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OXIDIZED [1-"* C] LINOLEIC ACID AND HYDROGEN PEROXIDE TONE MIGHT
PROMOTE ANTI-ATHEROGENIC ACTION AND PREVENT
METABOLIC DISEASES

PRATIBHA KAMBLE"

Department of life sciences, vidyanagari, santacruz( east), Mumbai.
ABSTRACT

Oxidized low density lipoprotein (Ox-LDL) and its various forms are responsible for development of
proatherogenic action in in vitro cell culture system. Reactive oxygen species (ROS) can produce
detrimental effects that include atherosclerosis. However, mild oxidized products could also impose
antiatherogenic action. Present study suggests that HepG2 cells treated with [1-"C] Linoleic acid formed
oxidized linoleic acid (13-hydroperoxy-9,11 octadecadlen0|c acid) [13-HPODE] and hydrogen peroxide
[Ho05] In addmon to that cells exposed to oxidized [1- C] HPODE showed peroxisomal degradation of
oxidized [1- C] HPODE to H,O, which might be a lipoxygenase enzymatic reaction. Azelaic acid which is
lipid peroxidation-derived lipophilic dicarboxylic acid is also formed during the reaction. The generatlon of
this compound can induce anti-atherosclerotic effect. Similarly, in absence of HepG2 cells [1- C] linoleic
acid and [1- C] HPODE independently formed least oxidation. Ox-LDL treatment to HepG2 cells at 0-4 h
showed increase in H,O, generation. Ox-LDL alone showed rise in lipid peroxide and H,O, content at 1h.
A cellular change was also noticeable effect of Ox-LDL and HPODE treatment.
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INTRODUCTION

Large number of concluding evidences has suggested
that Ox-LDL(Oxidized low density Iipoprotein? plays
significant pathological role in atherosclerosis™. The
pro-atherogenic action of Ox-LDL is attributed for its
increased uptake of Ox-LDL by macrophages by
scavenger receptors®®. Chandrakala et.al.” have also
reported that Ox-LDL and oxidized lipids of ischemic
cells has pivotal action in inducing brain natriuretic
peptide (BNP) and monocyte chemotactic protein-1
(MCP-1) gene which are early biomarkers of heart
failure®. Number of cell surface receptors was identified
as putative receptors for Ox-LDL. It is known that
theoretically native LDL circulating in plasma contains
unmodified apoB-100 and no associated peroxides or
aldehydes and it is rich in antioxidants and
polyunsaturated fatty acids (PUFA). The PUFA or
antioxidants are lost from LDL when LDL is “seeded” .
However, when oxidation takes place at minimal level
the particle represents it is minimally Ox-LDL or mm-
LDL. In that form the particle that has intact ApoB-100
with  minor protein damage or modification but
phospholipids gets enormously affected®”. Similarly,
McCarthy et.al ~ reported that conjugated linoleic acid
(CLA) can induce expression of Cholesterol Scavenger
receptor ABCG1, cholesterol metabolizing enzymes
CYP7B1 and PGC1a target gene CPT1a which is
important in atherosclerosis. Their studies suggest that
CLA can reduce atherosclerotic lesions, through the
regulation of these genes involved in inhibiting the foam
cell formation®®.Very few evidences are available to
report that cells internalize Ox-LDL by any pathway
other than the LDL receptor-mediated pathway however,
these particles get more oxidized if theg are subjected to
oxidation in vitro. Steinbrecher et al. ~ reported that in
vivo clearance of Ox-LDL depends on the extent of
particle oxidation. This suggests that components of LDL
by mild oxidation are directly taken up by LDL receptor
or it results to more extensive oxidation and increased
uptake by the liver scavenger receptor. These particles
which are devoid of PUFA, monounsaturated fatty acid
(MUFA) and antioxidant are efficiently cleared from
plasma by the liver, even though they are formed in
plasma components. Ox-LDL also affects the monocyte
differentiation into macrophages and it also induces the
expression of receptors for its uptake'. Staprans et al.™
showed in rabbit consuming oxidized (heated) fat is
absorbed, incorporated into lipoproteins secreted by
liver, and enhances the in vitro oxidizability of isolated
LDL. In contrast to proatherogenic effect of oxidized
lipids there could be potent anti-atherogenic effect of per
oxidized lipids as it can induce synthesis of nitric oxide
which shows vasoactive properties'. Oxidized lipids can
also elicit “antioxidant-antiatherogenic responses from
cells for example it can induce manganese superoxide
dismutase (Mn-SOD), heme oxygenase (HO1), catalase
(CAT) and glutathione (GSH)'. Meilhac et al."* have also
reported an increase in CAT gene in RFASMC when
cells are treated with 13-HPODE(13-hydroperoxy-9,11-
octadecadienoic acid), 13-HODE, MO-LDL, or H,O,
Inspite of detrimental effects of oxidized fats (OF) in
human health one such group have reported that
oxidized fats (OF) can inhibit proatherogenic effect, by
reducing monocyte recruitment and SMC proliferation

