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Evaluation of systemic oxidant/antioxidant
status and paraoxonase 1 enzyme activities in
psoriatic patients treated by narrow band
ultraviolet B phototherapy
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Objectives: Ultraviolet B is a potent oxidative stress (OS) inducer in the skin; however, there are no data about
the systemic oxidative effect of narrow band ultraviolet B (NB-UVB) phototherapy. In this study, we aimed to
investigate the change in the OS status of psoriatic patients whowere treated by NB-UVB phototherapy and to
determine the relationships between OS, psoriasis severity, and systemic inflammatory condition.
Methods: Twenty-four psoriatic patients were treated with a total of 30 sessions of NB-UVB irradiation.
Psoriasis area and severity index (PASI), serum levels of high sensitive C-reactive protein (hsCRP), total
antioxidant status (TAS), total oxidant status (TOS), the oxidative stress index (OSI), serum paraoxonase
(PON), and arylesterase (ARE) activities before and after NB-UVB therapy were determined.
Results: PASI scores significantly decreased after NB-UVB therapy (P= 0.001). The pre- and post-treatment
hsCRP and TAS levels were similar (P= 0.253 and 0.301, respectively). TOS and OSI values significantly
increased after phototherapy (both P< 0.001). PON and ARE activities did not change after treatment
(both P> 0.05). There was no correlation between PASI and hsCRP, TAS, TOS, OSI, PON, and ARE
values (P> 0.05).
Conclusion: A systemic OS may emerge in psoriatic patients treated by NB-UVB phototherapy.
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Introduction
Psoriasis is a chronic immune-mediated inflammatory
skin disease. Oxidative stress (OS), represented by
increased oxidant products and decreased antioxidant
system, was suggested to play an important role in the
pathogenesis of psoriasis.1 OS has harmful effects on
the organism via excess cytotoxic effects and oxidative
damage. Endogenous oxidation and reduction mech-
anisms of normal cellular metabolism, ultraviolet
rays, air pollution, smoking, and microorganisms
may cause OS.2,3

Till now, concentrations of molecules involved in
OS such as reactive oxygen species (ROS) and nitric
oxide, lipid peroxidation products including oxidized
low-density lipoprotein (ox-LDL), malondialdehyde,
and thiobarbituric acid reactive substance (TBARS),
and vitamins that act as antioxidants have been

investigated in psoriasis.4–7 However, measurements
of these molecules are time consuming, expensive,
and individual values do not reflect global oxidative
status of the organism. The methods established by
Erel measure the total oxidant status (TOS) and total
antioxidant status (TAS) which reflect the global
effects of various oxidants and provide an evaluation
of the efficiency of all antioxidants in the organism
in a practical way.8,9

The PON1 enzyme has paraoxonase (PON) and
arylesterase (ARE) activities, which are located in
the high-density lipoprotein (HDL) structure and
reflect the antioxidant activity of PON1 in the
absence of an acknowledged biological substrate of
PON1. These enzymes have anti-inflammatory and
antioxidant defence activities against lipid oxidation.
They protect LDL and HDL from OS-related peroxi-
dation.10 The PON/ARE activities were reported to
be higher or lower in psoriatic patients than healthy
individuals in different studies.5,6,10,11 Higher levels
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of lipid peroxidation products and lower PON1
activity suggested that psoriasis is associated with
OS.11

Narrow band ultraviolet B (NB-UVB) photother-
apy is an effective treatment for psoriasis, which sup-
presses Th17 and interferon signalling pathways that
play critical roles in the pathogenesis of the disease.12

On the other hand, UVB has been shown to be a
potent OS inducer in the skin by in vitro studies.13–16

In this study, we aimed to investigate (i) the change
in the OS status of the patients with psoriasis who
were treated by NB-UVB phototherapy; and (ii) to
determine the relationships between OS, psoriasis
severity, and systemic inflammatory condition.

