
Introduction

The formulation of a drug substance involves it being

blended with a combination of different excipients to

maximize the products ability to administer the dosage

effectively [1]. It is necessary that the excipients or the

additives used in the drug formulation are chemically

compatible with the drug [2]. Although excipients have

traditionally been considered inert, it is now well ac-

cepted that some carry the potential for untoward ef-

fects. The effect may be due to the excipient itself or to a

residue from the starting material or the process of man-

ufacture, which may bring about significant changes in

physical properties of drug [3].

Utilizing thermal methods like differential scan-

ning calorimetry, it is possible to obtain significant

data rapidly, and the method has been suggested for

routine screening of potential drug excipient interac-

tion at the preformulatory level [4].

Of a series of reports that suggest the use of ther-

mal analysis for rapid prediction of chemical interac-

tions between drugs and formulation adjuvants, very

few studies have confirmed thermal interactions with

routine stability testing involving chemical analysis

[5–10].

In present work compatibility of pefloxacin

mesilate (PM) with some directly compressible dilu-

ents was investigated using DSC. PM is a broad-spec-

trum antibacterial 4-quinolones, corresponding to

1-ethyl-6-fluoro-7 (-4 methyl-1-piperazinyl)-4 oxo-1,

4-dihydro quinoline-3-carboxylic acid, having good

penetration of the central nervous system [11]. The

results of the DSC studies were supported with

isothermal stability studies (IST) carried out at ambi-

ent conditions and at 50°C, for six months. Influence

of diluents on stability of drug in liquid state, along

with changes in microenvironmental pH was also de-

termined. After subjecting the data to statistical anal-

ysis the diluents were ranked in decreasing order of

stability. A correlation between the results of DSC

studies with data obtained from IST studies was

attempted.

Experimental

Materials

Pefloxacin mesilate was obtained as gift sample from

Wockhardt Ltd., Aurangabad, India. Microcrystalline

cellulose pH101, and pH102 (Chemsfield, Nagpur,

India), dicalcium phosphate anhydrous (Merck Ltd.,

Mumbai, India), Emcompress (JRS, USA) Pearlitol,

Neosorb, Lycatab (Roquette Inc., America), dextrose

anhydrous (Cipla Ltd, Mumbai, India) Lactopress

spray dried (SD), Lactochem fine powder (FP)

(Borculo Domo Ingredients, The Netherlands) were

received as generous gift samples. All other chemi-

cals and reagents used were of A.R. grade. Water

used in all experiments was deionised and distilled.

Methods

Preparation of solid binary system for isothermal

stability studies–kneading method

For isothermal stress studies, PM (#100 mesh) with

each selected diluent (#100 mesh) in 1:1 ratio was

blended in mortar pestle for 10 min at room tempera-

1388–6150/$20.00 Akadémiai Kiadó, Budapest, Hungary

© 2007 Akadémiai Kiadó, Budapest Springer, Dordrecht, The Netherlands

Journal of Thermal Analysis and Calorimetry, Vol. 89 (2007) 3, 803–808

INTERACTION STUDY BETWEEN PEFLOXACIN MESILATE AND SOME
DILUENTS USING DSC SUPPORTED WITH ISOTHERMAL METHOD

M. Misra*, A. K. Misra and G. M. Panpalia

Department of Pharmaceutical Sciences, Birla Institute of Technology, Mesra, Ranchi-835 215 India

The present investigation was carried out to screen compatibility of some diluents with pefloxacin mesilate using differential scan-

ning calorimetry (DSC), isothermal stability studies, along with stability studies in liquid state and to assign relative ranking to dilu-

ents. Compatibility was predicted with MCC101, MCC102, DCP anhydrous, Emcompress, while melting endotherm of drug was

lost in admixtures of dextrose anhydrous, Pearlitol, Lactopress spray dried, Lactochem fine powder and Lycatab indicating possibil-

ity of interaction. Enthalpy changes were used for relative ranking of diluents.

Keywords: compatibility, diluents, DSC, interaction, pefloxacin mesilate, stability studies

* Author for correspondence: tiwarimanju@rediffmail.com



ture. The admixture was transferred to petri dish and

wetted with 95% ethanol until a paste was obtained,

mixed further for 10 min to ensure complete and uni-

form wetting and finally dried in vaccum oven (Micro

instruments, Delhi, India) at 50°C for 1 h at 500 PSI.