and migration. The OF can activate PPARa in liver,
which can cause lower lipid, TAG, cholesterol and VLDL
levels in plasma and vasculature of rats. It has also
been reported that feeding a diet rich in 13-HPODE can
strongly reduce TAG levels in plasma that takes place
by PPAR a-dependent pathway'®. Meilhac et al.”* have
demonstrated that in smooth muscle cells (SMC)
oxidized linoleic acid [13-HPODE] could increase
intracellular H,O,, mediate cytotoxic effects. Based on
these studies that are done so far the hypothesis in
present studies is that Ox-LDL and oxidized products of
linoleic acid such as 13-HPODE, H,O, in minimal
amount can prove to be beneficial to cells and may be
antiatherogenic.

MATERIALS AND METHODS

HepG2 Cell Culture

HepG2 cells (American Type Culture Collection [ATCC],
Manassas, VA) were routinely cultured in advanced
DMEM (Invitrogen, Carlsbad, CA), supplemented with
10% FBS, 1% L-glutamine, and 1% penicillin-
streptomycin (Invitrogen, Carlsbad, CA) and were
maintained at 37°C in an atmosphere containing 5%
CO,. For experiments the cells were seeded in 6-well
dishes and before any experiment, cells were placed in
their corresponding serum-free medium for 8-16h.

Isolation of LDL, preparation of minimally oxidized
LDL and treatment of HepG2 cells with Ox-LDL

LDL (d 1.019-1.063) was isolated by ultracentrifugation,
using TL-100 tabletop ultracentrifuge from collected
blood of healthy donar, the LDL was then dialyzed
against PBS, pH 7.4, for 6h. MO-LDL was prepared by
adding 5 ym CuSo, to LDL solution in PBS at 37°C and
conjugated dienes that were formed were monitored at
optical density (OD) of 234 nm for about 1h. The
oxidation was halted by adding 10 ym EDTA. The MO-
LDL formed was then used for treating HepG2 cells.
HepG2 cells were treated with Ox-LDL for 0,5,30 mins,
1, 2 and 4h period and cellular change were detected
microscopically. The second experimental set was
designed with and without HepG2 cells and Ox-LDL.**’

Preparation of 13-HPODE and treatment of HepG2
cells with 13-HPODE

Stock linoleic acid (C18:2) was prepared in absolute
ethanol and it was then oxidized to 13-HPODE with
soybean lipoxygenase (100U/mL) at 37°C for 1h. The
13-HPODE formed was monitored
spectrophotometrically by scanning the absorption
between 200 and 300 nm (model DB 3500, SLM-
AMINCO; Spectronic Instruments, Rochester, NY) using
PBS as reference. A conversion of linoleic acid to 13-
HPODE is observed as an increase in absorbance at
234 nm.**’

Uptake and incorporation of [1-'* C] Linoleic acid
into cellular lipids

HepG2 cells were seeded in 6-well plates and were
grown until reached 90% confluence. Studies were
performed in absence of serum by using 25 pm
concentrations (5,000 dpm/nmol) of labeled solution of
linoleic acid. After different times of incubation, the
medium was removed and cells were washed with PBS.
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The cells were scraped into 2ml of 0.05% deoxycholate-
containing PBS, and radioactivity was determined in 100
pl of cell lysate. Results are expressed as a percentage
of total radioactivity.”’

