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Abstract

Histamine is the primary mediator involved in the pathogenesis of allergic rhinitis and chronic idiopathic urticaria.
Platelet-activating factor (PAF) is also a mediator which plays a key role in the allergic reaction. Rupatadine is a nov-
el antihistamine of the second generation approved recently in Europe for the treatment of allergic rhinitis and
chronic idiopathic urticaria in patients aged > 12 years. Rupatadine shows both antihistamine and anti-PAF effects
because it presents hybrid molecule. One unit of this molecule has high affinity to H1 receptor, and the second one
blocks the receptor for PAF. Relative potency of rupatadine is much higher than that of other second generation anti-
histamines. Rupatadine also has anti-allergic and anti-inflammatory activity. The drug blocked the release of hista-
mine from mast cells and other proinflammatory cytokines such as IL-5, IL-6, IL-8, TNF-o. and GM-CSF from activating
human lymphocytes. It also blocked in vitro chemotaxis of human eosinophils to eotaxin, and neutrophils to PAF and
LTB4. Anti-allergic and anti-inflammatory activity of rupatadine results from blocking NF«f. Clinical trials have indi-
cated that rupatadine is significantly more effective than placebo and equally effective as other antihistamines of the
second generation. Rupatadine is well tolerated, and side effects are mild and moderate, the most common ones were

headache and somnolence. The drug is safe, not cardiotoxic, does not impair psychomotor or cognitive activity.
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Histamine and histamine receptors

Histamine is one of the earliest known mediators of
allergic reactions. This mediator is stored mainly in mast
cells and basophils [1]. The activation of mast cells and
basophils in human body is primarily a result of an
immune response mediated by immunoglobulin E. The
synthesis of histamine, which is a biogenic amine with
a molecular weight 112, takes place in Golgi apparatus
from decarboxylation of L-histidine with the action of
L-histidine decarboxylase enzyme. The metabolism of his-
tamine is bidirectional. One way is related to the action
of N-methyltransferase enzyme, which plays a major role
in the respiratory track. A smaller portion of histamine is
metabolized by diamine oxidase (DAO, histaminase).

Histamine causes clinical symptoms by acting on four
types of histamine receptors, defined as the first, second,
third and fourth type. Histamine receptors are protein
structures. The symptoms of allergic diseases caused by
histamine result from the action of this mediator on type 1
receptors (rH1). H1 receptor is composed of a single
polypeptide chain, which seven times passes through the
cell membrane leading to the formation of seven trans-

membrane domains. These domains are alternately con-
nected with extracellular and cytoplasmic loops. rH1 chain
consists of 487 amino acids, of which 205 form the intra-
cellular loop, which includes spaces for protein kinase C
(PKC). A short, carbon terminal end of the chain (COOH)
is located in the cytoplasm, while amino terminal end
(NH,) is situated in the extracytoplasmic space. The rH1
gene was cloned in 1993 [2]. In humans it is located on
the short arm of chromosome 3p 14-17 or on chromosome
3p25 [3, 4]. In the promoter region of the rH1 gene, tran-
scription factors can join, such as activating protein AP1
and AP2 and nuclear transcription factor kB (NFikf), which
determine the expression of rH1 as well as regulate the
activity of genes for various inflammatory mediators.
The activation of the receptor by histamine leads to
the activation of protein kinase C, which is in fact an ele-
ment of G-protein, resulting in phosphorylation of cyto-
plasmic regulatory proteins (second-order carrier infor-
mation) with the following molecular actions (see below).
Through transmembrane domains, H1 receptor binds
the agonist, that is histamine, and antagonists, which are
compounds with antihistamine activity. The amine part of
histamine interacts with domain 3 (asparagine at position
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116), while imidazole ring with domain 5, which is amino
acid lysine located at position 200 of the polypeptide chain
receptor [5, 6]. Antagonists of rH1 are bound at sites locat-
ed in domains 3, 4, and 6 [7]. Stimulation of rH1 in cells of
target organs leads to an increase, even 3-fold, of calcium
ion concentration, which is mobilized from its storage sit-
uated intracellulary and from external surface influx. Inos-
itol 1,4,5-triphosphate and 1,2-diacylglicerol play a role of
second-order carrier information and lead to the mobi-
lization of stored calcium ions. To determine the distribu-
tion as well as biological and chemical properties of rH1,
selective radioligands are used, which are binding sub-
stances to the receptor. Radioligands are usually marked
with mepyramine, chlorpheniramine, and doxepin. These
compounds readily penetrate the blood-cerebrospinal flu-
id, and thus they were applied to mark rH1 in human brain
in studies using positron emission tomography (PET) [8].

Histamine, by stimulating the sensory receptors, caus-
es itching of the nose and sneezing, and by dilatation of
arteries and postcapillary veins within mucous membranes
and skin, is responsible for their increased permeability
and edema formation in the nasal mucosa and the occur-
rence of a watery runny nose. Histamine in skin is respon-
sible for the appearance of urticarial wheals, swelling of
the skin and subcutaneous tissue. This mediator has
a great contribution in the pathogenesis of allergic dis-
eases, mainly allergic rhinitis and urticaria and is respon-
sible for many clinical symptoms observed in the early
phase of allergic response. Histamine also increases the
secretion of proinflammatory cytokines and cell adhesion
phenomena, which is defined as non-histamine receptor-
related anti-inflammatory property. It is responsible for the
development of early (EAR) and late allergic reaction (LAR).

Model studies on antihistamines

Antihistamines are used in all allergic diseases, espe-
cially those in which histamine is directly responsible for
the observed acute symptoms. A study on antihistamines
(AH) is a multi-stage one. At each stage of the research
process, various, specific methods are applied.

Pharmacokinetic studies determine the fate of the
drug in the body at the phase of absorption (bioavailability
—AUC, maximum concentration in serum —Cmax, the time
after administration of a drug when the maximum plas-
ma concentration is reached — Tmax), distribution (vol-
ume of distribution — Vds, degree of protein binding, time
of appearance of a plateau level, or steady state), and in
the elimination phase (the mean of drug elimination from
the body, a half-life — T, and clearance) as well as drug-
to-drug interactions.

