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This paper considers some simple compartmental models of animal processes, i.e. specific 
components or functions of an individual organ or tissue (or whole organism), with reference 
to ruminants.  The processes described are all concerned with amino acid and protein 
metabolism in the whole body and specific tissues (hindlimb and mammary gland).  The 
amino acids considered are leucine, phenylalanine and tyrosine.  Examples of two-, three-, 
four- and eight pool models are given.  All the models are expressions of the rate:state 
formalism, and each is solved in the steady state (or partial steady state) resulting in a static 
balance model.  Simple algebraic manipulation is the only mathematics required to achieve a 
solution.  The models are constructed to resolve data generated by in vivo experiments.  All 
the experiments involve the use of tracers as either radioactive or stable isotopes. 
 
Dynamic Modeling of Molybdenum Metabolism in Humans 
J. A. Novotny1 and J. R. Turnlund2  
 
 1USDA Beltsville Human Nutrition Research Center, Beltsville, MD, USA 
 2USDA Western Human Nutrition Research Center, Davis, CA, USA 
 
Molybdenum is an essential nutrient in the human diet and is a cofactor for several enzymes.  
While intakes can vary widely with geographical region, both deficiency and toxicity in 
humans are rare.  To determine if humans have adaptive mechanisms for maintaining 
molybdenum status under varying intake levels, two clinical studies were performed.  In the 
first study, healthy males consumed a very low molybdenum diet for 102 days, followed by a 
high molybdenum diet for 18 days.  In the second study, healthy males were administered 
dietary molybdenum at five different levels consecutively, consuming each intake level for 
24 days each.  In both studies, tracer doses of molybdenum were given orally and 
intravenously at several time points during the study, and plasma, urine, and fecal samples 
were analyzed for tracer and tracee molybdenum.  Dynamic compartmental modeling of 
tracer and tracee data was performed using the WinSAAM software package.  Modeling 
results revealed that two physiologic pathways were sensitive to molybdenum exposure.  
Increasing molybdenum intake resulted in increased urinary molybdenum excretion and 
decreased fraction of molybdenum deposited into tissues.  The ability for these pathways to 
adjust to changes in molybdenum intake may explain why molybdenum deficiency and 
toxicity in humans is rare.     
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Use of stochastic elements in models.   
N. R. St-Pierre  
 
The Ohio State University, Columbus, OH 
 
Most models in biology have a deterministic structure; they make definite predictions for 
quantities without any associated probability distribution.  A stochastic model, on the other 
hand, contains random elements and probability distributions within the model itself.  
Historically, the predominant perspective was that the stochasticity of a model represented 
the unknown part of a system, with the implicit implication that stochasticity should be 
absent in a model of sufficient complexity.  This characterization of stochasticity is at best 
naive, and at worst plain wrong.  In general, a univariate model can be represented as:  Y  =  
f(X, ! ) + " , where Y is a vector of observations, f is some unknown function or set of 
functions, X is a matrix of input variables (observed), !  is a vector of parameters to the 
function f, and "  is a vector of errors.  Stochasticity enters the model at four locations.  First, 
"  represents the outcome from many sources of error.  Measurement errors on the Y appear 
in " ; this component is generally referred to as pure error.  But "  also contains some of the 
errors associated with having an incorrect model, what has been called the lack-of-fit 
component.  A proper experimental design allows a separate estimate of these two 
components.  The second source of stochasticity is related to the ! .  In a frequentist 
framework, !  are fixed, errorless parameters.  Their estimates B, however, are stochastic 
variables with a multivariate distribution (often considered multivariate normal in 
application).  Thus, the prediction error of any model includes components related to " , but 
also the variances and covariances associated with the estimated ! .  Thus a simulation of the 
model errors, even in a frequentist paradigm, must include the variance in the !  as well as in 
the " .  In a Bayesian framework, the !  are themselves random parameters.  Thus their 
stochastic property is evident and explicitly considered during estimation.  A third sources of 
stochasticity relates to the X elements.  Inputs to models are never known with certainty.  
The error in the measurements of the variables must be accounted for during 
parameterization.  This is a very complicated problem for dynamic models expressed in the 
form of differential equations.  Lastly, the function f is itself an approximation to the true but 
unknown function.  Thus, the uncertainty surrounding f adds uncertainty to model 
predictions.  This stochasticity can be included in the analysis in instances when there are 
more than one competing models (functions).  Examples are presented to illustrate the 
incorporation of all four sources of stochasticity into a model.  Additionally, global as 
opposed to local sensitivity analysis techniques must be used.  The probability distributions 
of the model outcomes can be compared to the probability distributions of the experimental 
outcomes, thus answering the question whether the two are from the same process.  Viewed 
this way, stochasticity is an inherent characteristic of biological models the same way that 
errors and probability distributions are inherent characteristics of experiments. 
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Parameter  Estimation using Markov Chain, Monte Carlo Techniques 
J. W. Oltjen 
  
