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ging is an inevitable and progressive degeneration of biological
functions that is universal among living organisms. There are many
different theories of aging but one of the most commonly accepted

is the “free radical theory” of aging proposed by Harman in 1956. Briefly,
the theory states that the aging process results from the accumulated dam-
age caused by reactive oxygen species (ROS), highly reactive molecules that,
among other sources, are normal by-products of cellular metabolism.1-3 Thus
paradoxically, as oxygen is needed for our living it can also be detrimental
for us. If ROS are formed in excess and the steady-state between formation
and elimination of ROS is disturbed, oxidative stress occurs.4 During oxi-
dative stress ROS cause damages to cell macromolecules meaning lipids,
proteins and DNA and thus play an important role in aging and pathology

Lipid Peroxidation and Age-Associated
Diseases-Cause or Consequence?: Review

AABBSS  TTRRAACCTT  Aging is progressive and deleterious process in many aspects common to all living or-
ganisms. In humans, development of various diseases, such as neurodegenerative diseases, cardio-
vascular diseases, some forms of cancer, metabolic disorders, diabetes, certain autoimmune and
bone diseases, is proportional to aging. Therefore, it seems that excess in production of reactive
oxygen species causing oxidative stress and lipid peroxidation plays important role in aging, home-
ostasis and initiation of age-associated diseases. Hence, oxidative stress and lipid peroxidation could
be considered both as causative for particular age-associated diseases as well as cofactors of aging.
However, constant but moderate oxidative stress might have beneficial impact upon increment of
antioxidative capacities thus preventing initiation of age-associated diseases and extending aging.
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ÖÖZZEETT  Yaşlanma tüm yaşayan organizmalarda ortak olan progresif ve zarar verici bir süreçtir.
İnsanlarda nörodejeneratif hastalıklar, kardiyovasküler hastalıklar, bazı kanser çeşitleri, metabolik
bozukluklar, diyabet, bazı otoimmün ve kemik hastalıkları gibi rahatsızlıkların gelişimi yaşlanma
ile ilgilidir. Lipid peroksidasyona ve oksidatif strese neden olan reaktif oksijen türlerinin üretiminde
artma yaşlanmada, homeostasis ve yaşa bağlı hastalıkların başlamasında önemli rol oynar. Oksidatif
stres ve lipid peroksidasyon bazı yaşa bağlı hastalıkların nedeni olabilir. Buna rağmen orta dereceli
sabit bir oksidatif stres antioksidatif kapasite artışı ile yaşa bağlı hastalıkların başlamasını ve aşırı
yaşlanmayı önlemesiyle de yararlı olabilir.
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of dif fe rent di se a ses (car di o vas cu lar and ne u ro de -
ge ne ra ti ve di se a ses, ma lig nant tu mors, os te o po ro -
sis, di a be tes and ot hers). Alt ho ugh tra di ti o nally
ROS ha ve be en de pic ted as da ma ging to cells, evi -
den ce from re cent ye ars in di ca tes that ROS are al -
so es sen ti al com po nents of nor mal cel lu lar
pro ces ses and may be in dis pen sab le to sur vi val. 

In this mi ni re vi ew we will ma inly fo cus on
the ro le of li pid pe ro xi da ti on and its by-pro ducts
in age-as so ci a ted di se a ses.

