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Abstract: The last decade witnessed the emergence of Staphylococcus aureus- a versatile human
pathogen, as a deadly superbug. The enormous genetic plasticity of the organism assists it to endlessly
evolve resistance mechanisms against existing anti-infectives thus necessitating the need to control the
spread of resistant staphylococcal isolates in hospitals and health care settings. This in turn demands the
incessant exploration of newer biological matrices in search of diverse chemical entities with novel drug
targets. Since time immemorial higher plants continue to be the best source of newer compounds with
high therapeutic potential. Lead fractions from same or different plants can be developed into effective
antibacterial polyherbal formulations. A lead fraction from methanolic extract of leaves of Callistemon
rigidus exhibited a dose dependent antistaphylococcal activity during in wvitro agar well assay against
a panel of twenty seven clinical multidrug resistant S. aureus isolates. Further, minimal inhibitory
concentration (MIC) evaluation by in vitro 96-well microplate based assay established a MIC range of
1.25 - 80 pg/ml as compared to 5 - 320 pug/ml of positive control, Cefuroxime sodium. The MICsy and
MICy of the methanolic lead fraction were 5 ug/ml and 40 pg/ml respectively. The present study thus
signifies the vast potential of the lead fraction from Callistemon rigidus for future development into a
herbal drug/ formulation and to impede global health crisis due to multidrug resistant Staphylococcus
aureus.
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1 Introduction

Staphylococcus aureus has long been recognized as the major human pathogen responsible
for skin and soft tissue diseases [1], respiratory diseases like cough pseudo-membranous
tracheobronchitis and bronchopulmonary infection [2, 3|, blood stream infections, breast,
ocular infections, osteomyelitis, endocarditis and meningitis [4]. Methicillin resistant
Staphylococcus aureus (MRSA) is a global pathogen responsible for a variety of infec-
tions. It is not only endemic in hospitals but also in community [5, 6]. MRSA colonizes
in the anterior nares of healthy individuals and easily spreads through nasal carriage
[7, 8]. The infections caused by MRSA and its variants due to acquisition of resistance
towards current antimicrobials pose a serious challenge for clinicians making the therapy
problematic. Glycopeptides such as vancomycin are the only antibiotics of choice for
the treatment of MRSA infections. The emergence and spread of vancomycin intermedi-
ate S. aureus and vancomycin resistant S. aureus strains across Japan, USA and India
[9-11] demands a change in the empirical therapy for Staphylococcus aureus infections.
Development of newer anti-infective and therapeutic regimes that revert or overcome drug
resistance is need of the hour. One such approach emphasizes the search of biologically
active pharmacophores with novel mode of action from natural resources [12, 13]. Phy-
tomedicines derived from plants have been promising agents against multidrug resistant
infections.

Callistemon rigidus R.Br. (Bottle Brush), family Myrtaceae is an upright shrub
widely distributed across Asia and Australia. Essential oils from the plant find use in folk-
lore medicine for the treatment of cough, bronchitis and respiratory tract infections|[14].
However, experimental studies confirming its folklore use in treatment of infections were
initiated by Saxena and Gomber [15]. The present study was designed to validate the in
vitro antibacterial potential of a lead methanolic fraction from leaves of C. rigidus against
a panel of twenty seven Staphylococcal clinical isolates classified as vancomycin resistant
S. aureus (VRSA), vancomycin intermediate S. aureus (VISA), methicillin resistant S.
aureus (MRSA) and multi antibiotic resistant S. aureus (MARSA).

2 Statistical methods and Experimental Procedures

2.1 Materials: Plant sample and Extraction

Leaves of Callistemon rigidus were collected from Thapar Technology Campus in October
2004 and the voucher specimen was identified (Voucher specimen #7San03). Healthiness
of the leaves was confirmed by culturing of the cut sections on nutrient agar and potato
dextrose agar plates. Fresh and healthy leaves were thoroughly washed under running
water, dried at 35°C and ground to a fine powder. The pulverized plant material was
extracted exhaustively by soxhlet using methanol as the solvent. The solvent was filtered
and the filtrate evaporated. The brown residue so obtained was partitioned between
chloroform and methanol (1:1). Separate fractions were obtained which were evaporated
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and the residues so obtained were stored at -20°C until use.

