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Latest news (1st May 2021) 

 
PCModfit V7.0 with major updates from previous versions is now released. When PCModfit is opened there 

is now a check to óclean upô the numerous graphics and results files in the Results directory if desired (only 

if >100 is found). It is worth doing this regularly to save space and tidying up the Results directory to 

maintain a reasonable number of files. 

 
The Non-Compartmental Analysis module (NCA) has been extensively modified to calculate CL, Vss, Vd 

and MRT parameters in addition to the usual AUC values and t½ etc., with options for the user to define the 

concentration units, the dose and infusion time if relevant (the latter for calculation of MRT, CL etc.). The 

results are still shown in the NCA spreadsheet but now, they are also output to a detailed Excel file with 

descriptive stats. as well (timed and dated for a paper trail record) together with the points selected for t½ 

determination of each profile. At the end of a óRunô, the Excel file containing the results will be 

automatically saved (Results directory) and the user can open the file and inspect the values immediately. 

Pictures of the NCA plots with points selected for t½ estimates are still stored in the Results directory as 

NCA*.png files which can be copied or imported in to Microsoft® Word etc. 

 
The modelling option has been extensively updated (Sections 3.8 and 3.9. The setting up and the graphics 

(fitted line and data) are now all displayed in the óModellingô Excel® spreadsheet. For setting up the 

óControlô parameters, which was often a bit tricky, there is now a óKeywordsô button which helps with the 

required layout based on the Fitting Options selected in the spreadsheet (models, algorithm, weighting etc.). 

The graphics are of high quality (both linear and logarithmic plots are now on separate Charts within 

Excel®) and the number of points for the computed line can now be selected to ensure a representative line 

over extended time periods - useful for repeat dose fitting where the overall time can be quite long (up to 

10000 points maximum). 
 

There is additional help describing the models and parameters which are also shown in the spreadsheet (drop 

down boxes containing model numbers and what the models actually are and if user parameter starting 

estimates are required). The graphics files produced within Excel®, are now stored as * .png and not * .wmf 

files to improve the whole appearance (Fitplotlin*.png for Linear and Fitplotlog*.png for Logarithmic 

Charts). Users can now analyse up to 1000 data points per profile and up to 100 profiles in a single run 

(should the user be so lucky!). 
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When modelling is completed, all of the graphs can be viewed within the spreadsheet to aid the user in 

deciding if it was acceptable or otherwise. 

 
Mainly due to popular usage, the Superposition module (Section 3.5) has again been further updated by the 

author (now re-written in Fortran for speed) and also verified by two independent users in addition to many 

others who have tested it for accuracy and validity. In addition to being able to vary the dosing interval, 

users can still change each dose across the entire regimen as well (thanks to suggestions by Angus McLean, 

Ph.D., in the USA and Dr med. Christian de Mey from ACPS in Germany). 

 

There are still various plots of the Superposition results together with a selection for accuracy/time 

increments to dictate the number of points required for each run. Using the highest accuracy (0.001) which 

can take some time (transferring so many numbers into Excel®) although the Fortran module is much 

quicker for longer repeat dose regimens wherein; up to 100 doses can now be defined) there can be up to 

1,000,000 points generated which is getting close to the number that Excel® can handle without messing 

around too much. The author recommends a value of either 0.1 or 0.01 which is a very good compromise. 

 

Summary Superposition plots and values for parameters such as Cmin, Cmax and AUC are still output for each 

dose. There is also a Summary table within the spreadsheet indicating the accumulation values by comparing 

parameters from Dose 1 to the last Dose for a quick assessment. In addition (new to V7.0) the user can now 

manually override the estimated t½ value when required (sometimes useful for very sparse data but when the 

t½ is known) and can now add their own data points to the repeat dose plots very easily, if required, which is 

particularly good for showing pre-dose values at later time points within a repeat dosing regimen. 

 
The óTime aboveô a MIC has been extensively modified with more precision and parameters. There is now 

an option for different time values (often useful in Phase II studies) for each profile, whereas previous 

versions only allowed the same sampling times for all data sets. This version now allows up to 100 data 

points per profile and up to 100 data sets to be analysed in a single run. The graphics have also been 

improved with an increase in speed and visual appearance with all data lines now having the same thickness. 