These admixtures were removed after drying, mildly

grounded and divided into two parts for further stud-

ies. A control sample of pure drug without (C) and

with solvent (R) was also prepared in similar manner.

Storage and analysis of samples

The dried admixtures were stored in 2 sets of amber

colored bottles, with tight fitting screw caps and

sealed with adhesive tape. One set of admix was kept

at ambient conditions ~RT (30�2°C), while the other

set was stored in oven (Spectrum, India) with temper-

ature adjusted at 50�2°C. For blends stored at ambi-

ent conditions samples were withdrawn from the bot-

tles at 0, 15, 30, 45, 60, 90, 135 and 180 days.

Similarly samples were withdrawn from bottles

stored at 50°C, at 0, 8, 15, 22, 30, 45, 60, 90, 135 and

180 days and analyzed spectrophotometrically. The

blends were also examined for any unusual color

change. All the analysis was performed in duplicate.

The preparation of sample for analysis involved

weighing of 20 mg admix (10 mg in case of pure

drug), diluting the same with 100 mM HCl to obtain

10 mcg mL–1 concentration and analyzing against

blank, at 277.5 nm. Drug content was determined

from the calibration curve prepared within the same

range of 2–25 mcg mL–1. The method was found to be

linear with studied range (R2=0.999).

For content analysis and data acquisition

UV-visible spectrophotometer (UV-pharmaspec from

Shimadzu, Japan) provided with UV probe 2.01 ver-

sion software, having matched quartz cell, and auto-

matic wavelength accuracy of 10 nm, was used.

Stability studies in liquid state

For stability of drug in liquid state excess of diluent (1 g)

was added to 100 mL of solution of PM having strength

of 10 mcg mL–1 in 100 mM HCl (pH 1.4). Series of such

solutions with other diluents were also prepared in io-

dine flask and kept in water bath shaker (Remi

Equipments, Nagpur, India) at speed of 50 RPM for

72 h. The temperature of the water bath was maintained

at 37�2°C. Aliquots from these flasks were withdrawn

at regular interval, filtered (Whatman filter paper no.2)

and analyzed for changes in absorbance (�max 277.5 nm)

and changes in pH (� pH system, Systronics, India). So-

lution of pure drug was also prepared (control) and sub-

jected to analogous condition.

Differential scanning calorimetry

All measurements were carried out on an indium cali-

brated DSC Q10 V9.4 build 287 (TA instruments,

USA) provided with refrigerated cooling system.

Data were analyzed using the universal analysis 2000

software (TA instruments, USA). Individual samples

(drug and diluents #100 mesh) as well as freshly pre-

pared admixtures of drug and selected diluents

(2–4 mg) were weighed directly on DSC aluminium

pan and scanned between 30–350°C at a heating rate

of 20°C min–1 in an atmosphere of dry nitrogen

(50 mL min–1 flow rate). Sample pan were not

crimped, instead lids were gently placed on the pan

after weighing of sample. An empty pan with lid kept

in similar manner was used as reference. Mettler

AB-264 balance (Mettler, Switzerland) was used for

weighing of samples.

Results and discussion

Isothermal stability studies

In the isothermal stability studies, PM was found to

be comparatively more stable at ambient conditions

than at 50°C, however no significant degradation was

observed in drug content of admixtures of drug with

any of the diluents used, till the completion of the

study. The blends remain physically stable and no

caking, liquefication, discoloration odour or gas for-

mation was observed during storage except in case of

DCP-anhyd. The blends of PM with DCP-anhyd. de-

veloped yellow coloration under both condition

within one week of storage. Drug content analysis of

blends of drug with DCP-anhyd. did not revealed any

degradation. Fluoroquinolones in general, are known

to interact with metal ions like Mg2+, Ca2+, Al3+, Fe3+,

Bi+ etc. to form metal ion complexes [12]. The discol-

oration of blends of DCP-anhyd. with PM can be at-

tributed to such interaction. Interestingly no such in-

teraction was observed in case of Emcompress, which

also contains calcium. Since degradation kinetics, and

the ability of two components to react can depend on

a number of factors, mechanism based stability pre-

dictions for drug product are exception and keeping

this in view, the goal of the compatibility screening in

this report was to assign a relative risk level to each

diluent. Table 1 list the ranking of diluents in terms of

% drug remaining and first order decomposition rate

constant at the end of the study at both RT and 50°C.

