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Abstract—The aim of this paper is to design and characterize some drug delivery systems (DDS) based on collagen
hydrolysates (H), niflumic acid as a non-steroidal anti-inflammatory model drug and two essential oils of Lavandula
officinalis L. (LO) and Lavandula stoechas L. subsp. Stoechas (LS), for use in healing cutaneous wounds with post-lesion
inflammatory response. The essential oils are characterized by GC-MS. The wettability capacity of collagen hydrolysate
powders was assessed by contact angle measurement. Niflumic acid release was investigated using a modified Franz
diffusion cell, and the diffusion coefficient, time-lag and drug flux were determined. The kinetic parameters were
found to be influenced by different concentrations and types of essential oils. These therapeutical products, based on
collagen hydrolysates and synergistic drug associations, could have potential biomedical application in wound healing

treatment.
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INTRODUCTION

An important issue that has to be considered in cutaneous
wound healing is the management of the post-lesion inflamma-
tory response. Non-steroidal anti-inflammatory drugs (NSAIDs)
represent a reliable strategy for treating wound site inflammation
and consequently pain. In many cases, wound healing is delayed
by bacterial infections that can be fatal in cases of severe wounds
[1]. Natural products of plant or animal origin and their deriva-
tives are important sources of novel therapeutic molecules [2,3].
Collagen, in different forms (powders, hydrogels, solutions, films/
membranes, matrices) has been reported to be one of the first
materials used as a carrier of bioactive components [4-8]. Colla-
gen hydrolysate was proved to be a bioavailable source of peptides
and amino acids with therapeutic effects [9]. Type I collagen in
form of sponges or membranes is suitable for skin replacement
and burn wounds due to its mechanical strength and biocompati-
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bility [10,11]. Collagen-based materials have been either used in prac-
tice as implants or tested as implants in clinical studies, without
adverse effects [12].

Medicinal plants are an important source of natural antimicro-
bial biomolecules and alternative anticancer agents. [13-15]. Essen-
tial oils are complex mixtures of different compounds, such as
sesquiterpenoids, benzoids, polypropanoids, and fatty acid deriva-
tives, [16] with various pharmaceutical and biological activities,
like antibacterial, antifungal, antimutagenic, antidiabetic, antiviral,
anti-inflammatory, and antiprotozoal properties [17]. Yang et al.
[18] reported that flavonoids may potentially inhibit the viability of
the HeLa human cervical carcinoma cell line and P-388 mouse leu-
kemia cell line. Other authors suggest that sesquiterpenes show anti-
cancer activity [19]. Lavandula oil is the most commonly used and
the most versatile of all the essential oils [20]. As our previous works
showed, L. stoechas is rich in ketones while L. officinalis has a high
amount of esters and alcohols. The most important ether found in
both oils was 1.8 cineol (eucalyptol), one of the most efficient ther-
apeutic compounds used in many diseases [21]. Eucalyptol was
used in preclinical tests as a novel permeation enhancer on Wistar
albino rats, proving to be effective in transdermal delivery [22].
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Our aim was to design and characterize some drug delivery
systems based on natural therapeutic compounds such as colla-
gen hydrolysates and antimicrobial essential oils of Lavandula offi-
cinalis L. (LO) and Lavandula stoechas L. subsp. stoechas (LS) in
association with niflumic acid as a non-steroidal anti-inflamma-
tory drug, for potential medical use.

1. Materials

Plant material: Aerial parts of Lavandula officinalis L. and Lavan-
dula stoechas L. subsp. stoechas were harvested at full-flowering
stage in July 2014 from the botanical gardens of the Field Crops
Department of Mustafa Kemal University. The isolation of essen-
tial oils was performed by drying the aerial parts at 35°C in an
oven, to a constant weight, followed by their hydrodistillation with
1L distilled water, for 3 h, using a Neo-Clevenger apparatus. The
oils were dried over anhydrous sodium sulfate and then stored in
dark color (amber) glass bottles, at —4 °C ready for GC-MS analy-
sis. The collagen hydrolysate (CH) with an average molecular weight
of about 6,000 Da was obtained by acid hydrolysis of calf pelt at
125 °C for 8 h with the previously described technology [21]. Niflu-
mic acid (NA) was purchased from ICN Biomedicals Inc. (USA)
and glutaraldehyde (GA) from Merck (Germany). Sodium hydrox-
ide, ethanol (Et) and phosphate buffer solution (PBS), pH 7.4 were
of analytical grade.