2.2 Test Microorganisms

The test panel included drug resistant clinical isolates of S. aureus and S. aureus NCTC
6571 used as a reference isolate (Table 1). The antibiotic resistance pattern of all the
isolates was predetermined [16, 17] based on which the isolates were grouped as VRSA,
VISA, MRSA and MARSA (Table 1). Trypticase Soy Agar (TSA) slants were the main-
tenance medium and the cultures were activated in cation adjusted Mueller Hinton (MH)
broth 18- 24 hours prior to the test.

2.3 Antimicrobial Susceptibility testing methods
2.3.1 Kirby Bauer Disk assay

Antibiogram is the resistance pattern of a microorganism against a battery of antimicrobial
agents. The Kirby Bauer disk assay was used for testing 38 antibacterial drugs against the
test microorganisms for profiling their resistance pattern according to Clinical Laboratory
Standards Institute (CLSI, USA-formerly National Committee for Clinical Laboratory
Standards -NCCLS) [16] guidelines. All the experiments were repeated three times. Based
on the diameter of inhibition zone the cultures were classified as sensitive, intermediate
or resistant.

2.3.2 Antibacterial Assay

Agar Well Diffusion Assay [18] was used to evaluate the antimicrobial potential of the
chloroform as well as methanolic fraction residues. 5 mm wells were cut in MH agar plates.
The fraction residues were evaluated at six different concentrations (16.65 ug, 33.3 ug,
66.6 g, 99.9 ug, 199.8 ug and 399.9 ug). 30 pl of the test extract in Dimethylsulfoxide
(DMSO) was dspensed in test wells. Solvent blank was included as control. The wells
were sealed with molten MH agar. After 15 min. the plate was swabbed with 18-24
hours old 0.5 McFarland adjusted culture of the test isolate. Antibacterial activity was
interpreted by determining the diameter of Inhibition Zone (DIZ) around the test wells.
The assay was performed in triplicates.

2.3.3 Determination of Minimum Inhibitory Concentration (MIC)

MICs are considered as the ‘gold standard’ for determining the susceptibility of the organ-
isms to antimicrobials. MICs are defined as the lowest concentration of an antimicrobial
that will inhibit the visible growth of a microorganism after overnight incubation. MIC
of antibiotics was evaluated using standard microbroth dilution method [19]. Based on
the results of MIC determination the cultures were classified as resistant, intermediate
and susceptible [20].
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Table 1 Culture collection.

Species Culture Id. Repository Resistance

PUS CULTURES

Staphylococcus aureus Sau (A)1 AIIMS —

Staphylococcus aureus Sau (A)2 AIIMS —

Staphylococcus aureus Sau(G)1 GMCP VISA (MIC= 16ug/ ml)

Staphylococcus aureus Sau(G)2 GMCP MRSA, MARSA

Staphylococcus aureus Sau(G)3 GMCP MRSA, VRSA (MIC= 32 ug/ml)

Staphylococcus aureus Sau(G)10 GMCP MRSA, MARSA

URINE CULTURES

Staphylococcus aureus Sau(A)3 AIIMS MARSA

Staphylococcus aureus Sau(G)4 GMCP MRSA, MARSA

Staphylococcus aureus Sau(G)5 GMCP MARSA

Staphylococcus aureus Sau(G)11 GMCP MRSA, MARSA

BLOOD CULTURES

Staphylococcus aureus Sau (G)6 GMCP —

Staphylococcus aureus Sau (G)12 GMCP MRSA, MARSA

VAGINAL SWABS

Staphylococcus aureus Sau(G)7 GMCP VISA (MIC= 16ug/ ml),

WOUND MARSA

SUBCULTURES

Staphylococcus aureus Sau(A)4 AIIMS —

Staphylococcus aureus Sau(G)14 GMCP MARSA

BURN SWABS

Staphylococcus aureus Sau(G)15 GMCP MARSA

Staphylococcus aureus Sau(G)9 GMCP MRSA

Staphylococcus aureus Sau(G)17 GMCP VISA (MIC= 16ug/ml)

