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To determine the repellent activity of hexane, ethyl acetate, benzene, chloroform, and methanol extract of
Pithecellobium dulce leaf and seed against filariasis vector, Culex quinquefasciatus. Evaluation was carried out
inanet cage (45 cm? x 30 cm? x 25 cm?) containing 100 blood starved female mosquitoes of three mosquito
species and were assayed in the laboratory condition by using the protocol of WHO: The plant leaf crude extracts
of P dulce was applied at 1.0, 2.5, and 5.0 mg/cm? separately in the exposed area of the fore arm. Only ethanol
served as control. In this observation, the plant crude extracts gave protection against mosquito bites without
any allergic reaction to the test person, and also, the repellent activity is dependent on the strength of the plant
extracts. Among the tested solvents, both the leaf and seed methanol extracts showed maximum efficacy. The
highest concentration of 5.0 mg/cm? provided over 120 min and 90 min protection for the leaf and seed extracts,
respectively. From the results, it can be concluded the crude extract of P dulce was potential for controlling
filariasis vector, C. quinquefasciatus mosquito.
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INTRODUCTION

Mosquitoes are ecologically important components of
the aquatic and terrestrial food chain; then they are the
most important group of insects in terms of public health
importance, and thus, appropriate control programs
are justified. Until a few years ago, only the adults were
sprayed, but now, it is well known that a more efficient
way to reduce mosquito populations is to target the
larvae (Tennyson et al., 2012). Mosquito-borne diseases
such as malaria, filariasis, dengue, and viral encephalitis
contribute to a larger proportion of health problems
of developing countries. Repeated use of synthetic
insecticides for mosquito control has disrupted natural
biological control systems and led to resurgences in
mosquito populations. It also resulted in the development
of resistance, undesirable effects on non-target organisms,
and fostered environmental and human health concern
(Govindarajan, 2011). Most of the mosquito repellent
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formulations available in the market are mainly prepared
with active ingredients of synthetic origin. Long-term
exposure of newborn babies and children to parathyroid
based mosquito repellents is known to cause clinical,
biochemical and neurological changes. Thus, there is a need
to find new, effective and safe, mosquito repelling agents.
It has been already shown that certain phytochemicals,
produced by those species that are already traditionally
used in treating numerous diseases, exhibit a significant
mosquito repellent activity against variety of Anopheles and
Culex species (Mathivanan ez al., 2010).

Mandal (2011) reported that repellent activity of
Eucalyptus and Azadirachta indica seed oil against the
filarial mosquito Culex quinquefasciatus. Tennyson
et al. (2012) evaluated the repellent activity of Ageratum
houstonianum leaf extracts against Anopheles stephensi, Aedes
aegypti, and C. quinquefasciatus. Larvicidal and repellent
activities of ethanolic extract of Datura stramonium
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leaves against mosquitoes, respectively (Swathi et al.,
2012). Govindarajan and Sivakumar, (2011) tested
the repellent activities of crude hexane, ethyl acetate,
benzene, chloroform, and methanol extracts of leaf of
Eclipta alba and Andrographis paniculata at three different

concentrations of 1.0, 2.5, and 5.0 mg/cm’

against
important vector mosquito A. aegypti. Methanolic
extracts of leaves and seeds from, Tribulus terrestris
(Zygophyllaceae) was tested against 3" instar larvae and
adults of mosquito, Anopheles arabiensis under laboratory

condition (Tarck et al., 2012).

