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Abstract

Background: At present, cholinesterase inhibition and neuronal protection from oxidative
stress are well-known mechanisms that widely used for the treatment of Alzheimer’s disease (AD)
(1,2). According to Thai traditional medicine, brain hypo-function, which has similar symptoms to that
of AD, was due to declining in wind-element, blood circulation and neurological system. Trikatuk
is herbal remedy, strongly increases wind-element, had been used as nootropic remedy for body
balance in rainy season. It's composed of 3 plants: Zingiber officinale rhizomes (Zo), Piper nigrum
fruits (Pn) and Piper retrofractum fruits (Pr) in either ratio of 1:1:1(Tk1), 3:2:1(Tk2),1:3:2(Tk3)
or 2:1:3(Tk4).

Aims: This study focused on acetyicholinesterase (AChE) and human butyrylcholinester-
ase (BuChE) inhibitory activities by the method of Elman (3, 4) and antioxidant activity by DPPH
method(5) of the 4 remedies and ingredients.

Methods: Sixty grams of each plants and recipes were extracted by 95 %ethanol (250
ml x 3), then evaporated under reduced pressure and dried in vacuum-dry at 45°C for 24 hour.
Piperine and 6-gingerol of each extracts were also determined by HPLC.

Results: The results showed that the ethanolic extract of the 4 remedies at dose of 0.1
mg/ml had BuChE inhibitory effect more than 70%. The IC5D of AChE inhibitory activity of Zo, Pn,
Pr, Tk1, Tk2, Tk3, Tk4, galantamine were >300, 25.46, 51.60, 45.6, 51.97, 41.19, 42.93, 0.1 ug/ml|
and that of BuChE were 60.82, 42.94, 34.58, 28.74, 25.39, 33.01, 33.28, 0.37 ug/ml respectively.
All Trikatuk remedies exhibited higher BuChE inhibitory activity than that of AChE. The Tk1 and
Tk2 exhibited higher BuChE inhibitory activity than single herb. The antioxidant activity of Zo and
Tk2 were 16.59 and 48.80 ug/ml which was higher activity than the others. The percentage of
piperine and 6-gingerol in Tk2 extract (w/w) were 18.57 + 0.22 and 1.05 + 0.01 mg/g.
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Conclusion: The combined recipes had synergistic effect on BuChE inhibitory activity more

than single herb. In addition, the Tk2 might protect neuronal cell from oxidative stress toxicity due

fo its antioxidant effect. These results revealed that Tk2 was the potential use for AD treatment.
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Introduction

Thailand is an aged country that
over 10% of population is now over 60. As
predicted by Institute of Population and Social
Research, Mahidol University, the population
of older persons will exceed 12.9 million
in 2025 and 20 million in 2050(1, 2). The
incidence of Alzheimer disease (AD) is
increasing every year in accordance with the
increasing of elderly population and could
be pose significant health problems in the
future. AD is a chronic neurological disorder
characterized by memory impairment,
cognitive dysfunction, behavioral distur-
bances, and deficits in daily living. At present,
acetylcholinesterase (AChE) and butyrylcho-
linesterase (BuChE) inhibitors are well-known
drugs used in the treatment of AD (3). However,
these drugs are limited in use due to their
adverse effects and are effective only against
mild type of AD (4, 5). In addition, oxidative
stress is one of the major mechanisms causing
neuron and astrocyte death in AD (6,7,8.). Dual
effects of antioxidants in neurodegeneration
were direct neuroprotection against oxidative
stress and indirect protection via suppression of
glia-mediated inflammation (9). Plants possess-
ing profound central nervous system effects and
antioxidant activity have received much atten-
tion as food supplement to improve cognitive
function against cognitive deficit condition such
as Alzheimer’s disease.