Staphylococcus aureus Sau(G)18 GMCP MRSA, MARSA

Staphylococcus aureus Sau(G)19 GMCP MRSA, MARSA

EAR DISCHARGE

SWABS

Staphylococcus aureus Sau(G)8 GMCP MARSA

CATHETER TIP

ISOLATES

Staphylococcus aureus Sau (G)20 GMCP MRSA

Staphylococcus aureus, Sau (G)21 GMCP MARSA

coagulase negative

EYE ISOLATES

Staphylococcus aureus Sau (G)22 GMCP VRSA (MIC= 64ug/ml), MARSA

OTHER CULTURES

Staphylococcus aureus Sau(A)5 AIIMS —

Staphylococcus aureus Sau (MTB) Karolinska MARSA, MRSA
Institute, Sweden

Staphylococcus aureus Sau(LHMC) LHMC Antibiotic Sensitivity Testing Strain

AIIMS: All India Institute of Medical Sciences, New Delhi, INDIA; GMCP: Government Medical College, Patiala,
INDIA: NDRI; National Dairy Research Institute, Karnal, INDIA; LHMC: Lady Harding Medical College, New
Delhi, INDIA. VISA (Vancomycin Intermediate S. aureus); VRSA (Vancomycin resistant S. aureus), MRSA
(Methicillin resistant S. aureus); MARSA (Multi- antibiotic resistant S. aureus)
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2.3.4  In vitro determination of Minimal Inhibitory Concentration [19]

Microbroth dilution method using 96 well microtitre plate and 3-(4, 5-Dimethyl-2-thiazolyl
- 5-Diphenyl-2H)-tetrazolium bromide (MTT) assay was performed to evaluate the Minimal
inhibitory Concentration (MIC) of the fraction residues. The range of antimicrobial dilu-
tions evaluated was 320 - 0.15625 ug/mL. 50 pl of the bacterial suspension in saline was
added to 125 pl of MH broth to achieve a final bacterial cell concentration of 10° cells in
the well. Plates were then incubated at 37°C for 2.5 hours after which 25 ul of the test
extract at different concentrations was added. After 24 hours, 20 ul of 0.02% MTT was
added to each well. The assay was performed in triplicates. The same procedure was
used to evaluate the MIC of the positive control, Cefuroxime sodium.

2.4 Statistical Methods

Pearson Correlation coefficient was calculated using Graph Pad Prism version 4.0. This
statistical value indicates the correlation between dose of the bioactive fraction and an-
timicrobial activity. Symbolized by ‘r’ it predicts a linear relationship between two vari-
ables. It has a value between 41 and -1 indicating a perfect positive or perfect negative
relationship respectively. When the value of r= 0 then there is no relationship between
the variables. Pearson’s correlation was calculated to study the dose response of the
extract on the diameter of inhibition zone.

3 Results

Our study reveals potential dose dependent antistaphylococcal activity of methanolic

fraction residue from the leaves of C. rigidus by in vitro agar well diffusion assay (Table 2).

The chloroform fraction residues did not exhibit any antimicrobial activity. The methanolic
fraction residue exhibited bactericidal activity against 93% of the test isolates with MIC

ranging between 1.25 - 80 ug/ml (Table 2), which is fairly low as compared to positive

control Cefuroxime Sodium which inhibited only 64% of test panel Staphylococci and

had a MIC range of 5 - 320 ug/ml. The fraction however was not active against VRSA

strains, viz. Sau G3 and Sau G22. Further statistical analysis using Pearson’s correlation

demonstrates a significant correlation (r?) between dose of the extract and diameter of
inhibition zone against most of the isolates (Table 2, Fig. 1)

4 Discussion

Antibacterial potential of crude extracts from numerous plants has been evaluated by
agar well assay [21, 22] and MIC determined based on which anti-infective lead molecules
are isolated for use as a therapeutic agent [23, 24]. Antibacterial activity of the alcohol
extract of stem bark of Picralima nitida was tested against Staphylococcus aureus ATCC
12600 [25], where crude extract had a MIC range of 25 - 50 mg/ml. The extract inhib-



84 C. Gomber, S. Saxena / Central European Journal of Medicine 2(1) 2007 79-88

Table 2 Comparative in vitro antimicrobial activity of methanolic fraction residue from
leaves of Callistemon rigidus and Cefuroxime sodium by Agar well diffusion and Micro-
broth dilution assays against multidrug resistant Staphylococci.

