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Abstract: The methanolic extract of Artemisia incisa Pamp. was dissolved in dis-
tilled water and successively partitioned with n-hexane, chloroform, ethyl acetate 
and n-butanol. The antioxidant potential of all these fractions and remaining 
aqueous fraction was evaluated by four methods, i.e., the scavenging activity of the 
1,1-diphenyl-2-picrylhydrazyl radical (DPPH), the total antioxidant activity, the 
ferric reducing antioxidant power (FRAP) assay and the ferric thiocyanate assay. In 
addition, the total phenolics was determined. The obtained results revealed that 
among the studied fractions the ethyl acetate soluble fraction showed the most 
potent DPPH-radical scavenging activity with an IC50 value of 5.30±0.71 µg mL-1, 
which is even more effective than the standard antioxidant butylated hydroxyto-
luene (BHT) (IC50 value of 12.10±0.29 µg mL-1). The ethyl acetate fraction also 
showed the highest FRAP value (3677.13±0.60 µg TE mL-1), inhibition of lipid pe-
roxidation (60.93±1.15 % at 500 µg mL-1) and total phenolic content (95.50±0.58 
μg GAE g-1) as compared to other fractions. However, the remaining aqueous 
fraction was found to possess the highest antioxidant activity of all the fractions. 

Keywords: Artemisia incisa Pamp.; DPPH assay; total antioxidant activity; FRAP 
value; total phenolics; inhibition of lipid peroxidation. 

INTRODUCTION 

Lipid peroxidation is one of the main reasons for the deterioration of food 
products during processing and storage. Synthetic antioxidants such as butylated 
hydroxytoluene (BHT), butylated hydroxyanisole (BHA), propyl gallate (PG) 
and tert-butylhydroquinone (TBHQ) are widely used as food additives to in-
crease the shelf life, especially of lipids and lipid-containing products, by re-
tarding the process of lipid peroxidation. However, BHT and BHA are known to 
have not only toxic and carcinogenic effects on humans, but also to have abnor-
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mal effects on enzyme systems. Therefore, the interest in natural antioxidants, 
especially of plant origin, has greatly increased in recent years.1 Several reports 
indicate that the antioxidant potential of medicinal plants may be related to the 
concentration of their phenolic compounds, which include phenolic acids, flavo-
noids, anthocyanins and tannins.2,3 These compounds are of great value in pre-
venting the onset and/or progression of many human diseases, such as cancer, 
heart disease, hypertension and stroke.4 The health promoting effect of antioxi-
dants from plants is thought to arise from their protective effects by counteracting 
reactive oxygen species (ROS).3 

Artemisia is a quite large genus within the family of Asteraceae (Compo-
sitae), with almost 200 individual species known, which are usually found in dry 
areas, invariably as small fragrant shrubs or herbs and most yield essential oils. 
Some of these oils have found applications in perfumery and medicine (for ex-
ample, vermifuges, stimulants, etc.), whereas the leaves of some species are used 
as culinary herbs. The plants themselves are popular among gardeners as culti-
vated ornamentals. In Pakistan, this genus is represented by almost twenty five 
species.5 The plants of this genus have been used for a wide range of specific 
ailments including coughs, colds, sore throat, heartburn, haemorrhoids, fever, 
malaria, asthma, diabetes mellitus, enhancing eyesight, enhancement of the im-
mune system and cardiovascular health, as well as to decrease the risk of athero-
sclerosis, cancer, arthritis and gastrointestinal disorders. Phytochemical analyses 
of various species showed that they are rich sources of terpenoids (artemisinin), 
flavonoids including apigenin, cirsimaritin, and various novel compounds.6–9 but 
to the best of our knowledge, there is little in the literature on the employment of 
Artemisia incisa Pamp. as a natural antioxidant. Therefore, the present study was 
undertaken to investigate the in vitro antioxidant potential of various fractions of 
this plant. 

EXPERIMENTAL 

Plant material 

The plant Artemisia incisa Pamp. was collected from Kotly, Azad Kashmir in March 
2009, and identified by Mr. Muhammad Ajaib (taxonomist), Department of Botany, Go-
vernment College University, Lahore. A voucher specimen (G.C.Herb.Bot.858) is deposited 
in the Herbarium of the Botany Department of the same university. 