The research on receptor activity includes in vitro
research, which allows to specify binding affinity to rH1,
half-time dissociation from rH1, the degree of selectivity
towards another type receptors and degree of saturation
of rH1.
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In vivo pharmacodynamic studies are performed in
humans in various organs (nose, throat, skin, eyes) to
specify the size of blocking the histamine-induced reac-
tions by antihistamines [9-11].

Non-histamine receptor-related activity. Non-hista-
mine receptor-related activity of AH includes their anti-
allergic and anti-inflammatory properties. Anti-allergic
action is determined in vitro on isolated mast cells,
basophils and other cells or lung tissue sections, which
are subjected to immune and non-immune provocation,
and then the secretion of mediators and varied cytokines
is determined [12] as well as in vivo in humans, who are
subjected to provocation tests with allergen using differ-
ent models, such as a cutaneous one (skin window), nasal
mucosa, bronchi, eye conjunctiva [13, 14]. An anti-inflam-
matory property is determined:

« {n vitro using Boyden chamber, in which various inflam-
matory cells are exposed to chemotactic factors and this
phenomenon is defined after application of antihista-
mines [15];

« in vivo using different organ models, from which the
material is obtained and the inflammatory cells influx,
secreted product concentration and the expression of
adhesion molecules such as intercellular adhesion mol-
ecule (ICAM-1) or vascular cell adhesion molecule
(VCAM-1) are detected on cells involved in inflammation
and in some tissue cells [16].

Antihistamines

Antihistamines were introduced in the 1940s for the
treatment of allergic diseases and thanks to their clinical
efficacy they were identified as “miraculous”. Over the
years of using these drugs, it turned out that their action
is not selective, meaning that they act on receptors other
than rH1: dopaminergic, serotonergic and cholinergic ones.
Hence, a number of side effects arose. But the most seri-
ous limitation on the use of these drugs was the fact that
they penetrate the blood brain-barrier and block 70-100%
of central rH1 located in frontal, temporal, hippocampus,
and bridge regions. Blocking of rH1 in the brain is respon-
sible for the sedative action of AH, and drugs of such prop-
erties are identified as the “first-generation AH” or “clas-
sic AH” [17, 18]. A risk of sedation is mainly observed in the
elderly. The first-generation AH in adults cause sleepiness,
impaired psychomotor reactions and lower cognitive abil-
ities. They are responsible for traffic accidents and acci-
dents when operating machinery. In children they impair
learning ability, and in rare cases cause paradoxical agi-
tation and impaired concentration. The most commonly
used first-generation AH include hydroxyzine, chlor-
pheniramine, diphenhydramine and clemastine.

In the 1980s these drugs were replaced by more clin-
ically effective (except for relief of the itch) and safer drugs
called the “second-generation” drugs. The first second-
generation drugs, terfenadine and astemizole, have been
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withdrawn from the pharmaceutical market because of
cardiotoxicity (the promotion of polymorphic tachycardia
torsades de pointes). This action was proved to involve
only these two drugs, rather than an entire class of the
second-generation AH.
The second-generation antihistamines are character-
ized by:
e good absorption from the gastrointestinal tract and
rapid onset of action;
« long duration of action, which allows for taking one dose
per day;
« good penetration into tissues, absence of accumulation
phenomenon;
« selective and potent action on H1 peripheral receptors;
« high efficiency during prolonged treatment;
« high degree of safety.

Mechanism of action

Antihistamines compete (competitive antagonism)
with histamine about rH1, they inhibit the binding of the
mediator with these receptors in a reversible and con-
centration-dependent manner. Their receptor activity is
defined as “inverse agonism” [19]. According to this con-
cept, AH have an affinity to the inactive (constitutive)
forms of H1 receptor and thus, as inverse agonists, they
stabilize the receptor in the inactivated state. In this sit-
uation, the receptor cannot be excited despite the pres-
ence of the natural agonist, i.e. histamine.

Metabolism

In intestinal absorption and distribution of antihista-
mines two main systems are involved: P-glycoprotein
(P-GP) and carriers of the intestinal transport system
(organic anion transporter polypeptide — OATP). Modula-
tion of P-GP or OATP due to, for example the grapefruit
juice, can alter drug absorption at the intestinal level.

P-glycoprotein, beside the degree of drug binding to
proteins and the size of passive diffusion across the blood-
brain barrier, determines the antihistamine penetration
into the central nervous system (CNS) serving as a “goal-
keeper”. This system limits the penetration of the drug
into the CNS. If the drug is characterized by a high degree
of binding with plasma proteins, lack or weak passive per-
meation through the blood-brain barrier, and at the same
time it is substrate for P-GP, then its penetration into the
CNS is much more difficult and the drug has no sedation
effect. The problem of antihistamine penetration into the
CNS is complex and depends on several factors and, there-
fore, even within the “second-generation” drugs there
may be important differences in this respect. Although it
is commonly assumed in a simplified manner though not
quite correctly, that the “second-generation drugs are
devoid of sedation”. In addition, concomitant diseases
can change significantly the penetration of drugs into the
CNS (meningitis, age, diabetes).
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Most antihistamines are metabolized by liver involv-
ing cytochrome P-450 isoenzymes, primarily CYP3A4 and
CYP2D6. Some antihistamines (terfenadine, loratadine,
ebastine) during the “first pass” liver metabolism produce
metabolites, which are the main active compounds. Such
drugs generally have a slightly delayed onset of action,
and their effectiveness depends on functional status of
the liver and interactions with CYP3A4 inhibitors.

Cetirizine, a hepatic metabolite of hydroxyzine is not
activated in liver. Fexofenadine and desloratadine behave
similarly. Rupatadine is also a ready and very active sub-
stance blocking rH1 (and not only H1, see below), and addi-
tionally during its conversion desloratadine occurs, which
may be responsible for the prolonged time of its action. The
second generation drugs include cetirizine and loratadine,
which were the earliest synthesized and incorporated into
treatment, as well as azelastine, mizolastine, ebastine, lev-
ocabastine and rupatadine. Drugs referred to as “new AH”
are terfenadine and loratadine hepatic metabolites, which
are fexofenadine and desloratadine, respectively, while lev-
ocetirizine is more active L-enantiomer of cetirizine.

