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Abstract: Hormone D and its analogues display immunomodulatory activities
providing a beneficial effect in immunoinflammatory diseases. The aim of this
study was to assess the effect of alfacalcidol treatment on superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPx) activity and gluta-
thione (GSH) and malondialdehyde (MDA) levels in patients with active RA.
Sixteen patients with active RA and twenty controls were enrolled in the study.
Blood samples were taken before and after 12 weeks of alfacalcidol therapy
(2 pg/day). Oxidative stress parameters were determined spectrophotometric-
ally and by flow cytometry assessment. Disease activity was assessed using
DAS28 score. The results revealed that alfacalcidol treatment, significantly
(p = 0.04) reduced SOD activity and CAT activity (p = 0.001) in RA patients.
The activity of GPx was significantly lower in RA patients before treatment,
compared to controls (p = 0.04). After therapy, GPx activity was restored to
control levels, and GSH levels were significantly reduced (p = 0.01). MDA
levels in patients at the beginning of the study protocol, remained significantly
elevated compared to controls (p = 0.01). Alfacalcidol treatment decreased
MDA levels in patients (p = 0.19). Furthermore, 12-weeks alfacalcidol therapy,
changed the response of RA patients’ PBMC to stimulation preventing the O,
production and mitochondrial membrane depolarisation. After alfacalcidol
treatment, significant clinical improvement was observed.
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1128 ZIVANOVIC RADNIC et al.

INTRODUCTION

One of the most common autoimmune diseases, rheumatoid arthritis (RA) is
characterized by the persistent synovitis and systemic inflammation. In the last
decade, important advances have been made in the diagnosis, clinical assessment
and treatment of RA patients. However, our understanding of the underlying
cellular and molecular mechanisms involved in pathogenesis of RA is still
incomplete. It was shown that low vitamin D intake is associated with an ele-
vated risk of RA development and furthermore, vitamin D level is associated
with RA activity.'” The main source of vitamin D is from dietary and supple-
ment intake, with the majority coming from the skin exposure to sunlight, speci-
fically ultraviolet B (UV-B) rays. Higher cumulative average UV-B exposure
was associated with decreased RA risk in female nurses aged 30—55 years.* Vit-
amin D from the skin and diet is metabolized in the liver to 25-hydroxyvitamin D
(25(OH)D), which is used to determine a patients’ vitamin D status. 25-hydroxy-
vitamin D is metabolized in the kidneys to its active form 1,25-dihydroxychole-
calciferol or calcitriol (vitamin D;) solely biologically active form acting as a ste-
roid hormone.” Vitamin D;, has been shown to be a pleiotropic steroid hormone
involved not only in regulation of calcium homeostasis and bone turnover, but
also in immunomodulation, having potent anti-inflammatory, antiproliferative,
prodifferentiation and antibacterial properties in various cells and tissues.*” Fur-
thermore, vitamin Ds can be produced by monocytes behaving as a paracrine fac-
tor thus having potent actions on all the cellular components of the immune sys-
tem.® Vitamin D; exerts its effects via a specific vitamin D receptor (VDR), found
in activated lymphocytes, thymocytes and other immunocompetent cells. The sig-
nificant enrichment of vitamin D response elements at RA associated loci support
the hypothesis that vitamin D5 plays a role in the development of RA.’

The contribution of oxidative stress to chronic inflammation of tissues
and its involvement in pathophysiological mechanism of autoimmune diseases'?
have been recently recognized. Oxidative stress reflects an imbalance between
the systemic production of reactive oxygen species (ROS) and the antioxidant
ability of the organism to readily detoxify the reactive intermediates or to repair
the resulting damage. There is a strong evidence supporting the role of oxidative
stress in cartilage degradation in experimental arthritis" as well as in contribution
to disease activity in RA patients.'"* Pro-oxidation environment in RA results in
redox imbalance, evidenced by increased production of reactive oxygen, nitrogen
and sulphur' species that amplify the synovial inflammatory-proliferative res-
ponse.'* However, scarce information is available about the antioxidant pro-
perties of vitamin D5 and its analogues, and some data are even controversial.'*"®
Therefore, the role of vitamin D; therapy in RA patients deserves to be further
explored.
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Alfacalcidol (1a(OH)D3) is a synthetic vitamin D; analogue, exerting full
biological activity of calcitriol. In a recent study by Radovic et al.,' the alfa-
calcidol therapy showed a beneficial effect, without any side effects, on the
disease activity in 93.3 % of the patients with juvenile idiopathic arthritis (JIA),
also known as juvenile rheumatoid arthritis (JRA), which is the most common
form of arthritis in children and adolescents. This study revealed that alfacalcidol
therapy induced significant changes in antioxidative enzyme activities.

The goal of this study was to examine the effects of alfacalcidol therapy on
the superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx)
activity, glutathione (GSH) levels in erythrocytes and malondialdehyde (MDA)
in the plasma of patients with active RA in comparison to the healthy controls.
We were also interested in the therapy effect on sensitivity of RA patients peri-
pheral blood mononuclear cells (PBMC) to stimulation.

EXPERIMENTAL

Sixteen female RA patients (average age 53+13), in the Outpatient Clinic of the Institute
of Rheumatology, Belgrade, Serbia, were consecutively enrolled in the study. Controls were
twenty age- and sex-matched healthy volunteers selected from the staff. All subjects signed
the information consent before participation in the study.