2. Drug Delivery Systems (DDS) Preparation

The collagen hydrolysate : ethanol solutions with a 9: 1 ratio (w/w)
and 0.0, 0.25; 0.50; 1.0 and 2.0% (w/v) Lavandula officinalis L. and
Lavandula stoechas L. subsp. stoechas essentials oils respectively
were prepared, and then lyophilized using the previously reported
method [1,21]. The resulting powders were later dissolved in dis-
tilled water in the presence of niflumic acid (0.25%) as sodium salt
(w/v), and thus the drug delivery systems were obtained. The sam-
ples were coded as shown in Table 1 and divided in two series,
HLO and HLS, depending on their content in essential oils, respec-
tively Lavandula officinalis L. and Lavandula stoechas L. subsp. stoe-
chas oil.

3. Methods
3-1. Gas Chromatography-mass Spectrometry (GC-MS) Analysis
The analysis of the essential oils was carried out using a Thermo

Table 1. Codification and compositions of the designed DDS based
on collagen-lavandula oil-niflumic acid

DDS compositions

DDS
Essential oil* (%) Niflumic acid** (%)

H 0.00 0 0.25
HLO 0.25 0.25 0.25
HLS 0.25 0.25 0.25
HLO 0.50 0.50 0.25
HLS 0.50 0.50 0.25
HLO 1.00 1.00 0.25
HLS 1.00 1.00 0.25
HLO 2.00 2.00 0.25
HLS 2.00 2.00 0.25

*Reported to volume of hydrolysate solution (v/v)
**Reported to volume of hydrolysate solution (w/v)
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Scientific Focus Gas Chromatograph equipped with MS, autosam-
pler and TR-WAXMS-A (5% phenyl polysilphenylene-siloxane, 0.25
mmx60 m.ID, film thickness 0.25). The carrier gas was helium
(99.9%) at a flow rate of 1 mL/min; ionization energy was 70 eV,
mass range m/z 50-650 amu. Data acquisition was scan mode. MS
transfer line temperature was 250 °C, MS Ionization source 319
temperature was 220 °C, the injection port temperature was 220 °C.
The samples were injected with 250 split ratio. The injection vol-
ume was 1 pl. Oven temperature was programmed in the range of
50 °C to 220 °C at 3 °C/min. The structure of each compound was
identified by comparison with its mass spectrum (Wiley). The data
were handled using Xcalibur software.
4. Evaluation of Collagen Hydrolysate Powders Wettability

The wettability capacity of collagen hydrolysate (reference sam-
ple) and collagen hydrolysate - essential oil powders was assessed
by contact angle measurement at room temperature, using a KSV
Cam 101 Scientific Instrument. The contact angle evaluation was
performed using the following procedure, according to Nowak et
al. [23]: on a glass microscope slide the powder was placed on a
double sided adhesive tape. The pendant drop dynamic method was
applied, using distilled water dispensed with a Hamilton syringe [7].
The drop shape was monitored with a digital camera and mathe-
matically described by the Young-Laplace equation [8,23]. At least
six independent measurements on different powder surface loca-
tions were averaged.
5. Niflumic Acid Release Kinetics

Niflumic acid release kinetics was investigated using a modified
Franz diffusion cell fitted with a cellophane membrane (Autogen
Bioclear Ltd.) and a peristaltic pump (Masterflex, Cole-Parmer) as
previously reported [25]. A phosphate buffer solution of pH 7.4 at
37°C+0.5 °C (ThermoHaake P5 Ultrathermostat) was used as receiv-
ing medium and continuously stirred by a rotating Teflon-coated
magnet placed inside the receptor compartment. The amount of
niflumic acid released at different time intervals was spectrophoto-
metrically assessed at 287 nm (Perkin-Elmer spectrophotometer)
using the previously determined calibration curve (A,,"=777,
R=0.9986) [26].

