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To develop a composition for enhancing immunity, based on alcohol extracts of the bumblebee as an
active ingredient, bumblebee ethanol extracts were evaluated for their protective effect in chronic models
of inflammation, adjuvant induced rat arthritis. B. terrestris worker extract (SDIEX) and, B. hypocrita sap-
poroensis lava and pupa extract (SPDYBEX), significantly decreased paw edema in arthritic rats, at a dose
100 mg/kg, respectively. The cytokine levels related inflammation of COX-2, sPLA,, VEGF and TNF-a.,
were decreased, compared to positive control, indomethacin (5 mg/kg). Histopathological data demon-
strated decreases inflammatory activity, hind paw edema, and repaired hyaline articular cartilage in DRG
over a 2 wk administration. HPLC and GC-MS analysis of SDIEX and SPDYBEX revealed the presence

of cantharidin.
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INTRODUCTION

The medicinal and edible uses of honeybee and other hive
products including honeybee larva, are well known (1).
Bumblebees (e.g. B. igitus, B. terrestris and B. h. sappo-
roensis) are mass-produced worldwide for use as pollina-
tors. The bumble bee, Bombus terrestris, is a primitively
eusocial species with an annual life cycle and colonies
headed by a single queen (2). The workers of the bumble
bee Bombus terrestris were observed to affect the immune
response, with regard to the dynamics of the phenoloxidase
(PO) system (3).

We sought to make a safe and effective bumblebee alco-
hol extract, and tested its anti-inflammation activity by
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determining NO production in endothelial cells and phos-
pholipase A2, COX-2, IL-6, VEGF and TNF-a activity,
Cantharidin, a phosphatase inhibitor and a 7-oxabicy-
clo[2.2.1]heptane-2,3-dicarboxylic acid derivative, has been
reported as a natural toxin extracted from Spanish fly and
blister beetles, such as Mylabris. It has been used as an
active ingredient with anticancer activity from Mylabris and
in the form of a synthetic demethylated analog, nor-cantha-
ridin with a view to reducing its nephrotoxic side effects
4).

In this study, we identified B. ferrestris worker extract
and B. hypocrita sapporoensis lava and pupa extract that
displayed anti-inflammatory properties, and may be useful
as a potential articular cartilage-repairing agent in the form
of a combined drug product.

MATERIALS AND METHODS

Materials. The dried B. terrestris worker extract (SDIEX)
or B. hypocrita sapporoensis lava and pupa extract (SPDY-
BEX), were soaked and extracted three times with ethanol
by ultrasonification for 30 min. The extracts obtained were
dried using a rotary evaporator and were freeze-dried as an
alcohol extracts of terrestris worker or B. hypocrita sappo-
roensis.

Preparation of bumblebee extract. Dried alcohol
extracts of bumblebee product were homogenized in a
blender to a powder, stored at 4°C, dissolved in phosphate-
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buffered saline (Sigma-Aldrich; St. Louis, MO, USA), and
then administered orally to SD rats at doses of 10 mg/kg
daily, over 8 days.

Animal model. Specific pathogen-free, SD rats (weigh-
ing 200 + 20 g, males) were purchased from Samtako Co.
Ltd. (Osan, Korea). Anti-inflammatory activity was mea-
sured using complete Freud ajuvant (CFA, sigma, 0.1 m//
rat)-induced rat paw edema. CFA was injected into the sub-
plantar tissue of the right hind paw.

Anti-inflammatory rat experiment. CFA was used to
induce rat paw edema on the first day (pre-treatment),
except the control group, in a chronic arthritis experimental
model, and the anti-edema effect of individual solvent
extracts (post-treatment) was compared. Rats were divided
into five groups (n=10 per group): control group, CFA
(100 mM)-only treated group (negative control), indometh-
acin (5 mg/kg on first day, 1 mg/kg at 2~14" days) as a pos-
itive control, and the sample groups (bumblebee ethanol
extracts : ethanol extract of SDI and SPDYB, daily 100 mg/
kg treatment intraperitoneally, over 14 days). Paw size was
measured 1, 3, and 5 hr and thereafter every day for 14 days
using digital calipers (digimatic, Mitutoyo, Co., Japan).

