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Abstract 
Digenetic trematode infections including schistosomiasis and fascioliasis have highly neglected statuses 
but are a menace to people in the poorest countries of the tropics, causing high morbidity and mortality in 
humans as well as great global losses in livestock production. This has neccesitated the widespread 
search for better control options for the snail vectors of these diseases. Hence, a novel drug - curcumin 
and nisin poly lactic acid (PLA) entrapped nanoparticles (CurNisNp) was screened for molluscicidal activity 
against the adults (> 2 months old) of Biomphalaria pfeifferi, Bulinus globosus and Lymnaea natalensis 
vector snails. Mortality was determined after 96-h of exposure at varying concentrations. The snails of the 
species L. natalensis were found to be the most susceptible to the molluscicide (LC50 323.6 ppm).  This 
finding further supports the desirability of curcumin-nisin polylactic acid (PLA) nanoparticles as a 
molluscicide and therefore shows that it could be a good alternative to conventional molluscicides with 
prospects in the selective control of fascioliasis. However, more optimization of the drug could ensure a 
greater molluscicidal potency.  
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Introduction 
The past few decades has witnessed the 
widespread screening of nano-enhanced 
strategies for the control of protozoan and 
helminth infections with promising results, 
although with a number of challenges limiting their 
large scale adoption. Many workers have 
attempted to harness the unique properties of 
nano-based delivery systems for better treatment 
[1-3], more reliable diagnosis [4-6], the formulation 
of novel prophylaxis [7], vaccines [8], and also for 
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improved control of snail hosts of these parasitic 
diseases [9,10] that cause high morbidity and 
claim millions of lives in the poor and developing 
countries of the world.  
Digenetic trematode infections including 
schistosomiasis and fascioliasis for example, have 
highly neglected statuses but are a menace to 
people in the poorest countries of the tropics, 
killing about 200,000 people annually [11], 
causing global livestock production losses 
exceeding US$3 billion per year [12], and 
subjecting about 300 million people to chronic 
illnesses [12]. Key links in the life cycles of their 
causative agents are the presence of intermediate 
snail hosts for which conducive tropical and 
subtropical climatic conditions including high 
temperature, high relative humidity and frequent 
rainfall provide suitable habitats, ensuring the 
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completion of the parasites‘ life cycle [13]. Hence, 
the best way to break the cycle of infection and re-
infection is by an effective control of the snail 
populations [14]. Many plant source bioactive 
substances have been explored for freshwater 
snails control with appreciable results [14]. 
However, only a few nanoformulations have been 
screened for anti-snail activities [10,15].  
An earlier study [10] reported the molluscicidal 
activities of curcumin-nisin polylactic acid 
nanoparticles on different life stages of 
Biomphalaria pfeifferi, the snail intermediate host 
for Schistosoma mansoni. This study however, 
aimed at evaluating the anti-snail potency of the 
nanoformulation on adults of B. pfeifferi, Bulinus 
globosus and Lymnaea natalensis, the snail 
intermediate host species for Schistosoma and 
Fasciola spp.   
 
Material and Methods 
Chemicals 
The test substance (drug): Curcumin-nisin poly-
lactic acid nanoparticles (Cur-Nis-PLA Ns), is a 
yellow biodegradable hygroscopic powder of 35% 
composition by mass of the active ingredient. It 
was prepared by the double emulsion-diffusion-
evaporation method at the National Institute of 
Immunology, New Delhi, India. Blue hygroscopic 
crystals of copper sulphate (Sigma-Aldrich, St. 
Louis, MO, USA) were used as chemical 
molluscicides for the positive control. Whereas, 
aged water (dechlorinated) was used for snail 
culture, diluent and also as the negative control. 
Synthesis and properties on noanotized curcumin-
nisin poly-lactic acid nanoparticles (CurNisNp) 
Nanotized CurNisNp synthesised by double 
emulsion-diffusion-evaporation method with the 
properties, size 288.4± 24.3 nm, zeta potential 
13.7±0.4 mV, polydispersity index (PDI) 0.232 and 
entrapment efficiency 35% [10] measured by a 
Zetasizer Nano-ZS system (Malvern Instruments, 
UK) was used for the molluscicidal bioassay. The 
formulation procedures are briefly described 
according to an earlier report [10]. Five milligram 
(5 mg) each of curcumin and nisin was dissolved 
in 200 μL 1% polyvinyl alcohol (PVA). The 
solution was dispensed into 50 mg of poly lactic 
acid containing organic solvents. The mixture was 
sonicated for 1 min to obtain a primary emulsion. 
The emulsion was inturn added dropwise to 16 
mL 2% PVA to form a secondary emulsion. The 
resulting mixture was sonicated at 30 W, 40% 
duty cycle for 3 mins to form a nanosuspension. 
The solvent was evaporated through continuous 
stirring and was centrifuged at 16,000 rpm for 15 
min. The formulation was washed three times and 
then lyophilized with 5% mannitol as 
cryoprotectant.  