The study was conducted in compliance with the Declaration of Helsinki, International
Conference on Harmonization and Good Clinical Practice Guidelines, and was approved by
the Ethics committee of the Institute of Rheumatology in Belgrade, Ethic Committee of the
University of Belgrade, School of Medicine, and by Medicines and medical Devices Agency
of Serbia.

Inclusion criteria were as follows: established diagnosis of RA (ACR/EULAR criteria
2010),20 at least six months prior to enrolment; methotrexate treatment for 12 weeks or longer
with stabile dose of 10-25 mg/week for 8 weeks or longer); active disease defined as 28-joint
disease activity score (DAS28) >3.2. If non-steroidal anti-inflammatory drugs (NSAIDs) are
administered, patients have to be using stable dose of NSAID for at least four weeks. Gluco-
corticoids (systemic and/or local use) were not allowed for at least one month before entering
the study.

The treatment protocol considered the continuation of previous therapy with the addition
of alfacalcidol as oral commercial preparation at the dose of 2 pg daily during 12 weeks.

Clinical and laboratory assessment of disease activity (serum concentration of C-reactive
protein (CRP), sedimentation rate (SE), number of swollen and tender joints) and safety
(regular biochemistry analyses including serum total and ionized calcium concentration and
urine calcium concentration as well) of the studied drug were evaluated during regular visits
(before start of the therapy, in four-week intervals and after completion of the alfacalcidol
therapy). Disease activity was assessed using the 28-joint DAS28.*'

Blood samples for vitamin D (25(OH)D) levels of our patients were obtained after at
least 8 h overnight fasting, before (week 0 = WO0) and after 12-week long alphacalcidol
therapy (week 12 = W12). The level of vitamin D was determined by electrochemilumin-
escence assay from Roche Diagnostics (Elecsys 2010). Level of vitamin D < 20 ng/ml
indicates deficiency, levels 21-29 ng/ml indicate insufficiency and levels > 30 ng/ml indicate
sufficiency.
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The activity of antioxidant enzymes SOD, CAT and GPx and the level of GSH were
determined in isolated and lysed erythrocytes, while MDA was determined in plasma, of the
controls and patients, before (W0) and in RA patients after 12-week long (W12) alphacalcidol
therapy using manual spectrophotometric method. Hemoglobin (Hb) concentration in lysed
erythrocytes was measured by hematology analyzer. SOD activity was assayed as the ability
of supernatant obtained after Hb precipitation from lysed erythrocytes, to inhibit the radical-
mediated autooxidation of epinephrine (using epinephrine hydrochloride, Sigma).** Obtained
values were expressed as the number of units (U) per gram of hemoglobin in erythrocyte
haemolyzate (gHb). The intra-assay and inter-assay CVs were 5.2 and 6.7 %, respectively.
CAT activity was determined based on the formation of stable complex of hydrogen peroxide
with ammonium molybdate whose absorption was measured spectrophotometrically at 405
nm (using hydrogen peroxide solution 30 %, Zorka Pharma, ammonium molybdate, Sigma—
—Aldrich).” Results were expressed as U/gHb, the intra-assay CV was 3.9 % and the inter-
-assay CV was 8.5 %. GPX activity in lysed erythrocytes was measured according to pre-
viously described spectrophotometric method** (using 4-(2-hydroxyethyl)-1-piperazineethane-
sulfonic acid — HEPES, Sigma-Aldrich; ethylenediaminetetraacetic acid, disodium salt,
Sigma; L-glutathione reduced, Sigma; f-nicotinamide adenine dinucleotide 2’-phosphate
reduced tetrasodium salt hydrate, Sigma; fert-butyl hydroperoxide solution, Sigma; gluta-
thione reductase, Sigma—Aldrich) and presented as U/gHb (the intra-assay CV was 5.7 % and
the inter-assay CV was 7.2 %). GSH was determined according to the method by Sedlak and
Lindsay (using the Ellman’s reagent 5,5°-dithiobis-(2-nitrobenzoic acid),”> DTNB, Sigma—
Aldrich; tris(hydroxymethyl)aminomethane, Serva, Germany), and obtained values were
expressed as pmol/gHb (the intra-assay CV was 3.6 % and the inter-assay CV was 7.3 %).
Lipid peroxidation, measured as malondialdehyde (MDA) level, was determined spectro-
photometrically in a reaction with thiobarbituric acid. Thiobarbituric acid reacts with MDA
released from polyunsaturated fatty acids of plasma membrane phospholipids injured by ROS,
forming a yellow complex whose absorbance was measured at 533 nm (trichloroacetic acid,
Sigma-—Aldrich; 2-thiobarbituric acid, Sigma).”® Results were expressed as nmol of MDA per
mL (the intra-assay CV was 5.2 % and the inter-assay CV was 7.9 %).

Mitochondrial production of superoxide anion (O;), one of ROS, as well as mitochon-
drial membrane potential were assessed on peripheral blood mononuclear cells (PBMCs) of
controls and RA patients (W0 and W12) using flow cytometry.