Department of Animal Science, University of California, Davis, CA, USA 

  
The physiology of nutrition can often be described by dynamic modeling using differential 
equations to describe a set of state variables over time.  The challenge is often that there is 
more known about the system than there is data to simultaneously fit the parameters in the 
equations.  Because these models are nonlinear, the usual linear regression techniques cannot 
be used to find values for these parameters.  Therefore, nonlinear optimization methods are 
required, but they too are generally unable to fit more than a few unknown parameter values 
without failing to converge to an optimum, even with adequate data.  One technique has 
shown promise, however, in these situations of many parameters, Markov Chain Monte 
Carlo. Hence, parameter estimation is done by solving the set of differential equations 
numerically with some biologically sensible initial estimates for parameter values.  These 
estimates are used as the starting values for estimation using a Markov Chain Monte Carlo 
algorithm;  interestingly, this method also provided estimates of the parameter distributions.  
This technique will be demonstrated for a model of animal growth and composition fit to a 
multidimensional data set. 
  
 Mathematical Models for Health and Nutr ition: their Identifiability and their  
Accuracy 
R. C. Boston1 , P. Wilkins1, P, and l. Tedesche2 
 
1Clinical Studies, NBC, School of Veterinary Medicine, Univ. Pennsylvania, PA, USA 
2Dept. Animal Science, Texas A&M University,  TX, USA 
 
This presentation will review two fairly recent contributions to the area of the application of 
mathematical models in the nutrition and health sciences; identifiability and accuracy.   
Identifiability in model advancement helps us with the question Ôwill a proposed experiment 
on a system enable us to determine values for the parameters of a model of that systemÕ.  The 
model is assumed to be known, and to reflect the response of the system to the experiment. 
Identifiability is not concerned with the precision with which the parameters can be 
estimated, indeed, estimation per se does not enter into our consideration.  Berman and 
Schoenfeld (Õ56) were the first to determine the importance of this topic in modeling É  they 
used the terms uniqueness and consistency as they introduced this issue and they posited a 
coupling between estimability and identifiability.  Since that time seminal works by Godfrey 
and by Cobelli have clarified the distinction of these ideas and in this presentation we review 
the works of these investigators. 
The accuracy of an approach to characterize an aspect of a system is the relative agreement 
between the results based on the approach compared with the results based on a (gold) 
standard method.  Or we could say that two approaches to characterizing an aspect of a 
system agree if the results from the two approaches concord.  In this regard concordance is a 
much more profound issue than merely correlation, or regression.  For example concordance 
needs to embrace the observation range over which the two series of measurements exist, it 
needs to penalize a quantification of agreement for not predicting the origin as a critical 
point, and also for not engaging a line of perfect agreement (slope unity) into its 
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consideration.  Recently Lin () produced an easily implementable index of concordance 
(LinÕs Concordance Correlation, LCC) with all the properties needed to effectively quantify 
agreement.  Unfortunately though, Lin did not account for tail weighting in deriving his 
measure and the LCC was found by Chinchilli to be biased under certain important 
observation settings.  In this presentation we review the works of Lin and Chinchilli and 
demonstrate their application to data from the glucose challenge, and from cardiac output 
measurements. 
 
