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ree radicals are atoms or molecules that contain unpaired electrons in their
outer orbitals and this feature makes them to take place in oxidation reacti-
ons easily. Free radicals include several reactive species such as reactive oxy-

gen species (ROS) and reactive nitrogen species (RNS). Reactive species (RS),
generated by diverse mechanisms, cause oxidative modifications of cellular com-
ponents. The most prominent feature of RS is their high reactivity with biomole-
cules, causing their denaturation and inactivation. Several cellular systems exist to
minimize oxidizing effects of RS are called antioxidant systems. Oxidative stress is
referred to as an imbalance between the RS generation and the corresponding an-
tioxidant defenses. Oxidative stress can produce injury by multiple pathways that

Hypercholesterolemia-Induced Oxidative
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AABBSSTTRRAACCTT    Free radicals and oxidants, cause potential danger for cellular molecules during the life-
time. Oxidative stress is the imbalance between free radical formation and antioxidant defense to-
wards free radicals. Oxidative stress plays role in aging and pathogenesis of several diseases. In this
process, age related diseases such as Alzheimer and atherosclerosis are crucial. Since protein mech-
anisms play important role in these diseases, protein oxidation parameters are preferred as indica-
tor of oxidative stress. Protein aggregates as advanced protein oxidation products especially
accumulate with aging are widespread used in studies and  investigation of their production and de-
termination of these products are thought to bring benefit for the prevention and treatment  of the
diseases.    

KKeeyy  WWoorrddss::  Oxidative stress, protein oxidation, aging, disease

ÖÖZZEETT  Serbest radikaller ve oksidanlar, yaşam boyunca hücre yapısındaki moleküller için hasar
oluşturan yapılardır. Oksidatif stres, serbest radikal oluşumu ile antioksidan savunma arasındaki
dengenin serbest radikaller yönünde değişmesi sonucu ortaya çıkmaktadır. Oksidatif stres, yaşlılık
ve birçok hastalık patojenezinde rol oynamaktadır. Başlıca Alzheimer ve ateroskleroz gibi genellikle
yaşlılık sonucu ortaya çıkan hastalıklar, bu açıdan önem taşımaktadır. Bu hastalıklarda çeşitli protein
mekanizmalarının önemli rol oynaması nedeniyle oksidatif stresin göstergesi olarak protein
oksidasyonu parametreleri öncelikli tercih edilmektedir. Özellikle yaşla birikimi artan, ileri protein
oksidasyonu ürünü olan protein agregatları son zamanlarda araştırmalarda geniş yer tutmakta ve bu
ürünlerin olusum mekanizmalarının aydınlatılması ve tayini ile hastalıkların önlenmesi ve
tedavisinde klinikte fayda sağlanacağı düşünülmektedir.
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over lap and in te ract in comp lex ways.1-3 Con se qu en ces
of oxi da ti ve stress inc lu de in cre a sed pro li fe ra ti on, adap-
ta ti on by up-re gu la ting of de fen se systems, cell in jury
with in cre a sed bur den of oxi da ti vely da ma ged mac ro -
mo le cu les li ke li pids, DNA, pro te ins and car bohy dra tes,
or se nes cen ce and cell de ath.4 Fol lo wing the in te rac ti -
ons of RS with cel lu lar com po nents as DNA, li pids and
pro te ins, se ve ral pro ducts are known to be for med. The
ma in in ves ti ga ted pro ducts are ma lon di al dehy de (MDA)
and 4-hydroxy no ne nal (HNE) for li pid pe ro xi da ti on, 8-
hydroxy de oxy gu a no si ne for DNA oxi da ti on and pro te in
car bonyls for RS in te rac ti on with pro te ins.5

Pro te in oxi da ti on is an im por tant da ma ge sin ce pro-
te ins are the most abun dant mo le cu les in the or ga nism
and ta ke pla ce in the struc tu res of re cep tors, an ti bo di es,
trans port pro te ins and enz ymes. For the de ter mi na ti on
of pro te in oxi da ti on, se ve ral met hods are used ac cor ding
to the si de cha in or back bo ne oxi da ti on of the ami no
acids. Di rect oxi da ti on of lysi ne, ar gi ni ne, pro li ne and
thre o ni ne re si du es may pro du ce car bonyl de ri va ti ves.
Sin ce car bonyl gro ups are for med early and sta bil, they
are the most com monly used mar kers of pro te in oxi da -
ti on.6-8 As anot her la te pro duct, in so lub le pro te in ag gre -
ga tes can be for med fol lo wing cross-link for ma ti on,
hydrop ho bic and elec tros ta tic in te rac ti ons.9,10 The ac cu -
mu la ti on of the lar ge ag gre ga tes are known to be of ten
to xic to cells and po or subs tra tes for pro te a ses.11 This ag-
gre ga te ac cu mu la ti on has be en re por ted for many ex pe -
ri men tal mo dels es pe ci ally age re la ted di se a ses, as
me a su red by se ve ral mar kers for pro te in oxi da ti on.9,12 