Rupatadine

Rupatadine is a first hybrid molecule introduced into
the therapeutics. It consists of two connected but func-
tionally distinct pharmacological subunits: one with high-
affinity to H1 receptor and the second one strongly
blocking the receptor for PAF. This formula provides simul-
taneous blocking of both types of receptors within the
same target tissues and creates a theoretical basis for the
synergy of these two actions.

Pharmacokinetics

Rupatadine is an N-alkyl piperidine derivative. The
drug is well absorbed from the gastrointestinal tract, and
food has a minimal effect on Cmax. The maximum blood
concentration (Cmax) after single and multiple doses of
10 mgonce a day is an average of 2.3 ng/ml after 0.75 to
1 h (Tmax) [20], Table 1. The half-life (T;/;) average value
in healthy volunteers is 6.2 h (4.3-14.3 h). In the elderly,
Ty is prolonged to 8.7 h. The drug is in 98% bound to
blood proteins. Its metabolism takes place mainly in the
liver by oxidation, hydroxylation and conjugation with
glucoronic acid, while CYP3A4 plays an important role.
The drug is mainly excreted in bile, approximately 35% is
excreted in the urine and 60% in the stool [20, 21]. One
of the less active metabolites of precursor material rupata-
dine is desloratadine, which can co-decide of its prolonged
action. Due to the participation of CYP3A4 in the metab-
olism of rupatadine, the drug should not be administered
concomitantly with inhibitors of this enzyme, such as
ketoconazole, erythromycin, and also grapefruit juice.
Azithromycin, which is also a macrolide antibiotic, does
not affect the pharmacokinetics of rupatadine.
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Rupatadine as an antihistamine

Rupatadine has a strong affinity to rH1. Research on
this indicator was performed on different models, labeled
with 3H mepyramine. Rupatadine showed similar affini-
ty to rH1 as loratadine and terfenadine on the guinea pig
cerebellum membranes [22], and on ovary cells of the Chi-
nese hamster, the dissociation constant Ki was 1.4 nM
for rupatadine and 1.6 nM for desloratadine, 9.4 nM for
levocetirizine and 40.3 nM for fexofenadine [23]. This
study indicates that rupatadine has a greater affinity to
rH1 because its Ki value is the smallest in comparison to
the other tested drugs. High affinity of the drug to rH1
means that in a comparable molar concentration (dose),
the drug effectively ensures the maintenance of the his-
tamine receptor in an inactive state (constitutive), with
relatively higher concentrations of histamine in the envi-
ronment. Rupatadine’s high affinity to rH1 was confirmed
in vitro using human umbilical vascular endothelial cells
(HUVEQ) [22]. In a study conducted in the guinea pig
rupatadine showed a high selectivity for the peripheral-
ly located H1, occupying 70% of rH1 in the lungs, com-
pared with those located in the cerebellum, where it took
less than 10% of rH1 [24].

In in vitro studies on various models such as guinea
pig histamine-induced intestine [22], isolated mast cells
of animals provoked with an antigen, anti-Igk and non-
immunological stimuli [25-28] rupatadine showed sev-
eral times greater antihistamine activity than other AH
of the first- and second-generation. If the relative poten-
cy of rupatadine blocking was taken as unity, then to
induce this reaction, cetirizine required 23.7-fold higher
concentration, while other AH require many times high-
er concentrations, that is they were all weaker antago-
nists of rH1 (Table 2) [22]. In in vitro studies on guinea
pig intestine exposed to acetylcholine, serotonin and
LTD4, it was found that rupatadine does not block intes-
tine response to these substances. Rupatadine shows
no anticholinergic, and antileukotriene and antisero-
toninergic effect (although in other experiments, by sec-
ondary route, the drug may reduce production of LCT4).
Blocking of the first two systems is related to the induc-
tion of adverse effects [22].

Antihistamine activity of rupatadine has been demon-
strated on volunteers using two research models. Patients
with seasonal allergic rhinitis (SAR) underwent allergen
challenge in the Vienna chamber (Vienna Challenge
Chamber) and the drug significantly blocked SAR symp-
toms showing rapid onset of action [29]. In healthy vol-
unteers, rupatadine used in single doses ranging from
10 mg to 40 mg as well as in doses of 20 mg and 40 mg
for 7 days significantly inhibited the wheal and erythema
caused by intradermal injection of histamine [30]. In the
skin test model, the equivalent doses that cause similar
histamine-induced wheal blocking were 80 mg for rupata-
dine and 25 mg for hydroxyzine.
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Rupatadine as a platelet-activating factor inhibitor

Platelet-activating factor (PAF) belongs to the inflam-
matory mediators secreted by many cells such as
eosinophils, mast cells, basophils, platelets, neutrophils
and alveolar macrophages after activation of immune
stimuli [31]. This mediator is involved in the pathogene-
sis of allergic diseases causing constriction and hyper-
activity of bronchi, increased vascular permeability and
eosinophils chemotaxis. It is detected in urticarial and

Table 1. Pharmacokinetics of rupatadine as an example of
antihistamine used to eliminate short-term allergic symp-
toms and for chronic administration. On the basis of the
Product Characteristics and [25]

Parameter After a single dose After repeated
(10 mg) administration administration

Crnax [ng/ml] 26 3.8

Ty [] 0.8 0.75-1.0

AUCq.p4 1, [ng/ml] 7.6 8.4

Protein binding [%] 98.5-99.0

The effect of the Minimal for drug and metabolites.

food intake Main active ingredient — an increase
of AUC of 23%

Metabolism Considerable hepatic metabolism

Elimination half-life 4.6 5.9

Tiz [h]

Crnax/AUC Linearity in the dose

range 10-40 mg

Route of elimination 60.9% in the feces,

34.6% in the urine

The effect of age Without clinical significance

Abbreviations in the text

Table 2. The concentration of antihistamines expressed in
nM causing 50% inhibition (ICso — inhibition concentration)
of guinea pig histamine-induced intestine contraction [22]

