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Abstract A partial least-squares (PLS) modeling was

developed for the simultaneous spectrophotometric deter-

mination of adenine (AD) and guanine (GU). The

determination of these analytes is pharmacologically nec-

essary. Multivariate calibration is used because of spectral

overlapping. The calibration set contained AD and GU in

the concentration range of 1.4–20.3 and 1.5–25.7 lg cm-3,

respectively. The absorption spectra were recorded from

200 to 300 nm. The predicted residual error sum-of-

squares for AD and GU was 0.0500 and 0.4000 for number

of principal components 3 and 2, respectively. The root

mean square error of prediction for AD and GU was 0.0913

and 0.2582, respectively. The limits of detection were 0.02

and 0.03 lg cm-3 for AD and GU, respectively. The pro-

posed method allows the simultaneous determination of

AD and GU in spiked real matrixes of human urine, serum,

and plasma.

Keywords Adenine � Guanine � Chemometrics �
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Introduction

Deoxyribonucleic acid (DNA) is an important substance in

the storage of genetic information and protein biosynthesis.

Adenine (AD) and guanine (GU) are important components

(bases) found in DNA. Nucleosides and their metabolic

products such as purine bases play fundamental roles in life

processes [1]. Abnormal changes of the bases in an

organism suggest the deficiency and mutation of the

immune system and may indicate the presence of various

diseases. Such changes have widespread effects on coro-

nary and cerebral circulation, control of blood flow,

prevention of cardiac arrhythmias, inhibition of neuro-

transmitter release, and modulation of adenylate cyclase

activity [2, 3].

The separation and determination of AD and GU is an

interesting and challenging task because these bases are

involved in a variety of biochemical processes. In the

ruminant nutrition field, the quantification of microbial

protein synthesis and protein degradation in the rumen is

critical in all the protein evaluation systems used for these

animals. Purine bases play a very important role in the

study of the nutrition of ruminants, because AD and GU are

used, among others, like internal microbial markers to

determine microbial protein synthesis [4]. Determining

individual concentrations of GU and AD or their ratio in

DNA is important in the measurement of nucleic acid

concentration itself. Indeed, nucleic acid components in

physiological fluids, tissues, and cells are related to the

catabolism of nucleic acids, enzymatic degradation of tis-

sues, dietary habits, and various salvage pathways.

Therefore, detection of elevated levels of these substances

could be indicative of certain diseases [5]. Their concen-

tration levels are considered as important parameters for

the diagnosis of cancers, AIDS, myocardial cellular energy

status, disease progress, and therapy responses [6]. There-

fore, the determination of nucleosides and their metabolic

products is important in physiology and clinical fields. The

level of AD and GU in plasma or urine has been suggested

to be related to carcinoma or liver diseases [7], so it is

important to establish sensitive methods for the detection

of AD and GU.
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In recent years, a series of methods, including mass

spectrometry (MS) [8], high-performance liquid chroma-

tography (HPLC) [9], ion-pairing liquid chromatography

(IPIC) [10], capillary electrophoresis (CE) [11], flow-

injection chemiluminescence (CL) [12], electrochemical

methods [7, 13–16], and spectroscopic methods [17, 18],

have been developed for the determination of nucleosides in

biological fluids. Although these methods are sensitive,

complicated instruments and time-consuming sample pre-

treatment are required. A spectrophotometric technique is

always an acceptable alternative chemical analysis method

owing to its acceptable precision and accuracy together with

its lower cost compared with other techniques.

In this report, a spectrophotometric method coupled

with partial least-squares (PLS) was developed for the

simultaneous determination of AD and GU. The method

was also applied for the determination of the analytes in

human spiked serum, plasma, and urine.