Pro te in da ma ge may be ca u sed by di rect at tack of
re ac ti ve spe ci es or by se con dary da ma ge in vol ving at-
tack by pro ducts of li pid pe ro xi da ti on, such as iso ke tals,
MDA and HNE. Pro te ins can al so be da ma ged by glyca -
ti on/glyo xi da ti on.13 

The deg ra da ti on of pro te ins is a physi o lo gi cal pro -
cess re qu i red to ma in ta in nor mal cel lu lar func ti on. The -
re fo re, cells ha ve de ve lo ped highly re gu la ted
in tra cel lu lar pro te oly tic systems res pon sib le for the re-
mo val of such non-func ti o nal pro te ins be fo re they start
to ag gre ga te.  Mam ma li an cells con ta in se ve ral path ways
for ge ne ral pro te in bre ak down, com pri sing mem bra ne
pro te a ses, lyso so mal cat hep sins, cal ci um-ac ti va ted cal-
pa ins, cas pa ses, mi toc hon dri al pro te a ses and the pro te a -
so mal system.14-16 Be si des all pro te oly tic systems, the
ma jor pro te oly tic system res pon sib le for the re mo val of
oxi di zed cyto so lic and nuc le ar pro te ins is the pro te a so -
mal system.17 The pro te a so me, known to be lo ca li zed in
the cyto sol and in the nuc le i of mam ma li an cells and fur-

t her mo re at tac hed to the en dop las mic re ti cu lum and the
cell mem bra ne, is ma inly com po sed of 20S co re pro te a -
so me. This co re comp lex deg ra des the oxi di zed pro te ins
as a ubi qu i tin and ATP in de pen dent man ner.12,18,19

Ex pe ri man tal evi den ce from se ve ral stu di es shows
that many of the al te ra ti ons du ring aging and the prog -
res si on of cer ta in di se a ses are the re sult of the oc cu ren -
ce of pro te in oxi da ti on pro ducts and dec re a se in the
deg ra da ti on of oxi di zed pro te ins.8

OXIDATIVE STRESS IN AGING AND
AGE RELATED DISEASES

Bi o lo gi cal aging is a pro cess, re sults in the loss of cel lu -
lar func ti ons that le ads to de ve lop ment of re la ted ne u -
ro de ge ne ra ti ve and car di o vas cu lar di se a ses and can cer.
The re fo re un ders tan ding the mec ha nisms un derl ying
aging is ne ces sary to de ve lop the ra pe u tic in ter ven ti ons
aga inst age re la ted di se a ses.20 The bi o me di cal li te ra tu re is
full of cla ims that re ac ti ve spe ci es are in vol ved in age re-
la ted di se a ses. Den ham Har man in tro du ced the fre e ra -
di cal the ory of aging in 1956 and pro po sed that aging
re sults from ran dom de le te ri o us da ma ge to tis su es by fre -
e ra di cals.21 

Se ve ral in vi vo and in vit ro stu di es in this fi eld re-
ve a led that oxi da ti ve stress bi o mar kers are in cre a sed and
an ti o xi da ti ve de fen se is ef fec ted in se ve ral ways with
age.  Pro te in car bonyl con tent was fo und to in cre a se in
rat he pa tocy tes,16 hu man bra in,22 hu man red blo od
cells23 and eye lens as age re la ted.24 The re sults from Gil
et al. sho wed an in cre a se in oxi da ti ve stress du ring aging
pro cess as me a su red by MDA, HNE, pro te in car bonyls
and GSSG.25 

Age pig ments such as li po fus cin, ce ro id or AGE-
pig ment li ke flu o rop ho res are high lights tho se sup port
the fre e ra di cal the ory of aging. Li po fus cin is tho ught to
be con ju ga tes of MDA and pro te in thi ol gro ups de du ced
from the flu o res cen ce cha rac ter26 and it was re cently
shown by se ve ral gro ups that the pre sen ce of such ma-
te ri al inf lu en ces the pro te a so mal ac ti vity.27,28 The se ag-
gre ga ted cross-lin ked ma te ri al will be au top ha gozy to sed
re sul ting in a ma jor ac cu mu la ti on of this ma te ri al in
lyso so mes. The ob ser ved age-re la ted ac cu mu la ti on of ox-
i di zed cross-lin ked ma te ri al may be the re sult of both in-
cre a sed pro te in oxi da ti on fol lo wed by ag gre ga ti on
and/or dec li ne in pro te in bre ak down and a mal func ti on
of the pro te a so mal system.29 

Amy lo id for ma ti on al so un der li e a ran ge of age-re -
la ted di se a se that re sults when pro te in ag gre ga tes form
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or de red fi la ments. Amy lo id fib rils are re sis tant to pro te -
oly tic deg ra da ti on and may act as nuc le a ti on si tes for
furt her ag gre ga ti on.20

Alz he i mer is an im por tant age-re la ted di se a se, most
com mon form of adult on set de men ti a. The ma jor al te -
ra ti ons in this di se a se are se ni le pla qu es (SP) and ne u ro -
fib ril lary tang les (NFT) rep re sent an ac cu mu la ti on of
in tra ne u ro nal and ex tra cel lu lar fi la men to us pro te in ag-
gre ga tes. Ma jor pro te ins in the se for ma ti ons are hyperp -
hosp hory la ted ta u in NFT and amy lo id be ta (Aβ)
pep ti de, de ri ved from amy lo id pre cur sor pro te in for SP.30