 
The single and repeated dose simulators in V7.0 are similar to V6.9 but with the added additions of axis 

titles and legends to make the graphical presentations better. Concentrations at user defined time values are 

available in both simulators as there were several requests for this option. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Program PCModfit Copyright © GD Allen 1990-2021 

Original publication reference: GD Allen 'Modfit: a pharmacokinetics computer program' Biopharm. & Drug Disp., Vol. 

11, 477-498, 1990. 

Secure Website: https://www.pcmodfit.co.uk/  E-mail: grahamdallen111@btinternet.com 

  

https://www.pcmodfit.co.uk/
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1. Copyright notices (program, documentation etc.) 
 

 

PCModfit  
 

Technical Documentation, System Design and Equation Derivation and Programming: 

Created by Graham D. Allen 

 

Please read the manual carefully before using PCModfit. 

 

Information in this document is subject to change without notice. Companies, names and data used in examples are 

fictitious unless otherwise stated. 

 

All rights are reserved. No part of this publication, either the whole or any part of the program or documentation, may be 

reproduced, transmitted, transcribed, stored in a retrieval system or translated into any language or computer language in 

any form or by any means. These include electronic, mechanical, optical, chemical, manual or otherwise, for any purpose, 

without the prior express written permission of the author. 

 

GD Allen provides the program PCModfit and associated modules under the laws of copyright, and licences its use to the 

user. This licence means that, unless you have GD Allenôs permission to the contrary: you may use the downloaded 

program on a single computer, or move the program and use it on another computer, but you may not use the program on 

more than one computer at a time; you may make one copy only of the program for backup purposes. 

 

If the user/company wishes to use the program on several computers then each computer should use a fresh downloaded 

version from the PCModfit website. 

 

You may not make any copy of the documentation without prior permission from GD Allen. 

 

There is no charge for the program but small donations can be made on the Website (download page) to help maintain the 

program and documentation. 

 

Acknowledgement 

 

The picture of the óconfused modelling manô shown on the Webpages and in this documentation (front cover) should not 

be used without acknowledgement or reference to GD Allen and PCModfit. The talented artist who drew the original 

cartoon, at the request of GD Allen, was Ms E. Ginn (at that time) and her name has been retained on the amusing sketch 

ever since it was originally hand drawn in black ink (ca. 30 years ago!). 

 

Disclaimer 

 

No warranty is made with respect to the program, its quality or performance, its merchantability or fitness for any 

particular purpose. The program is provided óas isô. You, the user, assume responsibility for the selection of the program 

to achieve your intended results, and for installation, use and results obtained from the program. 

 

Copyrights 

 

PCModfit Copyright © 1990-2021 GD Allen. 

PCModfit Manual Copyright © 1990-2021 GD Allen. 

Equations and Coding © 1990-2021 GD Allen (all programming code rewritten since original publication). 

Website for PCModfit Copyright © 2017-2021 GD Allen. 

 

All trademarks and other proprietary rights are acknowledged, where known. 
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2. Brief overview 
 

PCModfit has several options open to the user and this section gives a brief overview of the facilities. 

Parameters and/or data are all entered through Excel® within a PCModfit spreadsheet. The spreadsheet ótabsô in 

PCModfit are shown below in Figure 1 which allows the user to select the appropriate option e.g., Modelling, 

Simulations, Superposition, NCA etc. when the Excel® PCModfit file is opened. Users must allow macros and 

Firewalls to run all modules (thoroughly tested for viruses using up-to-date software). The program runs under 

Microsoft® Windows® 7 and upwards with Office® 2013 onwards. Earlier versions of Windows® and Office® 

may be compatible but the user will just have to try it! The PCModfit website location, 

https://www.pcmodfit.co.uk/ has a download link for the installation file which will install the program in 

directory C:\PCModfit Vx.x\ which is the default option and required (x.x is the version number). Do not install 

it in any other directory as it will not work! There is a detailed manual, this document, for using the program 

which can also be downloaded separately. 

 

Figure 1: PCModfit available spreadsheet tabs. 

 

 
 

Briefly, drug concentration-time can be numerically analysed using a variety of models or simulations 

generated on a single or repeated dose basis (with different doses, parameters and dosing intervals). For fitting 

data, many of the models have parameter starting estimate routines available to save a significant amount of 

time. The available models and whether they include starting estimate routines together with many of the 

equations are detailed in later chapters and within each spreadsheet. 
 