RESULTS AND DISCUSSION

According to GC-MS results, 31 and 32 different components
were identified in Lavandula officinalis L. and Lavandula stoechas L.
subsp. stoechas essential oils, respectively. The main components
are presented in Table 2.

Fenchone (42.00%), eucalyptol (17.56%), camphor (18.11%) and
borneol acetate (1.77%) were the main components for L. stoechas
oil, while for L. officinalis, linalool (24.99%), linalyl acetate (45.04%),
camphor (6.28%) and eucalyptol (4.54%) were found in high con-
centrations. The wettability capacity for the collagen hydrolysate
powders, quantified by contact angle measurement, was further
determined. The dynamic contact angle determinations led to the
description of the drop shape time variation. The images of the
drop shape recorded at different time intervals are exemplified in
Figs. 1-3(a)-(f) for collagen hydrolysate powder with no essential
oil, with 0.50% Lavandula officinalis L. essential oil, and with 1.00%
Lavandula stoechas L. subsp. Stoechas essential oil respectively.



Table 2. Lavandula officinalis L. and Lavandula stoechas L. subsp. stoechas essential oils components

The effect of lavandula essential oils on release of niflumic acid from collagen hydrolysates

1327

Retention time Components Lavandula officinalis L. oil, % Lavandula stoechas L. subsp. Stoechas oil, %
3.64 a-Pinene 0.26 0.82
435 Camphene 0.45 1.34
5.14 [-Pinene 0.12 0.28
545 Sabinene 0.82 0.13
6.50 Myrcene 0.22 -
6.89 o-Terpinene - 0.23
7.41 Limonene 0.76 0.64
7.61 Eucalyptol 4.54 17.56
8.84 y-Terpinene - 0.44
9.08 Ocimene 0.43 -
9.66 Cymene 0.14 0.87

10.03 o Terpinolene - 0.48
13.97 Fenchone 0.19 42.00
15.68 Linalool oxide 1.22 023
16.57 Trans-sabinene hydrate 0.31 0.09
16.78 Trans-Linalool oxide 0.44 0.44
17.47 o-Cubebene 0.21 0.39
18.33 Camphor 6.28 18.11
19.90 Linalool 24.99 0.75
20.25 Linalyl acetate 45.04 -
20.88 Borneol acetate 0.11 1.77
21.08 Fenchyl alcohol - 045
21.39 Trans-Caryophyllene 0.93 -
21.77 4-Terpineol 0.27 0.32
22.17 Lavandulyl acetate 1.99 -
22.61 Myrtenal 0.43 1.21
23.66 Trans-Pinocarveol 0.21 043
23.77 [-Cadinene 0.46 -
2413 Cryptone - 0.32
24.55 Cis-Verbenol - 041
24.69 Lavandulol 0.37 -
24.93 Myrtenyl acetate - 0.78
25.26 o Terpinenyl acetate - 0.94
25.36 2-Methylisoborneol 401 -
27.37 o-Amorphene - 0.53
29.56 Epoxylinalool 0.79 -
30.26 Carveol - 0.40
30.81 p-Cymen-8-ol 0.25 -
34.66 Limonene oxide 0.34 -
34.83 Caryophyllene oxide 0.63 -
36.42 Viridifloral - 0.65
37.62 a-Copaene - 0.12
38.23 Viridiflorol - 0.99
41.16 Globulol - 0.32
4249 a-Bisabolol 0.68 -

As shown in Figs. 1-3, the contact angle decreases with time
due to progressive imbibition of the liquid into the powder particles.

