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CHAPTER

INTRODUCTION

Thalassemia iSvgiiBuORpe, &nel Ti diseases. At present, there are
approximately 16-24-inIHons- EOpleg being carriers or traits of
RS ——————

thalassemia, which:agge# eyond. while a million of Thai

people are thalasseggie® -v ruglly-it ' _ mibeis of thalassemic patients of
about 10,000~ Hayegen/oybfdfed Arl R, 1207, Tanpaichitr, 1999;
Tongsong ef @ ool Tifefdiscagt cal du S/ abnormal shape and
v fred | “_ gcessive amount of plasma
hemin and irgs# offcoffn hicTiis Iy Bk Nhith il range of 50-280 uM
in thalassemic pa allcds xidauion wh fey 1 0, poproteins (LDL), leading

‘ . . : hion Acerebral thrombosis, leg

ulcer, and athero§ ;__H E (ba Jhe 657 SR e al, 1988 Wong et al.,

Misity lipoprotein (HDL) is the initial

step of the atherosclerg§is= end to engulf the oxidized LDL,

subsequcr@ﬂ cellul: 4 crophages become
macmpha%' G ' :. fs, especially arteries
1) b

ol .
du&s smooth muscle cell

(Jessup et akes
proliferation. ZLhis causes thickening of arteries and plaqu tion, which narrows

the vascular dlanﬁ d consequently i 1mp blood circulation (Gurr et al., 2002).

fu HANENINGINT

he@idized HDL also attenuat? protective effects against LDL oxidation. This,

9 P T

the LDL and HDL (Chalermchoung, 2004). Moreover, the oxidized LDL is engulfed

by the macrophage (Camejo er al., 1998). Thus, the detected plasma hemin in those

patients probably reflects the oxidation reaction causing vascular diseases.
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Drugs, which can remove excessive iron, are used to treat the thalassemic
patients. Until recently, the most wildly used is deferoxamine with administration by
injection, but it provides low therapeptic effects. Nowadays, the drug deferiprone
(L1) with its oral administragigl e ktfcythgrag eutic effects (Eybl et al., 2002). L1

prevents the hemin-indul® \aidagloh # 3 and it also reduces plasma very

low density lipoproteifisand Sl in anima{S-EMauhiie e/ o/, 1997). Nevertheless,
there are no reports Ol ProjEcH { _ Lon DL oxidation, phagocytosis of

oxidized LDL and N e/ Thaciophaes he_formation of the macrophage

This studyas gfmgl fizatk W pNcc@elects of the L1 on both
LDL and HDL oxig g ¥hd o cratil ngl o lip idcon gsitions within lipoproteins,
phagocytosis ofy L, cell formation were

observed.

2. Objectives

2.1 To stud t ¢ i induced oxidation of low and

- j-‘.r

high density lipoprot€ins. ¥isssasdd <
2.2 To study the efl

low dcnsu@a

acrophage uptake of hemin-oxidized

AUEINENngng
IANTUAMINYAE



CHAPTER 11

LITERATURE REVIEW

1. Lipoprotein ( Voel g

composed of pola —- ; olesterols. The core of the
lipoprotein paW ! hydrop ™ MeliBids, cholesteryl esters and
triacylglycerols.-Ll | 1'; SaQehored by their hydrophobic

There are y Cigylo s, very low density
lipoproteins (V ; s iy Hpoproleir ‘ h), Mg, high density lipoproteins
(HDL) SN \to Wansport the exogenous
triacylglycerols,gf i csfe _ Orithe inics il istiles while that of the VLDL
and LDL is to'tran ;'l - endagencils AR e - gnd cholesterol from the liver
Y B il 'y / ‘B
to tissues, but vicgMersg apSRUEHIP A TablGA | )}
o tissues, but v Ny \ |
The protein ég@hpondRiS=pi-the icifigg are apolipoproteins showing

immense structural divers Wave a largely structural role, others of

which are major metabbhGScretiale hers of which may influence

i ]E@l egf edjwith lipid transport.
immunologycal fid hemostatic respons @ p p

Figure 2.1 Structure of LDL



Table 2.1 Compositions and characteristics of the human plasma lipoproteins

Chylomicrons VLDL LDL HDL
Density (g-ml") <0.95 <1.006 1.006-1.019 1.063-1.210
Diameter (nm) 80-1000 30-90 18-22 5-12
Mass (kD) \"/ -80,000 2300 175-360
% Protein 2025 40-55
% Phospholipid 15-20 20-35
% Free cholesterols e ——ie3 ‘ —!'Ita_’ 7-10 34
% Triacylglycerolsmemee - 50 —— 3-5

% Cholesteryl esters - 12
u-{ocnphcrﬂ_ : B | 2 0.3
{molecule/particlely 4 v AW
Major apopoase s ’ B-48, . . A-l, AL, C-1, C-
‘ | i & 11, C-11L, D, E
2. Lipoproteigft
LDL cir ates _' o pOrtiBn off Wl Ml verSes subendothelial spaces

and can be remoygh @cnerally believed that LDL
oxidation does not talgfl pla ce-m-th hecaille of its antioxidant properties.
In the subendothelial spachis ' bf LDL oxidation, the LDL may be

exposed more frequentlye gnd at the same time may be less

ﬂ}suura et al., 2006).
‘ 3&5 have been shown
g90).

protected E-‘
Mﬂreuver,
to be capable

L

ekpx

e |
The nxiM:;

on of the lipoproteins is a lipid perox
polyunsaturated ﬁt ids (PUFAs) contaan the phospholipids are transformed

ﬂummrmwmn = frin

trahze some pﬂsrtwelyach¥ed amino acids, i.e. lysine, arginine, and histidine

q PR LT ET b {1l

of LDL. The increased negative charge on the surface of the apoB 100 is recogmzed

tion process in which

by the scavenger receptor on macrophages and leads to foam cell formation
(Cominacini ef al., 1996; Rifici and Khachadirian, 1996).
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Lipid peroxidation (LPO), which generates reactive lipid peroxides (LOO),

can be divided into three phases: initial, propagation, and terminal phase. The initial
phase is the event of lipoprotein antioxidant depletion, but that of the polyunsaturated
| y. As the PUFAs (mainly linoleic and

arachidonic acid) are rapid \, 6 il hydroperoxides and aldehydes, the

fatty acids does not take place gi

lipoprotein antioxidantesg ! oo #5 tocopherol in the LDL, which

prevents against he lipid pere 1dat' cas@tmn of the lag phase and

reduce rate of the propasett

\ gsured by-products of the
reaction of th aheve x"'f\ her tellular components may
be as important a 111 \ radical injury. Any assay
method that assesseg e efl of the adicals a particular component of
cellular architecture nteds o-be-ace: ‘{; W consideration of importance of the
type of injury being detegp '_'_1,} ‘-_._,-,: »

Th }

bonds, suc

nsaturated covalent

v

is reaction is a free
LK covalent bonds of the

radical-mediatéd a

a
PUFA, thus mﬂating a PUFA radical (L"). Hydmxy.Mnxy, and lipid peroxy
radicals have ben:‘i icated in imitiating l‘.hl cess. Once formed, the lipid radical

ﬁmmm HNINYINT

cum e with another molecule, ch as another lipid radical or a so-called free

q TEIRTID ERIL alo 1 aESLY

a decrease in membrane fluidity. Because of the reactivity of PUFA radicals, the
process is self-propagating. The end result is the chemical alteration of the PUFAs
with the disruption of integral cellular components. Whether the LPO is the major
site of free radical damage to cells has been questioned. However, even if disruption
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of cellular lipids is not the final pathway to cell death, it is certainly a key route

whereby additional radicals and other toxic substances are produced. Figure 2.2
shows the actual sequence of events in free radical attack of the PUFAs (Baskin and
Salem, 1997).

PROPAGATION

ENGERS

L)

=
ascadt
|l

It is knuv‘ that the oxidized LDL c e taken up by the macrophages via

ALl InBnINEInT=:

er unlike the LDL counterpart, the HDL is considered as an anti-atherogenic

q RS A

HDL carries the bulk of plasma paraoxonas, an arylesterase believed to cleave
oxidized fatty acids from the phospholipids of oxLDL. Moreover, the HDL is able to
remove cholesterol excess from peripheral cells (Rifici and Khachadiran, 1996, Fracis,
2000). The results of recent studies were shown that the oxidized HDL has a
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diminished capacity of promoting cellular cholesterol efflux. This output occurs

from the loss of the PUFAs and consequently a reduction of the HDL fluidity

Wy
31 Macmpha \ //
The mo gnc'c Sy s of monocytes circulating in

blood and the a monocyte into a tissue

(Berrougui ef al., 2006).

3.  Macrophage and loy

macrophage involy /chan| EhcSelhcnlarges five- to tenfold; its
intracellular STganellg” ingfez Both\ivtobes Wm@wcomplexity. In addition, it
increases ph 1 it Yy orodueing i Bl ydrolytic enzymes and

secreting a varieg ‘ Potors. T ‘ " o capable of ingesting and
‘ ’ stgiand insoluble particles.
In the first step.d Fohagh _ : I ophig 'scudﬂp-c:-dia which extend
around the at-::he‘ at@rials . -Fusion ' Sic ‘ podta encloses the matenals
within a membragh*b i 5| e calle hag = which then enters the
endocytic processin ._:_. ._,_v:;‘::i.n_‘;:': gosome moves toward the cell

In the process of

interior, where it fuses wiMEaI¥56501 e 2 phagolysosome.
the phagocytosis, the r:',p . cytotoxic substances to destroy
phagocym@ " Ixygen-

phagncymf

echfinism is one of the
oduce a number of
reactive nxyg:ﬁ =0 ; ‘eﬁtérntdiatcs that can be
toxic to the pﬂlocytased materials. This process is knu\w}ﬁ the respiratory burst.

