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The present study investigated the immunomodulatory properties of four different medicinal plants 
in a cyclophosphamide-treated Balb/c mouse model. One of the four plants, Ulmus macrocarpa, 
showed partial resistance against immune suppression induced by cyclophosphamide. The bark of U. 
macrocarpa, commonly known as the Chinese elm, has been used as a pharmaceutical material in 
Korean traditional medicine to treat bacterial inflammation and induce wound healing. In this study, 
water extract of U. macrocarpa, named DEU-7, was used for its immunomodulating functional activity. 
DEU-7 increased the weight of the spleen and the number of splenocytes but did not significantly af-
fect the liver, kidney, and thymus in vivo. A splenocyte viability assay confirmed that DEU-7 influ-
enced ex vivo splenocyte survival. DEU-7 also increased the levels of cytokines, such as IL-2 and IL-4, 
and immunoglobulins, such as IgM, IgG, and IgA. These results indicated that DEU-7 is involved in 
the activation of T and B lymphocytes. In addition, DEU-7 was able to maintain the production of 
cytokines, such as TNF-α, IL-12, and IFN-γ, in the condition of cyclophosphamide-induced immune 
suppression, suggesting that DEU-7 activated innate immune cells, even under immune suppression. 
We concluded that DEU-7 aids immunological homeostasis, thereby preventing immune suppression, 
and aids both innate and adaptive immune response by maintaining the levels of various cytokines 
and immunoglobulins. Consequently, it is worth investigating the potential of DEU-7 as a supple-
mental source for immune-enhancing agents.
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Introduction

The immune response is categorized as innate immunity 

and acquired immunity. Innate immunity is a non-specific 

response that is characterized by phagocytosis and is also 

called natural immunity [31]. Acquired immunity is a specif-

ic immune response by B and T cells. In contrast to innate 

immunity, it can effectively inhibit the repetitive invasion 

of the same antigen, which is due to the memory function 

generated by the intrusive antigen. Innate immunity and ac-

quired immunity are closely related to coordinated host de-

fense mechanism against pathogens [20, 23, 31]. This study 

aims to find a new substance that can be a potential ther-

apeutic agent against aging diseases by enhancing the im-

mune response, which must be increased as a human being 

grows older. We selected four different kinds of medicinal 

plants known to enhance immune function in traditional 

folk medicine. Alpinia officinarum is a medicinal plant that 

assists the digestive function that is called galangal root. It 

has been known to inhibit the growth of hemolytic strepto-

coccus and diphtheria [11, 28]. Zanthoxylum schinifolium, 

Chinese pepper, is used mainly as a spice and has been 

known to sterilize and detoxify. But recent studies revealed 

that it has anti-cancer effects [30]. Scutellaria baicalensis 

Georgi has an anti-inflammatory effect [19], and many stud-
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ies showed the results of the therapeutic effects on lung, 

ovarian and uterine cancer [6, 21]. Ulmus macrocarpa, known 

as the Chinese elm, has been used in traditional folk medi-

cine to treat skin wounds and anti-inflammation [17, 18]. 

Water extracts of these four medicinal plants were des-

ignated to DEU-2, 3, 4 and 7 and we investigated whether 

DEU-2, 3, 4 and 7 have an effect on immune responses   in 

an immune suppressed mouse model. 

Cyclophosphamide is efficient in inhibiting the immune 

system and is used in the treatment of cancer. It has been 

known to reduce the production of lymphocytes in the 

spleen and lymph node. The appropriate treatment concen-

tration of cyclophosphamide was determined based on the 

various experimental studies [4, 7, 12, 16]. An in vivo test 

was performed by feeding the mice DEU-2, 3, 4 and 7 once 

a day. One of the four DEU extracts, DEU-7 affected changes 

in the weight of the spleen and production of cytokines and 

immunoglobulins. Many studies suggested previously that 

Ulmus macrocarpa has anti-inflammation effects [8, 15, 23] 

and anti-cancer effects [1, 14]. However, most studies have 

not suggested the mechanism influenced by Ulmus macro-

carpa. Therefore, we investigated the mechanism by DEU-7 

in immunomodulating function and propose the possibility 

of its use in immune enhancing substances.

Materials and Methods

Animals

Male Balb/c mice were purchased from Samtako, Inc. 

(Osan, Korea). Mice used in all experiments were 12 weeks 

old. These mice were housed in a specific pathogen-free fa-

cility with the appropriate temperature and humidity, and 

allowed free access to food and water. The mice for this 

study (DEU-R2013-002) were approved by the Institutional 

Animal Care and Use Committee at Dong-Eui University. 