Theory

PLS was originally developed to achieve two main objec-

tives: to approximate X and Y accurately, and to model the

relationship between X and Y. Details on the PLS algorithms

can be found in Ref. [19]. PLS models a linear relationship

between a set of input variables (predictor), xi [ RN,

i = 1…n and a set of output variables (responses), xi [ RM,

i = 1…n by means of latent variables. In the classical PLS

method, the nonlinear iterative PLS (NIPALS) [19] algo-

rithm is applied to the PLS regression in order to

sequentially extract the latent vectors t, u and the weight

vectors w, c from the X and Y matrices in decreasing order of

their corresponding singular values. As a result, PLS

decomposes X (n 9 N) and Y (n 9 M) matrices with mean

zero into the form:

X ¼ TPT þ E ð1Þ

Y ¼ UQT þ F ð2Þ

where T and U are (n 9 k) matrices of the extracted k score

vectors, P (N 9 k) and Q (M 9 k) are matrices of loadings,

and E (n 9 N) and F (n 9 M) represent matrices of

residuals. Unlike the classical PLS algorithm, the modified

PLS algorithm normalizes the latent vectors t, u rather than

the weight vectors w, c [20, 21]. The PLS regression model

can be expressed with regression coefficient B and residual

matrix R as follows:

Y ¼ XBþ R ð3Þ

B ¼ W PTW
� ��1

CT ð4Þ

where P (N 9 k) is the matrix consisting of loading vectors

pi ¼ XTti= ti
Ttið Þ i = 1…k. Due to the fact that pi

Twj ¼ 0

for i [ j and in general pi
Twj 6¼ 0 for i \ j, the matrix PTW

is upper triangular and thus invertible [22]. Moreover,

using the fact that ti
Ttj ¼ 0 for i 6¼ j and ti

Tuj ¼ 0 for j [ i,

Rannar et al. [23] derived the following equalities:

W ¼ XTU ð5Þ

P ¼ XTT TTT
� ��1 ð6Þ

C ¼ YTT TTT
� ��1 ð7Þ

Substituting Eqs. 5–7 into Eq. 4 using the orthogonality

of the matrix T columns, we can write the matrix B in the

following form:

B ¼ XTU TTXXTU
� ��1

TTY ð8Þ

which will be used to make predictions in PLS regression.

Results and discussion

Absorption spectra

The electronic absorption spectra of AD and GU are shown

in Fig. 1. As can be seen the spectra are overlapped. Thus,

these compounds cannot be measured in the presence of

each other by a simple calibration procedure without prior

separation. Therefore multivariate calibration was used to

resolve the spectra and for determination of each com-

pound in the mixtures. The composition data of the

solutions are listed in Table 1. Regarding spectral data (see

Fig. 1), spectra were recorded in the region between 200

and 300 nm (in 1.00-nm steps).

One-component calibration

Individual calibration curves were constructed with several

points (Fig. 2), as absorbance versus analyses concentra-

tion in the linear range of AD and GU. The wavelengths

used to generate calibration curves were 200–300 nm.

Linear regression results, line equations, and R2 are also
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Fig. 1 Absorption spectra of AD (10.4 lg cm-3) and GU

(12.0 lg cm-3) at pH = 7.0 and 273 K
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shown in Fig. 2. The limits of detection were 0.02 and

0.03 lg cm-3 for AD and GU, respectively, and these were

calculated according to calibration line characteristics.

Multicomponent calibration and prediction

Multivariate calibration methods such as PLS require a

suitable experimental design of the standard belonging to

the calibration set in order to provide good prediction. In

this study, a mixture design was used for the experimental

design. It is important that we use a method of design that

does not create an underlying correlation among the con-

centrations of the components. The calibration matrix used

for the analysis is shown in Table 2. For the prediction step

six prepared mixtures that were not included in the previ-

ous set were employed as an independent test.

Number of factors

Determining how many factors to be used in the calibration

is a key step in factor-based methods. Only those factors

that contain analytical information must be kept. The dis-

carded factors should contain only noise. The cross-

validation procedure leaving out one sample at a time is

used for this purpose and the predicted residual error sum-

of-squares (PRESS) is calculated:

PRESS ¼
Xn

i¼1

ĉi � cið Þ2 ð9Þ

where ci is the reference concentration for the i-th sample,

ĉi represents the estimated concentration, and n is the total

number of samples. The optimum number of factors was

determined rather than the selection of the model, which

yields a minimum in prediction error variance or PRESS;

the model selected is the one with the fewest number of

factors such that PRESS for that model is not significantly

greater than the minimum PRESS. In our case, 13 factors

(half the standards ? 1) were used as the maximum

number of initial factors. One reasonable choice for the

optimum number of factors would be that number which

yielded the minimum PRESS. Since there are a finite

number of samples in the training set, in many cases the

minimum PRESS value causes overfitting for unknown

samples that were not included in the model. A solution to

this problem was suggested by Haaland and Thomas [26]

in which the PRESS values for all previous factors are

Table 1 Concentration data of mixtures used in the calibration set

for the determination of AD and GU

Mixture AD GU

(lg cm-3) (lg cm-3)