Methods
Subjects
This was a single centre, prospective longitudinal study.
The study included 15 males and 9 females with mod-
erate plaque type psoriasis (psoriasis area and severity
index, PASI: 10–20). The age of participants at
inclusion ranged from 18 to 60 years (mean± SD:
37.9± 12.3). The disease duration ranged between 1
and 41 years (median: 12.5 years). The median age of
onset of psoriasis was 20 years (range: 7–48 years).
Patients who were under 18 years old, pregnant,
nursing, photosensitive, smokers, or who had other der-
matologic, systemic, or autoimmune disorders were not
included. Patients did not receive systemic therapy for
psoriasis for at least 6 months or topical therapy for
at least 2 weeks before participation. Patients did not
use any oral supplementation or topical agent including
antioxidants or vitamins and any anti-inflammatory
drugs. Disease severity was assessed by the PASI17

before NB-UVB therapy and after the 30th session of
treatment by the same dermatologist. The study was
approved by the hospital’s ethics committee. All partici-
pants signed written informed consent.

Phototherapy treatment
All patients were treated with a Dermalight –Medisun
2800 PC-44-AB cabin (Schulze & Bohm GmbH –

Bruhl, Germany) with TL100W/01 fluorescent
lamps (310–315 nm; Medisun, Germany). The initial
dose, dependent on the phototype of the patient, was
0.1–0.3 J/cm2, and an increasing dose schedule
based on an increase of 0.1 J/cm2 was used at each
session (thrice weekly; a total of 30 sessions), until a
maximum dose of 2.5 J/cm2 was reached. Total cumu-
lative mean dose was 37.2 J/cm2. Eyes and genital
areas were shielded during treatment.

Blood sampling and assays
Venous blood samples were collected from all partici-
pants in the early morning after an overnight fast of at
least 8 hours, before the first session of NB-UVB

treatment and after the 30th session of the therapy.
None of the collected samples was icteric or haemo-
lyzed. The samples were separated by centrifugation
at 2500 × g for 10 minutes, and sera were stored at
−80°C until use. All samples were assayed at the
same time.
The levels of high sensitive C-reactive protein (CRP)

(hsCRP) were measured by nephelometric assay. Serum
TAS level was measured using an automated colori-
metric measurement method based on the bleaching
of the characteristic colour of a more stable ABTS
(2,2′-azino-bis[3-ethylbenzothiazoline-6-sulfonic acid])
radical cation by antioxidants. The imprecision of the
assay is <3%, and the results were expressed as mmol
Trolox equivalent/L.9 Serum TOS level was measured
using an automated colorimetric measurement
method, in which oxidants present in the sample
oxidize the ferrous ion-o-dianisidine complex to ferric
ion. The oxidation reaction was enhanced by glycerol
molecules, which are abundant in the reaction
medium. The ferric ion produced a coloured complex
with xylenol orange in an acidic medium. The colour
intensity, which was measured spectrophotometrically,
correlated with the total number of oxidant molecules
present in the sample. The assay was calibrated with
hydrogen peroxide and the results were expressed in
terms of micromolar hydrogen peroxide equivalent
per litre (μmol H2O2 Eq/L).8 The oxidative stress
index (OSI), which is an indicator of the degree of
OS, was calculated according to the formula: OSI (arbi-
trary unit)=TOS (mmol H2O2 Eq/L)/TAS (mmol
Trolox Eq/L) × 100.1 Serum PON and ARE activities
were determined using commercially available kits
(Rel Assay Diagnosticss, Mega Tıp, Gaziantep,
Turkey). Serum PON activity towards paraoxon was
measured following hydrolysis of paraoxon to yield p-
nitrophenol and diethyl phosphate in the absence of
NaCl (baseline activity). The molar extinction coeffi-
cient of p-nitrophenol was 17 000/mol/l/cm at pH 8;
the results were expressed in U/l. Serum ARE activity
was determined by the presence of phenol following
the reaction of phenyl acetate. The molar extinction
coefficient of phenol was 4000/mol/l/cm; the results
were expressed in kU/l.