Preparation of DEU extracts

Dried samples of Alpinia officinarum, Zanthoxylum schinifo-

lium, Scutellaria baicalensis Georgi, Ulmus macrocarpa Hance 

were purchased from Dae-Han herbal medicine Inc. (Busan, 

Korea), and the samples were stored in Dong-Eui University 

(No, 20140204). Three kilograms of dried samples were add-

ed to 10 L of water, and extracted twice repeatedly for 3 

hr at 80℃. The extract was filtered and concentrated under 

reduced pressure at below 45℃ using the Rotary vacuum 

evaporator (Eyela, Japan). The concentrates were dried using 

a freeze-dryer at -80℃, resulting in about 320 g of water 

extracts obtained. We labeled each Alpinia officinarum, 

Zanthoxylum schinifolium, Scutellaria baicalensis Georgi, and 

Ulmus macrocarpa extract as DEU-2, 3, 4 and 7, respectively.

In vivo Immunomodulation test of the immun-

osuppressive mouse model

Six mouse groups (n=6 in each group) were divided. One 

control (normal) group was without any treatment. Another 

group was treated with only cyclophosphamide (cyclophos-

phamide group) as an immunosuppressant. Four other 

groups were treated with cyclophosphamide and DEU-2, 3, 

4 or 7 (DEU group). On day 0, five groups were intra-

peritoneal injected with cyclophosphamide at a dose of 100 

mg/kg, and the normal group was injected with saline (10 

ml/kg). Feeding of DEU groups started from day 1 with 

a 300 mg/kg dose and was carried out until day 14. The 

normal and cyclophosphamide groups were fed 0.5 ml dis-

tilled water per day. Body weights of mice were measured 

once in three days, and on day 15 organs were removed 

from all mice. Each organ was weighed, and splenocytes 

were separated from spleens using mesh screen and RBC 

lysis. The RBC lysis buffer was purchased from the 

Biolegend Inc. (CA, USA). Splenocytes were cultured in 

RPMI 1640 media and then used in the viability assay. Body 

weights of mice were presented as the body index by stat-

istical analysis.

Cell viability assay 

Mouse splenocytes were seeded into a 96 well plate at 

a density of 1×106 cells/ml. Cells were treated with phytohe-

magglutinin (PHA, 10 μg/ml), lipopolysaccharide (LPS, 20 

μg/ml) or DEU-7 extract (200 μg/ml) for 48 hr at 37℃ CO2 

incubator. Live cells at each time point were measured by 

MTT assay. Briefly, the Cell Titer 96®AQueous One Solution 

Reagent (Promega, USA) was added to each well of 96 well 

plates. The plate was incubated for 3 hr at 37℃, and then 

measured for absorbance at 490 nm.

Measurement of cytokine levels and immunoglobulins

The levels of total interleukin (IL)-2, IL-4, IL-6, IL-10, 

IL-12, interferon-gamma (IFN-γ), and  TNF-α in blood plas-

ma of mice were measured using commercially available en-

zyme-linked immunosorbent assay (ELISA) kits (BD Biosci-

ences Pharmingen, CA, USA) following the manufacturer’s 

instructions. The concentrations of each cytokine were calcu-
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Fig. 1. A comprehensive overview of in vivo test design for 15 days. Six mouse groups were divided. One normal group was 

without any treatment. Another group was treated with only cyclophosphamide. Four other groups were treated with cyclo-

phosphamide and DEU-2, 3, 4 or 7.  On day 0, five groups except the normal group were injected i.p. with 100 mg/kg 

of cyclophosphamide. Each DEU-2, 3, 4, and 7 group was fed at a dose of 300 mg/kg/day for 14 days. Body weight was 

measured once every three days. Six mice per group used.

lated from the co-responding standard curves. Immunoglob-

ulin levels were measured similarly using commercially 

available ELISA kits (Immunology Consultants Laboratory 

Inc., OR, USA). 

Statistical analysis

Statistical analysis was determined by three independent 

experiments and each experiment had eight mice per group. 

P-values were determined through the one-way ANOVA, 

and less than 0.01 were considered statistically significant. 

P-values represented as an asterisk (*) or #.

Results

DEU-7 increased viability of mouse splenocytes

To examine the function of DEU extracts derived from 

four kinds of plants, in vivo test was performed for 15 days. 