Modeling Complex Biological Systems 
M. E. Wastney1, C. Palliser2, P. Beukes2, G.  Levy2, and C. Folkers3 

 
1Metabolic Modeling Services, Ltd., Blenheim, New Zealand 
2Dexcel Ltd, Hamilton, New Zealand 
3ASL, Hamilton, New Zealand 
 
Models have been developed to delineate metabolic pathways of nutrients in both humans 
and animals. However these models do not reflect the influences of the environment on the 
nutrient, or vice versa. In order to achieve this integration, there is a need to link the 
individual models together into a single system. Integration also allows the utility of models 
to be realized, as in their use for examining interactions within a system, as  repositories of 
information and for relating metabolism at one level (e.g., cell) to a higher level (e.g., organ). 
Furthermore, with the addition of user-friendly interfaces the models can be used by a wider 
(non-modeling) audience to experiment and make predictions about a system. In this 
presentation we will examine two projects where component models have been linked for the 
purposes of modeling a complete system. The first the Physiome project is in the area of 
human health. The second, a Whole Farm Model is in agriculture and this project will be 
examined in more detail. It will be discussed in terms of the project aims, the software used, 
and some of the challenges encountered in linking detailed mechanistic models from 
different fields. These include the design, evaluation and testing of the system model, the 
design of user-friendly interfaces and the need to balance the requirements of different user 
groups (e.g., research and education) for power and model usability. Aspects of this model 
will be demonstrated. 
 
Stable Isotope Kinetics of Two Forms of Selenium is used to Determine Dietary Intake 
and Pool Sizes.  
B. H. Patterson1, M. E. Wastney2, G. F. Combs3,4, K. Y. Patterson5, C. Veillon5,6, P. R. 
Taylor1, O. A. Levander5 

  

1NCI, Bethesda, MD, USA 
2 Metabolic Modeling Services, Ltd, Blenheim, New Zealand 
3Cornell University, Ithaca, NY,USA 
4Grand Forks Human Nutrition Research Ctr, USDA Grand Forks, ND,USA 
5Beltsville Human Nutrition Research Ctr, USDA, Beltsville, MD, USA 
6Deceased Oct 2005  
 



 5 

SELECT, an ongoing randomized clinical trial is testing whether selenium (Se) can prevent 
prostate cancer; ~17,000 men will take 200 ug of Se as selenomethionine (SeMet) daily for 
7-12 yr.  We are comparing Se kinetics at baseline and following 2 yr of supplementation 
with SeMet. As diet is comprised of two chemical forms of Se, organic and inorganic, we 
measured the kinetics of both forms. Thirty-one free-living subjects (16 M, 15 F) received 
oral doses of 2 stable isotope tracers, 150 ug each of 74SeMet and 76Se as sodium selenite 
(Sel) at days 0 and 10.  Plasma, red blood cell, urine and feces were sampled during the 4-
mo. study periods. A compartmental model was developed using WinSAAM and previous 
models for each form. Despite major chemical differences, organic and inorganic selenium 
appeared to enter a common pathway within 30 min. A single model fitted both forms of Se. 
A major difference was a three-fold higher incorporation of SeMet into RBC compared to 
Sel.  The model required multiple plasma compartments and recirculation of tracer through 
tissue pools. By using the relative absorption of Sel to SeMet, and excretion rates of total Se 
in urine and feces, we were able to combine information on the kinetics of each form and 
predict dietary composition of Se, transport rates and pool sizes. 
 