In addition to óModellingô data and generating óSimulationsô, there are additional options for óDeconvolution 

Analysisô (Wagnerôs modification of the Loo-Riegelman method) requiring intravenous parameters. óTime and 

Exposureô above a user defined concentration (e.g., MIC) óSuperpositionô (major upgrades in V7.0 and V6.9) 

for repeated doses (when only a half-life is calculable) and a óStatsô spreadsheet which calculates arithmetic and 

geometric means and Confidence Intervals etc. for a quick estimate of these and other descriptive statistics. 
 

In V6.8 onwards, there is now a facility for conducting single dose and repeated dose simulations using 

differential equations which can be entered in the óDiff. Eqn. Simulator (SD or RD)ô tab. The program will 

parse the equations into the PCModfit code automatically from Excel® without having to re-compile the 

program. This step is very quick as the equations are Tokenised in high memory for repetitive access and rapid 

solution in real time. There are detailed instructions on the spreadsheet with further examples in Section 3.3.2 

of this manual and but does require the user to be comfortable with defining such differential equations from 

models. This option will also be made available for modelling repeat dose data (still  being worked on). 
 

There is a non-compartmental option (NCA) which has been completely revamped to generate those parameters 

which are commonly used in reports etc. all within the NCA PCModfit spreadsheet. The assignment of half-life 

is interactive to ensure that a visual plot in addition to the numbers generated, are representative of the data. 

This module has been tested independently and gives the same results as some commercial programs. The 

author would like to thank Angus McLean, Ph.D., from the USA and Dr med. Christian de Mey from ACPS in 

Germany, for their valuable suggestions and help with verification of some aspects of the program over the past 

year or so. 
 

The Excel® front-end has numerous lines of VBA code for ease of use but the main number crunching routines 

are written in 32-bit optimised Fortran compiler (FTN95 from Silverfrost; free version is available but not 

required for running) and modelling is surprisingly fast using computers with Intel i5 and i7 processors. As an 

example, 100 data sets for a 3-compartment infusion model were analysed on a computer with an i7 processor 

and the whole process took less than 3 seconds in real time including generation of starting estimates for the 6-

parameters followed by the complete minimisation procedure. 
 

Finally, the program is free to use but there is a facility on the Website Download page for making a donation 

to help the author to maintain the program and manual should the user feel generous! 

  

https://www.pcmodfit.co.uk/
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3. Available facilities (detailed) 
 

3.1 Non-compartmental analysis (NCA) 
 

The technique of NCA is certainly one of the most common approaches for calculating and then comparing and 

contrasting pharmacokinetic parameters from both clinical and non-clinical studies. Parameters such as a 

concentration maximum (Cmax) and various areas under curve (trapezoidal AUC as linear, logarithmic or linear 

up logarithmic down) in addition to half-life (t½) and AUMC (linear trapezoidal moment area) are the usual 

parameters and can easily be estimated using the program. In version 7.0 onwards, additional parameters such 

as CL, MRT, Vd and Vss are also calculated with all results displayed in an Excel® spreadsheet which is saved 

in directory /Results/ as NCA*.xls or .xlsx files, which opens automatically after the data set(s) are analysed, 

and in the NCA spreadsheet. The graphs are also stored in the /Results/ directory as NCA*.png files as a 

graphical record of the points chosen for t½ determination in addition to these points being listed in the NCA* 

Excel® results file. There are a couple of óGoô buttons to help moving around the spreadsheet more convenient. 

 

To setup a NCA run, the following example should help the user conduct such an analysis without too many 

problems. Although most of the following is obvious, it is probably worth taking the time to follow the example 

below, at least to begin with.  

 

Initially, in the spreadsheet there is an Options region (shown in Figure 2 below and Row 15 in the spreadsheet) 

and this should be populated before adding data, doses etc. Select the appropriate Checkboxes e.g., ót½ and 

AUC infinityô, óLast actual (usual)ô or óPredicted pointô and the concentration-time layout for the data. When 

the óData layoutô Checkboxes are activated, Row 74 will show yellow shaded cells to help with Dose entry and 

a dropdown ComboBox for the Dose units. The correct choice of óData layoutô is essential, otherwise the user 

could end up with wrong results! There are 2-options available as some studies require the same nominal time 

points across all profiles or, for many others, different time points are required for each profile (e.g., in clinical 

studies). Once the selections are chosen, the titles for both axes on the Chart(s) can be entered (Row 26/27 in 

the spreadsheet and in Figure 3 below) and these will be updated on all graphs at run-time. Once this is 

completed, click the óGoô button to move down to Row 72 to select the concentration units, infusion times (if 

relevant) and the doses/units in the yellow highlighted cells. 

