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Abstract Present report is aimed to study the batch

kinetics of Lantana camara. Dynamic changes of param-

eters, such as pH, conductivity, wet and dry cell concen-

trations, consumption of major nutrients, carbon source and

agitation speeds were investigated to understand the culture

characteristics of suspended cells grown on MS ? BAP ?

2,4-D ? NAA in shake flasks. Results indicated that the

consumption of phosphate resulted in the onset of

stationary phase in cultures. Maltose as carbon source

resulted in production of maximum triterpenoid content

(31.08 mg/L) while the least was found on glucose

(10.69 mg/L). Notably, both did not support accumulation

of betulinic acid. Sucrose, although stood second in terms

of quantity (21.6 mg/L), supported the production of all the

three triterpenoids-oleanolic, ursolic and betulinic acids.

Maximum viable cultures were obtained at a rotation speed

of 120 rpm. The present finding will form a background for

further scale-up related studies.

Keywords Batch kinetics � Cell suspension cultures �
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Introduction

Plant cell cultures have been viewed as promising alter-

natives to whole plant extraction for obtaining valuable

chemicals. Particularly, the cell suspension cultures offer

a simple system to study growth and production kinetics

that can help to evaluate and implement optimal condi-

tions for the production of a number of high value

medicinal compounds in good quantities. The Wild Sage

or Lantana camara L. from the family Verbenaceae has

several secondary metabolites, which are therapeutic, and

account for its use in traditional medicines all over the

world. The plant has been listed as one of the important

medicinal plants [1] and used in treatment of various

diseases including cancers.

In spite of being a plant of potential medicinal interest,

there are very few reports that document the properties of

this plant scientifically. Also, no perceptible biotechno-

logical advances have been made in this genus to exploit or

enhance its utility. Only a single report by our lab [2]

describes the establishment of dedifferentiated biomass

from leaves and the cytotoxic activity of its extract on the

cancerous HeLa cell lines under in vitro conditions. Apart

from this, the existing literature reports focus on the

identification of its biochemical constituents and bioactiv-

ity from various parts of plants growing in wild [3, 4].

Also, studies on secondary metabolites require an

in-depth understanding of biosynthetic pathways which is

often difficult to conduct in whole plants because the bio-

synthetic activities may only be expressed in particular cell

types within a specific plant organ or at certain time of

season. Cell cultures have a higher rate of metabolism than

intact differentiated plants because the initiation of cell

growth in culture leads to fast proliferation of cell mass and

a condensed biosynthetic cycle. As a result, secondary

metabolite production can take place within a short culti-

vation time (about 2–4 weeks) with an added advantage of

tunability [5]. As no reports are available on the dynamics

of biosynthetic capacity of L. camara cells in suspension

cultures, it seemed appropriate to undertake the studies on

this aspect. The present study was focused on production of
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three anticancer triterpenoids, betulinic (BA), oleanolic

(OA) and ursolic acids (UA).

Materials and methods

Plant material and establishment of suspension cultures

Healthy leaves of Lantana were collected from the plants

bearing pink–yellow flowers growing at IIT Guwahati

campus. Leaves were surface sterilized and cultures were

established according to the protocol mentioned earlier

[2]. Briefly, they were washed in diluted tween-20 (1:50)

for 15 min followed by surface sterilization with 0.1%

mercuric chloride for 10 min. After rinsing in sterile

distilled water, leaf disc explants were prepared with

cork-borer of size 5 mm. The explants were inoculated in

Murashige and Skoog (MS) [6] medium supplemented

with 6-benzylaminopurine (BAP) (1–5 lM); 3-indole ace-

tic acid (IAA) (5–10 lM); BAP (5 lM) ? IAA (10 lM);

BAP (10 lM) ? IAA (5 lM); BAP (5 lM) ? a-naph-

thalene acetic acid (NAA) (10 lM); BAP (10 lM) ?

NAA (5 lM); BAP (5 lM) ? 2,4-D (1 lM) ? NAA

(1 lM). The pH of the medium was adjusted to 5.8 before

being autoclaved at 121 �C at 15 psi for 15 min.

Approximately 20 mL of the medium was dispensed in

each test tube. Cultures were maintained in 1,000–

1,600 lux light intensity at 25 ± 2 �C.