DIZ (mm) at MIC of methanolic MIC of
Culture Id 199.8 ug fraction residue cefuroxime
(4g /ml)  sodium (ug /ml)

Sau G1 29 1.25 80
Sau G2 24 10 80
Sau G3 0 NA 80
Sau G4 20 5 80
Sau G5 17 5 80
Sau G6 18 2.5 40
Sau G7 24 56 80
Sau G8 0 5 80
Sau G9 19 10 80
Sau G10 18 1.25 NA
Sau G11 18 2.5 NA
Sau G12 21 1.25 80
Sau G14 17 10 80
Sau G15 22 2.5 320
Sau G17 13 2.5 NA
Sau G18 17 20 NA
Sau G19 22 5 NA
Sau G20 24 80 NA
Sau G21 0 80 NA
Sau G22 0 NA NA
Sau Al 25 10 40
Sau A2 24 40 40
Sau A3 21 20 20
Sau A4 17 20 10
Sau A5 14 80 80
Sau MTB 21 40 10
Sau LHMC 24 20 5

NA — No Activity.

ited only 50% of the isolates. Gentamycin was used as the positive control in the above
study and further fractionation of the crude extract by column chromatography gave six
partially pure alkaloidal fractions with a MIC range of 1.563 - 50 mg/ml. Methanolic ex-
tract of peels of grapefruit (Citrus paradica) inhibited Staphylococcus aureus at 3 mg/ml.
Based on these results further studies were initiated and pure antibacterial compound
naringin exhibiting a MIC of 1.5mg/ml was isolated [26]. Bioassay guided fractionation
of the biologically active crude extract of the berries of Piper nigrum yielded four anti-
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Fig. 1 Agar Well Diffusion Assay of test extract against S.aureus.

infective leads viz. pellitorine, trachyone, perguimidine and isopiperolein [27]. A study by
Ajali and Chukwurah,[28] demonstrated potential activity of ethanol extract of roots of
Securidaca longipedunculata against Staphylococcus aureus as compared to the positive
controls chloramphenicol, penicillin- G and nystatin evaluated in the study. However,
literature reveals that no prior work has been done on evaluating antistaphylococcal po-
tential of C. rigidus. Methanolic extract of Myrtus communis also a Myrtaceae family
member exhibits a MIC of 1mg/ml which is very high compared to our extract [29].
Similarly evaluation of antistaphylococcal activity of the aqueous and acetone extracts
of the bark of Syzygium jambos (Myrtaceae) gave a MIC range of 500 - 1000 mg/L as
compared to 0.25 - 64 mg/L for the positive controls ampicillin and erythromycin [30].
The antibacterial activity of the crude extracts was attributed to the high content of
tannins in the extract, thus supporting the use of these extracts in traditional medicines
to treat infectious diseases.

Our study confirms the bioactive potential of methanolic fraction residue from the
leaves of C. rigidus and its possible use in the present armamentarium of antimicro-
bial therapy to combat the superbug S. aureus by isolation of the bioactive compound.
Further studies for the characterization of the bioactive fraction residue are underway.

Acknowledgment

We are grateful to Dr. Aarti Kapil, Department of Microbiology, All India Institute
of Medical Sciences (AIIMS) and Dr. Amarjit Kaur Gill, Head, Department of Micro-
biology, Government Medical College, Patiala for providing us multidrug resistant cul-



86

C. Gomber, S. Saxena / Central European Journal of Medicine 2(1) 2007 79-88

tures of S. aureus. Dr. S. Natesh and Dr. M. Aslam are gratefully acknowledged for
sponsoring the project BT/ PR/ 3982/ PBD/ 17/257/2003. Charu Gomber acknowl-
edges DBT, Government of India for providing fellowship under the project number
BT/PR/3982/PBD/17/257/2003.