 

Finally, the concentration-time data can be entered (either typed or copied from another source, Figure 4) 

together with a profile title for each data set which will be shown at run-time on the graph and in the results 

summary (an Excel® file which automatically opens) at the end of the analysis as a record. 

 

Note: deleting cell contents in the data region and pasting data is ok but donôt drag or move/remove cells as it 

will corrupt the spreadsheet! If a conc. value is absent, just leave the cell blank as shown in this example (96 h). 

 
Figure 2: Options for NCA. 

 

Area Options Select Select

t½ and AUC to infinity Data layout

Time, Conc., Conc., Conc. etc.

Oral profiles with lag time

Extrapolation to infinity Time, Conc., Time, Conc., etc.

Last actual point (usual)

Last predicted point Data entry (Row 72)

or

Go

 
 
Figure 3: Data layout options in Excel® NCA spreadsheet. 

 

Enter axis titles  Time (min) for X -axis 

(Graph updated at runtime) Conc. (µg/mL) for Y -axis 
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Figure 4: Data layout options in Excel® NCA spreadsheet. 

 

 
 

Time-Conc. Data Time Vol.1 Time Vol.2   

 0 0 0 0   

 1 1.26 1 0.623   

 2 2.02 2 1.18   

 3 2.54 3 1.44   

 4 4.09 4 2.72   

 4.25 4.77 4.25 2.27   

 4.5 4.29 4.5 2.25   

 5 2.76 5 1.44   

 5.5 1.54 5.5 1.19   

 6 1.27 6 1.1   

 7 0.87 7 0.786   

 8 0.99 8 0.733   

 10 0.639 10 0.506   

 12 1.05 12 0.465   

 24 0.43 24 0.201   

 36 0.376 36 0.12   

 48 0.355 48 0.0531   

 72 0.196 72 0.0213   

 96 0.124 96    

 

Once the data have been entered, click the óGoô button to return to the section of the spreadsheet for running the 

NCA module. In this example, the PCModfit óNCAô spreadsheet contains two separate profiles (for missing 

conc. values, if not sure then leave blank). To initiate the NCA, click the óRunô then óUpdateô in the sheet which 

will produce a layout similar to that shown in Figure 5. 
 

Figure 5: Points selected in the 1st profile for NCA.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The default is 3 points but if more points are required, then single click on the additional ones in the óCurrent 

Data Setô box which will highlight or deactivate; then click óUpdateô and óContinueô to produce Figure 6. 
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Figure 6: Points selected in the 1st profile for NCA  (note extra values chosen). 

 

 
 

 

 

 

 

If a further change is required, then select or deselect values in the óCurrent Data Setô box and single click the 

óUpdateô button followed by the óContinueô. 

 

If all is well, click óContinueô again and the next profile will be displayed. 

 

As the process continues, the parameter values will update, together with the picture in the NCA sheet 

reflecting the changes in tİ (with ɚz) and R2, for an estimate of fit, interactively. 

 

The final user accepted pictures from the NCA will be stored as NCA*.png files of high quality in directory 

C:\PCModfit Vx.x\Results\ (x.x being the version number) with names such as NCA08.png or NCA128.png 

with corresponding Excel® files (PCModfit V7.0 onwards) as a record (worth mentioning that these files will 

need cleaning up from time to time to stop so many files being produced).  

 

Once both profiles have been analysed, the sheet will display all of the results starting at Row 50 onwards and 

in the created Excel® file which will  automatically open at the end of the analysis. In this example, the results 

file will look very similar to the one shown in the following Figure 7. Itôs worth mentioning that the time and 

date is shown in the file together with the results and the points selected for t½ determination for each profile as 

a record of the usersô selections (useful as a paper trail). Obviously, for a single profile the descriptive statistics 

will be absent but the NCA results will still be shown. 
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Figure 7: Example NCA results in the created Excel file and the NCA spreadsheet. 