When the actwavi H:mphages engulf n r Is or antigens in the phagocysome,

au HANENINGINT

amamwﬁm%m

The oxidation of the LDL is thought to occur locally wnhm thc
intima, and to be influenced, or even mediated by the cells that are in close proximity
to the lipoprotein particles. These are predominantly endothelial cells and

macrophages, also smooth muscle cells and lymphocytes as the lesion develops. It is
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well-established that lesion lipoproteins are partially oxidized, but how this

oxidation occurs is less clear. It is thought to occur locally within the intima, and to

be influenced, or even mediated, by the cells that are in close proximity to the

above, including the
circumstances, while imit the oxidative events. The

subject of intensea gntial rapelTredareetss. The macrophages are rich

RBO). However, while
their products Capgfle #f ¢ 9 " N ¥ age-mediated oxidation
of the LDL does. gy 1. Z ” ' 1€ )aic g M 5 u‘ glirthermore, in vivo, lesion
development #% ol in _ i Pl W1 BO or overexpressing
extracellular supegfxidgldishut asodmaamie 2¢tial\y M d in MPO-deficient mice.

The ma-:rophés alsr ‘. fRics tapable of oxidizing the
lipoproteins throu 1;. fctivith ‘ i fle nit I”-r, i synthase (INOS) or MPO
Stimulation of macrg o O ot 'ellhance the LDL oxidation. On
the other hand, recem stuch development is attenuated in INOS-

deficient mice bred ontod¥ 7 ible apoE -/- strain. Whether this

s S o o208 ’ E@s to be shown. No

sy , x}rgcnasr:{s} (LO) in

15 related
studies pu
the pro-oxidadhya ds =I'DL. although indirect
contribution Mlhe enzyme to macrophage-accelerated EL oxidation has been

proposed. 15-L \A and the enzyme a cmf"c lipid oxidation products have

bﬂm’mnumwmm;;z

actu prutcctcd transgenic Tdbbli against atherosclerosis.

R AIATUNIITNE L

stimulate lesion progression. OxLDL is mitogenic for the macrophages, relative to

sterol loading induced by AcLDL However, the active component(s) and
mechanism(s) of action are still uncertain It was suggested that

lysophosphatidylcholine (lyso-PC) is the active component of the oxLDL, since
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generation of lyso-PC in AcLDL by treatment with PLA2 increased its mitogenic

activity. However, lyso-PC alone is not mitogenic, and removal of lyso-PC from
OxLDL does not affect its influence on macrophage proliferation (Martens er al.,

1999). Modifications of apoB gl hg LDL oxidation have been suggested to

account for much of the ghga¥kaROLr ty of OxLDL. The suggestion that
the OXLDL stimulate NGRS Brefi MiCigg#iutocrine growth stimulation, is
not supported by studic “’ @fﬂp, GM-CSF -/- double
knockout mice (defigigmbee GG Bwliich responded normally to
growth induction by gls of the OxLDL stimulate
macrophage sturvivalg G _ Nt igh doses cause death.
The toxic conggifentsy6f )l ares d. “ ay include oxysterols.
However, it seemgffin i 19 g ily-oxidized LDL required
to induce magy ’

3234 freg

L L

Pré¥ious: ermacroniinecl (01 W8l1 Ormation was thought to

oceur only througl ipi k. odified & of \ si@h as oxidized or aggregated
LDL and native LDigMa gtz =l o/ \0002). The native LDL can be
taken up by a | : ashion mediated by fluid-phase

macropinocytosis, ingestigg rrounding extracellular fluid (Ma

.r“'—'/

et al., 2008; % differentiated from

human mopise - jnyristate 13-acetate
* g .l |

(PMA), stimuldes anosomes and any LDL

contained in théfe human macrophages, 12511-LDL uptakedisilinearly related to LDL

concentration, dcﬁ show saturation at . LDL concentration, and cannot be

ﬁumm UNINLNT

As detailed abo , heavy oxidation of the LDL enhances its uptake

ammﬁm AV T Ter

atherosclerotic lesions argues against this. Heavily-oxidized LDL is also fairly

indigestible, so that the majority of sterols remain trapped within the lysosomal
system, as oxidized cholesteryl and oxysteryl esters. This contrasts with foam cells in
the developing fatty streak, where the majority of cholesterols are present as
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unoxidized esters in the cytoplasm. However, as lesion development progresses, an

increasing proportion of lipids can be seen associated with lysosomal structures in

lesion foam cells, so that the LDL oxidation might contribute to lipid accumulation in

the advancing lesion. Even jggions where cholesterol accumulation is

stimulated, most cells, j e able to export the excessive

cholesterols to extracelliiias e 1S o g#fisity lipoprotein (HDL) or to its
major protein, apoAsly —“7 veelt : ion. Cholesterol removal by

apoA-1 involves i g ADE Mugations in the ABCAI cause

on (i) the inacce ity N, - jomes for export, and (ii) a
direct inhibitgy | ! { g OTOXYE th&@DL, 7K, on cholesterol
export. Recent: e s i O 7K to block apoA-1-
mediated rema ‘al of gt s o from he me.iopha; ~- ds partly on its capacity
to prevent interag with 1 . nbrane, the site at which
cholesterol export is i cd s this ¢ epr -\“‘ ed in artificial membranes, it
appears that the 7K direct gx ! JC—apoA-1 interaction. However, the
possibility that it also i iveatly inflier ' trihution or activity of ABCAI

SRt @

cannot beje s at concentrations

similar to mpalred cholesterol
efflux contribuk

gb 1
Al

4. Atheruscv' and lipoproteins {5 ood, 2004)

;ﬁﬂﬂﬂﬂﬂTﬂﬂTﬂﬁmﬁ

isease.  Atherosclerosis 1i i progressive, degenerative arterial d1s¢ase that

N

Mhemsc]emsm is _I:-chewd to start with injury of the blood vessel 1ullmll

which triggers an inflammatory response that sets the stage for the build-
up of plaque. Normally, inflammation is a protective response that fights
infection and promotes repair of damage tissue. However, when the cause
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of the injury persists within the vessel wall, the sustained, low grade

inflammatory response over a course of decades can insidiously lead to

arterial plaque formation and heart disease. Suspected artery-abusing

2 is characterized by the
cessivc amounts of low-
chBlesterol, in combination
_ Nallithin the vessel wall, this

‘ Mgily by oxidative wastes
proflcedy }f e ‘:-' f— - G M\ are free radicals, very
unst: hiF clgftra -df:l ,’, ly reactive. Antioxidant
vitafhins | an Sye A ‘:' ign 8. Vitamin E, vitamin C, and
beta-cag 'have 1‘1“ | ShOWH i Pl i@ deposition.

3. In responsgilo thedeesenca-oEME: iizedh D1 and/or other irritants, the

endothelial cel¥s=p BEMEERS that attract monocytes to the site.
These immunétieHERigers umatory response.

4'?: : blo B gl "the monocytes settle

a_< cytic cells called the

mad pphag e idized LDL until these
‘ : . Al
cel come so packed with fatty droplets that ay appear foamy under a

mlCFD‘G Now called the f gm cells, these greatly engorged

ﬂ yHINBNINGINT -

5 The earliest stage of plaque formation is, therefore, characterized by the

CLREERERIN e R

migrate from the muscular layer of the blood vessel to a position on top of
the lipid accumulation, just beneath the endothelium. The migration is
triggered by chemical release at the inflammatory site. At their new

location, the smooth muscle cells, continue to divide and enlarge,
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producing atheromas, which are benign (non-cancerous) tumors smooth

muscle cells within the blood vessel walls. Together, the lipid-rich core

and overlying smooth muscle form a maturing plaque.