Thermodynamics and Kinetics of Metabolism, Transcr iptional Regulation, and 
Evolution  
R. A. Kohn, and E. M. Ungerfeld  
 
Dept. of Animal Sciences, University of Maryland, MA 
 
We propose a mathematical model structure to integrate substrate, enzyme, genomic and 
thermodynamic regulation. Substrate, enzyme and thermodynamic control of metabolism can 
be integrated by solving for different cases of the original Michaelis-Menten equation. The 
original equation assumes substrate concentration is greater than enzyme concentration and 
there is negligible accumulation of product. Rates of reaction are first order with respect to 
enzyme and non-linear with respect to substrate. When concentration of enzyme binding sites 
is greater than concentration of substrate binding sites, the reaction velocity would be first 
order with respect to substrate, but non-linear with respect to enzyme. If accumulation of 
product occurs, the reaction velocity may be limited by thermodynamics (the system 
approaches equilibrium), and the extent of thermodynamic limitation can be modeled by 
subtracting the rate of the reverse reaction. Thermodynamic data (e.g. ‰ö G  of product and 
reactant formation) can be used to calculate the reverse reaction rate constant relative to the 
forward rate. Finally, transcriptional regulation of gene expression can be understood as 
stacked kinetic control mechanisms, but with current knowledge, parameterization would be 
highly speculative. Alternatively, gene expression might be assumed to be optimal and 
estimated by application of thermodynamics. This model of a single present-day organism 
might be further extended to understand how a species may change over generations due to 
selection. It is hoped that the more robust model of metabolism proposed here will help 
understand impacts of changing environment, selection pressure, or genomic manipulation on 
organisms and their descendents. 
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Effect of Genetic Polymorphisms on the K inetics of in Vivo Human Folate Metabolism  
A. J. Clifford1, J. E. Owens1, J.  G. Fadel2 

 
1Nutrition, and 2Animal Science Departments, University of California, Davis, USA 
 
Inefficiencies in folate metabolism and inadequate dietary intake lead to poor folate 
nutritional status and an increased the risk of degenerative and developmental diseases such 
as CVD, cancer, and neural tube defects (NTDs).  A better understanding of the dynamic and 
kinetic behavior of human folate metabolism and the genetic and environmental factors that 
influence it are needed.  Therefore, we determined the fate of a very small oral dose of 14C-
folic acid (0.5 nmol compared to the # one ! mol/d intake of Americans) in 13 normal adults 
and constructed a kinetic model of the behavior of in vivo human folate metabolism.  We 
found that folate absorption, bile folate flux, and body folate stores were larger than prior 
estimates, and marrow folate uptake and folate polyglutamate synthesis, recycling, and 
catabolism were determined to be saturable processes.  Three hundred seventy normal adults 
were genotyped for 8 folate-relevant polymorphisms.  These polymorphisms included 
MTHFR 677 and 1298, MTR 2756, MTRR 66, CBS 883 and 844ins68, GCP II 1561, TC II 
776, and RFC-1 80.  Their folate intake and blood levels of folate, vitamin B6, Vitamin B12, 
triglycerides, and cholesterol were measured also.  We found a significant interaction 
between gender and the RFC-1 genotype, and between the MTHFR 677 and GCP II 1561 
genotypes.  We will discuss our findings in the context of our long term goal to quantify the 
metabolism of folate in the context of individual and interactive polymorphisms so as to 
understand the individual response to improve strategies to minimize the risk of disease. 
 