N-Benzoyl LMB method for Peroxide Detection

The N-Benzoyl LMB method is used to measure the
amount of free lipid peroxides present in system. It is a
common method that measures peroxides such as H,O,
and other lipid peroxides. About 25 pym/L of 13-HPODE
was incubated with cells at 37°C for 1h. After incubation,
40 uL of sample was put in each well of 96-well
microtiter plate. The plate was incubated with 100 pL of
N-Benzoyl LMB color reagent (5mg LMB in
dimethylformamide, 0.05mol/L K-phosphate buffer, pH
5.0, 1.4 g Triton X-100, 5.5 mg hemoglobin). After 5
min's at RT sample was read at 660 nm in a microtiter
plate reader.

RESULTS

Uptake and incorporation of [1-'*C] Linoleic acid and
oxidized [1-'*C] HPODE into cellular lipids by HepG2
cells

It is previously reported that, reactive oxygen
metabolites react spontaneously with cellular lipids and
can oxidatively modify fatty acids. Linoleic acid (LA) is a
doubly unsaturated fatty acid, is found in plant
glycosides and an essential fatty acid found in
mammalian nutrition. Linoleic acid is most abundant
PUFA present in the plasma and in LDL, and 13-HPODE
is the oxidized form of linoleic acid produced by
lipoxygenases '>.HepG2 cells might possess 12-
lipoxygenase, which under certain circumstances
converts linoleic acid to its oxidized form. To determine

3000

whether HepG2 cells convert [1-1401 Linoleic acid to 13-
HPODE we incubated cells with [1- 4C] Linoleic acid for
3h. We observed substantial increase in oxidized form
of 13-HPODE at 3h seen as 1203.67+61.65 as
compared to [1-"*C] Linoleic acid without cells showed
552.33+37.09 which indicates that 12-lipoxygenase
might be involved in its conversion (Figure 1A).
However, at 1h time [1-14C] Linoleic acid did not form
oxidized products in absence of cells. Figure 1A shows
that oxidized [1-'“C] HPODE at 4h in presence of
HepG2 cells can bring peroxisomal degradation the
values seen are 2393+39.95 however, in absence of
cells oxidized [1-'*C] HPODE at 2h showed 1078+59.5
which indicates least degradation of [1-'*C] HPODE.
This suggests that intracellular generation of H,O, might
be one such mechanism by which H,O, can activate
catalase.

Figure 1 (A)

Uptake and incorporation of [1-14C] Linoleic acid
and oxidized [1-14C] HPODE into cellular lipids by
HepG2 cells.

The experimental set up included treatment of Hep G2
cells with [1-'*C] Linoleic acid and oxidized [1-'*C]
HPODE for 1-4h (Figure 1A respectively). HepG2 cells
showed increase in % total radioactivity for [1-"C]
Linoleic acid (3h) and oxidized [1-'*C] HPODE (4h)
when HepG2 cells are exposed to these compounds.
However, [1-"C] Linoleic acid (1h) and oxidized [1-"*C]
HPODE (2h) in absence of cells showed least change
(Figure.1A). Figure 1B indicates that HepG2 cells
treated with HPODE show some morphological
alteration which indicates that it might be generating
H,0,

1: Unooddized 1-14C-Linolic acid (No Hep G2 Cell-exract)
2: Oradized 1-14C-HPODE
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Figure 1A
Radioactivity Studies to detect conversion of 1-14C-Linolic acid to 13-HPODE and 1-14C-HPODE
to H202 in prescence and absence of HepG2 cells

