
INTRODUCTION
Dyslipi de mia and oxi da tive stress are con sid ered one

of the ma jor causes leading to many dis eases, es pe cially
athe ro scle ro sis de vel op ment, car dio vas cu lar dis or ders
and ag gra vate risk for can cers, ag ing and oth ers. Se rum
lipo pro teins which are car ri ers for cho les terol, are known
to con tain a vari able amounts of lipid per ox ides [1,17].
Non- enzymatic, free radical- induced lipid per oxi da tion is
a very rapid pro cess that leads to dis ar range ment in bio -
chemi cal com plexes as well as in di vid ual com pound such
as lip ids which in ef fect gives a number of pa tholo gies
such as in flam ma tion and im bal ance in the antioxidants-
 oxidants status [2,10]. Lipid hy dro per ox ides are the ini tial 
prod ucts when lip ids are dam aged by free radi cals and in
plasma HDL is their ma jor car rier. HDL, whose ele vated
con cen tra tion is in versely cor re lated with athe ro scle ro sis
and CVD might play a ma jor role in the trans port and me -

tabo lism of lipid hy dro per ox ides in vivo, which con trib ute 
to its car dio pro tec tive role [6,7,12,16].

Iso prostanes (F2-IsoP) are pros ta glan din iso mers
formed by oxi da tion of ara chi donic acid es teri fied only in
phos pholip ids in vivo through nonen zy matic free- radical
mecha nisms. There are a number of fa vor able at trib utes
that im ply that meas ure ment of F2-is oprostanes may pro -
vide a re li able marker of lipid per oxi da tion in vivo [2,10].
F2-IsoPs are sta ble com pounds and spe cific prod ucts of
free radical- induced lipid per oxi da tion. In ad di tion, they
are found in de tect able quan ti ties es teri fied in all bio logi -
cal tis sues and in free form in all nor mal bio logi cal flu ids.
Their level sub stan tially rises in even mild oxi da tive
stress and the con cen tra tion does not de pend on lipid con -
tent in diet, which was re ported on ani mal mod els.
Con cen tra tion of F2-IsoP in plasma can pro vide a use ful
in dex of to tal en doge nous pro duc tion of iso prostanes. The 
ba sal level of free F2-IsoP in healthy hu mans has been re -
ported to be 25-28 pg/ml (range 10-80) and 30-40 times
higher in urine in healthy sub jects. How ever, the varia tion 
among in di vid ual is very wide and may de pend on the
used method. There have been no sys tem ati cal stud ies
per formed in plasma till now [2,10].
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ABSTRACT
Dyslipidemia and oxidative stress are considered one of the major causes which lead to many diseases, especially atherosclerosis
development, cardiovascular disorders and aggravate risk for cancers, aging and others. Lipid hydroperoxides are the initial
products when lipids are damaged by free radicals and in plasma HDL is their major carrier. F2-IsoP are stable compounds and
specific products of lipid peroxidation only in phospholipids in vivo through nonenzymatic free-radical mechanisms. Also, they
are found in detectable quantities esterified in all biological tissues and in free form in all normal biological fluids. Quantifying of
them is considered as accurate way to measure oxidative stress in vivo and could be used as an indicator of lipid peroxidation which
process is a risk factor for atherosclerosis and other systemic diseases. Our study was performed in the group of young people
(n=10, age 19-30) with moderate dyslipidemia and the reference group. In both groups we have investigated serum lipids (TG, TC,
LDL-C, HDL-C, nonHDL-C), lipoproteins (apoAI, apoB) and lipid (TC/HDL-C, TG/HDL-C, LDL-C/HDL-C) and lipoprotein
(apoA, apoB, HDL-C/apoAI) ratios and oxidative status by measuring free and total (free and esterified) F2-isoprostanes (F2-IsoP). 
According to the available data reports and taking into account results obtained in our study we concluded that even mild lipid and
lipoprotein abnormalities which are often present in population might by connected with elevated oxidative status which is
sensitively reflected by F2-IsoP concentration. Thus measurement of F2-IsoP seems to be very helpful in recognition of early stage of 
oxidative stress however further studies are required.
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The ma jor ity of the stud ies have meas ured free F2-IsoP
and only few of them in ves ti gated to tal F2-IsoP in plasma
(i.e., free and es teri fied) and it is worth men tioning that
most of the stud ies did not re port the type of F2-IsoP
meas ured (free, es teri fied, to tal) [4,11]. The po ten tial
draw back in as sess ing the F2-IsoP in se rum is the for ma -
tion of pros ta glan din-like com pound ex vivo if the
sam ples are not han dled cor rectly. Thus, the bio logi cal
ma te rial should be kept in very cold con di tions (-70°C).
Plasma sam ples meas ured by EIA give ex cel lent cor re la -
tion to GC/MS if pu ri fied by SPE prior to analy sis [2,10]. 