Repellent activity of hexane, ethyl acetate, benzene,
chloroform, and methanol extract of Cardiospermum
halicacabum was evaluated against C. quinquefasciatus,
A. Aegypti, and A. stephensi (Govindarajan and Sivakumar,
2012). Murugan et al. (2012) evaluated the larvicidal,
pupicidal, repellent, and adulticidal activity of Citrus
sinensis orange peel extract against A. stephensi, A. aegypti
and C. quinquefasciatus. The larvicidal and repellent
properties of essential oils from various parts of four
plant species C)/mbopogan citrates, Cinnamomum Ze)l]anicum,
Rosmarinus officinalis, and Zingiber officinale against Culex
tritaeniorhynchus and Anopheles subpictus (Govindarajan,
2011).The larvicidal, ovicidal, and repellent activities of
crude benzene and ethyl acetate extracts of leaf of Ervatamia
coronaria and Caesalpinia pulcherrima were assayed for their
toxicity against three important vector mosquitoes, viz.,
A. stephensi, A. aegypti, and C. quinquefasciatus (Govindarajan
et al., 2011). In Argentina, Tagetes minuta EO composed
mainly of limonene (66%) and (E) ocimenone (19%)
deterred A. aegypti from biting for 90 min at a 25%
concentration (Gillij et al., 2008). In the present study, an
attempt has been made to evaluate the repellent efficacy
of leaf and seed extracts of Pithecellobium dulce against C.
quinquefasciatus under laboratory conditions. This is the
first report on the mosquito repellent activity of the
solvent extracts of leaf and seed of the selected plant.

MATERIALS AND METHODS

Plant Collection

Fully developed leaves and seeds of the P. dulce were
collected from Thanjavur District (Between 9°50” and
11°25’ North latitude and 78°45’ and 70°25’ East
longitude), Tamil Nadu, India. The collected specimens
were authenticated by a plant taxonomist from the
Department of Botany, Annamalai University. A voucher
specimen was deposited at the Herbarium of Plant
Phytochemistry Division, Department of Zoology,
Annamalai University.
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Extraction

The leaves and seeds were washed with tap water, shade-
dried, and finely ground. The finely ground plant leaf
and seed powder (1.0 kg/solvent) was loaded in Soxhlet
extraction apparatus and was extracted with five different
solvents, namely, hexane, benzene, chloroform, ethyl
acetate, and methanol, individually. The solvents from the
extracts were removed using a rotary vacuum evaporator
to collect the crude extract. Standard stock solutions
were prepared at 1% by dissolving the residues in ethanol.
From this stock solution, different concentrations were
prepared, and these solutions were used for repellent
bioassay.

Test Organisms

C. quinquefasciatus was reared in the Vector Control
Laboratory, Department of Zoology, Annamalai University.
The larvae were fed on dog biscuits and yeast powder in
3:1ratio. Adults were provided with 10% sucrose solution
and 1 week-old chick for blood meal. Mosquitoes were
held at 28°C £ 2°C, 70-85% relative humidity, with a
photo period of 12 h light and 12 h dark.

Repellent Activity

The repellency was evaluated using the percentage of
protection in relation to dose method (WHO, 2009). 100,
3-day-old starved female C. quinquefasciatus mosquitoes were
kept on a net cage (45 cm X 30 cm X 45 cm). Two cages
with hungry mosquitoes for test and control were kept
aside. The volunteer had no contact with lotions, perfumes,
oils or perfumed soaps on the day of the assay. The arms of
the volunteer skin were washed and cleaned with ethanol.
Ethanol served as control. After air drying the arms of the
volunteer, only 25 cm” of skin on the dorsal side of eacharm
was exposed. The remaining area was covered by rubber
gloves. The different concentrations of crude extracts were
applied. C. quinquefasciatus mosquitoes were tested during
the night from 19.00 h to 05.00 h. The control and treated
arm were introduced simultaneously into the mosquito
cage, and the mosquitoes were activated by gently tapping
the sides of the experimental cages. The control and treated
arms were introduced simultaneously into the cage. The
numbers of bites were counted over 5 min every 30 min.
The experiment was conducted five times. It was observed
that there was no skin irritation from the plant extract. The
percentage of repellency was calculated by the formula.