Peripheral blood mononuclear cells (PBMCs) were obtained from venous blood of
controls and RA patients (on W0 and W12). PBMCs were isolated from heparinized blood by
density gradient centrifugation using LymphoPrep (Axis Shield, Norway). The PBMC were
maintained at 37 °C in a humidified atmosphere with 5% CO,, in HEPES (20 mM)-buffered
RPMI 1640 cell culture medium supplemented with 10 % fetal bovine serum (FBS), 2 mM-
-glutamine, and 1 % of antibiotic/antimycotic mixture (all from PAA, Austria). Cells (2.5%10°
cells/well) were incubated in 24-well plates (Sarstedt, Niimbrecht, Germany). Cells were
stimulated 30 min after seeding for 4 h, with phorbol 12-myristate 13-acetate (PMA) (Sigma—
—Aldrich), final concentration 10 ng/ml and ionomycin (Sigma—Aldrich), final concentration
1.25 pM. Each experiment contained untreated and stimulated (control, patients WO and
patients W12) cells.

Flow cytometry assessments were performed using FACSCalibur (BD Biosciences,
Heidelberg, Germany) equipped with CellQuest Pro software for acquisition and analysis. The
light-scatter channels were set on linear gains and the fluorescence channels on the log-
arithmic scale. A minimum of 10,000 cells was analyzed for each condition, adjusting the
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threshold settings so that the cell debris was excluded from the data acquisition. The
superoxide anion production was analyzed by measuring the increase in red fluorescence
(FL2) intensity emitted by a superoxide-specific fluorochrome, dihydroethidium (DHE;
Sigma—Aldrich), which was incubated with cells (20 mmol/l) for 30 min. Obtained results
were presented as the increase of mean fluorescence intensity (compared to 1 in non-sti-
mulated cells). Mitochondrial membrane potential was assessed using a lipophilic cation JC-1
(R&D Systems), which has the property of aggregating upon membrane polarization thus
forming an orange-red fluorescent compound. The dye cannot access the transmembrane
space if the potential is disturbed, and remains in or reverts to its green monomeric form. The
cells were stained with JC-1 as described by the manufacturer, and the green monomer and the
red aggregates were detected by flow cytometry. Obtained values were expressed as the
green/red (FL1/FL2) fluorescence ratio, and the increase corresponded to the extent of mito-
chondrial depolarization. The results are presented as the increase of FL1/FL2 fluorescence
ratio (compared to 1 in non-stimulated cells).

Statistical analysis was performed using t-test for independent samples, t-test for related
samples (for parametric data) and Wilcoxon and Mann-Whiney tests (for nonparametric data).
For testing the normality of the distribution parameters, the Kolmogorov—Smirnov test was
used. Correlation between parameters was determined using Spearman and Pearson test. The
results are presented as mean+standard deviation (SD, data with normal Gaussian distribution)
or Median (IQR, interquartile range) for non-Gaussian distribution data.

RESULTS

At the beginning of the study, vitamin D (25(OH)D) levels in patients were
sufficient (W0, 30+11 ng/ml) and remained constant after 12-week treatment
(W12, 31+13 ng/ml), indicating that alfacalcidol does not cause significant (p >
> 0.05) change in patients’ 25(OH)D level. Furthermore, during 12 weeks of
alfacacidol treatment and follow-up period no side effects were noticed in pat-
ients with RA. Serum calcium and ionized calcium levels remained within phys-
iological range of values. Although the increase in urine calcium levels was det-
ected in some patients, obtained values remained within physiological range.

Parameters of antioxidant enzymes (SOD, CAT and GPx) activity and GSH
levels in the erythrocytes and plasma MDA levels, of RA patients before and
after 12 weeks of alfacalcidol treatment, as well as for control group are pre-
sented in Table L.

The alfacalcidol treatment significantly reduced both SOD (W0/W12; p =
0.04) and CAT (WO0/W12; p = 0.001) activity in erythrocytes of RA patients.
While SOD activity was reduced to the levels obtained for the healthy control
group, CAT activity after alfacalcidol treatment was decreased to the levels sig-
nificantly lower than in the controls (p = 0.0001). However, no significant differ-
ence in CAT activity in erythrocytes of RA patients before (W0) therapy in com-
parison to the controls was observed (WO/Ctrl; p = 0.37). The activity of GPx
was significantly lower in erythrocytes of RA patients before treatment (WO0)
compared to the controls (p = 0.04). In accordance with lower GPx values, GSH
levels were significantly higher in erythrocytes of RA patients (W0) compared to
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the controls (p = 0.03). Even though 12-weeks of alfacalcidol therapy restored
erythrocytes’ GPx activity to control levels, no significant difference was det-
ected between values obtained for W0 and W12 (p > 0.05). On the other hand,
the 12-week long alfacalcidol therapy significantly reduced GSH levels (p =
0.01). In addition to glutathione levels and antioxidant enzyme activity, oxidative
stress was further evaluated through measuring the MDA levels produced in lipid
peroxidation initiated by ROS. In the present study, although alfacalcidol treat-
ment decreased MDA levels in patients, the difference did not reach a statistical
significance (W0/W12; p = 0.19). However, MDA levels in patients at the begin-
ning of the study protocol (W0), remained significantly elevated compared to the
controls (WO/Ctrl; p = 0.01), suggesting the presence of oxidative stress in pat-
ients with active disease (Table I).