The se pro te in ag gre ga te for ma ti ons in Alz he i mer di se a -
se (AD) ca u se the re se arc hers to fo cus on the ro le of ox-
i da ti ve stress ma inly pro te in oxi da ti on in the pro cess.
The oxi da ti ve da ma ge fo und in AD inc lu des ad van ced
glyca ti on end pro ducts,31,32 nit ra ti on,33 li pid pe ro xi da ti -
on ad duc ti on pro ducts,34,35 car bonyl mo di fi ed ne u ro fi la -
ment pro te in and fre e car bonyls.36,37 Oxi di zed pro te ins
(pro te in car bonyls) we re fo und to be in cre a sed in fron -
tal po le and oc ci pi tal po le in AD pa ti ents com pa red with
con trols.36 Mish to et al. fo und a dec re a se in trypsin-li ke
ac ti vity of pro te a so me emer ged in hip po cam pus and ce -
re bul lum of AD pa ti ents.38 In a study of AD sub jects
com pa red with con trol gro ups, the re was a sig ni fi cant
in cre a se in mi toc hon dri al DNA oxi da ti on in pa ri e tal cor-
tex.39 Lo vell et al. fo und ele va ted le vels of fre e and pro-
te in-bo und HNE in ven tri cu lar flu ids of AD pa ti ents.40
Iron in a re dox-ac ti ve sta te, tho ught to play an im por tant
ro le in fre e ra di cal pro duc ti on in AD, was shown to be
in cre a sed in NFT as well as Aβ de po sits.41,42 Iron ca taly -
zes the for ma ti on of hydroxyl ra di cal from H2O2 and al -
so the for ma ti on of ad van ced glyca ti on end pro ducts. Aβ
it self, has be en di rectly imp li ca ted in ROS for ma ti on
thro ugh pep tidyl ra di cals.43-45 Ad di ti o nally, ad van ced
glyca ti on end pro ducts and Aβ, ac ti va te spe ci fic re cep -
tors, such as the re cep tor for ad van ced glyca ti on end
pro ducts (RA GE) and the class A sca ven ger-re cep tor, to
in cre a se re ac ti ve oxy gen pro duc ti on.46,47

Hyperc ho les te ro le mi a is a ma jor risk for co ro nary
ar tey di se a ses.48,49 Hyperc ho les te ro le mi a was re por ted to
in cre a se the le vels of ROS thro ugh sti mu la ti on of poly-
morp ho nuc le ar le u kocy tes and ROS ha ve be en imp li ca -
ted in the de ve lop ment of hyperc ho les te ro le mic
at he rosc le ro sis.50 In the de ve lop ment of at he rosc le ro sis,
ROS are pro du ced by en dot he li al cells, smo oth musc le
cells and mac rop ha ges oxi di ze LDL in the su ben dot he li -
al spa ce, at the si tes of en dot he li al da ma ge, ini ti a ting
events that cul mi na te in the for ma ti on of a fib ro us pla -
qu e. Rup tu re of fib ro us pla qu e le ads to throm bus for ma-
ti on and occ lu si on of the ves sel.51 Pra sad et al. sho wed
that cho les te rol fe e ding of rab bits ca u sed an in cre a se in
MDA le vels and glu tat hi o ne pe ro xi da se ac ti vi ti es and a
dec re a se in su pe ro xi de dis mu ta se ac ti vity in the myo -
car di um.52 High cho les te rol is sug ges ted to play ro le in
the Alz he i mer di se a se.53 Pa ti ents with ele va ted cho les -
te rol may ha ve in cre a sed sus cep ti bi lity to AD in ad di ti -
on to co ro nary ar tery di se a se and hyper ten si on.54

Cho les te rol may ini ti a te Aβ for ma ti on, that men ti o ned
as a po tent so ur ce of oxi da ti ve stress and ir re ver sib le pro-
te in ag gre ga ti on. In a col lo bo ra ti ve study of our gro ups,
to show the pos sib le ro le of high cho les te rol in AD, rab-
bits we re fed with high cho les te rol and fol lo wing the in-
cre a se in the se rum cho les te rol le vels, MDA le vels we re
shown to be in cre a sed con sis tent with the pre vi o us re-
sults.55-57 Ad di ti o nally, slight in cre a se in HNE-pro te ins,
3-nit rot yro si na ted pro te ins and pro te in car bonyls was
ob ser ved in hip po cam pus are a of the rab bits.     

CONCLUSION

Oxi da ti ve stress has be en imp li ca ted as one of the ear li -
est events in the pat ho ge ne sis of age-re la ted di se a ses.
In hi bi tors of oxi da ti ve stress and glyca ti on may be ef fec-
ti ve in re duc ti on of the cli ni cal ma ni fes ta ti ons of age re-
la ted di se a ses. Ad di ti o nally, mic ro nut ri ents may be
ef fec ti ve to pro tect the tar gets from oxi da ti ve da ma ge
in aging.      
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