 

21/04/2021 15:43           

Results Profile Vol.1 Vol.2        

 AUC time range 0 to 96 0 to 72 Min. Max. Mean GMean Median SD CV 

Comments Tmax 4.25 4 4 4.25   4.125   

 Cmax 4.8 2.7 2.7 4.8 3.7 3.6 3.7 1.4 38.7 

(Usual) Lin AUCt 47.5 19.7 19.7 47.5 33.6 30.6 33.6 19.7 58.5 
 Log AUCt 46.5 19.2 19.2 46.5 32.8 29.9 32.8 19.3 58.7 
 Lin/Log AUCt 46.6 19.3 19.3 46.6 33.0 30.0 33.0 19.3 58.6 
 Lin AUMCt 1245.8 269.6 269.6 1245.8 757.7 579.6 757.7 690.2 91.1 
 Lin AUMCÐ 2030.0 311.3 311.3 2030.0 1170.6 794.9 1170.6 1215.3 103.8 
 ɚz 0.0223 0.0476 0.0223 0.0476 0.0349 0.0326 0.0349 0.0179 51.2 

(Ln(2) / ɚz) t½ 31.1 14.6 14.6 31.1 22.8 21.3 22.8 11.7 51.2 

(Usual) Lin AUCÐ 53.1 20.2 20.2 53.1 36.6 32.7 36.6 23.3 63.6 
 Log AUCÐ 52.0 19.6 19.6 52.0 35.8 32.0 35.8 22.9 63.9 
 Lin/Log AUCÐ 52.2 19.7 19.7 52.2 36.0 32.1 36.0 22.9 63.8 
 R² 0.914 0.987 0.914 0.987 0.950 0.950 0.950 0.052 5.4 
 No. pts. for t½ 6 4 4 6      

 No. pts. (total) 19 18 18 19      

 Intercept 1.0 0.6 0.6 1.0 0.8 0.8 0.8 0.3 32.5 

(Dose/AUCÐ) CL /F 37.7 99.2 37.7 99.2 68.4 61.1 68.4 43.5 63.6 

(AUMCÐ/AUCÐ) MRT 38.2 15.4 15.4 38.2 26.8 24.3 26.8 16.1 60.1 

(CL/ɚz) Vd /F 1691.2 2085.1 1691.2 2085.1 1888.2 1877.9 1888.2 278.5 14.8 

(CL x MRT) Vss /F 1440.8 1532.0 1440.8 1532.0 1486.4 1485.7 1486.4 64.5 4.3 

Concentration units µg/mL          

Infusion? No          

Dose units mg 2  2       

Time-Conc. Data Time Vol.1 Time Vol.2       

 0.0000 0.0000 0.0000 0.0000       

 1.0000 1.2600 1.0000 0.6230       

 2.0000 2.0200 2.0000 1.1800       

 3.0000 2.5400 3.0000 1.4400       

 4.0000 4.0900 4.0000 2.7200       

 4.2500 4.7700 4.2500 2.2700       

 4.5000 4.2900 4.5000 2.2500       

 5.0000 2.7600 5.0000 1.4400       

 5.5000 1.5400 5.5000 1.1900       

 6.0000 1.2700 6.0000 1.1000       

 7.0000 0.8700 7.0000 0.7860       

 8.0000 0.9900 8.0000 0.7330       

 10.0000 0.6390 10.0000 0.5060       

 12.0000 1.0500 12.0000 0.4650       

 24.0000 0.4300 24.0000 0.2010       

 36.0000 0.3760 36.0000 0.1200       

 48.0000 0.3550 48.0000 0.0531       

 72.0000 0.1960 72.0000 0.0213       

 96.0000 0.1240 96.0000        

 Actual and predicted points selected for half-life assignment(s)        

Profile title            

Vol.1 Time Conc.(actual) Conc.(pred.)        

 12 1.05 0.7515        

 24 0.43 0.5752        

 36 0.376 0.4403        

 48 0.355 0.3370        

 72 0.196 0.1974        

 96 0.124 0.1157        

Vol.2 Time Conc.(actual) Conc.(pred.)        

 24 0.201 0.1963        

 36 0.12 0.1109        

 48 0.0531 0.0627        

 72 0.0213 0.0200        
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3.2 NCA from V6.9 onwards (bolus intercept and handling zero values) 
 

PCModfit V6.9 and later versions will now display the Y-intercept value (C0) which can be useful in 

calculations and often assists with estimating bolus C0 values (at time 0) but for the terminal t½ of course, this 

would only be for the ɚz line. The correct method to use for a C0 estimate is very debatable as some people 

prefer to conduct modelling of a complete profile (unweighted) to extrapolate back to the Y-axis (can over 

estimate C0) and others who just use the first few points within NCA to achieve the desired result. Whichever 

method is selected, it will always be approximate and inspection of each individual profile should be examined 

to see if the C0 value generated, is reasonable. The data will usually dictate which method is most appropriate 

but in the authorôs experience, either approach can be used. Alternatively thinking, a bolus dose has a time 

delay before a ótrueô value of concentration can be established because, for example, if a human volunteer is 

dosed into a peripheral vein in the left arm, there will be a delay before levels of drug can be detected in the 

right arm. On this basis, one could argue that the model defining the dosing/distribution may be exhibiting an 

infusion situation (albeit very short) and perhaps a concentration at time zero is in fact zero. So now there are 3-

approaches, all of which are approximate and itôs left to the reader to decide which option is óbestô. 

