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Abstract: There is now a consensus that atherosclerosis represents a state of heightened oxidative stress
characterized by lipid and protein oxidation in the vascular wall. The purpose of this study was to evaluate a
simple and precise manner in which to assess the LDL and modified LDL for clinical and experimental
application. A step density gradient was constructed from NaCl and KBr solutions varying m density(d) from
1.035to 1.1 g mL™" and from 5.5 mL of pool plasma of 32 healthy normolipedemic men (23-25 years old) was
adjusted to d 1.09 g mI.™". The sample was Separated was after a single ultracentrifugation 40,000 g for 10 h at
4°C in a swinging bucket rotor. Centrifugation showed four density layersd=1.1g mL™', d=1.09 gmL™",
d=1.065gmL™", 1.035g mL " Isolated LDL was acetylated by saturated sodium acetate and acetate anhydride.
Acetylated LDT, (ac-LDL) has different physico-chemical properties than native LDL. The acetate cellulose
electrophoresis was applied for analysis of electrophoretic properties native and ac- LDL. Ac-L.DL moved 1.5
times faster than native LDL. This study support a sumple and precise mamer in which to assess the LDL and
modified LDL (oxidized -LDL and acetylated-LDL) for climical and research purposes.
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INTRODUCTION Most studies have indicated that

modified

Atherosclerosis is the major source of morbidity and
mortality i the developed world. Atherosclerosis 1s
characterized by the accumulation of cholesterol deposits
in macrophages mn large- and medium-sized arteries. This
deposition leads to a proliferation of certain cell types
within the arterial wall that gradually impinge on the
vessel lumen and impede bloed flow. The association
between LDL cholesterol and atherosclerosis has been
established based, in part, on an experiment of nature
(Stocker et al., 2004; Mackness and Mackness, 2004).

Triacylglycerols (TG) and Cholesterol Esters (CE)
not enable to move within the water based solution of
the Blood stream, so they camy out in blood by
Lipoproteins (Colpo, 2005). Lipoproteins are five major
groups (Chylomicrons (CM), VLDL, LDL, HDL). Low-
density lipoproten (LDL) 18 a lLipoprotein that
transports CE and TG from the liver to peripheral tissues
(Brousseau et al., 1993).

LDL particles contribute in cardiovascular Diseases
(Virella et al., 2000). The most modified LDL is oxidized
LDL. Oxidized LDL meodifications are a prerequisite for
macrophage uptake and their transformtion into foam cells
(Yla-Herttuala et ai., 1990). The LDL that has extracted
from human and rabbit atherosclerotic lesions, indicates
nearly all of the physicochemical and immunclogic
properties of LDL oxidized (Yla-Herttuala et al., 1989).
Furthermore, modified LDL can trigger an autommmune
response that leading to the formation of autoantibodies
(Salonen et al., 1992). In vive condition commonly use for
acetylated LDL because its construction is very fast and
simple. Also, the effects of ox-LDL and ac-LDL in many
aspects are similar. Several procedures are present for
acetylating LDL. The oxidative modification of low
density lipoprotein (LDL) may play an important role in
the pathogenesis of atherosclerosis.

Therefore nowadays modified TLDL-C has very
application in molecular biology of Coronary Heart
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Diseases (CHD) and for in vivo cellular model
(Berliner and Suzuki, 1996, Kamps et al, 1992
Higaki et al., 1993, Wang et al., 2007, McPherson et al.,
2007). Ac-LDL internalized by monocyte-derived
Macrophages that associate with atherosclerotic lesions.
In contrast, ac-LDL was not located in nonactivated
monocytes adherent to the lesion swface (Landers and
Lewis, 1993). Preconditioning cells with glutathione-ethyl
ester (GSH-Et) indicate that Protein Kinase-C (PKC)
pathway regulates ac-L.DIL binding and decrease reactive
oxygen intermediate generation and apoptotic conversion
in foam cells. These effects can be prevented by a PKC
mhibitor (calphostin C) (Rosenson et al., 2005). Ac-LDL
used for identifying macrophage like cells in variety of
tissues (Victor et al., 2002). Therefore preparation these
molecules 1s important i climcal and research goals.

MATERIALS AND METHODS

Blood sample: Human T.DI. was obtained from the blood
of healthy volunteers of healthy, normolipidemic males, in
the department of Climcal Biochemistry, Faculty of
Medicine, Telwran Umniversity of Medical Sciences, Tehran,
Tran from May 2006 through April 2008. Pool plasma
was isolated from healthy, normolipidemic male volunteers
23 to 35 years old and all donors had fasted overnight for
12to 14 h.