Statistical analysis
All statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS, version
11.5 for Windows; SPSS Inc., Chicago, IL, USA).
Continuous variables were expressed as median and
interquartile ranges 25 and 75 (median (IQR
25–IQR 75)). Categorical variables were reported as
number and percentage. The Wilcoxon test was per-
formed to compare the pre- and post-treatment
values of TAS, TOS, OSI, hsCRP, PON and ARE.
These markers were also compared between females
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and males before and after treatment by using t test
andMann–WhitneyU test. Spearman correlation ana-
lyses were performed to evaluate relationships between
PASI, hsCRP, TAS, TOS, OSI, PON, and ARE
values. A P value of <0.05 was considered statistically
significant.

Results
In Table 1, comparisons of pre- and post-treatment
values of PASI scores and OS parameters are summar-
ized. PASI scores significantly decreased after 30 ses-
sions of NB-UVB therapy (16.40 vs. 5.35; P=
0.001). The post-treatment values of hsCRP and
TAS were similar with pre-treatment levels (3.12 vs.
2.89; P= 0.253 and 2.20 vs. 2.27; P= 0.301, respect-
ively). TOS levels and OSI values significantly
increased after NB-UVB therapy (6.92 vs. 9.80; P<
0.001 and 0.30 vs. 0.45; P< 0.001, respectively).
PON and ARE enzyme activities did not change
after phototherapy (both P> 0.05). When females
and males were compared, the two genders were
similar in regard to TAS, TOS, OSI, hsCRP, PON,
and ARE values both before treatment and after treat-
ment (all P> 0.05). There were no correlations
between PASI, hsCRP, TAS, TOS, OSI, PON, and
ARE values (all P> 0.05) (Table 2). A significant cor-
relation between hsCRP and ARE activity was present
at baseline (r= 0.511, P= 0.011).

Discussion
The results of our study demonstrated that NB-UVB
therapy was an effective treatment for psoriasis;
however, the increase in oxidants showed that NB-
UVB therapy induced a systemic OS. The NB-UVB
phototherapy did not change the levels of TAS,
PON, and ARE activities, suggesting that NB-UVB
therapy might not modulate total systemic anti-
oxidant mechanisms. To our knowledge, our study is
the first clinical study establishing the systemic effect
of NB-UVB phototherapy on global oxidant and anti-
oxidant status of psoriatic patients. Till now, oxidative

effects of UVB irradiation were demonstrated by many
in vitro studies.13–16 UVB radiation was shown to
induce an increase in intracellular ROS molecules
such as superoxide radical, hydrogen peroxide, and
hydroxyl radicals. Hydrogen peroxide was dose depen-
dently produced by UVB irradiated keratinocytes.13

Activation of the keratinocyte membrane epidermal
growth factor receptor and NADPH oxidase were
found to be the major sources of ROS. Increased
ROS concentration caused the upregulation and acti-
vation of transforming growth factor β, which is a
potential mediator for the effects of acute and
chronic UV irradiation.14 Anti-inflammatory and
antioxidant drugs were suggested to inhibit production
of ROS.15 All this evidence shows that many inflam-
matory processes are triggered through generating
ROS in the epidermal keratinocyte as a skin response
to UVB in vitro.

In the literature, there is one clinical trial investi-
gating the systemic effects of broad band UVB (BB-
UVB) phototherapy in psoriatic patients.4 In that

Table 1 The PASI scores, levels of high-sensitive C-reactive protein, triglyceride, total oxidant status, total antioxidant status,
oxidative stress index, and activities of paraoxonase (PON), and arylesterase of psoriatic patients before and after 30 sessions of
NB-UVB therapy*

Variables Pre-treatment Post-treatment P

PASI 16.40 (13.33–18.33) 5.35 (4.15–6.30) 0.001
hsCRP (mg/l) 3.12 (1.23–4.20) 2.89 (1.10–4.08) 0.253
PON activity (U/l) 163.00 (68.50–228.25) 159.50 (66.00–222.50) 0.797
ARE activity (kU/l) 237.5 (222.20–249.20) 244.00 (215.00–252.00) 0.786
TAS (mmol Trolox Eq/l) 2.20 (2.03–2.50) 2.27 (1.98–2.60) 0.301
TOS (μmol H2O2 Eq/l) 6.92 (6.52–7.48) 9.80 (8.11–12.89) < 0.001
OSI (arbitrary unit) 0.30 (0.27–0.38) 0.45 (0.38–0.56) < 0.001

ARE, arylesterase; hsCRP, high sensitive C reactive protein; OSI, oxidative stress index; PASI, psoriasis area and severity index PON,
paraoxonase; TAS, total antioxidant status; TOS, total oxidant status.
*Continuous variables were expressed as median and interquartile ranges 25 and 75 (median (IQR 25–IQR 75)).
Significant P values are highlighted in bold.

