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A new stability-indicating RP-HPLC assay method was developed and
validated for quantitative determination of loteprednol etabonate in
bulk drugs and in ophthalmic suspensions in the presence of degrada-
tion products generated from forced degradation studies. The system
consisted of Agilent Technologies Zorbax Eclipse XDB-Phenyl 5 mm
4.6 3 250 mm, and detection was performed at 244 nm. The mobile
phase consisted of water–acetonitrile–acetic acid (34.5:65.0:0.5,
v/v/v) run at a flow rate of 1 mL/min and maintained at room temper-
ature. The calibration curve was linear from 30 to 70 mg/mL with r >

0.999. Accuracy (mean recovery 100.78%) and precision were found to
be satisfactory. Stress conditions including acid and alkali hydrolysis,
water stress, oxidation, photolysis and heat were applied. The degra-
dation products did not interfere with the detection of loteprednol eta-
bonate, thus the method can be considered as a stability-indicating
method. The proposed method can be used for quality control assay
of loteprednol etabonate in bulk drug and in ophthalmic suspensions
and for stability studies as a result of the ability of the method to
separate loteprednol etabonate from its degradation products and
excipients.

Introduction

Loteprednol etabonate, chloromethyl-17a-[(ethoxycarbonyl)

oxy]-11b-hydroxy-3-oxandrosta-1,4-diene-17b-carboxylate

(Figure 1), is a new glucorticoid drug that was developed for top-

ical use. This compound was designed based on prednisolone

and to reduce side effects, a carboxylic ester functionality was

introduced at 17b-position, in the expectation that hydrolysis

by non-specific esterases would transform it into the indicative

steroid carboxylic acid metabolite (1). Loteprednol etabonate

is used in the topical management of inflammatory and allergic

disorders of the eye. It is usually employed as eye drops contain-

ing 0.2 or 0.5% (2). Coffey and coworkers describe a novel

ophthalmic gel formulation of loteprednol etabonate in the treat-

ment of ocular inflammatory conditions. The gel formulation is

non-settling, eliminating the need to shake the product to

re-suspend the drug, has a pH close to the tears and has a low

preservative concentration (3). Prolonged application to the

eye of preparations containing corticosteroids has caused raised

intra-ocular pressure and reduced visual function (2).

A literature survey revealed two high-performance liquid chro-

matographic methods for loteprednol etabonate in bulk material,

using a phenyl column, mobile phase consisting of different pro-

portions of acetonitrile–water–acetic acid, in the presence of its

impurities or degradation products. Shirasaki and coworkers

described the photodegradation products of loteprednol etabon-

ate after an exposition to white fluorescent light at 3000 lx for

18 days and near UV fluorescent light at 0.5 mW/cm2 for 40 h

at 25+28C (4). Yasueda and coworkers described a method for

the quantitation of loteprednol etabonate in the presence of its

four related substances and four degradation products (5). They

also found more degradation products with fluorescent light and

UV exposition. Despite these findings, we found that loteprednol

etabonate was extremely sensible to alkaline exposition.

This paper describes a simple, rapid, precise and accurate iso-

cratic reversed-phase HPLC method for the determination of

loteprednol etabonate in eye drops in the presence of its degra-

dation products and excipients. The proposed HPLC method uti-

lizes economical solvent system, better retention time, very sharp

and symmetrical peak shapes.

The method was validated by following the analytical perfor-

mance parameters suggested by the International Conference

on Harmonization (ICH) (6).

Experimental

Chemical and reagents

The loteprednol etabonate working standard (99.50%) was pro-

vided by Sun Pharmaceutical Industries Ltd (Bharuch, India), cal-

culated with reference to the dried substance. An eyed-drop

formulation was studied. Its composition was loteprednol eta-

bonate 500 mg, in a matrix of disodium EDTA, benzalkonium

chloride, glycerin, polyvinylpyrrolidone and tyloxapol.

Acetonitrile used was of HPLC grade (Sintorgan, Buenos Aires,

Argentina), and Acetic acid was of AR grade (Sintorgan). Distilled

water was passed through a 0.45-mm membrane filter.

Equipment

The HPLC system that consisted of a dual-piston reciprocating

Thermo Finnigan pump, a Rheodyne injector, and a DAD Dionex

Ultimate 3000 with operating software Chromeleon 6.8 was used

during the study.