% repellency = ([T—T,]/T) X 100

Where, T is the number of mosquitoes in the control group,
and T, is the number of mosquitoes in the treated group.
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RESULTS plant extracts. The tested plant crude extracts of leaf and
seed show promising repellent activity against all the three

In the present observation, the results from the skin mosquitoes.

repellent activity of hexane, ethyl acetate, benzene,

chloroform and methanol extracts of P dulce leaf and seed ~ DISCUSSION

against blood starved adult female of C. quinquefasciatus
were given in Tables 1 and 2. The present result shows
that the percentage protection in relation to dose and
time (minutes). Among the tested solvents the maximum
efficacy was observed in both the leaf and seed methanol
extracts. The highest concentrations of 5.0 rng/crn2
leaf and seed methanol extract of P. dulce provided over
120 and 90 min protection against C. quinquefasciatus,
respectively. In this observation, the plant crude extracts
gave protection against mosquito bites without any

Our results showed that crude extract of P. dulce leaf
and seed have significant repellent activity against
C. quinquefasciatus mosquito. This result is also comparable
to earlier reports of Mullai ez al. (2008) have also
reported that the skin repellent test at 1.0, 2.5, and
5.0 mg cm™’ concentration gave the mean complete
protection time ranged from 119.17 to 387.83 min
against A. stephensi with the benzene, petroleum ether,
ethyl acetate, and methanol extracts of Citrullus vulgaris

allergic reaction to the test volunteer. Furthermore, the  tested. The methanol extract of E. coronaria was found to

repellent activity was dependent on the strength of the be more repellent than C. pulcherrima extract. A higher

Table 1: Repellency of different solvent leaf extracts of P dulce against C. quinquefasciatus

Solvent Concentration Repellency % +SD
(mg/cm?) Time of post application (min)
15 30 60 90 120 150 180 210
Methanol 1.0 100+0.0 100+0.0 100+0.0 100=0.0 93.4x1.5 79.6+1.8 65.4+1.8 52.6*1.9
2.5 100=0.0 100=0.0 100=0.0 100=0.0 95.6+2.0 82.4+1.4 70.2+1.4 57.4+1.4
5.0 100+0.0 100+0.0 100+0.0 100+0.0 100=x0.0 96.3+1.0 81.8+1.9 68.9+1.7
Ethyl acetate 1.0 100+0.0 100+0.0 91.4*+1.5 79.6+1.5 66.8+2.1 53.2*x1.6 41.2*+1.5 29.3+1.0
2.5 100=*0.0 100+0.0 100+0.0 93.5+1.2 81.3*1.6 67.1+1.2 54.7+1.8 42.6+1.8
5.0 100=+0.0 100+0.0 100+0.0 100=*0.0 95.7+1.4 82.4+2.0 68.2+1.4 55.3+2.2
Chloroform 1.0 100+0.0 100+£0.0 90.3+1.4 77.5x1.3 65.1+1.0 51.2*+1.5 39.3+1.6 25.6+2.1
2.5 100+0.0 100+0.0 100+0.0 91.6x1.0 78.6+1.9 66.4+1.7 52.3%£1.2 40.3£1.3
5.0 100+0.0 100+0.0 100+0.0 100+£0.0 93.0t1.4 81.2+1.3 67.1£2.0 53.7£1.8
Benzene 1.0 100+0.0 100+0.0 90.3x1.6 78.6+2.0 64.2+1.0 51.4+1.2 38.9+1.9 24.3+1.5
2.5 100+0.0 100+0.0 92.6x1.3 80.3x1.2 66.3+1.3 53.5+£1.0 42.6+1.8 31.0=1.0
5.0 100+0.0 100+0.0 100+0.0 94.2+1.9 81l.6+2.1 68.4+2.0 55.3+£2.1 43.2+2.4
Hexane 1.0 100+0.0 100+0.0 89.5+1.0 75.6+1.1 61.7+2.3 49.3+1.6 35.2+1.0 21.0+1.0
2.5 100+0.0 100+0.0 91.2+2.0 78.2+2.4 64.5+1.7 51.6+1.8 39.3+1.7 26.2+1.1
5.0 100+0.0 100+0.0 100+0.0 92.2+1.3 79.4*+1.4 65.6+1.1 52.7+1.6 39.2+1.7

SD: Standard deviation, R dulce: Pithecellobium dulce, C. quinquefasciatus: Culex quinquefasciatus