6. The plaque progressy s into the lumen of the vessel as it

. A\ Infc / laque narrows the opening through
i bo RN /T
; iligtoist e (0 v’tl @uxidimd LDL inhibits the

P

release of nilee -‘if  from the endothehaleells, The nitric oxide is a local

chemical hdt Lcal ] ‘* the underlying layer of
normal_sg us ells Wi c*Wgssel Wall. The relaxation of
theggh® oo fisglejc S Cause te. Because of reduced
nitric. fffde glefbef Voss 504 Mg ., » elaping plaques cannot dilate
8. The thi€ : { B lse JAnter tres kent exchange for the cells
locafed within he | ytved arterial, w e ¢ to degeneration of the
wall inffhe ICiﬂ‘il‘i f the plague.  The naged area is invaded by

fibroblasts g% ng-cetl ich fa@lh a connective tissue cap over
; 7 i‘f;‘l '

J“_-n! w

the plaque.
9. In the later si@ f“"h J.*»- F ise: aften precipitates in the plaque. A

5. Hemina) Ppr o
In mcm: of lipoprotein oxidation, it has been fﬂ@ that the heavy metals

were used as a nﬁl r to induce oxldatmn e lipoproteins could be oxidized not

ﬁﬁm NENINEINT:

nns hemin and hcn'mglul:rl released into the plasma from red blood cells at

q WTHATAIRI BN

microhemorrhage occurs and RBCs are captured at sites of vascular turbence as in the
case of individuals suffering of atherosclerosis, excessive heme and hemoglobin are
released into serum. The heme is oxidized and rapidly converted into hemin
(Tsiftsoglou er al., 2006).
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In thalassemic patients, the hemin could be detected at 50-280 uM in the

blood. These iron complexes may induce oxidation of several biological molecules,

including the LDL and the HDL, which increases atherosclerosis risk in the patients

e of hemin

6. Deferiprone
DefeMprg othy-3-1 L

P20) is the first oral

iron-chelatii drug-used-in-thalassaem 1 S patients. Progress in
its developm i, e
researchworiermed projects and suppuned ‘b}f n‘u profit ~ establishments.
Pharmaceutical c"nﬂes only showed an j t est on the L1 after it became clear

ﬁﬁ&;ﬂﬂﬂﬂ'ﬁ WEAN3. .

re groups of patients in ln a, Switzerland, and Cyprus who have been taking

q IR ISR

deferoxamine (DF). The L1 has also been registered in Europe in 1999, following the

rq N undertaken through

recommendation by the EC CPMP that its use is restricted to patients not tolerating or
using DF and also that it is closely monitored for toxicity. Registration of the L1 is
pending in many other countries. The L1 is a white crystalline solid offered to
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patients as capsules or as tablets. It is very stable at room temperature and in

solution of physiological or acidic pH and forms red color complexes with iron,
similar to the red color of the urine of patients treated with it. Its affinity for iron is

higher than that for Cu, Al, Zn.an§ | metals. Three molecules of the L1 are

needed to bind one molecyls iron! &t Phykic ogical pH in contrast to DF which
' | molecule forming a neutral

complex with the irg -n;— ed and forms a positively-
e ———

charged complex with-ths low concentrations [lﬂ“ﬁ

M) the L1-ron c? ples 5 . Je thah " ht: labile complexes of L1
Thlxic OX

e,

gen-activated species.
ghelators, they do not
accumulate in lipidg xafmple ncellunte nibran aghor Mhe brain. The L1 is about
10 times morg aflic gh: 1 ety k : (Ol ffuse through the cell
membranes than th¥ DEffinlgfs Other fommil o melbriue Wapsport are involved.

of CHin €Ak trials since the first report of
F | . \,

{ Sinnn Wbaded patients in 1987, all

confirming the originalffindidg ' an cfi@ctive, non-toxic, orally active

Many

chelator. Overall, the L1 hdsTst heen. i in three different therapeutic areas
of medicine, mainly for ifgl gded patients, aluminium removal
from renal di Si d in rheu ntsf@vhere it has been used

=
(3

for reducin jpnic diseases. Iron

excretion by i gﬁlﬁncy of administration
of the drug an | e iron loading and rate of iron loading of t} I

total of 50-120 n"k ay are currently bf.‘l ed which are administered in 2- 4

ﬂﬂﬁﬁﬁﬁﬂiﬁﬂ £ o1

Typxcal doses of 50-100 g of the L1 can result in the excretion of 10-120

q RISy SNeT

Intensive chelation using escalating doses of the L1 further increases iron excretion.

individual. Doses of a

In one thalassaemic patient of 67 kg with serum ferritin of 8 mg/l repeated
administration of 5x2 g and 2x3 g within 24 h resulted in the excretion of 325 mg,
which is equivalent to a 13-day intake of iron from transfusions. In general, there is
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variation among patients in iron excretion and sometimes the same patients, when

given the same dose, respond differently.
Some patients can excrete more iron when given high single doses over 24 h,

whereas others excrete more ixoglh Whlnsmaller doses are administered more

such variations are unknown but

the same result is obseriiINauB DT , components, vitamin C status,

eferiprone

L1 is a small neutral W& fcule that forms a strong 3:1 complex

with Fe’". L1 has_bs =yeral models L1 may protect

against ddgort sflacjng iron bound to
- 1

duxorubicitm 's ﬂ\g site-specific iron-

based axygy ' _ e _' . This suggests that
[deferiprone: ] complex is reduced by a femrcdu-:tase sent on the hepatocyte

mcmqane to fon ﬁenpmnc Fe'* ‘ co

ges over defcmxamme in having a double mic t::icrapcuncal

E :o all watr: 1rm1 cwm*luad atﬁlo Y, and (b)L1 have the readily forri@gh
01).

reoxygcnatmn injury [ Moridani, 2

whmh then scavenges superoxide

pve Jherapeutic

y: (a) it chelates

o




CHAPTER III

MATERIALS AND METHODS

it
1. Materials \\\‘W///
1.1 Chemicals \ | / '
All chemi , __raincuomk - pm . without further purification.

The following chemicglswert paychased froms iewagpemical Co., St Louis, US A

Standard free cholester®T, g5l lartich i “sliplesteryl linoleate, cholesteryl
- 4 J A "._ o

oleate, cholesferyl pals | LN wtocopherol, ethylenediamine

tetraacetic acidf®odigsf g 3 " cid gl loroacetic acid (TBA),
sodium  dodec sk diut ; A 9@gcenphosphate,  sodium
dihydrogenphg#Phagffolgh Phenolea : Wy stk acetate (PMA), 2, 5-

diphenyltetrazoliggh br 9 NBT).

Potasium, Mydroxide, and sodium

potassium tetrah . T.ﬁ vere rc rse : A ) @k, Darmstadt, Germany

Deferiprone was Phisalaphong, Government

P A

Pharmaceutical Organizatif¥fe—

1.2

Instruments 20/,

1 ﬂs‘tud}'

' , glc rotor (100 Ti)
= 1ifing e
3. Spgctrofluorometer (UV-160A SHIMASU)

=
i
4. Spec‘o&tumeter (FP-777 JAS&Q

AUEINYNINE T

7. Laminar flow {[SSC%AMINAR FLOW MODEL)

QRIAINTULTNEN Y

Blood from healthy overnight fasting volunteers were recruited, all gave
their informed consent. None of the subjects were on drug therapy or were taking
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upplementary antioxidants for least 2 weeks. After an overnight fast, blood was

taken in heparin-containing tubes (10 LU. /ml blood). Plasma was obtained by
centrifugation at 3,250 rpm for 15 min at 4 °C, then stored at -80 °C.

LDL and HBE - 18y i / and using density gradient
ultracentrifugation in lixCtAnEk BecKimam0UT1,at 95,000 rpm (802,000g) at

10 °C. The plas ig : stdgnsities of 1.019, 1.063, and 1.20
to separate lipopro : ¥ fihiclion | _' 2 cd by centrifugation for 4
h contains chylomi Fagd YU , the t p( 1 UT9<d<1.063) obtained by

‘ \ g e action (1.063<d<1.20)
obtained by centrififfatigh @ § W contamicd D) g al., 1995). Isolated LDL

and HDL wags ‘ay remove salts and used

immediately.

2.3 Protein gftery
Protein coneghitratiof el glmodification of Lowry method
using bovine albumin serum 1' . arkwell et al., 1978). The reagents

were used to determine LBLS entrations, where | part Reagent B

(4 % (w/v) ONSE od 10 10 c@ining Na,C0;, KNa
@ —— =

tartrate, S n’;ﬁent is added to the

mixer and ﬂ;j}]ml ilﬂ by comparison to BSA
protein stan curve b
' I mqm ﬂ:ﬂnﬁ “ H’]\\ﬂﬁa shaking

water ath LDL and HDL 300 HW' was incubated wﬂh or without dcferlpr e(L1)

A RARHTIL TRINGANY

terminated by the addition of EDTA and BHT with final concentration 100 pM and 5

mM, respectively.
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2.5 Measurement of oxidation parameters of modified lipoproteins

Thiobarbituric reactive substances (TBARs)
Lipid peroxidation, the oxidative breakdown of polyunsaturated fatty acids,

g/ fgr cellular injury and death. Lipid

is widely accepted as a generalyl
peroxidation has been i : logical conditions, including
Fassociated “withe wolvents, drugs and metals.

: enerﬂ ream’s such as 4-hydroxy-2-

iin hisd pmogen is formed by the

atherosclerosis, aging.and
Lipid peroxidation 1
nonenal and mal
reaction of one m'rr 0 : v ’ ' ! &~ The method involves
heating the sample i§ e B fosgh o 'B - \ 1 itions; the MDA-TBA
adduct formed. o L\ \ -
Lipid peg 1da'n' 3 : ]’.‘,; : nof TBARs. TBARs,
mainly malﬂndlalde e (WDJ : very oy : Adgin ynodified LDL and HDL
with 100 mM BHJP 1094 T¢ i Al EDTY _"‘ - 6% TBA in test tube.
The reaction tubes wegf i v 100! ' ‘ absorbencies of the mixer

solution were meas#fed j at al ’ xchation wavelength of 515

nm and an emission § :"- W53 BARs were expressed as nmol
malondialdehyde (MDA) b}f
Matsushita, 1980). Peigei

Ihef'u!luwin‘ L “)

Orppane as a standard (Asakawa and

grmation was calculated by

as t?eml and lipid con ions ufmndll'ed LDL and HDL

hexahqlSamp es v.e:re vortexed, then centn uged at'1, m at in. Part

of hexane layer was removed, drigf under Nz, and ss-:::-lved in molnle

q mmmmmw Eﬂﬂ Y

compositions.

