
437Acta Chim. Slov. 2015, 62, 437–444
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Abstract
In the development strategies of new drug products and generic drug products, the simultaneous in-vitro dissolution be-

havior of oral dosage formulations is the most important indication for the quantitative estimation of efficiency and

biopharmaceutical characteristics of drug substances. This is to force the related field’s scientists to improve very po-

werful analytical methods to get more reliable, precise and accurate results for the quantitative analysis and dissolution

testing of drug formulations. In this context, two new application of partial least squares (PLS) and principal component

regression (PCR) were applied for the simultaneous quantitative estimation and dissolution testing of zidovudine (ZID)

and lamivudine (LAM) in a tablet dosage form. The results obtained in this study strongly encourage us to use them for

the quality control, the routine analysis and the dissolution test of the marketing tablets containing ZID and LAM drugs. 
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1. Introduction
Zidovudine (ZID) or azidothymidine (AZT) has

been used for the treatment of HIV/AIDS infectiousness.

Its chemical name is 3’-azido-3’-deoxythymidine. ZID is

phosphorylated to its active 5’-triphosphate metabolite

(ZID triphosphate). ZID triphosphate is inhibition of re-

verse transcriptase via DNA chain termination after in-

corporation of the nucleoside analogue. ZID triphosphate

is a weak inhibitor of the mammalian DNA polymerase-

α and mitochondrial DNA polymerase-ã and has been re-

ported to be incorporated into the DNA of cells in cultu-

re. Lamivudine (LAM), chemically named (2R,cis)-4-

amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-

pyrimidin-2-one or (-)-2’,3’-dideoxy, 3’-thiacytidine

(3TC) is the (-)-enantiomer of a dideoxy analogue of

cytidine. LAM has been used for the treatment of infec-

tions with the human immunodeficiency viruses (HIVs)

and chronic hepatitis B viruses. LAM is phosphorylated

to its active 5’-triphosphate metabolite (LAM triphospha-

te). The principal mode of action of LAM triphosphate is

inhibition of reverse transcriptase via DNA chain termi-

nation after incorporation of the nucleoside analogue.

LAM triphosphate is a weak inhibitor of mammalian

DNA polymerases-α, -β and mitochondrial DNA poly-

merase-γ LAM is often given in combination whit ZID in

order to provide desirable therapy. In HIV-1 infected MT-

4 cells, LAM in combination with ZID had synergistic

antiretroviral activity. Synergistic activity of ZID and

LAM was also shown in a variable-ratio study. ZID and

LAM are in a class of medications called nucleoside re-

verse transcriptase inhibitors.

A review of the literature shows that various conven-

tional analytical methods including spectrophotometry,1–5

high performance thin layer chromatography,4 high per-

formance liquid chromatography,4–13 high performance li-

quid chromatography-mass spectrometry14 and signal pro-

cessing method15 were reported for the analysis of ZID

and LAM or their combination with other drugs in tablets,

human serum and in drug dissolution studies. 

Nowadays, the multivariate calibration models e.g.

partial least squares (PLS) and principal component re-

gression (PCR) are very popular chemometric methods to

easily quantify the contents of complex samples i.e. biolo-
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gical liquids, environmental samples and commercial do-

sage forms containing multiple drug substances.16–20 Furt-

her, more of the chemometric calibration algorithms are

applied to all data sets at the different formats such as the

UV-VIS spectra, IR spectra, chromatograms, and voltam-

mograms obtained from different analytical instrumenta-

tions in order to predict the content of the pharmaceutical

samples. Particularly, PLS and PCR approaches are prefe-

rable calibration techniques mainly because they provide

an efficient quantitative resolution of complex mixtures of

drugs.21–33

In the work presented in this study, two different

chemometric calibration approaches, PLS and PCR were

applied for the quantification and dissolution testing of

ZID and LAM in commercial tablets. Both PLS and PCR

approaches don’t require any prior separation step such

as extraction and precipitation etc. In the calibration

treatments, a concentration data matrix (y – block) and

absorbance data matrix (x – block) were used for buil-

ding PLS and PCR calibration equations. The validity or

ability of the applied PLS and PCR calibration methods

were performed by analyzing the test samples of the rela-

ted drugs. The 20 mixture samples of ZID and LAM

drugs in their different concentration levels were ran-

domly prepared as a training set in the pH: 1.2 buffer so-

lution. The absorption spectra of the calibration set and

sample solutions were recorded in the spectral region of

210–320 nm. From the analysis results of the test sam-

ples obtained by PLS and PCR methods, percent mean

recoveries were found to be 100.4% and 100.7% for ZID

and 99.5% and 99.3% for LAM, respectively. After met-

hod validation procedure, the applied PLS and PCR cali-

bration models were used for the quantification and dis-

solution tests of the commercial samples containing ZID

and LAM substances. 

