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  Introduction 

We develop PBPK models for drugs, nanomaterials, and 

environmental chemicals to address problems in food safety 

assessment, nanoparticle delivery efficiency to the tumor, and 

risk assessment of environmental chemicals. 

Image credit: The Lin Research Group Website  

 (http://www.vet.k-state.edu/education/anatomy-physiology/faculty-staff/faculty/lin/lab/index.html)  
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  Outline 

• Background 

• Methods of converting PBPK models from acslX to other three tools 

• Future direction and overall suggestion 

• Performance assessment of PBPK models from four software packages 

• Advantages and disadvantages of each software package with respect to 

implementation of PBPK models in risk assessment 

• Preliminary results of comparing the performance of a population PBPK 

model for penicillin G between Berkeley Madonna and R language 

Lin Z, Jaberi-Douraki M, He C, Jin S, Yang RSH, Fisher JW, Riviere JE. (2017). Performance 

assessment and translation of physiologically based pharmacokinetic models from acslX to 

Berkeley Madonna, MATLAB, and R language: oxytetracycline and gold nanoparticles as case 

examples. Toxicological Sciences, 158(1):23-35. [PMID: 28402537] 
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  Background 

Nov 2015 

• Sunset of acslX 

• A need of a tutorial 

of converting acslX 

to alternative PBPK 

modeling programs 

Dec 2015 

Feb-July 2016 

Dec 2016 

• Our team started to convert PBPK 

models for oxytetracycline and 

gold nanoparticles from acslX to 

Berkeley Madonna, MATLAB, and 

R language with a goal of 

publishing a methodology paper 

and sharing the example codes 

with the scientific community 

• SOT BMSS Webinars 

introducing different PBPK 

modeling tools, including R 

language, RVis, MCsim, 

MATLAB, and GastroPlus 

• Lack of a detailed tutorial 

and example codes for the 

same model in multiple 

programming platforms 

• Manuscript submitted to 

Toxicological Sciences 

April 2017 
• Manuscript accepted 
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We would like to acknowledge Dr. 

Jerry Campbell, Dr. Gary W. Miller, 

and the anonymous reviewers for 

their helpful comments. 



  Model structures 

A schematic of the physiologically based 

pharmacokinetic (PBPK) model for oxytetracycline 

(OTC) in canine (A) and for gold nanoparticles (AuNP) 

in swine (B). IM, IV, and oral represent intramuscular, 

intravenous, and oral exposures, respectively. Ka, Kst, 

Kint, KurineC, and Kdiss (unit: h-1) represent intestinal 

absorption, stomach emptying, intestinal transition, urine 

elimination, and oxytetracycline dissolution rate constants, 

respectively. Frac: fraction of oxytetracyline that is 

immediately available for absorption following IM injection. 

PCs: phagocytic cells. These PBPK model structures 

were adapted from our earlier publications (Lin et al., 

2015; Lin et al., 2016).  

Representatives of a small molecule and a 

nanoparticle, respectively 
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  Methods 

o Buyukozturk F, Paxson R. SimBiology as a platform for PBPK modeling. 

o Hinderliter PM, Ruark CD. PBPK modeling in the R project for statistical computing. 

o Loizou G. A free to use PBPK modeling platform. 

o McDougall R. Demonstration of a methylene chloride PBPK model in MATLAB. 

o Phillips MB. How to translate an acslX PBPK model into the MATLAB language. 

o Setzer RW. Dynamic modeling using MCSim and R. 

• Presentations and slides of the SOT BMSS 2016 Webinar Series 

• Supplementary Material of Lin et al. (2017) 
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  Methods 
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  Methods 
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Contents Page of the 

Supplementary Material 

in Lin et al. (2017) 



  Performance assessment (Comparison of simulation results) 

Abbreviations 

• AuNP: gold nanoparticles  

• IM: intramuscular injection  

• IV: intravenous injection  

• Oral: oral gavage  

• OTC: oxytetracycline  
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  Performance assessment (Comparison of simulation results) 

Comparisons of simulation results between 

original and recoded models. Measured data 

represent plasma oxytetracycline concentrations 

in canine following a single 5 mg/kg 

intravenous (A) (Baggot et al., 1978) or 100 

mg/kg oral exposure (B) (Immelman, 1977), or 

plasma gold concentrations (C) or liver gold 

amounts (D) in swine following a single 2 

mg/kg intravenous exposure (Fent et al., 2009). 