Chromatographic conditions

The LC method was carried out on an Agilent Technologies

Zorbax Eclipse XDB-Phenyl 5 mm 4.6 � 250 mm column (USA),

maintained at room temperature. The mobile phase consisted

of water–acetonitrile–acetic acid (34.5:65.0:0.5, v/v/v) run at a

flow rate of 1 mL/min and using ultraviolet detection at 244 nm.
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The chromatographic separation was obtained with a retention

time of 6.71 min. The injection volume was 20 mL.

Preparation of standard solution

An accurately weighed quantity of 100 mg of loteprednol etabon-

ate was dissolved in 100 mL of mobile phase. Then, 5 mL was

withdrawn in a 100 mL volumetric flask. The volume was made

with mobile phase. The solutions were passed through a

0.45-mm nylon membrane filter before injection (25 mm dispos-

able filter; Cat. No. R04SP02500, Osmonics Inc., Minnesota, USA).

Sample preparation

Approximately 5 mL of eye drops loteprednol etabonate suspen-

sion 0.5% (5 mg/mL) were exactly weighed, placed into a

100-mL volumetric flask, taken to volume with mobile phase.

Then, 5 mL was withdrawn in a 25-mL volumetric flask. The vol-

ume was made with mobile phase.

The solutions were passed through a 0.22-mm nylon mem-

brane filter before injection (25 mm disposable filter; Cat. No.

R04SP02500, Osmonics Inc.).

Method validation

System suitability

The relative standard deviation (RSD) values of the peak area, tail-

ing factor, theoretical plates and retention time were the chro-

matographic parameters selected for the system suitability test

(7). The described reversed-phase liquid chromatography meth-

od was developed to provide a rapid quality control determina-

tion of loteprednol etabonate in eye drops. The analytical

column was equilibrated with the eluting solvent system used.

After an acceptable stable baseline was achieved, the standards

and then the samples were analyzed.

Specificity

Specificity is the ability of the method to measure the analyte re-

sponse in the presence of its potential impurities. All stress deg-

radation studies were performed at an initial drug concentration

of 1 mg/mL, with acid (0.5 N HCl), base (0.1 N NaOH), water and

100% hydrogen peroxide. Acid degradation was maintained at

608C for 15 min and water and oxidative degradation for

30 min. Alkaline degradation was maintained only with stirring

during 15 min. The drug was subjected to thermal degradation

(either in the solid state or in solution in an open container in

an oven at 1008C for 24 h) and photochemical degradation (a sol-

ution was transferred to a container and exposed to daylight for

24 h). After the degradation procedure, samples were allowed to

cool at room temperature and diluted, if necessary, to the same

concentration as that of the standard solution, after being neu-

tralized. Further, samples were analyzed using the methodology

and the chromatographic conditions described.

Linearity

Aliquots of the standard solution were suitably diluted in such a

way that the final concentration of the drug was in the range of

30–70 mg/mL. Triplicate injections of 20 mL were made, and a

chromatograph was obtained under the above-mentioned condi-

tions. The drug was evaluated and peak areas were recorded. A

calibration curve was plotted by taking the peak area on the

y-axis and the respective concentration of the drug on the

x-axis. The calibration curve was constructed and evaluated by

its coefficient of determination (r2) and by least-squares linear

regression analysis.

Precision

Six replicates of standard solution were analyzed to assess system

precision. The assay method precision was evaluated by carrying

out six independent assays of a commercial formulation of lote-

prednol etabonate against qualified working standard and the

mean and the RSD were calculated. Intermediate precision was

assessed by comparing the results obtained from six samples pre-

pared by two different analysts on two different days.

Accuracy

The accuracy of the assay method was evaluated in triplicate at

three concentration levels, i.e., 30, 50 and 70 mg/mL of a com-

mercial formulation of loteprednol etabonate. The percentage

recoveries were calculated from the slope and Y-intercept of

the calibration curve.

Robustness

The robustness of the assay method was carried out by using the

variation in the flow rate and mobile phase ratio. The retention

time, tailing factor and efficiency were evaluated.

Results

A number of HPLC chromatographic systems were investigated

to optimize the separation of loteprednol etabonate and its deg-

radation products. The retention time for loteprednol etabonate

function of stationary phase Zorbax Eclipse XDB-Phenyl 5 mm

4.6 � 250 mm (Agilent Technologies) and the mobile phase con-

sisted of water–acetonitrile–acetic acid (34.5:65.0:0.5, v/v/v)
run at a flow rate of 1 mL/min and using ultraviolet detection

at 244 nm.

