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Role of the Different Components of
Oxidized Low Density Lipoprotein in In-
duction of Apoptosis in Macrophages
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(Research Laboratory of Free Radical Medicine, The First
Military Medical University, Guangzhou 510515, China)

ABSTRACT
Aim To investigate which component in oxidized
low density lipoprotein (OLDL) is responsible for the
apoptosis in macrophages induced by OLDL ,the roles
of several components in OLDL in apoptosis in
macrophages were studied.

Methods LDL was modified by Cu®*;cell nuclei
were stained with Hoechst 33258; DNA ladder was
observed by agarose gel electrophoresis.

Results OLDL could induce apoptosis in macrophages
characterized by appearance of DNA ladder and nucle-
us condensation, but native LDL and acetylated LDL
(Ac-LDL) could not. Pre-clearance of lipid hy-
droperoxides (LOOH) in OLDL by ebselen plus GSH
could partly inhibit apoptosis induced by OLDL.
Lipid moiety in OLDL could induce apparent apoptois ,
but protein moiety could not. Both linoleic acid and
cholesterol, the main components of LDL lipid, oxi-
induce

dized separately, could apoptosis  in

macrophages. The DNA fragmentation induced by
linoleic acid and cholesterol oxidized together was
much more apparent than that induced by either of

linoleic acid and cholesterol oxidized alone.

BRALHEESHHRE

LOOH and oxidized cholesterol in
OLDL may be responsible for the apoptosis in
macrophages induced by OLDL.
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Figure 1.  Agarose gel electrophoresis
of extracted total cellular DNA (1. 5%
agarose, 10 gg DNA/well). 1. Control; 2.
n-LDL (50 mg/L); 3. Ac-ADL (50 mg/L);
4. OLDL (50 mg/L); 5. n-LDL(100 mg/L);
6. Molecular weight marker (pBR322 cut with
Hinfl, 1 632. 517. 506, 336, 344, 298, 221,
220, 154 bp).
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Figure 2.
cleus staimed with Hoechst 33258,
Cells treated by n-LDL;
by OLDL.

Merphology of macrophage nu-
Upper.
Under. Cells treated

Table 1. Changes of lipid peroxide in OLDL after
treatment by ebselen plus GSH (umol/g LDL).

n-LDL OLDL. Lipid Protein
—ebselen 6.9 109.5 99.9 3.4
+ebselen 9.6 4.5 3.4

— ebselen represents OLDL before treatment by ebselen plus
GSH +ebselen represents OLDL after treatment by ebsclen
plus GSH.



244 o E Sk fL 2% (Chin ] Arterioscler), 1996, 4(4)

Figure 3.  Role of protein, lipid and LOOH in OLDL
induced DNA f of 1. Con-
troly 2. OLDL{50 mg/L)s 3. Protein(50 mg/L)}; 4.
Lipid(equivalent with that in 50 mg/L OLDL); 5. OLDL
treated by ebsclen plvs GSH.

Figure 4. Effect of oxidized linoleic acid,cholesterol
and ine on DNA fr of

macrophages.

1. Control; 2. Oxidized linoleic acid

3. Oxidized cholesterol; 4. Linoleiv acid and cholesterol ox-
idized together; 5. Oxidized phosphatidylcholine (The a-
mount of oxidized linoleic acid . oxidized cholesterol and oxi-
dized phosphatidylcholine used was eq

mg/L OLDL)
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Table 2. LOOH and thiobarbituric acid reactive sub-
stance (TBARS) in native and eoxidized limoleic acid,

and \mmol/g LDL).
LOOH TBARS
Native  Oxidised Native  Oxidised

jory 167 2.7 2.8 15.02
Chalesterol 304 288 .43 15.50

PD 2.05 9.6 10,43 15.21
LAt+C 2.52 86.7 11. 5§ 17. 85

LA, linoleic acid; PD, phoaphatidyl cholines C, cholesterol.

3 itk

RERLOIERXY OLDL BEH As &
EMEBEX. OLDL A EERAKKE
FRSBEMKE RO TR, T E X Mg
FOARAFEERE, BENHRER
OLDL FUESERAMM NI, EMMAEE
P388D1 % OLDL 4 E [ S ¥ DNA MM N . 8
BHk BB DNA BRE B, ERHA
M OLDL 4 EEHBEE B RBRERANEK
S35 /NN, R 49 LK B R 50% M BRI IE 1Y
ERERLAETRPAREA, BHAYY
WEHAAD, RMNABHRE—LIEE OLDL
LA S B 0 4 B A9 T, T n-LDL A1 Ac-
LDL WAg. LDL &5 Cu™ g HLBEHiE ]
EHMARKE T —FAMETL. LEEN
B MAEE N & RARE.LOOH. AR K
ZERNYEMEADEERNERRRRE
HB&RSE B IBME. XD RS BRI
gy mER—-HENERIIEAREYE
MACHREREERAER, —RIAY



I B kL 22 % (Chin ] Arterioscler), 1996, 4(4) 245
OLDL ﬁ%ﬁf{g ?ﬁ‘ﬁ; LOOH Eg] @gﬂ]mﬁﬁm tion.  Atherosclerosis, 1996, 121: 55~61.
Igﬁ@[n]n ﬁﬁﬂ?ﬁﬁsﬁfﬂuiﬁ%ﬁﬂﬂﬂ?ﬁt&ﬁ 6 Hockenbery D.  Defining apoptosis. Am J Pathol,