—_

Unoxidized 1-14C-Linoleic acid (No HepG2 Cell-extract) (Lipoxygenase Absent)- 1hour

2. Oxidized 1-14C-HPODE (No HepG2 Cell-extract) (Lipoxygenase Absent) — 2 hour
3. Unoxidized 1-14C-Linoleic acid (HepG2 Cell-extract) (Lipoxygenase Present)-3 hour

Significant Increase

4. Oxidized 1-14C-HPODE (HepG2 Cell-extract) (Lipoxygenase Present) — 4 hour

Significant Increase
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Figure 1 (B)
HPODE Treatment of HepG2 cells

In Figure 1B depicts cells treated with HPODE for 0-4h showing alteration in morphology.

5 min

Figure 1B
HPODE Treatment of HepG2 Cells

Uptake and incorporation of oxidized LDL into
cellular lipids by HepG2 cells

Ox-LDL is known to play a central role in
atherosclerosis. When LDL undergoes mild oxidation
(MO-LDL), its lipid peroxide content increases." Results
presented in Figure 2A show that Ox-LDL in presence of
HepG2 cells at 0-4h can increase the generation of
H,0, (2-4h). HepG2 cells exposed to Ox-LDL showed
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significant increase at 0, 1, 2 and 4h seen as 0.21£0.01,
0.21£0.03, 0.2320.02, 0.22+0.01 as compared to Ox-
LDL without HepG2 cells shown at 0, 1, 2, 4h seen as
0.2240.03, 0.31+0.02, 0.16+0.02 and 0.13+0.01 (Figure
2A). Figure 2B show morphological change in HepG2
cells from 0-4h which signifies that as time of incubation
increases the cells might be accumulating more H,0,

@ Oxidized LDL(No HepG2 cells)
© Oxidized LDL (HepG2 cells)

Time (h)

Figure 2A
Oxidized LDL in prescence and absence of HepG2 cells

This article can be downloaded from www.ijpbs.net

B-115



Int J Pharma Bio Sci 2017 October; 8(4): (B) 112-118

5 min

30 min

Figure 2B
Oxidized LDL Treated HepG2 cells

Schematic representation of mechanism of action of lipid peroxidation

Lipoxygenase
1-14C-Linolic acid

13-hydroperoxy-9,11-octadecadienoic acid (13-HPODE)
13-hydrooxy-9,11-octadecadienocic acid (13-HODE)

Hydrogen peroxide (H202)

1-14C-HPODE ——+ Hydrogen peroxide (H202) ———— H20 + 02
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Lecithin-like oxidized LDL receptor (LOX-1)
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(Oxidized LDL and Linolic acid Products)

Inducers .

DISCUSSION

The study demonstrates that HepG2 cells exposed to [1-
'4C] Linoleic acid is converted to oxidized form that is it
forms 13-HPODE, however in absence of HepG2 cells
there is little change which suggest that cells contains
lipoxygenase enzyme system that might bring about
oxidation reaction. Intracellular generation of H,O, can
take place from oxidized linoleic acid if cells are
exposed for prolonged period of time. The 13-HPODE or
H,O, generated might be involved in signal transduction
of catalase, GpX, HO1 gene that can reduce oxidative
stress.""*'*"® McCarthy et.al.® reported that conjugated
linoleic acid (CLA) is involved in expressing Cholesterol
Scavenger receptor ABCG1, cholesterol metabolizing
enzymes CYP7B1 and PGC1a target gene CPT1a this
have a important role in atherosclerosis. They have
further said that CLA can reduce atherosclerotic lesions,
by regulating these genes that can prevent foam cell
formation ®.  Our results on oxidized [1-'*C] HPODE
exposed to HepG2 cells also showed increased uptake
by cells which indicates that it might carry out

