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Abstract Lactoferrin (LF) is a component of saliva
and is suspected to be a defense factor against oral
pathogens including Streptococcus mutans and Can-
dida albicans. Periodontitis is a very common oral
disease caused by periodontopathic bacteria. Antimi-
crobial activities and other biological effects of LF
against representative periodontopathic bacteria, Ag-
gregatibacter actinomycetemcomitans, Porphyromon-
as gingivalis, and Prevotella intermedia, have been
widely studied. Association of polymorphisms in LF
with incidence of aggressive periodontitis and the role
of LF in the gingival crevicular fluid as a marker of
periodontitis severity have also been reported. Peri-
odontopathic bacteria reside as a biofilm in supragin-
gival and subgingival plaque. Our recent study
indicated that LF exhibits antibacterial activity against
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planktonic forms of P. gingivalis and P. intermedia at
higher concentrations, and furthermore, LF effectively
inhibits biofilm formation and reduces the established
biofilm of these bacteria at physiological concentra-
tions. A small-scale clinical study indicated that oral
administration of bovine LF reduces P. gingivalis and
P. intermedia in the subgingival plaque of chronic
periodontitis patients. LF seems to be a biofilm
inhibitor of periodontopathic bacteria in vitro and
in vivo.
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Introduction

Intake of milk and dairy products has been thought to
prevent periodontal disease (Al-Zahrani 2000).
Among dairy products, lactic acid foods such as
yogurt and lactic acid drinks were the most effective
at preventing disease in an epidemiological study
(Shimazaki et al. 2008). Related to this, administra-
tion of probiotic Lactobacillus salivarius was proven
to improve periodontal clinical parameters in smok-
ers (Shimauchi et al. 2008) and reduce a periodon-
topathic  bacterium, Tannerella forsythia, in
subgingival plaque (Mayanagi et al 2009).
Lactoferrin (LF), an 80-kDa iron-binding glyco-
protein of the transferrin family, is a component of
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exocrine secretions such as milk and saliva, and is
present in neutrophil granules (Levay and Viljoen
1995). LF is thought to play a role in innate defense
and exhibits a diverse range of biological activities,
including antimicrobial activities, antiviral activities,
antioxidant activities, immunomodulation, modula-
tion of cell growth, and binding of several bioactive
compounds, such as lipopolysaccharide (LPS) (Bav-
eye et al. 1999, Chierici 2001). LF is one of the
antimicrobial factors in saliva (Tenovuo 2002).
Previously, we studied its effects on the oral pathogen
Candida albicans (Wakabayashi et al. 1998, Takak-
ura et al. 2003). Moreover, LF has been studied for its
antimicrobial activity against periodontopathic bac-
teria and its relationship with periodontal diseases
(Kalmar and Arnold 1988, Aguilera et al. 1998). In
inflammatory conditions, LF is also secreted from
neutrophils to gingival crevicular fluids (GCF) (Eb-
erhard et al. 2006). LF may be beneficial for the
prevention and treatment of periodontal diseases as a
food component derived from milk.

Periodontal diseases are generally classified into
aggressive periodontitis and chronic periodontitis. In
this article, we review previous studies regarding the
effects and interactions of LF on the representative
periodontopathic bacteria, Aggregatibacter actinonty-
cetemcomitans, Porphyromonas gingivalis and Pre-
votella intermedia, and the relationship between LF
and these diseases (Table 1). We also report our
recent studies examining the in vitro anti-biofilm

Table 1 Summary of studies on LF and periodontitis

activity of LF against P. gingivalis and P. intermedia,
and a clinical study of LF in patients with chronic
periodontitis, especially focusing on periodontopathic
bacteria in the subgingival plaque.