2 (18] N £ " 1995, 146 : 593~608.
k ﬁ: ° ﬂz fr]m ’Q%ﬁ‘ﬂtﬁ ﬁk%ﬁﬁi‘u% 7 Arends M]. Apoptosis; the role of the endonuclease.

ebselen {8 OLDL L/ LOOH,{# H & &

it n-LDL 7K, % % OLDL % & & E W 44

MITA TR R e, A B B LOOH H RE 343 1

OLDL % % ## 12, % Bl LOOH {X & OLDL

FIREMARMATHIREZ —. % OLDL fk

MEARGHIREAAZEHAI AEIRER

MM E T, TR BRA 2 v LA SR E 4 R

WL, R OLDL E3[ERACH I EREREHR

JREERS; . A LDL R =B A4 W ER I

R SN B ) 5 e 4 7 0 % N o R

B 3t IR AL 7= B BF 5 3 B 4 AL R R R M T

EOLDL 3 EERAMALCN I —EERAXK.

PHMHIMBREALEBERTETKEN

LOOH, HEJIEHEWMBHTH A EMRH

£, i1 I vy R 0 A [ @% — R AL 5 WU VT 5 1 B

EREmMA T, i E B E warsl

EREHERMAKMAT. HEMS As RO

WX ABERIET AMNARE, BEXEW

PLE— B RAEB . A RS R EmR,LDL

wArey HE R LDL i gmd B gk

T LR AL B RH [ BE, 31 OLDL — & 8k E W 41

MERSHLAT, TREHEMSR As &

EMEEREZ—.

803K

1 Ball RY, Stowers EC, Burton JH, et al. Evidence that
the death of macrophage foam cell contributes to the lipid
core of atheroma.  Atherosclerosis, 1995, 114: 45~54.

2 BB AH KASEAERSHKBREL. L4
X5 Lt &, 1989, 16(4) ;. 278~282.

3 Esterbauer H, Diber-Rotheneder M, Waeg G, et al.
Biochemical, structural, and functional properties of oxi-
dized low density lipoprotein. Chem Res Tozicol, 1990,
3 n775%92;

4 Reid VC. Mitchinson MJ.  Toxicity of oxidized low den-

sity lipoprotein towards mouse peritoneal macrophages in

Atherosclerosis, 1993, 98. 17~21.
5 Liu SX, Chen Y, Zhou M, et al,

vitro.
Lipoperoxidative injury
to macrophages

by oxidatively modified low density

lipoprotein may play an important role in foam cell forma-

10

11

12

13

14

15

16

17

18

Am J Pathol, 1990, 136: 593~608.
Abello PA, Fidler SA, Bulkley GB, et al. Antioxidants
modulate induction of programed endothelial cell death
(apoptosis) by endotoxin.  Arch Surg, 1994, 129: 134
~141.

Reid VC, Mitchinson MJ, Skepper JN.  Cytotoxicity of
oxidized low density lipoprotein to mouse peritoneal
macrophages: an ultrastructural study. J Pathol, 1993,
171; 321~324.

HHE, M. —RETHBRBEEERN LS REARLR
BEA. shaFERLoha ¥R, 1992, 21(3), 257
~260.

Woff SP. Ferrous ion oxidation in presence of ferric ion
indicator xylenol orange for the measurement of hy-
droperoxide. Methods in Enzymology, 1994, 223. 182
~189.

Liu SX, Chen Y, Zhou M, et al. Inhibitory effect of
ebselen on the oxidation of low density lipoprotein.
Redox Report, 1995, 1: 357~360.
Chin JH, Azhar S, Hoffman BB. Inactivation of
endothelial derived relaxing factor by oxidized lipopro-
J Clin Invest, 1992, 89. 10~18.

Esterbaur H, Gebicki J, Puhl H, et al.

tein.
The role of
lipid peroxidation and antioxidants in oxidative modifica-
tion of LDL.  Free Radi Biol Med, 1992, 13 341~
390.

LK. REN, ¥F S TARZREHBIR. B
ZERZV.AMADYERFTRKDNA. LR, B
3L, 1992, 464~476.

Reid VC, Hardwick SJ, Mitchinson MJ. Fragmentation
of DNA in P388D1 macrophages expcsed to oxidized low
density lipoprotein. FEBS, 1993, 3. 218~220.

Jialal I, Freeman DA, Grundy SM. Varying suscepti-
bility of different low density lipoprotein to oxidative
maodification.  Arterioscler Thromb, 1991, 11, 482~
488.

Thomas JP, Geiger PG, Girotti AW. Lethal damage to
endothelial cells by oxidized low density lipoprotein role
of selenoperoxidase in cytoprotection against lipid hy-
droperoxide and iron-mediated reaction.

1993, 34: 479~490.
Buttke TM, Sandstrom PA.

J Lipid Res,

Oxidative stress as i medi

ator of apoptosis.  Immunol Today, 1994, 15: 7~10.





