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Abstract Experimental studies have suggested an

important role of the spleen in lipid metabolism, although

with controversial results. Our purpose was to analyze the

effect of a nutritionally balanced (NB) diet and a diet

containing pork fat (PF) as source of lipids on the lipid

profile of rats submitted to splenic surgery. Sixty adult

male Wistar rats were divided into six groups of 10 animals

each: 1 sham-operated, NB diet; 2 sham-operated, PF diet;

3 total splenectomy (TS), NB diet; 4 TS, PF diet; 5 TS

followed by splenic autotransplantation (SA), NB diet; and

6 SA, PF diet. Blood samples were collected at the

beginning (D0) and after 12 weeks of the experiment

(D ? 12) for plasma lipid determination. Morphologic

regeneration of splenic tissues was observed, with no dif-

ferences between groups 5 and 6. When D ? 12 plasma

lipid levels were compared to D0 levels there were no

differences in groups 1, 3, and 5, while in groups 2, 4, and

6 total cholesterol (TC), low density lipoprotein (LDL),

very low density lipoprotein (VLDL), and triacylglycerols

(TAG) increased, and high density lipoprotein (HDL)

decreased. At D ? 12, groups 2, 4, and 6 had lower HDL

than group 3. In conclusion, regardless of the surgical

procedure applied to the spleen, an NB diet maintained

plasma lipid levels while a diet with PF as source of lipids

changed the animals’ lipid profile.
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Abbreviations

AIN-93 American Institute of Nutrition (1993)

D0 Beginning of the experiment

D ? 12 12 Weeks after the beginning of the experiment

HDL High density lipoprotein

LDL Low density lipoprotein

NB Nutritionally balanced

PF Pork fat

SA Splenic autotransplantation

TC Total cholesterol

TAG Triacylglycerols

TS Total splenectomy

VLDL Very low density lipoprotein

Introduction

It is well known that the spleen plays an important role in

immunological processes and hemorheological homeosta-

sis [1]. Since an increased risk of severe infection has been

recognized to occur after splenectomy, even after many

years, spleen-saving techniques, including autotransplan-

tation of spleen fragments, have been performed when

possible [2]. It has been demonstrated that splenic auto-

transplantation at an appropriate site successfully preserves

splenic tissue after total splenectomy. Splenic autotrans-

plants acquire the macro- and microscopic architecture of a
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normal spleen and are capable of restoring immune func-

tion [3–5].

A possible role of the spleen in plasma lipid level regu-

lation was first suggested by Robinette and Fraumeni Jr

(1977) who showed a high incidence of ischemic heart

disease in splenectomized World War II veterans [6]. Both

clinical and experimental studies have documented the

spleen’s influence on lipid metabolism in two different

situations, i.e., hyperesplenism and asplenia [7–10].

Previous studies on patients with myeloproliferative

disorders associated with splenomegaly have shown

decreased plasma cholesterol levels, which normalize after

total splenectomy [11–13]. Conversely, an increase in

plasma cholesterol and triglyceride levels has been dem-

onstrated in animals after total splenectomy [12, 14, 15].

Other studies have also suggested that the presence of

splenic tissue, even in small amounts, can prevent such

metabolic disorders [10, 16, 17].

Hypercholesterolemia is a cause of concern in our

society since it constitutes one of the major risk factors

for the development of cardiovascular diseases such as

atherosclerosis and its complications, remaining the lead-

ing cause of death and disability in the world [18, 19]. Diet

is the first line of therapy for the management of plasma

lipid levels in the prevention and treatment of cardio-

vascular disease, with particular emphasis on fatty acid

quality, much more than total fat content proper [20, 21].

Controlled feeding studies have consistently found that a

reduction in the consumption of dietary saturated fatty

acids decreases plasma total cholesterol and LDL levels,

reducing the morbidity and mortality due to cardiovascular

disease [22, 23].

