@) ev-ne |

REVIEW PAPER

International Journal of Occupational Medicine and Environmental Health 2016;29(2):179-190

http://dx.doi.org/10.13075/ijomeh.1896.00596

ISOPROSTANES — A NOVEL MAJOR GROUP
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Abstract

Isoprostanes are a recently discovered group of prostaglandin isomers. Results of previous studies suggest that they can be
used as oxidative stress markers, because in a number of cardiovascular, pulmonary and neurological diseases their levels
in biological samples considerably increase. It has been found that people suffering from diabetes, obesity, homozygous
familial hypercholesterolemia, moderate hypercholesterolemia, and smokers have higher levels of isoprostanes in urine.
The same refers to patients with asthma, Alzheimer disease and Down syndrome. This paper reviews the results of relevant

studies.
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INTRODUCTION

Isoprostanes (IsoP) are prostaglandin isomers produced
in vivo from polyunsaturated fatty acids (mainly arachi-
donic acid) by a free radical catalyzed mechanism, which
means that for their formation cyclooxygenases (COX-1
and COX-2) are not required [1,2]. The 1st IsoP class,
discovered in 1990, were F2-isoprostanes [3]. Since that
time, several other classes have been described: D2-
isoP, E2-isoP, A2-isoP and J2-isoP [4] and named ac-
cording to the type of cyclopentane ring [5]. At present,
there are 3 types of isoprostanes nomenclature: for-
mer nomenclature, Taber’s nomenclature and Rokach’s
nomenclature [1].

There are some differences between prostaglandins (PG)
and isoprostanes. While PG side chains are trans to

the cyclopentane ring, isoprostane side chains are mainly
cis isomers [4]. Prostaglandins are formed from free ara-
chidonic acid, while isoprostanes are formed in sifu in
lipid membranes from polyunsaturated fatty acids, and
then, they are released by phospholipases. It has also been
reported that isoprostanes can be formed not only from
arachidonic, but also from docosahexaenoic and eicosa-
pentaenoic acids [6,7].

OXIDATIVE STRESS

Oxidative stress reflects imbalance between an increased
exposure to reactive oxygen species (ROS) and antioxi-
dant defense. Reactive oxygen species can be generated
endogenously, but they can be also generated by exoge-
nous factors such as radiation, tobacco smoke and drugs.
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It is known that oxidative stress is associated with many
acute and chronic diseases, such as cancer and cardiovas-
cular, neurodegenerative and lung diseases [§].
Nowadays, several in vitro oxidative stress markers are
available, but they lack sensitivity and/or specificity, or
require invasive methods [9].

Isoprostanes as a marker of oxidative stress

The first recognized use for isoprostanes was using them
as mediators of oxidant stress [1]. Since they were discov-
ered, the number of studies in which their authors have
attempted to determine their levels in biological samples
in clinical syndromes, probably associated with oxida-
tive stress, has continued to increase. Till now, it is well
known that IsoP levels are increased in biological samples
in the case of a number of cardiovascular, pulmonary and
neurological diseases [10,11].

The use of isoprostanes as markers of oxidative stress
has several advantages over other oxidative stress mark-
ers, i.e., isoprostanes are chemically stable, they are specific
products of peroxidation, they are formed in vivo, they are
present in detectable amounts in tissues and biological flu-
ids, and they are unaffected by lipid contents in a diet [9].
Because collection of urine is non-invasive and because
isporostanes are very stable in urine, levels of isoprostanes
are generally determined in this biological material [1].

CARDIOVASCULAR DISEASES RISK FACTORS

The main risk factors for heart disease include: hypercho-
lesterolemia, diabetes, smoking, and obesity [10,11]. It has
been found that in humans with a number of those risk
factors, the level of IsoPs formation is elevated [11].