TABLE I. The activity of antioxidant enzymes (SOD, CAT and GPx) and glutathione (GSH)
levels in erythrocytes and MDA in plasma of RA patients’ before and after twelve weeks of
alfacalcidol therapy; SOD — superoxide dismutase; CAT — catalase; GPx — gluthation perox-
idase; GSH — gluthation; MDA — malondialdehyde; U — intenational unit of enzyme activity;
Hb — hemoglobin; RA — rheumatoid arthritis; WO — before therapy; W12 — after 12 weeks of
therapy; values presented are means + SD or median (IQR); *p < 0.05 compared to W12;
*¥p < 0.01 compared to W12; “p < 0.05 compared to control; “p < 0.01 compared to control

Therapy SOD CAT GPx GSH MDA
U/gHb U/gHb U/gHb pumol/gHb nmol/ml
Control 450+110 13004600 5.2+1.8 4.7£1.2 106+57
RA patients
WO 510+£100% 1500:£800%* 3.7+1.6" 6.0£2. 1%+ 16330
W12 470+130 258 (302)" 3.9(0.8) 3.7£1.2 149+42

In order to get further insight into the effect of 12-week long alfacalcidol
treatment, we measured the intensity of superoxide anion (O, ) production and
mitochondrial membrane potential in controls and patients (W0 and W12) stimul-
ated PBMC. Obtained results showed that stimulation caused the increase in
DHE fluorescence intensity in control PMBC indicating the O, production
(Table II). Furthermore, in patients’ PBMC at the beginning of the study (WO0),
superoxide production was higher in comparison to the healthy controls, but this
difference failed to reach a statistical significance (WO0/Ctrl; p = 0.09). Also, FL1/
/FL2 ratio increased in stimulated controls as well as in patients (W0), suggesting
the ability of stimulation to cause depolarization of the inner mitochondrial mem-
brane (Table II). On the other hand, alfacalcidol treatment changed the response
of patients (W12) PBMC to stimulation as evidenced by the reduced superoxide
production (WO/W12; p = 0.10) and the absence of the inner mitochondrial mem-
brane depolarization (W0/W12; p = 0.001). Therefore, these findings suggest the
protective influence of alfacalcidol on PBMC sensitivity to oxidative stress
induced by stimulation.
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TABLE II. Production of superoxide anion (O,) and change of mitochondrial membrane
potential in controls and patients’ stimulated PBMCs before and, in patients, after twelve
weeks of alfacalcidol therapy; DHE — dihydroethidium; JC1 — lipophilic cation; PBMC —
peripheral blood mononuclear cells; WO — before therapy; W12 — after 12 weeks of therapy;
values presented are means + SD; *p < 0.05 compared to W12; **p < 0.01 compared to W12;
“p <0.05 compared to control; *p < 0.01 compared to control

Therapy DHE IC1

Control 1.7+0.5 1.4+0.2
RA patients

WO 2.2+0.6 1.3£0.2%*

W12 1.5+0.5 0.84+0.2

After 12-weeks of alfacalcidol treatment, significant clinical improvement was
observed. Disease activity score (DAS28) significantly decreased from 5.8+0.9,
before treatment (WO0) to 4.3£1.0 (p < 0.01) after (W12) therapy. At the begin-
ning of the study (WO0), most of the patients (84 %) were in the group of high-
active disease (DAS28 > 5.1) and 16 % of the patients were with the moderate-
active disease (3.2 < DAS28 < 5.1). There were no patients with the low-active
disease (DAS28 < 3.2). After treatment (W12), only 16 % of the patients rem-
ained in the group of high-active disease, 68 % of them were in moderate-active
disease, and 16 % of the patients had low-active disease (DAS28 < 3.2), Fig. 1.

90
T o Wo
R W12
g 60
5
% Fig. 1. Alfacalcidol therapy causes significant
g 30 clinical improvement of RA patients regard-
ing disease activity score (DAS28). After
twelve weeks of treatment (W12), 16 % of
I I the patients were in the group of high-active
0 disease (DAS 28 > 5.1), 68 % were in moder-
>51 3251 26-31 <26 ate-active disease (3.2 < DAS28 < 5.1) while
DAS 28 16 % had low-active disease (DAS 28 <3.2).

Also, CRP levels dropped from 29+28 mg/l (W0) to 10+12 mg/l (W12) (p =
= 0.02) supporting the clinical improvement evidenced by DAS28. Significant
positive correlation (> = 0.64, p = 0.02) was observed only between changes in
CAT activity (ACAT) and CRP level (ACRP), Fig. 2.
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Fig. 2. Alfacalcidol therapy causes significant clinical improvement of RA patients regarding
disease activity score (DAS28). After twelve weeks of treatment (W12), 16 % of the patients
were in the group of high-active disease (DAS28 > 5.1), 68 % were in moderate-active disease
(3.2 <DAS28 < 5.1) while 16 % had low-active disease (DAS28 <3.2).

DISCUSSION

Herein we report no significant change in patients’ 25(OH)D levels before
and after 12-weeks of alfacalcidol treatment. In accordance with this, it is of
great importance to emphasize that measurement of 25(OH)D levels, as the only
standardized tool to estimate vitamin D status in organism, is actually only the
reflection of the balance between food and/or supplement vitamin D diet intake
and its utilization in the local tissues as the active D hormone.”’