The aim of the study was to in ves ti gate lip ids, lipo pro -
teins and lipid and lipo pro tein ra tios and oxi da tive status
by meas ur ing free and to tal (free and es teri fied) F2-is -
oprostanes in young peo ple with mod er ated dyslipi de mia
and con trol group.

MATERIAL AND METHODS
The stud ied group con sisted of 10 per sons (men and

women) at the age of 19-30 who were with out ac tive
inflam ma tory dis ease, liver dis ease, ma lig nancy, hy per ten -
sion or dia be tes mel li tus, and they were not smok ers, but
they pres ent ab nor mal lipid pro file char ac ter ized by mod -
er ate dyslipi de mia. The con trol group (n=10) was cho sen
among ap par ently nor molipi demic in di vidu als who were
symp tom free and had no evi dence of pre vi ous car diac,
hy per ten sive, ac tive in flam ma tory dis ease, obe sity or dia -
be tes and were at com pa ra ble age to the stud ied group.
The study was con ducted in ac cor dance with the guide -
lines of the Eth ics Com mit tee, Medi cal Uni ver sity of
Lublin, Po land.

Lip ids, lipo pro teins, and rou tine labo ra tory pa rame ters
were ob tained in se rum af ter a fourteen- hour over night
fast ing. Blood was taken from veins into com mer cial
tubes. Se rum was im me di ately sepa rated, di vided and
stored in ali quots at –80°C un til use; sam ples pre pared for
F2-IsoP were added 0.005% BHT. Lip ids and lipo pro teins 
were de ter mined in fresh se rum on Hi tachi 902 ana lyzer.
In the se rum, we meas ured: to tal cho les terol (TC) with en -
zy matic col or imet ric method; tri glyc erides (TG) us ing
stan dard en zy matic tech nique; HDL-C was as sayed by
the en zy matic col or imet ric method with out pre cipi ta tion.
ApoA and apoB were de ter mined on the Dade Be hring
nephe lo me ter BN™ II Sys tem Sie mens Health care Di ag -
nos tics Inc. Ger many with us ing im mu nonephe lo met ric
method. Non- HDL cho les terol was ob tained as TC mi nus
HDL-C; LDL-C was cal cu lated ac cord ing to the Frie de -
wald for mula; TC/HDL-C/apoA-I, LDL-C/HDL-C,
TG/HDL-C, and apoA-I/apoB were also cal cu lated.

To tal (free and es teri fied) and free 8- iso Prosta glan din
F2á (F2-IsoP) were de ter mined with us ing EIA kit Cay man 
and 8- Isoprostane Af fin ity Col umn for the pu ri fi ca tion.
Be fore the prepa ra tion, all sam ples were cen tri fuged
1,500 rpm for 10 min utes to re move pre cipi tated pro teins. 

To the sam ples pre pared for to tal F2-IsoP as say an
equal vol ume of 15% KOH was added and the so lu tion
was in cu bated at 40°C for 60minutes to cleave any es teri -
fied iso prostanes. Next the sam ples were neu tral ized to
pH 7.0-7.4 with 1M po tas sium phos phate buffer and 1M
HCl.

