz &2 macrophage (hiE T H T F- o d M F Avon ? e :])%év'v?gfﬁ_,ﬁi oo - BAEEF
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#] LDL % it » 1 * relative electrophoretic mobility (REM) shift assays - electrophoresis of
ApoB fragmentation -~ Diene conjugation assay - p ¢ E’;‘}%“f FAHFILAE S FrEF e LR
BAE DT F oo A T E LDL chF e g AR R R0 H AL F R A
PEREET T ET FYIES T PS5 NI RS 3 S A g2 S PR Y ¥ X
B AW L HTRERN A e i 0 AR LEEFIF A KRR 0 TR
"% i (mitochondrial membrane potential) % $r|iwm?e %= E4 7 7§ 3c 1! a7 cytochrome
C fr™ 54 % caspase 3 2. 7F 1 » pt o SDHEAZIBHEFEI I PP RS ¥ LG
LA B R D FE A SRR L e chimie P R ROS hA A o AL B %
CHBRAEELEYET EB P L 4 % LDL § i 2 72k oxLDL i T P A e ek o
FTHREFLNFTRYNRA L FHF CARBRAGG I TESIP A AR 2 BT o
MR @ doRa i §F AR A P AL e e R

Cerebrovascular and heart diseases are the second and third causes of death in Taiwan.
Oxidized low-density lipoprotein (oxLDL) is a known major risk factor for accelerating
atherogenesis. It involves several critical steps in atherosclerosis including the expression of
adhesion molecules on endothelial cells, the production of various pro-inflammatory cytokines
and growth factors, the proliferationand migration of vascular cells and the retardation of

endothelial regeneration. The early stages of the atherosclerotic process are initiated by

accumulation of oxLDL and activation of endothelial cells with subsequent expression of
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adhesion molecules and increased binding of monocytes to the vascular endothelium. In this
study, we evaluated the anti-oxidative activity of the extracts of Mallotus repandus (MRE),
Euphorbia lathyris L. (ELE) and Koelreuteria formosanas (KFE) and how the extracts of
Mallotus repandus (MRE), Euphorbia lathyris L. (ELE) and Koelreuteria formosanas (KFE)
rescues human umbilical vein endothelial cells (HUVECs) from oxidized LDL
(oxLDL)-mediated dysfunction. The anti-oxidative activity of Euphorbia lathyris L. (ELE) and
Koelreuteria formosanas (KFE) was defined by the relative electrophoretic mobility of oxLDL,
fragmentation of Apo B, and Diene conjugation assay of the Cu**-mediated oxidation of LDL.
Euphorbia lathyris L. (ELE) and Koelreuteria formosanas (KFE) also inhibited the generation of
ROS, and the subsequent mitochondrial membrane potential collapse, chromosome condensation,
cytochrome c release, and caspase-3 activation induced by oxLDL in HUVECs. Our results
suggest that berberine may protect LDL oxidation and prevent oxLDL-induced cellular
dysfunction. In conclusion, we have demonstrated the prevention and its mechanism of
Euphorbia lathyris L. (ELE) and Koelreuteria formosanas (KFE) on LDL oxidation and

oxLDL-induced endothelial cell dysfunction.

Keyword - atherogenesis; oxLDL; endothelial cell; apoptosis; anti-oxidative activity

III



FLPF
- " WMFTEFET P
SRR BERFE LR D7 RFL - BA AT 22 PR S
Sk {5 S HAREE L F L R o RUEL BT E P D ABP S RS S
i R E P BTE 0 ARA BORA LA R R R e Mok 2 RORATZ
TER-B LA AAFRY A AXAKAR R FESTF XD 2RAEEFRAG
i%#ﬁqv Lo AR A - Fe LT g&,r»zﬁlgs.upg;)rﬁ cH Y LT ek 4 A
O, ,ﬁﬂ; — AR R AR AL L & LB A e HOp & =l dicd i 10,552
Ao BT gak 49 & 487ff}‘)*j,€j5 -4 ﬂ;%:c’?%:ﬁ:}?arﬁ =4 T}u{— X2 N30 F 29 At
SRR AR BRCHERDBRY 0 NF AL NFE A 2w LAt B
BB S F L EZRAFDOR BEF o 2 T B BCRTR R BT S E KRR
AL R CBE R AFFLEZ 2 52 b BN EEERL (G TP vk F R RIOIED
Bink o A - BEFRLE LRI -
w{;{*ﬁl“(atherogenesw)&l’?m/ﬁambﬁﬁfljikﬁ? AR HA)R endl FlA & & F]F =0 ]