For establishing suspension cultures, healthy, green,

friable and soft callus maintained on the responding semi-

solid media was utilized. Erlenmeyer flasks of 250 mL

capacity containing 50 mL of liquid medium were inocu-

lated with 0.2 g of fresh cells and incubated under shaking

conditions at 25 ± 2 �C in dark.

Carbon source

Three carbon sources viz. glucose, maltose and sucrose

were tested at 3% concentration for growth and production

profile in suspension culture. The L. camara cells were

inoculated such that each 250 mL Erlenmeyer flasks con-

taining 50 mL of medium had 0.2 g of the cells. Incubation

was done under the culture conditions described above.

The flasks were harvested after 16 days to analyze for dry

cell weight and triterpenoids content.

Estimation of DCW, phosphate and nitrate

For determination of dry weight, the cells were harvested

at an interval of 2 days, washed with distilled water and

filtered under vacuum. Thereafter, the cells were dried

in oven at 30 ± 2 �C until a constant weight was

achieved. The drying temperature was kept low to avert

decomposition of thermolabile compounds. The pH and

conductivity of the suspension cultures were monitored

after every 2 days. Phosphate was estimated by the stan-

dard calibration curve made from NaH2PO4 [7]. To 0.5 mL

of standard or sample solution, 4 mL of reagent (Acetone,

2.5 M H2SO4 and 10 mM Ammonium molybdate�4H2O

mixed in the ratio of 2:1:1) was added. The solutions were

thoroughly mixed and then 0.4 mL of 1 M citric acid was

added. Absorbance was measured at 355 nm. Similarly, for

nitrate estimation, standard curve was made from 0.01 N

stock solution of KNO3 preserved in chloroform [8]. After

acidification of samples with sulphuric acid, absorbance

was recorded at 275 nm in a UV visible spectrophotometer

(Cary, Netherlands).

Agitation speed

The effect of different agitation speeds was evaluated in

terms of fresh and dry weight generated at the end of each

passage and viability of cells. Callus cells weighing

approximately 0.2 g were harvested at the end of growth

period and re-inoculated in 50 mL of fresh medium of the

same composition. The flasks were incubated at 60, 120

and 240 rpm, under darkness, for a period of 3 weeks and

their fresh and dry weights were recorded. The viability of

cells under each condition was checked with 1% fluores-

cein diacetate (FDA) solution.

Preparation of plant extracts

The dried cells were soaked in methanol (200 mL)

for 48 h, following which the cells were sonicated for

40 min at 30% amplitude (pulser 5 s on/off) and then for

next 20 min at the same amplitude (pulser 3 s on/off).

After filtration, the methanol extract was centrifuged at

10,000 rpm for 10 min. Supernatant was pooled, filtered

and dried in a rotary evaporator at 40 �C. The methanolic

extract obtained was further fractionated into an organic

(ethyl acetate) and aqueous fractions. The ethyl acetate

extract was further dried under reduced pressure in a rotary

evaporator at 40 �C (Buchi Rotavapor R-200, Japan).

Aqueous fraction was lyophilized and stored at 4 �C until

further use.

Estimation of triterpenoids

Quantitative estimation of BA, OA and UA was carried out

on Varian Prostar HPLC system (Varian, USA) equipped

with a binary pump, UV detector and a 20-lL injection loop.

Hypersil BDS RP-C18 column (Thermo, USA) of dimen-

sions 250 9 4.6 mm was used with acetonitrile:water

(80:20) (v/v) as mobile phase at a flow rate of 1 mL/min. The

eluted samples were detected at 209 nm.
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Standard compounds of BA, OA and UA were

purchased from Sigma (USA) and dissolved in ethanol

(Merck) to yield a stock concentration of 5.0 mg/mL.

Serial dilution of the standard solutions resulted in con-

centrations ranging from 0.3 to 2.5 mg/mL. Method line-

arity was demonstrated by determining a calibration curve

for each compound, injecting standards at different con-

centrations and calculating the regression coefficient (r2).

Slope equation obtained was used to calculate the amount

of the triterpenoids in unknown samples.