Superoxide anion (O,") is believed to be one of the initiators of free radical
production reactions. SOD is an enzyme responsible for the conversion of O, , an
important ROS, to hydrogen peroxide. In this study, alfacalcidol treatment (12-
-weeks), significantly (WO0/W12; p = 0.04) reduced SOD activity in erythrocytes
of RA patients to the levels obtained in the healthy control group. The results of
the present study are similar to that published by Radovic et al.," which showed
that 12-weeks of alfacalcidol treatment in patient with juvenile idiopathic arthritis
(JIA), reduced SOD activity to the levels even lower than in healthy control
group, confirming role of vitamin D in regulation of cell redox system. One exp-
lanation could be the fact that SOD production is stimulated through Th1 cellular
and humoral immunity that are reduced by the alfacalcidol treatment. Similarly,
Cimen et al.®® observed higher SOD levels in RA patients than in control group,
suggesting that excessive free radical production might be through xanthine—xan-
thine oxidase system rather than an impaired antioxidant system. Likewise, Vij-
aykumar et al.” reported increased levels of SOD and GPx in their study, which
could dismutate the excess superoxide radicals that are generated and diffused
from the inflammatory sites due to over expression of antioxidant defense system
of RA patients. However Akyol et al.*® and Ozkan ef al.*' reported no change in
SOD levels between RA patients and controls. However our findings are contra-
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dictory to the findings of Chandankhede et al.** and Desai et al.* that showed

decreased activity of antioxidant enzyme SOD in RA patients compared to the
controls, but the patients included in their studies were not in the active stage.

Furthermore, our results showed that 12-weeks long alfaclcidol tretment
changed the response of RA patients’ PBMC to stimulation by preventing the O,~
production and mitochondrial membrane depolarisation thus supporting the result
of reduced SOD activity in RA patients erythrocytes after this prolonged treat-
ment. Considering that vitamin D is a membrane antioxidant able to inhibit iron-
dependent liposomal lipid peroxidation by stabilizing the cell membranes,** this
result indicates possible protective influence of alfacalcidol on PBMC sensitivity
to oxidative stress induction upon stimulation. This could be significant since in
our experiments stimulation caused increase in O, production and depolarisation
of mitochondria membrane, not only in patients before treatment (WO0), in
accordance with the results from Bulua ez al.,”® but also in healthy control PMBC
as well (Table II).

CAT and GPx are enzymes involved in the neutralization of H,O,. While
CAT reaction produces oxygen and H,O,, GPx uses GSH oxidized during the
reaction that produces water from H,O,. In the present study the activity of CAT
was higher in erythrocytes of RA patients before treatment compared to the con-
trols. Beyond the cell protection against damage caused by ROS it was shown
that expression of CAT in vitro and in vivo affects the expression of genes inf-
luencing inflammation.*® Interestingly, only for CAT we have shown that 12-week
therapy with alfacalcidol significantly decreased activity of this enzyme to the
levels much lower compared to healthy control. This finding strongly supports
alfacalcidol as additional therapy in RA, because CAT demonstrated leading role
in detoxifying H,O, within erythrocytes, since this enzyme was strongly elevated
in RA synovial fluid.*” Significant correlation between changes of CAT activity
and CRP level suggests important role of CAT activity in RA pathogenesis.

It has been shown that under conditions of severe oxidative stress GPx could
be inactivated as O,  can inhibit peroxide function.*® This could explain our
finding of GPx decreased activity in erythrocytes of active RA patients before
treatment, compared to the controls. Also Cimen et al.*® found that GPx might
not be playing an essential role in rheumatic events. The affinity of GPx for H,0,
is stronger than the affinity of catalase, which makes GPx more efficient at low
levels of H,O, concentrations.

Decreased activity of GPx reduced the utilization of GSH by erythrocytes
and consequently increased levels of GSH. Observed decrease of GSH in ery-
throcytes after alfacalcidol therapy indicated that the patients were trying to rec-
over normal GSH levels as disease improved.

In addition to glutathione and antioxidant enzymes, we have also evaluated
the presence of lipid peroxidation by measuring the MDA levels. Our results
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showed that, in patients, MDA levels were significantly elevated compared to the
controls, but after alfacalcidol therapy patients’ MDA levels were lower, in
accordance with other studies'”* suggesting alfacalcidol protective role in pro-
oxidative conditions.

After 12-weeks of alfacalcidol treatment, our patients experienced significant
clinical improvement without side effects. Only one patient showed no improve-
ment but also without disease worsening. Our results are in accordance to the study
done by Andjelkovic et al.® who showed statistically significant clinical improve-
ment in RA patients treated with alfacalcidol, in both the physician’s overall
assessment and in the evaluated parameters of acute phase response.

It is well known that all cells of monocyte-macrophage linage have capabil-
ity to synthesize la-hidroxylase and locally produce D-hormone that acts as a
potent immunomodulatory molecule, preventing T-cell over-stimulation and dec-
reasing lymphocyte proliferation.*’ D; hormone shifts T-cells from Thl to Th2
phenotype, preventing tissue damage associated with Thl responses.*” Th17,
which produces the proinflammatory cytokine IL-17, is thought to play a role in
the pathogenesis of autoimmune diseases, including RA. There is evidence sug-
gesting that 1,25(OH),D; inhibits the secretion of Th17 cells via a number of
pathways, including reduction of the expression of Thl7 stimulatory factor
IL-6." These results indicate that 12-week long alfacalcidol therapy is meaning-
ful approach to improve RA patients’ clinical condition as evidenced by lowering
DAS28 and CRP levels. The use of alfacalcidol instead of 1,25(OH),D; allows
higher dosages to be used with lower risk of hypercalcemia, thus increasing its
potential as a therapeutic agent.** During treatment and follow-up period, in our
study, serum and urine calcium as well as ionized calcium levels remained within
physiological range.