The test parameters were paw edema, COX-2, interleu-
kin 6, VEGF, TNF-a production levels, secretory phospho-
lipase A, activity, and histopathological findings in the
dorsal root ganglia, articular cartilage, and bone of the paw
edema rats. Paw size was measured at 1, 3, and 5 hr and
then every day. After the third, 7, and 14" days of treat-
ment, blood was collected from the posterior vena cava for
serum biochemical analyses. The LV dorsal root ganglia,
including articular cartilage, were extracted and processed
for a histopathological study.

Measurement of COX-2, VEGF and PGE, assay. To
analyze Cox-2 inhibitory activity, paw tissues were washed
with Tris buffer (pH 7.4), homogenized on ice in a 4-fold
volume lysis buffer, PRO-PREP protein extraction solution
(iNtRON, Busan, Korea), centrifuged (15,000 xg, 10 min),
and the supernatant from the homogenate was removed for
the for COX-2 and prostaglandin E, assay. The concentra-
tions of COX-2 in lysates of extract-treated rat paw tissues,
were determined with an enzyme-linked immunoassay
(EIA) according to the manufacturer’s protocol (Cayman
Chemicals, Ann Arbor, MI, USA).

The concentrations of PGE, in sera were measured at 405
nm using ELISA (Cayman Chemicals, Ann Arbor, MI,
USA) (5).

Cytokine (TNF-« and IL-6) production measurements.
TNF-a. and IL-6 level of SDIEX and SPDYBEX-treated rat
serum were measured using commercial ELISA kits (Quan-
tikine, R&D Systems, Inc., Minneapolis, MN, USA)

according to the manufacturer’s instructions.

Secretary phospholipase A, measurements. Secretory
phospholipase A, (sPLA,) levels in SDIEX and SPDY-
BEX-treated rat serum were measured by ELISA using a
sPLA, assay kit (Cayman Chemicals, Ann Arbor, MI, USA)
6,7).

Endothelial VEGF assay. The level of VEGF produc-
tion was measured in human umbilical vein endothelial
cells (HUVECs, ATCC, Manassas, VA, USA), grown in
endothelial cell basal medium (EBM)-2 with EGM-2 sin-
glequots (Cambrex, Walkersville, USA) at 37°C in an atmo-
sphere containing 5% CO,. The levels of VEGF production
were measured, using an ELISA kit (human VEGF Immu-
noassay, Quantikine, R&D Systems, Inc.) according to the
manufacturer’s protocol.

Histopathology. The lumbar V (LV) dorsal root gan-
glion, including articular cartilage and near the leg bones,
were dissected from the rats and were fixed in phosphate-
buffered formalin. The spinal cords of the rats, including the
bone and articular cartilage, were also excised and fixed.
After paraffin embedding, they were stained with hematox-
ylin and eosin, and were analyzed with microscopy.

Identification of cantharidin. The results here indicated
anti-inflammatory effects of ethanol extracts of SDIEX and
SPDYBEX from the bumblebee. Thus, we compared can-
tharidin components in the ethanol extracts of bumblebee
worker and larvae, SDIEX and B. hypocrita sapporoensis
lava and pupa extract (SPDYBEX) by HPLC (Dionex sum-
mit HPLC with UV; Luna C,; column, 5 pm, 250 x 4.6 mm,
Phenomex, USA) and GC-MS analysis (Agilent 5973 N
mass selective detector with HP 5 MS capillary column, 5%
PH ME siloxane, 30 m x 0.25 mm, 0.25 m, USA) (8).

Statistical analyses. Means and standard error values
of all the studied parameters were determined for each
group. Student’s #-test was used to establish significant dif-
ferences between the final biochemical levels in control and
treated groups. p values < 0.05 were considered statistically
significant.