Table 2: Repellency of different solvent seed extracts of P dulce against C. quinquefasciatus

Solvent Concentration Repellency % =SD
(mg/em?) Time of post application (minutes)
15 30 60 90 120 150 180 210
Methanol 1.0 100£0.0  100£0.0  100+0.0  90.4%1.0  75.2%x1l.6  61.3=13  48.6x2.0  36.5x2.1
2.5 100£0.0  100=0.0  100=0.0  92.5x1.7  78.6x21  66.2x12  51.3x14  40.8x1.8
5.0 100£0.0  100+0.0  100+0.0  100+0.0  94.2+1.4  813*1.9  67.5+1.3  54.2+16
Ethyl acetate 1.0 100+0.0  100*+0.0  92.7+1.9  79.4%1.4  653%19  524+21  39.3%¥22  27.6%2.2
2.5 100+£0.0  100+0.0  94.5+1.5  8l.2+1.6  68.4%*1.3  552x1.0  42.7+13  30.1%x15
5.0 100=0.0  100+0.0  100£0.0  96.1*1.0  83.5%1.2  703*1.6  56.6+1.8  42.6+14
Chloroform 1.0 100£0.0  100£0.0  91.4*19  763*19  62.6+2.0  48.9+17  356x17  22.0+1.8
2.5 100£0.0  100=0.0  93.2£2.0  79.6x1.8  66.5x1.2  53.7x21  41.1*x1.8  28.3*1.3
5.0 100+0.0  100+0.0  100+0.0  93.4+2.1  8l.4+1.8  68.3+1.6  541+1.2  41.0+18
Benzene 1.0 100£0.0  959%16  82.6*11  69.4*2.0  55.8=16  43.2x18  28.3x1.0  12.7%1.6
2.5 100£0.0  100+0.0  92.6+1.8  77.3%1.6  651*1.7  51.4+1.0  356+1.6  24.1+2.0
5.0 100£0.0  100%£0.0  100£0.0  92.1*13  80.2x13  65.6*13  52.7x2.0  39.4*19
Hexane 1.0 100+0.0  94.2+1.4  81.0%14  67.5%1.7  54.2x1.0 32721  21.4=13  12.2x1.0
2.5 100£0.0  100=0.0  88.9x1.6  75.6%x2.0 62715  49.8x24  33.2x15  21.3x14
5.0 100£0.0  100£0.0  100£0.0  91.0£1.6  79.6x16 64113  50.5x17  36.9*1.5

SD: Standard deviation, R dulce: Pithecellobium dulce, C. quinquefasciatus: Culex quinquefasciatus
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concentration of 5.0 mg/ cm’ provided 100% protection
up to 150, 180, and 210 min against C. quinquefasciatus,
A. aegypti, and A. stephensi, respectively (Govindarajan
et al., 2011). The larvicidal activity of crude extract of
Sida acuta against three important mosquitoes with lethal
concentration 50% (LC, ) values ranging between 38 and
48 mg/L. The crude extract had strong repellent action
against three species of mosquitoes as it provided 100%
protection against A. stephensi for 180 min followed by
A. aegypti (150 min) and C. quinquefasciatus (120 min)
(Govindarajan, 2010).The LC_ values of benzene, hexane,
cthyl acetate, methanol, and chloroform extract of E. alba
against early third instar larvae of A. aegypti were 151.38,
165.10, 154.88, 127.64, and 146.28 ppm, respectively
(Govindarajan and Karuppannan, 2011). Karunamoorthi
et al. (2008) have also reported that the leaves of Echinops
sp. (92.47%), Ostostegia integrifolia (90.10%), and Olea
europaea (79.78%) were also effective and efficient to
drive away mosquitoes and the roots of Silene macroserene
(93.61%), leaves of Echinops sp. (92.47%), O. integrifolia
(90.10%), and O. europaea (79.78%) were exhibited the
significant repellency by direct burning, Aarthi et al. (2010)
evaluated the larvicidal and mosquito repellency activity
of Spathodea campanulata. The extracts of S. campanulata
were found most effective with LC_ value of 1.343,1.607,
1.981,2.165,2.432 of I, II, III, IV and pupa respectively.
Pushpanathan et al. (2008) reported that the essential oil of
Zingiber officinalis showed repellent activity at 4.0 mg/ cm?
and provided 100% protection of up to 120 min against
C. quinquefasciatus. The benzene, hexane, ethyl acetate,
methanol and chloroform leaf extract of A. paniculata
was found to be more effective against C. quinquefasciatus
than A. aegypti. The LC_ values were 112.19, 137.48,
118.67,102.05,91.20 ppmand 119.58, 146.34, 12424,
110.12, 99.54 ppm respectively (Govindarajan, 2011).
The mosquito repellency and larvicidal activity of mature
leaves of Swietenia mahagoni against C. quinqugfasciatus
were tested. Chloroform:methanol extract of S. mahagoni
exhibits 100% repellency up to 2 h 15 min (Adhikari et al.,
2012). Compared with earlier reports, our results revealed
that the experimental plant extracts were effective to
control C. quinquefasciatus. From these results, it was
concluded that the plant leaf and seed extracts of P. dulce
exhibits repellent activity against filariasis vector mosquito
C. quinquefasciatus.