19

According to Thai traditional medicine,
brain hypo-function, which had similar symp-
toms to that of AD, was due to declining in
wind-element, blood circulation and neurological
system. Trikatuk was herbal remedy, strongly
increases wind-element, had been traditionally
used as nootropic remedies for body balance in
rainy season. It composed of 3 plants: Zingiber
officinale (Zo) Roscoe. rhizomes, Piper nigrum
L.(Pn) fruits and Piper retrofractum Vahl (Pr)
fruits in either ratio of 1:1:1 (Tk1), 3:2:1(Tk2),
1:3:2 (Tk3) or 2:1:3 (Tk4). The Tk 1 was used
in general treatment whereas the Tk2, Tk3 or
Tk4 were used to treat illness due to impairment
of fire-element, wind-element or water-element
respectively (10). Pn and Pr, had been reported
to be AChE inhibitor at concentration of 0.1mg
/ml with % inhibition of 58.02 and 65.16 pg/
ml(11). Piperine, the major active principle
in Pn and Pr, significantly improved memory
impairment and neurodegeneration in animal
model (12), beneficially influence antioxidant
molecules and antioxidant enzymes (13).
Moreover, piperine assessed bioavailability
enhancer of others substance (14). 6-Gingerol
and shogaol, two major substance in Zo, pos-
sessed high antioxidation and anti-inflammatory
activities (15) whereas 6-Shogaol was found to
modulate neuroinflammation (16). Crude extract
of Zo showed specific inhibition of BUChE rather
than AChE enzyme (17). The combinations of
these plants might have synergistic effects on
AD treatments.
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This study focused on AChE and
BuChE inhibitory activities and also, antioxida-
tion activity of the four remedies and individual
ingredients.

Materials and methods

Plant Materials

Zo rhizome was purchased from Petcha-
boon province, Pn fruits and Pr fruits were
purchased from Chantaburi province, Thailand.
The crude drugs were identified according to
their characters of taxonomic importance. All
voucher specimens were kept at Department of
Thai Traditional Medicine, Faculty of Medicine,
Thammasat University.

Chemicals

Acetylcholine lodide (ACTI), 5,5’-dithio-
bis-(2-nitro-benzoic acid ,DTNB), galantamine,
AChE (from electric eel, type VI-S lyophilized
powder, 844 units/mg protein), butyrylcholine
iodide (BuCTIl), human BuChE (lyophilized
powder, 122 units/mg protein), bovine serum
albumin (BSA), Tris-HCL, butylated hydroxy-
toluene (BHT), piperine and 6-gingerol were
purchased from Sigma (Thailand). 50mM Tris-
HCL, pH 8.0 was used as a buffer for all experi-
ments. AChE / BUChE was separately dissolved
in buffer to obtain 1130 U/ml stock solution, kept
at -80°C and was further diluted in 0.1% BSA in
buffer. DTBN and ACTI / BuCTI were dissolved
in buffer and millipore water respectively.

Extraction

Crude drug was separately washed,
dried in hot air incubator at 50°C and then
grinded to fine powder. Sixty grams of each
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drug Zo, Pn, Pr and each remedy Zo: Pn : Pr
in ratio of 1:1:1(Tk1), 3:2:1(Tk2), 1:3:2(Tk3)
or 2:1:3(Tk4) was 3 times macerated in 250
ml of ethanol for 3 days and filtered. The
combined filtrates were evaporated under
reduced pressure (Rota evapor R-205,
Germany) until nearly dry and further
vacuum-dry (vacucell, Germany) to dryness.

Determination of active constituents in

crude extracts

By means of HPLC using Agilent® LC
1100/1200 system, with photodiode array
(PDA), detector (model G1315D), automatic
injector (model G1329A), ZORBAX Eclipse
XDB-C18 column (Agilent®), water and acetoni-
trile as mobile phase, gradient elution as 0 min:
40% B, 30 min: 50% B, 50 min: 90% B, 60 min:
100% B, elution rate of 1.0ml/min, the piperine
and 6-gingerol were detected at wavelength
254 and 282 nm (18). Data were analyzed by
ChemStation® software.

Microplate assay for AChE/BuChE
activities

The AChE/BuChE activity was mea-
sured by following the increase of yellow
color produced from thiocholine when reacts
with DTNB ion (Dithiobisnitrobenzoate). The
increase of spectrophotometer absorbance
measured at 405 nm was reversed to the
amount of enzyme inhibitor and, also, was
linear for more than 2 min. The AChE/BuChE
activity assay were performed according to
Elman et al, 1961(19) and modified by Ingkani-
nan et al, 2003 (11). Briefly, 125 pl of 3mM
DTNB, 25 pl of 15 mM ATCI or BTCI, 50 pl of
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buffer and 25 pl of sample dissolved in buffer
containing not more than 10% ethanol were
added to the wells followed by 25 pl of 0.28 U/
ml AChE or BuChE. The microplate was read at
405 nm every 5 second for 2 minutes by micro-
plate reader (BioTex model Power Wave XS).
The velocities of the reaction were automatically
measured. Enzyme activity was calculated as
a percentage of velocities compared to that of
the assay using buffer without any inhibitor.
The inhibitory activity was calculated from
100 subtracted by the percentage of enzyme
activity.