LI PID PE RO XI DA TI ON AND 
AGING-CON TRI BU TORS TO 
AGE-AS SO CI A TED DI SE A SES

Aging is a ge ne tic as well as epi ge ne tic (pat ho)
physi o lo gi cal pro cess as so ci a ted with morp ho lo gi -
cal and func ti o nal chan ges in cel lu lar and ex tra cel -
lu lar com po nents ag gra va ted by in jury thro ug ho ut
li fe and re sul ting in a prog res si ve im ba lan ce of the
con trol re gu la tory systems of the or ga nism, inc lu -
ding the hor mo nal, au toc ri ne,  ne u ro en doc ri ne,
and im mu ne ho me os ta tic mec ha nisms.5 In ge ne ral,
aging is cha rac te ris ti cally des cri bed as a ti me-de -
pen dent func ti o nal dec li ne, le a ding to the in ca pa -
city of cells to with stand ex ter nal and in ter nal
chal len ges, i.e. stress. Ac cor ding to this, aging is a
con se qu en ce of two im por tant bi o lo gi cal pro ces ses:
the loss of cel lu lar/or ga nic func ti o na lity and the ir
loss of re sis tan ce or adap ta bi lity to stress. As men-
ti o ned be fo re, aging is as so ci a ted with a prog res -
sing im ba lan ce bet we en ROS for ma ti on and its
deg ra da ti on by an ti o xi da ti ve ca pa ci ti es, which in-
c lu des the enz yma tic sca ven gers su pe ro xi de dis mu-
ta se (SOD), ca ta la se (CAT), glu tat hi o ne pe ro xi da se
(GPx) and non-enz yma tic sca ven gers of which the
most im por tant are so me vi ta mins and glu tat hi o ne
(GSH). Bi o mo le cu lar da ma ge from ROS may be si -
mi lar in all types of tis su es but ma ni fests in very
dif fe rent di se a ses de pen ding on the pro li fe ra ting
and func ti o nal ca pa ci ti es of cells. Li mi ted pro li fe -
ra ti on (cell di vi si on) may re du ce risk of DNA da m-
a ge but in cre a ses sus cep ti bi lity of dysfunc ti on to
the da ma ge of the pro te ins and mem bra no us struc-
tu res. On the ot her hand, fre qu ent cell di vi si ons
may pro tect from the con se qu en ces of ac cu mu la -
ted cel lu lar da ma ge on tis su e func ti on but in cre a se

sus cep ti bi lity for DNA da ma ge and ma lig nant
trans for ma ti on.

Li pid pe ro xi da ti on is an au to ca taly tic and de-
ge ne ra ti ve pro cess af fec ting cell mem bra nes and
ot her li pid-con ta i ning struc tu res and is the re fo re
as so ci a ted with nu me ro us pat ho lo gi cal imp li ca ti -
ons.6 It is ini ti a ted by ROS ge ne ra ted un der con di -
ti ons of oxi da ti ve stress and ends in the for ma ti on
of re ac ti ve al dehy des which are mo re stab le than
ROS, so they can dif fu se from the ir si te of ori gin
and af fect tar gets dis tant from the ini ti al fre e ra di -
cal at tack. In cre a sed li pid pe ro xi da ti on has be en
imp li ed with var ying ex tents as ca u sa ti ve co fac tor
of va ri o us com mon age-as so ci a ted di se a ses, such as
adult on set of di a be tes mel li tus, at he rosc le ro sis, so -
me types of can cer and so me forms of (ne u ro) de-
ge ne ra ti ve di sor ders. Still, ma jor qu es ti on re qu i res
ans wer in all of the se di se a ses: do es li pid pe ro xi da -
ti on con tri bu te to di se a se ini ti a ti on and prog res si -
on or is a con se qu en ce of the se di se a ses?