Gopaul et al. [12] have analyzed plasma levels of 8-epi-
PGF,, in non-insulin dependent diabetes mellitus (NI-
DDM, diabetes type 2) and compared them with healthy
individuals. Levels of 8-epi-PGF, in plasma samples
from the diabetic individuals (N = 39) were high-
er (0.49-2.16 nM) than in the control group (N = 16)
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(0.02-0.63 nM). Davi et al. [13] have received similar re-
sults. Levels of urinary 8-iso-PGF,_in patients with NID-
DM (N = 62, 419+208 pg/mg creatinine) were significant-
ly higher (p = 0.0001) than in age-matched healthy sub-
jects (208+92 pg/mg creatinine). The authors have also in-
vestigated urinary 8-iso-PGF, levels in patients with insu-
lin dependent diabetes mellitus (IDDM, diabetes type 1).
In those patients the urinary 8-iso-PGF,_ levels were also
higher (N = 23, 400146 pg/mg creatinine) compared to
those of controls (197+69 pg/mg creatinine, p = 00001).
Also Keaney et al. have found out that diabetes is strongly
and positively associated with urinary 8-epi-PGF,  lev-
els [14]. Davi et al. suggest that in diabetes type 1 in chil-
dren and adolescents, IsoPs formation increases in an
early stage of the disease and decreases as the disease
progresses [15].

Nowadays, the number of people who suffer from obesity
is still increasing. Obesity is one of the causes of athero-
sclerotic cardiovascular disease. Keaney et al. [14] have in-
vestigated the correlation between body mass index (BMI)
and urinary 8-epi-PGF, levels in nearly 3000 Framing-
ham Heart Study participants. The results show that there
is a strong association between BMI and urinary 8-epi-
PGF, levels [14]. Also Davi et al. [16] in their study have
found an association between 8-iso-PGF, and obesity. In
that study, the authors have also observed that in the an-
droid obesity, urinary 8-iso-PGF,_ levels are higher than
in the gynoid obesity (p < 0.001). What is more, other
authors have observed that reduction of BMI leads to
a decrease in 8-is0-PGF, urinary levels [16].

It is generally recognized that tobacco smoking leads
to cardiovascular diseases, however, the underlying
mechanism is not fully understood [11]. Morrow et al.
have investigated the correlation between smoking sta-
tus and levels of free F-isoprostanes in plasma and
of F -isoprostanes esterified to lipids in plasma [3]. In
a pilot study with 16 smokers and 8 age-matched non-
smokers, the levels of free plasma F,-isoprostanes in
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the smokers samples (166+58 pmol/l) were significantly
higher (p = 0.02) than in the age- and sex-matched non-
smokers (90£52 pmol/l). The levels of F,-isoprostanes es-
terified to lipids were also significantly higher (p = 0.05)
in the smokers (496+276 pmol/l) when compared to
the non-smoker samples (29090 pmol/l).

In a validation study, which was conducted to confirm
the results of the pilot study and to determine short-
term effects of smoking and effects of abstinence from
smoking for F-isoprostanes levels, the participants
were 10 smokers (5 males, 5 females) and 10 non-
smokers (5 males, 5 females). The results of free
plasma F -isoprostane levels and levels of F,-isopros-
tanes esterified to lipids in plasma were the same as
in the pilot study: the levels of free isoprostanes in
the smokers (242+147 pmol/l) were significantly high-
er (p = 0.02) than in the non-smokers (103+19 pmol/l).
The levels of F -isoprostanes esterified to lipids in
the smokers (574217 pmol/l) were also significant-
ly higher (p = 0.03) than those measured in the non-
smokers (345+65 pmol/l). The authors have found no
association between F-isoprostane levels and age,
sex, weight, height, the number of pack of cigarettes
smoked per year, and the number of cigarettes smoked
per day, or the nicotine and tar content of the smoked
cigarettes. In that study, levels of F -isoprostane me-
tabolite excretion in urine have also been measured. In
the smokers (870509 pmol/mmol of creatinine), lev-
els of F -isoprostane metabolites in urine were signifi-
cantly (p = 0.05) higher compared to the non-smokers
group (415+155 pmol/mmol of creatinine). Moreover,
there was a significant correlation (p < 0.001) be-
tween free plasma F -isoprostanes and their urinary
metabolites in the smoker and non-smoker groups.
No significant differences have been found between
free (p = 0.43) and esterified (p = 20) F,-isoprostane
levels in plasma samples obtained in the morning before
the 1st cigarette (242+147 pmol/l and 574217 pmol/l

respectively) and samples obtained immediately after
30-min period during which a participant smoked
3 cigarettes (237+117 pmol/l and 624214 pmol/l).
However, after 2 weeks of abstinence from smoking,
levels of free and esterified F -isoprostanes were sig-
nificantly lower than during smoking.