Snail collection 
Adults of Biomphalaria pfeifferi, Lymnaea 
natalensis and Bulinus globosus were collected 
from Eleyele River (7.420852 N, 3.853825 E) and 
Awba dam (7.4425 N, 3.8888 E) in Akinyele local 
government area of Oyo state, as well as Odo 
Ona River (7.29389 N, 3.86722 E) in Ibadan North 
local government area of the state. They were 
properly washed in water and transferred into 
plastic containers with good ventilation. The snails 
were brought to the Parasitology Laboratory of the 
Department of Zoology, University of Ibadan for 
the study. 
Snail culture 
Twenty five (25) adult snails each of B. pfeifferi, L. 
natalensis and B. globosus were transferred 
separately into a culture jar (aquarium) lined with 
transparent polythene bags containing 
dechlorinated tap water. The snails were fed with 
blanched dried lettuce (Lactuca sativa), and 
CaCO3 pellets were used as calcium 
supplements. The egg masses laid by the snails 
were incubated as described by Salawu and 
Odaibo [16] with few modifications. Newly hatched 
snails were transferred into larger containers and 
maintained as they grew larger. 
2.5. Molluscicidal bioassay activity test 
The molluscicidal bioassay activity tests was 
carried out on the adults (8-9 weeks old) of all 
three snail species in line with the WHO 
guidelines [17]. Ten (10) clean or uninfected 
snails were placed in 40 mL of varying 
concentrations (87.5 ppm, 43.75 ppm and 21.88 
ppm) of the nanoparticle formulation and mortality 
was observed after 96-h exposure. Observation 
and examination for mortality were done using 
hand lens or dissecting microscope where 
necessary. The snails that could move or with an 
active heart beat (as observed under the 
microscope) were counted as living and vice 
versa. The percentage mortality was calculated. 
All experiments were performed in duplicate with 
values expressed as mean ±SD. The negative 
control groups were placed in dechlorinated 
water. 
 
Statistical analysis 
The data were entered in SPSS version 21 for 
windows for analysis. Two-way ANOVA was used 
to test significant differences in snail mortality in 
different concentrations. Probit regression graph 
was used to determine the LC50 and LC90 of the 
nanotized formulation. Linear Regression analysis 
and Pearson’s correlation were applied to 
determine the relationship between snail mortality 
and test concentrations. P value less than 0.05 is 
considered statistically significant. 
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Results and Discussions 
The protective behaviours of the adult snails upon 
immersion into the test concentrations were 
surfacing behaviour and partial retraction of their 
cephalopodal mass with normal crawling activities 
following after only a few minutes. There was a 
significant association between mortality and 
concentration among the adults of L. natalensis 
and B. globosus (P<0.05). Among the adults of B. 
pfeifferi however, snail mortality was not 

dependent on the concentrations of the drug 
(P>0.05). The adults of L. natalensis snails were 
the most susceptible to the drug with up to 50% 
mortality at the test concentration of 87.5 ppm 
(Table 1). Biomphalaria pfeifferi with LC50 9055.2 
ppm was most resistant to exposure to CurNisNP 
while L. natalensis with LC50 323.6 ppm was most 
susceptible to the nanotized drug (Table 2). 
 