Aggressive periodontitis
and A. actinomycetemcomitans

The most important causative organism in aggressive
periodontitis is A. actinomycetemcomitans. The first
report delineating the effect of LF on periodonto-
pathic bacteria showed killing of A. actinomycetem-
comitans by human LF (hLF) (Kalmar and Arnold
1988). This killing activity required an unsaturated
(iron- and anion-free) LF. Bovine LF (bLF) and hLF
inhibit the adhesion of A. actinomycetemcomitans
and P. intermedia to fibroblasts and epithelial cells
(Alugupalli and Kalfas 1995). Another report indi-
cated that iron-free apo-LF killed smooth lab strains,
but not rough clinical isolates, of A. actinomycetem-
comitans. On the other hand, increasing the iron
saturation of LF resulted in increased inhibition of
A. actinomycetemcomitans binding to buccal epithe-
lial cells (Fine and Furgang 2002). In relation to this
report, they indicated that the level of bound iron and
iron-binding capacity in LF is reduced in localized
aggressive periodontitis (Fine et al. 2002). This group
reported that an hLF variant comprising Lys29/not
Arg in the N-terminal region exhibited increased

LF species LF activities or findings References
Human Higher level of LF in GCF of periodontitis patients Friedman et al. (1983)
Human Killing of A. actinomycetemcomitans Kalmar and Arnold (1988)
Bovine Inhibition of P. intermedia binding to subepithelial matrix proteins Alugupalli et al. (1994)
Human and Inhibition of A. actinomycetemcomitans and P. intermedia binding to human Alugupalli and Kalfas (1995)
bovine cells
Human Growth-inhibition of P. gingivalis Aguilera et al. (1998)
Human Hemoglobin receptor-dependent growth-inhibition of P. gingivalis Shi et al. (2000)
Human Association of LF SNPs with aggressive periodontitis Velliyagounder et al. (2003), Jordan
et al. (2005)
Human Occurrence of inflammatory LF peptides in saliva of chronic periodontitis Komine et al. (2007)
patients
Bovine Reduction of P. gingivalis and P. intermedia in subgingival plaque of chronic Kondo et al. (2008)
periodontitis patients
Human and Growth- and biofilm-inhibition of P. gingivalis and P. intermedia Wakabayashi et al. (2009)
bovine
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antibacterial activity against Streptococcus mutans
and Streptococcus mitis, but not A. actinomycetem-
comitans, and increased transcriptional activation for
tracheal antimicrobial peptide mRNA (Velliyagoun-
der et al. 2003). This hLF variant was frequent in
patients with localized juvenile periodontitis in the
USA (Velliyagounder et al. 2003). The association
between this hLF gene’s polymorphisms and aggres-
sive periodontitis was also found in Taiwanese
patients (Wu et al. 2009). Another hLF variant
comprising Alall/not Thr in the N-terminal region
was associated with aggressive periodontitis in Afri-
can-American patients, but not Caucasian patients
(Jordan et al. 2005). The iron-binding capacity and
biological activities of the lactoferricin (LFcin)
region at the N-terminal of hLF may alter the
composition of A. actinomycetemcomitans in the
microbial flora of the oral cavity and influence
the incidence of aggressive periodontitis.

Chronic periodontitis, P. gingivalis,
and P. intermedia

Porphyromonas gingivalis and Prevotella intermedia
are gram-negative black-pigmenting anaerobes,
which are etiologic agents of chronic adult periodon-
titis (Loesche 1999). hLF was shown to exhibit
growth inhibitory activity against P. gingivalis, but
not P. intermedia (Aguilera et al. 1998, Shi et al.
2000) and LFcin B indicated a weak antibacterial
activity against P. gingivalis (Shi et al. 2000). hLF
binds to P. gingivalis, P. intermedia, and Prevotella
melaninogenica (Kalfas et al. 1991). hLF binds to the
fimbrillin of P. gingivalis fimbriae through hLF
oligosaccharide (Sojar et al. 1998) and to the
hemoglobin receptor protein of this bacterium (Shi
et al. 2000). bLF inhibits binding of P. intermedia to
plasma and subepithelial matrix proteins, fibronectin,
collagen type I and type IV, laminin, and fibrinogen,
and dissociates the bacterial complexes with these
proteins (Alugupalli et al. 1994). hLF and bLF also
inhibits adhesion of P. intermedia to epithelial cells
(Alugupalli and Kalfas 1995). On the other hand, hLF
is degraded strongly by P. gingivalis and weakly by
P. intermedia (Alugupalli and Kalfas 1996; de Lillo
et al. 1996). A recent study showed that hLF peptides
with no anti-Escherichia coli activity and reduced
iron-chelating capacity are present in the parotid