Obata et al. have also investigated the influence of smok-
ing status on isoprostane contents [17]. They collected
urine samples from 81 smoking men, 39 non-smokers
and 21 ex-smokers and measured levels of 8-epi-PGF, .
Levels of 8-epi-PGF, differed significantly between the
samples collected from the smokers and the non-smok-
ers. Levels in the smokers samples (605.2+59.01 ng/mg
creatinine) were significantly (p < 0.05) higher, than
in the samples of non-smokers (424+70.37 ng/mg cre-
atinine), while levels of 8-epi-PGF, in the ex-smoker
samples (487%98.48 ng/mg creatinine) did not differ
significantly from the smokers or non-smokers samples.
Obata et al. have not found a correlation between levels
of 8-epi-PGF, and age of smokers, duration of smoking
and the number of cigarettes smoked per day, however,
they have found a weak negative correlation between
urine isoprostane levels and age of the non-smokers
and time since quitting smoking in the ex-smokers [17].
A strong positive correlation between 8-epi-PGF, uri-
nary levels and smoking status has been also found by
Keaney et al. (p < 0.0001) [14].

Reilly et al. [18] have investigated levels of isoprostanes
in urine of patients with homozygous familial hypercho-
lesterolemia (HFH) and moderate hypercholesterolemia
(HC). They performed 3 studies: in the 1st one, in 38 HFH
subjects, urinary isoprostane excretion was measured. In
the 2nd study, levels of iPF, -III adjusted for LDL protein
in unstimulated LDL in samples from HFH patients were
measured, and in the 3rd study, they measured urinary
levels of F,-isoprostanes in HC patients.

Those authors have found that urinary iPF, -IIT was
higher in the HFH patients (85%5.5 pmol/mmol
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creatinine, p < 0.0005) compared with the age- and sex-
matched normocholesterolemic controls (58+4.2 pmol/
mmol creatinine). There has also been a significant correla-
tion (p < 0.02) between urinary iPF, -III levels and serum
cholesterol in the samples from HFH patients. This corre-
lation has not been observed in the control patients. Simi-
larly, iPF, -VI urinary levels were higher in the HFH pa-
tients (281+22 pmol/mmol creatinine) compared to
the controls (17513 pmol/mmol creatinine, p < 0.0001).
Levels of urinary iPF, -III esterified in the LDL samples
from the HFH patients (N = 16, 1.09+0.08 pmol/mmol
creatinine) were significantly higher than in the con-
trol participants (N = 16, 0.4+0.03 pmol/mmol cre-
atinine, p < 0.0001). There have been no significant
correlations between urinary F -isoprostanes and age,
sex and a history of the use of lipid-lowering agents in
the HFH patients [18].

NEUROLOGICAL DISEASES

It is suggested that oxidative stress and lipid peroxidation
have a role in neurodegenerative diseases. There is an
increasing number of evidence that free radicals damage
brain lipids, carbohydrates, proteins and DNA, which is
involved in neuron death in neurodegenerative disorders.
There is a hypothesis, according to which, oxidative stress
plays an important role in the pathogenesis of neuron de-
generation in Alzheimer disease (AD) and a large number
of studies confirm this hypothesis [19]. A number of stud-
ies have also shown that oxidative stress affects many
clinical features of Down syndrome (DS) [20].

Pratico et al. [21] have investigated levels of 8,12-iso-
iPF, -VI in cerebrospinal fluid (CSF), urine and
plasma of 24 participants. In the samples collected
from patients with probable or possible AD, urinary,
plasma and CSF levels of 8,12-is0-iPF, -VI were sig-
nificantly higher than in controls (4.93£0.42 ng/mg
creatinine, 4.18+0.56 ng/mg creatinine respectively
vs. 1.77£0.17 ng/mg creatinine) (p < 0.0001). Moreover,
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there was a correlation between CSF and urinary levels
of 8,12-is0-iPF, -VI and between CSF and plasma levels
of 8,12-is0-iPF, -VI (p < 0.001) [21].