Statistical analysis

All results reported are an average of two separate analysis

for triterpenoid estimation and two consecutive experiments

with three replicate flasks in each treatment for kinetics of

growth and effect of other variables like pH, conductivity

and nutrient consumption. Results are represented as

mean ± SD. Specific growth rate (l) was calculated by:

l ¼ lnðMT2 �MT1Þ=T2 � T1; T2 [ T1

where, MT2 and MT1 are biomasses at the different time

points (T1 and T2), respectively.

Results and discussion

Establishment of cell lines

Almost all the media combinations tested for leaf-

disc dedifferentiation resulted in browning and death of

explants soon after inoculation. Only MS medium supple-

mented with BAP (5 lM), 2,4-D (1 lM) and NAA (1 lM)

was found appropriate for callus differentiation of the

explants. On this medium, the leaf discs resulted in bright-

green, hard, compact calli from the cut margins after a

week of culture. When this compact calli were taken fur-

ther into the subculture cycles, browning of cultures was

observed due to high phenolic content. Regular subcul-

turing at 4-week intervals, for about 26 weeks, reduced

browning, improved the nature of callus and rate of callus

proliferation.

Suspension cultures were initiated once the stable cell

lines were obtained on semi-solid medium. The same

growth regulator combination (BAP ? 2,4-D ? NAA), as

used for callus culture worked for cell suspension cultures.

However, in suspension cultures the growth period was

reduced to 3 weeks as compared to 4 weeks required in the

case of callus growth on semi-solid medium. Reduced

growth period might be due to facilitated nutrient transport

in liquid medium [9]. Again, the dark incubation was found

more suitable for suspension cultures.

Kinetics of cell growth and nutrient uptake

It was observed that the cultures remained in the lag phase

till the second day. Biomass increased till the tenth day

following which the stationary phase started (Fig. 1). With

the formula mentioned in ‘‘Materials and methods’’ sec-

tion, the specific growth rate (l) of the suspended cells was

found to be 0.1072/day. The pH of the medium underwent

variation during different stages of culture. It was observed

Fig. 1 Dynamics of various

variables in cell suspension

cultures of L. camara cells
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that after showing a slight decrease, the pH dropped shar-

ply between 4–6 days, which dropped further after 10 days

(Fig. 1). This may be attributed to preferential uptake of

NH4
? ions which resulted in decreased pH due to liberation

of H? ions; pH tends to increase if NO3
- is utilized faster

than NH4
? [10]. Also, concomitant synthesis of acid

triterpenes in the medium may be the reason as their

synthesis was found to be mainly growth-associated.

Conductivity, as expected, showed an inverse relationship

with growth. Among the major inorganic nutrients, it was

invariably observed that phosphate was almost completely

consumed by the tenth day of culture. Its utilization was

very fast in the initial days than in the later stages of

growth. Uptake of nitrate was at slower rate in comparison

to phosphate. It was present in the culture medium till the

last day of cultivation (16th day) (Fig. 1). Hence, it may be

concluded that complete utilization of phosphate from

culture medium resulted in the onset of stationary phase

and it was a major limiting nutrient for growth. Similar

kind of kinetic profiles, where phosphate is assimilated

faster than the nitrate were observed and reported by many

workers in different plant species [11, 12].

Effect of carbon sources on synthesis of triterpenoids

The presence of three acid triterpenoids was established in

our preliminary studies with callus cultures (data not

shown). Extension of the same protocol for extraction and

HPLC analysis, where the cells were harvested at every

alternate day from liquid suspension cultures, revealed that

the synthesis of these triterpenoids is concomitant with the

log phase of cultures. On comparison with the standard

compounds, it was found that BA, OA and UA eluted at

10.8, 12.6 and 13.2 min, respectively. With the onset of

stationary phase, the amount of these acids showed a

decline in the medium, while in the lag phase they were not

detectable. Similar growth-coupled synthesis of triterpe-

noids has been observed previously in case of other

triterpenoid, azadirachtin [13].

The nature of carbon source in the medium bears pro-

found effect on type and quantity of metabolite produced.

Maltose gave the maximum yield (31.08 mg/L) of triterp-

enoids, followed by sucrose (21.6 mg/L) and glucose

(10.69 mg/L) (Table 1). However, it is noteworthy that in

maltose and glucose, BA was totally absent and the values

represented, here, are OA and UA. Sucrose, though second

best in terms of amount, favoured the production of all the

three triterpenoids (Fig. 2). Variation in growth and

chemical profile in in vitro cell cultures with manipulation

of media components has been previously reported in other

plant species [14]. Also, the positive influence of maltose

on quantity of metabolites has also been reported by others.