 

As a simple example, the early part of a bolus profile is shown (Figure 8) and the intercept value estimated by 

NCA (using the 3-points) yielded a value of 99.902 which is close to the theoretical value of 100.0 for these 

data. The intercept will be shown on the NCA graph, in the results .txt file and in the spreadsheet results and 

can then be used to estimate AUC0-t and AUC0-Ð values for the complete profile by inserting the intercept 

concentration value at time zero (shown in blue). 

 
Figure 8: Bolus i.v. profile (first 3-points) to estimate C0 value 

 

Time Vol.1 

0 99.902 

0.05 96.22 

0.1 92.61 

0.2 85.91 

 

It is important to understand how zero values are handled by programs (often quite different) when for example, 

calculating AUC estimates for oral profiles. There has, and still is, debate on the correct approach. The 

approach used in PCModfit can be demonstrated using a specific example (Figure 9) but can be briefly 

described as follows: 

 

¶ Zero values at the end of a profile should not be used as the real value would be unknown and should be left 

blank or use a hyphen. 

¶ Zero values in the middle of a profile again should not be used, particularly if there are positive values either 

side of the zero. Leave the cell blank or use a hyphen. 

¶ At the beginning of a profile e.g., oral data, care needs to be taken as the wrong approach will yield incorrect 

values for AUC etc. The example data sets with their associated results, shown in Figure 9, should help to 

explain this in more detail. 

 

The same 5-data sets were used from 0.5 h to 10 h for simplicity but labelled Vol.1 to Vol.5 to help with the 

discussion. The concentration-time values used for half-life determinations were the same for all profiles and 

utilised the last 4 values for consistency. However, the zero values at the beginning of the profiles are shown 

differently to demonstrate how the program handles these data sets and what impact it has on the results. 

 

The AUC values for sets Vol.1, Vol.2 and Vol.3 are the same as would be expected and show the data layout 

using zero and - values for concentrations. For these, the first non-zero data point is at 0.25 h and all values 

before this time are either absent or zero so the AUC would be expected to be equal. For profiles Vol.4 and 

Vol.5 however, they both have zero values at time zero but no value at 0.25 h so the AUC will be calculated  

from time zero to 10 h. Both of these are equal but different from Vol.1 to Vol.3 due to the extra area calculated 

from time zero to 0.5 h. 
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So, in summary, Vol.1 to Vol.3 profiles all start contributing to the AUC from 0.25 h onwards but Vol.4 and 

Vol.5 start from zero, hence the increase in AUC for the latter two. At the end of Figure 9 there is a picture of a 

NCA plot, for information, to show the reader what one of the profiles looks like. 

 
Figure 9: Use of zero concentration values in oral dosing profiles. 

 

Results Profile Vol.1 Vol.2 Vol.3 Vol.4 Vol.5 
 AUC time range 0 to 10 0.25 to 10 0.25 to 10 0 to 10 0 to 10 
 Tmax 0.50 0.50 0.50 0.50 0.50 
 Cmax 510.00 510.00 510.00 510.00 510.00 
 Lin AUC  2907.75 2907.75 2907.75 2971.50 2971.50 
 Log AUC 2898.72 2898.72 2898.72 2962.47 2962.47 
 Lin/Log AUC  2898.72 2898.72 2898.72 2962.47 2962.47 
 Lin AUMC  12203.2 12203.2 12203.2 12962.0 12962.0 
 Lin AUMC Ð 244276.9 244276.9 244276.9 245035.7 245035.7 
 ɚz 0.0361 0.0361 0.0361 0.0361 0.0361 
 t½ 19.20 19.20 19.20 19.20 19.20 
 Lin AUC Ð 9063.02 9063.02 9063.02 9126.77 9126.77 
 Log AUCÐ 9053.99 9053.99 9053.99 9117.74 9117.74 
 Lin/Log AUC Ð 9053.99 9053.99 9053.99 9117.74 9117.74 
 R² 0.909 0.909 0.909 0.909 0.909 
 No. pts. for t½ 4 4 4 4 4 
 No. pts. (total) 9 8 8 8 8 