Lipoprotein endogenous vitamin E was assayed as a-tocopherol by reversed-
phase-HPLC, and UV at wavelength of 292 nm. a-Tocopherol was assayed on
hypersil BDS C18 column with isocratic acetonitrile/isopropanol (75:25, v/v) at a
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flow rate of 1.2ml/min. The column temperature was controlled at 50 °C. (Seta et

al., 1990). The retention time of a-Tocopherol is 5.154 min.
Lipid compositions of LDL and HDL were such as free cholesterol (FC),
cholesteryl arachidonate (CA), '

1 linoleate (CL), cholesteryl oleate (CO),

and cholesteryl palmitate Level of lipid compositions were

assayed by reverse% ; ﬁ 210 nm for free cholesterol
and cholesteryl g —on §S i DS i column with isocratic
acetonitrile/isopropangle# Jat a fowssatgeof,] 2ml/min.  The column

temperature was ci
lipid is 7.268,

he retention time of each
, CA, CL, CO, and CP,

respectively.

2.6 Celygfliturgl v AW\
The hugfin #hoi .k" in RPMI-1640 medium
supplcmcntedv‘ ith ‘}’ (y/ I"-‘;’Jr Inact vated L ic pRine serum (FBS), 1%
clls, Al %@ 0* cell/ml in T25 and T75
tissue culture flask. (Gl culSiEes i ~-“ d incubated in at 37 C°, 97 %
humidity, and 5 % cO.. l :

penicillin and strej

A." gontaining 10% FBS

AN i X ..
and 1% penicillin Ind O m@ctophage by addition of
100 ng/ml PN in 24 and 12 well plate for 72 h at 37 C“@ % humidity, and 5 %

0,. When UQv s were induced to ntlatmn into macrophage, the cells

ﬁumwm‘swmm

Cytotoxicity assay (Mangsroi ef al., 2003)

ammﬁmwm ey

growth. The yellow tetrazolium salts MTT is reduced by metabolically active cell, m

part by the action of dehydrogenase enzyme, to generate reducing equivalents such as
NADH and NADPH. The resulting intracellular purple formazan in nonsoluble in
water and can be solubilized with DMSO.
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U937 monocyte-derived macrophage in 24 well plates was added with

LDL (20 pug/ml) at time 24 h of incubation. The cells were maintained in serum-free
medium and then incubated 24 hr at 37 C®, 97 % humidity, and 5 % CO;.The medium

100

2.9 Phs umc-" 0
Phagogcyfbsis e it in multicellar animals,
allows the entrapm tﬂ.:" i 1L . entially pathogenic foreign
particles. It invg _vsﬁi"' ! . ﬁ.‘;’ e Siep -} ognition, engulfment, and
digestion, and is assQga Wit ; | events such as the increased

oxidative metabolism, nitric .;:,: vtk ®ttivation, and excretion of hydrolytic

enzymes, leading tg.d duction. g the extracellular medium of
microbicidglg Ball : Q

> <

Ntr h t }neasurement of the
respiratory buﬂ | by 10ns Educcd by macrophage
have the abilif%to reduce NBT to dark blue ﬁ::rmazan (Br&¥alo er al. 2006). U937
c—dcrwt"nihaic was added Qath 80 pl of LDL at time 24 h of

WH? mmmm

97 % humidity, and 5 % CO.. e supernatant w | etted off and was

ARIANNE AMTINGINY

in 96 well-plate and measurd at 570 nm.

monogyt

n
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The absorbance was used in the following equation to determine

percentage of phagocytosis.

24 h at 37 °Ce iy, gnd 5.9

PBS. Free choless aj€sirol & oTS we x ch

Cells were ly €4 wighl 0.6 ‘“ 03 Na@) i \MhcWigixc@with 0.2 ml PBS, then
| L J ! \ 1
0.5 ml cold f@llog by 22 :}:; exane @pleSwere vortexed after each

extraction, then cent it two ml of hexane layer was

| unlfer vacuubu/sad bk re-disseivadlin 200 i of HPLC mobile

removed, evaporaf
phase. Of this, 50 lffvasinjecied onto -_ph@se C-18 column. Analysis of
cholesterol and chnlcstcr}r esters—was ted at 210 nm with mobile phase

Free cholesterol and

containing 75% (v/v i ppropanol.
chulester}fk chromatographic peaks w : @id /mg cell protein

(using tnta& o Jnd total cell protein

was dcterminﬁ'):y wcfﬂxpresscd in percent of
total cholester®

Foam cs a3y (Deng et al., 2005)@S

FUHBINHRT mmj:;:::

washed three times with PBS, ﬁfd by 10% ﬁ: in PBS for 1 h r

RIRATIU A BN

magniti ification on microsco pPe.




CHAPTER 1V

1. The effect of L1 ' : induced oxidation of LDL and
HDL | —

To evaluate the oxid emin, LDL 300 pg/ml were
incubated with hemin ; evel of treated LDL was
measured compifed wi v, .’ gaged @D 3 le d figure 4.1 MDA level
of oxidized LDLgPH gfl-gfL ot fical Toasc AN 0.05) from native LDL
at time 9 and 24 _Ig#Of gt & 0 | oy | a pbserved in oxidized HDL
(HDL 300 pgif trefledd WO i™ple 4.3 and figure 4.2
However, the o et of . LY A indglased than that of oxidized
LDL and occurfed inflatefl tieofnoabatien 4 ARt HDL with L1, the lipid
peroxidation detef n;.. as 'the Y Lof I DA walkrddled at time 9 and 24 h of

Ja \ b, . -
incubation. Howevgl Wit lipid peroxidation of LDL

induced by hemin.

Table 4.1 @

time 0, 9, afl deld=hret= et

@e presence of L1 at
-

A

holfinE protein)

L S —
HHININTNEINT:
in-oxLDL+L1 10yM @ 24302 ?{}+ﬂ9"’ ss+ I I
q RARITITO LN 'mma d
Hemin-oxLDL + L1 500 uM 2.740.2 5.940.4 " 6.910.4"

Results are expressed as meantS.E.M. (n=3).
a, b and ¢ showed different within the same time statistically at P<0.05.
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25 -

£ NATIVE |
, & 00X
N Iz c S L1(5uM)

B L1(10uM)
B L1{50uM)
£ L1{100uM)
O L1(500uM)

15

10 4

MDA (nmol/mgproteln)

Figure 4.1 Effect ion during hemin induced
|
oxidation of LDL#t tifg

a, b and ¢ showed dif§€ »’u';:' hatiMcally at P<0.05.

Table 4.2 %unhibitie

DL z{he presence of L1 at
time 9, andZ%l

24 h

Hemm-oxLDLe L15pM 49 4+25.0 62.8+10.0

ﬂmﬁmaw &7IS:

n -oxLDL + L1 100 pM 839426 74 3+£2.7




ime 0, 9, and 24 h of incubation

— — RADAIGL mg protein)
e R I N 24h
HDL 1 fded ~ mean | 2 mean
Native HDL 5 L 4 L 2.7 23 25
Hemin-oxHDL ) /12 | . 49 7.9 3.1 5.5
Hemin-oxHDL + L1 5 M ss f Y e 35 | 20 | 28 | 29
Hemin-oxHDL + L1 10 uM 2 6 2.9 28 2.8 2.8
Hemin-oxHDL + L1 50 uM 24 4 g ‘ 3. 29 3.2 3.0 31
Hemin-oxHDL + L1 100 1M 34 | 2 3 4 3.0 3.2 %8 3.0
Hemin-oxHDL + L1 500 uM 39 W 4 : 9 2.7 34 2.7 3.1

Results are expressed as mean (n=2).

AN TUAMINYAE

ﬂumwﬂmwmm

¥



L1 (50 uM)
BL1 (100 uM)
BIL1 (500 uM)

(I B

MDA (nmolimg protein)

Figure 4.2 Effectbf, f #5050 [ A Wik jon during hemin induced

oxidation of HDIE at tt

Table 4.4 %inhibitiofi of M -’.‘rﬁ ; idiz&8 HDL at the presence of L1 at

time 9, and 24 h nfincul?‘ o :

e 24 h
t AV ] mean
oy
Hcmin-nxl{ﬂ + L1 n 103.6 97.64 95.2

Hcmin-exHDLJﬁl 10 uM 94.3 Ql,i 93.0 96.9 97.62 973
% ‘ | * s » J " 3 » ‘!h - 3 | -

Hcm;-DxHDL + L1 500 pM g 1 8427 3.5,_4

Qmmﬂ”ﬁﬂ}ﬂﬂ’nﬂmﬂﬂ
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2. The effect of L1 on a-tocopherol preservation in hemin induced oxidation

of LDL and HDL
Since a-tocopherol is the major antioxidant found in both LDL and HDL, the

determination of c-tocopherol J measured to evaluate the oxidation of
LDL and HDL induced by iaow [ Hisioure 4.3 showed that there was
significant disappearan! R RN pher i) yr= xidized LDL when compared
with native LDL atalifiesRean D 1 could not preserve the
e a-tocopherol level in
9 and 24 h of incubation

pure 4.4,

amount of c-tocey
HDL was not si

when compared wi

=g
ST

F Tl iAo

P T o W
s

ﬂNEJ’JVIEWIﬁWEJ']ﬂ‘i

RIAINTUUNIINYIAY
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Table 4.5 a-tocopherol level of hemin induced oxidation of LDL in the presence of

L1 at time 0, 9, and 24 h of incubation

a-tocopherol (nmol/mg protien)

LDL 24 h
Native LDL 10.2416"
Hemin-oxLD 1.1£1.1°
Hemin-ox LDL + 0.7+0.7"°
Hemin-ox LDL 0.7+0.7"
Hemin-ox LD ‘ : 1111 °
Hemin-ox LDL +Jg#10040M/ / < R \\\N N | 1.8+1.0°
Hemin-ox LDL + L 180 ' S 076 Ul ), 2R L3 1.9+1.1°
Results are exprg#fe : A S
a, b and ¢ showed differegl withih the sanigf e statighicallat P<0.05
3 1'| B NATVE
ooX
12
B L1(5uM)
%‘ 10 & L1(10uM)
‘g m L1{50uM)
g @ L1(100uM)
§ 0 L1(500uM)
a
£
s b :
' oh 9h 24 h
LDL

=

1% RINIHARIINGIN Y

a, b and ¢ showed different within the same time statistically at P<0.05.