M1 1.4 1.5

M2 6.1 1.5

M3 10.8 1.5

M4 15.5 1.5

M5 20.3 1.5

M6 1.4 7.1

M7 6.1 7.1

M8 10.8 7.1

M9 15.5 7.1

M10 20.3 7.1

M11 1.4 12.8

M12 6.1 12.8

M13 10.8 12.8

M14 15.5 12.8

M15 20.3 12.8

M16 1.4 18.4

M17 6.1 18.4

M18 10.8 18.4

M19 15.5 18.4

M20 20.3 18.4

M21 1.4 24.2

M22 6.1 24.2

M23 10.8 24.2

M24 15.5 24.2

M25 20.3 24.2

y = 0.0924x + 0.0232

R2 = 0.9987
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Fig. 2 Analytical curves for univariate determination of AD and GU
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compared to the PRESS values at the minimum. The sta-

tistical F test can be used to determine the significance of

PRESS values greater than the minimum. Table 3 shows

the optimum number of factor and PRESS values for AD

and GU. Plots of PRESS versus number of factors by PLS

are shown in Fig. 3.

Determination of AD and GU in synthetic mixtures

The predictive ability of the method was determined using

six two-component mixtures. The results obtained by

applying the PLS algorithm to six synthetic samples are

listed in Table 2 which also shows the recoveries for the

synthetic series of AD and GU mixtures.

Model quality criteria

For the evaluation of the predictive ability of a multivariate

calibration model, the root mean square error of prediction

(RMSEP) and relative standard error of prediction (RSEP)

can be used [27]:

RMSEP ¼ 1

n

Xn

i¼1

ĉi � cið Þ2
" #0:5

ð10Þ

RSEP %ð Þ ¼ 100

Pn
i¼1 ĉi � cið Þ2
P

cið Þ2

" #

ð11Þ

where ci and ĉi are the predicted concentration and the

observed value of the concentration in the sample, respec-

tively, and n is the number of samples in the prediction set.

The values of RMSEP and RSEP (%) for AD and GU are

summarized in Table 3.

Determination of AD and GU spiked in real samples

To assess the reliability of the method, prepared real

samples were analyzed. Table 4 shows the results and the

composition of the real samples.

The validation of the method was carried out by

comparing with the labeled amounts. As can be seen, the

Table 2 Added and found results for the synthetic mixtures of AD and GU

Mixture Added (lg cm-3) Founda (lg cm-3) Recovery (%)

AD GU AD GU AD GU

1 2.0 7.6 1.9 ± 1.6 7.7 ± 1.9 95.3 101.0

2 4.7 3.0 4.6 ± 1.3 3.0 ± 1.5 98.7 100.7

3 10.1 21.9 10.2 ± 1.9 21.4 ± 1.9 101.0 97.7

4 13.5 2.3 13.5 ± 1.1 2.4 ± 1.9 100.2 104.5

5 17.6 16.6 17.5 ± 0.7 16.4 ± 1.8 99.5 99.0

6 6.1 9.8 6.2 ± 1.7 9.9 ± 1.8 101.5 101.5

99.4 ± 2.2 100.7 ± 2.3

a Mean ± RSD% (n = 3)

Table 3 Statistical parameters of the optimized matrix using PLS

Component NPC PRESS RMSEP RSEP (%)

AD 2 0.0500 0.0913 0.8732

GU 3 0.4000 0.2582 2.1047

NPC number of principal components, RMSEP root mean square

error of prediction, RSEP relative standard error of prediction
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Fig. 3 Plots of PRESS versus number of factors by PLS
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recovery was quantitative and there were no significant

differences between the amounts obtained from this

method and labeled amounts. The plots of the predicted

concentration versus actual values are shown in Fig. 4 for

AD and GU (line equations and R2 values are also

shown).