The 25(OH)D form is the most plentiful and stable metabolite of vitamin D
in human serum with high affinity to bind serum vitamin D-binding protein and
other albumin superfamily in the blood. Therefore, the level of 25(OH)D in the
serum is the best indicator of vitamin D entering the host, either by coutaneous
synthesis or by ingestion in the diet. Nevertheless, this form is still not a hor-
mone; rather, it is a prehormonal form of the natural hormone and does not exert
almost any biologic activity in the body.*> As a result of the negative feedback
regulating the final activation step of 25(OH)D into the active 1,25(OH),D; by
the kidneys, the oral supplements of plain vitamin D will never lead to increase
of hormone D; to the levels exerting immunomodulatory and/or antioxidative
effects.***

CONCLUSION

The present study demonstrates that twelve weeks of alfacalcidol treatment
modulates the activity of antioxidant enzymes and intensity of lipid peroxidation
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that further correlates with significant reduction in disease activity of RA pat-
ients. We propose that hormone D could diminish the disease activity by either
decreasing ROS production or expanding their neutralization by the action of
antioxidant enzymes, suggesting the beneficial role of alfacalcidol as the addi-
tional therapy in RA. These data could contribute to better understanding and
further research of the biological mechanisms of the disease and possibly provide
new therapeutic approach.

H3BO[
YTHLAJ ATIGAKAJITNUIOJIA HA TTAPAMETPE OKCHIATUBHOT CTPECA Y
MEPUPEPHOJ KPBU IMTALIMJEHATA CA AKTUBHUM PEYMATOUJIHUM APTPUTHCOM

TATJAHA )KUBAHOBUR PAJIHUR', KATAPUHA CHMUR-TIALIAJINE', MUPJAHA LIE®UK BYKAIHALA',
COHbA MUCHPJIUE IEHUMR®, AHBEJIKA M. UCAKOBUR®, TAXOMHUP CTOJKOBUR®,
HATALIA [IETPOHUJEBUR’, HEMAFbA JAMJAHOB"? 1 JEJIEHA BOJUHOBUR*

TUnctmuinym 3a peymaiiionoiujy, beoipag, ZMeguuuchu paxyniteii Ynusepsuiiewia y Beoipagy,
3HHCWuu7yw 30 MEUUUHCKY U KTUHUUKY Ouoxemujy, Meguyuncku paxynimeii Ynueep3uieiia y beoipagy,
u *Knunuuxu uenimap, Mequuuncku paxyniiein Ynusepsuigeia y Huuy

[TocToje moxasu fa XOPMOH D M BEroBM CHHTETCKM aHa/I03W HUCIO/baBajy BeOMa BaXKHE
HMYHOMOAYaTOpHe edeKTe y ayTOUMYHCKUM bornectima. Llusp oBe ctypuje je OUO UCTIUTH-
Bame yTHIaja ABAaHAECTOHeAe/bHe Tepanuje andakaaluIoNIOM Ha aKTMBHOCT aHTHOKCHUZA-
THBHHX €H3MMa: cynepoxcup-gucmytase (SOD), katanase (CAT) M IimyTaTHOH-TIEpOKCHAA3E
(GPx) u uuBo rimytatiuoHa (GSH) u Mmanonnuangexuzna (MDA) y kpBu fonecHUKa ca akKTHBHUM
peymatounHuM apTputucoM (RA) U 3mpaBUX KOHTpOna. Y UCIHUTHBAaKe je yKkbydyeHo 16 RA
nanyjeHaTa, ca akTuBHOM doneurthy u 20 3gpaBux nodposossana. IlauujeHTH cy mopen cBoje
penoBHe Tepamnuje, [odujanu Tepanyjy andakaauunoaom (2ug/naH), y Tpajamwy of 12 Hepmema.
Y3opuu nepudepHe KpBH Cy NalMjeHTUMA Y3UMaHHU ITpe MovyeTka Tepandje andakaniuionaom
¥ HakoH 12 Hepespa. [lapamMeTpu OKCHIATHBHOI CTpeca HCIHUTHBAHU Cy CIEKTPOMOTOMET-
PHjCKH U METOZOM ITPOTOYHE LIUTOMeTpHje. AKTUBHOCT DOJIECTH je MpolenrBaHa Ha OCHOBY
DAS28 KkOMIIO3UTHOT WHZeKkca. YTBpHeHo je Ia Tepamdja andakallUIoIOM CTaTUCTHYKH
3HauajHo (p = 0,04) cmamwyje aktTuBHOCT SOD u CAT (p = 0,001) y epurpounuTMa donecHuka
ca RA. AktusHocT GPx y epurpouuTtima je duna 3HauajHo HUXKa (p = 0,04) xoxn donecHrka Ha
NOYETKy CTyJAHje Y OOHOCY Ha 37ipaBe KOHTpoine, Aok je HMBo GSH Oumo 3HavajHO BUIIM (p =
= 0,03). HakoH Tepanujckor pekuma, akTuBHOCT GPx y epuTpouuTima je BpaheHa Ha HUBO
aKTHUBHOCTH Yy I'PYIH 3[paBUX KOHTposa, a HUBOo GSH y epuTpounTiMa HonecHuka je craTuc-
THYKHU 3Ha4yajHO cMameH (p = 0,01). HuBo MDA xop SonecHuka Ha MOYETKY HCTpakKUBamba,
010 je 3HauajHO TOBHILEH y OJHOCY Ha KOHTposiHy rpymy (p = 0,01). Tpetman andakan-
UUZI0JIOM CMawHo je HuBo MDA xop mauujeHara (p = 0,19). Ocum Tora, nBaHaeCTOHENEbHU
TpeTMaH andananguioioM npomeHuo je ogroeop PBMC nanujeHara Ha CTUMYIalujy, cripe-
yaBajyhu Oz npou3BOIY H Aenoapusanujy MuToxoHapujanae memdpane. Kox bonecHuka je
HaKOH /IBAHAECTOHE/Ie/bHOT TepalMjCKor pekKMMa JI0KasaHO M BeoMa 3HauyajHO KIMHUYKO
nodospLIamke.