Stability in liquid state

In liquid state, stability of drug in solution depends on

its molecular environment and more specifically pH;
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the increase or decrease in which may produce physi-

cal or chemical changes in the system [13].

In case of PM no significant absorption, adsorp-

tion, degradation or complexation was observed in pres-

ence of any diluent. In fact the changes in pH were ob-

served immediately after addition of diluents, after

which the pH of the system remained unchanged during

the entire study (Table 2). In case of Emcompress and

DCP-anhyd. the pH changed from 1.4 to 3.2 and 1.4 to

3.6 respectively. In rest of the systems the change was of

not more than 0.2 to 0.6 units. In all the binary solution,

no major change in absorbance was noted and drug con-

tent was within 95% limit.

Differential scanning calorimetry

The DSC curve of PM (Fig. 1) showed an initial dehy-

dration endotherm with onset at 30°C and an enthalpy

value of 220.1 J g–1, which was followed by a small

shallow endotherm and a sharp melting endotherm at

219.4 and 296°C respectively.

The curves of MCC101 and MCC102 (Fig. 2) re-

vealed an initial dehydration peak due to loss of ad-

sorbed water with maximum peak transition at ap-

proximately 75–78°C and a broad endothermic peak

with onset at 314°C. In the DSC profiles of the admix-

ture of PM with MCC101 and MCC102 (Fig. 3), the

thermal features of drug namely the two endothermic

peaks were observed, although with a shift of approx-

imately 5°C in first peak and a shift of 20°C in second

peak, to lower temperature. From thermodynamic

point of view the Gibbs energy of solid phase at melt-

ing temperature, Gsol (T), is equal to Gibbs energy of

liquid phase at melting temperature, Gliq (T). Below

melting temperature, Gsol is higher than Gliq and above

melting temperature Gliq is higher than Gsol. Incorpo-

ration of diluent to PM in equal ratio lowered the

Gibbs energy below that of the pure PM liquid phase

and culminated in decrease of melting point. [14].

The curve of DCP-anhyd. revealed no transition

in the scanned region of 30–350°C. The thermal scan

of Emcompress showed two peaks in the scanned re-

gion, the initial peak corresponding to loss of water of

crystallization and the melting peak. The curve of ad-

mixture of DCP-anhyd. and emcompress with PM re-
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Table 1 Influence of diluents on relative stability of pefloxacin mesilate after six months of storage at 50 and 30°C (rT) and
quantification of first order decomposition rate constant

Drug/diluent

50°C rT~30°C

Relative stability
K·10–5 *r

K
Ranking

Relative stability
K·10–5 #r

K
RankingDR/% R DR/% R

PM (C) 97.2710 C 6.125 0.9670‡ C 97.9670 C 4.705 0.9551 C

PM (R) 100.1140 R 6.417 0.9595 R 99.5278 R 5.802 0.9737 R

Pearlitol 100.3940 1 5.279 0.9365 1 100.5658 4 4.731 0.9311 3

Lycatab 100.3664 2 5.314 0.8706 2 100.4656 5 5.112 0.9923 6

Dex-anhyd. 100.2620 3 5.571 0.9098 3 100.6594 2 4.805 0.9629 4

Emcompress 100.0730 4 5.853 0.8972 4 100.2779 7 5.567 0.9721 7

LactochemFP 100.0120 5 6.317 0.9464 5 100.3960 6 5.054 0.9316 5

MCC102 99.9726 6 7.025 0.9556 9 100.8948 1 4.129 0.9701 1

LactopressSD 99.8858 7 6.640 0.9246 6 100.5714 3 4.724 0.9556 2

DCP-anhyd. 99.7583 8 7.056 0.9553 10 100.1150 8 6.063 0.9810 9

MCC101 99.7567 9 6.869 0.9280 7 100.0712 9 5.917 0.9685 8

Neosorb 99.7084 10 7.003 0.9413 8 99.7180 10 6.562 0.9202 10

(C): Control (PM) under same storage conditions (treated as 100% at the end of six months), (R): Reference (PM prepared by

kneading method) under same storage condition, *r limiting (50°C): correlation coefficient at n=10 and P<0.05 except in ‡where