 
Table 1.  

Percentage mortality (± SD) of adult snail intermediate hosts (8-9 weeks old) exposed to CurNisNp 
 

 Concentration (ppm)  
Species 87.5 43.75 21.88 Control 
L. natalensis 50.0 ± 7.07a 25.0 ± 3.54b 5.0 ± 0.71c 0.0 
B. globosus 0.0 ± 0.00a 0.0 ± 0.00a 5.0 ± 0.71b 0.0 
B. pfeifferi 10.0 ± 1.41a 15.0 ± 2.12a 5.0 ± 0.71a 0.0 

Note: Similar superscripts denote no significant difference while different superscripts denote significant 
difference. Significant differences compared across concentrations of CurNisNp 
 

Table 2.  
Probit analysis of lethal concentrations of CurNisNp against L. natalensis, B. globosus and B. 

pfeifferi snails 
 
   Lethal concentration (ppm) 
Species Regression equation R2 LC50 (95% CI) LC90 (95% CI) 
L. natalensis y=0.0007x + 0.2604 0.209 323.6 (83.2 - 546.3) 863.8 (201.2 – 1274.0) 
B. globosus y=0.0002x+0.0062 0.630 1984.1 (718.2 - 3151.7) 3591.5 (1385.6 - 5326.7) 
B. pfeifferi y = -5E-05x + 0.0271 0.487 9055.2 (8498.1 - 11785.0) 16714.2 (11904.7 - 17783.6) 
 
 
Discussion 
The suggestion on the potential of curcumin-nisin 
PLA nanoparticles for adoption as a desirable 
molluscicide is further supported by its selective 
anti-snail potency on adult snail intermediate 
hosts of very important digenetic trematodes.  
The snails‘ avoidance behaviours following 
exposure to CurNisNp indicating its molluscicidal 
potency is in line with other previous observations 
[10,18]. Webbe [19] ascerted that this kind of snail 
behaviour is in response to loss of water balance 
and more recently, it was opined that this behavior 
helps to increase their chances of survival and so 
hinders the action of molluscicides used against 
them [20].  
The species-dependent mortality of snails 
observed in this study, possibly due to differences 
in genetics, morphology and general survival rate, 
has also been reported [21-23]. Although, their 
observations were different from that of the 
present study. Higher susceptibilities were 
reported for B. pfeifferi compared to L. natalensis 
by Molla et al. [23], who attributed the observation 
to the differences in the type of active ingredients 
present in the different plant parts used.  

In addition, the relationship between exposure 
period and snail mortality was not significant 
(P>0.05) in contrast to an earlier report [24]. 
However, the mortality of the snails for up to 96 
hours demonstrates the benefits afforded to the 
drug combination (Cur-Nis) by encapsulation with 
polylactic acid delivery system. This is not 
unreasonable as curcumin, although in 
combination with another pharmacologically active 
substance (nisin), is widely known as an 
antioxidant, a relaxant and an anti-inflammatory 
agent [25]. Therefore, the formulation may have 
had its molluscicidal bioactivity enhanced by 
presenting a prolonged bioavailability and 
continuous absorption through the snail 
teguments with increasing exposure period.
 
Conclusions 
The observed escape behaviour of the snails in 
response to exposure to CurNisNp and the 
species dependent susceptibilities of the snails 
suggest that the nanotized formulation has 
prospects in the selective control of L. natalensis, 
the intermediate snail host of Fasciola gigantica. 
Moreover, further studies are recommended on 
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the comparative molluscicidal assessment with 
optimized nanotized formulation and mechanisms 
of action in snails.  
 