Extraction and fractionation of antioxidants 

Shade-dried ground whole plant (6.8 kg) was exhaustively extracted with methanol 
(4×12 L) at room temperature. The solvent was removed in a rotary evaporator (Laborta 4000- 
-efficent Heidolph) at 40 °C under vacuum to yield the residue (615 g), which was dissolved 
in distilled water (1.5 L) and successively partitioned with n-hexane (4×1 L), chloroform (4×1 
L), ethyl acetate (4×1 L) and n-butanol (4×1 L) to obtain four organic fractions. The organic 
fractions as well as the remaining water fraction were all concentrated separately on a rotary 
evaporator (the n-hexane-partitioned fraction at 40 °C, the chloroform-partitioned fraction at 
40 °C, the ethyl acetate-partitioned fraction at 43 °C, the n-butanol-partitioned fraction at 50 
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°C and the remaining water fraction at 60 °C under vacuum). The thus obtained residues for 
each fraction were used to evaluate their in vitro antioxidant potential. 

Chemicals and standards 

1,1-Diphenyl-2-picrylhydrazyl radical (DPPH·), 2,4,6-tripyridyl-s-triazine (TPTZ), tro-
lox, gallic acid, Folin–Ciocalteu; BHT was obtained from the Sigma Chemical Company Ltd. 
(USA) and the organic solvents (n-hexane, chloroform, ethyl acetate and n-butanol), sulphuric 
acid, sodium phosphate, ammonium molybdate, ferric chloride and ferrous chloride from 
Merck (Pvt.) Ltd. (Germany). 

DPPH radical scavenging activity  

The DPPH radical scavenging activities of the various fractions of the plant were ex-
amined by comparison with that of a known antioxidant (BHT) using a reported method.10 
Briefly, various amounts of the samples (1000, 500, 250, 125, 60, 30, 15 and 8 μg mL-1) were 
mixed with 3 mL of a methanolic solution of DPPH (0.1 mM). The mixture was shaken 
vigorously and allowed to stand at room temperature for one hour. Then the absorbance was 
measured at 517 nm against methanol as a blank in a spectrophotometer (CECIL Instruments 
CE 7200 Cambridge, England). A lower absorbance of the reaction mixture indicated a higher 
free radical scavenging activity. 

The percent of DPPH decolouration of the samples was calculated according to the 
formula: 

 Antiradical activity (%) = 100(Acontrol – Asample) / Acontrol 

Each sample was assayed in triplicate and mean values were calculated. 

Total antioxidant activity by the phosphomolybdenum method 

The total antioxidant activities of the various fractions of the plant were evaluated by the 
phosphomolybdenum complex formation method.11 Briefly, 500 μg mL-1 of each sample was 
mixed with 4 mL of reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 
mM ammonium molybdate) in sample vials. The blank solution contained 4 mL of reagent 
solution. The vials were capped and incubated in a water bath at 95 °C for 90 min. After the 
samples had cooled to room temperature, the absorbance of the mixture was measured at 695 
nm against the blank. The antioxidant activity was expressed relative to that of BHT. All 
determinations were assayed in triplicate and mean values were calculated. 

Ferric reducing antioxidant power (FRAP) assay 

The FRAP assay was realised according to Benzie and Strain12 with some modifications. 
The stock solutions included 300 mM acetate buffer (pH 3.6), 10 mM TPTZ solution in 40 
mM hydrochloric acid and 20 mM ferric chloride hexahydrate solution. The fresh working 
solution (FRAP solution) was prepared by mixing 25 mL of the acetate buffer, 2.5 mL of the 
TPTZ solution and 2.5 mL of the ferric chloride hexahydrate solution and then warmed at 37 
°C before use. Solutions of the plant samples and that of trolox were prepared in methanol 
(250 μg mL-1). 10 μL of each of sample solution were taken in separate test tubes and 2990 μL 
of FRAP solution were added to each to make the total volume 3 mL. The plant samples were 
allowed to react with the FRAP solution in the dark for 30 min. The absorbance of the coloured 
product (the ferrous tripyridyltriazine complex) was measured at 593 nm. The FRAP values 
are expressed as μmol of trolox equivalents (TE) per mg of the sample using a standard curve 
constructed for different concentrations of trolox. The results are expressed as TE in μg mg-1. 
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Ferric thiocyanate (FTC) assay 