saliva of chronic periodontitis patients (Komine et al.
2007). Although they suggested that the peptides
exhibit inflammatory activity and are produced by
proteolysis with proteinase 3 co-localizing in the
parotid saliva, the protease seems to be of host, but
not bacterial. LF is a host defense factor against
periodontopathic bacteria, but the protein may be
degraded in chronic periodontitis.

LF as a marker of periodontal diseases

Initially, it was reported that hLF levels in GCF of
patients with gingivitis, adult periodontitis (chronic
periodontitis), and localized juvenile periodontitis
(aggressive periodontitis) were similar, but higher
than in normal subjects (Friedman et al. 1983).
Another study indicated that the hLF level in GCF
correlates with the clinical severity of periodontal
diseases and the number of polymorphonuclear
leucocytes (Adonogianaki et al. 1993). A decrease
in hLF levels was observed in GCF and saliva after
surgical periodontal treatment in chronic periodontitis
(Jentsch et al. 2004), and in GCF and peripheral
blood after oral hygiene procedures in experimental
gingivitis using healthy volunteers (Ozdemir et al.
2009). hLF is not synthesized in the healthy gingival
tissues and elevated hLF levels in the GCF of
inflamed tissues originate from invading inflamma-
tory cells (Eberhard et al. 2006). Thus, hLF is
released from neutrophils to GCF in response to the
inflammatory condition of periodontitis as a potential
host defense factor against periodontopathic bacteria
and may be a good marker of periodontal diseases.

Inhibition of P. gingivalis and P. intermedia
biofilms by LF

P. gingivalis and P. intermedia reside as a biofilm in
the subgingival plaque (Davey and Costerton 2006,
Marsh 1992). Recently, we have investigated the
effect of LF on the planktonic growth and biofilms of
P. gingivalis and P. intermedia (Wakabayashi et al.
2009). It was indicated that hLF, iron-free apo-bLF,
and iron-saturated holo-bLF can suppress planktonic
growth of P. gingivalis and P. intermedia over 5 h of
incubation. Furthermore, it was found that various
iron-bound (apo, native, and holo) forms of bLF and
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hLF inhibit biofilm formation of these bacteria even
at lower concentrations (>8 pg/ml). LF alone or in
combination with antibiotics used for periodontal disease
chemotherapy including ciprofloxacin, clarithromycin,
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Fig. 1 Kinetics of bLF administered to the oral cavity. A
tablet containing 0.3 g of bLF was given and melted in the oral
cavity of three volunteers. Unstimulated saliva was collected
from immediately before administration to 3 h after adminis-
tration. The saliva was centrifuged at 3,000 rpm for 3 min and
bLF concentration in the supernatant was measured by an
automated latex assay. The effective range for biofilm
inhibition of P. gingivalis and P. intermedia (8-2,000 pg/ml)
was also indicated in the figure (Wakabayashi et al. 2009)

and minocycline also reduced the pre-formed bio-
films of these bacteria. These findings suggest a role
for LF in the inhibition of periodontopathic bacteria
in the oral cavity and its potential usefulness for
prevention, treatment, and adjunct therapy of peri-
odontal diseases.

Clinical study in chronic periodontitis

Before we performed a clinical study in chronic
periodontitis patients, kinetics of administered LF in
the oral cavity were examined. Troche-type tablets
containing 0.3 g of bLF were produced. One tablet
was given to three volunteers and melted in the oral
cavity. Unstimulated saliva was collected before and
after administration, and the bLF concentration in the
saliva was measured. As shown in Fig. 1, bLF levels
in saliva rose up to 2,000-80,000 pg/ml immediately
after feeding. Although the bLF levels fell rapidly,
they remained at 10-50 pg/ml up to 3 h after feeding.
These bLF levels are within the effective range for
biofilm inhibition of periodontopathic bacteria (Wa-
kabayashi et al. 2009). Next, we did a small-scale
clinical trial of bLF in patients with mild chronic
periodontitis (Kondo et al. 2008). Eight patients were