References 
1. Frezza, T.F., Gremião, M.P.D., Zanotti-Magalhães, 
E.M., Magalhãe s, L.A., de Souza,A.L.R. & Allegretti, 
S.M. (2013). Liposomal-praziquantel: efficacy against 
Schistosoma mansoni in a preclinical assay, Acta 
Tropica, 128, 70–75. 
https://doi.org/10.1016/j.actatropica.2013.06.011  
2 Souza, A.L.R., Andreani, T., De Oliveira, 
R.N., Kiill, C.P., Dos Santos, F.K., Allegretti, S.M., 
Chaud, M.V., Souto, E.B., Silva, A.M. & Gremião, 
M.P.D. (2014). In vitro evaluation of permeation, toxicity 
and effect of praziquantel-loaded solid 
lipidnanoparticles against Schistosoma mansoni as a 
strategy to improve efficacy ofthe schistosomiasis 
treatment. International Journal of Pharmaceutics, 46, 
31–37. https://doi.org/10.1016/j.ijpharm.2013.12.022  
3 Dauda, K., Busari, Z., Morenikeji, O., 
Afolayan, F., Oyeyemi, Y., Meena, J., Sahu, D. & 
Panda, A. (2017) Poly-D,L-lactic-co-glycolic acid-based 
artesunate nanoparticles,formulation, antimalarial and 
toxicity assessments. Journal of Zheijang University 
SCIENCE B - Biomedicine & Biotechnology, 18, 977-
985. https://doi.org/10.1631/jzus.B1600389  
4 Jeon, W., Lee, S., DH, M. & Ban, C. (2013). 
Colorimetric aptasensor for the diagnosis of malaria 
based on cationic polymers and gold nanoparticles. 
Analytical Biochemistry, 439, 11–16. 
https://doi.org/10.1016/j.ab.2013.03.032  
5 Alnasser, Y., Ferradas, C., Clark, T., 
Calderon, M., Gurbillon, A., Gamboa, D., McKakpo, 
U.S., Quakyi, I. A., Bosompem, K. M., Sullivan, D. J. 
(2016). Colorimetric detection of Plasmodium vivax in 
urine using MSP10 oligonucleotides and gold 
nanoparticles. PLoS Neglected Tropical Disease, 10, 1-
12. https://doi.org/10.1371/journal.pntd.0005029  
6 Kame, M.M., Elbaz, H.G., Demerdash, Z.A., 
Elmoneem, E.M.A., Hendawy, M.A. & Bayoumi, I.R. 
(2016). Nano-immunoassay for diagnosis of active 
schistosomal infection. World Journal of Medical 
Science, 13, 27. 

https://doi.org/10.5829/idosi.wjms.2016.13.1.96189  
7 Bakshi, R.P., Tatham, L.M., Savage, A., 
Tripathi, A.K., Mlambo, G., Ippolito, M.M., Nenortas, 
E., Rannard, S.P., Owen, A. & Shapiro, T.A. (2018). 
Long-acting injectable atovaquone nanomedicines for 
malaria prophylaxis. Nature Communication, 9, Article 
number: 315. https://doi.org/10.1038/s41467-017-
02603-z  
8 Fuaad, A.A.H.A., Roubille, R., Pearson, 
M.S., Pickering, D.A., Loukas, A.C., Skwarczynski, 
M. & Toth, I. (2015). The use of a conformational 
cathepsinD-derived epitope for vaccine development 