The antioxidant activities of the various fractions of plant on the inhibition of linoleic 
acid peroxidation were assayed by the thiocyanate method.14 Samples (0.1 mL, 0.5 mg mL-1) 
were mixed with 2.5 mL of linoleic acid emulsion (0.02 M, pH 7.0) and 2.0 mL of phosphate 
buffer (0.02 M, pH 7.0). The linoleic emulsion was prepared by mixing 0.28 g of linoleic acid, 
0.28 g of Tween-20 as emulsifier and 50.0 mL of phosphate buffer. The reaction mixture was 
incubated for 5 days at 40 °C. The mixture without extract was used as the control. The mix-
ture (0.1 mL) was taken and mixed with 5.0 mL of 75 % ethanol, 0.1 mL of 30 % ammonium 
thiocyanate and 0.1 mL of 20 mM ferrous chloride in 3.5 % hydrochloric acid and allowed to 
stand at room temperature. Precisely 3 minutes after addition of ferrous chloride to the re-
action mixture, absorbance was recorded at 500 nm. The antioxidant activity is expressed as 
follows: 

 Inhibition of lipid peroxidation (%) = 100{1 – (Asample) / (Acontrol)} 

The antioxidant activity of BHT as a reference standard was assayed for comparison. 

Total phenolic content 

Total phenolics of the various fractions of plant were determined by a reported method.14 
A 0.1 mL aliquot of the sample solution (0.5 mg mL-1) was combined with 2.8 mL of a 10 % 
sodium carbonate solution and 0.1 mL of 2 M Folin–Ciocalteu reagent. After 40 min, the ab-
sorbance at 725 nm was measured using a UV–Vis spectrophotometer. The total phenolics 
were determined as milligrams of gallic acid equivalents per gram of sample. These were 
determined with the help of standard calibration curve, which was constructed for different 
concentrations of gallic acid. The standard gallic acid curve was linear in the concentration 
range 50–400 μg mL-1. The results are expressed in μg GAE mL-1. 

Statistical analysis 

All the measurements were performed in triplicate and the statistical analysis was 
realised using Microsoft Excel 2003. The results are presented as mean ± SEM. 

RESULTS AND DISCUSSION 

The scavenging of the stable DPPH radical model is a widely used method to 
evaluate antioxidant activities in a relatively short time. The addition of the 
extracts to a DPPH solution caused a rapid decrease in the optical density at 517 
nm. The degree of decolouration is an indication of the scavenging capacity of 
the extracts. Free radicals cause autoxidation of unsaturated lipids in food.15 The 
effect of an antioxidant on DPPH radical scavenging is thought to be due to its 
hydrogen donating ability or radical scavenging activity.16 Antioxidants cease the 
free radical reaction by donating a hydrogen from the phenolic hydroxyl groups. 
Thus, the formation of a stable end-product does not permit further oxidation of 
the lipid.17 The decrease in the absorbance of the stable radical DPPH, accom-
panied with colour changes from violet to yellow, was measured for three con-
centrations, and the results are given in Table I. According to the obtained re-
sults, the ethyl acetate soluble fraction showed the highest DPPH scavenging 
activity of 87.74±1.75 % at a concentration of 125 μg mL–1, while the n-hexane 
soluble fraction revealed the lowest scavenging value of 68.10±1.70 % at a con-
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centration of 1000 μg mL–1. For each fraction, the IC50 value was calculated and 
is presented in Table II. The IC50 value is the concentration which causes a 50 % 
inhibition of the DPPH radicals. Different concentrations of the fractions were 
taken such that some concentrations had an inhibition above 50 % and some be-
low 50 %. The lower the IC50 value, the greater is the antioxidant activity. The 
IC50 value of the ethyl acetate soluble fraction was very low (5.30±0.71 μg mL–1) 
and hence it showed the highest antioxidant activity as compared to the other 
fractions. The IC50 values for other fractions increased in order chloroform so-
luble fraction < n-butanol soluble fraction < remaining aqueous fraction < n-hex-
ane soluble fraction (Table II). The total antioxidant capacity of all fractions was 
measured spectrophotometrically by the phosphomolybdenum method, which is 
based on the reduction of Mo(VI) to Mo(V) by the sample analyte and the sub-
sequent formation of green phosphate/Mo(V) compounds with a maximum ab-
sorption at 695 nm.18 The aqueous fraction displayed the highest total anti-
oxidant activity value (1.56-fold greater than BHT), followed by the slightly less 
potent ethyl acetate, chloroform and n-hexane soluble fractions (from 1.45 to 
1.47-fold greater activity than BHT), while the n-butanol soluble fraction had the 
lowest total antioxidant activity (1.35-fold greater than BHT). 