MR I F ARG 2 kA SRR AT SR X o BORAL A g

B FF 0 1B FEFMEL E - B B WPk ﬁA\ﬁﬁiiﬁﬁ@WHﬂﬁ%
FER c B REBRTFFOA > A IRBEFEG I A el RS SRNL I E
A FIRA G o BRA LBl > 3 & F e P95 (lipid core) 5P oo 0 A oA i R

fpo ¢ AH BRI T Frime ol R Rk HERH LK - BT A LA - B
Tn R A B - AT R R R ERA B (FERAM A A S ) o 7 fERF
WA P F B A EMRE cMAF L B (L& Lstatinssf) 0 YA
5P OREEIRA P HLE L PN L e i en(T Y o ST RS R E L L 0 T L AR
POTT OB U F AR R R 2 T R ot ? g F(1-19] - Gl F 2
HRR TS E KRR EA L SRR LA AFLN D 2 B2 L BN ERAER T
P B R R BioR o« A= B & FRAOHAL o § %A 1+ (atherogenesis) £~ fE4F

FRA| G PR R o BRSO R LF R v R E il o



£ 31424 {x(thrombosis) » @ = f Rl ~ 42 F @ |7~ > ¥ i g 51427 b (stroke) & o i
# % (myocardial infarction)® 3% 7+ [20,21] o # *% 4L it mi{}?ﬁﬁ&ﬁ; SR c R TR A
w #2 ¥ 5 # % (endothelial dysfunction) ; &2 T X % & %3 v % i i3 4 (LDL oxidative
modification) | £ H 7 e * B4t o @ F L 4] B R "5 39 (oxidized low density lipoprotein,
oXLDL): 3t 2 W g A F LA F B g Fp Lwfer s 4 o @ 7 y Ko L iz id
AL+ F A ¥ hn §R M & FRF AR TRN22] HRpE e E
it[23-25] -

= % #(Mallotus repandus (Willd.) Muell-Arg.) » %] & > 4§ R BE( 5 &)~ F 24 > L35
R~ ER <4 2~ EH LM FFF A B E - TlEe - F e ARRRE
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D:A-friedo-oleanane lactones: 3-ox0-D:A-friedo-oleanan-27,16alpha-lactone .

3alpha-benzoyloxy-D:A-friedo-oleanan-27, 16alpha-lactone fe

3beta-hydroxy-D:A-friedo-oleanan-27,16alpha-lactone [26]; @ d 314 & o v X B )

It

f& triterpenoids: 4 %] & 3alpha-hydroxy-13alpha-ursan-28,12beta-olide =~ 3-benzoate,
3alpha-hydroxy-28beta-methoxy-13alpha-ursan-28, 12beta-epoxide 3-benzoate, and

3alpha-hydroxy-13alpha-ursan-28-oic acid [27] » 3= 4 ¥ k& B > @& P52 ° B >F
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¥ 9% tm e (MRCS) 2 3% m %8 (Chang liver) &2 7 K LERE N e
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B LAH - FEFI 2 0S A5 JIF R A RS #% ) 4 % (human
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(RAW264.7 ~ THP-1 ~ U937) » 11§ it A] X % & 3 v (oxLDL)3% %}ﬂ_ A S R B S
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2. MBAR2 30 chAME § L2

BpEp oY e P 2§ AN Tf: 2ml > 4e > 0.7ml 57 0.15M NaCl 2 0.3 mM EDTA
(pH7.4)#x< 90000 rpm > 10°C » 10 & 48 » B~ K ik 2ml {8 - £4F F i 218 £ 4 3.5 )
PEo B B~T R 2mlo 4o~ KBrapw 35/ pF B~F ke X ¢ k5 LDL-LDL &4
il 1 PD-10 desalting column {14 2 “,f EDTA » #r » 10uM CuSO43t 37°CF i 16 /] P » £
if # — =X PD-10 desalting column 12 3 "fﬁﬁr%ﬁt—i » Tk TEEENAFHE o
3. LDL electrophoretic motility assay [2]

F1* lipoprotein ¥ {6 HF T im g d &+ T HH L f T g BF L {2 oxLDL 90
ul 4e ~ 0.1% sudden black % #) 10 ul > % 30°Ci® & i£% 20 ~ 458 > 22 10 ul 50%2. 4 % %
frts > loading | 1% agarose & 7% 5+ » i & 100 R4F > 30 min {¢ » & T i~ % % 12 band
# & enpedg (electrophoretic mobility s EM) |2 LDL ¥ i* 42 & » 2 & ¥ i* 2. LDL 2. EM
Bl P EARR FL T E
4. ApoB %-v % g1t (fragmentation) 5ip|3E[2]