A System Dynamics Model of Visceral Fat and Abdominal Gir th for Prevention of 
Central Obesity in Men 
J. L. Hargrove1, D. K. Hartle2, and P. Greenspan2 

 
1Department of Foods and Nutrition, College of Family and Consumer Sciences, and 
2Nutraceutical Research Laboratory, College of Pharmacy, University of Georgia, Athens, 
GA, USA  
 
Accumulation of visceral fat increases the likelihood of developing fatty liver, insulin 
resistance, elevated cholesterol, and other symptoms of the metabolic syndrome. Traditional 
energy balance equations fail to account for feedback controls and other features of dynamic 
systems.  Therefore, an interactive model of visceral fat accumulation in male subjects was 
developed using the principles of system dynamics.  The model assumes that negative 
feedback of leptin on appetite is too weak to maintain balance in a food rich environment.  
Because feedback is weak, consumption of highly palatable foods and lack of a need for 
exercise inevitably lead to excess abdominal fat and an increase in girth.  In the absence of 
self-regulation, behaviors that help steer energy balance towards a healthier phenotype must 
be learned.  The model suggests that an effective strategy of preventing abdominal obesity 
must include guidance to reduce food palatability, energy density and glycemic tendency, 
and to increase physical activity to achieve a minimum of 0.5-1.0 h/day of activity of at least 
4-6 Met units.  These behaviors are not sustained without behavioral reinforcement, and a 
feedback system was included to incorporate the use of inexpensive tools such as a tape 
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measure, bathroom scale, pedometer, watch, and/or an activity log.  These can be purchased 
for less than 50 US dollars.  The metabolic syndrome can be prevented for less than the cost 
of 1 monthÕs medical treatment. 
 
The Application of Isotopomer Data and Mathematical Modeling in Flux 
Quantification 
G. Sriram 
 
Department of Human Genetics, David Geffen School of Medicine at UCLA; and 
Department of Chemical and Biomolecular Engineering, Henry Samueli School of 
Engineering and Applied Science, University of California, Los Angeles, CA, USA 
 

Metabolic flux is an important indicator of cell physiology. Flux measurements can 
complement transcriptomic and proteomic technologies as a powerful investigative tool in 
systems biology, and can be instrumental in the selection of metabolic engineering targets, 
the elucidation of metabolic control, and the understanding of disease etiology. However, 
systemic flux quantification is considered challenging since it involves carbon (13C) labeling 
experiments followed by mathematical modeling to evaluate fluxes from the labeling data, 
and such models are highly nonlinear and often non-trivial to solve. This presentation will 
discuss the development and solution of such models, as well as computer-aided metabolic 
flux analysis tools that enable the concurrent evaluation of fluxes in several primary and 
intermediate metabolic pathways. Topics covered will include interpretation of isotopomer 
data from NMR and mass spectrometry, development and computational implementation of 
metabolite and isotopomer balance models, and optimal design of labeling experiments. 
Recent mathematical developments in efficient flux quantification, such as cumulative 
isotopomer balancing, bondomer balancing, and Boolean function mapping will be 
discussed. Furthermore, identifiability and statistical analysis of the evaluated fluxes will be 
covered. We will also present our application of this flux analysis tool on two plant systems 
[soybean (Glycine max) embryos and Catharanthus roseus hairy roots] to study carbon 
trafficking, and on a mammalian system [H4IIE rat hepatoma cells] to study an inborn error 
of metabolism. Finally, emerging methods and applications of flux analysis such as 
instationary state flux analysis and pathway discovery will be discussed.  