P<0.5, #r limiting (30°C): correlation coefficient at n=8 and P<0.5, DR: drug remaining at the end of six months, R: ranking of

diluents based on relative stability

Table 2 Stability of pefloxacin mesilate in presence of dilu-
ents in liquid state. (Effect on pH and drug content)

Drug/diluent
pH Drug content/%

0 h 72 h 0 h 72 h

PM (C) 1.42 1.42 100.00 99.76

MCC101 1.68 1.66 97.97 97.17

MCC102 1.70 1.72 98.58 98.17

DCP-anhyd. 3.60 3.80 96.64 95.71

Emcompress 3.20 3.40 98.93 98.19

Neosorb 1.50 1.52 97.55 96.79

Dex-anhyd. 1.54 1.56 99.40 99.10

Pearlitol 1.72 1.72 99.93 98.74

LactopressSD 1.74 1.72 96.80 96.19

LactochemFP 1.68 1.68 97.94 97.83

Lycatab 1.62 1.64 99.05 98.97



cords the thermal characteristic features of both drug

and diluent. The enthalpy changes of the admixtures

were approximately 0.5% (DCP-anhyd.) and 7.46%

(Emcompress) of the expected ones, suggesting no in-

teraction between the drug and diluents.

The curve of Neosorb and Pearlitol revealed a sin-

gle sharp melting endotherm at 100 and 168°C respec-

tively. In thermal curves of binary mixture of Neosorb

with PM melting endotherm of Neosorb was fused with

dehydration peak of drug, (retained at 98°C), followed

by decomposition exotherm with onset at 240°C. Simi-

larly in the curve of admixture of PM with Pearlitol, an

initial dehydration peak found in curve of drug and

melting peak of Pearlitol at 161.9°C was present fol-

lowed by the decomposition curve.

The DSC scan of dextrose anhydrous

(dex-anhyd.) records an initial peak due to water loss

and a sharp melting endotherm at 158.2°C. DSC

curve of the admixture of dex-anhyd. with PM

showed a broad endothermic peak corresponding to

adsorbed water loss, and melting peak of dex-anhyd.

at 158°C. The peak of drug was not retained in the ad-

mixture of dex-anhyd. with PM.

Neosorb is known to undergo vitrification imme-

diately after fusion [15]. The entrapment of drug in

the vitrified matrix of Neosorb might be the probable

reason for loss of characteristic melting features of

drug. In the admixtures of Neosorb, Pearlitol and

dex-anhyd. with PM, the diluent melts and subse-

quently decomposed prior to the melting of drug,

which resulted in the reaction of drug with decompo-

sition products of these diluents, making prediction of

compatibility difficult [16].

The DSC scan of Lactochem FP and Lactopress

SD showed an endothermic transition starting at

145°C relative to loss of water of crystallization and

subsequent changing into anhydrous form with melt-

ing transition at 220°C. DSC trace of admixture of

Lactochem FP with PM (Fig. 4) retained the dehydra-

tion peaks of both drug and Lactochem FP at 80°C

due to loss of adsorbed water and at 148°C due to loss

of bound water. The melting peak of Lactochem FP at

220°C was shifted to lower temperature at 207°C,

while the fusion endotherm of drug was lost. Similar

features were observed in admixture of PM with

Lactopress SD.

