
 

Abstract—A mathematical model of whole-body metabolism 
is developed to predict glucose homeostasis during exercise by 
using a hormonal controller over cellular metabolic processes. 
Model simulations were validated with experimental data from 
exercise studies in humans. The exercise-induced changes in 
hormonal signals modulated metabolic flux rates of various 
tissues in a coordinated way to maintain blood glucose constant. 
This study demonstrates the efficacy of a multi-tissue controller 
to accomplish blood glucose homeostasis by integrating the 
outputs of tissues under hormonal control. In conclusion, this 
model can be used as a valuable complement to experimental 
studies due to its ability to predict what is difficult to measure 
directly and to provide dynamic information about the system.

I. INTRODUCTION

he goal of this study is to develop a multi-scale 
mathematical model that relates cellular metabolism in 

tissue/organ systems connected via the circulation to whole 
body responses during exercise. The long term goal of this 
model is to investigate mechanisms for promoting the 
adaptation to pathogenic conditions (insulin resistance) and 
reversing it with exercise and dietary intervention. In the 
initial phase of this work, however, we focused on the 
development of a model that includes the necessary 
tissue/organ subsystems and hormonal controllers to predict 
glucose homeostasis during a moderate intensity exercise 
bout in normal humans. Exercise provides a useful tool for 
investigating glucose homeostasis because glucose utilization 
and production can be increased 2~3 times without perturbing 
the arterial glucose concentration. The highly coordinated 
interaction between muscle and liver works to prevent 
hypoglycemia during exercise.[1] While a few mathematical 
models have simulated the effects of increased metabolic rate 
in skeletal muscle during exercise, these models have dealt 
with limited metabolic pathways in muscle only[2] and none 
of them is comprehensive enough to include the effects of 
other organs and hormonal action on glucose homeostasis at 
the cellular, tissue/organ, and whole-body level. 

In this study, we develop a computational model using the 
general framework and top-down approach of Cabrera et 
al.[3] that integrates cellular metabolic and transport 
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processes in major tissue/organ systems. In addition to 
metabolic regulation by ATP/ADP and NADH/NAD+ at the 
cellular level, hormonal signals (insulin, glucagon, and 
epinephrine) provide interaction and coordination among 
tissues/organs. With respect to glucose homeostasis during 
moderate intensity exercise, one hypothesis is that 
exercise-induced change in epinephrine affects the pancreatic 
secretion of glucagon and insulin, and consequently, a change 
in the glucagon-to-insulin ratio (GIR = glucagon/insulin) can 
modulate the metabolic flux rates of different tissues in a 
coordinated way for the prevention of hypoglycemia. 

II. MODEL DEVELOPMENT

A. Model Framework 
The whole-body model consists of seven metabolically 

distinct tissue/organ compartments connected through the 
blood circulation (Figure 1): 1) brain, 2) heart, 3) skeletal 
muscle, 4) gastrointestinal (GI) tract, 5) liver, 6) adipose 
tissue, and 7) “other tissues”. The skeletal muscle 
compartment represents the muscles in the lower extremity. 
GI tract includes the splanchnic region (stomach, spleen, 
intestines) except for liver, and the visceral adipose tissue 
representing 10% of body fat mass. The “other tissues” 
compartment includes kidney, upper extremity muscles, and 
the rest of tissues.  In this initial model, arterial oxygen and 
carbon dioxide concentrations (Ca,O2, Ca,CO2) are assumed to 
be constant. The pancreas serves as a controller of arterial 
glucagon and insulin concentrations, which depend on 
arterial glucose and epinephrine concentrations. 

B. Dynamic Mass Balances 
The concentration dynamics of substrates in each tissue 

compartment (except “other tissues”) are described by 
dynamic mass balances.  Assuming a perfectly mixed lumped 
tissue-capillary compartment, we can express the dynamic 
mass balance for substrate i in tissue x as: [3] 

,
, , , , , , ,( )x i

eff x i x i x i x a i x i x i
dC

V P U Q C C
dt

σ= − + −         (1) 

where Veff,x,i is the effective volume of substrate i in tissue x,
Px,i is the production rate of substrate i, Ux,i is the utilization 
rate of substrate i, Qx is the blood flow to tissue x, Ca,i is the 
arterial concentration of substrate i, x,i is the partition 
coefficient of substrate i, and Cx,i is the concentration of 
substrate i in tissue x. We consider 9 substrates to be 
transported between blood and tissue: glucose, pyruvate, 
lactate, glycerol, alanine, fatty acids, triglyceride, oxygen, 
and carbon dioxide. For the substrates that exist only in tissue 
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cells, right side of Eq. (1) contains just the net metabolic 
reaction term.  