 
Integration of Micro-Array and Metabolic Data 
C. Chan 
 
Chemical Engineering and Materials Science, Michigan State University, USA 
 
Free fatty acids (FFA) have been implicated in the pathogenesis of many obesity-related 
metabolic disorders. Saturated fatty acid was cytotoxic and its toxicity exacerbated by tumor 
necrosis factor alpha (TNF-� ". In contrast, unsaturated fatty acids were observed to be non-
toxic, and to enhance lipid accumulation. It is not clear which pathways play an important 
role in the observed toxicity of saturated FFA in the liver cells. The phenotypic, metabolic 
and gene expression profiles were measured to characterize the cellular states. A hierarchical 
framework was developed. First, we identified the metabolic fluxes which contributed the 
most to the separation of the phenotypes. This analysis identified fatty acid oxidation and 
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intracellular triglyceride accumulation to be the most relevant in differentiating the cytotoxic 
phenotype. Second, gene set enrichment analysis was applied to identify the transcriptionally 
altered pathways. Finally, the expression of the enriched gene sets and the metabolic profiles 
were integrated with a multi-block partial least squares analysis (MBPLS) regression model 
to identify the genes and gene sets that regulate the metabolic pathways identified in step 1. 
The hierarchical approach suggested potential mechanisms involved in mediating the 
cytotoxic and cytoprotective pathways, as well as identified potential targets for modulating 
these phenotypes. The approach suggested that ROS, but not ceramide, played an important 
role in the toxicity of the saturated FFA to hepatoma cells. Similarly, the analysis suggested 
an important role of mitochondria in the toxicity. These predictions, as well as, some specific 
targets that were suggested by the analysis were experimentally validated. 
 
Balances in Cellular Metabolism and Energetics: Pr inciples in Modeling 
James B. Bassingthwaighte 
 
Dept of Bioengineering, University of Washington, Seattle WA, USA  
 
Metabolic events within cells are intimately linked with the external influences of substrate 
delivery and metabolite removal. These influences include the rates of transport  
by blood flow and transmembrane processes as well as the regulation of enzymatic reactions. 
Further influences include intravascular and intracellular binding. An obvious example is that 
the transport of respiratory gases through the circulation is heavily influenced by their 
binding and buffering in the blood, which in turn influence their rates of exchange. Dash and 
Bassingthwaighte (Ann Biomed Eng 32: 1767-1793, 2004 and Ann Biomed Eng 34: 2006 
ht t p: / / dx. doi . or g/ 10. 1007/ s10439- 005- 9066- 4) developed invertible Hill-type 
saturation expressions for hemoglobin (Hb) saturations and blood-tissue gas exchanges 
accounting for the simultaneous hemoglobin binding of O2, CO2, H

+ , 2,3-DPG, and the 
effects of temperature. The equations allow rapid calculation of the redistribution that occurs 
along the length of capillary-tissue exchange regions in the lung or in tissue. Likewise these 
equations can be used for transients in inhaled gas composition and in tissue metabolism in a 
whole body model for gas exchange, extending a circulatory/respiratory exchange model 
(downloadable from www.physiome.org/Models) to account for exchanges of gases in the 
capillaries of tissues and lungs, and accounting for pH buffering in the blood. 
At the subcellular level, we are building a basic model of intermediary metabolism in 
cardiomyocytes based on conservation principles (for mass, energy, transmembrane charge). 
The basic version, the Òeternal cellÓ model, having neither proteolysis nor protein synthesis, 
is designed to serve as a reference cell model upon which more realistic models can be based. 
Thermodynamic constraints (Haldane) limit state space; transients in external and internal 
conditions can be accounted for and compared to experimental observations.  (Supported 
NIH grants BE 001973, HL73598, and NSF 04-607/NIH) 
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Predicting Responses and Nutr ient Requirements in Growing Animal Populations: the 
Case of the Growing-finishing Pig 
C. Pomar 
 
Agriculture and Agri-Food Canada, 2000, College Street, C.P. 90  SUCC LENNOXVILLE 
QC  J1M 1Z3  Canada 
 
Nutritional requirements can be defined as the amount of nutrients needed for specified 
production purposes such as optimal growth rate, protein deposition, etc. Two main methods 
are used to estimate nutrient requirements in domestic animals. The empirical method defines 
nutrient requirements as those that either maximise or minimise one or several sets of 
performance parameters. In the factorial method, nutrient requirements are estimated as the 
sum of the requirements for maintenance and production. In the empirical method, optimal 
nutrient allowances are estimated from a population point of view whereas the factorial 
method is addressing the needs of one reference animal. It is demonstrated that individual 
and population responses to graded levels of protein intake differ in form and magnitude. 
Feeding populations showing between-animal variation according to the factorial 
requirements estimated for the average pig implies that only 50% of the population will 
consume enough protein to express its full growth potential. It is also demonstrated that 
average population responses to graded levels of protein intake differs between populations 
having a different between-animal variation. Consequently, when maximal response is the 
criteria used to estimate the requirements, the optimal supply of protein may differ between 
populations having different between-animal variation. Mechanistic pig growth models use 
the factorial method to predict growth or to estimate nutrient requirements. Therefore, 
caution must be exercised when using these models to estimate the response of 
heterogeneous populations and in this case they are not recommended for estimating its 
nutritional requirements. 
 