Glutathione Peroxidase (GPx), Catalase
(CAT),Sirtuins 1 (SIRT 1), PGC1a, PPARa,
Reduced Glutathione (GSH) genes

peroxisomal degradation to H,O, We have previously
documented in our laboratory studies that oxidized fatty
acid (HPODE and HODE) is further degraded in
peroxisomes to form H,O, Various genes such as Mn-
SOD, catalase, nitric oxide synthase, glutathione
synthesis and heme oxygenase are also been expected
to be induced by HPODE and HODE effect."®'">
Darley-Usmar have reported that macrophages
incubated with oxidized low-density lipoprotein (LDL)
showed initial depletion in glutathione which was than
doubled after 24h. They have stated that this response
of the cells to oxidized LDL was dependent on the
extent of oxidative modification of the protein. Similarly,
4-hydroxynonenal also had a similar effect on THP-1
cells.However, in absence of HepG2 cells their appears
to be least degradation of [1-"*C] HPODE to H,0, To
test 13-HPODE we subjected 13-HPODE ability to react
with N-benzoyl LMB. Results have shown that there is
no reduction in reactivity of peroxides with the reagent.
Thus we considered the possibility that cells could
generate H,O, from 13-HPODE. Zhang et al'”
speculated that HUVECs cells treated with Ox-LDL and
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H,O, have showed increase in Sirt1 gene expression. In
addition, to that studies by Meilhac et al.”* have reported
that in rabbit femoral arterial smooth muscle cells
(RFASMC), CAT protein, mRNA, and the enzyme
activity were increased in response to oxidized linoleic
acid (13-hydroperoxy-9,11-octadecadienoic acid [13-
HPODE] and 13-hydrooxy-9,11-octadecadienoic acid
[13-HODE], MO-LDL, or H,0, Meilhac et.al."® suggest
that various cells such as endothelial cells, smooth
muscle cells and macrophages are exposed to oxidative
stress if they are subjected to oxidized lipids which are
present in intimal area of atherosclerotic artery. In that it
has been noticed that smooth muscle cells can migrate,
proliferate or can show apoptotic behavior. The H,0O,
formed can have cellular proatherogenic effects of
oxidized lipids. However, studies on RFASMC showed
poor uptake of 13-HPODE after prolonged exposure .
Furthermore, oxidized lipids and H,O, can also affect
various cellular processes such as cell proliferation,
protein synthesis, gene expression and specific gene
products. However, addition of antioxidants can show
paradoxical role that is it can propagate oxidation. It has
been observed that certain type of cells SV-B2 cells are
found to be resistant to the effect of 13-HPODE, a
peroxidized fatty acid '?. Ox-LDL in presence of HepG2
cells showed increase in the generation of H,O,
however, in absence of cells Ox-LDL also showed
increase in lipid peroxide content at initial 1h, but was
decreased at 2 and 4h. Cells possess enzymatic system
that can bring about generation of H,O, Our studies
provide a novel approach which suggests that if
peroxisomes are involved in this reaction then it shall
prevent metabolic toxicity and it can also induce gene.
Klammerer et al.'? have reported in his studies that
oxidized fats (OF) can inhibit proatherogenic effect, by
reducing monocyte recruitment and SMC proliferation
and migration. The OF can activate PPARa in liver,
which can lower lipid, TAG, cholesterol and VLDL levels
in plasma and vasculature of rats. It has also been
reported that feeding a diet rich in 13-HPODE can
strongly reduce TAG levels in plasma that takes place
by PPARa-dependent pathway 2. Steinberg '*' in his
review have reported that monocytes/macrophages can
take up Ox-LDL rapidly as compared to native LDL.
There are few receptors that are involved in uptake
mechanism they are scavenger receptor B (CD36),
lecithin-like oxidized LDL receptor (LOX-1). The oxidized
phospholipids within oxidized LDL exhibits wide variety
of biological property which is supposed to be
proatherogenic. Oxidized phospholipids serve as a
principal epitope that is recognized by autoantibodies to
Ox-LDL and scavenger receptor recognizes it as a

REFERENCES

1. Parthasarathy S, Santanam N, Ramachandran S,
Meilhac O. Oxidants and antioxidants in
atherogenesis. An appraisal. J Lipid Res. 1999
Dec; 40(12):2143-57.