In 1998 Pratico et al. [22] investigated brain tissue sam-
ples obtained by autopsy from 19 patients with AD, 6 with
Parkinson disease (PD), 10 with schizophrenia (SCHI)
and 8 controls. The samples were collected from brain fron-
tal pole (FP), temporal pole (TP) and cerebellum. Levels
of iPF, -III in the FP of the AD brains were significantly
higher (240-880 pg/g wet tissue, median (Me) = 410 pg/g
wet tissue) compared to the samples from PD and con-
trols (80-300 pg/g wet tissue, Me = 230 pg/g wet tis-
sue, p = 0.004). Increased levels of iPF, -III were also
found in the TP from the AD brains (250-685 pg/g wet
tissue, Me = 445 pg/g wet tissue) compared to the con-
trols (110-300 pg/g wet tissue, Me = 205 pg/g wet tissue).
There were no statistically significant correlations between
age, postmortem interval, disease duration and iPF, -III
levels in the FP and TP samples from the AD brains.
Levels of 8,12-is0-iPF, -VI have been also measured in
urine samples collected from patients with Down syn-
drome (DS) [20]. Thirty three samples from subjects with
DS and 33 from controls were collected. In the samples
from DS subjects, levels of 8,12-is0-iPF, -VI were signifi-
cantly higher 0.75-4.25 ng/mg creatinine, Me = 1.97 ng/mg
creatinine) than in the healthy controls (0.25-2.5 ng/mg
creatinine, Me = 1.2, p < 0.01). There were no differences
between the DS male and female participants. In the DS
subjects, there has been a significant correlation between
urinary levels of this isoprostane and age of the partici-
pants (p = 0.002), but this correlation has not been found
in the healthy controls [20].

ASTHMA

Asthma is a common chronic respiratory disease [23],
characterized by chronic airways inflammation and oxi-
dative stress [24]. Elevated airways inflammation often
precedes the onset of symptoms or airway limitation [25].
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As inflammation is often associated with an increased gen-
eration of ROS, it is reasonable to suppose that oxidative
stress could be mechanistically involved in asthma [26].
Quantification of airways inflammation is difficult be-
cause it requires invasive techniques. On the other hand,
concentration of oxidative stress biomarkers in plasma or
urine may reflect systemic inflammation rather than lung
inflammation. Bronchoscopy with biopsy remains the gold
standard for assessing airways inflammation, but its inva-
siveness makes it unethical as a routine method, particu-
larly in children [24].

There is an increasing interest in measuring exhaled
breath condensate (EBC) in subjects with pulmonary dis-
ease. The analysis of EBC is a noninvasive method, which
is used to monitor lung inflammation and, which shows
local production of free radicals [27]. The safety of EBC
has been shown in both adults and children. It has been
demonstrated that collection of EBC is 100% successful
starting from the 4th year of age [28].

Balanza et al. [24] have investigated isoprostane levels
in exhaled breath condensate of healthy and asthmat-
ic children. The participants were divided in 3 groups.
In the first group there were 22 nonatopic children, in
the second group - 30 children with episodic asthma and
in the third group - 10 children with moderate persistent
asthma. Mean concentrations of 8-isoprostane in EBC
were increased in the asthmatic children (18.3 pg/ml)
compared to the healthy controls (6.59 pg/ml, p < 0.026).
Levels of 8-isoprostanes in EBC were also significantly
increased in the children with moderate persistent asth-
ma (36.25 pg/ml) compared to the children with episodic
asthma (12.28 pg/ml, p < 0.012) and to the healthy con-
trols. The children with episodic asthma (12.28 pg/ml) had
also significantly higher levels of 8-isoprostanes in EBC
compared to the healthy participants (6.59 pg/ml,
p <0.0001) [24].