Antihistamine IC5onM (95% Cl)  Relative potency *

Rupatadine 3.8 (3.1-4.6) 1

Chlorpheniramine 6.1 (4.6-8.0) 1.6
Ketotifen 21 (12-38) 5.5
Cetirizine 90 (58-140) 23.7
Clemastine 231 (136-391) 60.8
Hydroxyzine 276 (199-382) 72.6
Loratadine 286 (170-480) 75.3
Diphenhydramine 321 (212-485) 84.5
Terfenadine 362 (258-508) 95.3

*The concentration required to achieve an effect equivalent to the rupatadine
action
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psoriatic skin lesions, but it is not present in healthy skin.
Platelet-activating factor administered intradermally pro-
duces a wheal/erythema [32]. This model is used to test
anti-PAF activity of various chemical compounds. In stud-
ies using radioligand for PAF receptors performed on rab-
bit platelet membranes, rupatadine replaced selective
strong antagonist WEB-2086 in the binding with this
receptor. Rupatadine showed significant activity against
PAF (as stated at concentrations corresponding to thera-
peutic concentrations), which is only slightly smaller than
the model strong PAF receptor blockers, such as ginkolide
B [22]. In terms of anti-PAF action, rupatadine showed
greater activity than loratadine, cetirizine and fexofena-
dine [22]. Rupatadine activity against PAF has been
demonstrated in various research models, such as bron-
choconstriction induced by PAF [22], or cutaneous wheal
induced by PAF in dogs [33], in which rupatadine showed
greater activity than loratadine, cetirizine and levo-
cabastine. Using an animal model (dog), rupatadine
demonstrated peak activity after 4 h, and this was main-
tained, depending on the dose used for 1 h to 48 h [33].
The skin model, equal to achieving erythema after admin-
istration of PAF, was used in healthy subjects. Rupatadine
blocked erythema, while the dose of 80 mg worked much
better than the 10 mg dose as regards the erythema
blocked area and length of action [34]. Rupatadine activ-
ity against PAF was also studied in healthy volunteers ex
vivo in the platelet aggregation test [34]. Oral single dos-
es of 40 mg to 80 mg were subject to individual assess-
ment. Also in this test, the maximal blocking activity
of rupatadine was demonstrated after 4 h, and ceased
after 24 h.

Anti-allergic and anti-inflammatory activity

Rupatadine, like all other second-generation AH,
beside research relating to the assessment of antihista-
mine and anti-PAF activity, has been widely tested to
determine its anti-inflammatory and anti-allergic action.
The blocking of degranulation of mast cells isolated from
the dog skin was determined to assess anti-allergic activ-
ity of rupatadine. The drug blocked the release of hista-
mine from these cells, subject to immunological and non-
immunological provocation [26-28]. Rupatadine, beside
histamine, also blocked the release of other mediators
such as leukotriene C4 (LTC4), tumor necrosis factor o
(TNF-a) from mast cells obtained from the rat peritoneal,
dog skin and the line of human mast cell [28, 35].

The next phase of studies included an assessment of
the impact of rupatadine on cells involved in allergic
inflammation. The drug blocked in vitro chemotaxis of
human eosinophils to eotaxin [36], neutrophils to PAF and
LTB, [37]. The degree of rupatadine activity depended on
the applied dose and was greater than the activity of cet-
irizine, fexofenadine, mizolastine and loratadine [38].
Rupatadine blocked secretion of several proinflammato-
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ry cytokines such as IL-5, IL-6, I1L-8, TNF-o. and GM-CSF
from activated human lymphocytes [39]. Rupatadine
blocked release of cytokine IL-6 and IL-8 from the HUVEC
activated by histamine [40]. The activity of rupatadine
was greater than that of desloratadine, levocetirizine and
fexofenadine [40]. Anti-inflammatory activity of rupata-
dine was also demonstrated in guinea pig ovalbumin-
sensitized bronchi. The drug blocked the eosinophils influx
in BAL fluid [41]. Nuclear factor kB, which determines the
production of proinflammatory cytokines, is involved in
the inflammatory response. Rupatadine on HUVEC line
and on human alveoli, which were exposed to histamine,
blocked the increase of NFkf activity. The blocking of NFkf3
activity was associated with reduced production of proin-
flammatory cytokines IL-6 and IL-8 [40]. Based on these
studies it can be stated that in addition to antihistaminic
activity rupatadine also has anti-allergic and anti-inflam-
matory action that results from blocking NF«f3. These char-
acteristics may be responsible for clinical efficacy, partic-
ularly in relation to chronic allergy (urticaria, chronic
rhinitis).

Clinical efficacy

Studies on pharmacokinetics, antihistamine activity,
anti-PAF, as well as anti-inflammatory and anti-allergic
action using different models in vivo and in vitro are an
extremely important first phase of the study on the anti-
histamine drug. But the best method of assessing the
drug is to perform a clinical double-blind, randomized,
placebo-controlled trial. Based on clinical studies that eval-
uated the clinical efficacy of different doses of rupata-
dine, researcher and patient preferences as well as safe-
ty, it was found that the dose of 10 mg administered once
daily should be considered as basic for adults [42, 43].