Since each tissue is considered as a lumped tissue-capillary 
compartment, the actual distribution volume (Veff,x,i) of 
substrate i differs from the physical tissue volume (Vx).[3] 
For substrate i which exists both in blood and in tissue, Veff,x,i

= 0.93Vx+ ,x iσ (0.07Vx); for substrate i which exists only in 
tissue, Veff,x,i = 0.8Vx.

The net rate of reaction is expressed in terms of ,x k iφ → , the 
reaction flux from substrate k to substrate i:

, , , , ,
1 1

m n
x i x i x i k i x k i i k x i k

k k
R P U β φ β φ→ → → →

= =
= − = −   (3) 

where k iβ → is the corresponding stoichiometric coefficient, 
m is the number of reaction fluxes forming substrate i, and n
is the number of reaction fluxes consuming substrate i.

C. Metabolic Reaction Rates 
 Each substrate is metabolized by various biochemical 
reactions producing ATP to fuel cellular processes. To define 
the metabolic reaction fluxes in tissue, it is assumed that each 
reaction flux is expressed with a general irreversible bi-bi 
substrate to product enzymatic reaction coupled with 
controller energy metabolite pairs. The corresponding 
reaction flux equation in tissue x can be expressed as:[4] 

x,X-Y V-W x,X-Y -W

X Y

X Y

X Y X Y

X Y X Y

.

1 .

V
PS RS

V
PS RS

C C
K K
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K K K K

φ
μ ν

± ±

→ → ± ± ± ±=
+ +

+ + +

     (4) 

where Vx,X-Y V-W, KX and KY are Michaelis-Menten parameters 
specific to the reaction process, CX and CY are concentrations 
of substrate X and Y in tissue x. In this expression, 
phosphorylation state, PS+ = CATP/CADP, and redox state, RS+

= CNADH/CNAD+. For some reactions, the effect of these 
controllers can be in the opposite direction. In this case, 
PS =1/PS+ and RS =1/RS+. In addition, μ± and ± are 
parameters for the metabolic controllers. 

D. Hormonal modulation of metabolic reaction fluxes 
The interaction via hormonal signals provides a significant 

feedback mechanism that facilitates glucose homeostasis 
during exercise. The effect of signaling is characterized by 
the ratio of glucagon to insulin, which strongly correlates 
with the change in hepatic glucose production during 
exercise.[5] Therefore, we assume that the glucagon-insulin 
ratio affects glycogenolysis and all gluconeogenesis steps in 
liver as well as lipolysis in adipose and GI tissues. For these 
reactions, the metabolic flux f (X-Y V-W) in tissue x have 
maximum rate coefficients modulated by the 
glucagon-insulin ratio:  

2.0
0

, , , 2.0
,

( ( ) (0))1.0
( ( ) (0))x f x f x f

x f

GIR t GIRV V
GIR t GIR

λ
α

−= ⋅ +
+ −

  (6) 

where GIR is the ratio of arterial glucagon (CG) and insulin 
(CI) concentrations (GIR=CG/CI), 

0
,x fV  is the resting state 

maximum rate coefficient, and x,f and x,f are parameters for 
hormonal control effect. 
 In contrast, heart and skeletal muscles have no receptor for 
glucagon, but they can respond to an epinephrine signal 
during exercise. Therefore, we assume that for metabolic flux 
f (viz., glucose phosphorylation by hexokinase, lipolysis, and 
fatty acid oxidation) in tissue x (heart or skeletal muscle), the 
reaction rate coefficients are modulated as: 
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C t C
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  (7) 

where CE is the arterial epinephrine concentration. 

E. Glucagon-Insulin Controller 
The secretion of glucagon and insulin from the pancreas is 

affected by blood glucose levels, but during moderate and 
short duration exercise, a direct neural stimulation and blood 
epinephrine levels are more significant because the arterial 
glucose concentration is almost constant. In this work, we 
postulate that work rate affects circulating epinephrine levels, 
which then modulates glucagon and insulin secretion by the 
pancreas. To implement this concept, we adapt an integral 
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Fig. 1.  Whole body system diagram. Each tissue is connected via the blood 
supply that carries substrates to organs/tissues in arterial blood (black solid 
arrows). Venous blood (gray solid arrows) leaving these tissues/organs takes 
away byproducts and becomes arterial blood to re-start the circulation after 
releasing carbon dioxide and taking up oxygen in lungs (gas exchange). 
Exercise sends neuroendocrine signals (dash-dot arrows) to heart, skeletal 
muscle and pancreas. In addition, feedback signal (dotted arrow) from the 
arterial glucose concentration can be sent to pancreas. Finally, 
glucagon-insulin ratio signal (dash arrow) from pancreas is sent to liver, GI 
(gastrointestinal) tract and adipose tissue. 
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rein controller corresponding to what Saunders et al.[6]
developed to maintain the blood glucose level. In our model, 
an integral rein controller incorporates epinephrine to affect 
secretion dynamics of insulin assuming an exercise-induced 
change in the glucagon-insulin ratio.  