ACKNOWLEDGMENTS

The authors are grateful to the University Grants
Commission (UGC) (F.No0.39-646/2010 (SR)),
New Delhi, India for providing financial assistance for
the present investigation and thankful to the Professor

106

and Head, Department of Zoology, Annamalai University
for the laboratory facilities provided. We acknowledge
the staff members of the VCRC (ICMR), Pondicherry for

their cooperation.
REFERENCES

Aarthi N, Murugan K. Larvicidal and smoke repellent activities
of Spathodea campanulata Peauv against the malarial vector
Anopheles stephensi Liston (Diptera: Culicidae). ] Phytol
2010;2:61-9.

Adhikari U, Singha S, Chandra G. In-vitro repellent and
larvicidal efficacy of Swietenia mahagoni against the larval
forms of Culex quinquefasciatus Say. Asian Pac ] Trop Biomed
2012;2:260-4.

GillijYG, Gleiser RM, Zygadlo JA. Mosquito repellent activity
of essential oils of aromatic plants growing in Argentina.
Bioresour Technol 2008;99:2507-15.

Govindarajan M. Larvicidal and repellent activities of Sida acuta
Burm. F. (Family: Malvaceae) against three important
vector mosquitoes. Asian Pac ] Trop Med 2010;3:691-5.

Govindarajan M. Larvicidal and repellent properties of some
essential oils against Culex tritaeniorhynchus Giles and
Anopheles subpictus Grassi (Diptera: Culicidae). Asian Pac |
Trop Med 2011;4:106-11.

Govindarajan M. Mosquito larvicidal and ovicidal activity of
Cardiospermum halicacabum Linn. (Family: Sapindaceae) leaf
extract against Culex quinquefasciatus (Say.) and Aedes aegypti
(Linn.) (Diptera: Culicidae). Eur Rev Med Pharmacol Sci
2011;15:787-94.

Govindarajan M. Evaluation of Andrographis paniculata Burm. F.
(Family: Acanthaceae) extracts against Culex quinquefasciatus
(Say.) and Aedes aegypti (Linn.) (Diptera: Culicidae). Asian
Pac ] Trop Med 2011;4:176-81.

Govindarajan M, Karuppannan P. Mosquito larvicidal and
ovicidal properties of Eclipta alba (L.) Hassk (Asteraceae)
against chikungunya vector, Aedes aegypti (Linn.) (Diptera:
Culicidae). Asian Pac ] Trop Med 2011;4:24-8.

Govindarajan M, Sivakumar R. Mosquito adulticidal and
repellent activities of botanical extracts against malarial
vector, Anopheles stephensi Liston (Diptera: Culicidae). Asian
Pac J Trop Med 2011;4:941-7.