The dynamic drop method also gave rise to advancing and reced-
ing contact angles as a function of time. The difference between
these extreme values is called contact angle hysteresis [8], exempli-

fied in Fig. 4 for collagen hydrolysate powders.
According to Fig. 4, similar trends of variation of contact angles

and their hysteresis are obtained for powders from both series, as
well as for H powder. The average contact angles for the tested
powders were lower than 90°, with values between 49.06+2.55° and
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(a) at 0.064s (b)at 0.176s (c) at 0.320s

(d) at 0.512

(e)at 0.752s (f) at 0.944s

Fig. 1. Images of the drop shape at different time points for the collagen hydrolysate powder without essential oil.

(a) at 0.064s (b)at0.176s (c) at 0.320s

(d)at0.512

(e) at 0.752s (f) at 0.944s

Fig. 2. Images of the drop shape at different time points for the collagen hydrolysate powder with 0.50% Lavandula officinalis L. essential oil.

(a) at 0.064s (b)at0.176s (c) at 0.320s

(d)at0.512

(e)at 0.752s (f) at 0.944s

Fig. 3. Images of the drop shape at different time points for the collagen hydrolysate powder with 1.00% Lavandula stoechas L. subsp. stoe-

chas essential oil.
120 -
100
)
Y]
(3 )
5 80 —4— H 0.00
ﬁ 2 HLO 0.25
o ©—HL0 0.50
=0 S HLO 1.00
(=1 -
5 © - HLO 2,00
g A HLS 025
‘g —&— HLS 0.50
O 404 = HLS 1.00
*— HLS 2.00
20
T T T M T v T o T M T v 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Time (s)

Fig. 4. Variation of contact angle for collagen hydrolysate powders.

69.07+3.53° for the HLS series, between 50.07+3.05° and 67.20+
3.48° for the HLO series, and 45.16+2.96° for the H sample, respec-
tively. The contact angle hysteresis ranged between 45.41+2.25°
and 54.77+3.23° for the HLS series, between 40.26+3.12° and
56.45+3.09° for the HLO series, and 61.20+2.96° for the H sam-
ple. Note that both wetting parameters are influenced by the
essential oil concentration for each series, as well as by the source
of the essential oil. The smallest average contact angle value and
the highest hysteresis are recorded for the hydrolysate powder with
no essential oil, while a decrease in hydrophilicity and hysteresis is
noticed as the concentration in essential oil increases. The wetting
characteristics indicate a good hydrophilicity and a suitable wetta-
bility of the collagen hydrolysate powder surface by the liquid. The
powder wettability is an indicator for the affinity between liquid
and solid phases and is important for the dissolution process
involved in the DDS preparation [23,24,27]. The kinetic data recorded
for the prepared DDS conducted to release profiles illustrated in
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Fig. 5. Plots of cumulative percentage of niflumic acid released ver-
sus time for DDS with essential oil of Lavandula officinalis L.
and with no essential oil.

Figs. 5 and 6, and are expressed as the percentage of drug release
versus time.

For the assessment of the niflumic acid release mechanism
from the tested DDS the kinetic data were fitted according to the
general equation suggested by Peppas [28]:

2! )
where, m, is the amount of drug released vs. time t, m,, - the total
drug contents in the tested collagen hydrolysates, m,/m,, - the frac-
tional release of the drug at the time t, k - the kinetic constant, and
n - the release exponent, indicating the mechanism of drug release.
Various kinetic models were tested (first order, zero order, Higu-
chi) and the highest values for the correlation coefficients, ranging
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Fig. 6. Plots of cumulative percentage of niflumic acid released ver-
sus time for DDS with essential oil of Lavandula stoechas L.
subsp. stoechas and with no essential oil.

between 0.9927 and 0.9963 (Table 4), were obtained for the Higu-
chi model. This highlighted the fact that the cumulative niflumic
acid release depends linearly on the square root of time (n=0.5),

indicating a Fickian diffusion drug release mechanism.

The in vitro niflumic acid release kinetics was evaluated by three
parameters: diffusion coefficient, time-lag and drug flux. The first
two parameters are specific to the Higuchi model and were deter-
mined from the following equation [25]:

2

p=-1-T @

4.C1t

where, D is the drug diffusion coefficient (cm”/min) q - the amount
of drug released per unit of membrane surface (g/cm’), G, - the
initial drug concentration in the hydrolysate (g/mL), t - the drug
release time (min). The time-lag was assessed from the regression
line q as a function of time (Figs. 7 and 8).