% LDL ¥ it & g% L 2 {6 > & & JE 12 denaturing bugger (3% SDS, 10% glycerol % 5%
2-mercaptoethanol) 7 95 °C 4c#t 5 4 48-4% % fie /] 3-15% gradient SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) » B~k & 40 ul JZ » % en3tjp ¢ > FR{E 0 48V 2774 150
Bk oo Ak 2 1811 Coomassie Brilliant blue R250 % 4 2 -] pF{s £ & (7 §7%%

5. Diene conjugation assay

R EF C2ZERPFHSEF MAP SR f(dene)2 2 2R > gAEF PR KA

Bidv o I £ pEEF T A 230~235nm Rk T AL R 2 R IL > - sample 1 4F g 2t 37 C

FELDL 2 i 360min (5 6/ FF ) F BRE o425 10 A 48R F - =tk B » uj—_ﬁ'%’ﬁ
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6. TBARS assay [3]

LDL % it ¢ # * i ¥ * ¥ malondialdehyde (MDA ) > — 4~ + 7 MDA £ = & +
thiobarbituric acid (TBA) ¢ 2 = & ¥ %4 5 % & # TBARS (thiobarbituric acid reactive
substance ) » # 4 BT gk £ 5 532 nmo F B L G 600 nm PEF ALY KR AR

(Labsystem, CA ) *+ i | 3] o 12 1,1,3,3-tetramethoxypropane (TMP) 3 &2 7% i & & 4
m¥ %% LDL § i 42 & » ¥ = 5 nM MDA/mg protein -
7. w1 % [4)

A 3w g P A s human umbilical vein endothelial cell (HUVEC) 1 7z 159 FBS -
150 g/ml endothelial cell growth supplement ~ 5 units/ml heparin sodium ~ 100 units/ml
penicillin-streptomycin » 2 50 pg/ml gentamycin (7 M199 3 & %4 A8 % - FFH 4 =%
HRAEFTE RSk A8 F P AL w2 $R(EA-hy926) 3 % 7 7 20mM D-glucose ~ 10%
FBS ~ HAT media supplement 7% & DMEM #2 & ;% (¢ 3 2mM glutamin % 100 units/ml
penicillin-streptomycin) « * #f F v o %2 $k(THP-1, U937) 3 & &7 3 10% FBS » 2mM
glutamin % 100 units/ml penicillin-streptomycin 7 RPMI 32 & /% o E ¥ w0 % $k(RAW264.7) B
B &z 7F 10%FBS ~ 2mM glutamin %2 100 units/ml penicillin-streptomycin 57 DMEM 3% %
i e
8. A 84 ML F p A (HUVECS) 2]

FI* PBS (M 7 1% penicillin 2 streptomycin) 7% # {5 » #- 195 trypsin J# & %%+
REE A TEHEA BRI EC 5 Er 6 M hw iR EEE R LBl BRE 10
9 FBS e MI199 32 % i 4 b trypsin st 2 (5 & 12 M199 32 %% (F 7 FBS) i 5%
F PR 20 0 A IRAIR A {8 e 1200rpm S A48 0 2 0 12 7 109% FBS 59 MI199
B & Riigee > Bwe % A 37C » 5%CO; overnight » 4% #7# o M199 = %% (7 15
9% FBS~150 ug/ml endothelial cell growth supplement~5 units/ml heparin sodium ~ 100 units/ml
penicillin-streptomycin » % 50 pg/ml gentamycin) % § & & -

9. MTT ( Microculture tetrazolium ) 4 45[5]

AP Rl £ G A2 L FE 2 #iwre 1) 3~5x10" e A
5



32435449 537 CTEA16 ) AR EREILAFE - FEFT L 2FSAAIL] | S
£ e » 200 pg/ml oxLDL B2 24 | FFis » 3 “,% BN mE R AR 0 £ Ao r 1 ml 1w g
% i% 10 % 418 <0 MTT reagent (final concentration 0.5 mg/ml) » &g 1% 4 | pr2_ {5 f 12 &
PAEH-E R 3 0D.565nm TR Rk d kR RV F g iEame ikt & oo
10. p 4 fw% = ¢ % (Capillary-like tube formation assay) [6]

#-0.04 ml/well =7 Matrigel (10 mg/ml) (BD Bioscience Pharmingen) 4 Zz** 96 well ¢
BiAx F337C AR 1218 a5 B well e » 0.15ml 7 7 20,000 B HUVEC cell
MI9 %% > A %l4e » 2 Rk R eh? ¥ Ed? | /) PS> £ 4 » 200 pg/ml oxLDL fed®
24 [Pt > > B3TC BR 6 BB ERM “,$ e id T ERE D ANRET RS
E S C R
11.0ilRed O % ¢ [7]