In the sec ond step sam ples for both to tal and for free
F2-isoP analy sis were di luted with ei co sa noid af fin ity col -
umn buffer (Co. 400220) and then ap plied to the col umn
(Cay man, USA 8- IsoAffinity col umn Co. 10010366) for
the pu ri fi ca tion. The sam ples were passed through the
pack ing ma te rial, which had been ac ti vated by rins ing
with col umn buffer, then wa ter. Af ter the sam ple has
passed through the col umn, it was rinsed again by elu tion
so lu tion (96% etha nol, Co. 400230) and the elu ent was
col lected. The col umn was re gen er ated by wash ing with
wa ter and col umn buffer. In the col lected sam ples, the sol -
vent (elu tion so lu tion) was evapo rated to dry ness un der
a stream of dry ni tro gen and the sam ples were re con sti -
tuted with as say buffer (Co. 400060). A quan tity of free
and to tal F2-IsoP was ana lyzed with an 8-iso prostane kit
(Cay man Chemi cal, Ann Ar bor, MI, USA). By us ing
a plate reader, ab sor bance at 405 nm was meas ured and
the raw data were cor rected for re cov ery. The as say was
vali dated by add ing a se ries of known amount of pure 8-
 isoPGF2á stan dard to an equal vol ume of pu ri fied plasma
sam ples. The con cen tra tions of to tal and free iso prostanes
were de ter mined by us ing en zyme im mu no as say (EIA).
The cor re la tion be tween the known amounts of added
pure 8- iso- PGF2α and the con cen tra tion ob tained by EIA
was very high. The an tise rum of the 8- Isoprostane EIA
had 100% cross- reactivity with 8- Isoprostane; and with
PGF 1α, PGF3α, PGF E1, PGF D2 and PGF F2α from 0.71
to 0.14%. The de tec tion limit of for F2-isoP was 2.7 pg/ml.

Sta tis ti cal analy sis was per formed us ing one- way
analy sis of the Stu dent t- test for com pari son of peo ple
with mod er ate dyslipi de mia and the ref er ence group.
Con tinu ous vari ables were tested for nor mal dis tri bu tion
and loga rith mi cally trans formed if they were not nor mally 
dis trib uted. How ever, the val ues in the ta bles are pre -
sented as non trans formed data. All re sults are ex pressed
as means ±SD. A p value of less than 0.05 was con sid ered
sta tis ti cally sig nifi cant. For sta tis ti cal analy sis of ob tained 
re sults, Sta tis tica pro gram (Stat Soft., Kra kow, Po land)
was used.

RESULTS
Con cen tra tions of se rum lip ids: tri glyc erides, to tal cho -

les terol, LDL-C, HDL-C, nonHDL-C and lipo pro teins:
apoAI, apoB as well as to tal (free and es teri fied) and free
iso prostanes (F2-IsoP) are pre sented in Ta ble 1. The stud -
ied sub jects pre sented mild changes in lipid and
lipo pro tein pro file, which were char ac ter ized by sig nifi -
cant ele va tion in all lipid and lipo pro tein pro file
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pa rame ters in com pari son to the con trols. Only to tal cho -
les terol con cen tra tion was not sta tis ti cally sig nifi cant in
the stud ied groups. Sub jects with mod er ate dyslipi de mia
pre sented sig nifi cantly higher con cen tra tion of to tal (free
and es teri fied) F2-IsoP than the con trols, which con firms
higher oxi da tive status in this group. How ever, nei ther of
stud ied groups  showed sig nifi cant dif fer ences in the con -
cen tra tion of free F2-IsoP. Ta ble 2 shows that all lipid
(TC/HDL-C, TG/HDL-C and LDL-C/HDL-C) and lipo -
pro tein (apoAI/apoB and HDL-C/apoA-I) ra tios were
sig nifi cantly higher in the mod er ate dyslipi demic sub jects 
with higher to tal F2-IsoP, which points that their lipid and
lipo pro tein pro files were more athero genic than the con -
trols ac com pa nied by ag gra va tion in oxi da tive status.
Also in this group we have ob served a de creased lipo pro -
tein ra tio HDL-C/apoA-I which sug gests that the
dis tri bu tion in HDL par ti cles fam ily were dis turbed with
the ten dency to smaller size par ti cles [6,7].

Ta ble 1. Con cen tra tion of se rum lip ids, lipo pro teins and iso pro-
stanes in the mod er ated dyslipi de mia sub jects and ref er ence
group

Parameter

Subjects 
with moderate
dyslipidemia

X±SD

Reference 
group
X±SD

Level p<0.05

TG (mg/dl) 138±12 70±29 0.001
TC (mg/dl) 181±21 179±20 ns
LDL-C (mg/dl) 114±25  79±23 0.01  
HDL-C (mg/dl)      39±7.02 66,8±7,4 0.001
nHDL-C (mg/dl) 142±20 110±25 0.01  
apoAI (mg/dl) 150±29 173±31 0.01  
apoB (mg/dl) 105±19  70±17 0.001
8-F2-ISO (pg/ml)   562±139 277±68 0.001
Free 8-F2-ISO
(pg/ml)   175±136 145±66 ns