Allergic rhinitis

Rupatadine efficacy was assessed in seasonal and
chronic allergic rhinitis (seasonal allergic rhinitis — SAR,
chronic allergic rhinitis — CAR). It is estimated that at least
50% of the symptoms of allergic rhinitis (AR) result from
the action of histamine. Efficacy of rupatadine was eval-
uated in comparison to placebo [43], cetirizine [44], lorata-
dine [34, 45], ebastine [46], desloratadine [21] and levo-
cetirizine [47]. All these drugs have clinical efficacy which
was wellproven in large clinical trials [48]. Studies sug-
gesting clinical efficacy are often experimental. Patients
undergo nasal allergen challenge or provocation in the
“Vienna chamber”. These studies have shown that rupata-
dine reduces allergen-induced resistance in the nose mea-
sured by acoustic rhinomanometry [49], and also reduces
nasal and ocular symptoms induced by allergen provo-
cation in the Vienna chamber [29]. In comparative clini-
cal trials, rupatadine was applied for 2-4 weeks at a dose
of 10 mg or 20 mg once daily in patients with SAR. Ten
milligrams of rupatadine acted like 10 mg of ebastine [46],
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10 mg of loratadine and 10 mg of cetirizine [34, 44, 45]. It
was found that rupatadine should be administrated at
a dose of 10 mg and not 20 mg, and moreover 10 mg
of rupatadine is a better choice than loratadine [45].
In a 2-week single-center parallel-group non placebo-con-
trolled comparative study with 10 mg of rupatadine dai-
ly and 10 mg levocetirizine daily on 60 patients with SAR,
it was found that the overall symptom severity improve-
ment was significantly higher in the group receiving
rupatadine [47]. The same was related to the quality of
life estimated in a questionnaire (Rhinoconjunctivitis
Quality of Life Questionnaire — RQLQ), and also only in
case of rupatadine, a significant reduction of total
immunoglobulin E level and the number of eosinophils in
the blood was observed. In 2001, ARIA (Allergic Rhinitis
and its Impact on Asthma) report was published, accord-
ing to which there are two forms of AR: intermittent and
persistent or chronic [50]. Following this classification,
a study in which 543 patients with chronic rhinitis used
placebo or rupatadine of 10 mg/day and cetirizine 10 mg/
day for 12 weeks was performed [51]. Both drugs acted
significantly better than placebo, but with greater effica-
cy of rupatadine than cetirizine. Similar results were
obtained by other authors treating patients with CAR for
1year [52]. Rupatadine proved to be an effective drug in
improving the clinical course of AR and positively influ-
encing patients’ quality of life. The same results were
obtained in studies conducted on Spanish patients with
AR, whose severity was assessed according to the ARIA
report [53].

Urticaria

According to the recommendations presented in 2009
in the EAACI/GAZLEN/EDF report (European Academy
Allergology and Clinical Immunology — EAACI, Global Aller-
gy and Asthma European Network — GA2LEN, European
Dermatology Forum — EDF), antihistamines are the first
choice in the treatment of urticaria. The report recom-
mends the use of second-generation drugs [54], which
should lead to complete control of clinical symptoms. The
same statement that AH which have hypnotic action are
dangerous to patients, can be found in the GALEN report
of 2010 [55].

Efficacy of rupatadine was determined in a number
of studies involving several hundred patients with idio-
pathic urticaria. A study which evaluated the efficacy of
doses of 5 mg, 10 mg and 20 mg showed that a dose of
5 mg does not decrease significantly the severity of
urticaria, in comparison to placebo [56]. Rupatadine at
doses of 10 mg and 20 mg used for 6 weeks significant-
ly reduced the pruritus and severity of urticarial wheals.
This effect appeared in the first week of treatment and
persisted throughout the study. The quality of life
assessed by the Dermatology Life Quality Index (DLQI)
has also improved [56]. Rupatadine at a dose of 20 mg
was more effective in controlling urticaria symptoms than
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10 mg [56, 57]. What is more, rupatadine at a dose of
20 mg once daily also proved to be an effective drug for
the treatment of acquired cold urticaria [58].

In all clinical trials performed on patients with idio-
pathic urticaria or AR, rupatadine turned out to be a drug
rapidly disclosing its beneficial effects.

Safety and tolerability

Antihistamines are usually administrated for many
weeks and even months, that is why their safety associ-
ated with their use is just as important as clinical effec-
tiveness. Second-generation AH were thoroughly assessed
using different research methods, especially in regard to
their impact on the heart and CNS [48]. In clinical stud-
ies, tolerance of rupatadine was evaluated in compari-
son to placebo. In a large group consisting of 2025
patients treated with rupatadine compared to 1315
patients receiving placebo, it turned out that the drug was
well tolerated, and side effects were mild and moderate,
and included: somnolence (9.5% vs. 3.4% for placebo),
headache (6.8% vs. 5.6%) and fatigue (3.3% vs. 2.0%),
while general weakness, mouth dryness and dizziness
occurred in 1.5%, 1.2%, 1.0% of patients treated with
rupatadine, respectively, and in no-one from the placebo
group [47]. Rupatadine was similarly well tolerated as oth-
er AH of the second generation, such as loratadine, ebas-
tine and cetirizine [34, 44-46). Safety of treatment with
rupatadine over 1 year in EMEA (European Agency for the
Evaluation of Medicinal Products) and ICH (Internation-
al Conference on Requirements for Registration of Phar-
maceuticals for Human Use) reports showed a good medi-
um-term tolerability of this drug [52, 59, 60]. The most
common, though rarely observed, side effects were
headache and somnolence.

Effects on the heart

Cardiotoxic action of terfenadine and astemizole pre-
sents as QT prolongation and arrhythmia in the form of
the so-called “twisting of the points” (forsades de pointes)
and ventricular fibrillation. Concomitant use of macrolide
antibiotics, ketoconazole or fluoxetine especially easily
led to this action. The arrhythmias were caused by block-
ing cardiac potassium channels (Ikr) [61]. Therefore, ter-
fenadine and astemizole were withdrawn from treatment,
and other AH underwent thorough research as reagrds
their effects on potassium channels and ECG. It turned
out that other AH in doses used and even many times
higher did not block the Ikr channels [61]. Rupatadine was
also subject to detailed studies on its effects on the heart.
Studies performed in animals did not reveal that very high
doses of 30 mg/kg administered intravenously and
100 mg/kg administrated orally have changed ECG or
physical activity [62]. In vitro studies showed that for
blocking the gene (HERG, ether-a-go-go gene) responsi-
ble for human cloned potassium channel hKv1.5, con-
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centration of rupatadine needed would be 2000 times
greater than that achieved in human serum. In studies
conducted on 6450 people, young and elderly of both sex-
es, who used rupatadine for 2-4 weeks at doses ranging
from 2.5 mg to 80 mg, there was no significant effect on
the QT interval, regardless of whether the subjects
received the drug on an empty stomach or after a meal,
with alcohol, with erythromycin or with ketoconazole [34].
In the cross-over study strictly scheduled in accordance
with the ICH guidelines, conducted on 160 healthy vol-
unteers who used rupatadine at doses of 10 mg and
100 mg (that is 10-fold greater than the standard dose),
the heart rate-corrected QT interval has not changed sig-
nificantly, stated as a dangerous extension [63], in con-
trast to the positive control group using a model sub-
stance.