In the DSC endotherm of Lycatab a broad dehy-

dration endotherm along with fusion endotherm with

onset at 273°C was observed. The thermal curve of

binary mixture reveals an initial dehydration

endotherm, shallow endothermic characteristic peak

of drug at 222°C and melting peak of Lycatab (dif-

fused in nature) at 252°C. A shift of 20°C to lower

temperature was observed in melting endotherm of

Lycatab. The enthalpy change of admixture was ap-

proximately 78% of the expected enthalpy, and sug-

gested the existence of physical interaction between

drug and diluent. However this should be interpreted

cautiously, since mixing of two powders intimately

and subjecting them to accelerated temperature could

result in physical interaction without changing the

chemical nature of both the compounds [17]. Thermal

parameters and enthalpy values of drug diluent and

drug-diluent admixtures is listed in Table 3.
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Fig. 1 DSC curves of pefloxacin mesilate and diluents
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Fig. 2 DSC curves of pefloxacin mesilate and diluents
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Fig. 3 DSC curves of pefloxacin mesilate and its (1:1
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Conclusions

Pefloxacin mesilate is a broad spectrum

fluoroquinolone antibiotic. In compatibility screening

of PM with some diluents, DSC results revealed com-

patibility of PM with MCC101, MCC102,

DCP-anhyd., and Emcompress, as peak of PM was re-

tained in binary mixtures of all these diluents with

drug. In rest of the diluents studied i.e. Neosorb,

Emcompress, dex-anhyd., Pearlitol, Lactopress SD,

Lactochem FP, and Lycatab, the characteristic melt-

ing endothermic peak of PM was lost. In spite of this,

the IST studies revealed no such degradation of drug

in presence of the diluents under both storage condi-

tions, reaffirming the fact that reactions observed at

elevated temperatures in DSC are not neccessarily

relevant at ambient conditions [18]. From the

enthalpy calculations, % change in enthalpy of ad-

mixtures in MCC101, MCC102, was comparatively

more than in all other admixtures, irrespective of the

fact that, drug was found compatible with these two

diluents on the basis of preservation of melting

endotherm of drug. In case of binary mixtures of

dex-anhyd., Pearlitol, and Lactochem FP with PM, al-

though the melting endotherm of drug was not re-

tained, the enthalpy changes in admixtures were

within 10% limits of the calculated enthalpy, thereby

ruling out the probability of interaction which was

quite in accordance with the results of IST studies.

Overall IST studies complimented very well with

DSC results in assigning a ranking order to various

diluents used in compatibility screening. Although no

significant statistical correlation could be derived be-

tween degradation rate constants obtained from IST

results and changes in enthalpy of the system, yet

enthalpy changes, in particular proved to be important

thermal parameter in ranking of diluents, and could be

safely used for prediction of any untoward reactions

with drug leading to incompatibility in future.

Acknowledgements

The author is thankful to UGC, New Delhi, and Birla Institute

of Technology, Mesra, Ranchi, for financial support during

the research work. The authors are also thankful for generous

help of gift samples of drugs and diluents received from Cipla

Ltd., India, Merck Ltd., India, Chemsfield Ltd., India,

Roquette Inc. USA, Borculo Domo Ingredients, The Nether-

lands and JRS, USA.

References

1 J. L. Sims, J .A. Carreira, D. J. Carrier, S. R. Crabtree,

L. Easton, S. Hancock and C. E. Simcox, Pharm. Dev.

Technol., 8 (2003) 119.

2 S. R. Desai, M. M. Shaikh and S. R. Dharwadkar, Therm.

Acta., 399 (2003) 81.

3 P. J. Crowley and L. G. Martini, Excipients for pharma-

ceutical dosage forms. In: Encyclopedia of Pharmaceutical

Technology, Eds. J. Swarbrick and J. C. Boylan., Marcel

Dekker Inc. New York 2002, p. 1151.

4 S.-D. Clas, C. R. Dalton and B. C. Hancock, Calorimetry

in Pharmaceutical Research and Development. In: Ency-

clopedia of Pharmaceutical Technology, J. Swarbrick and

J. C. Boylan, Eds, Marcel Dekker Inc., New York

2002, p. 291.

5 R. K. Verma and S. Garg, J. Pharm. Biomed. Anal.,

38 (2005) 633.

6 R. K. Verma and S. Garg, J. Pharm. Biomed. Anal.,

35 (2004) 499.