Green, red, black, and purple dashed lines 

represent simulation results from acslXTM, 

Berkeley MadonnaTM, MATLAB®, and R 

language models, respectively. The simulated 

concentration/amount data from different 

models were so close that the kinetic curves 

were hardly distinguishable from each other. 
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  Performance assessment (Comparison of simulation results) 

• Simple linear regression analysis and determination coefficient (R2) 

• Mean absolute percentage error (MAPE) 

Simple linear regression is a statistical method that allows us to summarize and study 

relationships between two continuous (quantitative) variables. In the case of PBPK model 

performance assessment, it would be a simple linear regression analysis between measured 

and simulated values. This can be done using different software programs, including Microsoft 

Excel and GraphPad Prism.  

Evaluation criteria: (1) acceptable prediction: 

MAPE<50%; (2) good prediction: 10%<MAPE<20%; (3) 

excellent prediction: MAPE<10% 

Mumtaz et al., 2012. Journal of Toxicology; Chen et al., 2015. International Journal of Nanomedicine; 

Cheng et al., 2016. Ecotoxicology; Lin et al., 2017. Toxicological Sciences. 

There are other statistical approaches, 

but here I only show representative 

approaches that I think are appropriate 

and have been used in published PBPK 

models. 
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  Performance assessment (Comparison of simulation results) 

12 

Overall, the high R2 

values and low MAPE 

values indicate 

excellent correlation 

between models. 



  Performance assessment (Comparison of simulation results) 
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• Methods and criteria of assessing bioequivalence between two 

drugs (a reference drug and a test drug) by US FDA 

o Cmax: peak plasma concentration that is reflective of rate of absorption 

o AUC: area under the plasma concentration time curve that is reflective of extent of absorption 

• FDA, 2003. Guidance for Industry Bioavailability and Bioequivalence Studies for Orally Administered rug Products - General Considerations. (Revision 1). U.S. Department of Health and 

Human Services. Food and Drug Administration. Center for Drug Evaluation and Research CDER). https://www.fda.gov/ohrms/dockets/ac/03/briefing/3995B1_07_GFI-BioAvail-

BioEquiv.pdf 

• Babiskin AH, Zhang X. Appplication of physiologically based absorption modeling for amphetamine salts drug products in generic drug evaluation. Journal of Pharmaceutical Sciences, 

2015, 104:3170-3182. 

• Zhang X, Wen H, Fan J, Vince B, Li T, Gao W, Kinjo M, Brown J, Sun W, Jiang W, Lionberger R. Integrating in vitro, modeling, and in vivo approaches to investigate warfarin 

bioequivalence. 2017, in press.  

• Standard bioequivalence analysis could be done in Phoenix (Certara, 

Princeton, NJ).  

• Recently, population PBPK models have also been used to conduct 

bioequivalence analysis. 

https://www.fda.gov/ohrms/dockets/ac/03/briefing/3995B1_07_GFI-BioAvail-BioEquiv.pdf
https://www.fda.gov/ohrms/dockets/ac/03/briefing/3995B1_07_GFI-BioAvail-BioEquiv.pdf
https://www.fda.gov/ohrms/dockets/ac/03/briefing/3995B1_07_GFI-BioAvail-BioEquiv.pdf
https://www.fda.gov/ohrms/dockets/ac/03/briefing/3995B1_07_GFI-BioAvail-BioEquiv.pdf
https://www.fda.gov/ohrms/dockets/ac/03/briefing/3995B1_07_GFI-BioAvail-BioEquiv.pdf
https://www.fda.gov/ohrms/dockets/ac/03/briefing/3995B1_07_GFI-BioAvail-BioEquiv.pdf
https://www.fda.gov/ohrms/dockets/ac/03/briefing/3995B1_07_GFI-BioAvail-BioEquiv.pdf


  Performance assessment (Comparison of simulation results) 
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  Proposed PBPK model performance assessment procedure 
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1. Compare the simulated concentration-time profile visually 

2. Conduct regression analysis between initial model-predicted and re-coded 

model predicted results 

3. Calculate the MAPE value between model outputs 

4. Determine the Cmax ratio between models 

5. Calculate the AUC ratio between models 



  Software comparison with respect to implementation in risk assessment   
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acslX Berkeley Madonna 

R language 
MATLAB 

Extrapolation across exposure paradigms 

Extrapolation across species 

Population variability analysis 



  Software comparison with respect to implementation in risk assessment   
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  Software comparison with respect to implementation in risk assessment   
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• User-friendliness 

o Berkeley Madonna > acslX > R language = MATLAB 

• Simulation time 

• Graphical User Interface (GUI) 

o The exact time of each simulation depends on multiple factors, including the computer, software 

version, ODE solver, the integration time step, and the study duration. 

o In general, for a PBPK model for an average individual, one simulation is very fast (i.e., ~1 sec or a 

few sec) for all four programming tools. 

o For a population PBPK model, time matters a lot. For example, a Monte Carlo simulation with 1,000 

iterations takes ~1 h for the penicillin G model in Berkeley Madonna, but it could take up to ~20 h 

in RStudio (the exact time depends on multiple factors). 

o MATLAB and R Shiny 



  Software comparison with respect to implementation in risk assessment   
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The results on this slide have been presented as a poster in 2017 SOT meeting. The citation information is below. However, the full 

manuscript describing these results has not been published.    