(ITpumsbeHo 6. Maja, peBunupano 13. maja, npuxsaheHo 16. Maja 2016)

REFERENCES

1. G.G. Song, S. C. Bae, Y. H. Lee. Clin. Rheumatol. 31 (2012) 1733
2. S. M. Attar, Saudi Med. J. 33 (2012) 520

Available on line at www.shd.org.rs/JSCS/

(CC) 2016 SCS. All rights reserved.



1138 ZIVANOVIC RADNIC et al.

W

oW

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.
23.
24.
25.
26.

27.
28.

P. Gatenby, R. Lucas, A. Swaminathan. Curr. Opin. Rheumatol. 25 (2013) 184

E. V. Arkema, J. E. Hart, K. A. Bertrand, F. Laden, F. Grodstein, B. A. Rosner, E. W.
Karlson, K. H. Costenbader. Ann. Rheum. Dis. 72 (2013) 506

M. F. Holick, N. Engl. J. Med. 357 (2007) 266

J. Vojinovic, Ann. N.Y. Acad. Sci. 1317 (2014) 47

M. R. Haussler, C. A. Haussler, G. K. Whitfield, J. C. Hsieh, P. D. Thompson, T. K.
Barthel, L. Bartik, J. B. Egan, Y. Wu, J. L. Kubicek, C. L. Lowmiller, E. W. Moffet, R. E.
Forster, P. W. Jurutka, J. Steroid Biochem. Mol. Biol. 121 (2010) 88

Z. Andjelkovic, J. Vojinovic, N. Pejnovic, M. Popovic, A. Dujic, D. Mitrovic, Lj. Pavlica,
D. Stefanovic, Clin. Exp. Rheumatol. 17 (1999) 453

. A. Yarwood, P. Martin, J. Bowes, M. Lunt, J. Worthington, A. Barton, S. Eyre, Genes

Immun. 14 (2013) 325

I. A. Ku, J. B. Imboden, P. Y. Hsue, P. Ganz, Circ. J. 73 (2009) 977

S. Pantovic, D. Bozovic, G. Nikolic, M. Martinovic, P. Mitrovic, P. M. Radulovic, L.
Isakovic, A. Isakovic, I. Markovic, J. Serb. Chem. Soc. 80 (2015) 143

N. Leitinger, Subcell. Biochem. 49 (2008) 325

C. J. Wruck, A. Fragoulis, A. Gurzynski, L. O. Brandenburg, Y. W. Kan, K. Chan, J.
Hassenpflug, S. Freitag-Wolf, D. Varoga, S. Lippross, T. Pufe, Ann. Rheum. Dis. 70
(2011) 844

S. Z. Hassan, T. A. Gheita, S. A. Kenawy, A. T. Fahim, I. M. El-Sorougy, M. S. Abdou,
Int. J. Rheum. Dis. 14 (2011) 325

K. E. Szab6-Taylor, G. Nagy, P. Eggleton, P. G. Winyard, Studies on Arthritis and Joint
Disorders, Oxidative Stress in Applied Basic Research and Clinical Practice, Springer
Science+Business Media, Berlin, 2013, p. 145

X. Deng, J. Cheng, M. Shen. J. Endocrinol. Invest. 2015, Dec 21 [Epub ahead of print]

S. Xu, Y. H. Chen, Z. X. Tan, D. D. Xie, C. Zhang, M. Z. Xia, H. Wang, H. Zhao, D. X.
Xu, D. X. Yu. J. Steroid Biochem. Mol. Biol. 152 (2015) 133

1. G. de Medeiros Cavalcante, A. S. Silva, M. J. Costa, D. C. Persuhn, C. I. Issa, T. L. de
Luna Freire, M. da Concei¢ao Rodrigues Gongalves, Exp. Gerontol. 66 (2015) 10