8-F2-ISO – to tal F2-IsoP (free and es teri fied ), Free 8-F2-ISO – free F2-IsoP

Ta ble 2. Lipid and lipo pro tein ra tios in sub jects with mod er ate
dyslipi de mia and ref er ence group

Parameter

Subjects 
with moderate
dyslipidemia

X±SD

Reference
group
X±SD

Level p<0,05

TC/HDL-C 4.65±0.65 2.71±0.50 0.001
TG/HDL-C 3.54±0.62 1.03±0.55 0.001
LDL-C/HDL-C 3.50±0.55 1.12±0.42 0.001
HDL-C/apoAI 0.26±0.05 0.37±0.04 0.001
apoAI/apoB 1.41±0.33 2.47±0.30 0.001

DISCUSSION
Lipid per oxi da tion gen er ates prod ucts of ad vanced

oxi da tion such as al kanes, al de hydes and iso prostanes.
F2-IsoP dis plays a po tent bio ac tiv ity and its ele va tion is
seen in a number of syn dromes as so ci ated with oxi dant in -
jury such as athe ro scle ro sis, hy per cho les tero lemia, habi-
t ual smok ing, al co hol con sump tion, dia be tes, pul mo nary
and liver dis eases, rheu matic dis eases, neu ro de gra da tion
and vas cu lar reper fu sion [2,9,10]. Both es teri fied to tis sue 
phos pholip ids and free in the cir cu la tion in crease sub stan -
tially in se rum and urine in ani mal mod els of oxi dant
in jury [18,19]. Quan ti fy ing of F2-is oprostanes is thought
as ac cu rate way to meas ure oxi da tive stress in vivo and

could be used as an in di ca tor of lipid per oxi da tion the pro -
cess of which is a risk fac tor for athe ro scle ro sis and other
sys temic dis eases [2,10,16]. 

Proud foot et al. [12] de tected F2-IsoP in iso lated lipo -
pro teins and found that HDL in the ma jor lipo pro tein
car rier of iso prostanes in hu man plasma. Lev els of
F2-IsoP were ap proxi mately twice higher in HDL than
LDL and 50% higher than in VLDL (nor mal ized to cho -
les terol). Level of F2-iso prostanes were re spec tively 2 and 
3- fold higher in HDL2 and HDL3 than in to tal LDL, while 
the con tent of ara chi donic acid (iso prostanes pre cur sor)
was sig nifi cantly higher in LDL than in HDL. This ob ser -
va tion in di cates that HDL is a ma jor car rier for both early
and late prod ucts of lipid oxi da tion [3,11,12].

F2-is oprostanes in HDL par ti cles could in crease be -
cause of re moval of oxi dized lip ids from cell mem branes,
from macro phages in athe ro scle rotic le sions or af ter ex -
trac tion of oxi dized lip ids from LDL by HDL. The higher
con cen tra tion of an ti oxi dants in LDL may also re sult in
HDL be ing a pref er en tial tar get for oxi da tion, act ing as
a “sink” for oxi dized lip ids, as it is a ma jor car rier of lipid
hy dro per ox ides in plasma. Thus, HDL is more sus cep ti ble 
to oxi da tion than LDL, which was re ported in in vi tro free
radi cal oxi da tion [12,13]. 

It is pos si ble that platelet- activating fac tor ace tyl hy -
dro lase (PAF-AH) and paraoxonase-1 (PON1) ac tivi ties
are im por tant de ter mi nants of F2-IsoP dis tri bu tion in LDL 
and HDL. Platelet- activating fac tor ace tyl hy dro lase is re -
spon si ble for the deg ra da tion of F2-IsoP. Re duced F2-IsoP 
in LDL may re flect the higher PAF-AH ac tiv ity as so ci -
ated with LDL (88%) while HDL2 ac counts for only 12%
and HDL3 – no ac tiv ity [5,8,10,12]. There is a de bate
whether PAF-AH is pro– or antia thero genic. Plasma lev -
els of PAH-AH are posi tively as so ci ated with CVD.
How ever, we still do not know if ac tiv ity of this fac tor af -
fects athe ro scle ro sis or whether the lev els rise be cause of
the in flam ma tory en vi ron ment [5,10,12]. 