III. PARAMETER ESTIMATION

Some parameter values needed to simulate metabolism of a 
normal human under resting steady-state conditions after an 
overnight fast (8~12hr) are obtained from the literature, e.g., 
physiological parameters in tissue/organ compartments of the 
whole body, arterial blood concentrations for key chemical 
species involved in transport and metabolism and steady-state 
uptake/release rates (Qx(Ca,i- x,iCx,i)) for specific 
tissue/organs. Flux balance analysis (FBA) is applied to each 
tissue compartment to determine intracellular metabolic 
fluxes at rest. FBA is implemented using steady-state mass 
balances for all metabolites and flux rates values obtained 
from the literature. The Michaelis-Menten parameters KM are 
set to the initial tissue concentration of the corresponding 
substrate unless reported in the literature. 

Parameters ( x,f and x,f) related to neurohormonal 
activation during exercise are evaluated by determining 
values for which simulated model outputs correspond closely 
with experimental data from human exercise studies. These 
included whole-body glucose appearance and disappearance 
rates and arterial substrate concentrations.[7] Thus, parameter 
values related to these processes are adjusted as needed to 
make model predictions correspond to quantitative and 
qualitative physiological responses. However, parameter 
values related to the glucagon-insulin controller are estimated 
by optimal least-squares fitting of the model predicted 
concentrations to the experimental data.[7] 

IV. RESULTS

 The whole-body model is applied to simulate metabolic 
responses during moderate intensity exercise, viz., a cycle 
ergometer test with a work rate of 150 W maintained for 60 
min.  A step change in a work rate (150W) generated 5-fold 
increase in epinephrine concentration (data not shown), 
which via the glucagon-insulin controller, induced a 40% 
decrease in the arterial insulin concentration and a 15% 
increase in the arterial glucagon concentration over 60 min of 
exercise making their ratio increased 90% (Figure 2). The 
exercise induced hormonal change modulated fluxes in 
affected tissues, and consequently, the whole-body glucose 
production increased about 3 fold (from 0.73 to 1.98 
mmol/min) at the end of 60 min exercise (Figure 3). The time 
of profiles of the rate of glucose uptake and utilization by 
skeletal muscle mimicked that of glucose production by the 
liver. As a consequence, no significant (<3%) change 
occurred in arterial glucose concentration throughout exercise 
due to off-setting changes in whole-body glucose production 
and utilization rates (Figure 4), which maintain glucose 

homeostasis during exercise. 

The increased glucagon-insulin ratio during exercise 
changed glucose production in liver. Net hepatic glycogen 
breakdown increased from 0.38 to 1.48 mmol/min, while net 
gluconeogenesis rate increased from 0.35 to 0.52 mmol/min 
(Figure 5). The relative contribution of gluconeogenesis 
continuously decreased to 26% of total glucose production at 
60 min starting from 48% at rest.  

Fig. 4. Dynamic response of arterial glucose concentration to a step 
increase in work rate from resting state at 0 min. 

Fig. 3. Whole body glucose production during 60 min exercise.

Fig. 2. Dynamic responses of arterial glucagon and insulin concentrations 
to a step increase in work rate from resting state at 0 min. 
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V. DISCUSSION

In this study, we developed and validated a multi-scale 
model of fuel homeostasis which 1) differentiates tissues with 
distinct metabolic pathways, 2) includes transport and 
biochemical reactions of major fuel sources, 3) incorporates 
the effect of hormonal control by both insulin and glucagon to 
regulate the metabolic processes in each tissue, and 4) 
consequently, relates cellular metabolic processes and their 
regulation to whole body responses.  

To our knowledge, this is the first mechanistic model of 
glucose homeostasis that links cellular metabolism to 
whole-body responses and incorporates effects of hormonal 
control on fuel metabolism of various tissues/organs. 
Bergman et al.[8] developed “minimal models” to quantify 
the degree of insulin resistance from a glucose tolerance test. 
While these models are simple in nature, they show good 
clinical applicability to be tailored to the individual subject, 
which is not possible with our current model. However, these 
models only include the effects of insulin as well as 
insulin-independent/dependent tissue compartments. Thus 
these models are not general enough to be applied to other 
kinds of physiological conditions (e.g., exercise) or 
pharmacological interventions. 