Bl AR RERILE FE S FHETE S A I ) PRI E 4o~ 200 pg/ml oxLDL o2
24 -] {4 hr macrophage w2 12 PBS &3 = - 1Y citrate-acetone fixative solution 7] ¥z
1 &4 » £ 0 ddHy0 5% > 4e > 1% oil red O (% ** 60% Isopropanol)% ¢ 15 4 48 > 4 60%
Isopropanol 7 5 & 48> £ 4 ddH,0 &> 4e » 0.05% Sodium carbonate solution #c 33 < % -
£ 12 gk~ % Hematoxylin i74tv* % ¢ » r/ ddH,0 e #c= -

12. MB A2 36 chOE § 1L [8]

BpEp oY e P 2§ AN Tf: 2ml > 4e > 0.7ml 57 0.15M NaCl 2 0.3 mM EDTA
(pH7.4)3< 90000 rpm » 10°C » 10 A 4 » B+ i 2ml 15 £47 1+ % 15 L 4w 3.5 )
PEo B B~T R 2mlo 4o~ KBrapw 35/ pF B~F ke X ¢ k5 LDL-LDL &4
i PD-10 desalting column {& 2 2 “# EDTA > #¢ » 10 uM CuSO4 > 37CF B 16 -] P » £ i
- =X PD-10 desalting column 1 2 “fﬁﬁf%}i—’r o
13. DAPI stain [10]

Ml ffh AL N B U2 RERILA EFET R S EAT RS T |
JPEES o 4v it A 4e oXLDL 35 & 24 /| BF 0 14 PBS & = 0 #21512 496 para-formaldehyde
FZIT* 30 min & > 2 PBS ik 0 4o » 2 A(DAPI)% 30 min » 12 PBS ik » 30 % Sk Kk

& EZ(UV 461nm) -



14.ROS 7 & Rl = [2]

B AR F L e A B e f83000-well 0 M A RIERALA F o FES 82 LS
A B gr IR PGS 5 4 & 7 v oxLDL % 24 BF > 1 PBS# ik {4 > #-DCF-AM
(2’ ,7-dihydrodichlorofluorescein acetoxymethy ester) # % 3|2 w — - BF > 12450-490nm
AR T 0 BS515-550nmid R T OE R E Gk o A R T RS AR FEFE
& (Labsystem, CA) k jB| & ‘m?e p 2_ ¥ K3 & o
15. Western blotting 4 +7 [12]

* western blotting 7 ;% jp| %_caspase ~ PARP ~ cytochrome C ~ Bcl-2 ch3-v & 7 £ #
% 12.5% SDS-PAGE T A%} 7, E3T AP, T4 » TAZEBR, P~ 16ul sample (39 3%
£ 20ug), 4c » 4ul loading buffer, #-sample denature (95°C » 10 min)2. {8 £ loading | & &
BY A0V B R R AAS A o X K3 ) P2 (s, MORITT SR ey A, BB Nk
/4 2_ transfer buffer, #-3f L2 &1 NC paper # 2"} 42+ & {¢ % » transfer holder, ** 4C T,
100V i iT i E 1 -] PF2o {8 0 B~ 41 NC paper 4v » blocking buffer, &% 87 #& - B |
PE oo FR 1S 40 » — BBt TBS buffer, & 4°C ™ F J& overnight, 2. {é 2 washing buffer
(TBS+0.05% Tween 20)iF % = =t, # — = 10 A & ¥ £ 40 » = 544>t TBS buffer, *+ %
B IF* = ) pFS 12 washing buffer iF-% = =, & - = 10 ~ 4o B8 11 ECL 4 % ) Stk &
16. cell-cell adhesion 4 #7
e 24 wells dishes 32 % % #f L § 0 4 o I 100% confluency , #v » ¥ - F & 1
[H]-thymidine 3 % 2 E¥fim® 2 2 kB 4r 4 % ~ FEF & SR A F 5 AL > >
e A ¢ A 3 [ PEis, 12 PBS i£3 & % adhesion 2 [*H]-thymidine cancer cell ,
trypsinized 2. & 2 liguid scitillation counter 3* & radioactivity °
17. 33445