2. Experimental

2. 1. Instruments and Software 
A Shimadzu UV-2520 double beam UV–Vis spec-

trophotometer connected to a computer loaded with Shi-

madzu UVPC software was used to record the UV ab-

sorption spectra of calibration set and commercial sam-

ples. A special algorithm written in Matlab and Micro-

soft Excel software were used for the spectral data treat-

ments, statistical calculations and spectral transforma-

tion procedure. Dissolution test procedure was carried

out by using USP Apparatus II-Palet Method (AYMES

dissolution test apparatus, Aymes Ind., Umraniye, Istan-

bul, Turkey).

2. 2. Commercial Tablet Formulation

A commercial pharmaceutical preparation named

Combivir® tablet (produced by Glaxo Smith Kline) con-

sisting of 300 mg ZID and 150 mg LAM per tablet was

investigated. Active compounds, ZID and LAM were

kindly denoted from the national Pharm. Industry firms,

Turkey.

2. 3. Preparation of Standard Solutions

The standard stock solutions of ZID and LAM were

prepared by dissolving 20 mg of each substance in 100 m-

L of the pH 1.2 buffer solution. A calibration set contai-

ning ZID and LAM in the working concentration range of

0.0-70.0 μg/mL for ZID and LAM, respectively. For the

ability and validity testings of the applied chemometric

methods, the test samples of ZID and LAM in the linear

concentration ranges as well as calibration were prepared

by using the same stock solutions.

2. 4. Chemometric Methods

Partial Least Squares
The PLS calibration technique based on the ortho-

gonalized PLS algorithm developed by Wold and extensi-

vely discussed by Martens and Naes19 involves simultane-

ously the independent and the dependent variables on the

data compression and decomposition processes. The ab-

sorbance data (independent variable, A) and the concen-

tration data matrix (dependent variable, C) are mean cen-

tred and denoted by the data matrix Ao and the vector (or

matrix) Co, respectively. Based on data matrix Ao and vec-

tor Co, the orthogonalized PLS calibration is based on the

decomposition of both concentration and the absorbance

data matrix into latent variables:

A = T PT +E (1)

C = UQT +F (2)

The matrix A, which is related to absorbance data is

decomposed into a matrix T (the score matrix) and a ma-

trix PT (the absorbance loadings matrix) plus an error ma-

trix E. In the equation 2, the matrix C, which is related to

concentration data is decomposed into U and Q (the con-

centration loadings). The goal of the PLS method is to

minimize the norm of F (error matrix) in such a way to

keep the correlation between A and C by the inner rela-

tion U = BT.

The linear regression (Equation 3) is used for the

quantitative estimation of the compounds in the samples.

Cprediction = B × Asample (3)

The vector, B is given as Equation 4

B = W × (PT × W)-1 × Q (4)

where W is a weight matrix.
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Principal Component Regression
Principal component regression approach has two

steps. In the first step, the eigenvalues and their eigenvec-

tors are obtained from the covariance square matrix of the

mean-centred absorbances represents the first step of

PCR. By using the cross-validation in the calibration step,

the principal components (or the eigenvectors) correspon-

ding to the large eigenvalues are selected to compute Aproj
(new axes) in the second step.

The mathematical basis of the PCR model is given by

Aproj = VCTA (5)

Here, Aproj is the matrix containing the new coordi-

nates, A represents the original absorbance matrix and

VCT is the matrix containing the basis vectors (principal

components), one column for each factor retained. If we

know the matrix Aproj we find, after some simple calcula-

tions, the unknown concentration matrix using the follo-

wing formula:

C = F Aproj (6)

where F represents the calibration coefficient for the ob-

tained linear equation system.

Mathematical treatments of the PCR and PLS algo-

rithims was performed by means of a special algorithm

written in Matlab 7.1 software.