2. Steinberg D, Parthasarathy S, Carew TE, Khoo
JC,  Witztum  JL. Beyond  Cholesterol.
Modifications of low-density lipoprotein that
increase its atherogenicity. N. Engl. J. Med. 1989
Apr 6; 320(14):915-24.

3. Parthasarathy S, Santanam N, Auge SN.

ligand. Oxidized cholesterol is known to have multiple
effects which includes, release of MCP-1 from
endothelial cells, it can be chemotactic for monocytes,
can cause endothelial expression of M-CSF, enhance
collagen synthesis in SMC and it can inhibit LPS-
induced expression of NfkB, cause vasospasm by
inhibiting the release/function of nitric oxide, increase
VCAM gene and induce thrombosis *>*° Reports also
suggest that 12/15 lipoxygenase can decrease the
severity of atherosclerosis in apoE-deficient mice and
LDL receptor-deficient mice. Moreover, site-specific 15-
lipoxygenase expression in LDL-receptor deficient mice
can accelerate atherosclerosis *?°. Kuhn and Chun
have documented that 12/15 lipoxygenase may have
both pro- and anti-inflammatory effects *°.

CONCLUSION

Thus present studies depicts the importance of enzyme
lipoxygenase that converts 1-14C linoleic acid to
generate 13-HPODE, 13-HODE and H,O, (Scheme,
Reaction 1) and 1-14C HPODE non-enzymatically forms
H.,O, (scheme, reaction 2) and that by inducing CAT
generates H,o and O, In Scheme, reaction 3 oxidized
LDL and lipid peroxidation forms lipid peroxides
products, malondialdehyde (MDA), 4-hydroxynonenal
(4-HNE) and H,0O, which if not treated with antioxidants
such as tiron forms azelaic acid which has anti-
atherosclerotic action. Azelaic acid is lipid peroxidation-
derived lipophilic dicarboxylic acid. It is assumed that as
in scheme reaction 4 that per oxidized lipids, 13-
HPODE, 13-HODE, azelaic acid and H,O, that are
generated from above reactions might induce PGC1aq,
PPARa, GPx, CAT and Sirt1 gene by Nrf1 dependent
manner that might prevent cellular and metabolic toxicity
and increase mitochondrial biogenesis and also it might
show anti-atherogenic, and anti-inflammatory property.
However, studies related to Sirt1 gene expression and
other transcriptional genes by above end products 13-
HPODE, 13-HODE, azelaic acid H,O, needs to be
ascertained.

ACKNOWLEDGEMENT

| acknowledge Division of Cardiac Surgery, OSUMC, US
for providing the resources to perform the studies.

CONFLICT OF INTEREST

Conflict of interest declared none.

Oxidized low-density lipoprotein, a two-faced
Janus in coronary artery disease? Biochem.
Pharmacol. 1998 Aug 1;56(3):279-84.

4. Parthasarathy S, Wieland E, Steinberg D. A role
for endothelial cell lipoxygenase in the oxidative
modification of low density lipoprotein. Proc. Natl.
Acad. Sci. USA. 1989 Feb; 86 (3): 1046-50.

5. Chandrakala AN, Sukul D, Selvarajan K,
Parthasarathy S. Induction of BNP and MCP-1
gene expression by Oxidized LDL: Relevance to
Heart failure. In Arterioscler Thromb Vasc Biol.
2010 Nov1; 30(11), pp. E302-E302.

6. Watson AD, Leitinger N, Navab M, Faull KF,

This article can be downloaded from www.ijpbs.net
B-117



10.

1.

12.

13.

14.

15.

16.