References

1]

[10]

[11]

G.J. Moran, R.N. Amii, F.M. Abrahamian and D.A. Talan: “Methicillin resistant
Staphylococcus aureus in community- acquired skin infections”, Emerg. Infec. Dis.,
Vol. 11, (2005), pp. 928-930.

Y. Yamagzaki, K. Hirai and T. Honda: “Pseudomembranous tracheobronchitis caused
by Methicillin resistant Staphylococcus aureus”, Scand. J. Infect. Dis., Vol. 34, (2001),
pp. 211-221.

H. Watanabe, L. Masaki, N. Asoh, K. Watanabe, K. Oishi, S. Kobayashi, A. Sato
and T. Nagataka: “Molecular analysis of Methicillin resistant Staphylococcus aureus
as a causative agent of Bronchopulmonary infection: relation to colonization in upper
respiratory tract”, J. Clin. Microbiol., Vol. 38, (2000), pp. 3867-3869.

V.G. Fowler, M.K. Olsen, G.R. Corey, C.W. Woods, C.H.Cabell, H.B. Reller: “Clini-
cal identifiers of complicated Staphylococcus aureus bacteraemia”; Arch. Intern. Med.,
Vol. 163, (2003), 2066—2072.

F. Vandenesch, N. Timothy, M. Enright, G. Lina, G.R. Nimmo, H. Heffernan, N.
Liassine, M. Bes, T. Greenland, M.E. Reverdy and J. Etienne: “Community acquired
Methicillin resistance Staphylococcus aureus carrying Panton-Valentine Leukocidin
genes: worldwide emergence”, Emerg. Infect. Diseases., Vol. 9, (2003), pp. 978-984.
F.J. Schmitz, A.D.C. Fluit, M. Gandolf , R. Beyrau, E. Lindenlauf, J. Verhoef
and M.E. Jones: “The prevalence of aminoglycoside resistance and corresponding
resistance genes in clinical isolates of Staphylococci from 19 European hospitals”, J.
Antimicrob. Chemother., Vol. 43, (1999), pp. 253-259.

Alghaithy AA, N.E. Bilal, M. Gedebou and A.H. Weily: “Nasal carriage and an-
tibiotic Staphylococcus aureus isolates from hospital and non-hospital personnel in
Abha, Saudi, Arabia. Trans. R. Soc. Trop. Med. Hyg., Vol. 94, (2000), pp. 504-507.
T. Kluytmann, A.V. Belkum and H. Verbrugh: “Nasal carriage of Staphylococcus
aureus: epidemiology, mechanisms and associated risks”, Clin. Microbiol. Rev., Vol.
10, (1997), pp. 505-520.

H.K. Tiwari and M.R. Sen: “Emergence of vancomycin resistant Staphylococcus au-
reus from a tertiary care hospital from northern part of India”, BMC' Infec. Dis.,
Vol. 6, (2006), pp. 156-161.

S.E. Cosgrove, K.C. Carroll and T.M. Perl: “Staphylococcus aureus with reduced
susceptibility to vancomycin”, Clin. Infec. Dis., Vol. 39, (2004), pp. 539-545.

K. Hiramatsu, N. Aritaka and H. Hanaki: “Dissemination in Japanese hospitals of
strains of Staphylococcus aureus heterogeneously resistant to vancomycin”, Lancet,
Vol. 350, (1997), pp. 1668-1671.



C. Gomber, S. Saxena / Central European Journal of Medicine 2(1) 2007 79-88 87

[12]
[13]

[14]

[15]

[23]

[24]

[25]
[26]

27]

[28]

S. Saxena and D. Kumar: “Tailoring biodiversity for the development of new thera-
peutics”, Nat. Prod. Rad., Vol. 1, (2002), pp. 18-25.

E. Bombardelli: “Approaches to the quality characteristics of medicinal plant deriva-
tives”, Eur. Phytojournal, Vol. 1, (2001), pp. 30-33.