RESULTS

Anti-inflammatory effects. We showed that bumble
bee alcohol extracts have potential efficacy in treating
inflammation in SD rats, because they significantly reduced
paw edema levels, in the following order: SDIEX > SPDYBEX,
and repaired damaged dorsal root ganglia in CFA adjuvant
arthritis (Fig. 1). The total mean changes in paw edema size
(mm) from 1 hr to 14 days for each group were as follows:
control (8.200 + 0.514), CFA (9.86 + 1.073), SDIEX (9.205 +



Immune Modulation of Bumblebee Extract 279

Worker of B. terrestris  Worker of B. hypocrita sapporoensis

—&— CON

149 —e— CFA

—v— SDIEX 100 mg/kg
—A— SPDYBEX 100 mg/kg
—— Indomethacin 1 mg/kg

N
N
1

10

Paw edema (mm)

Olh 1Ih 2Ih 3Ih 4‘h 5Ih 6Ih BIh 1ID 2ID 3ID 6ID 7ID 8ID 9ID1(I)D13ID1A;D15‘D
Day

Fig. 1. Anti-inflammatory activity of SDIEX and SPDYBEX on
Complete Freund’s adjuvant (CFA)-induced paw edema in a rat
arthritis model. CFA was used to induce rat paw edema on the
first day (pre-treatment), except in the control group. Each
extract (100 mg/kg) and indomethacin (5 mg/kg, 1% day, extra
day 1 mg/kg) was treated over 14 days. SDIEX: B. terrestris (bum-
blebee) worker extract; SPDYB: B. hypocrita sapporoensis larva
and pupa extract; IND: indomethacin. Values are means + SD, #
p <0.05, vs. each vehicle (CFA).

0.656), SPDYBEX (9.17 £ 9.168), and IND (9.587 + 0.891).

Inhibition of the COX-2 activity. In SDIEX or SPDY-
BEX 14 day-treated rat serum we measured COX-2 inhibi-
tory activities using a COX II assay kit. The inhibitory
effects of SDIEX and SPDYBEX on COX-2 were concen-
tration-dependent (Fig. 2). Regarding the COX-2 experi-
ment, B. terrestris worker extract (SDIEX) and B. hypocrita
sapporoensis larva and pupa extract showed slight decreases,
compared with the control value (control 11.62 + 0.87, CFA
14.99 £1.90, SDIEX 11.73 £ 1.23; p<0.01) and SPDYBEX
(13.13£7.38) and IND (12.74£7.57). The inhibition of
COX-2 activity by SDIEX was somewhat lower than that
by SPDYBEX.

Inhibition of IL-6 activity. In SDIEX and SPDYBEX
7-day treated rat serum, we measured intereukin-6 inhibi-
tory activities using an IL-6 assay kit. There is no differ-
ence in IL-6 levels between the groups. The no inhibitory
levels on IL-6 of SDIEX and SPDYBEX were concentra-
tion-dependent on the 7™ extract treatment day: control
(11.72 £ 0.45), CFA (12.20+0.11), SDIEX (11.78 £ 0.14),
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Fig. 2. COX, IL-6, and sPLA, activity of SDIEX and SPDYBEX
treated CFA-induced paw edema rats. In each group, rats were
treated intraperitoneally, daily over 3 days (3D), 7 days (7D), or
14 days (14D) at doses of 100 mg/kg SDIEX (B. terrestris worker
extract), 100 mg/kg SPDYB (B. hypocrita sapporoensis larva and
pupa extract), or 1mg/kg IND (indomethacin). Values are
means £ SD. # p < 0.05, vs. each vehicle (CFA).

SPDYBEX (11.38 % 0.20), and IND (11.40 + 0.17; Fig. 2).

Secretory PLA,. These extracts had other actions, such
as remarkable changes in secretory phospholipase A, activ-
ity at the 7" extract treatment day: control (0.110  0.010),
CFA (0.17 £ 0.0), SDIEX (0.22 + 0.20), SPDYBEX (0.17 £
0.05), IND (0.19 £0.0), and bee venom (positive control)
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0.550 % 0.0 (Fig. 2).