Also Baraldi et al. have investigated levels of isopros-
tanes in EBC of asthmatic children [29]. They collected

samples from 12 healthy children, 12 steroid-naive asth-
matic children and 30 children with mild-to-moderate
persistent asthma who were treated with inhaled cortico-
steroids (ICSs). Levels of 8-isoprostane were increased
in EBC of both groups of asthmatic children - the ste-
roid naive (56.4+7.7 pg/ml, p < 0.01) and the steroid-
treated (47.2+2.3 pg/ml, p < 0.05) compared to the con-
trols (34.2+4.5 pg/ml), and there were no significant
differences in the levels of EBC 8-isoprostane between
the 2 groups of asthmatic children (p = 0.14) [29].
Zanconato et al. [30] have measured 8-isoprostane levels
in EBC of 19 healthy control children, 14 steroid-naive
children with mild persistent asthma, 13 ICSs treat-
ed children with mild-to-moderate persistent asthma
and 9 children with unstable asthma. They have found
that EBC 8-isoprostane levels were higher in samples
from the 3 groups of asthmatic children (respectively:
16.2 pg/ml, p < 0.001; 18.1 pg/ml, p < 0.001 and 29.7 pg/ml,
p < 0.01) compared with the controls (3.5 pg/ml) and,
as in Baraldi et al. study [29], there were no differences
in 8-isoprostane levels between the 3 groups of asthmatic
children.

Montuschi et al. (31) have measured concentrations of
8-isoprostane in EBC of 10 healthy adults, 12 patients
with mild asthma, 17 adults with moderate asthma and
15 with severe asthma [31]. Concentrations of EBC
8-isoprostane were increased in the patients with mild
(33.7+2.8 pg/ml, p < 0.01), moderate (38.3%3.7 pg/ml,
p < 0.001) and severe (49.1£5 pg/ml, p < 0.001) asth-
ma compared to the healthy subjects (15.8+1.6 pg/ml).
The highest levels of 8-isoprostane were found in the
samples from severe asthma compared to the mild and
moderate asthma samples. It has been also found that
EBC levels of 8-isoprostane in the samples from mild
asthma patients correlated with exhaled nitric oxide
(NO) (p < 0.05) [31].

Table 1 shows a summary of diseases in which increased
levels of isoprostanes have been found.
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Table 1. Diseases in which the increased levels of isoprostanes

have been found

Table 2. Differences in the levels of isoprostanes and allantoin
in T1 samples compared to TO [32]

Disease Sample Reference
Risk factors for heart disease
NIDDM plasma 12
urine 13
IDDM urine 13,14
obesity urine 14
smoking plasma 3
urine 17,14
HFH urine 18
Neurological diseases
AD CSE, urine, plasma 21
brain tissue samples 22
DS urine 20
Pulmonary diseases
asthma EBC 24, 30, 31

NIDDM - non-insulin dependent diabetes mellitus; IDDM - insulin
dependent diabetes mellitus; HFH - homozygous familial hypercho-
lesterolemia; AD — Alzheimer disease; DS — Down syndrome; CSF -
cerebrospinal fluid; EBC - exhaled breath condensate.

COMPARISON OF ISOPROSTANES

TO OTHER OXIDATIVE STRESS BIOMARKERS
Some studies have been carried out to compare iso-
prostanes as oxidative stress markers to other available
markers. II'yasowa et al. [32] have used doxorubicin-
based chemotherapy as a clinical model of oxidative as-
sault in humans. They collected urine samples from che-
motherapy patients (N = 23) before (T0) and 1 h (T1)
and 24 h (T24) after administration of treatment. Lev-
els of allantoin and isoprostanes (iPF(2a)-III, iPF-
(2a)-VI, 8,12-is0-iPF(2a.)-VI and 2,3-dinor-iPF(2a.)-IIT)
were measured using the liquid chromatography — mass
spectrometry (LC-MS). As a result, levels of the exam-
ined biomarkers were higher in T1 samples compared to
the samples TO: the difference was statistically significant
in the case of isoprostanes and of borderline significance
in the case of allantoin (Table 2).
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Increase

Biomarker (%] p
Isoprostane
iPF(20)-111 62 < 0.05*
iPF(2a)-VI 41 < 0.05*
8,12-is0-iPF(2a)-V1 58 < 0.05*
2,3-dinor-iPF(2a)-111 52 < 0.05*
Allantoin 22 0.06**

Urine samples from chemotherapy patients: T0 - collected before ad-
ministration of treatment; T1 - collected after 1 h of administration of
treatment.

* Statistically significant.