HDL 1
Native HDL 9.0
Hemin-oxHDL 9. O
Hemin-oxHDL + L1 5 uM 8.2

Hemin-oxHDL + L1 10 uM 7
Hemin-oxHDL + L1 50 pM 6.3 §
Hemin-oxHDL + L1 100 uM 73
Hemin-oxHDL + L1 500 uM 72

Results are expressed as mean. (n=2).

AUEINEN NGNS
AN TUAMINYAE

|

24 h

mean 1 2 mean
56 53 48 5.0
3.7 5.2 0.8 3.0
33 36 1.8 27
3.7 3.6 1.9 28
3.6 3.8 1.9 23
4.0 3.7 1.8 2.7
6.8 34 21 2T

8T
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8- B
oox
BL1(5uM)
@L1(10uM)
mL1(50uM)
@L1(100uM)
CL1(500uM) |

=1

o
4

L8] Lad

vitamin E (nmol/mg protein)

]

Figure 4.4 EfTr:c;t'f‘ i ( tocopherol during hemin

induced oxidatig of DL k ‘ Skt | (n=2)

:::::::

AUEINENngng
AN TUAMINYAE
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3. The effect of L1 on lipid composition change of hemin induced LDL and

HDL oxidation

Oxidation of lipoproteins could cause the change of lipid composition (mainly

cholesteryl esters). The changesofficlofesjeryl esters was measured after incubate
LDL with hemin 5 pM_fog : Jhiy ingerest lipid composition of LDL
cholesteryl esters were™ N : ' c teryl esters such as cholesteryl
arachidonate (CA), cho Ssteryt écate (CO), and cholesteryl
— B Wy i - 45 TEdegmonsirated that there were the

significant decreasezg ot A 01 it _ . Mgilime 24 h compared with

native LDL rneas cdaf (he'Safnf [ ' EMBue of various concentrations
of L1 to oxidizg QigMmgt grotcets Sasc byl ok A and CL, except the
highest concentratigh off. APty ) k 980 M.of L1 could significantly

e .05).
eared at time 24 h in both

preserve the gy

However, they
oxidized-and n‘w.:, icas®d as shown in figure 4.8
(C). Oxidized H

| , : }1 was able to protect the
decrease of CA and QUffrom hdation-ai B cubation.

ﬂUEl’J‘VIEWIﬁWEl']ﬂ‘i
QW?Mﬂ‘iMNW]’WI&I’mEJ
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[Onative|
lwox_|

EJ'J NUNTNYINT
Pl Jﬁi .

qmmmgm ANIINYIAY

(B), and 24 h (C) of incubation (n=3)

* 1t was significanily different ai P<0.05 (compare with native LDL)

mg protein

- BB

=
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(A)Oh

umalimg protein

{fiinenivenns
RN TUINANYIAY

Figure 4.6 Lipid composition of hemin induced oxidation of HDL at time 0 h(A),9h
(B), and 24 h (C) of incubation (n=3)
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(A)Oh

CEFTT T TIITTIR
PRI

=]
L+
-

=
SALLLIISY,
bl
ALELLLLLYS,

s
A

(C)24h

HYINT
'mma d

Figure 4.7 Lipid composition in the presence of L1 on hemin induced oxidation of
LDL at time 0 h (A), 9 h (B), and 24 h (C) of incubation (n=3)
* It was significantly different at P<0.05 (compare with native LDL).
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(A)Oh

ﬂ3|

06 1

umalimg protein
(=]
-

LSS ISIE s
P TIIITIT
SLIIILISS,

= I
g

FA

’ﬁmﬁié LI['.H.M: L1;1I.Mp L ..| ) L'|.[1I:IIJLM] Liﬁ}q H q a H
! » Figure 4.8 Lipid composition in the presence of L1 on hemin induced oxidation

of HDL at time 0 h (A), 9 h (B), and 24 h (C) of incubation (n=3)




35
4. Macrophage formation induced by PMA

Activation induced by PMA of monocytes with the protein kinase C (PKC)
activator, phorbol myristate acetate, can cause the differentiation of these cells to

macrophages. ~ This experimen .‘ ed phorbol (PMA) concentration for

activation of U937 huma hages and tested for the function
of U937-derived macroghagesungiecd ¥ " BPF differentiation was measured
___; he functional property of
macrophage was ‘ . "y 3 aggCyresigusiag on nitroblue tetrazolium

Goles by & pae ekt 100 and 1000 ng/ml of
PMA could if l.uclr_:ﬂ_ il il ool on \ b macrophages higher
o : gcrophages induced by
100 ng/ml PMA cg

in table 4.8.

Lo ximately 20% as shown

i

Table 4.7 The fhacroj

PMA 1 meantS. E.M.
10ng/ml 877 7272 -ﬁ-f:.'& : . 73.9+48"
100 ng/ml  90.2__gfi L .‘Ju;m 4 & 85.6+1.4°

1000 ngfrn(fl

Results

Q 89.8+3.1°"
N

a,and b shw differe

ﬂUEl’J‘VIEWIﬁWEl']ﬂ‘i
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Figure 4.9 The macropha

ng/ml {)FP@

Table 4.8 %‘p. ' erived macrophage

rﬂplicati' %ephagocytosis (meagglh.E.M.)

13 81+3.3

&1

ﬂUH?ﬂﬂﬂﬁ

4 ¢ o v
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5. The effect of hemin-oxidized LDL on PMA-induced macrophage

5.1 Cytotoxicity
The cytotoxicity of LDL, hemin and L1 on the macrophage were determined

using MTT assay, as an indicatQryk 11 v1abll1t}r Hemin and L1 at all tested

concentrations were not (o JTRG .‘ off aif seen in table 4.9 and 4.10. In the
macrophages, all concagipail® pOf fre ; 1 were not affect on viability
exccpt at 1,000 pM. QLT 1tab 844.9 iw 4.1
: DL esull méliggesia, cytotoxicity (table 4.11).

of the macrophage to both

protein was n 20 : =% ith the cells at value
of 78 %. ThegMotogity/c el LB R, RordSgliRe of L1 also was not
significantly differg | DL

Table 4.9 Effect of “.‘ ' jnbili PN & -Ing : macrophage at time 24 h
& 'y J = _

of incubation

Il viability
114.2£1.6

121.27+6.5

121.8+12.6

Table 4.10 E  maa rophage at time 24 h of

incubation

QW?Mﬂ?ﬁl&lWi NYINY

Results are Expresscd as mean. (n=2).
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Table 4.11 The cell viability and cytotoxicity of oxidized LDL on PMA-induced

macrophage at time 24 h of incubation

LDL %cell viability %Cytotoxicity
Native LDL ' 78.1+2.4
Hemin-oxLDL 77.243 .4
77.0+4.6
76.3£2.8
e 203 80.043.6
Hemin-oxLD " rv /7 AN 77.4+2.8

Hemin-oxLDL +J¢ ) 3 \& N 76.442 .3

r e e g

%% Cytotaxicity

—4

L1{5uM}) L1{1DuM} L1({50uM} L1(100uM) HN |

axl DL

24ﬂ.ﬂ$ﬂ‘3“ﬂ£| NINGINT-
QW?MT]’B’MNW’]’JV]&H& 4




5.2 The phagocytosis assay &
The LDL phagocytosis of the macrophage was measured by using nitroblue
tetrazolium (NBT) reduction assay. This assay is based on the superoxide anions
ths 5 gan reduce NBT to blue formazan. From

pCytosis
5j:|2 7
4126
b 2456

Hemin-oxLEM 4 .
) o,
Hemin-oxXLDL /LLFOUNGSE (=159 , 3370483

\' £ W oo

R ; ] v Y
Hemin-oxLD) +J" 50 pn ; . |
| 132.0£15.0

86.7+£23.0

NATIWE  OxLDL L1[5uHJ LA(10uM)  L1{SOuM) L‘I[Wﬂdﬂj L1(S00ubd)
LDL

Figure 4.11 The phagocytosis of oxidized LDL (30 pg/mg protein) on PMA-induced
macrophage at time 24 h of incubation (n=3)
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5.3 The macrophage foam cell formation

The macrophage foam cell formation was determined by measuring the
accumulation of cholesteryl esters in cell and confirmed with Oil red O staining
(Deng et al., 2005). This prelimipa

macrophage foam cell.