System suitability

System suitability is the checking of a system to ensure system

performance before or during the analysis of unknowns. The sys-

tem suitability test is an integral part of method development and

is performed to evaluate the behavior of the chromatographic

system. Plate number (N), tailing factor (T) and RDS were evalu-

ated for six replicate injections of the drug at a concentration of

50 mg/mL.

Figure 1. Loteprednol etabonate.
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The system suitability results were calculated according to the

USP 35 ,621. (7) from typical chromatograms. Instrument pre-

cision as determined by six successive injections of the standard

preparation provided a RSD below 1.0%. Peak asymmetry or tail-

ing factor, T, was calculated using the formula: T ¼ W0.05/2f,
where W0.05 is the distance from the leading edge to the tailing

edge of the peak, measured at 5% of the peak height from the

baseline, and f is the distance from the peak maximum to the

leading edge of the peak. The tailing factor did not exceed 1.5.

The column efficiency should be more than 11,000 theoretical

plates.

The stability of the standard solution was studied by injecting

the prepared solution at periodic intervals into the chromato-

graphic system up to about 7 days, which is stored in a refriger-

ator. The solution was maintained at least 99.92% of their initial

concentration under the test conditions.

Method validation

No peak was observed in the chromatogram of placebo solution

at the retention time of loteprednol etabonate. It was stable

under thermal conditions (solid). Significant degradation of the

drug substance was observed under acid, alkaline, oxidative, hy-

drolysis, photolytic and thermal conditions (solution) (Figure 2).

Table I shows the degradation conditions and the relative reten-

tion time of the degradation products with respect to the princi-

pal peak of loteprednol etabonate.

Degradation was indicated in the stressed sample by a decrease

in the expected concentration of the drug and increased levels of

degradation products.

The DAD data show that the purity angle is less than the purity

threshold and spectra at peak start, at end, at apex exactly match-

ing in the range 200–400 nm for all the stressed samples. Hence,

the peak purity test results confirm that the loteprednol etabon-

ate peak is homogeneous and pure in all the stress samples ana-

lyzed. The peak purity from the sample solution was .0.990 that

indicates the method specificity. Degradation products did not

interfere with the detection of the drug. The mass balance is a

process of adding together the assay value and the levels of deg-

radation products to see how closely these add up 100% of the

initial value with due consideration of the margin of analytical

error. The mass balance of stressed samples was 100.0%, except

Figure 2. Chromatograms of loteprednol etabonate. (A) Standard; (B) hydrolysis (water, 608C, 0.5 h); (C) oxidation (hydrogen peroxide 100%, 608C, 0.5 h); (D) daylight exposure
(24 h); (E) heat dry, 1008C (solution, 24 h); (F) heat dry, 1108C (solid, 24 h); (G) acid hydrolysis (0.5 N HCl, 608C, 0.25 h) and (H) alkaline hydrolysis (0.1 N NaOH, cold, 0.25 h).
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the photolytic degradation. Shirasaki and coworkers found that

the principal photolytic degradation product shows a little ad-

sorption at 244 nm.

The selectivity was demonstrated by showing that loteprednol

etabonate was free of interference from degradation products,

and that no interference from the sample excipients was ob-

served at the detection wavelength; thus, the proposed method

can be used in a stability assay (Figure 3).

The linearity of measurement was evaluated by analyzing dif-

ferent concentrations of the standard solutions of loteprednol

etabonate. The calibration curve was constructed by plotting

the average peak area against concentration, and then the regres-

sion equation was computed.

A linear calibration plot for the assay method was obtained

over the calibration ranges tested, i.e., 60–150% of the assay an-

alyte concentration and the correlation coefficient obtained was

.0.9993. Linearity was checked for the assay method over the

same concentration range for two consecutive days. The results

show that an excellent correlation existed between the peak area

and the concentration of the analyte.

The regression line was calculated by using the formula y ¼

0.7618x – 0.2829 with a determination coefficient (r2) of

0.9986. The linearity of the calibration graphs was validated by

the high value of the correlation coefficient and the intercept

value that was not statistically (P ¼ 0.05) different from zero

(Table II and Figure 4).