On day 0, all mouse groups except for the normal group 

were injected with cyclophosphamide to suppress the im-

mune response. Mice were then fed the DEU extracts at a 

dose of 300 mg/kg for two weeks. Body weights of mice 

were measured once every three days, but there was no sig-

nificant difference in the experimental groups (Fig. 1). At 

15 days, mice were dissected and their organs weighed. The 

weights of liver and kidney were unchanged, but the spleen 

weight was changed by DEU-3 and DEU-7 (Fig. 2). To con-

firm the results of the spleen, the splenocytes were separated 

from spleen. The results of the splenocyte counting were 

higher in the DEU-7 group but not the DEU-2, 3, 4 groups 

(Fig. 3A). In order to confirm these results, the splenocytes 

were separated from normal mice and treated with PHA and 

LPS as a positive control and DEU-7.  Viability assay was 

then  performed. As a result, viability of splenocytes was 

greater by DEU-7 over 48 hr when compared to the normal 

group (Fig. 3B). These results suggested that the change of 

spleen index by DEU-7 treatment is closely associated with 

the increase of splenocyte number.

DEU-7 increased the levels of cytokines and 

immunoglobulins

Spleen is a secondary lymphoid organ and composed of 

many immune cells such as T, B, dendritic cells and 

macrophages. We tested activation of these cells by measur-

ing cytokines and immunoglobulins. Cytokine and im-

munoglobulin levels in the blood were measured by ELISA. 

DEU-7 noticeably increased the levels of IL-2, IL-4, IL-6 and 

IL-12 in the blood and an increase of IFN-γ was shown. 

Other DEU extract groups showed similar cytokine levels 

with the cyclophosphamide group (Fig. 4). The results of 

DEU-7 suggested that it has a sufficient role to maintain T 
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Fig. 2. DEU-7 influenced the organ index. At 15 days, mice were dissected. The organ weights were measured and calculated 

for the organ index. DEU-7 increased the weights of the spleen. P values are indicated by **p<0.001 compared to the control.

A B

Fig. 3. DEU-7 increased splenocyte proliferation. (A) After dissection, the spleen was removed and splenocytes were counted using 

a hemocytometer. (B) DEU-7 increased in vitro viability of splenocytes. All experiments were performed in triplicate and 

repeated twice. P values are indicated by *** p<0.0001 compared to the control. P values for cyclophosphamide represents 

### p<0.0001.

cell mediated immunity because IL-2 and IL-4 affect on T 

cells. DEU-7 increased the levels of the immunoglobulins 

(Fig. 5). The levels of IgG and IgM were increased to the 

control level by DEU-7 treatment, and completely restored 

the level reduced by cyclophosphamide. IgA level was not 

statistically significant; however, mean value of DEU-7 was 

greater than IgA level of cyclophosphamide group. There-

fore, DEU-7 has the effect of promoting B cell immunity un-

der the condition of cyclophosphamide treatment.

DEU-7 recovered the reduction of immune response 

caused by cyclophosphamide
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Fig. 4. DEU-7 increased cytokine levels. Cytokine levels in blood were measured using ELISA. DEU-7 increased the levels of cytokines 

related to B and T cell immunity under immunosuppressed condition. The levels of IL-2, 4, and 6 were significantly increased 

by DEU-7. P values are indicated by * p<0.01, *** p<0.0001 compared to the control. P values for cyclophosphamide represents 

## p<0.001, ### p<0.0001.

Fig. 5. DEU-7 increased the immunoglobulin levels in blood. Immunoglobulin levels were assayed using ELISA. DEU-7 recovered 

each IgA, IgG and IgM level to the normal levels in the immunosuppressed group. P values are indicated by *p<0.01, **p<0.001, 

compared to the control. P values for cyclophosphamide represents ##p<0.001.

Natural killer cell (NK cell) is one of major innate immune 

cells and its activation is regulated by TNF-α and IL-12. IFN-

γ is the principal cytokine secreted by activated NK cells 

and its major function is to activate macrophages. Macrop-

hages secret TNF-α and IL-12 and NK cells secret IFN-γ, 

which create a system of positive feedback in innate immune 

network. Cyclophosphamide reduced the levels of TNF-α, 

IL-12 and IFN-γ. However, DEU-7 restored the levels of 



Journal of Life Science 2015, Vol. 25. No. 10 1161

Fig. 6. DEU-7 increased NK cell-related cytokine levels that were reduced by cyclophosphamide. P values are indicated by ***p<0.0001 

compared to the control. P values for cyclophosphamide represent ###p<0.0001.

TNF-α, IL-12 and IFN-γ unlike the other DEU extracts (Fig. 

6). These data suggested that DEU-7 could have the ability 

to restore on the innate immune response inhibited by 

cyclophosphamide. 

DEU-7, no other DEUs, did recover the levels of various 

cytokines and immunoglobulins to their normal levels close-

ly through the stimulation of immune cells. Therefore, 

DEU-7 has the ability to maintain the homeostasis in the 

combination of innate immunity and adaptive immunity.