For example, Kinnersley [15] reported twice as high pro-

duction of anthocyanin in cells grown on maltose as the

ones grown on sucrose. Choi et al. [16] reported that

intermittent feeding of maltose considerably enhanced the

paclitaxel production in comparison to sucrose. However,

as far as the growth of L. camara cultures is concerned,

maximum biomass was obtained in sucrose (1,018.2 g/L)

which was best in terms of callus proliferation and multi-

plication, followed by maltose (616 g/L), whereas, least

biomass was obtained in glucose (253 g/L). Similar kind

of effect on biomass production has been observed in

cell suspension cultures of Psoralea corylifolia [17].

Table 1 Effect of different carbon sources on growth of cells and

production profile of triterpenoids in cell suspension cultures

S. no. Carbon source DW (g/L) Total triterpenoid

content (mg/L)

1 Glucose 92.8 ± 1.8 10.69 ± 0.2

2 Maltose 105.8 ± 2.1 31.08 ± 0.5

3 Sucrose 117.8 ± 2.0 21.6 ± 0.6

Fig. 2 HPLC chromatograms representing the presence/absence of

three terpenoids in cultures grown on sucrose, glucose and maltose.

Standard sample (Sigma) was analyzed after mixing all the three acid

terpenoids—betulinic acid (BA), oleanolic acid (OA) and ursolic acid

(UA)
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In accordance with their results, our studies also demon-

strate the effectiveness of sucrose for biomass production.

The results are also in agreement with a recent finding

which says that sucrose being a balanced source of carbon

supply favours highest biomass accumulation in Dendro-

bium huoshanense cell suspensions cultures [18].

Effect of agitation speed on cell survival and viability

Speed of agitation directly affects the growth and viability

of cells in culture due to aeration and agitation. In the

present study, maximum fresh weight (1,018.2 g/L) and

maximum viability (Fig. 3b) was observed at 120 rpm. In

the remaining two agitation speeds, the biomass was more

or less the same but much less than at 120 rpm. The via-

bility profile showed that at 60 rpm cells died due to

aggregation and clumping; only the cells that formed the

outermost layer of the aggregate were alive (Fig. 3a). At

240 rpm, the cells died due to rupturing (Fig. 3c). FDA is a

non-fluorescing, non-polar dye that freely permeates

through the plasma membrane. In the living cells, it is

cleaved by esterase activity releasing the polar fluorescent

portion, fluorescein, which is unable to pass through the

plasma membrane of living cells while in dead and broken

cells it is lost. Hence, only the live, intact cells take up the

stain and fluoresce green. The perceived sensitivity of plant

cells to hydrodynamic stress associated with aeration and

agitation can be attributed to the physical characteristics of

the suspended cells, viz. their size, the presence of thick

cellulose-based cell wall and existence of large vacuoles

[19].

Conclusions

The present study broadly elucidates all the parameters and

conditions necessary for establishment of suspension cul-

tures of L. camara. The synthesis of triterpenoids was

found to be growth associated. Phosphate was found to be

the growth limiting nutrient as its complete consumption

lead to the onset of stationary phase in the cultures. Among

the carbon sources, sucrose supported maximum biomass

production and production of all the three acid triterpe-

noids. Studies form a background for future studies related

to scale-up of cultures in bioreactors.

References

1. Sharma OP, Sharma PD (1989) Natural products of the Lantana
plant—the present and prospects. J Sci Ind Res 48:471–478

2. Srivastava P, Kasoju N, Bora U, Chaturvedi R (2009) Dediffer-

entiation of leaf explants and cytotoxic activity of an aqueous

extract of cell cultures of Lantana camara L. Plant Cell Tissue

Organ Cult 99(1):1–7

3. Raghu C, Ashok G, Dhanaraj SA, Suresh B, Vijayan P (2004)

In vitro cytotoxic activity of Lantana camara Linn. Indian J

Pharmacol 36(2):94–95

4. Juang FC, Chen YF, Lin FM, Huang KF (2005) Constituents

from the leaves of Lantana camara (IV). J Chin Med 16(2–3):