L. Jirovetz, W. Fleischhacker, G. Buchbauer and M.B. Ngassoum: “Analysis of the
essential oils of Callistemon rigidus (Myrtaceae) from Cameroon by GC/FID and
GC/MS”, Sci. Pharm., Vol. 65, (1997), pp. 315-319.

S. Saxena and C. Gomber: “Antimicrobial potential of Callistemon rigidus”, Pharm.
Biol., Vol. 44, (2006), pp. 194-201.

National Committee for Clinical Laboratory Standards: Performance Standards for
Antimicrobial Disc Susceptibility tests, NCCLS M100- S12, (2002).

EARSS 2005 New and Updated protocols for antimicrobial susceptibility testing of
pathogens under EARSS surveillance.

C. Perez, M. Paul and P. Bazerque: “Antibiotic assay by agar well diffusion”, Pharm.
Biol. Vol. 43, (1990), pp. 67-71.

Eucast definitive Document E.Def.3.1. European Committee for Antimicrobial Sus-
ceptibility Testing: “Determination of minimum inhibitory concentrations (MIC’s)
of antibacterial agents by agar dilution”, Clin. Microbiol. € Infec., Vol. 6, (2000),
pp- 509-515.

J.M. Andrews: “Determination of minimum inhibitory concentrations”, J. Antimi-
crob. Chemother., Vol. 48(S1), pp. 5-16.

K. Guven, S. Celik and I. Uysal: “Antimicrobial Activity of Centaurea Species”,
Pharm. Biol. Vol. 43, (2005), pp. 67-71.

C.V Nakamura, N.T. Ueda, E. Bando, A.F.N. Melo, D.A.G. Cortez and B.P.D. Filho:
“Antibacterial activity of Ocimum gratissimum L. essential 0il”, Mem. Inst. Oswaldo
Cruz, Vol. 94, (1999), pp. 675-678.

[LK. Sawer, M.I. Berry and J.L. Ford: “The killing effect of cryptolepine on Staphy-
lococcus aureus”, Lett. Appl. Microbiol., Vol. 40, (2005), pp. 24-29.

M. Canales-Martinez, T. Hernandez-Delgado, C. Flores-Ortiz, A. Duran-Dyaz, A.M.
Garcya-Bores and G. Avila-Acevedo: “Antimicrobial Activity of Alternanthera cara-
casana”,; Pharm. Biol., Vol. 43, (2005), pp. 305-307.

C.U. Iroegbu and C.K. Nkere: “Evaluation of the antibacterial properties of Picral-
ima nitida stembark extracts”, Int. J. Mol. Med. Adv. Sci., Vol. 1(2), pp 182-189.
P.S. Negi and G.K. Jayaprakasha: “Antibacterial activity of grapefruit (Citrus par-
adisi) peel extracts”, Fur. Food Res. Tech., Vol. 213, (2001), pp. 481-487.

S.V. Reddy, P.V. Srinivas, B. Praveen, K.H. Kishore, B.C. Raju, U.S. Murthy and
J.M. Rao: “Antibacterial constituents from the berries of Piper nigrum”, Phytomed.,
Vol. 11, (2004), pp. 697-700.

U. Ajali and B.K.C. Chukwurah: “Antimicrobial activity of Securidaca longipendu-
culata”, Phytomed., Vol. 11, (2004), pp. 701-703.



88 C. Gomber, S. Saxena / Central European Journal of Medicine 2(1) 2007 79-88

[29] S. Mansouri, A. Foroumadi, T. Ghaneie and A.G. Najar: “Antibacterial activity of
crude extracts and fractionated constituents of Myrtus communis”, Pharm. Biol.,
Vol. 39, (2001), pp. 399-401.

[30] C.D. Djipa, M. Delmee and J.Q. Leclarcq: “Antimicrobial activity of bark extracts
of Piper , Syzygium jambos (L.), Alston ( Myrtaceae)”, J. Ethnopharmacol., Vol. 71,
(2001), pp. 303-307.



	Introduction
	Statistical methods and Experimental Procedures
	Materials: Plant sample and Extraction
	Test Microorganisms
	Antimicrobial Susceptibility testing methods
	Statistical Methods

	Results
	Discussion


<<
  /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