Discussion

Well-known traditional medicinal plants are good sources 

for screening functional compounds. We selected four differ-

ent medicinal plants after literature survey and in vitro 

screening of a plant extracts library which was in-house 

prepared.

For this experiment, we used the immune-suppressed 

mouse model by cyclophosphamide treatment. Cyclophos-

phamide is a known immunosuppressant as well as an an-

ti-cancer agent in low doses. The immune suppression by 

cyclophosphamide targets lymphocyte and neutrophil pop-

ulations in the blood and the inhibition of macrophage mi-

gration [12, 26, 32]. The cyclophosphamide tends to decrease 

body weight of the experimental mouse group depending 

on its doses and injection times. Our experimental model 

was designed to mimic mild suppression of immune re-

sponses under normal condition. A single dose of 100 

mg/kg cyclophosphamide IP administration did not cause 

body weight loss or organ indices but caused the levels of 

cytokines and immunoglobulins. Only DEU-7 appeared to 

prevent cyclophosphamide immune suppression. Interestingly, 

even under the cyclophosphamide treated condition DEU-7 

increased the number of splenocytes suggesting not only 

protecting from cyclophosphamide but also stimulating im-

mune cells in spleen. Also, DEU-7 partially recovered the 

levels of IL-2, IL-4, IL-6 and IL-12 which were reduced by 

cyclophosphamide. These cytokines are related to T cell 

mediated immunity, and involved in the T cell proliferation 

and differentiation [13, 20]. In addition, cytokines play roles 

in the B cell differentiation to the antibody secreting plasma 

cell [24, 29]. In consist with these results DEU-7 increased 

the levels of immunoglobulins equal to the normal levels 

under the cyclophosphamide treated condition. It implies 

that DEU-7 could be related to B cell differentiation and the 

antibody class switching [2, 33]. The spleen is the main place 

for B cell activation [3, 22, 27]. However, DEU-7 had no effect 

on IL-10 (Fig. 4). IL-10 has been found to act as the inhibitory 

factor of pro-inflammatory cytokines such as IL-2, TNF-α 

and IFN-γ [9]. Therefore, this result can support the increase 

of IL-2, TNF-α and IFN-γ by DEU-7.

NK cells are the killer lymphocytes of the innate immune 

response and comprise 5-25% of the lymphocytes in the 

blood. They are stimulated by IL-12 and TNF-α, both of 

which are produced by macrophages and release IFN-γ 

upon stimulation [10]. In this experimental model cyclo-

phosphamide reduced the levels of these cytokines, which 

has been reported before [4, 13, 19]. DEU-7 restored the lev-

els of IL-12 and TNF-α and IFN-γ under the cyclo-

phosphamide treated condition. The recovery by DEU-7 

treatment was not as much as the normal levels but sig-

nificantly near to or half of the normal levels. These data 

suggested that DEU-7 would stimulate macrophages and in 

turn macrophages stimulate NK cells resulting keep the in-
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nate immune working.

We had not solved yet how DEU-7 can maintain high lev-

els of various cytokines or the normal levels of im-

munoglobulins because of early phase of in vivo study. In 

vitro mechanism study is undergoing at the present time. 

But it is clear that DEU-7 was able to maintain homeostasis 

of immune response under the immune-suppression drug 

treatment, which is promising the DEU-7 as a new ther-

apeutic agent. In further study, we will establish the mecha-

nism for promoting immune response by DEU-7.
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록：면역억제 마우스 모델에서 왕느릅나무 유래 DEU-7의 면역기능 증강

강경화1,5․고지수1․이상호1․이인환2,5․이성도2,5․김덕원2,5․이종환3,5․황혜진4,5․ 숙경4,5․김병우5․ 

김철민6․정경태2,5*

(1동의대학교 한의학과, 2 동의대학교 임상병리학과, 3 동의대학교 생명공학과, 4 동의대학교 식품영양학과, 5 동의대
학교 항노화산업 지원센터, 6부산대학교 의과대학)

고량강(Alpinia officinarum), 산초(Zanthoxylum schinifolium), 황금(Scutellaria baicalensis Georgi), 왕느릅나무