The drug flux was evaluated by the following equation [25]:

=1
=4 ©

Table 3. Results of the release studies for the designed DDS
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Fig, 7. Linear plots of q° versus time for DDS with essential oil of
Lavandula officinalis L. and with no essential oil.
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Fig. 8. Linear plots of q” versus time for DDS with essential oil of
Lavandula stoechas L. subsp. stoechas and with no essential oil.

where, the significance of the q and t parameters was previously
specified.

System responses

bDs Diffusion coefficient D-10° (cm?/s) Time-lag T}, (min) ~ Flux]-1 0° ( g/ cm’s)  Correlation coefficient for Higuchi model
H 0.00 4.69+0.13 7.86+0.73 1.20+£0.014 0.9938+0.0009
HLO 0.25 521+0.18 4.04+0.39 1.25+0.019 0.9937+0.0006
HLS 0.25 6.17£0.15 2.27+0.59 1.34+0.014 0.9944+0.0014
HLO 0.50 4.08+0.18 9.35+£0.74 1.15+£0.021 0.9958+0.0005
HLS 0.50 5.54+0.21 4.15+£0.11 1.28+0.025 0.9927+0.0005
HLO 1.00 4.43+0.17 5.21%£0.32 1.13+0.021 0.9951+0.0003
HLS 1.00 4.96+0.16 5.98+0.27 1.22+0.015 0.9939+0.0008
HLO 2.00 3.74%x0.14 11.33+0.60 1.09£0.019 0.9948+0.0007
HLS 2.00 3.54+0.17 10.49+0.64 1.05+0.022 0.9963+0.0008

Korean J. Chem. Eng.(Vol. 33, No. 4)
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Table 3 lists the values obtained for the kinetic parameters.

Table 3 shows that for the HLS series the diffusion coefficient
and flux were higher, respectively, the time-lag was smaller for an
essential oil concentration between 0.25-1.00% than for collagen
hydrolysate with no essential oil (H). In the case of the HLO series,
for an essential oil concentration of 0.25% and 1.00%, the time-lag
was smaller than the one obtained for H, while the diffusion coef-
ficient and flux were higher only for the HLO 0.25.

CONCLUSIONS

The niflumic acid release from all designed DDS followed a dif-
fusional transport mechanism. The kinetic parameters were influ-
enced by different concentrations and types of essential oils. For
the HLS series, the combination of niflumic acid and essential oil
in a concentration ranging from 0.25 to 1.00% leads to optimum
values for the kinetic parameters compared to niflumic acid-colla-
gen hydrolysate (H). In the case of the HLO series, it was only for
the 0.25% concentration of the essential oil that all the kinetic
parameters were optimum compared to the niflumic acid-colla-
gen hydrolysate. These DDS, based on a synergistic therapeutical
association of a drug and an essential oil, can have a potential bio-
medical application in wound healing, and further studies are rec-
ommended to test their antimicrobial efficiency.

ACKNOWLEDGEMENT

The work has been funded by the Sectoral Operational Pro-
gramme Human Resources Development 2007-2013 of the Ministry
of European Funds through the Financial Agreement POSDRU/
159/1.5/8/132395 and project no PII-C2-PCFI (2015-2016) -
DENTALOCT.

REFERENCES

1.M.G. Albu, M. Ferdes, D. A. Kaya, M. V. Ghica, 1. Titorencu, L.
Popa and L. Albu, Mol. Cryst. Lig. Cryst., 555(1), 271 (2012).

2. A. Ardalan, A. Omid, A. Golnaz and Z. Mahdi, J. Essent. Oil Bear
PL,16(1), 59 (2013).

3.J. Clardy and C. Walsh, Nature, 432(7019), 829 (2004).

4. A. Gennadios, T. H. McHugh, C. L. Weller and J. M. Krochta, Edi-
ble coatings and films based on proteins, ]. M. Krochta, E. A. Bald-
win, M. Nisperos-Carriedo (Eds.), Edible coatings and films to
improve food quality, Technomic Publishing Co., Lancaster (1994).