3. Results and Discussion

The UV absorption spectra of drugs (ZID and LAM)

and their mixtures were recorded between the wavelength

range 210–320 nm, respectively. It was observed that the

analysed substances gave the strong overlapping spectra

in the same wavelength region as indicated in Figure 1. In

this case, it is not possible to use a direct absorbance mea-

surement technique for the simultaneous analysis and dis-

solution testing of ZID and LAM in their tablets. In order

to solve this problem we focused mainly on the applica-

tion of PLS and PCR calibration methods for the simulta-

neous quantification and dissolution testing of ZID and

LAM. These chemometric analysis and dissolution tests

were explained below in detail. 

3. 1. Application of the PLS and PCR 
Methods
As explained above, the concentration set of the

mixture samples containing ZID and LAM in the working

range of 0.0-70.0 μg/mL was prepared and indicated in

Table 1. This calibration set was considered as y – block,

which corresponds to the matrix C. The UV spectra of the

calibration set samples were recorded in the spectral re-

gion 210–320 nm with the intervals of Δλ = 0.1 nm. The

spectral data of the calibration samples were expressed as

x – block corresponding to an absorbance data matrix. In

the calibration step, the PLS and PCR calibration algo-

rithms were applied to the relationship between the cali-

bration data matrix and the absorbance data matrix. In the

next steps, the building PLS and PCR calibration models

were used to quantify the concentration of each active

compound in commercial tablet, dissolution samples and

other samples. 

In the case of the PLS calibrations, the actual and pre-

dicted concentrations for ZID and LAM were plotted and

shown in Figure 2. In the same way, for the PCR calibra-

tion, actual and predicted concentrations for ZID and LAM

were graphically presented in Figure 4. As can be seen in fi-

gures, good correlation coefficients were reported. 

In the prediction steps of the applied PLS and PCR

approaches, Figure 3. and 5. shows the plots of the actual

and predicted concentrations using PLS and PCR, respec-

tively. 

Table 1. Calibration set for PLS and PCR calibrations methods

μg/mL μg/mLNo.
ZID LAM

No.
ZID

LAM

1 0.0 2.0 12 2.0 24.0

2 48.0 2.0 13 0.0 50.0

3 2.0 0.0 14 20.0 24.0

4 48.0 10.0 15 50.0 0.0

5 0.0 20.0 16 30.0 24.0

6 48.0 30.0 17 0.0 70.0

7 10.0 0.0 18 50.0 24.0

8 48.0 50.0 19 70.0 0.0

9 0.0 30.0 20 70.0 24.0

10 48.0 70.0

11 30.0 0.0

Figure 1. The UV spectra of 40 μg/mL ZID (---), 20 μg/mL LAM

(—) and their mixture (…) in pH 1.2 buffer. 
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Figure 2. Plot of the actual and predicted concentrations in the calibration step by using the PLS method with four components for ZID (a) and

LAM (b) drugs

Figure 3. Plot of the actual and predicted concentrations in the prediction step by using the PLS method with four components for ZID (a) and

LAM (b) drugs 

Figure 4. Plot of the actual and predicted concentrations in the calibration step by using the PCR method with four components for ZID (a) and

LAM (b) drugs

a) b)

a)

a)

b)

b)
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3. 2. Analytical Validation of the Signal 
Processing Methods 
Prior to the application of the PLS and PCR calibra-

tions to the quantification and dissolution testing of ZID

and LAM from tablets, the performance and ability of the

proposed chemometric calibrations were tested by analy-

zing the test samples (or validation samples) containing

ZID –LAM mixtures prepared as listed in Table 2. For the

estimation of the calibration methods, the analysis results

were computed for the test samples. As can be seen in this

table, the applied PLS and PCR models provided us higher

analytical method performance and applicability with bet-

ter precision and accuracy for the recovery studies. In addi-

tion, the method ability was evaluated using the standard

error of prediction (SEP). In the calibration step, for both

PLS and PCR approaches, first four factors were found to

be suitable to get minimal standard error of calibration

Table 2. Recovery data obtained by applying the PLS and PCR methods to the analysis of ZID and LAM in the synthetic mixtures 

PLS-method PCR-method
Mixture Found Recovery (%) Found Recovery (%)