An other en zyme car ried by HDL is PON1 the ac tiv ity
of which is as so ci ated mainly with HDL2 par ti cle – what
could be the cause of lower level of F2-IsoP in HDL2 than
HDL3 frac tion [12]. Re duced F2-iso prostanes in HDL2
com pared with HDL3 may be re lated to the ele vated
paraoxonase-1 ac tiv ity in HDL2 [12]. How ever, PON1
had no ef fect on lipid per ox ides or F2-IsoP dur ing free
radi cal in vi tro HDL oxi da tion, which in di cates that the
re ported antia thero genic ef fects of HDL are not due to
antia thero genic ef fects of PON-1 but are likely due to
other mecha nisms such as pro tec tion of LDL from oxi da -
tion [8,12].

Pre sented data might sug gest that the higher con tent of
per ox ides in HDL may im pair the main HDL func tion,
which is re verse cho les terol trans port, and marker, which
pro vides a re li able ap proach to as sess oxi da tive stress in
vivo, seems to be F2- IsoP.
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In our study in mod er ate dyslipi demic group higher
level of to tal and free iso prostanes ac com pa nied low ered
HDL-C and apoA-I (de creased HDL-C/ApoAI) con cen -
tra tion which points to more ag gra vated oxi da tive status
and dis ar range ment in HDL par ti cles fam ily in those sub -
jects in com pari son to con trol group [6,7,17].

The di rect bio logi cal ac tion of free and es teri fied
F2-IsoP are not well known. F2-iso prostanes are not sim -
ply mark ers of oxi da tive stress. Dur ing in ter pre ta tion of
iso prostanes the dual role of F2-IsoP should be con sid ered;
thus they are a marker of oxi da tive stress and the me dia -
tors of vi tal bio logi cal ef fects rep re sent ing regu la tors of
the cru cial re sponse and ad ap ta tion [10,11]. On the one
hand a number of free F2-IsoP have been found to ex ert a
va ri ety of pro- atherogenic ac tions par ticu larly in vas cu la -
ture, on the other hand, in hi bi tion of macro phage in flam-
ma tory re sponse was re ported which may sug gest that they
are nega tive feed back regu la tors of in flam ma tion. It is
also worth men tioning that es teri fied F2-IsoP ex ert im por -
tant ef fects in the regu la tion of athero gene sis, such as
in duc tion of en do the lial syn the sis of IL-8 monocyte-
 chemotactic protein-1 [10,19,20]. These find ings are in
agree ment with find ings of  PAF ace tyl hy drolase de fi -
cient sub jects who pre sented de creased ca pac ity to re lease 
free iso prostanes from es teri fied pre cur sors and have
higher risk of de vel op ing coro nary ar tery dis ease [19].  

Es teri fied F2-IsoP may be more long- lasting mark ers of 
lipid per oxi da tion than free F2-IsoP and may en able the
site of en doge nous oxi da tive modi fi ca tion to be iden ti fied
al though meas ure ment of free F2-IsoP may bet ter re flect
sys temic changes in lipid per oxi da tion. How ever, me -
tabo lism of free iso prostanes is more rapid than the
es teri fied F2-IsoP so meas ure ment of this form is plasma
seems to be more suit able [10,11].

In our study the con cen tra tion of to tal (es teri fied and
free) F2-IsoP was sig nifi cant in mod er ate dyslipi demic
sub jects while the free form didn’t show sig nifi cant dif -
fer ences, which seems to be in agree ment with the quoted
data. Con cen tra tion of es teri fied F2-IsoP seems to be more 
sta ble also be cause free F2-IsoP are much af fected by
PLA2 (phos pholi pase A2 en zymes) ac tiv ity which rises
e.g. dur ing ex er cises and not by re ac tive spe cies gen era -
tion [1]. Es teri fied F2-IsoP are about 5- fold higher than
free ones, which we also ob served in our study (mod er ate
dyslipi demic pa tients) [15].

CONCLUSIONS
Ac cord ing to the avail able lit era ture re ports and tak ing

into ac count re sults ob tained in our study, we con cluded
that even mild lipid and lipo pro tein ab nor mali ties, which
are of ten pres ent in popu la tion, might be con nected with
ele vated oxi da tive status, which is sen si tively re flected by 
F2-IsoP con cen tra tion. Thus meas ure ment of F2-IsoP

seems to be very help ful in rec og ni tion of early stage of
oxi da tive stress how ever fur ther stud ies are re quired.
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