One of the ma jor to xic pro ducts ge ne ra ted du -
ring li pid pe ro xi da ti on, con si de red as “se cond mes-
sen ger of fre e ra di cal s”, is the α, β-un sa tu ra ted
al dehy de 4-hydroxy no ne nal (HNE), which is de ri -
ved from ω-6 pol yun sa tu ra ted fatty acids such as
arac hi do nic acid and li no le ic acid.6,7 HNE shows a
va ri ety of cyto to xic ef fects such as the in hi bi ti on
of DNA, RNA and pro te in synthe sis, cell cycle ar-
rest, mi toc hon dri al dysfunc ti on, and thus plays an
im por tant ro le in pat ho logy of va ri o us di se a ses. In-
tra cel lu lar HNE re acts ra pidly with thi ol gro ups of
GSH and cyste i ne and with lysi ne and his ti di ne re -
si du es of pro te ins.8,9 In cre a sed con cen tra ti ons of
HNE -mo di fi ed pro te ins ha ve be en de tec ted in dif-
fe rent age - as so ci a ted di sor ders, in par ti cu lar in ne -
u ro de ge ne ra ti ve di sor ders Alz he i mer’s di se a se
(AD), Par kin son’s di se a se (PD), am yot rop hic la te -
ral scle ro sis (ALS),10 at he rosc le ro sis, can cer, di a be -
tes, au to im mu ne di se a ses (rhe u ma to id art hri tis),
bo ne di se a ses (os te o art hri tis, os te o po ro sis). Ho we -
ver, HNE may act as a sig na ling mo le cu le in pat ho-
lo gi cal pro ces ses as well as un der physi o lo gi cal
con di ti ons and is the re fo re con si de red al so ma jor
“bi o ac ti ve mar ker of pat hoph ysi o lo gi cal pro ces se s”
as so ci a ted to li pid pe ro xi da ti on.11,12 As low le vels of
li pid pe ro xi da ti on exist in nor mal tis su es, this al de-
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hy de disp lays sig na ling ac ti vi ti es in nor mal cells.
Among them, it is to con si der the sti mu la ti on of
ne ut rop hil che mo ta xis, ac ti va ti on of plas ma mem-
bra ne adeny la te ki na se, ac ti va ti on of mem bra ne
phosp ho li pa se C, in hi bi ti on of the on co ge ne c-myc
ex pres si on, ac ti va ti on of the c-jun/jun ki na ses/AP-
1 path way, the ef fects on the cyclins and the ac ti -
vity of trans crip ti on fac tors.4,12 Thus, HNE can
in du ce pro li fe ra ti on, dif fe ren ti a ti on and apop to sis
af fec ting ge no me func ti on and in te rac ting with ot -
her growth re gu la ting fac tors, in par ti cu lar cyto ki -
nes.13-16

Ta king into con si de ra ti on all men ti o ned abo -
ve, and ke e ping in mind the es sen ti al fe a tu res of
age-as so ci a ted di se a ses pat ho logy we can dis cuss
whet her li pid pe ro xi da ti on and aging are ca u se or
con se qu en ce of the se di se a ses.

It is ine vi tab le that me ta bo lic di sor ders ca u se
dis rup ti on in ho me os ta sis and in du ce oxi da ti ve
stress, con se qu ently pla ying im por tant ro le in pat -
ho logy of cer ta in age-as so ci a ted di se a ses (i.e. ne u -
ro de ge ne ra ti ve di se a ses, at he rosc le ro sis, can cer,
etc.) hen ce le a ding to ac ce le ra ted aging. For ins -
tan ce in ne u ro de ge ne ra ti ve di se a ses (AD, PD, ALS),
the ef fects of oxi da ti ve stress on ‘‘ post-mi to tic
cells’’, such as ne u rons may be cu mu la ti ve, and ca -
u se pe ro xi da ti on of mem bra ne li pids or cir cu la ting
li pop ro te in mo le cu les with con se qu en ti al ac cu mu -
la ti on of highly re ac ti ve al dehy des. The se by-pro -
ducts of li pid pe ro xi da ti on in du ce ac cu mu la ti on of
pro te in oxi di zed pro ducts li ke li po fus cin, and the
HNE-pro te in ad ducts which co uld not be deg ra ded
by pro te o so me.17,18 The re fo re li pid pe ro xi da ti on co -
uld be con si de red as pre do mi nant ca u se of the se di -
sor ders tho ugh it is cer ta in that the ca u ses are
mul ti fac to ri al.10

On the ot her hand in ci den ce of cer ta in di se a -
ses (bo ne di se a ses, au to im mu ne di se a ses, skin de-
te ri o ra ti ons) in cre a ses with aging thus con si de ring
oxi da ti ve stress as a con se qu en ce. Alt ho ugh by-
pro ducts of li pid pe ro xi da ti on are pre sent in the se
di sor ders it co uld be as su med that the ir pre sen ce is
mo re du e to aging (Fi gu re 1, Tab le 1). Fi nally, per-
sis tent, but mo de ra te oxi da ti ve stress co uld en han -
ce an ti o xi dant ca pa ci ti es and con se qu ently re du ce
the risk of harm ful ef fects of se ve re oxi da ti ve stress,

inc lu ding de ve lop ment of age as so ci a ted di se a -
ses.19

Du e to the re gu la tory ef fects of HNE, it is li -
kely to as su me that this physi o lo gi cally pre sent
pro duct of li pid pe ro xi da ti on plays al so a ro le in
the se be ne fi ci al con se qu en ces of oxi da ti ve stress,
which ne ed to be furt her cla ri fi ed.