Microplate assay for DPPH radical scav-
enging activity

DPPH radical scavenging assay (20)
appears as a deep violet color and shows a
strong absorption band at 520 nm. Briefly,
pipette sample solution in each concentration
100 ml in 96-well plate. Add DPPH solution 100
ml in each sample and mixed (Final conc. of

Table 1
extract (% w/w of extract).

sample 100, 50, 10, 1 pg/ml). The absorbance
(A) was measured at 520 nm. Calculated by
formula %inhibition = [ (A control-A sample)/
A control] X100 and ECso value calculated by
linear regression analysis. BHT was used as
positive control.

Results

Table 1 showed the percentage yield of
each extract, the amount of active principles,
piperine and/or 6-gingerol in each extract.
Table 2 showed that the ethanolic extract of
the four remedies at dose of 0.1 mg/ml had
BuChE inhibitory effect were nearly 70%. The
IC50 of AChE and BuChE inhibitory activity of
the all extracts were shown. The leo values
of BUuChE were lower than that of AChE. The
Tk1 and Tk2 exhibited the lower IC50 of BuChE
inhibitory activity than single herb. The IC50 of
DPPH activity of Zo and Tk2 were 16.59 and
48.80 ug/ml which were lower than the other
extracts.

showed the percentage yield and the amount of piperine or/and 6-gingerol in each

The amount of active principles
extract % yield (%wi/w of extract) mg/g.
Piperine 6-Gingerol
Zo 5.754 - 1.59 + 0.06
Pn 6.667 40.38 £ 0.13 -
Pr 15.045 21.15+£0.25 -
Tk1 (Zo:Pn:Pr 1:1:1) 9.613 20.07 £ 0.03 0.46 £ 0.00
Tk2 (Zo:Pn:Pr 3:2:1) 8.088 18.57 £ 0.22 1.05 £ 0.01
Tk3 (Zo:Pn:Pr 1:3:2) 9.374 20.94 £ 0.17 0.30 £ 0.01
Tk4 (Zo:Pn:Pr 2:1:3) 10.796 19.23 £ 0.42 0.42 £ 0.01
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Table 2 showed activities of each extract as % inhibition of AChE and BuChE at dose of 0.1 mg/ml
(means (sd)), the ICso of AChE, BuChE and IC50 of DPPH (ug/ml).

% inhibition of | % inhibition of | IC_ of AChE | IC_ of BUChE | IC_of DPPH
Extract code <L < <
AChE BuChE (ng/ml) (ng/ml) (ng/ml)
Zo 22.63 (2.0) 40.42 (2.0) > 300 60.82 16.59
Pn 57.98 (2.2) 50.04 (2.9) 25.46 42.94 >100
Pr 45.68 (3.4) 60.48 (2.0) 51.60 34.58 >100
TK1 49.86 (2.2) 67.58 (2.2) 45.6 28.74 79.31
Tk2 48.84 (1.8) 71.84 (1.9) 51.97 25.39 48.80
Tk3 51.38 (1.3) 63.15 (2.5) 41.19 33.02 >100
Tk4 50.41 (3.1) 70.35 (3.4) 42.93 33.28 87.18
positive
93.04 (0.9) * 72.50 (0.9)* 0.1~ 0.37 * 11.52 **
control

* galantamine as positive control, ** BHT as positive control

Discussion

This study focused on anticholinesterase
and antioxidation effects of trikatuk, Thai tradi-
tional remedies, and theirs ingredients in vitro
level. Acetylcholinesterase inhibitors have been
a proper therapeutic approach to alleviate the
cognitive symptoms of AD (21). Within particular
condition such as moderate or advanced stages
of AD, BUChE may replace AChE in hydrolyzing
brain acetylcholine. Therefore, selective BUChE
inhibitor or mixed double function inhibitor is the
treatment of advanced cases (22). This study
resulted that the combined recipes exhibited
more BuChE inhibitory activity than individual
herbs. The most AChE inhibitory activity was
found in Piper nigrum extract as this plant
had been claimed for the AChE inhibitory
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activity (11). Piperine, the main active principle
in Piper nigrum and Piper retrofractum and
also in trikatuk extracts, had been revealed to
protect against neurodegeneration and cogni-
tive impairment in animal model of cognitive
deficit like condition of AD(12). Trikatuk recipes
were the mixtures of Piper nigrum and Piper
retrofractum in four difference proportions, so
the recipes beneficially acted as the enzymes
inhibitors, especially Tk2 which showed the
specific anti-BuChE effect.