Table 2 Change in bacterial copy number in subgingival plaque after administration of a placebo or bLF tablet

Bacteria Change in copy number from the baseline (Log;¢/paperpoint)

1 week

1 month 3 months

Total bacteria

Placebo group 0.26 £+ 0.16
LF group 0.34 £+ 0.20
P value 0.9746

P. gingivalis
Placebo group 0.35 £0.29
LF group —0.12 £ 0.39
P value 0.4754

P. intermedia
Placebo group 0.42 £+ 0.32
LF group —0.65 £ 0.42
P value 0.0233

0.49 £ 0.20 0.17 £ 0.21
—0.21 £ 0.14 —0.05 £ 0.20

0.0075 0.7024

0.21 £ 0.21 1.04 £ 0.39
—0.57 £ 0.40 —0.20 £ 0.32

0.0289 0.0289

043 £ 0.44 0.38 £ 0.42
—0.62 + 0.38 —0.46 + 0.44

0.1008 0.1638

A small-scale clinical trial of bLF was conducted in 18 patients with mild chronic periodontitis in a randomized double-blind manner
(Kondo et al. 2008). Eight patients were administered tablet containing 0.3 g of bLF and 10 patients were administered a placebo
tablet. The patients were given two tablets three times a day for 3 months. Two teeth from each patient were subjected to
bacteriological analysis (n = 20 for the placebo group and n = 16 for the bLF group). Copy number of total bacteria, P. gingivalis,
and P. intermedia in the subgingival plaque was measured by quantitative PCR, and change in copy number from the baseline was
assessed. Statistical analysis was done between the two groups with the Mann-Whitney U test
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administered tablet containing 0.3 g of bLF and 10
patients were administered a placebo tablet. The
patients were given two tablets three times a day for
3 months in a double-blind manner. In the bLF group,
a significant reduction was shown in changes in the
number of total bacteria (after 1 month), P. gingivalis
(after 1 and 3 months), and P. intermedia (after
1 week) in the subgingival plaque, as compared to the
placebo group (Table 2). In addition, a trend towards
a reduction in GCF levels of hLF was observed in the
bLF group. bLF was also detected in GCF, as well as
in saliva, of bLF-administered patients. The bLF may
have penetrated into GCF and inhibited or/and
reduced the biofilm of the periodontopathic bacteria
in the subgingival plaque. This finding suggests that
bLF is a good candidate food-component to promote
periodontal health.

Conclusions

There appears no doubt from the literature that LF is an
important host defense factor against periodontopathic
bacteria and may influence the course of periodontal
diseases. Like other bacteria, the biofilm form of
periodontopathic bacteria exhibits lower susceptibility
or resistance to antibiotics (Larsen 2002, Takahashi
et al. 2006). Therefore, the inhibitory effects of LF on
biofilm development and the established biofilm of
periodontopathic bacteria have potential uses in pre-
vention, treatment, and combination therapy of peri-
odontal diseases. In addition, the antibacterial, anti-
adhesive, anti-inflammatory, and immunomodulatory
activities of LF may have beneficial effects on
prevention of periodontal diseases.

References

Adonogianaki E, Moughal NA, Kinane DF (1993) Lactoferrin
in the gingival crevice as a marker of polymorphonuclear
leucocytes in periodontal diseases. J Clin Periodontol
20:26-31

Aguilera O, Andrés MT, Heath J, Fierro JF, Douglas CWI
(1998) Evaluation of the antimicrobial effect of lactoferrin
on Porphyromonas gingivalis, Prevotella intermedia and
Prevotella nigrescens. FEMS Immunol Med Microbiol
21:29-36

Alugupalli KR, Kalfas S (1995) Inhibitory effect of lactoferrin
on the adhesion of Actinobacillus actinomycetemcomitans

and Prevotella intermedia to fibroblasts and epithelial
cells. APMIS 103:154-160

Alugupalli KR, Kalfas S (1996) Degradation of lactoferrin by
periodontitis-associated bacteria. FEMS Microbiol Lett
145:209-214