The venous blood (10-15 mL) was collected
from every volunteers in bottles containing Na,EDTA
(final concentration 1 mg mL™") and plasma was separated
by centrifugation (1500 g, 30 min) after 10 min at 4°C.
Plasma sample for lipoprotein isolation was stored in
-70°C.

Parameter of plasma lipids: Total plasma lipid and TG
concentrations were estimated by using an enzymatic
method (Pars Azmon, Tehran, Tran), apolipoproteins (apo)
and CRP by ELISA methods (Pars Azmon, Tehran, Iran)
and Lp(a) by tubidmetric Kit (Bohringer Minhayme,
Germany).

Isolation of plasma low density lipoprotein

Gradient construction: For LDL 1solation the gradient
making construction is necessary. The salt stock solution
contains NaCl (153 g L™") and KBr (354 g L") and its
density was 1.346 g mL " Sclutions with lower density
were made by dilution of the stock with 0.15 M NaCl
solution (d = 1.003) according to this formula:

_Vd,-d)
v, d,

Myg, = Mass of Kbr

V= Volume to be adjusted

d, = Density of the first solution at 3°C
Density of the second solution at 4°C
v, = Partial specific volume of KBr at 4°C

S
[

First, the density of plasma was raised by
addition KBr and NaC1to 1.09 g mL.~" (Mori et al., 2001 ;
Geiss et al., 2004; Chapman et al., 1988).

Isolation of LDIL.: Discontinues density gradients were
constructed in a polyallomer tube (9/61 diam x 31/2), 2mL
of a NaCl-KBr solution of density 1.1 g mL™"' then, were
pumped into button tube. The following solutions were
layered onto the letter with the aid of the density-flow:
5.5 mL plasma (d = 1.09 g mL™), 1.5 mL of NaCl-KBr
solution (d=1.065g mL.™") and ImL of NaCl-KBr solution
{d=1.035 g mL.™"). Immediately upon complication, the
gradients were centrifuged at 40000 rpm for 10 h at 4°C in
a SW41-ti swing bucket rotor (Beckman Coulter, Inc., Palo
Alto, CA) (Havel et al., 1955).

Acetylating of LDIL: Tsolated 1.DI. was acetylated by
Fraenkel-Conrat (1957). Then 0.5 mL of 0.15 M Na(Cl
solution contaming 14 mg of LDL proten was added to
0.5 mLL saturated sodium acetate and starring in ice-water
bath, next over a period of 1 h with continuous stirring
aliquots (2 mL) of acetate anhydride. After addition acetic
anhydrate equal to 1.5 times the mass of LDL used,
mixture was stirred for 30 min. Finally, the mixture was
dialyzed for 24 hat 4°C against 12 L of 0.15 M NaCl,
0.3EDTA and pH 7.4.

Separation of LDI. by electrophoresis on acetate
cellulose: Aliquots (1-2 pl.) of whole plasma, native L.DL
or isolated T.DL and acetylated LDL were elcterophoresed
for 40 min with 200 volt on acetate cellulose films
(Magnani and Howard, 1971) barbiturate buffer (pH=8.65)
using Bio-Rad system. The cellulose acetate plate was
placed in buffer for about 15 min before the
electrophoretic  separation.  On  completion  of
electrophoresis, slides were stained for lipoprotein with
Pansue 35 (0.5 g/100 H,0) for 10 min and were destained
with Acetic acid (5%) (Bradford, 1976).

Assay: The content of protein was determined by
Bradford Method that can be found elsewhere
(Basuet al., 1976).

RESULTS

Ultra centrifugation plasma was done at the
following densities: 1.035to 1.1 g mL.™, total cholesterol,
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Table 1: The parameters of plasma lipids, apolipoproteing and TG
concentrations in male blood donors

Variables Mean (mg dl."" 28D
Tatal cholesterol 161.56+24.45
Triglyceride 129.15+73.68
HDL-C 43.1249.20
LDL-C 92,15+£15.91
ApoA 165.25+16.51
ApoB 79.59£19.65
Lp(@ 17.40£12.56
CRP 1.47£1.74
Data are Mean+SD

L d=1.035gmL™

-d=1.065gmL™

Fd=1.09gmL™

d=1.1gmL™

Fig. 1: Schematic representation of the distribution of
Lipoproteins bands in the density discontinuous
gradient at 10 h ultracentrifugation (40000 rpm).
LDL located between 1.035 and 1.09 g mL ™'

Triglycerides, HDL-C, LDL-C, Apo A, Apo B, LP(a) and
CRP contents n fractions were 161.56424.45, 129.154+73.68,
43.1249.20, 921541591, 165.25+16.51, 79.59+19.65,
17.40£12.56 and 1.47+1.74, respectively (Table 1).