TABLE I. 1,1-Diphenyl-2-picryl hydrazyl radical (DPPH) radical scavenging activity of the 
various fractions of Artemisia incisa Pamp. 

Sr. No. Sample Concentration in assay, μg ml-1 Scavenging of DPPH, %±SEMa 
1 n-Hexane 

soluble fraction 
1000 
500 
50 

68.10±1.70b 
59.30±1.17b 
36.30±0.61b 

2 Chloroform 
soluble fraction 

125 
60 
30 

87.71±1.75 
67.43±1.14 
40.77±1.14b 

3 Ethyl acetate 
soluble fraction 

125 
60 
30 

87.74±1.13 
75.90±1.73 
58.30±1.76b 

4 n-Butanol 
soluble fraction 

125 
60 
30 

87.60±0.99 
61.25±1.17b 
44.10±1.17b 

5 Remaining 
aqueous fraction 

250 
125 
50 

72.65±1.55b 
61.95±0.68b 
49.8±1.02b 

6 BHTc 60 
30 
15 

91.17±1.20 
72.14±1.14 
65.86±2.32 

aAll results are presented as mean ± standard mean error of three assays; bp < 0.05 when compared with the 
negative control, i.e., blank/solvent (p < 0.05 is taken as significant); cstandard antioxidant. Note: IC50 should be 
calculated by the linear regression method of plots of the percentage of antiradical activity against the con-
centration of the tested samples. Hence, the concentrations of the fractions were taken in such a way that some 
concentrations show % inhibition above 50 % and some below 50 % 
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TABLE II. IC50, total phenolics, total antioxidant activity, FRAP values and lipid peroxidation 
inhibition values of different fractions of Artemisia incisa Pamp.; all results are presented as 
mean ± standard mean error of three assays 

Sr. 
No. 

Sample 
IC50 

μg mL-1 

Total 
antioxidant 

activity 

FRAP value
μg TE mg-1 

Inhibition of 
lipid peroxi-
dation, %a 

Total phenolics 
mg GAE g-1 

1 n-Hexane 
soluble 
fraction 

379.10±9.48 1.45±0.01b 179.80±0.46b 47.06±0.59b 51.20±0.46b 

2 Chloroform 
Soluble 
fraction 

37.90±13.59 1.46±0.01b 1571.30±0.49b 51.37±0.56b 54.50±0.59b 

3 Ethyl acetate 
soluble 
fraction 

5.30±0.71 1.47±0.01b 3677.13±0.60b 60.93±1.15 95.50±0.58b 

4 n-Butanol 
soluble 
fraction 

39.80±12.65 1.35±0.02b 2136.40±0.34b 49.60±0.99b 59.75±1.17b 

5 Remaining 
aqueous 
fraction 

44.40±6.60 1.56±0.01b 620.50±0.52b 54.20±0.88b 69.25±0.59b 

6 BHTc 12.10±0.29 1.2186±0.01 – 62.91± 1.16 – 
Blankd – – 2.30 – 1.15b 
aTested concentration at 500 μg mL-1; bp < 0.05 when compared with the negative control, i.e., blank/solvent 
(p < 0.05 is taken as significant); cexpressed relative to BHT; dexpressed relative to blank 

The FRAP assay is a simple and inexpensive procedure that measures the 
total antioxidant levels in a sample. It utilizes the reducing potential of the anti-
oxidants to react with the ferric tripyridyltriazine (Fe(III)-TPTZ) complex and 
produce the coloured ferrous tripyridyltriazine (Fe(II)-TPTZ) complex.19,20 Among 
all the Artemisia incisa fractions, the ethyl acetate soluble fraction showed the 
highest FRAP value (3677.13±0.60 μg TE mg–1) and then the other fractions 
which followed the order n-butanol soluble fraction (2136.40±0.34 μg TE mg–1) >  
> chloroform soluble fraction (1571.30±0.49 μg TE mg–1) > aqueous fraction 
(620.50±0.52 μg TE mg–1) while the n–hexane soluble fraction revealed the low-
est FRAP value (179.80±0.46 μg TE mg–1). 