Lin Z, Jaberi-Douraki M, Monteiro-Riviere NA, Riviere JE. Nano In-vitro Cellular Uptake Simulator (NICUS): A New Model 

to Quantitate Nanomaterial Endocytosis Kinetics and Intracellular Dose. The 56th Annual Meeting of Society of Toxicology. 
Baltimore, MD. The Toxicologist, 156, p. 303, #2281. (March 12-16, 2017) 



  Software comparison with respect to implementation in risk assessment   
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Time-

concentration 

curve in liver 

Show the time-

concentration 

curves or show 

the simulated 

data in Tables 

Choose 

physiological, 

chemical-specific 

or dosing-related 

parameters 

Time-

concentration 

curve in blood 

Time-concentration 

curve in kidney 

Time-concentration 

curve in rest of body 

Unpublished results from our group. 



  Comparison of a population PBPK model for penicillin G between R & BM 
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The Berkeley Madonna code of the population PBPK model of penicillin G in swine 

and cattle has been published recently. 

• Commonly used antibiotic  

• Used at extralabel doses  

• Predominant drug residue 

 In 2014, 306 samples were found with violative levels 

 of Penicillin G by USDA National Residue Program. 

 (22% of total violations in 2014)  

• Potential to cause severe allergic response 

Li M, Gehring R, Riviere JE, Lin Z. Development and application of a population physiologically based pharmacokinetic 

model for penicillin G in swine and cattle for food safety assessment. Food and Chemical Toxicology, 2017, 107:74-87.  

The objective of this project is to develop a population PBPK 

model to predict tissue residues and withdrawal periods of 

penicillin G in food-producing animals after extralabel use. 



  Comparison of a population PBPK model for penicillin G between R & BM 
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Li M, Gehring R, Riviere JE, Lin Z. Development and application of a population physiologically based pharmacokinetic 

model for penicillin G in swine and cattle for food safety assessment. Food and Chemical Toxicology, 2017, 107:74-87.  

Pharmacokinetic 

data sources for 

model calibration 

and evaluation 



  Comparison of a population PBPK model for penicillin G between R & BM 
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Li M, Gehring R, Riviere JE, Lin Z. Development and application of a population physiologically based pharmacokinetic 

model for penicillin G in swine and cattle for food safety assessment. Food and Chemical Toxicology, 2017, 107:74-87.  



  Comparison of a population PBPK model for penicillin G between R & BM 
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Li M, Gehring R, Riviere JE, Lin Z. Development and application of a population physiologically based pharmacokinetic 

model for penicillin G in swine and cattle for food safety assessment. Food and Chemical Toxicology, 2017, 107:74-87.  



  Comparison of a population PBPK model for penicillin G between R & BM 
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Li M, Gehring R, Riviere JE, Lin Z. Development and application of a population physiologically based pharmacokinetic 

model for penicillin G in swine and cattle for food safety assessment. Food and Chemical Toxicology, 2017, 107:74-87.  

Flowchart of this project 
Data sources 
• FARAD 

Model calibration 

Model evaluation 

Population model 

Model application 

If you are interested in how to 

develop a population PBPK 

model using Berkeley 

Madonna, Dr. Miao Li would be 

happy to do a webinar. 



  Comparison of a population PBPK model for penicillin G between R & BM 
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Unpublished results from our group. 

Berkeley Madonna (BM) R language BM vs. R 



  Future direction and overall suggestion 
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• Future direction 
o Training: PBPK Workshop offered by Dr. Raymond Yang at Colorado State University and ScitoVation, as well 

as the online PBPK modeling course at Kansas State University through K-State Global Campus 

o Education: graduate education programs focusing on PBPK and other related PK modeling 

o Sharing of the model codes 

o Collaboration between industrial, governmental, and academic institutions 

o The essence of systems biology (from Dr. Raymond Yang): to conduct toxicology experiments on a computer  

• Overall suggestion 

o If you only need to develop a PBPK model with common analyses, such as parameter optimization, sensitivity 

analysis, Monte Carlo simulation, Berkeley Madonna should be sufficient 

o If you need advanced analyses (e.g., MCMC) and GUI capability, you can use R or MATLAB 

o Here we are talking about the general programming platforms, if you have funds to support commercial 

software programs, that would be a different story. 
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