found only CA and CL accumulated in

esters in the macrophage after
exposure to oxidized eased significantly similar to
of incubation as shown in
ized LDL could inhibit the

“S&he,_macrophage loaded with

those of the native ¥ teated
figure 4.12. The
accumulation of cl v :
oxidized LDL-##u =f. 5{MesteTs compared with native
LDL loading, & B 8]

cholesteryl esters gfis g

petween free and the
presented 20.8% of total
cholesterol con 0 1986 after oxidized LDL
loading (Table 4.13) '

The mé ;
Oil red 0. All celigifreag

(figure 4.13).

rm&d by staining cell with
dibe stained with Oil red O

ﬂUEJ’J'VIElVﬁWU'mﬁ
Qﬁﬁﬂﬁﬂimﬂﬂ’]?ﬂﬂ’lﬂﬂ



CE (CA+CL)

Macrophage 1 7.
PBS (normal cell) 0.0 0.0
Native LDL 453 0.0
Hemin-oxL.DL 20.0 1.7
Hemin-ox LDL + L1 5 M 0.0 0.0
Hemin-ox LDL + L1 10 uM 0.0 0.0
Hemin-ox LDL + L1 50 uM 17.1 0.0
Hemin-ox LDL + L1 100 uM 0.0 0.0
Hemin-ox LDL + L1 500 uM 40.0 246

Total cholesterol = FC+CA+CL
=FC+CE

AUEINEN NGNS
AN TUAMINYAE
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CHAPTER IV
DISCUSSION AND CONCLUSION

|
In this study, the ol 3
hemin was determined\ijulipig e Bxic j of endogenous c-tocopherol,

and the change of Jipid COIDYe 7 mm' O@pmmns can lead to this

alteration of lipo h...i.,i.. _. : Ll hid p" Irviei, thew arker of oxidation stage,

rties of lipoprotein induced by

can be monitored_as IB8he-thiobarbitutic acid reactive
substances. In additige®lipdD; . e determined by the depletion
of endogenougggMioxjph ; 18 Slhlts demonstrated that
LDL 300 pg prg ‘ aft ’-  hesd ould generate the lipid
peroxidation g4 cre; Ein 3 f. BARS, an deg ehs il - pherol level at time 24

h of incubation. A ha DGQ ht:rn *’7:-‘ gjor '-"‘\ of pofgigntioxidant in lipoprotein.

Normally, duri glh gr I'T’.[ s \I‘\.‘ '_wtmphcrol was consumed
and no significantg¥xidgfion of, 3 7’2:; ddtaken \‘ coMHowever, when LDL was
depleted of its antioigs _ PUFAs ar by oXi@zed to lipid hydroperoxides,
which are then -::Gmerted t A vaiicty ol froducts including reactive aldehydes

(Cominacini et al.,
PUFAs oc@

cholesteryl t ;

monstrated that the oxidation of

wfgachidonate (CA) and
of incubation. These

= Luechapudiporn who

results complﬂnt ed ﬂ
demonstrated thet the oxidized LDL by hemin was charactt

cholesteryl esterdf cifagially CL and CA @#h the increased in TBARs level

”g(mm HUNIRENT

idation of LDL can be mdufd by hemin.

ARG Y TINYIY

lipoproteins. LDL that was oxidized by hemin could produce lipid peroxidation via

ed by the reduction of

free radical generated by Fenton-type reaction. Hemin had also a higher potential to
induce oxidation than iron (Luechapudiporn, 2003). The hydrophobic ring might
insert deep enough to reach nonpolar regions of the surface monolayer. The rapid
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destruction of the porphyrin ring followed very closely diene formation and

oxidation of core residing probes liberated Fe’* that became the core oxidant (Tribble
et al., 1996).

A similar pattern was obserygg L, however, there were the slightly

increase of TBARs level, and et gfopherol level after treated HDL
with 5 uM of hemin. Cofig '[}': i ¥ith LDL, the level of HDL
oxidation was less thanam LTS e antioxidant property
HDL carries the W s simm-dependent enzyme
associated with HDL, w A 1o dation. Therefore, the

, i\patile LDL and HDL were
decreased, TBARs” vca ation dic {, 1T, ing that the de

1 .
& C level was increased

rease of cholesteryl

forward to the duration |@ff inguix on time aaps e increase of FC and the
decrease of cholesteryl esters M4 e hydrolysis on ester bond due to
ery  high rotor speed of
el ative LDL was

: ‘yudlpnm, 2003;

Chalermchoung, 2004). , ! ati'-‘ was different from
TP

the procedure of lipoprofgin s

ultracentriﬁlga{a 3

unchanged th

our procedure sughf as ultracentrifugation time, rotor speedLivolume of sample

required and tcrnpcra“ which the llpoprc—ptvparahﬂn occurs, all which may

AU NN INGINS .

or 500 p ), all concentrations of L1 f:? inhibit lipid peroxidation as seen by 50-80%

AR AT AE R IR Y

LI at concentration of 500 pM was able to protect the decrease of cholesteryl
araﬂhldﬂnatﬂ (CA) and cholesteryl linoleate (CL) at time 24 h of incubation. It
seemed that L1 at concentration of 500 pM might inhibit the hydrolysis of cholesteryl

esters.
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Although L1 was able to inhibit the lipid peroxidation of oxidized LDL, it

could not preserve the amount of a-tocopherol in oxidized LDL in our study. Since

the incubation time at 9 and 24 h were in log phase of lipid peroxidaton at which a-

5 --u--ﬁ?'. g time to oxidation of LDL

"r atective effect of L1 on HDL

: : tiun almost 100% since
hemin can slightly in pyidation of\HE Aghundred and 500 uM of L1
were able to projg f cholesteriylesters ey e 24 h of incubation.

Taking these resulj it canbe Dosrulated, thah L1 acts as a potential

In cell cu - the i e-lchiVed Macrophages were able to

taken up either # _ phaPocytosis. Macrophage
could also accumulgl® ¢l Qg # 1se ef |I,I\‘ psis (Kruth er al., 2002).
This model was sugge: at- foan 'n _ l be mediated not only by
modified LDL, but also by ¥ ff LDL tak 8y activated macrophages (Kruth ef

were induced to the activated
- ﬁ LDL uptake by
| ] Ma et al. (2006)

pacytes in human serum,

al., 2002). In this studyl m ;Ei-i"i s ..:
macr:)phag":a ' state e

macruphaget '.
reported the
{C) activator, phorbol

' i
activation of thgge macrophages with the protein kinese C

12-myristate 13- acf PMA) can snmulatwcmphages The macrophage foam

*'ﬂummtm W3

Imear related to LDL mnccntrat n, and does not show saturation at high LDL

RTE APIETIA T L ILTGES]

From this experiment, L1 could not protect uptake of oxidized LDL by PMA-induce
macrophage. Perhaps, native LDL at time 24 h of incubation, which was taken up by
macrophage, may be the modified LDL as a result of changing of lipid composition
by hydrolysis.
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Cytotoxicity study found that the hemin and L1 were not cytotoxicity on the

macrophages, while the native LDL and oxidized LDL were toxic on the
macrophages. The cytotoxicity of native LDL might occur from the oxidation in
gcd ages were crucial sources of oxygen-
centerd free radical, which i 1210 L (Jessup et al., 2002).

o ) ol ﬂ ¥ crophages to all conditions of
LDL cause the acc ipid, @f incubation. In addition,

macrophage after incubation.

the uptake of : | hages can accumulate FC
but not cholesteryl espgm*n g€ . frented wit €@pecntration of 5, 10, and 100
uM treated LD l ' 1616 | in macrophage treated with
native, oxidizedg _ Lhe accumulated lipid
compositions in thegt “ iyl esters in oxidized LDL
prior to incubaty v g

In conclusi pssesses an antioxidant
activity in in Wiro g '_ 0 4D "BDL s susceptible to lipid
peroxidation induct "ig ' \‘ Minhibit TBARS formation
both in LDL and HDL, :
of CA and CL level in LIV oW . derived macrophage model, the
uptake of native and oxidiga LY obBEiRling ished. This may be due to the
cunccntraticﬂ’!' he ; @DL which altered
by the sep | hag: Juptakc can not be
observed. Furt prm{m of this model such

omposition of which

pM can protect the decrease

as lipoprotein sgpération procedure which influenced on Iip'

LDL and HDL andﬁ‘ y of macrophage.