Based on the possible correlation between the spleen

and lipid metabolism and on the lack of studies considering

the effect of different sources of fat on lipid profile after

surgical procedures affecting the spleen, the purpose of the

present study was to assess the impact of a nutritionally

balanced diet and a diet containing pork fat as the source of

lipids on plasma lipid levels of rats submitted to total

splenectomy alone or in combination with splenic

autotransplantation.

Experimental Procedure

Animals

Sixty adult male Wistar rats weighing 240–270 g were

housed in individual cages under conditions of controlled

temperature and humidity and on a 12-h light/12-h dark

photoperiod. The animals were randomly divided into six

groups of 10 animals each: group 1 – Control – sham-

operated, fed a nutritionally balanced (NB) diet; group

2 – Control – sham-operated, fed a diet containing pork

fat (PF) as a source of lipid; group 3 – total splenectomy

(TS), fed the NB diet; group 4 – TS, fed the PF diet;

group 5 – splenic autotransplantation (SA), fed the NB

diet; and group 6 – SA, fed the PF diet.

After animals were submitted to different surgical pro-

cedures at the beginning of the experiment, they were fed

two types of diet, according to the groups, and were

monitored daily over a period of 12 weeks. Then, animals

were killed with an anesthetic overdose at the end of

the experiment. The study was approved by the Ethics

Committee on Animal Research of the Biology Institute

Roberto Alcantara Gomes, Rio de Janeiro State University

Brazil. All procedures rigorously followed current regula-

tions on animal experimentation [24, 25].

Surgical Procedures

After a 12-h fast, the surgical procedures were carried out

under conditions of asepsis and antisepsis and under gen-

eral anesthesia with a combination of ketamine hydro-

chloride (50 mg/kg) (Ketamina Agener�, Agener União,

Saúde Animal) and xylazine (5 mg/kg) (Calmiun�, Agener

União, Saúde Animal) administered intraperitoneally. The

day of the operation was considered to be the first day of

the experiment (D0).

A supraumbilical midline laparotomy was performed. In

the sham-operated groups (1 and 2), the animals were

submitted to mobilization of the spleen to the wound sur-

face followed by replacement to its original position in the

abdomen. In groups 3 and 4, total splenectomy was per-

formed, and in groups 5 and 6, the removed spleen was

weighed and cut transversely into five slices, each about

2 mm thick. The splenic sections were implanted into the

greater omentum using continuous 4-0 polyglycolic acid

(Dexon II�, Brasmédica S/A, São Paulo, SP, Brazil)

sutures. Slices were introduced alternately between the

omentum and splenic tissue to allow interposition of

omental tissue between them. Laparorrhaphy was carried

out on two planes (peritoneal-aponeurotic plane and skin)

using continuous 3-0 polyglycolic acid (Dexon II�,

Brasmédica S/A, São Paulo, SP, Brazil) sutures.

Blood Analysis

Blood samples were first collected from the animals

immediately before the surgical procedure by cardiac

puncture under anesthesia and then 12 weeks later at the

end of the experiment. The following biochemical param-

eters were analyzed: total cholesterol (TC), low-density

lipoprotein (LDL), very low-density lipoprotein (VLDL),

high-density lipoprotein (HDL), and triacylglycerols

(TAG). Plasma concentrations of TC, HDL, and TAG were
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measured by the enzymatic colorimetric method after

centrifugation using an automatic analyzer A15 (BioSys-

tems�). LDL and VLDL levels were determined by the

Friedewald formula, as follows:

VLDL mg=dLð Þ ¼ TAG=5

LDL mg=dLð Þ ¼ TC� VLDL� HDL

Animal Feeding

The animals received commercial rat chow (Focus 1722

Roedores, Agroceres�) and had unrestricted access to

water until reaching the ideal weight for the experiment.