Conclusion

The PLS method was employed to model the spectropho-

tometric data of AD and GU. A mixture of AD and GU is a

difficult complex system due to the high spectral overlap-

ping observed between their absorption spectra. To

overcome the drawback of spectral interferences PLS

multivariate calibration approaches were applied. Accord-

ing to the obtained results, application of the UV

spectrophotometric method with multivariate calibration is

an effective and accurate approach for the simultaneous

determination of purine bases in binary mixtures of syn-

thetic mixtures and simultaneous determination of these

bases in human serum, human urine, and plasma samples.

Experimental

Chemicals

AD and GU were purchased from Fluka, whereas trichlo-

roacetic acid was supplied by Merck. The stock solutions

of AD and GU were prepared by dissolving them in a

buffer solution (pH = 7.0) that was prepared from

KH2PO4 and NaOH (Merck). All used chemicals were of

analytical reagent grade. Throughout the experiments,

doubly distilled water was used.

Instrumentation and software

Electronic absorption measurements were carried out on a

Jasco v-570 spectrophotometer (slit width 1 nm, scan rate

2,000 cm/min) using 1.0-cm quartz cells. Measurements of

pH were made with a Metrohm 692 pH meter using a

combined electrode. All absorption spectra were digitized

Table 4 Recoveries of AD and GU in spiked real samples by PLS

Real samples Mixtures Added (lg cm-3) Founda (lg cm-3) ± RSD % Recovery (%)

AD GU AD GU AD GU

Serum S1 4.8 14.2 4.6 ± 1.5 13.9 ± 0.9 95.8 97.9

S2 16.6 9.5 16.8 ± 0.5 9.3 ± 1.1 101.2 97.9

S3 8.4 7.1 8.3 ± 1.7 7.3 ± 1.7 98.8 102.8

Plasma P1 4.8 14.2 4.9 ± 2.2 13.9 ± 0.7 102.1 97.9

P2 16.6 9.5 16.8 ± 0.6 9.6 ± 0.8 101.2 101.1

P3 8.4 7.1 8.0 ± 1.9 7.8 ± 1.9 95.2 109.9

Urine U1 4.8 14.2 4.9 ± 1.1 13.7 ± 1.8 102.1 96.5

U2 16.6 9.5 16.8 ± 0.6 9.8 ± 1.6 101.2 103.2

U3 8.4 7.1 8.1 ± 1.7 7.7 ± 1.7 96.4 108.5

Mean recovery ± SD 99.3 ± 2.8 101.7 ± 4.8

a Mean ± RSD% (n = 3)
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Fig. 4 Plots of predicted concentration versus actual concentration of

AD and GU by PLS

Potentiality of PLS multivariate calibration in the spectrophotometric analysis 777

123



and stored at wavelengths from 200 to 300 nm in steps of

1 nm and then transferred in TXT format to an Pentium 4,

2.4 GHz computer using MATLAB software, Version 7

(MathWorks). PLS calculus was carried out in the PLS

Toolbox (Eigenvector Company, Version 2.5).

Analysis of the calibration set

A mixture design for the two-component mixtures was

used as the calibration set in order to provide good pre-

diction in the PLS method. A training set of 25 samples

was taken (Table 1). The concentrations of AD and GU

were varied in the ranges 1.4–20.3 and 1.5–24.2 lg cm-3,

respectively. The mixed standard solutions were placed in a

10-cm3 volumetric flask and completed to final volume

with buffer solution (pH = 7.0). Finally the absorption

spectra of all prepared solutions were recorded between

200 and 300 nm against a blank of buffer.

Analysis of the prediction set

For the prediction set, six series of mixtures were prepared

randomly, but because they were employed as an inde-

pendent test the concentrations used were not present in the

previous set (Table 2). The concentration added was is the

range 2.0–17.6 and 2.3–16.6 lg cm-3 for AD and GU,

respectively.