ﬂUEl’JVIEJ‘VITWEJ'TIﬂﬁ
qmmnsmmmnmw
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The TBARS levels in hemin-oxidized LDL at time various of incubation

1. Time 0 h

TBARs (nmol/mg protein)

Condition N
Native LDL' :

2.44

Hemin-oxL 2.60

255

243

2.28

Hemin-oxLD# 2.25
Hemin- GxLDL 3.12

&- 4\
llb 'd\\
‘-@Iuﬂ"ﬁ ‘

2. Time 9 h

2.07 2.04

Condition
MNative LDL

Hemin-oxLDL » 17.17
Hemin-oXRDL fiid . 5.56
Hemin-oxt Dl 0 ptMe————— St v. | 5.26
Hemin-oxLTH B 2 5.20
Hemin-uxLDwILl 100 uM 6.33 4095 4.27
Hemin-oxLDL @ﬂﬂ uM 6.67 QJ/ 6.01 5.11

QRIAINTRNTING 1A



3. Time24 h

TBARs (nmol/mg protein)

2 3

Condition
Mative LDL

2.54
18.20
5.94
7.16
6.57
5.79

Hemin- ux‘ 1 ‘ i for b N, 70 6.32

Hemin- DxLD].r

il ;
Inhibition percent gl at the presence of L1

at time various g

1. Time 9 h

Condition

Hemin-ox.DL +d 76.7
Hemin-o%{ BE=E=H -_—— / 78.7
Hemin-o ;: >4 79.1
Hemin-oxLDIL# L1 100 uM 853

Hemin-oxLDL +‘1 500 uM 76.8 81.7

FﬁJEJ’JVIEWIﬁWEﬂﬂ
RIAINTUUNIINYIAY
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2. Time24 h B —
Yeinhibition
2 3
Condition :
Hemin-oxLDL + L1 5 n 66.0 78.3

Hemin-oxLDL + L1 70.5
Hemin-oxLDL + Beadd 74.3
Hcmin—nxLDLW; 79.5
Hemin-nxLD]T; . " T 75.9

TheTBARsleve_’ in .| -oridized ‘Ti"l e PRBiaus of incubation

/7 i taating \\

| .ME;: AN

Nativé HDIY

2
Hemin-oxgDLs 3 I . N 2.3]

1. Time 0 h

Condition

Hemin-oxHDL + 14] 225
Hemin-oxHDL + L1 10 221
Hemin-oxHDL + L 2.18
Hemin-o u h 2.44

' ' 2.62

ﬂNEJ’JVIEWIﬁWEJ']ﬂi
RIAINTUUNIINYIAY



2. Time9%h
TBARs (nmol/mg protein)
2
Condition
Native HDL 2.00
Hemin-oxHD 2.79
Hemin-oxHDL + 414
— -
HeminwoxHDW 3 2.60
Hcmin-anDL; L 77 2.59
Hemin-oxHDT® ‘ (N 2.45
Hemin-ox | \ 2.56
3. Time 24 h ll"‘ ‘\\\
m c..r
2
Condition \
Native HD L. 2.26
Hemin-oxHE 3.14
Hemin-oxHDL + L1 5 u 2.82
97 ;1737
Hemin-oxHDL + 2.75
Hemin-oXHBEFE-50-uv————-3 | L 308
Hemin-ox 9L N 2.82
e
Hemin-oxHDL# L1 500 uN 2.74

AUEINENngng
QIR TN ING Y
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The a-tocopherol levels in hemin-oxidized LDL at time various of incubation

1. Timeo h

a-tocopherol (nmol/mg protein)

N

Condition
MNative LDL

10.26 11.61

Hemin-ox 9.76
11.25
11.01
10.77
Hemin-oxLD# 11.26
Hemin-oxLDL 1 § 10.41
2. Time 9 h
3
Condition e =
Native LDIY  ateisi<y 9.40 8.37
Hemin-oxLDL g ff/{:?}Wv 1.78
Hemin-qxRD d 0.00
[RTSERNER o g o' S S T ¥ — |+ S— 1.85
: A1) 4.
Hemin-ox LI+ 1.89
Hcmin-oxLDM L1 100 pM 518 2.20
Hemin-oxLDL . k80 1M 470 @F 2.31 2.84

| el d ¥
ai

ARIANINUNNINAE
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3. Time24 h

a-tocopherol (nmol/mg protein)

Condition

Native LDL . 8.41

Hemin-oxLD \\\ 0.00
Hemin-oxLDL «& 0.00
HcmimnxLD@ 0.00
Hemin-oxLDL + 57 0.00
Hemin-oxL DA L1 | 1.96
Hemin-oxLDIg# 1 58 1.97

The u-tocopheg Whious of incubation

1. Time 0 h

2
Condition ;

Native HDE 214
Hemin-oxHDL 491
Hemin-oxg DL AN q oy
Hemin-oSH @A=Ly 700 o 3.63
Hemin-oxHI3%, * f 398
Hemin-oxHDIL L1 100 uM || .

Hemin-oxHDL J‘.

AN IUNNINGA Y
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2. Time9h

a-tocopherol (nmol/mg protein)

Condition

Native HDL . VL 4.44
Hemin-oxHDL N\ 57 0.00
Hemin-oxHDL e 228
Hemin-oxHDL = T S2s 315
Hemin-oxH i) 2.88
Hemin-oxHDWPLi3e0 //] | NN 2.75

Y 4 I -
Hemin-oxHDL, | / - \ 2.10

e 4 .‘ fa, b AN .

3. time 24 h L AT W ¥

e L] ‘ - - []

l.h b Vo b b

' 2
Condition ,
Native BPL 481
Hemin-ox 0.77
Hemin- 0xHDL+L] Su 1.81
".ﬂ'i T ? :
Hemin-oxHDL + i }’E » : 1.87
Hemin-oyHBl ASY/ 185
Hemin-oxbiDA ¥ ' 1.76
) -

Htmm-o% L1 2.07

AUEINENngng
AN TUAMINYAE
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Free cholesterol and cholesteryl esters levels in oxidized LDL after incubate with
hemin at various incubation time.

Free cholesterol (FC) in LDL

1. Time 0 h

0.73
0.58

0.73
0.67
A R 0.65

(é AN Y 0.59
‘*"ff' A N 0.64

lﬂ"“f‘

2. Time 9 h

2 3
Condition

0.58
0.79
Hemin-oxt13 "0 ;" 0.77
Hcminande I ‘+ L1 10 uM 0.77
Hemin-oxLDL 'L 0 puM 0. 55 0.79 0.84

mmmamwmm
QW’m\iﬂ‘SMNWYJVIH’mEJ
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3. Time24 h

FC (pmol/mg protein)

2 3
Condition
Native LDL : Y S o 0.91 1.38
Hemin-oxLDL * | y - 1.03 1.66
Hemin-oxLDL + Lw§ __‘__/_i?l.s: 1.79
Hr:mimnxLDLﬁ‘ : e 2.09
Hemin-oxLDL + L3977 2.05
Hemin-oxLDI=® 2.18
Hemin-oxLDL, : 0.99
Cholesteryl araght
1. Time 0 h
3
Condition
Native LDL 0.13 0.23
Hemin-oxLDL _ P 0.22
Hemin-oxERL e B | - 0.24
Hemin-ox [Tttt iyt e———— / 0.24
Hemin-oxLD ' i » 0.20
Hemin-oxLDILJL1 100 uM 0.24
Hemin-oxLDL + it

ﬂpM 0.21 u 0.23 0.23

AN IUNNINGA Y
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2. Time9h

CA(pmol/mg protein)

Condition

Native LDL \ 0.17
Hemin-oxLD! \\ ) 0.17
Hemin-oxLDL + 022
—
Hcmin-oxLDW‘. 0.20
Hemin-oxLDL + L v/ 0.23
Hemin-oxL - ) 0.21
Hemin-oxLD & g\ 0.24
Pz ¥ :
5. Time 243 ll&- i\“
Jllm n
. 3
Condition Y B =S . \
Native L Wt A Y17 0.14
Hemin-oxLDJE ,-‘,:'-i';.?:lﬁf?- | 0.06 0.06
Hemin-oxLDL + L1 5 ,- = : 0.08 0.06
Hemin-oxl DL + ; , 0.07
Hemin-o%l LM 0.04
Hemin-ox ML o0 0.06
—t

Hemin—-:)xLD # L1500 oW 0.09

AUEINENngng
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Cholesteryl linoleate(CL) in LDL
1. Time 0 h
CL(pmol/mg protein)
2 3
Condition
MNative LDL 1.12
Heﬂﬁn—nbe 1.06
Hemin-oxLDL W ’. : 1.02
Hemin-oxLDL +.L o o 4 1.08
Hemin-oxLDL + Ljg# 0.96
Hemin-oxL Dl 1.14
Hemin- uxLDL+ 5.' d ~05 )2 1.02
2. Time 9 h ” L “\\
‘ff '
1]5&%%
\ i / Y 5
Condition i
Native LDL 0.51 081
Hemin-oxLDL Z5 ; 0.55 0.91
Hemin-oxtRL 4 LV 0 51 'a 0.98
-————---'--—---—-- j) 1.01
Hemin-ox LD 2 52 - 1.03
1
Hemin-oxLDIﬂJLl 100 uM 0.89

Hemin- uxLDL +‘1& uM 0.53 (Y 0.57 1.18

AN IUANINGA Y



3. Time24 h

CL (umol/mg protein)

Condition
Native LDL \ 0.43
Hemin-oxLD * , 0.21
Hemin-oxLDL +1§ 0.16
Hemin—oﬂﬂlﬁ‘ | 0.26
Hemin-oxLDL + L0, v/ 0.13
Hemin-oxL DT 0.21
Hemin-oxL 0.38
Cholesteryl oleght
1. Time 0 h
3
Condition
Native LD 0.40
Hemin-oxLDL 0.34
Hemin-gxi 0.37
Hemin-0 YT il epti¥l e ol 3 ~ 0.41
Hemin-oxE13t T8 £ 0.37
Hemin-oxL l;‘ L1 100 uM 0.18 Iy 0.45

Hemin-oxLDL 1. ja800 uM 0.11 @ g 0.12 0.39

k)
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2. Time9h

CO (pmol/mg protein)