The precision was demonstrated at two levels: repeatability

and intermediate precision. The precision is usually expressed

as the RSD of a series of measurements. The RSD of peak area re-

sponse and retention time showed the satisfactory repeatability

Figure 2. Continued

Table I
Selectivity: Degradation Conditions of Loteprednol Etabonate

Condition Time (h) Percentage of
loteprednol
etabonate

RRT of degradation products

Acid (0.5 N HCl, 608C) 0.25 58.3 0.54, 0.59, 0.84, 0.94
Base (0.1 N NaOH, cold) 0.25 46.1 0.45, 0.54, 0.59, 0.84, 0.94
Hydrogen peroxide 100% (608C) 0.5 78.7 0.59, 0.84
Water (608C) 0.5 78.3 0.59, 0.84
Heat dry, 1008C (solution) 24 97.7 0.84
Heat dry, 1008C (solid) 24 99.1 Non detectable
Daylight exposure 24 93.4 Non detectable

RRT, relative retention time.
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of the system (,1%). The intermediate precision was performed

by assaying the samples on two different days by two different

analysts. The results were given both individually and as the aver-

age. For each precision assay, the results were as follows: the

mean values 0.5281 and 0.5313%, and RSD 0.70 and 0.27%. Test

“t” comparing two samples with 95% confidence interval for 10

degrees of freedom disclosed that both results were not signifi-

cantly different inter se (tn2 2, a:0.05) ¼ 2.23 (Table III)

To study the reliability, suitability and accuracy of the method,

recovery experiments were carried out. The accuracy of a

method is expressed as the closeness of agreement between

the value found and the value that is accepted as a reference

value. It is determined by calculating the percent difference be-

tween the measured mean concentrations and the correspond-

ing nominal concentrations. The accuracy of the proposed

method was tested by recovery experiments of one commercial

formulation studied (n ¼ 3 for 80, 100 and 120%). The mean re-

covery was 100.78% and the RSD was 1.89%. The experimental t

of the recovery percentage value was 1.239, being it far below

the 2.306 established in the tabulated t (95% level of probability,

8 df). (Table IV)

The robustness of the analytical procedure, which is the mea-

sure of the method’s capacity to remain unaffected by small but

deliberate variations in method parameters, is shown in this

study. The robustness of the proposed method was found after

altering the parameters deliberately: the mobile phase ratio

variants +1% of water and acetonitrile and flow +20%. The

Figure 3. Typical chromatogram of loteprednol etabonate eye drop suspension.

Table II
Linearity Data of Loteprednol Etabonate

Percentage of nominal value Concentration (mg/mL) Average peak area response RSD

60 30.48 22.9245 0.43
80 40.64 30.6646 0.20
100 50.80 37.9485 0.31
120 60.96 47.0000 0.03
150 76.20 57.4139 0.04
Slopea 0.7618+2.0309
Interceptb 20.2829+110.0602

aConfidence limits of the slope (P ¼ 0.05).
bConfidence limits of the intercept (P ¼ 0.05).

Figure 4. Linearity of the assay method.

Table III
Precision of the Assay Method for Loteprednol Etabonate

Analyst 1
Sample no.

% RSD (%) Analyst 2
Sample no.

% RSD (%)

1 0.5314 0.37 1 0.5317 0.75
2 0.5240 0.37 2 0.5313 0.75
3 0.5320 0.37 3 0.5305 0.75
4 0.5292 0.37 4 0.5297 0.75
5 0.5232 0.37 5 0.5338 0.75
6 0.5288 0.37 6 0.5308 0.75
Mean 0.5281 0.70 Mean 0.5313 0.27

Table IV
Recovery Analysis of Loteprednol Etabonate

Percentage of
nominal value

Added
amount (g)

Found
amount (g)

Recovery
(%)

Average recovery
(n ¼ 3) (%)

RSD
(%)

4.2433 4.224 99.55
80 4.2175 4.1985 99.55 99.74 0.40

4.2288 4.2341 100.12
5.3042 5.2542 99.06

100 5.2719 5.2396 99.39 99.28 0.32
5.2860 5.2541 99.40
6.3414 6.5178 102.78

120 6.3557 6.5703 103.38 103.32 0.52
6.3757 6.6188 103.81

Mean (n ¼ 9) 100.78 1.89

Table V
Robustness

Mobile phase RT, loteprednol
etabonate (min)