No. ZID LAM ZID LAM ZID LAM ZID LAM ZID LAM
1 48 2 48.30 1.91 100.6 95.5 48.30 1.90 100.6 95.0

2 48 10 48.00 10.18 100.0 101.8 48.10 10.09 100.2 100.9

3 48 20 48.80 20.13 101.7 100.7 48.80 20.15 101.7 100.8

4 48 30 47.60 29.56 99.2 98.5 47.70 29.55 99.4 98.5

5 48 40 47.60 39.81 99.2 99.5 47.80 39.80 99.6 99.5

6 48 50 48.50 50.80 101.0 101.6 48.40 50.91 100.8 101.8

7 48 60 47.50 60.11 99.0 100.2 47.60 60.21 99.2 100.4

8 48 70 47.90 69.71 99.8 99.6 48.00 69.60 100.0 99.4

9 2 24 1.98 23.75 99.0 99.0 1.91 23.71 95.5 98.8

10 10 24 10.20 23.70 102.0 98.8 10.40 23.50 104.0 97.9

11 20 24 20.60 23.98 103.0 99.9 20.70 23.97 103.5 99.9

12 30 24 30.10 23.87 100.3 99.5 30.40 23.86 101.3 99.4

13 40 24 40.70 23.90 101.8 99.6 41.00 23.88 102.5 99.5

14 50 24 50.60 24.08 101.2 100.3 50.80 24.11 101.6 100.5

15 60 24 60.20 23.97 100.3 99.9 61.00 23.90 101.7 99.6

16 70 24 69.60 23.75 99.4 99.0 69.70 23.51 99.6 98.0

17 48 24 47.90 23.60 99.8 98.3 48.20 23.40 100.4 97.5

Mean 100.43 99.50 100.68 99.25

SD 1.19 1.41 1.93 1.59

RSD 1.19 1.42 1.92 1.60

SD  :   Standard deviation

RSD :   Relative standard deviation

Figure 5. Plot of the actual and predicted concentrations in the prediction step by using the PCR method with four components for ZID (a) and

LAM (b) drugs 

a) b)
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(SEC) values. The numerical values of SEC and SEP using

PLS and PCR with first four factors were calculated as

0.3350 and 0.3321; 0.4493 and 0.4526 for ZID, 0.2769 and

0.2834: 0.2937 and 0.3015 for LAM, respectively. 

In order to compare the predictive power of the PLS

and PCR models, the predictive variables including the va-

riable importance in projection were illustrated in Figure 6a

and b. After these results, we concluded that the chemome-

tric PLS and PCR calibrations were very suitable for analy-

sis and dissolution test of two anti-HIV drugs in samples.  

3. 3. Tablet Analysis 

The quantitative estimation of ZID and LAM drugs

in commercial tablets were carried out by the PLS and

PCR approaches. The assay results of pharmaceutical tab-

let formulation were shown in Table 3. According to the

tablet assay results given in Table 3, no effect of exci-

pients on the analysis was observed in the application of

the PLS and PCR methods. In addition, it was observed

that the determination results were very close to each ot-

her, therefore a good agreement was reported.

3. 4. Dissolution Profiles of Tablets 

After analyzing tablets, the applied PLS and PCR

methods were used for the dissolution testing of ZID

and LAM from their solid dosage form. In this testing

procedure, the dissolution profiles of ZID and LAM in

commercial tablets were plotted and presented in Figure

7. For the dissolution test procedure, USP Apparatus II

– Palet method was used for the collection of the disso-

lution samples during 20 minutes. We used pH 1.2 buf-

fer solution as dissolution medium. The absorption

spectra of the samples were plotted between 210–320

nm. The measured absorbance values obtained from the

above spectra of dissolution samples were placed into

the equations of PLS and PCR and the quantities of ZID

and LAM in collected samples were computed. Appro-

ximately 90% of both drugs were dissolved within the

first 10 min. Both PLS and PCR methods gave us com-

parable dissolution profiles for ZID and LAM from tab-

lets. 

4. Conclusion

In this study, two new applications of the chemome-

tric approaches based on PLS and PCR calibrations were

used for the simultaneous quantitative estimation and dis-

solution test of ZID and LAM in tablets. In the application

of the PLS and PCR approaches for the dissolution testing

of the solid dosage form, the dissolution profiles of ZID

and LAM from tablets were obtained to reveal the pharma-

ceutical behavior of the commercial tablets containing re-

a) b)

Figure 6. The plots of the predictor variables of the established PLS (a) and PCR (b) models