Int J Pharma Bio Sci 2017 October; 8(4): (B) 112-118

Horkko S, Witztum JL, Palinski, Schwenke WD,
Salomon RG, Sha W, Subbanagounder G,
Fogelman  AM, Berliner  JB. Structural
identification by mass spectrometry of oxidized
phospholipids in minimally oxidized low density
lipoprotein that induce monocyte/endothelial
interactions and evidence for their presence in
vivo. J Biol Chem. 1997 May 23; 272(21): 13597—
607.

Leitinger N, Watson AD, Hama SY, Ivandic B,
Qiao JH, Huber J, Faull KF, Grass DS, Navab M,
Fogelman AM, F.C de Beer, A. Lusis J, Berliner
JL. Role of group Il secretory phospholipase A2 in
atherosclerosis: 2. Potential involvement of
biologically active oxidized phospholipids.
Arterioscler. Thromb. Vasc. Biol. 1999 May; 19(5):
1291-8.

McCarthy C, Mooney D, Fitzgerald D, Belton O.
Identification of a PGC1a modulated network
induced by Conjugated Linoleic acid in the
regression of atherosclerosis. ATVB (Scientific
session abstract) 22 (2010).

Steinbrecher UP, Witztum JL, Parthasarathy S,
Steinberg D. Decrease in reactive amino groups
during oxidation or endothelial cell modification of
LDL. Correlation with changes in receptor-
mediated catabolism. Arteriosclerosis 1986 June
9;7(2) : 135—43.

Staprans |, Rapp JH, Pan XM, et al. Oxidized
lipids in the diet accelerate the development of
fatty streaks in cholesterol- fed rabbits.
Arterioscler Thromb Vasc Biol 1996 April 1; 16:
533-8.

Ramasamy S, Drummond GR, Ahn J, Storek M,
Pohl J, Parthasarathy S, Harrison DG. Modulation
of expression of endothelial nitric oxide synthase
by nordihydroguaiaretic acid, a phenolic
antioxidant in cultured endothelial cells. Mol.
Pharmacol 1999 July 1; 56 (1): 116-23.
Ka"mmerer |, Ringseis R and Klaus E. Feeding a
thermally oxidized fat inhibits atherosclerotic
plaque formation in the aortic root of LDL
receptor-deficient mice. Br J Nutr. 2011 Jan; 105
(2): 190-9.

Meilhac O, Mimi Z, Santanam N, and
Parthasarathy S. Lipid peroxides induce
expression of catalase in cultured vascular cells. J
Lipid Res. 2000 Aug; 41(8): 1205-13.

Kinscherf R, Deigner HP, Usinger C, Pill J,
Wagner M, Kamencic H, Hou, M. Chen, Schmiedt
W, Schrader M, Kovacs G, Kato K, and Metz J.
Induction of mitochondrial manganese superoxide
dismutase in macrophages by oxidized LDL.: its
relevance in atherosclerosis of humans and
heritable hyperlipidemic rabbits. FASEB J. 1997
Dec; 11 (14): 1317-28.

Ramasamy S, Parthasarathy S, and Harrison DG.
Regulation of endothelial nitric oxide synthase
gene expression by oxidized linoleic acid. J Lipid
Res. 1998 Feb; 39(2): 268—76.

Darley-Usmar VM, Severn A, O’Leary VJ, Rogers
M. Treatment of macrophages with oxidized low-
density lipoprotein increases their intracellular
glutathione content. Biochem. J. 1991 Sep1; 278
(2): 429-34.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Zhang QJ, Wang Z, Chen HZ, Zhou S, Zheng W,
Liu Wei YS, Cai H, Liu DP, Liang Endothelium-
specific overexpression of class Il deacetylase
SIRT1 decreases atherosclerosis in
apolipoprotein E-deficient mice. Cardiovasc Res.
2008 Nov 1; 80 (2): 191-9.

Steinberg D. The LDL modification hypothesis of
atherogenesis: An update. J Lipid Res. 2011 Apr;
50: 1-25.