Effects on the central nervous system

Consensus Group on New Generation Antihistamines
(CONGA) recommends that the AH used in the treatment
of allergic diseases be devoid of sedation [64]. The con-
cept of “sedation” means a set of subjective symptoms,
such as propensity to fall asleep, decreased psychomotor
performance, which consists of reduced alertness and
ability to concentrate, and also reduced ability to memo-
rize. To evaluate the sedative effect of AH many different
tests are used [48], including quality of life questionnaires.
Rupatadine used in animals at doses up to 100 mg/kg
administered orally had no effect on EEG and motor activ-
ity [22, 24]. In humans, doses of 10 mg and 20 mg did not
worsen the psychomotor activity. In turn, the dose of
80 mg resulted in changes, such as 25 mg of hydroxyzine
[65]. Rupatadine at a 10 mg dose had no negative impact
on the drive test [66].

It may be stated that rupatadine is a second-genera-
tion antihistamine to be used once daily at a basic dose
of 10 mg. The drug has highly predictable pharmacoki-
netics, and its bioavailability is not substantially affected
by either food (though the concomitant consumption of
grapefruit juice is not recommended) or other drugs
metabolized in the liver, with the involvement of CYP3A4.
Beside a strong antihistamine effect, the drug is addi-
tionally an effective PAF antagonist, what increases its anti-
allergic activity and perhaps determines the anti-inflam-
matory action. The latter last activity measured by decline
in the influx of inflammatory cells to the organ affected by
allergic inflammation as well as a decrease of peripheral
eosinophilia and the reduction in IgE levels deserves spe-
cial attention and further in-depth studies. The drug very
quickly controls periodic symptoms of allergic rhinitis and
is highly effective in the long-term treatment of chronic
rhinitis and urticaria. The drug is safe, not cardiotoxic, does
not impair psychomotor or cognitive activity, and does not
reduce the concentration. The drug in recommended dos-
es is approved for use for drivers without restrictions.

486

References

1. Riley JF, West DB. Histamine and tissue mast cells. J Physiol
1953; 120: 528-37.

2. Chowdhury BA, Kaliner MA, Strader CM. Cloning of a gene
encoding the human H1-receptor. Soc Neurosci Abstr 1993;
19: 84.

. Fukui H, Fujimoto K, Mizuguchi H, et al. Molecural cloning of
the human histamine H1-receptor gene. Biochem Biophys
Res Commun 1994; 201: 894-901.

4. De Backer MD, Loonen |, Verhasselt P, et al. Structure of the
human histamine Hl-receptor gene. Biochem J 1998; 335:
663-70.

. Ter Laak AM, Timmerman H, Leurs R, et al. Modelling and
mutation studies on the histamine H1-receptor agonist bin-
ding site reveal different binding modes for Hl-agonists:
Aspll6 (TM3) has a constitutive role in receptor stimulation.
J Comput Aided Mol Des 1995; 9: 319-30.

6. Leurs R, Smit MJ, Tensen CP, et al. Site-directed mutagene-
sis of the histamine Hl-receptor reveals a selective interac-
tion of asparagine207 with subclasses of H1-receptor ago-
nists. Biochem Biophys Res Commun 1994; 201: 295-301.

7. Wieland K, ter Laak AM, Smit MJ, et al. Mutational analysis
of the antagonist-binding site of the histamine Hl-receptor.
J Biol Chem 1999; 274: 29994-30000.

8. Yanai K, Watanabe T, Yokoyama H, et al. Histamine H1-recep-
tors in human brain visualized in vivo by [11C] doxepin and
positron emission tomography. Neurosci Lett 1992; 137:
145-8.

. Frossard N, Melac M, Benabdesselam O, et al. Consistency
of the efficacy of cetirizine and ebastine on skin reactivity.
Ann Allergy Asthma Immunol 1998; 80: 61-5.

10. Larbig M, Stamm H, Casper A, et al. Twenty-four hour anti-
H1 activity of levocetirizine measured by thermography is
superior to fexofenadine. [abstract no. 248]. Abstract book of
the XXIIl EAACI Congress, Amsterdam 2004, p. 80.

11. Grzelewska-Rzymowska I, Gondorowicz K, CieSlewicz G, et
al. Wptyw loratadyny, wybiérczego antagonisty receptoréw
histaminowych (H1) na skurcz oskrzeli wywotany wziewa-
niem histaminy. Pneumonol Allergol Pol 1992; 60: 16-21.

12. Miadonna A, Milazzo N, Lorini M, et al. Inhibitory effect of the
H1 antagonist loratadine on histamine release from human
basophils. Int Arch Allergy Immunol 1994; 105: 12-7.

13. Charlesworth EN, Kagey-Sobotka A, Norman PS, et al. Effect
of cetirizine on mast cell-mediator release and cellular traf-
fic during the cutaneous late-phase reaction. J Allergy Clin
Immunol 1989; 83: 905-12.

14. Stiibner P, Zieglmayer R, Horak . A direct comparison of the
efficacy of antihistamines in SAR and PAR: randomised, pla-
cebo-controlled studies with levocetirizine and loratadine
using an environmental exposure unit —the Vienna Challen-
ge Chamber (VCC). Curr Med Res Opin 2004; 20: 891-902.

15. Leprevost C, Capron M, De Vos C, et al. Inhibition of eosino-
phil chemotaxis by a new antiallergic compound (cetirizine).
Int Arch Allergy Immunol 1988; 87: 9-13.

16. Ciprandi G, Buscaglia S, Pesce GP, et al. Cetirizine reduces
inflammatory cell recruitment and ICAM-1 (or CD 54) expres-
sion on conjunctival epithelium in both early-and late-pha-
se reactions after allergen-specific challenge. J Allergy Clin
Immunol 1995; 95: 612-21.

17. Meltzer EO. Performance effects of antihistamines. J Allergy
Clin Immunol 1990; 86: 613.

18. Yanai K, Watanabe T, Hatazawa J, et al. Mapping of histami-
ne H1 receptors in human brain by positron emission tomo-
graphy with [11 C] pyrilamine. ) Neurochem 1992; 59: 128-36.

w

2l

O

Postepy Dermatologii i Alergologii XXVIII; 2011/6



Rupatadine: a novel second-generation antihistamine

19.