** Borderline significant.

Researchers have also observed, that in the samples tak-
en 24 h after administration of the treatment (T24) levels
of isoprostanes returned to their baseline levels (T0), while
levels of allantoin continued to increase. However, the dif-
ference between the levels of allantoin at TO and T24 was
not statistically significant.

Roberts et al. [9] have compared the amounts of MDA
and esterified F -isoprostanes formed in the liver of rats
after administration of CCl,, which is a classic model com-
pound form inducing free radical damage in the liver [33].
As an index of severity of liver injury they measured levels
of serum glutamic pyruvic transaminase (SGPT). The re-
sultant levels of F-IsoPs in the liver increased strikingly
by approximately 85-fold, which was accompanied by an
increase of SGPT in plasma. In contrast, levels of MDA
increased only less than 3-fold.

Summarizing, the increase in both, MDA and F -IsoPs, lev-
els was correlated with oxidation of microsomal lipids in
vitro, but the relative increase in the levels of F -IsoPs
was much higher than in the levels of MDA. This demon-
strates a very good correlation between the amount of F,-
IsoPs production and severity of hepatocellular injury [9].
Sensitivity and specify of oxidant stress biomark-
ers have also been investigated in the Biomarkers of
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Table 3. Effect of CCl, on oxidation products in rat plasma and urine [33]

Time points after CCl, administration

2h 7h 16h
Biomarker Method Medium dose of CCl,
[mg/ke]
120 1200 120 1200 120 1200
TBA TBARS plasma X X X X X *
MDA TBA 3rd derivative plasma * * * * X
MDA GC-MS plasma * * * * X X
Free + esterified 8-iso-PGF,, GC-MS plasma * * * * * *
Free 8-is0-PGF2a GC-MS plasma * * X * *
MDA HPLC with spectrophotometry — urine * * X *
Free + esterified 8-iso-PGF, ~ immunoassay urine X X * * * *
8,12-is0-iPF2a-VI LC/MS/MS urine - - * * * *
8-OHdG immunoassay urine - - X * * *

TBARS - thiobarbituric acid reactive substance; MDA — malondialdehyde; TBA - thiobarbituric acid; GC-MS - gas chromatography-mas spectrom-
etry; HPLC - high performance liquid chromatography; LC/MS/MS - liquid chromatography tandem mas spectrometry.

“X” No statistically significant differences between CCl, treatment rats and controls at the same time point.

“~” No measurements were performed because of too low urine production at 2 h point.

* Statistically significant differences between CCl, treatment rats and controls at the same time point.

Oxidative Stress Study (BOSS) organized and sponsored
by The National Institute of Environmental Health Sci-
ences (NIEHS) [33]. The 2nd report of this multilabo-
ratory study, presents results based on using CCl, as
a compound inducing oxidative stress in the liver. In this
experiment 344 male Fisher rats were administered in-
traperitoneal injections of carbon tetrachloride in canola
oil (120 mg/kg or 1200 mg/kg). Control rats received an
equal volume of canola oil. Plasma and urine were col-
lected in 3 time points: 2, 7 and 16 h after CCl, injections.
Each group consisted of 5 rats for each anlysis. The se-
lected results with statistically significant values compared
to the controls are marked in Table 3.

The authors have concluded that MDA and 8-iso-PGF, ,
measured in plasma by the GC/NICI/MS method, are
relevant biomarkers of oxidative stress and both assays
are highly reproducible, sensitive, specific and applicable
to stored specimens. Urinary isoprostanes measured by

immunoassay are noninvasive and promising markers
of CCl-induced damage in rats.

The results of this study also indicate that levels of isopros-
tanes remain elevated at least for 16 h [33].

OCCUPATIONAL AND ENVIRONMENTAL FACTORS
THAT INCREASE THE LEVEL OF ISOPROSTANES
Barregard et al. [34] have investigated the influence of
wood smoke — one of the sources of particulate air pollu-
tion — on inflammatory markers, coagulation factors and
lipid peroxidation. They recruited 6 healthy never-smok-
er men and 7 healthy never-smoker women aged 20-56.
The subjects were divided in 2 rounds — 7 and 6 people,
respectively. For 8-iso-PGF,  there were only 4 subjects in
round 1. After taking blood and urine samples, the sub-
jects were exposed to filtered indoor air for 4 h in exposure
chamber 1, and to wood smoke 1 week later, also for 4 h.
Blood and urine samples were taken also after leaving
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the exposure chamber and the next morning. The levels
of urinary 8-is0-PGF, were measured using the radioim-
munoassay method.