Govindarajan M, Mathivanan T, Elumalai K, Krishnappa K,
Anandan A. Mosquito larvicidal, ovicidal, and repellent
properties of botanical extracts against Anopheles stephensi,
Aedes aegypti, and Culex quinquefasciatus (Diptera: Culicidae).
Parasitol Res 2011;109:353-67.

Govindarajan M, Mathivanan T, Elumalai K, Krishnappa K,
Anandan A. Ovicidal and repellent activities of botanical
extracts against Culex quinquefasciatus, Aedes aegypti and
Anopheles stephensi (Diptera: Culicidae). Asian Pac ] Trop
Biomed 2011;1:43-8.

Journal of Medicinal Herbs and Ethnomedicine e Voll e 2015



Govindarajan M, Sivakumar R. Repellent properties of
Cardiospermum halicacabum Linn. (Family: Sapindaceae)
plant leaf extracts against three important vector
mosquitoes. Asian Pac ] Trop Biomed 2012;2:602-7.

Karunamoorthi K, Ramanujam S, Rathinasamy R. Evaluation
of leaf extracts of Vitex negundo L. (Family: Verbenaceae)
against larvae of Culex tritaeniorhynchus and repellent
activity on adult vector mosquitoes. Parasitol Res
2008;103:545-50.

Mandal S. Repellent activity of Eucalyptus and Azadirachta indica
seed oil against the filarial mosquito Culex quinquefasciatus
Say (Diptera: Culicidae) in India. Asian Pac ] Trop Biomed
2011;1:109-12.

Mathivananan T, Govindarajan M, Elumalai K, Krishnappa
K, Ananthan A. Mosquito larvicidal and phytochemical
properties of Ervatamia coronaria Stapf. (Family:
Apocynaceac). ] Vector Borne Dis 2010;47:178-80.

Mullai K, Jebanesan A, Pushpanathan T. Mosquitocidal and
repellent activity of the leaf extract of Citrullus vulgaris
(Cucurbitaceae) against the malarial vector, Anopheles stephensi
liston (diptera: Culicidae). Eur Rev Med Pharmacol Sci
2008;12:1-7.

Murugan K, Mahesh Kumar P, Kovendan K, Amerasan D,
Subrmaniam ], Hwang JS. Larvicidal, pupicidal, repellent

and adulticidal activity of Citrus sinensis orange peel

Journal of Medicinal Herbs and Ethnomedicine e Voll e 2015

Govindarajan and Rajeswary: Repellent properties of Pithecellobium dulce

extract against Anopheles stephensi, Aedes aegypti and
Culex quinquefasciatus (Diptera: Culicidae). Parasitol Res
2012;111:1757-69.

Pushpanathan T, Jebanesan A, Govindarajan M. The essential
oil of Zingiber officinalis Linn (Zingiberaceae) as a mosquito
larvicidal and repellent agent against the filarial vector
Culex quinquefasciatus Say (Diptera: Culicidae). Parasitol
Res 2008;102:1289-91.

Swathi S, Murugananthan G, Ghosh SK, Pradeep AS. Larvicidal
and repellent activities of ethanolic extract of Datura
stramonium leaves against mosquitoes. Int | Pharmacogn
Phytochem Res 2012;4:25-7.

Tarck MY, Hanan S, Bosly AM, Naglaa MS. Insecticidal and
repellent activities of methanolic extract of Tribulus terrestris
L. (Zygophyllaceae) against the malarial vector Anopheles
arabiensis (Diptera: Culicidae). Egypt Acad ] Biol Sci
2012;5:13-22.

Tennyson S, Ravindran ], Eapen A, William ]. Repellent
activity of Ageratum houstonianum Mill. (Asteraceae) leaf
extracts against Anopheles stephensi, Aedes aegypti and Culex
quinquefasciatus (Diptera: Culicidae). Asian Pac J Trop Dis
2012;2:478-80.

World Health Organization. Guidelines for Efficacy Testing
of Mosquito Repellents for Human Skins. WHO/HTM/
NTD/WHOPES. Geneva: WHO; 2009. p. 4-18.

107




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