Tailing N

Water–acetonitrile–acetic acid (34.5:65.0:0.5 v/v)
Flow: 1 mL/min

6.71 1.22 11,543

Water–acetonitrile–acetic acid (34.5:65.0:0.5 v/v)
Flow: 0.8 mL/min

8.89 1.28 12,737

Water–acetonitrile–acetic acid (34.5:65.0:0.5 v/v)
Flow: 1.2 mL/min

5.94 1.21 10,699

Water–acetonitrile–acetic acid (32.5:67.0:0.5 v/v)
Flow: 1 mL/min

6.42 1.24 11,497

Water–acetonitrile–acetic acid (36.5:63.0:0.5 v/v)
Flow: 1 mL/min

7.84 1.20 12,220

RT, retention time; N, efficiency.
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retention time, tailing factor and efficiency of the compound

were evaluated. The results are provided in Table V. When the

change in the mobile phase proportion of water–acetonitrile

was of 1%, the retention time changes similarly. It also affects

the efficiency. The change in the flow rate also affects the reten-

tion time, tailing factor and efficiency.

Discussion

During method development, different options were evaluated

to optimize sample extraction, detection parameters and chro-

matography. A mobile phase containing water, acetonitrile and

acetic acid in varying combinations was tried during the initial

development stages. The sensitivity and peak shape were also

checked. The best signal and peak shape for loteprednol etabon-

ate were achieved using a stationary phase Zorbax Eclipse

XDB-Phenyl 5 mm 4.6 � 250 mm and the mobile phase consisted

of water–acetonitrile–acetic acid (34.5:65.0:0.5, v/v/v) and ran

at a flow rate of 1 mL/min.

The proposed method was validated as per the ICH guidelines

for its selectivity, linearity, precision, accuracy, and robustness.

No peak was observed in the chromatogram of placebo solution

at the retention time of loteprednol etabonate.

A significant degradation of the drug substance was observed

under acid, alkaline, oxidative, hydrolysis, photolytic and thermal

conditions (solution). The degradation products of stress tests

did not interfere with the main peak. In contrast to the studies

reported in the literature, we found that loteprednol etabonate

is more sensitive to alkaline degradation to photolysis.

The method is very simple and specific, as the peak is well sep-

arated from its impurities and excipient peaks with a total run-

time of 10 min, which makes it especially suitable for routine

quality control analysis.

Conclusion

The present method is sensitive, rapid, robust, precise and accu-

rate. The mobile phase was easy to prepare. The recovery from

formulations was in good agreement and suggested no interfer-

ence in the estimation.

Application of this method for the analysis of eye drops re-

veals that neither the degradation products nor the excipients

interfere with the analytical determination. This indicates that

the proposed method could be used as a stability-indicating

method for the determination of loteprednol etabonate either

in bulk or in pharmaceutical formulations (ophthalmic

suspensions).

Acknowledgments

This work was supported by a grant from UBA (No.

20020100100816) and from CONICET, PIP No. 11420110100380

(both to A.I. S.).

References

1. William, J.R., Moore, R.H., Li, R., Weeks, C.M.; Photochemistry of 11a-

and 11b-hydroxy steroidal 1,4-dien-3-ones and 11a- and

11b-hydroxy steroidal bicyclo[3,1,0]hex-3-en-2-ones in natural and

acidic media; Journal of Organic Chemistry, (1980); 45: 2324–

2331.

2. Martindale; The Complete Drug reference, 32th ed. Pharmaceutical

Press, London, (1999), pp. 1045.

3. Coffey, M.J., De Cory, H.H., Lane, S.S.; Development of a non-settling

gel formulation of 0.5% loteprednol etabonate for antiinflammatory

use as an ophthalmic drop; Clinical Ophthalmology, (2013); 7:

299–312.

4. Shirasaki, Y., Inada, K., Inoue, J., Nakamura, M.; Isolation and structure

elucidation of the major photodegradation products of loteprednol

etabonate; Steroids, (2004); 69: 23–34.

5. Yasueda, S., Higashiyama, M., Shirasaki, Y., Inada, K., Ohtori, A.; An

HPLC method to evaluate purity of a steroidal drug, loteprednol eta-

bonate; Journal of Pharmaceutical and Biomedical Analysis,

(2004); 36: 309–316.

6. International Conference on Harmonization. ICH Q2 (R1) Guideline

on Validation of Analytical Procedures: Text and Methodology (2005).

7. The United States Pharmacopeia, 35th ed. U.S. Pharmacopeial

Convention, Vol. 1. Rockville, MD (2012), pp. 877.

6 Han and Segall



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