“73 Bcdy T B St i 88 SigmaStat (Jandel Scientific Software, USA):E {7 one-way

analysis of variance(one-way ANOVA) 4 47 ©



F A% R 7 hov (oxLDL) s F N At € # @R A s i A D 2 s
Bia it 2 LDL (100 pg/ml)> 4e » 10uM CuSO4i¢ H 5 i > PFaJd2 3 Bk B (B kR : 0,25, 50,
75, 100 pg/mL & £_i<3k & 5, 10, 15,20 pg/mL)srdr & B 53 & @ A S b A e &
E#g 24 Trolox (10, 50 uM) » #37C T ¥ F &~ &4 FF(ApoB fragmentation assay) ~ Diene
conjugation assay ~ 16-] ¥ LDL electrophoretic motility » 12 Trolox {¥ & positive control » 7
A5 5 P8 A B4 (KFEE) %2 LDLF 1t ik o S % 357 » 10 pg/mLe s 565 A 554

(KFEE)¥++ ApoB#7 4 i (Fig. 1)~ LDLiA # % (Fig.2)% # i (4 (diene)2 # + £ (Fig. 3) -

pod Ay "f Z (DPPH radical scavenging assay) (Fig. 4)'s 7 %% chifigs»c% » @ 25 ug/mL
S EFAZTEPH ek { ARES0% LR o BFE ALY L5 FHLDLE X 5 0L
ek o 123 f ik (0, 25, 50, 75, 100 pg/ml) e/ 4 8 ~ 5 B4+ (KFEE) AJR 9% 5 4 N A fw
2 (HUVEC m*2) » o FFL 4c »~ 200 pg/mleng v A K % & %5 d-v (oxXLDL)EJZ » £ JF 32 %24
P o 41 MTT assay i i8] im % etz 56 & > 5 I 3 4648 ~ ¥ B4+ (KFEE)™ 11 3£ ¢ oxLDL
i S p 4 e 2= (Fig. 5A) o £ 1 Trypan blue exclusion assay » 3* #HUVEC % 7+ ‘m
Ve g1 e Al P 0 B 5 AP A 54 (KFEE) o™ 1 R EoxLDLASE T p & fmie i
e 1L E I nvs B (Fig. SB) o @ p A i ehAl i 2 8 s cha 1§ LR A e
W bl A A S R AL 0 T BB R BB AT ) G B e T A e
Ao A R ACBBL R w e Al fL 0 EF -8 A 5 P4 (KFEE)7 5 22k % oxLDL/@JZ T
MR dmfe ez S 0 B3 e andm e A i B controlle fp it T m P EE A oo i - 4 U DAPIZ
¢ % Flow cytometry 4 #70xLDL =& 2 §_F 1 = HUVEC % chim?e & = <% F oxLDL &2
¢ i = chromosome condensation > @ [ /4 & * 3 P~4+ (KFEE)# 12 f? & "% <3 B 3 % (Fig.
6) - » # 7 oxLDL /2 € ¢ = subGl phase (hypodiploid cell) s+ & 3 4c » @ 5 88 A 3B
$=(KFEE)¥® 1 5 »xej > sub Gl phase > # = = > w4k (Fig. 7) - 4 $toxLDL:} = HUVEC!m
% enimie k= A 5k ¥ B4 (KFEE) shifsEoc o 3 8 9 ch 3 4] o § & o 1
DCFH-DA % ¢ £ 2 Flow cytometryi& {7 4 15 fm®¢ p ROSh& # > 4 JoxLDL ¢ ¢ = HUVEC
im¥ N FROSH| 4c > @ [ #8488 & 5 B4 (KFEE)R] ¢ #7$IROS 5 4c (Fig. 8) o ¥ ¢ » 12]C-1

Ad B F kRS BLFHUVEC w2 a7 = > % JoxLDL ¢ i# = HUVEC % i
8



RARET R a5 RS A X P (KFEE)R] § bl Mg a0k i< (Fig. 9) - &
- ¥ 12 Western Blot 4 7 » 3E% oxLDL ¢ i&_i¢ caspase 3:73/% it 12 2 PARP*7 2] » o P& > & 3
BCl-27 5 @ BAX3 4e eI % 0 @ 5 48R A 5 P4+ (KFEE) ¥t osLDL#7i# = ehapoptosis4p
M B cn% i RG mEamck (Fig 10) ¢ 4001 B % o S8k F B (KFEE) 7 1
3 s iELDL 2 % 5 it 5 P 3t oxLDL#7ig = ehp L fw %8 chapoptosiss 3 AR § 4 ik o
% 0@ #9040 T oa 2580 MoxLDL#Ti & e N ROSHM 4 > i m Rk R £
% E Bk % dhapoptosise it 4 % X P-4 (MRE)endig it ap 4 304 > % % 857 > 10 pg/mL
i % ¥ P-4 (MRE)$ LDLik 8 % (Fig. 11) ~ ApoB#r % i+ (Fig. 12)% p o 83§74
(Fig. 13) % 7 fdFehifsa % iEF 424 H 5P 2 4 BELDLA £ § 1 % o] * oil-red
O stain g% foam cells77) = » 4.4 H X B4+ (MRE)¥ 11 5 »2#r4|RAW264.7m%% & § § it 4]
LDL=5 # (Fig. 14) o B {8 ~ 47 5+ 4~ X B4 (ELE) % LDL¥ it cc% o B % o7 o )
* lipoproteind * 2 B2 F T/ € d 2 THE S f THOEN > 3 AF B (ELE)V 7 »adr