Condition

Native LDL : 0.26
Hemin-oxLD \\ ) 0.41
Hemin-oxLDL +1§ 0.38
Hemin- ﬂxLDW‘. 0.35
Hemin-oxLDL + L ' 0.39
Hemin-oxL 0.36
Hemin-oxLDJg / \ 0.46

3. Time 24 h Ib i\\\

3
Condition
Native .-/ .18 0.22
Hemin-oxLD 0.17 0.16
Hemin-oxLDL + L1 5 ! 0.07 0.13
Hemin-oxLDL +.1 ( 0.14
Hemin-o%LQ : ! § 0.12
Hemin-ox B, , 0.08
Y

Hemin-oxLD4§ L1 500 ¥ 0.18

AUEINENngng
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Cholesteryl palmitate(CP) in LDL

1. Time 0 h

CP (umol/mg protein)

Condition
0.28
0.24
0.24
0.26
0.24
Hemin-ox 0.28
Hemin- nxLDL y 0.24
3

Condition ——————
Native LD \fatanitien V019 0.21
Hemin-oxLDL 0.26 0.27
Hemin-gxiyD 0.26
Hemin-o 1D skttt s L/ 0.25
Hemin-oxE13ty 9 g% 027
HEmin-nxLEMi L1 100 uM 0. i 0.22
Hemin-oxLDL ﬁﬂu uM 0.10 @ 0.23 0.00
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3. Time 24 h

CP (pmol/mg protein)

Condition
Native LDL 0.12
Hemin-oxLD Lo S \ 0.09
Hemin-oxLDL +‘§ 0.15
Hemin—ﬂxLD@: s 0.15
Hemin-oxLDL + LLSEUM"///] 0.00
' 0.00
0.12
Free cholestergffind § . . L after incubate with
hemin at va fous igful
Free cholestergMFC)
1. Time 0 h
2 3
Condition e LR IN S,
wve H : 0.2 0.13
mmaoalDL @22 G j) 0.13
Hemin-c- 7008 0.12
Hemin-ox "+ L1 10p 0. l' 5 0.13

Hcmin—oxHDL‘lﬁﬂ uM 0.11 0.13

fEINENINEINT:
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2. Time9h

FC (umol/mg protein)

Condition
MNative HDL 0.11 0.17

Henﬁn-uxﬂ]& 0.1 ___/_g 0.36 0.14

Hemin-oxHDL PETSTE_ 20,14 014 0.13

Hcmin-uxHD e | AR At 0.13
— > J/ 1 0 W

Hemin-oxHED 1 S0 s, 0.19

Hemin-oxHDL##1 19604/ / <o 13\ { § | 0.14

Hemin-oxHDL + 4 soffu h R BN\ 0.04
3.Time24h~ A&, A\
N, A=)
Ve St 3
Condition I Vel
Native HDIJ ot . 0.58
Hemin-oxHDL ' ——— | 0.56
Hemin-oxHDL + 0.54
Hcmin-o@ 0.52
Hemin-o 0.52

"“ﬂ e — =
ﬂﬂﬂ?ﬂ&lﬂiwmﬂi
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Cholesteryl arachidonate (CA) in HDL

1. Time 0 h

CA (pmol/mg protein)

2 3
Condition =
MNative HDL = 0.06 0.04
Hemin-ox 7 0.02

Hemin- uxHDWH 10.043 0.01

Hemin-oxHDL 4 : 0.02
Hemin-oxHDL +.Ig# 0.03
Hemin-oxHDIM Ll | 0.05
Hemin-oxHDL g1 spf i ff ~ = W\ | 0.01
i@ =)
2. Time 9 h ” “ “\\
_,, . 'Hf: i
A 1
Condition " —-—i_“' '
Native HDLY ~ WiaaSeisi<p ' 0.03 0.03
Hemin-oxHDL ff.a-; 3 ..:; IE’: m— 0.06 0.03
Hemin-oxHPL L Dr 0.03
Hemin-ox w"'—-—""“—"“'— """ 0.10
. LS
Hemm-oxHDEy B i-q 0.02
i | : uilg
Hcmin-oxHDMLl 100 uM 0.07 04 0.03
Hemin-oxHDL 41& uM 0.05 @ 0.04 0.01
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3. Time24 h

CA (umol/mg protein)

Condition ‘
Native HDL _ - F . 0.00 0.00
Hemin-ox \\ \ ' g 0.00 0.00
Hemin-oxHDL & 0. : 0.00 0.00
Hcmin-ﬂﬂ[ﬂﬁ’ 3 000 0.00
Hemin-oxHDL +L SO 0.00
Hemin-oxHDT, +. _» 0.00
Hemin-oxHDI® L U = N 0.03
Cholestery! lig#fea
1. Time 0 h
3
Condition
Mative HD 0.09 0.24
Hcmin-uxHDL_f . | 0.15 0.23
Hemin-owklD 0.12
Hemin- 5% BP0 MG 0.24
Hemin-ox "! | 0.25
Hemin-oxHIY + L1 100 pM 70.13 0.12

Hemin-oxHDL Lg300 uM 0.129 4 0.12 0.14

|l d ¥
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2. Time 9 h
CL (pmol/mg protein)
| 2 3
Condition — Wl 7
Native HDL WA K 0.09 0.30
Hemin-oxHD 116, y 0.15 0.25
Hemin-oxHDL + : '___/_-?n_n 0.22
Hemin-oxHDL W-‘ . w 0.19
Hemin-oxHDL + L1, 77771 o4 0.15
Hemin-o | 0.18
Hemin-oxHDLg 0.09
3. Time24 h |
3
Condition ‘ ‘ 2%
Native HP _ 000 .03 0.00
Hemin-oxHD (AT AT | 0.00 0.00
Hemin-oxHDL + L1 5 ) 000 0.00 0.00
Hemin-oxHDL + ' 0.02 0.00
Hemin-odHDE+EHS04M————— 000 0.0 j) 0.00
Hemin-ox LY iﬁ : 0.00
= i
Hemin-oxHDLE/4 L1 500 iV N 10 n@ 0.17

AUINENINYINT
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Cholesteryl oleate(CO) in LDL

1. Time 0 h

CO (pmol/mg protein)

Condition
0.16
0.13
0.00
0.16
0.13
Hemin-oxH. _ 0.00
Hcmin-ux]—l'[i:l_..’ . 0.00

2. Time%h

3

Condition
Native HDI 0.00 0.00
Hemin-oxHDL _#% 0.02 0.00
Hemin-oXMDL 0.00
‘*"""'—“""'"—‘ T — 1 0.00
Hemin-o '+ T | 0.00
Hemin-oxl-mm L1 100 uM 0.04 0.00
Hemin-oxHDL ff. Leig0 uM 0.04 0.04 0.00
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3. Time 24 h

CO (pmol/mg protein)

2 3
Condition
Native HDL NPy 0.00 0.00
Hemin-oxHD \ ' 0.00 0.00
Hemin-oxHDL o~ _ 0.00
- - ,‘, 7! DIDD
0.00
0.00
0.00
Cholesteryl pal
1. Time 0 h
3
Condition i
Native HD 0.07 0.07
Hemin-oxHDL - 0.07 0.11
Hemin-oxlDL +ad 0.00
Hemin-c LS SRR SRS — 0.07
Hcmm-u . "o.a- 0.11
Hemin-oxHDL+ L1 100 uM 0.00

Hemin-oxHDL -v., |_S00 uM

AN IUNNINGA Y
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2. Time%h
CP (pmol/mg protein)
2 3
Condition d
Mative HDL \ \ '] Ira 4 0.03 0.00
Hemin-oxHDL \\ . é’ 0.01 0.00
Hemin-oxHDL +$ : —-'? .02 0.00
Hemin-oxHDL W ) (00— 0.00
Hemin-oxHDL + LJe®0 v : 0.00
Hemin-oxHDL + L / I‘ 0.00
Hemin-oxH 12 ( 0.00
3. Time24 h I
/) ;
Condition / — »
Native HDL .00 0.00
Hemin-oxHD 0.00 0.00
Hemin-oxHDL + L1 5 puhdes 7 0 } 0.00 0.00
Hemin-oxHRBL + d g, 00 0.00
Hemin-ox v-\-‘—"-“"“—""‘_"" 0.00
Hemin-oxHD i 0.00
Hemin-oxHD i J L1 500 uM 0.04 0. ug 0.00
Eﬁ'ﬂuﬂ Wﬂw oeat, time 24 h of
A 11173
—Q %cell viability
Hemin (pM . , : I F g ‘ 3 }
‘ <x aclhe 1007 19
8.4 144.5 101.0 119.9
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Effect of L1 on cell viability of PMA-induced macrophage at time 24 h of

incubation

%ocell viability

\1 / 107.8
' N : 108.8
' 96.1
85.8
The cﬁutuxidty LW mi 1izde : | .-' o dnge L macrophage at time
24 h of incubagid" ' ' '
lllﬂi" & a.\\\
N4
' 3
Condition
Mative LDL 82 2
Ox LDL 799
L15uM 792
L1 10 uM 276
L1 50 uM 818
L1 100 uM ) 80.7
L1 500 uM ——— - J 81 1

L ucéﬂnacruphage at time

The phagocyt = 3
24 h of incuba

% Phagocytosis

NatiD‘L 17] ? e = 131. 6 | : 90.6
Ox LDL
L1100 uM 160.5 126.3 105.8

L1500 uM 435 122.0 91.4
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