CONC LU SI ONS

Oxi da ti ve stress and li pid pe ro xi da ti on sho uld not
only be con si de red as ge ne ra tors of bi o mo le cu lar
da ma ge, and thus im por tant con tri bu tors to aging
as well as ca u sa ti ve fac tors of di se a ses, but sho uld
al so be re cog ni zed as sig ni fi cant me di a tors of nor-
mal physi o lo gi cal func ti ons. The re fo re we sug gest
con si de ring thre e as pects of oxi da ti ve stress upon
aging and pre va len ce of age-as so ci a ted di se a ses.

1. Mild oxi da ti ve stress is a da ily oc cur ren ce
and can help ma in ta in ho me os ta sis. Du e to con ti -
nu o us small do ses of con trol led oxi da ti ve stress (ex-
er ci se) or ga nism en han ces its an ti o xi da ti ve ca pa city
and thus can with stand in cre a sed le vels of oxi da ti -
ve stress that re sults in li fes pan pro lon ga ti on and
aging de lay.

2. Sin ce oxi da ti ve stress is im por tant but not
the only ca u se of aging it is li kely that for merly be -
a rab le oxi da ti ve stress co uld be co me ex ces si ve du -
ring aging and thus fa vor ge ne sis of cer ta in di se a ses

FIGURE 1: Role of oxidative stress and aging in initiation of age-associated
diseases. Diseases in box nearer to oxidative stress or aging are more likely
caused by these processes, while diseases placed in the middle could de-
velop as a result of either of them.
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TABLE 1: Arguments in favor of the presence of oxidative stress as a cause or as a consequence of aging in pathology of
some age-associated diseases. Similar arguments could be used for various other diseases based on oxidative stress and

lipid peroxidation.

Arguments in favor of disease as a consequence of

Disease Oxidative Stress Aging

Cardiovascular disease ROS oxidize low density lipoproteins (LDL) Myocardium accumulates lipofuscin;

which are taken up by  macrophages and from foam mitochondria become samaller and numerous;

cells and plaques in the cardiovascular wall HNE is generated  arteries accumulate collagen, due to decrased 

during peroxidation of LDL and modifies Apob protein. elasticity they become rigid and veins curved.

Diabetes/metabolic Oxidants inhibit glucose metabolism in the glycolytic Impairment of pancreatic beta cells causes 

syndrome pathway and at the level of oxidative phosphorylation, thereby causing decrease in insulin production, and insulin 

a sugar overload in the blood which on the other hand causes auto resistance increases due to accumulation fat and

oxidation of glucose and glycation of proteins. decreased tissue sensitivity to insulin.

Cancer ROS attack biomolecules and cause structural damage to DNA. Longer exposure to carcinogens (pollution, radiation,

These changes manifest as point mutations and chromosomal alterations tobacco, sun, alcohol...), increase epigenetic gene silencing,

in cancer-related genes. Rapidly dividing cells will cause accumulation telomere dysfunction, less effective DNA, repair system 

of damage and lead to transformation into malignacy. that allows mutations to accumulate more rapidly

li ke can cer, car di o vas cu lar di se a ses, di a be tes and
ne u ro de ge ne ra ti ve di se a ses. Oc cur ren ce of such di -
se a ses con tri bu tes to ho me os ta sis dis rup ti on, or ga -
nism ex ha us ti on and the re with an ti ci pa tes aging.

3. Pe op le who show aging ac ce le ra ti on and are
mo re sus cep tib le to oc cur ren ce of age-as so ci a ted
di se a ses eit her du e to ge ne tic (such as Down’s syn-
dro me) and/or du e to un fa vo rab le epi ge ne tic fac-
tors as in ca se of stress ful pro fes si ons li ke ma na gers,
pi lots, truck dri vers, com pu ter ga me prog ram mers,
etc.

The re fo re, we co uld con si der li pid pe ro xi da ti -
on as so ci a ted di sor ders and aging as mu tu ally de-
pen dent pro ces ses, which co uld be at te nu a ted by
mild and well to le ra ted oxi da ti ve stress ac ting as a
pos sib le de fen se aga inst ini ti a ti on and prog res si on
of age-as so ci a ted di se a ses.
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