(Ulmus macrocarpa Hance), 네 종류의 식물성 한방 약재의 면역증강효능을 cyclophosphamide를 처리한 동물모델

을 이용하여 조사하였다. 실험은 cyclophosphamide로 면역억제를 유도한 후 네 종류의 한방 약재를 식이하여 cy-

clophosphamide에 의해 억제된 면역인자의 회복 여부를 조사하였다. 네 종류의 한방 약재를 동일한 방법으로 열

수 추출한 후 동일한 농도로 마우스에 처리하였다. 이 중 왕느릅나무 열수 추출물(DEU-7)이 cyclophosphamide의 

영향으로 면역 억제된 마우스에서 면역인자 혈중 농도를 정상치 준하는 또는 가깝게 유지하는 것으로 나타내었

다. DEU-7에 의해 비장의 무게와 비장세포수는 증가하였으나 간과 흉선과 같은 다른 장기에는 통계적으로 유의

한 변화가 없었다. Ex vivo 조건에서 DEU-7은 비장세포의 사멸을 지연시키는 것으로 나타났다. 중요한 면역인자

인 IL-2와 IL-4 cytokine은 면역억제로 농도가 감소되었으나 DEU-7이 약 2배와 3배 향상시키는 것으로 나타났으

며, 이는 정상치의 약 1/2 수준이었다. IgM과 IgG의 농도는 cyclophosphamide 처리로 정상치의 약 1/2로 떨어졌

으나, DEU-7에 의해서 정상치와 동일한 농도로 증가하였다. IL-2와 IL-4 결과에서 DEU-7은 T 림프구에 영향을 

줄 수 있다고 생각되며, 또한 IgM과 IgG의 결과로서 B 림프구에 영향을 줄 수 있다고 생각된다. 선천성 면역에 

중요한 면역인자인 TNF-α, IL-12과 IFN-γ 역시 cyclophosphamide에 의해 농도가 감소되었으나 DEU-7에 의해 

정상치에 가깝게 회복되었다. 따라서, DEU-7은 면역 억제 또는 감소된 상태를 정상 상태로 회복 또는 유지하는 

기능이 있는 것으로 생각된다.

cine development. Cell 124, 849-863.

24. Randall, T. D., Lund, F. E., Brewer, J. W., Aldridge, C., Wall, 

R. and Corley, R. B. 1993. Interleukin-5 (IL-5) and IL-6 de-

fine two molecularly distinct pathways of B-cell differ-

entiation. Mol. Cell Biol. 13, 3929-3936.

25. Reimold, A. M., Iwakoshi, N. N., Manis, J., Vallabhajosyula, 

P., Szomolanyi-Tsuda, E., Gravallese, E. M., Friend, D., 

Grusby, M. J., Alt, F. and Glimcher, L. H. 2001. Plasma cell 

differentiation requires the transcription factor XBP-1. 

Nature 412, 300-307.

26. Schuetze, S. M., Zhao, L., Chugh, R., Thomas, D. G., Lucas, 

D. R., Metko, G., Zalupski, M. M. and Baker, L. H. 2012. 

Results of a phase II study of sirolimus and cyclo-

phosphamide in patients with advanced sarcoma. Eur. J. 

Cancer 48, 1347-1353.

27. Shapiro-Shelef, M. and Calame, K. 2005. Regulation of plas-

ma-cell development. Nat. Rev. Immunol. 5, 230-242.

28. Srividya, A. R, Dhanabal, S. P, Misra, V. K. and Suja, G. 

2010. Antioxidant and Antimicrobial Activity of Alpinia 

officinarum. Indian J. Pharm. Sci. 72, 145-148

29. Takatsu, K. 1997. Cytokines involved in B-cell differ-

entiation and their sites of action. Proc. Soc. Exp. Biol. Med. 

215, 121-133.

30. Tang, M., Wang, Z., Zhou, Y., Xu, W., Li, S., Wang, L., Wei, 

D. and Qiao, Z. 2013. A novel drug candidate for Alzheim-

er's disease treatment: gx-50 derived from Zanthoxylum 

bungeanum. J. Alzheimers Dis. 34, 203-213.

31. Twigg, H. L. 3rd. 2004. Macrophages in innate and acquired 

immunity. Semin. Respir. Crit. Care Med. 25, 21-31.

32. Yoshimoto, M., Takao, S., Hirata, M., Okamoto, Y., Yamashita, 

S., Kawaguchi, Y., Takami, M., Furusawa, H., Morita, S., 

Abe, C. and Sakamoto, J. 2012. Metronomic oral combina-

tion chemotherapy with capecitabine and cyclopho-

sphamide: a phase II study in patients with HER2-negative 

metastatic breast cancer. Cancer Chemother. Pharmacol. 70, 

331-338.

33. Young, F., Ardman, B., Shinkai, Y., Lansford, R., Blackwell, 

T. K., Mendelsohn, M., Rolink, A., Melchers, F. and Alt, F. 

W. 1994. Influence of immunoglobulin heavy-and 

light-chain expression on B-cell differentiation. Genes Dev. 

8, 1043-1057.



<<
  /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