The ferric thiocyanate method measures the amount of peroxide generated 
during the initial stage of linoleic acid emulsion during incubation. Here, the pe-
roxide reacted with ferrous chloride to form ferric chloride, which in turn reacted 
with ammonium thiocyanate to produce ferric thiocyanate, a reddish pigment. 
The low absorbance values measured via the FTC method indicated high anti-
oxidant activity.21 The obtained results revealed that the ethyl acetate soluble 
fraction showed the maximal inhibition of lipid peroxidation (60.93±1.15 %) and 
the n-hexane soluble fraction the minimal (47.06±0.59 %) at a concentration of 
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500 μg mL–1; the following order for the different fractions of this plant was 
observed: ethyl acetate soluble fraction > remaining aqueous fraction > chloro-
form soluble fraction > n-butanol soluble fraction > n-hexane soluble fraction. 
The inhibition of lipid peroxidation by BHT (standard) was 62.91±0.60 % at 500 
μg mL–1 (Table II). Phenolic compounds are very important plant constituents 
because of their antioxidant activities.22 It has been revealed that various pheno-
lic antioxidants, such as flavonoids, tannins, coumarins and procyanidins sca-
venge radicals dose-dependently. Thus, they are viewed as promising therapeutic 
drugs for free radical pathologies.23 According to the present results, the ethyl 
acetate soluble fraction possessed the highest amount of total phenolics, having a 
value of 95.5±0.58 mg GAE g–1, followed by the remaining aqueous fraction 
(69.25±0.59 mg GAE g–1), the n-butanol soluble fraction (59.75±1.17 mg GAE 
g–1), the chloroform soluble fraction (54.5±0.59 mg GAE g–1) while the n-hex-
ane soluble fraction exhibited the lowest total phenolic content (51.20±0.46 mg 
GAE g–1) (Table II). 

CONCLUSIONS 

The results showed that among the studied fractions, the ethyl acetate so-
luble fraction showed the most potent DPPH-radical scavenging activity with an 
IC50 value of 5.30±0.71 μg mL–1 and it was even more effective than the stan-
dard antioxidant BHT (IC50 = 12.10±0.29 μg mL–1). The ethyl acetate fraction 
also showed the highest FRAP value (3677.13±0.60 μg TE mg–1), inhibition of 
lipid peroxidation (60.93±1.15 % at 500 μg mL–1) and total phenolic content 
(95.50±0.58 μg GAE g–1) when compared to the other fractions. However, the 
remaining aqueous fraction was found to possess the highest total antioxidant ac-
tivity among all the fractions. Hence, it was concluded that the ethyl acetate so-
luble fraction of this plant is rich in strong antioxidants but it is also promising to 
be able to conclude that, except for the n-hexane soluble fraction, all the other 
fractions of this plant are potentially valuable sources of natural antioxidants and 
might show effectiveness against diseases caused by the over-production of radi-
cals. Thus, further phytochemical studies are required to isolate these potent na-
tural antioxidants. 

И З В О Д  

АНТИОКСИДАТИВНА АКТИВНОСТ ЕКСТРАКАТА БИЉКЕ Artemisia incisa Pamp. 

AZIZ-UR-REHMAN1, SEHRISH GULZAR1, MUHAMMAD A. ABBASI1, TAYYABA SHAHZADI1, 

TAUHEEDA RIAZ1, SABAHAT Z. SIDDIQUI1 и MUHAMMAD AJAIB2 

1Department of Chemistry, Government College University, Lahore-54000, Pakistan и 2Department of Botany, 
Government College University, Lahore-54000, Pakistan 