The authors have found, that levels of 8-iso-PGF, in
urine were higher after wood-smoke exposure than after
clean air, but the difference was not statistically signifi-
cant. However, when the researchers rejected 1 outlier,
which had a high excretion of 8-iso-PGF,_ in a sample be-
fore wood smoke exposure, the mixed effect analysis of
variance (ANOVA) model showed a significant increase
in excretion of 8-is0-PGF, in the morning after wood
smoke exposure (p = 0.03 for excretion corrected for
creatinine) [34].

The role of tobacco smoke and occupational exposure to
air-formaldehyde in the induction of oxidative stress sta-
tus has been investigated by Romanazzi et al. [35]. In this
study 51 healthy men were involved. They had been work-
ing in an industry of decorative laminates so they were
potentially exposed to formaldehyde (FA). Control group
of 54 males was recruited from some offices and laborato-
ries where FA was not used.

For each subject, the 1st morning urine samples were
collected for urinary 15-F2t IsoP and cotinine determi-
nation, and air-FA samples, which were passively col-
lected for an entire working shift. 15-F2t IsoP in urine
was measured using the enzyme-linked immunosorbent
assay (ELISA) kit. As a result, significantly higher levels
of 15-F2t IsoP in urine from the males exposed to FA and
smokers (3.1+1.4 mg/mg creatinine) than in urine from
the non-exposed males and non-smokers (1.2£0.6 ng/mg
creatinine) were found. The authors say, that in the case
of isoprostanes, smoking effect is not significantly dif-
ferent from the FA effect: in the group of non-exposed
smokers, the level of isoprostanes was 1.8+1 ng/mg cre-
atinine, while the level of isoprostanes in the exposed non-
smokers was 2+1.2 ng/mg creatinine. In summary, it can
be said, that FA exposure can increase oxidative stress sta-
tus as well as tobacco smoking can, therefore, the authors
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suggest that primary prevention of professional and en-
vironmental exposure to FA and tobacco smoke plays an
important role for health care [35].

Lehtonen et al. [36] have investigated whether inflamma-
tory markers and nitric oxide (NO) in exhaled breath con-
densate (EBC) could be used to assess inflammation in as-
bestosis. All patients in this research have been diagnosed
to have asbestosis. They were all men, with average expo-
sure to asbestos of 20.5 years (range 10-39 years), they were
aged 56-74 years and exposure to asbestos had stopped 14—
39 years before the study. Control group were 15 males
aged 53-73 years, all of them were non-smokers and all had
normal spirometric values and no respiratory symptoms
according to the symptoms questionnaire. The level of iso-
prostanes in EBC was measured by immunoassay.

As a result, it has been found, that the patients with as-
bestosis had an increased concentration of 8-isoprostane
and NO in exhaled breath condensate in comparison with
the healthy controls. The authors suggest, that the mea-
surement of exhaled NO, and analysis of inflammatory
markers in the EBC could be a promising, non-invasive
method of measuring lung inflammation in patients with
asbestosis. They also suggest, that further studies are
needed to clarify whether progression of the disease or re-
sponsiveness to anti-inflammatory treatment can be evalu-
ated or predicted by these methods [36].

BIOLOGICAL ACTIVITY

It has been found that isoprostanes are not just oxidative
stress markers. They are also biologically active. Isopros-
tanes released from cell membranes by phospholipases
circulate in the plasma in free forms and, therefore, can
activate membrane receptors [37]. 15-F,-IsoP is a partial
agonist at the prostanoid TP receptor on platelets and,
therefore, it might inhibit the pro-aggregatory effects
of TP receptor stimulation [3§].

Janssen et al. have investigated excitatory effect
of 8-is0-PGF,, 8-is0-PGF2B and 8-iso-PGF,, on human
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airways smooth muscle [39]. In that study, segments of hu-
man main-stem bronchi were collected. Both 8-iso-PGF,,
and 8-is0-PGF,; produced concentration-dependent con-
tractions of smooth muscle from human large and small
airways [39].