20.

2

—

22.

23.

24.

2

ol

26.

27.

28.

29.

30.

3

—

3

N

33.

34.

35.

Leurs R, Church MK, Taglialatela M. H1-antihistamines: inver-
se agonism, anti-inflammatory actions and cardiac effects.
Clin Exp Allergy 2002; 32: 489-98.

Keam SJ, Plosker GL. Rupatadine: a review of its use in the
management of allergic disorders. Drugs 2007; 67: 457-74.

. Picado C. Rupatadine: pharmacological profile and its use in

the treatment of allergic disorders. Expert Opin Pharmaco-
ther 2006; 7: 1989-2001.

Merlos M, Giral M, Balsa D, et al. Rupatadine, a new potent,
orally active dual antagonist of histamine and platelet-acti-
vating factor (PAF). ) Pharmacol Exp Ther 1997; 280: 114-21.
Barron S, Ramis |, Garcia-Rafanell J, Merlos M. Inhibitory acti-
vity of rupatadine on pro-inflammatory cytokine production,
relationship with binding affinity. Methods Find Exp Clin Phar-
macol 2005; 27 (Suppl. 2): 161-2.

Giral M, Balsa D, Ferrando R, et al. CNS activity profile of rupa-
tadine fumarate, a new dual receptor antagonist of platelet-
activating factor (PAF) and histamine. Allergy 1998; 53
(Suppl.): 131.

. Izquierdo I, Merlos M, Garcia-Rafanell J. Rupatadine, a new

selective histamine HI receptor and plateletactivating factor
(PAF) antagonist: a review of pharmacological profile and cli-
nical management of allergic rhinitis. Drugs Today (Barc)
2003; 39: 451-68.

Queralt M, Merlos M, Giral M, Puigdemont A. Dual effect of
a new compound, rupatadine, on edema induced by plate-
let-activating factor and histamine in dogs: comparison with
antihistamines and PAF antagonists. Drug Dev Res 1996; 39:
12-8.

Queralt M, Brazis P, Merlos M, Puigdemont A. Inhibitory
effects of rupatadine on mast cell histamine release and skin
wheal development induced by Ascaris suum in hypersen-
sitive dogs. Drug Dev Res 1998; 44: 49-55.

Queralt M, Brazis P, Merlos M, et al. In vitro inhibitory effect
of rupatadine on histamine and TNF-a release from disper-
sed canine skin mast cells and the human mast cell line
HMC-I. Inflamm Res 2000; 49: 355-60.

Stuebner P, Horak F, Zieglmayer R, et al. Effects of rupatadi-
ne vs placebo on allergen-induced symptoms in patients
exposed to aeroallergens in the Vienna Challenge Chamber.
Ann Allergy Asthma Immunol 2006; 96: 37-44.

Izquierdo |, Nieto C, Ramis J, et al. Pharmacokinetics and
dose linearity of rupatadine fumarate in healthy volunteers.
Methods Find Exp Clin Pharmacol 1997; 19 (Suppl. A):
189-203.

. Curtin ML Current status of platelet activating factor anta-

gonists. Exp Opin Ther Patents 1998; 8: 703-11.

. Marques SA, Dy LC, Southall MD, et al. The platelet-activa-

ting factor receptor activates the extracellular signal-regu-
lated kinase mitogen-activated protein kinase and induces
proliferation of epidermal cells through an epidermal growth
factor-receptor-dependent pathway. ) Pharmacol Exp Ther
2002; 300: 1026-35.

Merlos M, Balsa D, Giral M, et al. Inhibition of rat peritone-
al mast cell exocytosis by rupatadine fumarate: a study with
different secretagogues. Methods Find Exp Clin Pharmacol
1997; 19 (Suppl. A): 148.

Izquierdo I, Merlos M, Garcia-Rafanell J. Rupatadine, a new
selective histamine HI receptor and platelet activating fac-
tor (PAF) antagonist: a review of pharmacological profile and
clinical management of allergic rhinitis. Drugs Today (Barc)
2003; 39: 451-68.

Merlos M, Ramis |, Balsa D, et al. Inhibitory effect of rupata-
dine on TNF-alpha release from human monocytes and

Postepy Dermatologii i Alergologii XXVIII; 2011/6

3

3

3

3

40.

4

4

4

44,

4

46.

4

4

4

50.

5

5

6.

7.

8.

9.

—

N

3.

5.

7.

8.

9.

—

N

mast cell line HMC-1. J Allergy Clin Immunol 2000; 105
(Suppl. 1): S62.

Barron S, Ramis I, Merlos M. Rupatadine inhibits the inflam-
matory component of allergic response: cytokine release,
adhesion molecule expression and inflammatory cell recru-
itment. 23rd EAACI Congress, 12-16 June 2004, Amsterdam.
Izquierdo |, Nieto C, Ramis J, et al. Pharmacokinetics and dose
linearity of rupatadine fumarate in healthy volunteers.
Methods Find Exp Clin Pharmacol 1997; 19 (Suppl. A):
189-203.

Ramis |, Giral M, Ferrando R, Merlos M. Inhibition of PAF- and
LTB4-induced human neutrophil chemotaxis by rupatadine
using a new fluorescent chemotaxis assay. Allergy 2000; 55
(Suppl. 63): 94-5.

Barron S, Ramis I, Merlos M. Effect of rupatadine on lym-
phocyte cytokine production. Allergy Clin Immunol Int 2005;
1 (Suppl. 1): 427.

Barron S, Roman J, Michelena P, et al. Rupatadine inhibits
cytokine production and NFkappabeta activity by histamine
H1 receptor-dependent mechanism. Rev Rinol 2006; 6: 18.

. Merlos M, Giral M, Balsa D, et al. Rupatadine inhibits the

eosinophil recruitment in BAL fluid of ovalbumin-sensitized
guinea pigs. ) Allergy Clin Immunol 1998; 101 (Suppl. 1): S218.

. Izquierdo I, Paredes I, Lurigados C, et al. A dose ranging stu-

dy of rupatadine fumarate in patients with seasonal aller-
gic rhinitis. Allergy 2000; 55 (Suppl. 63): 275.