Alugupalli KR, Kalfas S, Edwardsson S, Forsgren A, Arnold
RR, Naidu AS (1994) Effect of lactoferrin on interaction
of Prevotella intermedia with plasma and subepithelial
matrix proteins. Oral Microbiol Immunol 9:174-179

Al-Zahrani MS (2006) Increased intake of dairy products is
related to lower periodontitis prevalence. J Periodontol
77:289-294

Baveye S, Elass E, Mazurier J, Spik G, Legrand D (1999)
Lactoferrin: a multifunctional glycoprotein involved in
the modulation of the inflammatory process. Clin Chem
Lab Med 37:281-286

Chierici R (2001) Antimicrobial actions of lactoferrin. Adv
Nutr Res 10:247-269

Davey ME, Costerton JW. 2006 Molecular genetics analyses of
biofilm formation in oral isolates. Periodontology 2000
42:3-26

de Lillo A, Teanpaisan R, Fierro JF, Douglas CWI (1996)
Binding and degradation of lactoferrin by Porphyromonas
gingivalis, Prevotella intermedia and Prevotella nigres-
cens. FEMS Immunol Med Microbiol 14:135-143

Eberhard J, Drosos Z, Tiemann M, Jepsen S, Schroder JM
(2006) Immunolocalization of lactoferrin in healthy and
inflamed gingival tissues. J Periodontol 77:472-478

Fine DH, Furgang D (2002) Lactoferrin iron levels affect
attachment of Actinobacillus actinomycetemcomitans to
buccal epithelial cells. J Periodontol 73:616-623

Fine DH, Furgang D, Beydouin F (2002) Lactoferrin iron
levels are reduced in saliva of patients with localized
aggressive periodontitis. J Periodontol 73:624-630

Friedman SA, Mandel ID, Herrera MS (1983) Lysozyme and
lactoferrin quantitation in the crevicular fluid. J Period-
ontol 54:347-350

Jentsch H, Sievert Y, Gocke R (2004) Lactoferrin and other
markers from gingival crevicular fluids and saliva before
and after periodontal treatment. J Clin Periodontol
31:511-514

Jordan WJ, Eskdale J, Lennon GP, Pestoff R, Wu L, Fine DH,
Gallagher G (2005) A nonconservative, coding single-
nucleotide polymorphism in the N-terminal region of
lactoferrin is associated with aggressive periodontitis in an
African-American, but not a Caucasian population. Genes
Immun 6:632-635

Kalfas S, Andersson M, Edwardsson S, Forsgren A, Naidu AS
(1991) Human lactoferrin binding to Porphyromonas
gingivalis, Prevotella intermedia and Prevotella melani-
nogenica. Oral Microbiol Immunol 6:350-355

Kalmar JR, Arnold RR (1988) Killing of Actinobacillus ac-
tinomycetemcomitans by human lactoferrin. Infect Immun
56:2552-2557

Komine K-I, Kuroishi T, Ozawa A, Komine Y, Minami T,
Shimauchi H, Sugawara S (2007) Cleaved inflammatory
lactoferrin peptides in parotid saliva of periodontitis
patients. Mol Immunol 44:1498-1508

Kondo I, Kobayashi T, Wakabayashi H, Yamauchi K, Iwatsuki
K, Yoshie H (2008) Effects of oral administration of

@ Springer



424

Biometals (2010) 23:419-424

bovine lactoferrin on periodontitis patients. Jpn J Conserv
Dent 51:281-291 (in Japanese)

Larsen T (2002) Susceptibility of Porphyromonas gingivalis in
biofilms to amoxicillin, doxycycline and metronidazole.
Oral Microbiol Immunol 17:267-271

Levay PF, Viljoen M (1995) Lactoferrin: a general review.
Haematologica 80:252-267

Loesche WJ (1999) The antimicrobial treatment of periodontal
disease: change the treatment paradigm. Crit Rev Oral
Biol Med 10:245-275