Articular cartilage destruction: repair by SDIEX and
SPDYBEX. In the histological analysis, the LV dorsal root
ganglion, including the articular cartilage and linked to the
paw treated SDIEX and SPDYBEX, was repaired, when
compared against the CFA-induced cartilage destruction.
This was in contrast to the effects observed in the CFA-
treated group, where there was destruction with erosion of
the articular cartilage (Fig. 4). The CFA (no bumblebee
extract treatment) group showed particular destruction of
cartilage and an average abnormal cell nuclei number of 18/
100, whereas abnormal cell nuclei numbers were much
lower in the SDIEX group (2/100), the SPDYBEX group
(5.7/100), and the indomethacin group (6/100) throughout
the treatment period (14 days).
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Histopathological finding in the lumbar (LV) dorsal root
ganglion, including the articular cartilage linked to the paw
treated with SDIEX and SPDYBEX for 14 days.

Cytokine (Prostaglandin E,) production measure-
ments in CFA-treated rat model. As another factor indi-
cating anti-inflammatory effects, prostaglandin E, (PGE,)
levels were slightly decreased, suggesting anti-inflamma-
tory action (data not shown).

Tumor necrosis factor-a production measurements.
SDIEX and SPDYBEX did not increase the level of TNF-
a, showing regulation to inflammation: 7™ day, control
(49.45+£6.39), CFA (169.21+£42.72), SDIEX (54.450 +
11.61), SPDYBEX (80.14 £ 46.18), and IND (12.07 + 14.00;
Fig. 2).
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Fig. 3. (A) Effects on VEGF and TNF-a by SDIEX and SPDYBEX-treated CFA-induced paw edema rats. Values are means + SD. # p < 0.05,

vs. each vehicle (CFA).

Fig. 4. Histopathological finding in the lumbar (LV) dorsal root ganglion, including the articular cartilage linked to the paw treated
with SDIEX and SPDYBEX for 14 days. CON3D, CON7D, CON14D indicate the control group over a 3-, 7-, or 14-day period. The CFA
group, SDIEX, SPDYBEX, and IND groups were named in the same manner as the control group (so, e.g., CFA3D, CFA7D, CFA14D).
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Fig. 5. Chromatogram of bumblebee extract using RPC-HPLC on a Luna C,3 column.

Vascular endothelial growth factor (VEGF). In this
study, there was regulation of VEGF production in the
SDIEX and SPDYBEX- treated rat sera, suggesting virtu-
ally no relationship with angiogenesis associated with the
cancer progenesis state: at the 14™ extract treatment day,
control (71.58 + 1.160), CFA (106.73 + 4.05), SDIEX (67.67 £
10.65), SPDYBEX (104.52 + 1.72), and IND (65.82 £ 2.14;
Fig. 3).

Identification of cantharidin in SDIEX and SPDYBEX.
HPLC and GC-MS analysis of SDIEX and SPDYBEX
revealed the presence of cantharidin showing fragment:
m/z 96 and m/z 128, and cantharidinimide fragment:
m/z 70, 96 and 128 (Fig. 5). Further analysis will be
needed to determine the active substance(s) in these extracts
in the future.

DISCUSSION

The bumblebees B. terrestris and B. hypocrita sapporoen-
sis belong to Hymenoptera, family Apidae, Subfamily Api-
nae, and are adapted as bumblebees for the pollination of
natural vegetation and agricultural plants (9). Recently, B.
terrestris workers have been abundant from the summer
through the winter season because of mass artificial bum-
blebee production. B. ferrestris workers and B. hypocrita
sapporoensis larva and pupa can be used to prepare drugs,
either as a crude insect extract or through a manufacturing
process. We sought to make a bumblebee preparation with
more efficacy and safety; we used an alcohol extract and
studied its anti-inflammatory activity, assessing cytokine
production and PLA, activity. That is, to identify the ‘best’
bumblebee extracts for the control of inflammatory reac-
tions, we made alcohol extracts of B. ferrestris workers and

the larva and pupa of B. h. sapporoensis, and tested their
medicinal activities.