Oliviera et al. have examined the influence of isopros-
tanes on human umbilical artery (HUA) in vitro [40]. Sec-
tions of umbilical cord were obtained from the placenta.
Measurable contractions were produced by 8-iso-PGE,,
8-is0-PGE , 8-is0-PGF , 8-is0-PGF, , 8-iso-PGF2ﬁ.

In a study by Sametz et al. [41], the contracting activity
of 8-is0-PGF, and 8-iso-PGE, was measured in the isolated
rat gastric fundus, isolated rat aorta and the isolated guinea-
pig ileum in comparison to the thromboxane (TX) A -mi-
metic U46619 and the traditional prostaglandin PGE, [37].
In the isolated rat aorta 8-iso-PGE,, 8-iso-PGF, induced
vasoconstrictions in a concentration-dependent manner.
By comparison of the pEC values the following rank or-
der of potency was determined: U 46619 > 8-iso-PGE, >
8-is0-PGF,, > PGE,. In the isolated rat gastric fun-
dus, the rank order of potency determined by compari-
son of the pEC,, was: PGE, > 8-iso-PGE, > U 46619 >
8-is0-PGF, . In the isolated guinea-pig ileum, U 46619
and 8-is0-PGF, had no effect, while PGE,, 8-iso-PGE,
caused a concentration-dependent contraction [41].

CONCLUSIONS

Isoprostanes are nowadays in common use. Research-
ers have proven that they are reliable oxidative stress
markers. Their elevated levels were found in biological
samples from the patients with a number of cardiovas-
cular disease risk factors, such as diabetes [12-15], obe-
sity [14,16], hypercholesterolemia [18] and smokers [17].
Also in cerebrospinal fluid, urine and plasma collected
from the patients with probable or possible AD, levels
of isoprostanes were significantly higher compared to
the controls [21]. Pratico et al. have also found higher
levels of isoprostanes in temporal pole and frontal pole

in brain tissue samples obtained by autopsy from the pa-
tients with AD compared to the controls and compared
to the brain tissue samples collected from the patients
with PD [22]. In the urine samples from the patients with
down syndrome, the levels of isoprostanes were also sig-
nificantly higher compared to the controls [20]. These
results may confirm the hypothesis that oxidative stress
and lipid peroxidation may play an important role in neu-
rodegenerative diseases.

Measured levels of isoprostanes in exhaled breath con-
densate may be an alternative for bronchoscopy, because
they show local production of free radicals and allow mon-
itoring lung inflammation. Higher levels of isoprostanes
in EBC have been found by Balanza in the patients with
nonatopic, episodic and moderate persistent asthma com-
pared to the controls [24]. The highest concentration of
these 3 groups was found in the samples from moderate
persistent asthma [24]. Balardi et al. have also found high-
er levels of isoprostanes in ECB collected from the pa-
tients with asthma (steroid-naive asthmatic children and
children with mild-to-moderate persistent asthma who
were treated with ICSs) compared to the controls, but
they have not found differences in isoprostane levels be-
tween the 2 groups [30].

Also Zanconato has not found differences in EBC iso-
prostanes levels between the 3 groups of asthmatic chil-
dren (steroid-naive children with mild persistent asth-
ma, ICSs treated children with mild-to-moderate persis-
tent asthma, children with unstable asthma) but, like in
other studies, levels of EBC isoprostanes in these 3 groups
were higher than in the control group [30].

In Montuschi’s research, the highest levels of EBC iso-
prostanes have been found in the adults with severe
asthma compared with the samples from adults with mild
asthma, moderate asthma and control group [31].
Isoprostanes also have a biological activity. It has been
found that isoprostanes produce concentration dependent
contractions of smooth muscle from human large and
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small airways [39] and of human umbilical artery in vit-
ro [40]. They also induce vasoconstrictions [41]. Biological
activity of isoprostanes requires further studies because
due to it they are likely to have other applications in addi-
tion to their use as oxidative stress markers.

Discovery of isoprostanes makes it possible to assess
the role of ROS in human physiology and pathophysiol-
ogy [42]. Development of methods for determination
of IsoP characterized by high specificity and sensitivity
made it possible to conduct numerous studies on the role
of ROS in a number of diseases.
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