Since blood glucose is regulated by two hormones that act 
in opposite directions to  inhibit the secretion of each other, 
the balance between them is more important than individual 
absolute levels.[6] Thus, it is very significant to include both 
glucagon and insulin to describe glucose homeostasis. 
Saunders et al.[6] applied the concept of integral rein control 
with two hormones in mathematical model of glucose 
regulation. The model, however, was not validated with the 
experimental data. In contrast, our mathematical model of 
whole body glucose homeostasis includes all important fuel 
sources (glucose, glycogen, fatty acids, TG, lactate, etc.) and 
distinguishes tissue/organs with different metabolic 
characteristics.  

Although our model simulations compare well with most 
experimental data, one obvious limitation is that the dynamics 
of arterial lactate concentration do not correspond to 

experimental data (Figure 6C). A possible source of this 
discrepancy is the assumption of homogeneity in the 
tissue-cells compartment of skeletal muscle. Recently, Zhou 
et al.[4] showed that distinguishing cytosol and mitochondria 
in this compartment leads to different dynamics of cytosolic 
and mitochondrial NADH/NAD+ ratios and to more 
physiological lactate concentration time profiles. Therefore, 
future modifications to the model should incorporate distinct 
blood and extravascular tissue compartments and distinguish 
cytosol from mitochondria in the tissue-cells compartment. 

REFERENCES 

 [1]  D. H. WASSERMAN AND A. D. CHERRINGTON,
"HEPATIC FUEL METABOLISM DURING MUSCULAR 
WORK: ROLE AND REGULATION," AM. J. PHYSIOL,
VOL. 260, NO. 6 PT 1, P. E811-E824, JUNE1991. 

 [2]  M. J. LAMBETH AND M. J. KUSHMERICK, "A
COMPUTATIONAL MODEL FOR GLYCOGENOLYSIS IN 
SKELETAL MUSCLE," ANN. BIOMED. ENG, VOL. 30, NO.
6, PP. 808-827, JUNE2002. 

 [3]  M. E. CABRERA, G. M. SAIDEL, AND S. C. KALHAN,
"ROLE OF O2 IN REGULATION OF LACTATE 
DYNAMICS DURING HYPOXIA: MATHEMATICAL 
MODEL AND ANALYSIS," ANN. BIOMED. ENG, VOL. 26,
NO. 1, PP. 1-27, JAN.1998. 

 [4]  L. ZHOU, J. E. SALEM, G. M. SAIDEL, W. C. STANLEY,
AND M. E. CABRERA, "MECHANISTIC MODEL OF 
CARDIAC ENERGY METABOLISM PREDICTS 
LOCALIZATION OF GLYCOLYSIS TO CYTOSOLIC 
SUBDOMAIN DURING ISCHEMIA," AM. J. PHYSIOL 
HEART CIRC. PHYSIOL, VOL. 288, NO. 5, P.
H2400-H2411, MAY2005. 

 [5]  D. H. WASSERMAN AND M. VRANIC, "INTERACTION 
BETWEEN INSULIN AND COUNTERREGULATORY 
HORMONES IN CONTROL OF SUBSTRATE UTILIZATION 
IN HEALTH AND DIABETES DURING EXERCISE,"
DIABETES METAB REV., VOL. 1, NO. 4, PP. 359-384,
1986. 

 [6]  P. T. SAUNDERS, J. H. KOESLAG, AND J. A. WESSELS,
"INTEGRAL REIN CONTROL IN PHYSIOLOGY," J.
THEOR. BIOL., VOL. 194, NO. 2, PP. 163-173,
SEPT.1998. 

 [7]  I. B. HIRSCH, J. C. MARKER, L. J. SMITH, R. J. SPINA,
C. A. PARVIN, J. O. HOLLOSZY, AND P. E. CRYER,
"INSULIN AND GLUCAGON IN PREVENTION OF 
HYPOGLYCEMIA DURING EXERCISE IN HUMANS," AM.
J. PHYSIOL, VOL. 260, NO. 5 PT 1, P. E695-E704,
MAY1991. 

 [8]  R. N. BERGMAN, Y. Z. IDER, C. R. BOWDEN, AND C.
COBELLI, "QUANTITATIVE ESTIMATION OF INSULIN 
SENSITIVITY," AM. J. PHYSIOL, VOL. 236, NO. 6, P.
E667-E677, JUNE1979. 

Fig. 5. Dynamic responses of hepatic glycogenolysis and gluconeogenesis 
to a step increase in work rate from resting state at 0 min. 

314


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 1.00167
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