Starting during the immediate postoperative period, all

animals received a manipulated rat chow based on the

recommendations of the American Institute of Nutrition

Rodents Diets (AIN-1993) [26]. Groups 1, 3, and 5 were

fed a nutritionally balanced diet with soybean oil as the

source of fat, as recommended by AIN-93M. Groups 2, 4,

and 6 were fed a diet containing the same amount of fat,

but with pork fat as the main source, which contains a high

percentage of saturated fatty acids compared to soybean

oil. The composition of the two diets is presented in

Table 1. In these groups, 18% of the total fat was soybean

oil in order to guarantee essential fatty acid content [27].

Animal’s intake of chow as well as body weight were

controlled weekly, always at the same time of day.

Statistical Analysis

Descriptive analysis was applied to calculate the mean and

standard deviation for the following variables: chow intake,

weight gain, percentage of splenic mass regeneration, and

TAG, TC, HDL, LDL, and VLDL levels. The Wilcoxon

test was applied to compare preoperative and postoperative

plasma lipid levels. The Kruskal–Wallis test and Dunn’s

post-test were used to compare plasma lipid levels between

groups at the beginning and at the end of the experiment, as

well as data regarding body weight variation and chow

intake. The Student t-test for independent samples was

applied to compare splenic mass between groups 5 and 6.

The level of significance was set at P B 0.05 in all analy-

ses. Statistical analysis was performed with the Graph Pad

Prism 4� software for Windows version 4.0 (2003) and the

SAS Statistical Software Package� for Windows 2007.

Morphologic Study

Removed splenic implants were placed in a solution con-

taining 10% buffered formalin. The tissue was processed

with increasing concentrations of alcohol and xylol, cut

into 4-mm-thick slices and embedded in paraffin. Slides

prepared from these slices were stained with hematoxylin

and eosin and analyzed by light microscopy.

Results

During the immediate postoperative period the animals

recovered rapidly from the surgical procedure. No com-

plications resulting from anesthesia or surgery were

observed. Only one animal (group 4) died during the 6th

week of the experiment. Examination of the abdominal and

thoracic cavity of the dead rat did not reveal the possible

cause of death.

Regeneration of the splenic implants was observed in all

animals of groups 5 and 6, with no difference in percent

regeneration between them (P = 0.7716). Microscopic

examination revealed a normal morphological appearance

in all animals submitted to total splenectomy combined

with splenic autotransplantation, with the presence of red

and white pulps, besides lymphoid follicles (Fig. 1).

Table 1 Composition of the nutritionally balanced (NB) and pork fat

(PF) diets used during the experiment (g/100 g)

Composition NB diet (g) PF diet

Carbohydrates 62.10 62.10 g

Protein 14 14 g

Fat 4 4 g

Saturated fat 0.67 1.56 g

Monounsaturated fat 0.97 1.65 g

Polyunsaturated fat 2.37 0.79 g

Trans fat 0 0 g

Cholesterol 0 2.36 mg

Fiber 5 5 g

Fig. 1 Microscopic morphology of a regenerated splenic autotrans-

plant showing the presence of white pulp containing lymphoid

follicles and of red pulp with pigments of hemosiderin phagocytized

by macrophages (940)
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No difference was observed in body weight gain

(P = 0.8542) or in chow intake (P = 0.1846) between the

various animal groups during the 12 weeks of the experi-

ment. All groups had similar plasma lipid levels at the

beginning of the experiment. When plasma lipids were

compared at weeks 0 and 12, no significant difference in

levels of TC, LDL, HDL, VLDL, and TAG was observed

in groups 1, 3, and 5, while in groups 2, 4, and 6 there was

an increase in TC, LDL, VLDL, and TAG levels, and a

decrease in HDL levels (Table 2; Fig. 2).

When all animal groups were compared at the end of the

experiment, only the HDL levels of groups 2, 4, and 6 were

lower than those of group 3 (Fig. 2). Additionally, when

groups 1 versus 3 versus 5 and 2 versus 4 versus 6 were

compared in order to identify the separate effect of the

surgical procedures on the spleen, no difference was

observed.