That is, to identify the best bumblebee extracts for the
control of inflammatory reactions, we made alcohol extracts
of B. terrestris worker and the larva and pupa of B. A. sap-
poroensis, and tested their medicinal activities. There are
previous reports regarding effects of extracts from workers
of the bumble bee Bombus terrestris on the dynamics of the
phenoloxidase (PO) system, antibacterial activity (3), and in
workers, antibacterial activity was higher in challenged
groups than in controls (10). Here, we show that constitu-
tive immune defense is enhanced by the sexual offspring of
the bumblebee Bombus terrestris. The alcohol extracts of
the larva, pupa, queen, and cocoon of B. ignitus, B. terres-
tris, and B. h. sapporoensis showed anti-inflammatory
activity in an adjuvant-induced edema model in rats. The
queen of B. ignitus, queen of B. terrestris, and cocoon of B.
ignitus decreased hind paw edema after 1 day of ijp adminis-
tration and also produced vasorelaxation and NO produc-
tion in CPAE cells (11). B. terrestris worker extract
(SDIEX) and B. hypocrita sapporoensis lava and pupa
extract (SPDYBEX) significantly decreased the paw edema
in arthritic rats and levels of cytokines and other factors
related to inflammation - COX-2, IL-6, sPLA,, VEGF, and
TNF-o were decreased, compared with indomethacin. The
COX-2 levels with SDIEX were lower than with indometh-
acin, and it had anti-inflammatory actions in repairing artic-
ular cartilage destruction. SDIEX may be useful as a
potential articular cartilage-repairing agent in the form of a
combination drug product.

ACKNOWLEDGEMENT

This study was supported by the Rural Development



282

M.Y. Ahn et al.

Administration, Basic research project 2009-2012.

REFERENCES

. Meda, A., Lamien, C.E., Milogo, J., Romoto, M. and

Nacoulma, O.G. (2004) Therapeutic uses of honey and honey
bee larvae in central Burkian Faso. J. Ethnopharmacol., 95,
103-107.

. Erler, S., Popp, M. and Lattorff, H.M. (2011) Dynamics of

immune system gene expression upon bacterial challenge and
wounding in a social insect (Bombus terrestris). PLoS One, 6,
el8126.

. Korner, P. and Schmid-Hempel, P. (2004) In vivo dynamics of

an immune response in the bumble bee Bombus terrestris. J.
Invertebr. Pathol., 87, 59-66.

. Cheng, C., Zhu, Y., Tang, X. and Tao, W. (2011) The anti-pro-

liferative effects of norcantharidin on human HepG2 cells in
cell culture. Mol. Biol. Rep., 38, 163-169.

. Kwon, J.H., Kim, J.H., Choi, S.E., Park, K.H. and Lee, M.W.

(2010) Inhibitory effects of phenolic compounds from nee-
dles of Pinus densiflora on nitric oxide and PGE, production.

10

I1.

Arch. Pharm. Res., 33,2011-2016.

. Schoenberg, M.H., Mayer, J.M. and Beger, H.G. (1997) [Phos-

pholipase A,-from basic research to clinical reality]. Chirurg,
68, 1112-1118.

. Reid, R.C. (2005) Inhibitors of secretory phospholipase A2

group IIA. Curr. Med. Chem., 12, 3011-3026.

. Nikbakhtzadeh, M.R., Dettner, K., Boland, W., Gide, G. and

Détterl, S. (2007) Intraspecific transfer of cantharidin within
selected members of the family Meloidae (Insecta: Coleop-
tera). J. Insect Physiol., 53, 890-899.

. Yoon, H.J,, Lee, K.Y., Kim, M.A., Ahn, M.Y. and Park, 1.G.

(2013) Optimal cold temperature for the artificial hibernation
of Bumbus ignitus queen bumblebee. Int. J. Indust. Entomol.,
26, 124-130.

Moret, Y. and Schmid-Hempel, P. (2001) Immune defence in
bumble-bee offspring. Nature, 414, 506.

Ahn, M.Y., Han, J.W., Yoon, H.J., Hwang, J.S. and Young,
Y.E. (2012) Anti-inflammatory effect of bumblebee alcohol
extracts in CFA-induced rat edema. Toxicol. Res., 28, 249-
253.




<<
  /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