Table 2 Correlation analysis of PASI and hsCRP with
oxidative stres parameters (PON and ARE activities, TAS,
TOS, OSI) before and after 30 sessions of NB UVB therapy*

Pre-treatment Post-treatment

Parameters R P r P

PASI-PON −0.080 0.710 0.027 0.901
PASI-ARE 0.046 0.830 −0.018 0.935
PASI-TAS 0.075 0.727 0.046 0.833
PASI-TOS −0.167 0.436 0.175 0.413
PASI-OSI −0.350 0.094 0.049 0.819
PASI-hsCRP −0.128 0.552 −0.284 0.179
hsCRP-PON 0.182 0.396 0.172 0.421
hsCRP-ARE 0.511 0.011 −0.118 0.584
hsCRP-TAS 0.393 0.057 0.081 0.708
hsCRP-TOS 0.377 0.070 0.265 0.212
hsCRP-OSI −0.127 0.553 0.103 0.633

ARE, arylesterase; hsCRP, high-sensitive C-reactive protein;
OSI, oxidative stress index; PASI, psoriasis area and severity
index PON, paraoxonase; TAS, total antioxidant status; TOS,
total oxidant status.
r, Spearman’s rho.
Significant P values are highlighted in bold.
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study, Karaarslan et al.measured a significant elevation
in lipid peroxidation represented by TBARS and nitri-
te–nitrate levels in the systemic circulation by chronic
exposure to BB-UVB radiation. It is known that
serum (or plasma) concentrations of the different
oxidant species can be measured separately, but the
measurements are time-consuming, labour-intensive
and costly, and require complicated techniques. The
oxidant effects of different oxidant molecules are also
additive. Therefore, the TOS of samples were measured
instead.8 In this study, the Erel’s method used to deter-
mine TOS shows the cumulative oxidative effects of
various oxidants that are generated in biological
systems, including hydrogen peroxide, lipid hydroperox-
ide, protein hydroperoxide, peroxynitrite, and other
ROS and reactive nitrogen species.8 In addition, we
evaluated the change in TAS of the psoriatic patients
treated by NB-UVB therapy. Erel’s method used in
the present study allowed us to measure the TAS of
the whole organism instead of measuring each antioxi-
dant separately. In recent in vitro studies, the anti-
oxidant drugs were demonstrated to reduce the concen-
trations of ROS in UVB irradiated keratinocytes.15,18

To the best of our knowledge, data about the effect of
oral or topical antioxidants in psoriatic patients
treated by NB-UVB are not available. Since OS could
not be balanced with increased total anti-oxidant
status and anti-oxidant enzyme activities of psoriatic
patients in our study, it remains to be investigated
whether anti-oxidant agents may detoxify harmful sys-
temic oxidative effects of NB-UVB therapy.
Although non-specific, CRP is the most sensitive

indicator of inflammation and is used to predict and
diagnose low-grade inflammatory conditions such as
atherosclerosis.19 Psoriasis is confirmed to be a sys-
temic inflammatory condition with high CRP concen-
trations.7,20,21 Moreover, a decline in CRP levels was
observed after appropriate treatments that reduce
PASI scores.20 In parallel to those observations, we
also expected that hsCRP levels would reduce after
NB-UVB therapy as psoriatic lesions regress.
However, the concentration of hsCRP was similar to
pre-treatment values. Among recent studies, Coimbra
et al.20 found a positive significant correlation
between CRP and PASI in a large group of patients
consisting of mild, moderate, and severe psoriasis.
They treated 17 psoriatic patients with NB-UVB
therapy thrice weekly for 12 weeks by a similar pro-
cedure to our study. They achieved a significant
reduction in PASI scores and CRP levels and
suggested CRP to be a powerful, sensitive and objec-
tive marker to evaluate psoriasis severity. Romani
et al.22 treated a group of 50 moderate–severe psoriatic
patients with a mean of 26.8 NB-UVB treatments and
achieved reduction both in disease severity and CRP
concentrations. The CRP levels correlated with PASI