Метанолни екстракт биљке Artemisia incisa Pamp. је, након упаравања растварача, 
растворен у дестилованој води и подвргнут подеоној екстракцији n-хексаном, хлороформом, 
етил-ацетатом и n-бутанолом. Антиоксидативна активност фракција је одређивана следећим 
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методама: а) реакцијом хватања 1,1-дифенил-2-пикрилхидразил радикала (DPPH), б) мере-
њем укупне антиоксидативне активности, в) тестирањем способности редукције фери јона 
(FRAP тест) и г) извођењем фери-тиоцијанатног теста. Такође је одређена укупна количина 
фенолних једињења. Резултати су показали да је етил-ацетатни екстракт показао највећу 
способност хватања DPPH радикала, његова IC50 вредност је била 5,30±0,71 μg mL-1 и био је 
ефикаснији од стандардног антиоксиданса BHT, чија је IC50 вредност била 12,10±0,92 μg 
mL-1. Етил-ацетатна фракција је имала и највећу способност редукције фери јона (FRAP 
вредност је била 3677,13±27,1 μg TE mL-1), способност инхибиције липидне 
пероксидације (60,93±0,84 % при концентрацији 500 μg mL-1), а и садржај фенолних 
једињења је био највећи (95,50±0,05 μg GAE g-1). Водена фракција, заостала после 
екстракције органским растварачима, имала је највећу укупну антиоксидативну активност. 

(Примљено 2. јануара, ревидирано 18. марта 2011) 

REFERENCES 

1. N. G. Baydar, G. Özkan, S. Yaşar, Food Control 18 (2007) 1131 
2. A. Djeridane, M. Youssfi, B. Nadjemi, P. Boutassouna-Stocker, N. Vidal, Food Chem. 97 

(2006) 654 
3. C. Wong, H. Li, K. Cheng, C. Feng, Food Chem. 97 (2006) 705 
4. D. Kim, K. Ock, J. Young, M. Hae-Yeon, Y. L. Chang, J. Agric. Food Chem. 51 (2003) 

6509 
5. R. Abid, M. Qaisar, Pak. J. Bot. 40 (2008) 1827 
6. C.-Z. Liu, Y.-C. Wang, C. Guo, F. Ouyang, H.-C. Ye, G.-F. Li, Plant Sci. 135 (1998) 211 
7. C. Z. Liu, S. J. Murch, M. El-Demerdash, P. K. Saxena, J. Biotechnol. 110 (2004) 63 
8. H. A. Arab, S. Rahbari, A. Rassouli, M. H. Moslemi, F. Khosravirad, Trop. Anim. Health 

Prod. 38 (2006) 497 
9. J. T. Mukinda, J. A. Syce, J. Ethnopharmacol. 112 (2007) 138 

10. K. Lee, T. Shibamoto, Food Chem. 74 (2001) 443 
11. P. Prieto, M. Pineda, M. Aguilar, Anal. Biochem. 269 (1999) 337 
12. I. F. F. Benzie, J. J. Strain, Anal. Biochem. 239 (1996) 70 
13. P. Valentao, E. Fernandes, F. Carvalho, P. B. Andrade, R. M. Seabra, M. L. Bastos, J. 

Agric. Food Chem. 50 (2002) 4989 
14. H. P. S. Makkar, M. Bluemmel, N. K. Borowy, K. Becker, J. Sci. Food Agric. 61 (1993) 161 
15. H. Kaur, J. Perkins, in Free Radicals and Food Additives, O. I. Aruoma, B. Halliwell, 

Eds., Taylor and Francis, London, 1991, pp. 17–35 
16. J. Baumann, G. Wurm, F. Bruchhausen, Naunyn-Schmied. Arch. Pharmacol. 30 (1979) 27 
17. E. R. Sherwin, J. Am. Oil Chem. Soc. 55 (1978) 809  
18. S. Miladi, M. Damak, J. Soc. Chim. Tunisie 10 (2008) 101  
19. I. F. F. Benzie, J. J. Strain, Methods Enzymol. 299 (1999) 15 
20. R. L. Prior, G. Cao, Free Radical Biol. Med. 27 ( 1999) 1173 
21. J. S. J. Kim, M. J. Kim, J. Med. Plants Res. 4 (2010) 674. 
22. G. Paganga, N. Miller, C. A. Rice-Evans, Free Radical Res. 30 (1999) 153 
23. T. J. VanderJagt, R. Ghattas, D. J. VanderJagt, M. Crossey, R. H. Glew, Life Sci. 70 

(2002) 1035. 

________________________________________________________________________________________________________________________________________

2011 Copyright (CC) SCS

Available online at www.shd.org.rs/JSCS



<<
  /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