Analysis of real samples

Serum and plasma

The serum and plasma samples were homogenized. For the

deproteinization, 1 cm3 of 24% w/v trichloroacetic acid

was added to 1 cm3 of serum and 1 cm3 of plasma, and

after 15 min the resulting mixture was centrifuged at

3,000 rpm [24]. The pH of the supernatant solution was

fixed at 7.0 by adding NaOH solution. Afterwards, the

appropriate amounts of the stock solutions of AD and GU

were added to 0.5 cm3 of the final prepared serum and

plasma, then filled to the final volume (10 cm3) with buffer

solution to obtain the desired concentration. The electronic

absorption spectrum was recorded in the range

200–300 nm against a blank solution of serum.

Urine

The urine sample was diluted 1:3 with distilled water. Then

cell debris and the particulate matter were removed from

the urine using low-speed centrifugation for 5 min at

1,500 rpm [25]. Afterwards the pH of sample was fixed at

7.0 by adding NaOH solution. Then the appropriate

amounts of the stock solutions of AD and GU were added

to 0.5 cm3 of the final prepared urine and completed to the

final volume (10 cm3) with buffer solution to obtain the

desired concentration. The electronic absorption spectrum

was recorded in the range 200–300 nm against a blank of

urine.

Acknowledgments We are grateful to Yasouj University for

supporting the research.

References

1. Saenger W, Cantor CR (1984) Principles of nucleic acid struc-

ture. Springer, New York

2. Li SP, Li P, Dong TTX, Tsim KWK (2001) Electrophoresis

22:144

3. Malathi R, Johnson IM (2001) J Biomol Struct Dyn 18:709

4. Carro MD, Miller EL (2002) Anim Sci 75:315

5. Sheng R, Ni F, Cotton TM (1991) Anal Chem 63:437

6. Yang FQ, Guan J, Li SP (2007) Talanta 73:269

7. Sun W, Li Y, Duan Y, Jiao K (2008) Biosens Bioelectron 24:988

8. Huang YF, Chang HT (2007) Anal Chem 79:4852

9. Gill BD, Indyk HE (2007) Int Dairy J 17:596

10. Ganzera M, Vrabl P, Worle E, Burgstaller W, Stuppner H (2006)

Anal Biochem 359:132

11. Yeh CF, Jiang SJ (2002) Analyst 127:1324

12. Liu EB, Xue BC (2006) J Pharm Biomed Anal 41:649

13. Wang Z, Xiao S, Chen Y (2006) J Electroanal Chem 589:237

14. Abbaspour A, Noori A (2008) Analyst 133:1664

15. Xiao F, Zhao F, Li J, Liu L, Zeng B (2008) Electrochim Acta

53:7781

16. Zen JM, Chang MR, Ilangovan G (1999) Analyst 124:679

17. Heisler I, Keller J, Tauber R, Sutherland M, Fuchs H (2002) Anal

Biochem 302:114

18. Amri CE, Baron MH, Maurel MC (2003) Spectrochim Acta A

59:2645

19. Geladi P, Kowalski BR (1986) Anal Chim Acta 185:1

20. Rosipal R, Trejo LJ (2001) J Mach Learn Res 2:97

21. Lewi PJ (1995) Chemometr Intell Lab 28:23

22. Hoskuldsson A (1988) J Chemometr 2:211

23. Rannar S, Lindgren F, Geladi P, Wold S (1994) J Chemometr

8:111

24. Khajehsharifi H, Sadeghi M, Pourbasheer E (2009) Monatsh

Chem 140:685

25. Khajehsharifi H, Pourbasheer E (2008) J Chin Chem Soc 55:163

26. Haaland DM, Thomas EV (1988) Anal Chem 60:1193

27. Wiberg K, Sterner-Molin A, Jacobsson SP (2004) Talanta 62:567

778 H. Khajehsharifi et al.

123


	Potentiality of partial least-squares multivariate calibration in the spectrophotometric analysis of binary mixtures of purine bases
	Abstract
	Introduction
	Theory
	Results and discussion
	Absorption spectra
	One-component calibration
	Multicomponent calibration and prediction
	Number of factors
	Determination of AD and GU in synthetic mixtures
	Model quality criteria
	Determination of AD and GU spiked in real samples

	Conclusion
	Experimental
	Chemicals
	Instrumentation and software
	Analysis of the calibration set
	Analysis of the prediction set
	Analysis of real samples
	Serum and plasma

	Urine

	Acknowledgments
	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