149–155

5. Dörnenburg H, Knorr D (1995) Strategies for the improvement of

secondary metabolite production in plant cell cultures. Enzyme

Microb Technol 17:674–684

6. Murashige T, Skoog F (1962) A revised medium for rapid growth

and bioassays with tobacco cultures. Physiol Plant 15:473–497

7. Heinonen JK, Lahti RJ (1981) A new and convenient colorimetric

determination of inorganic orthophosphate and its application to

the assay of inorganic pyrophosphatase. Anal Biochem 113:313–

317

8. Goldman E, Jacobs R (1961) Determination of nitrates by ultra-

violet absorption. J Am Water Works Assoc 53:187

9. Nigra HM, Alvarez MA, Giulietti AM (1990) Effect of carbon

and nitrogen sources on growth and solasodine production in

batch suspension cultures of Solanum eleagnifolium Cav. Plant

Cell Tissue Organ Cult 21:55–60

10. Bhojwani SS, Razdan MK (1996) Plant tissue culture: theory and

practice. Elsevier, Amsterdam

11. Prakash G, Srivastava AK (2007) Azadirachtin production in

stirred tank reactors by Azadirachta indica suspension culture.

Process Biochem 42(1):93–97

Fig. 3 Effect of agitation speed on growth and viability of cells;

3-week-old cells stained with 1% fluorescein diacetate solution.

a Cellular clump at 60 rpm showing unstained dead cells in the centre

of cell aggregate and live cells fluorescing green at the periphery.

b Cultures maintained at 120 rpm showing small cell aggregates of

live and healthy stained cells. c Cultures maintained at 240 rpm

showing dead clumps (dark bodies) and sheared cells

Bioprocess Biosyst Eng (2011) 34:75–80 79

123



12. Fett-Neto AG, Zhang WY, Dicosmo F (1994) Kinetics of taxol

production, growth and nutrient uptake in cell suspensions of

Taxus cuspidate. Biotechnol Bioeng 44:205–210

13. Prakash G, Emmannuel CJSK, Srivastava AK (2005) Variability

of azadirachtin in Azadirachta indica (neem) and batch kinetics

studies of cell suspension culture. Biotechnol Bioprocess Eng

10:198–204

14. Arias-Castro C, Scragg AH, Rodriguez-Mendiola MA (1993) The

effect of cultural conditions on the accumulation of formononetin

by suspension cultures of Glycyrrhiza glabra. Plant Cell Tissue

Organ Cult 34(1):63–70

15. Kinnersley AM, Henderson WE (1988) Alternative carbohydrates

promote differentiation of plant cells. Plant Cell Tissue Organ

Cult 15(1):3–16

16. Choi HK, Kim SI, Son JS, Hong SS, Lee HS, Chung IS, Lee HJ

(2000) Intermittent maltose feeding enhances paclitaxel production

in suspension culture of Taxus chinensis cells. Biotechnol Lett

22(22):1793–1796

17. Shinde AN, Malpathak N, Fulzele DP (2009) Studied enhance-

ment strategies for phytoestrogens production in shake flasks by

suspension culture of Psoralea corylifolia. Bioresour Technol

100:1833–1839

18. Zha XQ, Luo JP, Jiang ST, Wang JH (2007) Enhancement of

polysaccharide production in suspension cultures of protocorm-

like bodies from Dendrobium huoshanense by optimization of

medium compositions and feeding of sucrose. Process Biochem

42:344–351

19. Chattopadhyay S, Farkya S, Srivastava AK, Bisaria VS (2002)

Bioprocess considerations for production of secondary metabo-

lites by plant cell suspension cultures. Biotechnol Bioprocess Eng

7:138–149

80 Bioprocess Biosyst Eng (2011) 34:75–80

123


	Effect of culture conditions on synthesis of triterpenoids in suspension cultures of Lantana camara L.
	Abstract
	Introduction
	Materials and methods
	Plant material and establishment of suspension cultures
	Carbon source
	Estimation of DCW, phosphate and nitrate
	Agitation speed
	Preparation of plant extracts
	Estimation of triterpenoids
	Statistical analysis

	Results and discussion
	Establishment of cell lines
	Kinetics of cell growth and nutrient uptake
	Effect of carbon sources on synthesis of triterpenoids
	Effect of agitation speed on cell survival and viability

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