It is known that oxidative stress is one
of the major mechanisms causing neuron
and astrocyte death in AD. Therefore, any
antioxidants with anti-inflammatory action may
be more beneficial in the prevention of this neu-
rodegenerative disease (9). Zingiber officinale



Cholinesterase Inhibitory and Antioxidant Activities of Thai Traditional Remedies Potentially

Used for Alzheimer’s Disease

Pimolvan Tappayuthpijarn, Chitsanucha Sattaponpan, Intouch Sakpakdeecharoen,
and Arunporn lttharat

was another ingredient in trikatuk remedies.
6-gingerol and 6-shogaol, two main active
principles in Zo, were clearly known as potent
anti-oxidants which had been proved to protect
neuroinflammation (15, 16). This study showed
that the extract of Zo and Trikatuk remedy in
the ratio of Zo: Pn : Pr 3:2:1 (Tk2) had the
antioxidation activity with IC50 of DPPH activity
of 16.59 and 48.80 pg/ml. This antioxidation
acivity were related to the 6-Gingerol content.
The Tk2 might protect neuronal cell from oxida-
tive stress toxicity due to its antioxidant effect
of 6-gingerol. In addition, the Zo extract also
showed specific inhibition of BuCh rather than
ACh enzyme. This specific anti-BuChE effect
was also due to 6-Gingerol content (17).
According to basic principle of Thai
traditional pharmacy, components in drug
compounding were divided into four categories
as main ingredient, auxillary drug, controlling
drug and coloring or flavoring agents (23).
Usage of drug remedy should be more reason-
able than single drug for the ingredients may
have synergistic effects or reduce any toxic
effect. In this study, the percentage of piperine
and 6-gingerol in trikatuk remedy (Tk2) extract
(w/w) were 18.57 and 1.05 mg/g. Besides
piperine and 6-gingerol, in trikatuk remedies,
there were other substances such as volatile

oils, oleoresins and theirs derivatives which
also had synergic effects (24). Moreover, the
trikatuk remedies were considered to be effica
cious and safe. Subacute toxicity studies of
water extracts of the three formulae of Trikatuk
showed no differences in pathological between
the extract-treated groups and the control
groups (25). Based on this study, the use of
trikatuk remedy extract in the ratio of Zo:Pn:Pr
3:2:1 was reasonable and potential for using as
co-treatment for prevention or treatment of AD.

Conclusion

The combined recipes, trikatuk remedy
in the ratio of Zo:Pn:Pr 3:2:1 (Tk2) showed
specific anti-BuChE effect more than single
herb. This recipe also had antioxidant activity
than others and might protect neuronal cell from
oxidative stress toxicity due to its antioxidant
effect of 6-gingerol. These results suggested
the potential use of trikatuk remedy, Tk2, as
prevention or additional treatment of AD.

Acknowledgement

This work was supported by the Higher
Education Research Promotion and National
Research University Project of Thailand, Office
of the Higher Education Commission.

References

American Geriatric Society Public Policy
Committee. Drug Evaluation and
Surveillance. The American Geriatrics
Society Position Statement. 2010.

23

UN Department of Economics and Social
Affaira Dovosion. In: Hamilton SR,
editor. World Population Aging 1950-
2050. IARS: Lyon; 2002: 146-55.



The International Journal of East Asian Studies

Lane RM, Potkin SG, Enz A. Targeting acetyl-
cholinesterase and butyrylcholinesterase
in dementia. Int J Neuropsychopharma-
col 2006; 9 (1):101-24.

Schneider LJ. Treatment of Alzheimer's disease
with cholinesterase inhibitors. Clin Geri-
atr Med 2001; 17: 337-9.

Raina P, Santaguida P, Ismaila A, Patterson
C, Cowan D, Levine M, Booker L,
Oremus M. Effectiveness of cholines-
terase inhibitors and memantine for
treating dementia: evidence review for
a clinical practice guideline. Ann Intern
Med 2006;148: 379-97.

Albarracin SL, Stab B, Casas Z, Sutachan
JJ, Samudio |, Gonzalez J, Gonzalo L,
Capani F, Morales L, Barreto GE.
Effects of natural antioxidants in neureo-
degenerative disease. Nutr Neurosci
2012; 15 (1): 1-9.

Liu Y, Schubert DR. The specificity of neuro-
protection by antioxidants. J Biomed Sci
2009; 16: 98.

Antonelli MC, Guillemin GJ, Raisman-Vozari
R, Del-Bel EA, Aschner M, Collins
MA, Tizabi Y, Moratalla R, West AK.
New strategies in neuroprotection and
neurorepair. Neurotox Res 2012; 21(1):
49-56.