Perez |, De la Cruz G, Villa M, Izquierdo I. Rupatadine in aller-
gic rhinitis: pooled analysis of efficacy data. Allergy 2002; 57
(Suppl. 73): 245.

Martinez-Cocera C, De Molina M, Marti-Guadano E, et al.
Rupatadine 10 mg and cetirizine 10 mg in seasonal allergic
rhinitis: a randomised, double-blind parallel study. J Investig
Allergol Clin Immunol 2005; 15: 22-9.

Saint-Martin F, Dumur JP, Perez |, Izquierdo I. A randomized,
double-blind, parallel-group study, comparing the efficacy
and safety of rupatadine (20 and 10 mg), a new PAF and HI
receptor specific histamine antagonist, to loratadine 10 mg
in the treatment of seasonal allergic rhinitis. J Investig Aller-
gol Clin Immunol 2004; 14: 34-40.

Guadano EM, Serra-Batlles J, Meseguer J, et al. Rupatadine
10 mg and ebastine 10 mg in seasonal allergic rhinitis: a com-
parison study. Allergy 2004; 59: 766-71.

Maiti R, Rahman J, Jaida J, et al. Rupatadine and levocetirizi-
ne for seasonal allergic rhinitis. A comparative study of effi-
cacy and safety. Arch Otolaryngol Head Neck Surg 2010; 136:
796-800.

Polish Allergology Society — Consensus. Antihistamines in
medicine practice. Ed. Sesja 2005 [in Polish].

Valero A, Bartra J, Serrano C, et al. Rupatadine reduces nasal
obstruction in allergen-induced rhinitis. Allergy 2007; 62
(Suppl. 83): 137-8.

Bousquet J, Van Cauwenberge P, Khaltaev N; ARIA Workshop
Group; World Health Organization. Allergic rhinitis and its
impact on asthma. J Allergy Clin Immunol 2001; 108 (5 Suppl):
S147-53.

. Fantin S, Maspero J, Bisbal C, et al. A 12-week placebo-con-

trolled study of rupatadine 10 mg once daily comparative
with cetirizine 10 mg once daily, in the treatment of persi-
stent allergic rhinitis. Allergy 2008; 63: 924-31.

.Valero A, de la Torre F, Castillo JA, et al. Safety of rupatadine

administered over a period of 1 year in the treatment of per-
sistent allergic rhinitis. A multicentre, open-label study in
Spain. Drug Safety 2009; 32: 33-42.

487



Iwona Grzelewska-Rzymowska, Pawet Gorski

53. Valero A, Izquierdo |, Giralt, et al. Rupatadine improves nasal
symptoms, quality of life (ESPRINT-15) and severity in a sub-
analysis of a cohort of spanish allergic rhinitis patients.
J Investig Allergol Clin Immunol 2011; 21: 229-35.

54. Zuberbier T, Asero R, Bindslev-Jensen C, et al. EAACI/GA2LEN/
EDF/WAO guideline: management of urticaria. Allergy 2009;
64:1427-43.

55. Church MK, Maurer M, Simons FE, et al. Risk of first-genera-
tion Hl-antihistamines: a GA2LEN position paper. Allergy
2010; 65: 459-66.

56. Dubertret L, Zalupca L, Cristodoulo T, et al. Once daily rupa-
tadine improves the symptoms of chronic idiopathic urtica-
ria: a randomised, double-blind, placebo-controlled study.
Eur ) Dermatol 2007; 17: 223-28.

57. Giménez-Arnau A, Izquierdo |, Maurer M. The use of a respon-
der analyses to identify clinically meaningful differences in
chronic urticaria patients following placebo-controlled treat-
ment with rupatadine 10 and 20 mg. J Eur Acad Dermatol
Venerol 2009; 23: 1088-91.

58. Krause K, Zuberbier T, Maurer M. Modern approaches to the
diagnosis and treatment of cold contract urticaria. Curr Aller-
gy Asthma Rep 2010; 10: 243-9.

59. European Agency for the Evaluation of Medicinal Products
(EMEA). Committee for Medicinal Products for Human Use:
guideline on the clinical development of medicinal products
for the treatment of allergic rhinoconjunctivitis. London: Com-
mittee for Medicinal Products from EMEA.

60. International Conference on Harmonisation (ICH) of Techni-
cal Requirements for Registration of Pharmaceuticals for
Human Use. ICH Topic E1 A note for guidance: population
exposure: the extent of population exposure to assess clini-
cal safety. Geneva: ICH, 1995.

61. Grzelewska-Rzymowska |, et al. The cardiac effect of the
second generation of antihistamines. Pneumonol Alergol Pol
2001; 69: 217-26.

62. Caballero R, Valenzuela C, Longobardo M, et al. Effects of
rupatadine, a new dual antagonist of histamine and plate-
let-activating factor receptors, on human cardiac Kv1.5 chan-
nels. BrJ Pharmacol 1999; 128: 1071-81.

63. Donado E, Garcia O, Pérez |, Barbanoj M, et al. Cardiac safe-
ty of rupatadine according to the new ICH guideline:
a ,thorough QT/ QTc study” [Abstract no. 760 plus poster].
25th EAACI Congress 10-14 June, 2006, Vienna.

64. Holgate ST, Canonica GW, Simons FER, et al. Consensus gro-
up on new-generation antihistamines (CONGA): present
status and recommendations. Clin Exp Allergy 2003; 33:
1305-24.

65. Barbanoj MJ, Garcia-Gea C, Morte A, et al. Central and peri-
pheral evaluation of rupatadine, a new antihistamine/pla-
telet-activating factor antagonist, at different doses in heal-
thy volunteers. Neuropsychobiology 2004; 50: 311-21.

66. Vuurman E, Theunissen E, van Oers A, et al. Lack of effects
between rupatadine 10 mg and placebo on actual driving
performance of healthy volunteers. Human Psychopharma-
col Clin Exp 2007; 22: 289-97.

488

Postepy Dermatologii i Alergologii XXVIII; 2011/6




<<
  /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 /sRGB
  /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 0.40
    /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 (None)
  /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 <>
    /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.)
    /POL <>
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