against Schistosoma mansoni. Bioorganic Medicinal 
Chemistry, 23, 1307–1312. 
9 Guang, X.Y., Wang, J.J., He, Z.G., Chen, 
G.X., Din, G.L., Dai, J.J. & Yang, X.H. (2013). 
Molluscicidal effects of nano-silver biological 
molluscicide and niclosamide. Chinese Journal of 
Schistosomiasis Control, 25, 503–505. 
10 Omobhude M.E., Morenikeji O.A. & 
Oyeyemi O.T. (2017). Molluscicidal activities of 
curcumin- nisin polylactic acid nanoparticle on 
Biomphalaria pfeifferi. PLoS Neglected Tropical 
Disease, 11, e0005855. 
https://dx.doi.org/10.1371%2Fjournal.pntd.0005855  
11 World Health Organisation. Schistosomiasis 
Factsheet. (available 20 February, 2018), [assessed 23 
August, 2018], http://www.who.int/news-room/fact-
sheet/detail/schistosomiasis. 
12 Rahman, A.K.M.A., Islam, S.K.S., Talukder, 
H., Hassan, K., Dhand, N.K. & Ward, M.P. (2010). 
Fascioliasis risk factors and space-time clusters in 
domestic ruminants in Bangladesh. Parasites & 
Vectors, 10, 228. https://doi.org/10.1186/s13071-017-
2168-7  
13 Otubanjo, O. (2013). Parasites of man and 
animals. Lagos: Concept Publications. 
14 Asemota, A., Hassan, A. & Idu, M. (2015). 
Preliminary Screening of some Nigerian medicinal 
plants for molluscicidal activities. International Journal 
of Analytical, Pharmaceutical and Biochemical 
Sciences, 4, 24-33. 
15 Ali, S.M., Yousef, N.M.H. & Nafady, N.A. 
(2015). Application of biosynthesized silver 
nanoparticles for the control of land snail Eobania 
vermiculata and some plant pathogenic fungi. Journal of 
Nanomaterials, Article ID 218904, 10 pages. 
http://dx.doi.org/10.1155/2015/218904  
16 Salawu, O.T.& Odaibo, A.B. (2011). The 
molliscicidal effects of Hyptis suaveolens on different 
stages of Bulinus globosus in the laboratory. African 
Journal of Biotechnology, 10, 10241-10247. 
https://doi.org/10.5897/AJB10.415  
17 World Health Organisation (1983). Report of 
the scientific working group on plant molluscicides. 
UNDP/World Bank/WHO special programme for 
Research and Training in Tropical Diseases. World 
Health Organization, Geneva. 
18 Otarigho, B. & Morenikeji, O.A. (2012). 
Molluscicidal effects of aqueous and ethanolic extracts 
of lemongrass (Cymbopogon citratus) leaf against the 
different developmental stages of Biomphalaria pfeifferi. 
New York Science Journal, 5, 70-77. 
19 Webbe, G. (1961). Laboratory and field trials 
of a new molluscicide, Bayer 73, in Tangayika. Bulletin 
of the World Health Organization, 25, 525-531. 
20 Silva, L., Souza, B., de Almeida Bessa, E.C. 
& Pinheiro, J. (2012). Effect of successive applications 



DOI: 10.2478/arls-2019-0007 ARLS, 3(1), 2019, 28-32
 

32 
 

of the sub-lethal concentration of Solanum paniculatum 
in Subulina octona (Subulinidae). Journal of Natural 
Products, 5, 157-167. 
21 Adetunji, V.O. & Salawu, O.T. (2010). 
Efficacy of ethanolic leaf extracts of Carica papaya and 
Terminalia catappa as molluscicides against the snail 
intermediate hosts of schistosomiasis. Journal of 
Medicinal Plant Research, 4, 2348-2352. 
https://doi.org/10.5897/JMPR10.468  
22 Hatil, H.E., Rehab Omer, E.N. & Sami, A.K. 
(2010). Molluscicidal Activity of the Essential oils of 
Cymbopogon nervatus leaves and Boswellia papyrifera 
resins. Curr. Res. Journal of Biological Sciences, 2, 
139-142. 

23 Molla, E., Giday, M. & Erko, B. (2013). 
Laboratory assessment of the molluscicidal and 
cercariacidal activities of Balanites aegyptiaca. Asian 
Pacific Journal of Tropical Biomedicine, 3, 657-662. 
https://dx.doi.org/10.1016%2FS2221-1691(13)60132-X  
24 Okeke, O.C. & Ubachukwu, P.O. (2011). 
Molluscicidal Effects of Talinum triangulare on Bulinus 
truncatus. Nigerian Journal of Biotechnology, 22, 13-16. 
25 Carvalho, D.D., Takeuchi1, K.P., Geraldine, 
R.M., de Moura, C.J. & Torres, M.L. (2015). 
Production, solubility and antioxidant activity of 
curcumin nanosuspension. Food Sci. Technol. 
Campinas, 35, 115-119. http://dx.doi.org/10.1590/1678-
457X.6515.  

 



<<
  /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
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