at baseline, not after the treatment. In contrast, some
previous studies did not report such a correlation
between disease severity and CRP levels.23,24 In our
study, CRP levels did not show a significant reduction
after NB-UVB therapy. We also could not demon-
strate a correlation between CRP and PASI before
and after NB-UVB therapy. These results suggested
us that both systemic inflammatory condition and
OS of the organism may be independent of psoriasis
severity. Differences in disease severity and ethnicity
of patient groups may be responsible for the contrary
results of the studies compared. Inter-personal differ-
ences of PASI evaluations may also affect the results
of analyses.
Although UV radiation has anti-inflammatory

effects on psoriatic plaques,12 it was demonstrated
that UV radiation causes skin inflammation.25

Laihia et al.25 reported that acute exposure to erythe-
mal UVB-induced skin inflammation resulted in an
increase in circulating CRP concentrations. They
achieved reduction in CRP levels after suberythemal
repeating doses of solar stimulating UV radiation.
However, there are no data about the change in CRP
levels after chronic UVB exposure of normal skin. In
our study, the absence of change in circulatory CRP
levels under NB-UVB phototherapy suggested us
that NB-UVB therapy might have induced a systemic
inflammation although it reduced local inflammation
in psoriatic lesions. We think that UVB-mediated
additive systemic inflammatory and oxidative effects
might have inhibited any reduction in hsCRP levels.
PON1 acts as an anti-oxidant and anti-inflammatory

enzyme that inhibits lipid peroxidation.11,26 Lipid per-
oxidation products such as ox-LDL are suggested to
play role in the immune-inflammatory process in psor-
iatic skin. Loued et al.26 demonstrated that purified
PON1 has a pro-inflammatory effect in the presence
of ox-LDL and has an anti-inflammatory effect in the
presence of oxidized HDL. Purified PON1 itself has a
protective effect against the TNFα-induced expression
of ICAM-1, which is less than the protective effect of
HDL-associated PON1. These results showed that the
anti-inflammatory effect of PON1 against oxidized
lipids depends on its association with HDL.
Genotypic and phenotypic differences of PON1

reflect variable enzymatic activities. The PON gene
shows two common polymorphisms named Q or R
andM or L, which have different PON and ARE activi-
ties. The PON allozymes are different for protection
against LDL oxidation. When compared, PONQ is
more stable and active than PONR during the LDL oxi-
dation process.27 In a recent study, Asefi et al.10 deter-
mined the presence of the PON1 55 M allele, which is
associated with lower ARE activity, in psoriatic patients.
Although the increase in inflammation was expected

to cause exhaustion of PON activity, interestingly, we
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determined a positive correlation between hsCRP levels
and ARE activity before phototherapy in our study
population. Different genotypic and phenotypic fea-
tures of our patients or their good capacity of ARE
activity for anti-oxidative protection might have led to
a positive correlation between hsCRP levels and ARE
activity. The disappearance of this correlation after
phototherapy suggested to us that NB-UVB therapy-
induced additional inflammation might have changed
the response of ARE enzyme activity. Inflammatory
markers involved in psoriasis pathogenesis other than
hsCRP may be more sensitive to changes in NB-UVB
therapy and may be more useful for determining the
correlation between the inflammation and PON/ARE
activities of psoriatic patients.

Conclusion
This study is the first clinical trial that demonstrates
the change in TOS of patients with psoriasis treated
by NB-UVB phototherapy. NB-UVB therapy is an
effective therapy in psoriasis; however, it causes sys-
temic OS. Our results point to the importance of
close monitoring of NB-UVB therapy in patients
who have OS-related systemic diseases such as athero-
sclerosis. Future studies investigating the short-term
and long-term effects of OS induced by UVB photo-
therapies are warranted.
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