J. Radovic, D. Lazarevic, 1. Nikolic, J. Vojinovic, Ann. Paediatr. Rheum. 1 (2012) 126

T. Neogi, D. Aletaha, A. J. Silman, R. L. Naden, D. T. Felson, R. Aggarwal, C. O.
Bingham, N. S. Birnbaum, G. R. Burmester, V. P. Bykerk, M. D. Cohen, B. Combe, K.
H. Costenbader, M. Dougados, P. Emery, G. Ferraccioli, J. M. W. Hazes, K. Hobbs, T.
W. J. Huizinga, A. Kavanaugh, J. Kay, D. Khanna, T. K. Kvien, T. Laing, K. Liao, P.
Mease, H. A. Ménard, L. W. Moreland, R. Nair, T. Pincus, S. Ringold, J. S. Smolen, E.
Stanislawska-Biernat, D. Symmons, P. P. Tak, K. S. Upchurch, J. Vencovsky, F. Wolfe,
G. Hawker, Arthritis Rheum. 62 (2010) 2569

M. L. L. Prevoo, M. A. van’t Hof, H. H. Kuper, M. A. van Leeuwen, L. B. A. van de
Putte, P. L. C. M. van Riel, Arthritis Rheum. 38 (1995) 44

M. Sun, S. Zigman, Anal. Biochem. 90 (1978) 81

L. Géth, Clinica Chim. Acta 196 (1991) 143

W. A. Gunzler, H. Kremers, L. Floha, Z. Klin, Chem. Klin. Biochem. 12 (1974) 444

J. Sedlak, R. H. Lindsay, Anal. Biochem. 25 (1968) 192

S. Rehncrona, D. S. Smith, B. Akesson, E. Westerberg, B. K. Siesjo, J. Neurochem. 34
(1980) 1630

M. Cutolo C. Pizzorni, A. Sulli, Autoimmun. Rev. 11 (2011) 84

M. Y. Cimen, O. B. Cimen, M. Kacmaz, H. S. Ozturk, R. Yorgancioglu, I. Durak, Clin.
Rheumatol. 19 (2000) 275

Available on line at www.shd.org.rs/JSCS/

(CC) 2016 SCS. All rights reserved.



29.
30.
31.

32.
33.

34.
35.

36.

37.
38.

39.

40.
41.
42.
43.
44.
45.

46.

ALFACALCIDOL ANTIOXIDANT ACTIVITY FOR RHEUMATOID ARTHRITIS 1 1 3 9

D. Vijayakumar, K. Suresh, S. Manoharan, Indian J. Clin. Biochem. 21 (2006) 104

0. Akyol, N. Isci, I. Temel, S. Ozgocmen, E. Uz, Joint Bone Spine 68 (2001) 311

Y. Ozkan, S. Yardym-Akaydyn, A. Sepici, E. Keskin, V. Sepici, B. Simsek, Clin.
Rheumatol. 26 (2007) 64

M. Chandankhede, M. Gupta, Int. J. Biol. Med. Res. 4 (2013) 3088

P. B. Desai, S. Manjunath, S. Kadi, K. Chetana, J. Vanishree, Eur. Rev. Med. Pharmacol.
Sci. 14 (2010) 959

X. Li, P. Fang, J. Mai, E. T. Choi, H. Wang, X. Yang, J. Hematol. Oncol. 6 (2013) 19

A. C. Bulua, A. Simon, R. Maddipati, M. Pelletier, H. Park, K.Y. Kim, M. N. Sack, D. L.
Kastner, R. M. Siegel, J. Exp. Med. 208 (2011) 519

P. Y. Benhamou, C. Moriscot, M. J. Richard, O. Beatrix, L. Badet, F. Pattou, J. Kerr-
-Conte, J. Chroboczek, P. Lemarchand, S. Halimi, Diabetologia 41 (1998) 1093

P. Biemond, A. J. G. Swaak, J. F. Koster, Arthritis Rheum. 27 (1984) 760

D. P. Neupane, S. Majhi, L. Chandra, S. Rijal, N. Baral, Indian J. Clin. Biochem. 23
(2008) 95

M. Y. Cimen, O. B. Cimen , M. Kagmaz , H. S. Oztiirk , R. Yorgancioglu, I. Durak, Clin.
Rheumatol. 19 (2000) 275

B.Y.Bao, H. J. Ting, J. W. Hsu, Y. F. Lee, Int. J. Cancer 122 (2008) 2699

C. E. Hayes, F. E. Nashold, K. M. Spach, L. B. Pedersen, Cell. Mol. Biol. 49 (2003) 277
M. Hewison, Endocrinol. Metab. Clin. North Am. 39 (2010) 365

J. H. Chang, H. R. Cha, D. S. Lee, K. Y. Seo, M. N. Kweon, PLoS ONE 5 (2010) €12925
K. H. W. Lau, D. J. Baylink, Calcif. Tissue Int. 65 (1999) 295

R. Nuti, G. Bianchi, M. L. Brandi, R. Caudarella, E. D’Erasmo, C. Fiore , G. C. Isaia, G.
Luisetto, M. Muratore, P. Oriente, S. Ortolani, Rheumatol. Int. 26 (2006) 445

B. E. C. Nordin, A. G. Need, H. A. Morris, M. Horowitz, Calcif- Tissue Int. 65 (1999) 307.

Available on line at www.shd.org.rs/JSCS/

(CC) 2016 SCS. All rights reserved.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