Discussion

For many years, total splenectomy has been usually per-

formed due to trauma, some diseases, and for diagnostic

purposes, since there was insufficient knowledge about its

consequences [2, 15]. Once the importance of the spleen in

host defense was recognized, the immunological conse-

quences of total splenectomy were given more attention

and the development of new conservative spleen proce-

dures was recommended, in an attempt to avoid the com-

plications of asplenism [28, 29]. Subtotal and partial

splenectomies have been recommended in many situations.

Nevertheless, when total splenectomy is unavoidable,

splenic autotransplantation seems to be the only alternative

[30, 31].

A variety of studies have confirmed morphological

regeneration of autotransplanted splenic tissue [32–35].

However, splenic regeneration does not necessarily mean

recovery of organ function. Several authors have shown

that splenic autotransplantation is a simple, effective pro-

cedure [30, 36] and that, when performed at appropriate

sites, it successfully maintains some spleen functions after

total splenectomy, as demonstrated by indirect laboratory

methods and scintigraphic techniques [4, 37]. Due to their

blood supply and venous drainage into the portal vein, as is

the case for the spleen in situ, splenic implants in the

greater omentum seem to develop and function better than

at other sites [38, 39]. Although the regeneration sequence

begins hours after autotransplantation, the time needed

for the occurrence of morphological and functional

Table 2 Comparison of TC, HDL, LDL, VLDL, and TAG levels at

weeks 0 and 12 of the experiment in each group of animals–P values

Variable Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

TC 0.8457 0.0273* 0.1934 0.0234* 0.1289 0.0039*

HDL 0.6406 0.0039* 0.2031 0.0234* 0.9219 0.0039*

LDL 0.4316 0.0391* 0.8457 0.0234* 0.3750 0.0039*

VLDL 0.2969 0.0020* 0.0840 0.0156* 1.0 0.0039*

TAG 0.4961 0.0020* 0.0645 0.0039* 0.1309 0.0039*

TC total cholesterol, HDL high density lipoprotein, LDL low density

lipoprotein, VLDL very low density lipoprotein, TAG triacylglycerols

* Statistically significant

Fig. 2 Comparison over time of the experiment (Wilcoxon test) and

between groups of animals at the end of the experiment (Kruskal–
Wallis test) of TC, HDL, LDL, VLDL, and TAG levels at weeks 0

(left column in each group) and 12 (right column in each group) in all

groups of animals
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regeneration has been reported to range from 8 to 12 weeks

[40, 41].

In the present study, rats were submitted to total

splenectomy for the induction of an asplenic condition in

order to identify a possible role of the spleen in plasma

lipid levels 12 weeks after the beginning of the experi-

ment. Splenic autotransplantation following total sple-

nectomy was performed to determine if such a simple

procedure would protect the animals from these changes.

Additionally, rats were fed two diets with different sour-

ces of lipids in order to identify the effect of such diets on

the lipid profile of the animals after these surgical

procedures.

The participation of the spleen in lipid metabolism has

been investigated in clinical and experimental studies

[42–44]. Studies performed in rats have demonstrated

increased levels of cholesterol after TS, although with

controversial results. Animals fed standard chow have

been reported to show an increase in TAG and a decrease

in HDL levels after TS compared with sham-operated

animals [14], in contrast to the results from other studies

showing an increase in TC and LDL and a decrease in

HDL levels after the same procedure, with no alterations

in TAG or VLDL levels [10], or elevation of all of these

parameters [17].

Some theories have been proposed to explain the pos-

sible role of the spleen in plasma lipid levels. Increased

macrophage activity in myeloproliferative disorders would

lead to hypocholesterolemia through an increase in LDL

catabolism [45–48]. Schmidt et al. [49] compared the

spleen to a lipid reservoir that accumulates a great part of

the fat in states of hypersplenism. Another explanation for

the participation of the spleen in lipid metabolism would be

the production of anti-oxidized LDL antibody, with spleen-

associated immune activity protecting against the devel-

opment of atherosclerosis [50].