#ILDL#h% i+ (Fig. 16) > * *t $43> ApoB#7 2 it (Fig. 15)% % &= F % (diene)2 4 = & (Fig.

17)~ f d dheipp 5 (Fig. 18)% § B F cninionk « 509 548+ ¥ 54 £ § ##%LDL7
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Figure 1. Effect of KFEE on the Cu**-mediated the ApoB fragmentation in LDL. (A) LDL
(200 pg/mL) was incubated with 10 pM CuSO, at 37 °C in the absence or presence of
KFEE or Trolox for 4 h and applied to 7.5% SDS-PAGE as described in the Materials and

Methods. (B) Quantification of the ApoB fragmentation assay using densitometry is

presented as means £ SD of three independent experiments. The signal intensity of the

native LDL was assigned as 100% arbitrarily. #, P <0.001 compared with control. *, P <

0.05; **, P <0.01; and ***, P <0.001 compared with the oxLDL-treated group.
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Figure 2. Effect of KFEE on the Cu*"-mediated shift of electrophoretic mobility in LDL. (A)

LDL was incubated with 10 pM CuSO, for 16 h at 37 ° C in the presence or absence of
KFEE or Trolox, as positive control, and applied to 0.6% agarose gels as described in the
Materials and Methods. (B) The results from the agarose gel electrophoresis were

quantified and expressed in the form of relative electrophoretic mobility (REM). The

distance traveled in the agarose gel by the native LDL was assigned the arbitrary unit 1
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Figure 3. Effect of KFEE on copper-mediated LDL oxidation. LDL preincubated with

increasing concentration of KFEE (5, 10, 15, 20 pg/mL). Oxidation was induced with the

addition of CuSQ4 (10 pM). The formation of conjugated dienes.
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Figure 4. Effect of KFEE DPPH scavenging capability. The radical-scavenging activities of
KFEE and Trolox were evaluated by using the DPPH radical scavenging assay. The
absorbance of the sample without adding KFEE or Trolox was assigned as 100%, and its
radical scavenging rate was assigned as 0% consequently. The quantitative data were
presented as means ( SD of three independent experiments. *, P < 0.05; **, P <0.01; and

***% P <0.001 compared with the oxidative LDL-treated group.

17



120

'-'E 100 4 = v
E o T
T
a *
£ _T_
~ 60 4
% 40 A =
S 20 1
0 L] L] Ll L] L] L] L]
oxLDL (200pg/ml) - + + + + + -
KFEE (uM) - - 25 50 75 100 100
12
[ dead cells
B vizblecells | - "] .
: i
o 8 1
E: .
= # Ll
e " i
2 o B
E 4 - #
E
( ik
2 =
xL
0 T T | T T T - T
oxLDL (200 pg/ml) - + + + + + -
KFEE (pg/ml) - - 25 50 75 100 100

Figure 5. Effect of KFEE on oxLDL-induced endothelial cell death. HUVECs were

incubated with oxLLDL (200 pg/mL) in the absence and presence of KFEE ( 25, 50, 75, and

100 pg/mL) for 16 h. (A) The viability of treated HUVEC cells was detected using the MTT

assay as described in the Materials and Methods. (B) Viable cells and dead cells were
counted using the Trypan blue exclusion assay. The quantitative data were presented as
means ( SD of three independent experiments. #, P < 0.001 compared with control. *, P <

0.05; **, P <0.01; and ***, P <0.001 compared with the oxLDL-treated group.
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Figure 6. Protective effect of KFEE on oxLDL-induced endothelial cell apoptosis. HUVECs
were incubated with oxLLDL in the presence and absence of KFEE or Trolox for 16 h. The

nuclear morphology of the treated cells was observed by fluorescence microscopy using