Wang JY, Wen LL, Huang YN, Chen YT, Ku
MC. Dual effects of antioxidants in neu-
rodegeneration: direct neuroprotection
against oxidative stress and indirect pro-
tection via suppression of glia-mediated
inflammation. Curr Pharm Des 2006;
12(27): 3521-33.

Medical Registration Division, Office of Perma-
nent Secretary, Ministry of Public Health.

24

Text book of Thai herb medicine. Bang-
kok: Thai Co-operative press, 1998.

Ingkaninan K, Temkitthawon P, Chuenchom K,
Yuyaem T, Thongnoi W. Screening for
acetylcholinesterase inhibitory activ-
ity in plants used in Thai traditional
rejuvenating and neurotonic remedies. J.
Ethnopharmacol 2003; 89: 261-4.

Chonpathompikunlert P, Wattanathorn J, Muchi-
mapura S. Piperine, the main alkaloid
of Thai black pepper, protects against
neurodegeneration and cognitive impair-
ment in animal model of cognitive defi
cit like condition of Alzheimer’s disease.
Food Chem Toxicol 2010; 48(3): 798-
802.

Srinivasan K. Black pepper and its pungent
principle-piperine: a review of diverse
physiological effects. Crit Rev Food Sci
Nutr 2007; 47(8): 735-48.

Han HK. The effects of black pepper on
the intestinal absorption and hepatic
metabolism of drugs. Expert Opin Drug
Metab Toxicol 2011; 7(6): 721-9.

Dugasani S, Pichika MR, Nadarajah VD,
Balijepalli MK, Tandra S, Korlakunta
JN. J Comparative antioxidant and
anti-inflammatory effects of [6]-
gingerol, [8]-gingerol, [10]-gingeroland
[6]-shogaol. Ethanopharmacol 2010;
127(2): 515-20.

Ha SK, Moon E, Ju MS, Kim DH, Ryu JH,
Oh MS, Kim SY. 6-Shogaol, a ginger
product, modulates neuroinflammation:
A new approach to neuroprotection.
Neuropharmacology 2012; 63(2): 211-3.

Ghayur MN, Gilani AH, Ahmed T, Khalid
A, Nawaz SA, Agbedahunsi JM, Choud-



Cholinesterase Inhibitory and Antioxidant Activities of Thai Traditional Remedies Potentially

Used for Alzheimer’s Disease

Pimolvan Tappayuthpijarn, Chitsanucha Sattaponpan, Intouch Sakpakdeecharoen,

and Arunporn lttharat

hary MI, Houghton PJ.Muscarinic,
Ca(++) antagonist and specific butyryl-
cholinesterase inhibitory activity of dried
ginger extract might explain its use in
dementia. J Pharm Pharmacol 2008;
60(10): 1375-83.

Itharat, A. and Sakpakdeejaroen, |. Determina-
tion of Cytotoxic Compounds of Thai
Traditional Medicine Called Benjakul
Using HPLC. J Med Assoc Thai 2010;
93 (S7): 198-203.

Elman GL, Courtney KD, Andres V Jr, Feather-
Stone RM. A new and rapid colorimetric
determination of acetylcholinesterase
activity. Biochem Pharmacol 1961; 7:
88-95.

Yamasaki, K., Hashimoto, A., Kokusenya,
Y., Miyamoto, T. and Santo T. Elec-
trochemical method for estimating the
antioxidative effects of methanol extract
of crude drugs. Chem Pharm Bull 1994;
42: 1663-1665.

25

Larner AJ. Cholinesterase inhibitors: beyond
Alzheimer’s disease. Expert Rev.
Neurother 2010; 10: 1699-1705.

Giacobini E. Cholinesterase inhibitors: new
roles and therapeutic alternatives.
Pharmacol Res 2004; 50(4): 433-40.

Faculty of Medicine Siriraj Hospital, Mahidol
University. Thai Traditional Medicine in
the Faculty of Medicine Siriraj Hospital.
Bangkok: Supavanich Press, 2009.

Kapoor IP, Singh B, Singh G, De Heluani
CS, De Lampasona MP, Catalan CA.
Chemistry and in vitro antioxidant
activity of volatile oil and oleoresins of
black pepper (Piper nigrum). J Agric
Food Chem 2009; 57(12): 5358-64.

Chavalit-thamrong P, Chanpen P, Ruksamun
P, Attawich A. Subacute toxicity study
of traditional medicinal Trikatuk. Bulletin
of the Department of Medicine Sciences
1996; 38 (4): 273-92.




<<
  /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