Most of the studies that showed a correlation between

the spleen and plasma lipid level regulation did not con-

sider chow intake or weight gain during the experiment. In

the present study, all animal groups showed similar weight

gain and chow intake. There is evidence that excess body

adiposity can lead to a worsening of cardiovascular risk

factors, including dyslipidemia [51, 52], making the control

of such variables extremely relevant in order to guarantee a

correct interpretation of the results, avoiding, for example,

an erroneous attribution of lipid profile alteration to a

surgical procedure on the spleen.

Some authors have increased fat content in rat chow

during the post-splenectomy period in order to induce

hyperlipidemia and emphasize possible alterations in the

lipid profile by adding cholesterol to the commercial chow

[9, 17, 43]. Others have shown that increasing dietary

cholesterol results in higher plasma cholesterol concentra-

tions [53, 54], with the addition of cholesterol itself being

expected to alter plasma lipid levels. However, most

studies have also demonstrated that dietary cholesterol is a

less potent regulator of plasma cholesterol concentrations

than dietary fatty acids [18, 55].

Recent evidence suggests that a consistent reduction in

the risk of cardiovascular disease due to changes in the

plasma lipoprotein profile can be achieved through changes

in fat source consumption, such as replacing trans and

saturated fat with mono- and polyunsaturated fatty acids

[56–58]. In the present study, we changed the fat source

instead of increasing fat content in an attempt to identify

the impact of fat quality on lipid profile, using pork fat due

to its high saturated fatty acid content.

In contrast to other experimental studies [12, 14–16], we

did not observe any changes in plasma lipid levels after any

surgical procedure on the spleen when rats were fed a

nutritionally balanced diet. Thus, surgical trauma and total

splenectomy alone or in combination with splenic auto-

transplantation did not influence the lipid profile of the

animals. Rezende et al. [44] also showed similar plasma

levels of cholesterol and its fractions in groups of mice fed

a similar diet and submitted to the same surgical proce-

dures. Comparable results were obtained by Caligiuri et al.

[59], who did not detect changes in cholesterol levels in

splenectomized mice, although atherosclerosis had drasti-

cally worsened after the surgical procedure.

When animals were fed a chow containing pork fat as a

source of lipids, a worsening of all parameters was

observed. Again, these changes occurred in all animals

regardless of the surgical procedure on the spleen. Our

findings confirm the results obtained in other studies that

showed an increase in TC and LDL levels with the use of a

high saturated fat diet [60–62]. Alterations in HDL, VLDL,

and TAG levels may be due to changes in the fat content or

fatty acid profile with the chow used during the postoper-

ative period compared to the commercial chow used during

the preoperative period.

Despite the possible role of the spleen in myelopro-

liferative diseases and in protective immunity against

atherosclerosis, we did not find any effect of the spleen

on plasma lipid levels. It was the quality of the fat, rich

in saturated fatty acids, that significantly worsened the

lipid profile of rats in contrast to a nutritionally balanced

diet. This result suggests that the spleen, in the absence

of diseases, does not seem to have an important role in

the regulation of plasma lipid levels. Further studies

dealing with other animal models and different contents

and sources of fat in the diet are necessary to better

elucidate the correlation between the spleen and the lipid

profile.
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29. Malago R, Reis NS, Araújo MR, Andreollo NA (2008) Late

histological aspects of spleen autologous transplantation in rats.