April, 2016

5.M.C. Gémez-Guillén, B. Giménez, M. E. Lopez-Caballero and
M. P. Montero, Food Hydrocoll., 25(8), 1813 (2011).
6.L.C. Rusu, D. A. Kaya, M. V. Ghica, M. G. Albu, L. Popa, A. Butu
and C. E. Dinu-Pirvu, Dig. J. Nanomater. Bios., 9(1), 317 (2014).
7.M.V. Ghica, M. G. Albu, L. Popa and St. Moisescu, Pharmazie,
68(5), 340 (2013).

8.L. Popa, M. V. Ghica, M. G. Albu, A. Ortan and C. E. Dinu-Pirvu,
Dig. J. Nanomater. Bios., 8(3), 937 (2013).

9. A. Ficai, M. G. Albu, M. Birsan, M. Sonmez, D. Ficai, V. Trandafir
and E. Andronescu, J. Mol. Struc., 1037, 154 (2013).

10. K. P. Rao, J. Biomater. Sci., 7(7), 623 (1995).

11. C. H. Lee, A. Singla and Y. Lee, Int. . Pharm., 221(1-2), 1 (2001).

12.L. Shu-Tung, Biologic Biomaterials: Tissue-Derived Biomaterials
(Collagen), J. B. Park and J. D. Bronzino (Eds.), Biomaterials: Prin-
ciples and Applications, CRC Press, Boca Raton, FL (2003).

13. H. M. Barreto, E. C. Silva Filho, E. de O. Lima, D. M. Coutinho,
M. E B. Morais-Braga, C.C. A. Tvares, S.R. Tintino, J. V. Rego,
A.P.L. de Abreu, M. C. G. Lustosa, R. W. G. Oliveira, A. M. G. L.
Cito and J. A. D. Lopes, Ind. Crops Prod., 59, 290 (2014).

14.1. H. N. Bassolé and H. R. Juliani, Molecules, 17(4), 3989 (2012).

15. L. Langhasova, V. Hanusova, J. Rezek, B. Stohanslova, M. Ambroz,
V. Kralova, T. Vanek, J. D. Lou, Z.L. Yun, J. Yang and L. Skalova,
Ind. Crops Prod., 59, 20 (2014).

16. B. Adorjan and G. Buchbauer, Flavour Frag. J., 25(6), 407 (2010).

17. B. Kim, H.-S. Kim, Korean J. Chem. Eng, 31(10), 1831 (2014).

18.Z.E Yang, S.E Cao and Y.H. Zheng, Food Chem., 125(2), 701
(2011).

19.].S. Raut and S. M. Karuppayil, Ind. Crops Prod., 62, 250, (2014).

20. B. Ocak, J. Environ. Manag., 100, 22 (2012).

21. M. Inan, D. A. Kaya and M. G. Albu, Rev. Chim. (Bucharest), 64(9),
1037 (2013).

22. A. Ahad, M. Aqil, K. Kohli, Y. Sultana and M. Mujeeb, Expert Opin.
Drug Deliv,, 11(8), 1149 (2014).

23.E. Nowak, G. Combes, E. H. Stitt and A. W. Pacek, Powder Tech-
nol., 233, 52 (2013).

24. A. Depalo and A. C. Santomaso, Colloids Surf, A, 436, 371 (2013).

25.M. V. Ghica, M. G. Albu, M. Leca, L. Popa and S$t. Moisescu, Phar-
mazie, 66(11), 853 (2011).

26. M. V. Ghica, M. G. Albu, Gh. Coari and C. Dinu-Pirvu, Proceed-
ings of the 4" International Conference on Advanced Materials and
Systems (ICAMS), Bucharest, September 27-29, 267 (2012).

27.S. Ahadian, M, Mohseni and S. Moradian, Int. J. Adhes. Adhes.,
29(4), 458 (2009).

28.N. A. Peppas, Pharm. Acta. Helv., 60(4), 110 (1985).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