Steinberg D, Parthasarathy S, Carew TE, Khoo
JC, and Witztum JL. Beyond cholesterol.
Modifications of low-density lipoprotein that
increase its atherogenicity. New England Journal
of Medicine, 1989 Apr 6; 320 (14):915-24.
Chisolm GM, Steinberg D. The oxidative
modification hypothesis of atherogenesis: an
overview. Free Radic Biol Med, 2000 June 15; 28
(12):1815-26.

Navab M, Berliner JA, Watson AD, Hama SY,
Territo MC, Lusis AJ, Shih DM, Van Lenten BJ,
Frank JS, Demer LL. et al. The Yin and Yang of
oxidation in the development of the fatty streak. A
review based on the 1994 George Lyman Duff
Memorial Lecture. Arterioscler Thromb Vasc Biol.
1996 Jul; 16 (7):831-42.

Stocker R and Keaney JF, Jr Role of oxidative
modifications in atherosclerosis. Physiol Rev
2004 Oct 1; 84(4):1381-478.

Glass CK and Witztum JL. Atherosclerosis. the
road ahead. Cell 2001 Feb 23; 104 (4):503-16.
Boullier A, Bird DA, Chang MK, Dennis EA,
Friedman P, Gillotre-Taylor K, Horkko S, Palinski
W, Quehenberger O, Shaw P et al. Scavenger
receptors, oxidized LDL, and atherosclerosis.
Ann.N Y.Acad.Sci. 2001 Dec; 947:214-22.
Hansson GK. Immune  mechanisms in
atherosclerosis. Arterioscler. Thromb Vasc Biol.
2001 Dec; 21 (12):1876-90.

Berliner JA and Heinecke JW. The role of oxidized
lipoproteins in atherogenesis. Free Radic Biol
Med 1996, 20(5) :707-27.

Cyrus T, Witztum JL, Rader DJ, Tangirala R,
Fazio S, Linton MF, Funk CD. Disruption of the
12/15-lipoxygenase gene diminishes
atherosclerosis in apo E-deficient mice. J Clin
Invest. 1999 Jun; 103 (11):1597-1604.

Cyrus T, Pratico D, Zhao L, Witztum JL, Rader
DJ, Rokach J, FitzGerald GA, Funk CD. Absence
of 12/15-Lipoxygenase Expression Decreases
Lipid Peroxidation and Atherogenesis in
Apolipoprotein E-Deficient Mice. Circulation 2001
May 8; 103(18): 2277-82.

George J, Afek A, Shaish A, Levkovitz H, Bloom
N, Cyrus T, Zhao L, Funk CD, Sigal E, Harats D.
12/15-Lipoxygenase gene disruption attenuates
atherogenesis in LDL receptor-deficient mice.
Circulation 2001 Oct 2; 104(14):1646-50.

Kuhn H, Chan L. The role of 15-lipoxygenase in
atherogenesis: pro- and antiatherogenic actions.
Curr Opin Lipidol. 1997 Apr; 8(2):111-17.
Santanam, N and S.Parthasarthy. Paradoxical
actions of antioxidants in the oxidation of low
density lipoprotein by peroxidases. J.Clin.Inves.
1995 Jun; 95(6): 2594-2600.

This article can be downloaded from www.ijpbs.net
B-118



Reviewers of this article

&

|
il

Dr. Sameer R Kulkarni M.5c., Ph.D. , MBA(England)

Research Fellow, Grant Medical College
and Sir J.).Group of Hospital ,Byculla ,
Mumbai, India.

Prof.Dr.K.Suriaprabha

Asst. Editor, International Journal
of Pharma and Bio sciences.

Asst.Prof.Dr.Sujata Bhattacharya

Assistant Professor, School of Biological
and Environmental Sciences, Shoolini
University, Solan (HP}-173212, India

0.

N

Prof.P.Muthuprasanna

Managing Editor, International
Journal of Pharma and Bio sciences.

We sincerely thank the above reviewers for peer reviewing the manuscript