DAPI stain (at a magnification of 200x%). Arrows showed areas of intense fluorescence

staining with condensed nuclei.
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Figure 7. Protective effect of KFEE on oxLDL-induced endothelial cell apoptosis. HUVECs
were incubated with oxLLDL in the presence and absence of KFEE or Trolox for 16 h. The
hypodiploid cell population (sub G1 phase) of the treated HUVEC cells was analyzed by
flow cytometry using PI stain, and at last, 10000 events of total cells were analyzed for each

experimental treatment.
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Figure 8. Effects of KFEE on oxLDL-induced ROS production in HUVECs. The ROS levels
of (A) the HUVEC cells without treatment, control (without oxLDL)(gray trace); (B) the

HUVEC cells with treatment of oxLDL(200 pg/mL), control (with oxLDL)(dark trace); (C)
the HUVEC cells with treatment of oxLDL and KFEE(25 pg/mL), KFEE 25 pg/mL (dark
trace); (D) the HUVEC cells with treatment of oxLDL and KFEE(50 pg/mL), KFEE 50 py
g/mL (dark trace); (E) the HUVEC cells with treatment of oxLDL and KFEE(75 pg/mL),
KFEE 75 pg/mL (dark trace); and (F) the HUVEC cells with treatment of oxLDL and

KFEE(100 pg/mL), KFEE 100 pg/mL (dark trace), were measured by flow cytometry

using DCFH staining.
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Figure 9. Effects of KFEE on oxLDL-induced changes in the mitochondrial membrane

potential in endothelial cells. HUVECs were incubated with oxLLDL (200 pg/mL) in the

absence and presence of KFEE (25, 50, 75, and 100 pg/mL) for 16 h. The changes of the

mitochondrial membrane potential (AW m) were assessed by using fluorescent lipophilic

cationic JC-1 dye. JC-1 is selectively accumulated within intact mitochondria to form
multimer J-aggregates emitting fluorescence light at 590 nm (red) at a higher membrane
potential, left, and monomeric JC-1 emits light at 527 nm (green) at a low membrane

potential, right.
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Figure 10. Effects of KFEE on oxLDL-induced caspase-3 and PARP activation. In the
Western blot assay, cell lysates were subjected to SDSPAGE, with [ -Actin used as an

internal control. Signals of proteins were visualized with an ECL detection system. The

results were representative of three independent experiments.
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Figure 11. Effect of MRE on the Cu**-mediated the ApoB fragmentation in LDL. (A) LDL
(200 pg/mL) was incubated with 10 pM CuSO, at 37 °C in the absence or presence of

MRE or Trolox for 4 h and applied to 7.5% SDS-PAGE as described in the Materials and
Methods. (B) Quantification of the ApoB fragmentation assay using densitometry is
presented as means £ SD of three independent experiments. The signal intensity of the
native LDL was assigned as 100% arbitrarily. #, P <0.001 compared with control. *, P <
0.05; **, P <0.01; and ***, P < 0.001 compared with the oxLDL-treated group.
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Figure 12. Effect of MRE on the Cu*-mediated shift of electrophoretic mobility in LDL. (A)
LDL was incubated with 10 pM CuSO, for 16 h at 37 ° C in the presence or absence of

MRE or Trolox, as positive control, and applied to 0.6% agarose gels as described in the
Materials and Methods. (B) The results from the agarose gel electrophoresis were
quantified and expressed in the form of relative electrophoretic mobility (REM). The

distance traveled in the agarose gel by the native LDL was assigned the arbitrary unit 1
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Figure 13. Effect of MRE DPPH scavenging capability. The radical-scavenging activities of
MRE and Trolox were evaluated by using the DPPH radical scavenging assay. The
absorbance of the sample without adding KFEE or Trolox was assigned as 100%, and its
radical scavenging rate was assigned as 0% consequently. The quantitative data were
presented as means ( SD of three independent experiments. *, P < 0.05; **, P <0.01; and
**% P <0.001 compared with the oxidative LDL-treated group.
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Figure 14. Effect of MRE on lipid accumulation in RAW 264.7 cells. Cells were incubated
with copper-mediated LDL (100 ng/mL) or native LDL (nLDL) in the absence or presence

of MRE (75 pg/mL) for 24 h. After incubation, cells were washed with PBS and stained with
Oil Red O (ORO). Panel A, macrophages (400x magnification); Panel B, macrophages

incubated with nLDL; Panel C, macrophages incubated with ox- LDL; Panel D,
macrophages incubated with ox-LDL and treated with MRE.
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Figure 15. Effect of ELE on the Cu**-mediated the ApoB fragmentation in LDL. (A) LDL
(200 pg/mL) was incubated with 10 pM CuSO, at 37 °C in the absence or presence of