J. Therm. Anal. Cal., 89, 2007 807

INTERACTION BETWEEN PEFLOXACIN MESILATE AND SOME DILUENTS

Temperature/°C

H
ea

t
fl

o
w

/W
g

E
x
o

–
1

�

30 80 130 180 230 280 330

–5-

–30-

PM

MCC102

Pearlitol

Lactochem Fp

Lactochem SD

Lycatab

274.77°C
172.1 Jg–1

206.63°C
19.95 Jg–1

219.47°C

36.63°C
220.1 Jg–1

35.83°C
152.2 Jg–1

164.07°C
4.952 Jg–1

156.47°C
195.6 Jg–1

203.62°C
6.666 Jg–1

148.07°C
64.93 Jg–1

149.97°C

222.24°C

82.70°C

217.92°C

82.65°C

81.98°C

83.95°C

259.701°C
67.22°C

151.59°C

207.24°C

161.69°C

296.00°C

285.15°C

37.44°C
118.2 Jg–1

193.66°C
181.3 Jg–1

252.33°C
117.8 Jg–1

294.56°C
106.2 Jg–1

41.60°C
83.27 Jg–1

146.95°C
71.98 Jg–1

36.16°C
89.48 Jg–1

168.60°C

80.26°C

207.63°C
161.83°C
3.632–1 199.29°C

211.1 Jg–1

203.87°C
7.402 Jg–1

38.75°C
204.0 Jg–1

Fig. 4 DSC curves of pefloxacin mesilate and its (1:1

mass/mass) binary mixtures with diluents

Table 3 Thermal parameters of binary mixtures of pefloxacin

mesilate with diluents

Diluent
�Hcal

a/
J g–1

�Hobsv/
J g–1

Change in
enthalpy of

admixture/%

MCC101 190.25 362.77 47.55+

MCC102 195.77 330.96 40.84+

DCP-anhyd. 173.12 174.15 0.59+

Emcompress 342.80 319.54 7.46–

Neosorb 251.57 198.60 26.67–

Dex-anhyd. 275.86 252.04 9.45–

Pearlitol 318.07 313.80 1.36–

LactopressSD 373.73 376.19 0.65+

LactochemFP 395.72 334.45 18.31–

Lycatab 256.27 329.20 22.15+

a enthalpy values calculated from the 1:1 w/w

percentage contribution of each ingredient

+ gain in enthalpy

– loss in enthalpy



7 S. Vaithiyalingam, I. K. Reddy and M. A. Khan, Particul.

Sci. Technol., 19 (2001) 131.

8 V. A. Drebushchak, T. P. Shaktshneider, S. A. Apenina,

A. S. Medvedeva, L. P. Safronova and V. V. Boldyrev,

J. Therm. Anal. Cal., 84 (2006) 643.

9 V. A. Drebushchak, T. P. Shaktshneider, S. A. Apenina,

A. S. Medvedeva, L. P. Safronova and V. V. Boldyrev,

J. Therm. Anal. Cal., DOI: 10.1007/s10973-005-7440-y,

(2006).

10 A. Balasubramanium and G. M. Panpalia, Drug. Dev. Ind.

Pharm., 27 (2001) 475.

11 A. M. Beltagi, J. Pharm. Biomed. Anal., 31 (2003) 1079.

12 D. L. Ross and C. M. Riley, Int. J. Pharm., 87 (1992) 203.

13 A. T. Florence and D. Attwood, Physicochemical Princi-

ples of Pharmacy, Macmilan Press Ltd., London

1998, p. 151.

14 G. Grimwall, Thermophysical Properties of Materials,

Elsevier Science, New York 1999.

15 A. Gombas, P. Szabo-Revesz, G. Regdon Jr. and I. Eros,

J. Therm. Anal. Cal., 73 (2003) 615.

16 A. A. Van Dooren and B. V. Duphar, Drug. Dev. Ind.

Pharm., 9 (1983) 43.

17 J. L. Ford and P. Timmins, Pharmaceutical Thermal Anal-

ysis: Techniques and Application, Ellis Harwood Ltd.,

New York 1989, p. 238.

18 M. J. Hardy, Anal. Proc., 19 (1982) 556.

Received: April 25, 2007

Accepted: May 17, 2007

DOI: 10.1007/s10973-007-8531-8

808 J. Therm. Anal. Cal., 89, 2007

MISRA et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