Gradient ultracentrifugation: After density
discontinuous gradient ultracentrifugation, four bonds
observed: d=11gmlL~,d=109gmlL™", d=1.065¢g
mL ™, 1.035 g mL.~" (Fig. 1).

Electrophoresis of AC-LDL on cellulose acetate slides:
Plasma and the obtained lipoprotein fractions were
submitted to electrophoresis in acetate cellulose slide.
Two lipoprotein fractions were seen in the plasma sample
(Fig. 2), corresponding to AC-LDL and Native-LDL.

Electrophoresis of the acetylated-L.DL prepared in
acetate cellulose at barbituwrate buffer with pH 8.65,
indicated that the acetylated-LDL have a enhanced charge
as compared with native LDL (Fig. 2).
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Fig. 2. Electerophoretic pattern of AC-LDL. Five
micrograms of each LDL preparations and plasma
were subjected to electrophoresis m acetate
cellulose slide at barbiturate buffer, pH &.65.
Slides stained with Pansue 5. (A) Acetylated-1.DL;
(B) native LDL

DISCUSSION

Most studies have mdicated that the modified
lipoproteins trigger an immune response that leading to
the production of autoantibodies and subsequently to the
formation of atherogenic immune complexes (Virella et al.,
2000; Yla-Herttuala et al., 1989, 1990, Salenen et ai., 1992,
Mironova et af., 2000; Bergmeier et al., 2004). Therefore
modified LDL has many applications in Coronary Artery
Disease (CAD) studies. Varity of modified LDL, included
0x-LDL and ac-LDL, are present. These modified partical
have very similar effects, so in vitro studies used ac-LDL
because simple and fast preparations. Sequential flotation
ultracentrifugation is commonly used in the preparation of
plasma lipoproteins. However, protocols often require
prolonged centrifugation time (48-72 h) and large plasma
volumes (2-20 mL), which makes them unsuitable for
studies on small laboratory animals (Victor et al., 2002).

Several preparative and analytical methods have
been proposed to 1solate plasma lipoprotems by
ultracentrifugation. Most of them are very time consuming
and laborious and damage the particle integrity. But our
procedure describes a fast and safe method for
preparation and modifying of Low Density Lipoprotein
(LDL) of human plasma in large scale and lower time.

Albumin apparently contaminates the VIL.DL, IDL and
HDL fractions, but cannot made problem m our method
because the presence of albumin does not interfere with
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lipid and apolipoprotein determination, acetylation or
electrophoresis did not
performed further purification for owr subsequent
analytical studies.

Ultracentrifugation time in this study was 10 h but in
other experiments, this time was 18 h (Chapman et al,
1988). Therefore we showed that LDL isolation in shorter
times can mad without effect on the electerophoretic and
sedimentation properties.

Chapman et ol (1988) isolated the major
lipoproteins classes, VLDL (d<1.016 g mL™"), LDL
(d=1.028-1.050 gmL.™"), HDL,(d =1.066-1.1 g mL.™") and
HDL, (d = 1.1-1.53 g mL™") from human plasma and
analyzed the chemical, physical and mmmunological
features of this classes. In this study we used chapman
method with minor modifications and isolated LDL band
(Fig. 1).

Brousseau et al. (1993) described a micromethod for
separation of plasma Lipoproteins. They showed that
centrifugation in short time has less deleterious effects on
the lipoprotein structure.

Basue et al (1976) studied electerophoretic
properties of ac-LDL used the agarose gel at pH 8.6 and
indicated that the acetyl-LLDI. has enhanced negative
charge as compared with native LDL. Present study
showed that acetate cellulose electrophoresis has
excellent efficacy. This methed 1s very fast and simple;
therefore acetate cellulose is better than agarose
electrophoresis. Basu et al. (1976) showed that size and
configuration of the acetyl-LDL are similar to that of
native LDL, as were revealed by electron microscopy after
negative staining of the lipoproteins with wanyl acetate
(Basu et al., 1976).

Pietzsch et al. (1995) applied a very fast sequential
separation method for LDL 1solation (100 mm), but their
method required to very high speed centrifugation
(625,000 g). This speed can harmful for equipment. Also
with increasing rotor speed, VLDL and LDL lipid
constituents principally tended to decrease. The
procedure was suitable for the assessment of lipid and
protein constituents in lipoproteins from very small
plasma samples (500 pL) but no for huge amounts.

In conclusion, analysis of electerophoretic and
ultracentrifugation data indicate that our method can used
for extraction and modifying T.DT, and these preparations
are suitable for use in molecular and cellular studies in

processes. Therefore we

cardiovascular diseases.
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