Marsh PD (1992) Microbiological aspects of the chemical
control of plaque and gingivitis. J Dent Res 71:1431-1438

Mayanagi G, Kimura M, Nakaya S, Hirata H, Sakamoto M,
Benno Y, Shimauchi H (2009) Probiotic effects of orally
administered Lactobacillus salivarius WB21-containing
tablets: a double-blinded, placebo-controlled, randomized
clinical trial. J Clin Periodontol 36:506-513

Ozdemir B, Ozcan G, Karaduman B, Teoman Al, Ayhan E,
Ozer N, Us D (2009) Lactoferrin in gingival crevicular
fluid and peripheral blood during experimental gingivitis.
Eur J Dent 3:16-23

Shi Y, Kong W, Nakayama K (2000) Human lactoferrin binds
and removes the hemoglobin receptor protein of the pe-
riodontopathogen Porphyromonas gingivalis. J Biol Chem
275:30002-30008

Shimauchi H, Mayanagi G, Nakaya S, Minamibuchi M, Ito Y,
Yamaki K, Hirata H (2008) Improvement of periodontal
condition by probiotics with Lactobacillus salivarius
WB21: a randomized, double-blind, placebo-controlled
study. J Clin Periodontol 35:897-905

Shimazaki Y, Shirota T, Uchida K, Yonemoto K, Kiyohara Y,
Iida M, Saito T, Yamashita Y (2008) Intake of dairy
products and periodontal disease: The Hisayama study. J
Periodontol 79:131-137

@ Springer

Sojar HT, Hamada N, Genco RJ (1998) Structures involved in
the interaction of Porphyromonas gingivalis fimbriae and
human lactoferrin. FEBS Lett 422:205-208

Takahashi N, Ishihara K, Kimizuka R, Okuda K, Kato T (2006)
The effects of tetracycline, minocycline, doxycycline and
ofloxacin on Prevotella intermedia biofilm. Oral Micro-
biol Immunol 21:366-371

Takakura N, Wakabayashi H, Ishibashi H, Teraguchi S,
Tamura Y, Yamaguchi H, Abe S (2003) Oral lactoferrin
treatment of experimental oral candidiasis in mice. Anti-
microb Agents Chemother 47:2619-2623

Tenovuo J (2002) Clinical applications of antimicrobial host
proteins lactoperoxidase, lysozyme and lactoferrin in
xerostomia: efficacy and safety. Oral Dis 8:23-29

Velliyagounder K, Kaplan JB, Furgang D, Legarda D, Dia-
mond G, Parkin RE, Fine DH (2003) One of two human
lactoferrin variants exhibits increased antibacterial and
transcriptional activation activities and is associated with
localized juvenile periodontitis. Infect Immun 71:6141—
6147

Wakabayashi H, Abe S, Teraguchi S, Hayasawa H, Yamaguchi
H (1998) Inhibition of hyphal growth of azole-resistant
strains of Candida albicans by triazole antifungal agents
in the presence of lactoferrin-related compounds. Anti-
microb Agents Chemother 42:1587-1591

Wakabayashi H, Yamauchi K, Kobayashi T, Yaeshima T,
Iwatsuki K, Yoshie H (2009) Inhibitory effects of lacto-
ferrin on growth and biofilm formation of Porphyromonas
gingivalis and Prevotella intermedia. Antimicrob Agents
Chemother 53:3308-3316

Wu Y-M, Juo S-H, Ho Y-P, Ho K-Y, Yang Y-H, Tsai C-C
(2009) Association between lactoferrin gene polymor-
phisms and aggressive periodontitis among Taiwanese
patients. J Periodont Res 44:418-424



	Periodontitis, periodontopathic bacteria and lactoferrin
	Abstract
	Introduction
	Aggressive periodontitis  and A. actinomycetemcomitans
	Chronic periodontitis, P. gingivalis,  and P. intermedia
	LF as a marker of periodontal diseases
	Inhibition of P. gingivalis and P. intermedia biofilms by LF
	Clinical study in chronic periodontitis
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