Applications of Mathematical Modeling in Pediatr ic Studies of Bone Turnover  
K. O. OÕBrien 
 
Division of Nutritional Sciences, Cornell University, Ithaca, NY, USA  
  
Bone density is frequently used as a measure of the adequacy of calcium intake among 
children. While this technique provides valuable information, it is a static measure and does 
not provide dynamic information on measures of calcium flux at the whole body level. There 
are numerous biological questions for which detailed information on the absorption, 
excretion and rates of bone calcium turnover are necessary to inform recommendations in 
both healthy and chronically ill populations. These questions are particularly relevant among 
pediatric age groups due to the magnitude of bone accretion that occurs at this time and due 
to the potential for interventions to influence attainment of peak bone mass. Stable calcium 
isotopes and mathematical modeling of isotopic ratios in biological fluids can provide novel 
information on the metabolism of calcium. This approach is increasingly utilized to assess a 
myriad of questions concerning calcium metabolism and bone turnover among children and 
adolescents. Calcium kinetic studies are particularly relevant when utilized in chronically ill 
children to identify pathways of altered calcium metabolism and bone turnover. The utility of 
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this approach can be exemplified by a series of recent stable isotope publications providing 
data on calcium absorption, endogenous fecal calcium excretion and rates of bone turnover in 
children with cystic fibrosis. Results from studies such as these are especially relevant in the 
design of interventions to improve calcium retention in pediatric diseases known to limit 
bone calcium accretion. Continued use of this technique will assist in calcium intake 
guidelines for pediatric populations. 
 
Modeling Perturbations in Vitamin A Metabolism in Response to Inflammation 
M. H. Green, S. H. Gieng and F. J. Rosales 
 
Department of Nutritional Sciences, The Pennsylvania State University, USA 
 
Generally model-based compartmental analysis is used to study systems that are in a quasi 
steady state.  However, in many real life situations, exogenous factors perturb systems away 
from the steady state.  Here we perturbed the vitamin A system in rats using inflammation as 
the perturbing agent and then applied the Windows version of the Simulation, Analysis and 
Modeling software (WinSAAM) to model changes in system dynamics leading to a new 
steady state.  Tritiated retinol in oil was administered orally to healthy control rats (n=14), 
and plasma tracer response was monitored from 2 hr to 21 days.  Then an osmotic mini-pump 
containing lipopolysaccharide or hr-interleukin-6 was implanted subcutaneously to induce 
inflammation, and the perturbed tracer response was followed for an additional 33 days.  A 
three compartment control model (plasma exchanging with two extravascular compartments) 
was sufficient to describe group average tracer data obtained during the first 21 days.  To fit 
the data after perturbation, the previously time-invariant fractional transfer coefficient 
describing mobilization of retinol into plasma from the slow turning-over extravascular 
compartment (i.e., liver vitamin A stores) was made time variant.  The time variance was 
simulated by an exponential equation that described the tracer response and helped explain 
the underlying physiological changes induced by inflammation.  The model predicted that 
inflammation inhibited the mobilization of vitamin A from hepatic stores, likely secondary to 
inhibition of the synthesis and secretion of retinol-binding protein from hepatocytes.  This 
work illustrates how modeling system responses to perturbations sheds light on underlying 
mechanisms. 
 