KFEE or Trolox for 4 h and applied to 7.5% SDS-PAGE as described in the Materials and
Methods. (B) Quantification of the ApoB fragmentation assay using densitometry is
presented as means £ SD of three independent experiments. The signal intensity of the
native LDL was assigned as 100% arbitrarily. #, P <0.001 compared with control. *, P <
0.05; **, P <0.01; and ***, P < 0.001 compared with the oxLDL-treated group.
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Figure 16. Effect of ELE on the Cu**-mediated shift of electrophoretic mobility in LDL. (A)
LDL was incubated with 10 pM CuSO, for 16 h at 37 ° C in the presence or absence of

ELE or Trolox, as positive control, and applied to 0.6% agarose gels as described in the
Materials and Methods. (B) The results from the agarose gel electrophoresis were
quantified and expressed in the form of relative electrophoretic mobility (REM). The
distance traveled in the agarose gel by the native LDL was assigned the arbitrary unit 1
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Figure 17. Effect of ELE on copper-mediated LDL oxidation. LDL preincubated with
increasing concentration of ELE (25, 50, 75, 100 pg/mL). Oxidation was induced with the

addition of CuSQ4 (10 pM). The formation of conjugated dienes.
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Figure 18. Effect of ELE DPPH scavenging capability. The radical-scavenging activities of
ELE and Trolox were evaluated by using the DPPH radical scavenging assay. The
absorbance of the sample without adding ELE or Trolox was assigned as 100%, and its
radical scavenging rate was assigned as 0% consequently. The quantitative data were
presented as means ( SD of three independent experiments. *, P < 0.05; **, P <0.01; and
*#*% P <0.001 compared with the oxidative LDL-treated group.
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Figure 19. Effect of ELE on oxLDL-induced endothelial cell death. HUVECs were
incubated with oxLLDL (200 pg/mL) in the absence and presence of ELE ( 25, 50, 75, and

100 pg/mL) for 16 h. (A) The viability of treated HUVEC cells was detected using the MTT

assay as described in the Materials and Methods. (B) Viable cells and dead cells were
counted using the Trypan blue exclusion assay. The quantitative data were presented as
means ( SD of three independent experiments. #, P < 0.001 compared with control. *, P <
0.05; **, P <0.01; and ***, P < 0.001 compared with the oxLDL-treated group.
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Figure 20. Protective effect of ELE on oxLDL-induced endothelial cell apoptosis. HUVECs
were incubated with oxLLDL in the presence and absence of ELE or Trolox for 16 h. The
hypodiploid cell population (sub G1 phase) of the treated HUVEC cells was analyzed by
flow cytometry using PI stain, and at last, 10000 events of total cells were analyzed for each
experimental treatment.
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Figure 21. Effects of ELE on oxLDL-induced ROS production in HUVECs. The ROS levels
of (A) the HUVEC cells without treatment, control (without oxLDL)(gray trace); (B) the

HUVEC cells with treatment of oxLDL(200 pg/mL), control (with oxLDL)(dark trace); (C)
the HUVEC cells with treatment of oxLDL and ELE(25 pg/mL), ELE 25 pg/mL (dark
trace); (D) the HUVEC cells with treatment of oxLDL and ELE(50 pg/mL), ELE 50 pg/mL
(dark trace); (E) the HUVEC cells with treatment of oxLDL and ELE(75 pg/mL), ELE 75
pMg/mL (dark trace); and (F) the HUVEC cells with treatment of oxLDL and ELE(100 p

g/mL), ELE 100 pg/mL (dark trace), were measured by flow cytometry using DCFH

staining.
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Figure 22. Effects of ELE on oxLDL-induced changes in the mitochondrial membrane
potential in endothelial cells. HUVECs were incubated with oxLLDL (200 pg/mL) in the

absence and presence of ELE (25, 50, 75, and 100 pg/mL) for 16 h. The changes of the

mitochondrial membrane potential (A U m) were assessed by using fluorescent lipophilic
cationic JC-1 dye. JC-1 is selectively accumulated within intact mitochondria to form
multimer J-aggregates emitting fluorescence light at 590 nm (red) at a higher membrane
potential, left, and monomeric JC-1 emits light at 527 nm (green) at a low membrane
potential, right.
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Figure 23. Protective effect of ELE on oxLDL-induced endothelial cell apoptosis. HUVECs
were incubated with oxLLDL in the presence and absence of ELE or Trolox for 16 h. The
nuclear morphology of the treated cells was observed by fluorescence microscopy using

DAPI stain (at a magnification of 200x). Arrows showed areas of intense fluorescence
staining with condensed nuclei.
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