Table 3. Determination results of ZID and LAM in tablets with

PLS and PCR methods (300 mg ZID and 150 mg LAM per tablet)

mg/tab
PLS PCR

No. ZID LAM ZID LAM
1 300.9 150.6 300.9 150.6

2 299.0 149.7 299.0 149.6

3 299.1 147.9 296.4 147.9

4 301.6 148.8 297.0 148.8

5 300.9 151.4 303.3 151.4

6 298.6 150.5 298.7 149.8

7 298.7 150.8 298.7 150.8

8 295.2 148.1 295.3 148.1

9 299.3 149.3 299.4 148.9

10 302.7 151.7 302.8 151.7

Mean 299.6 149.9 299.2 149.8

SD 2.07 1.34 2.6 1.35

RSD 0.69 0.89 0.87 0.90

SH 0.65 0.42 0.82 0.43

CL 1.28 0.83 1.61 0.84

SD :   Standard deviation

RSD :   Relative standard deviation

SE :   Standard error 

CL :  Confidential limit (p=0.05)
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lated drugs. We concluded that these applied chemometric

calibrations were very suitable way to determine the con-

tents of ZID and LAM in their samples. A good agreement

was reported for the results of the analysis and dissolution

testing of tablets containing ZID and LAM substances.
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Üstündağ et al.:  Comparative Application of PLS and PCR Methods   ...

23. E. Dinc̨, F. Arslan, D. Baleanu, Rev. Roum. Phys., 2008,

53(8), 607–611.

24. E. Dinc̨, D. Baleanu, J. Food Drug Anal., 2007, 15(2), 109–117.

25. E. Dinc̨, K. Süha, T. Dodanay, D. Baleanu, J. Pharm. Bio-
med. Anal., 2007, 44, 991–995.

http://dx.doi.org/10.1016/j.jpba.2007.03.027

26. A. Afkhami, T. Madrakian, M. Abbasi-Tarighat, Food Chem.,

2008, 109(3), 660–669.

http://dx.doi.org/10.1016/j.foodchem.2007.12.078

27. A. Afkhami, M. Abbasi-Tarighat, Talanta, 2009, 78(2), 424–

431.  http://dx.doi.org/10.1016/j.talanta.2008.11.032

28. B. Ghasemi, A. Niazi, E. Nadaf, A. Mordai, Anal. Lett.,
2004, 37, 2609–2623.  

http://dx.doi.org/10.1081/AL-200029389

29. J. Ghasemi, A. Niazi, S. Ghobadi, J. Pharm. Chem. 2005,

39(12), 671–675.

http://dx.doi.org/10.1007/s11094-006-0044-4

30. H. Khajehsharifi, Z. Eskandari, A. Asadipour, Drug Testing
Anal., 2010, 2(3–4), 162–167.

http://dx.doi.org/10.1002/dta.118

31. S. S. Abbas, H. E. Zaazaa, M. Abdelkawy, M. M. Abdelrah-

man, Drug Testing Anal., 2010, 2(3–4),168–181. 

32. M. A. Hegazy, M. R. El-Ghobashy, A. M. Yehia, A.A. Mosta-

fa, Drug Testing Anal., 2009, 1(7–8), 339–349.

http://dx.doi.org/10.1002/dta.60

33. M. A. El-Sayed, M. A. Mohammad A., Drug Testing Anal.,
2009, 1(5–6), 228–233.

http://dx.doi.org/10.1002/dta.37

Povzetek
Pri strategiji razvoja novih farmacevtskih izdelkov in generi~nih farmacevtskih izdelkov je hkratno spremljanje in-vitro

raztapljanja oralnih farmacevtskih oblik najbolj pomembna indikacija za kvantitativno oceno u~inkovitosti in biofarma-

cevtskih karakteristik aktivnih u~inkovin. Zaradi tega so tudi znanstveniki s sorodnih podro~ij prisiljeni izbolj{evati

u~inkovite analizne metode, da bi dobili bolj zanesljive, natan~ne in to~ne rezultate za kvantitativno analizo in spremlja-

nje raztapljanja farmacevtskih oblik. V tem kontekstu smo na novo uporabili metodo delnih najmanj{ih kvadratov (par-

tial least squares, PLS) in metodo regresije glavnih komponent (principal component regression, PCR) za hkratno

kvantitativno oceno in spremljanje raztapljanja zidovudina (ZID) in lamivudina (LAM) v farmacevtski obliki tablet. Re-

zultati iz te {tudije nas spodbujajo, da te metode uporabimo za kontrolo kvalitete, rutinsko analizo in spremljanje raztap-

ljanja pri tr`enju tablet z u~inkovinama ZID in LAM.



<<
  /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