Acta Cir Bras 23:274–281

30. Marques RG, Petroianu A, De Oliveira MB, Bernardo-Filho M,

Boasquevisque EM, Portela MC (2002) Bacterial clearance after

total splenectomy and splenic autotransplantation in rats. Appl

Radiat Isot 57:767–771

31. Marques RG, Petroianu A, Coelho JM, Portela MC (2002)

Regeneration of splenic autotransplants. Ann Hematol 81:622–

626

32. Pabst R, Kamran D (1986) Autotransplantation of splenic tissue.

J Pediatr Surg 21:120–124

33. Pabst R (1999) Regeneration of autotransplanted splenic frag-

ments: basic immunological and clinical relevance. Clin Exp

Immunol 117:423–424

34. Tavassoli M, Ratzan RJ, Crosby WH (1973) Studies on regen-

eration of heterotopic splenic autotransplants. Blood 41:701–709

35. Liaunigg A, Kastberger C, Leitner W, Kurz ME, Bergmann ES,

Seifriedsberger M, Weinlich D, Pimpl W, Thalhamer J (1992)

Regeneration of autotransplanted splenic tissue at different

implantation sites. Cell Tissue Res 269:1–11
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51. Ezquerra EA, Vàzquez JMC, Barrero AA (2008) Obesity, met-

abolic Syndrome, and diabetes: cardiovascular implications and

therapy. Rev Esp Cardiol 61:752–764

52. Kannel WB, D’Agostino RB, Cobb JL (1996) Effect of weight on

cardiovascular disease. Am J Clin Nutr 63(4):l9S–l22S

53. Hopkins PN (1992) Effects of dietary cholesterol on serum

cholesterol: a meta-analysis and review. Am J Clin Nutr

55:1060–1070

54. Brown SA, Morrisett J, Patsch JR, Reeves R, Gotto AM Jr, Patsch

W (1991) Influence of short term dietary cholesterol and fat on

human plasma Lp[a] and LDL levels. J Lipid Res 32:1281–1289

55. Lichtenstein AH, Ausman LM, Carrasco W, Jenner JL, Ordovas

JM, Schaefer EJ (1994) Hypercholesterolemic effect of dietary

cholesterol in diets enriched in polyunsaturated and saturated fat.

Dietary cholesterol, fat saturation, and plasma lipids. Arterioscler

Thromb 14:168–175

56. Hu FB, Stampfer MJ, Manson JE, Rimm E, Colditz GA, Rosner

BA, Hennekens CH, Willett WC (1997) Dietary fat intake and the

risk of coronary heart disease in women. N Engl J Med

337:1491–1499

57. Yu-Poth S, Etherton TD, Reddy CC, Pearson TA, Reed R, Zhao

G, Jonnalagadda S, Wan Y, Kris-Etherton PM (2000) Lowering

dietary saturated fat and total fat reduces the oxidative suscepti-

bility of LDL in healthy men and women. J Nutr 130:2228–2237

58. Willett WC (2000) Will high-carbohydrate/low-fat diets reduce

the risk of coronary heart disease? Proc Soc Exp Biol Med

225:187–190

59. Caligiuri G, Nicoletti AP, Poirier B, Hansson GK (2002) Pro-

tective immunity against atherosclerosis carried by B cells of

hypercholesterolemic mice. J Clin Invest 109:745–753

60. Hooper L, Summerbell CD, Higgins JP, Thompson RL, Clements

G, Capps N, Davey S, Riemersma RA, Ebrahim S (2001)

Reduced or modified dietary fat for preventing cardiovascular

disease. Cochrane Database Syst Rev 3:CD002137

61. Cobb MM, Teitlebaum H (1994) Determinants of plasma cho-

lesterol responsiveness to the diet. Br J Nutr 71:271–282

62. Mensink RP, Zock PL, Katan MB, Hornstra G (1992) Effect of

dietary cis and trans fatty acids on serum lipoprotein[a] levels in

humans. J Lipid Res 33:1493–1501

Lipids

123


	Plasma Lipid Levels of Rats Fed a Diet Containing Pork Fat �as a Source of Lipids after Splenic Surgery
	Abstract
	Introduction
	Experimental Procedure
	Animals
	Surgical Procedures
	Blood Analysis
	Animal Feeding
	Statistical Analysis
	Morphologic Study

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