  Intercept 318.77 318.77 318.77 318.77 318.77 

Data Time Vol.1 Vol.2 Vol.3 Vol.4 Vol.5 
 0 0  - 0 0 
 0.25 0 0 0  - 
 0.5 510 510 510 510 510 
 1.0 510 510 510 510 510 
 2.0 380 380 380 380 380 
 4.0 283 283 283 283 283 
 6.0 246 246 246 246 246 
 8.0 241 241 241 241 241 
 10.0 224 224 224 224 224 

 

 
 

 

If the user has several profile results and would like further descriptive statistics, there is an additional 

spreadsheet in PCModfit titled óStatsô. This sheet will allow up to 15 different parameters (up to 50 of each) and 

after the values are entered (typed or pasted) the sheet will automatically update itself to produce further 

information such as geometric means etc. using log-transformed data together with CIôs (90 and 95 % intervals) 

such as the example output shown in Figure 10. 
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Figure 10: óStatsô spreadsheet containing data (left) and example output (right) . 

 

 

 

 

 

A more detailed example is shown in Figure 9 that includes different ways of how the program will calculate 

the AUC values when data have zero values during the early part of profiles. 

 

 

  

Data Set P1 P2 P3

1 914.9 35.40 1.53

2 44.1 18.92 1.26

3 905.6 28.61 1.72

4 390.8 14.56 0.783

5 60.3 36.13 1.58

6 1568.3 29.35 1.78

7 331.7 24.01 1.71

8 155.4 17.66 1.14

9 483.5 48.65 1.44

10 506.9

11 50.5 40.26 2.12

12 139.3

13 138.1 14.56 0.783

14 62.6

15 221.8

16 94.1

17 115.6

18 95.2

19 128.5

20 112.5

21 199.5

22 38.4

23

24

25

Untransformed results

n 22 11 11

Min 38.40 14.556 0.783

Max 1568.30 48.645 2.120

Median 138.70 28.605 1.530

SD 379.23 11.253 0.417

Mean 307.16 28.006 1.441

CV (%) 123.5 40.2 29.0

Log transformed results

Summary

Min. 38.40 14.56 0.78

Max. 1568.30 48.65 2.12

Med 138.70 28.61 1.53

SD (Arithmetic) 379.23 11.25 0.42

Mean (Arithmetic) 307.16 28.01 1.44

CV (%, Arithmetic) 123.5 40.18 28.98

Geom. Mean 176.37 25.94 1.38

Geom. SD 2.84 1.52 1.39

Geom. CV (%) 140.1 43.6 33.5

CI (90%) Lower 120.33 20.65 1.15

CI (90%) Upper 258.52 32.58 1.65

CI (95%) Lower 111.10 19.60 1.11

CI (95%) Upper 279.98 34.33 1.72

n 22 11 11

CI (90%) (120.33, 258.52)(20.65, 32.58) (1.15, 1.65)

CI (95%) (111.10, 279.98)(19.60, 34.33) (1.11, 1.72)
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3.3 Single Dose (SD) Simulator 
 

3.3.1 Using built in  explicit models 
 

The SD simulator allows for 10 regimens comprising different models, doses and parameters in a single run 

over a user defined time period. Select the óSD Simulatorô spreadsheet and enter the appropriate values. The 

models are shown in Row 24, Column N which includes intravenous, infusion and oral functions with the 

sequence of parameters that need to be entered into the sheet at Row 13 onwards. Other parameters that need 

user input are dose, model, infusion details if selected, and the profile time. For example, if the profile time is 

30 h and the number of points per plot is 30, then the concentrations generated (Row 25) will be every hour. If 

the number of points per plot is 60, then concentrations every 0.5 h will be produced. Ensure that the no of 

points per plot is a multiple of the simulation time or some erroneous values may be generated. User specific 

time points are now permitted from V7.0 onwards and explained within the spreadsheet. 
 

As a specific example (Figure 11 for input and output values and Figure 12 for graphics) a simulation was 

conducted for 4-different regimens using dissimilar parameters, doses and models (4x 1-compartment oral, one 

with a lag-time). If a model is chosen has a lag-time and it is omitted, the program will assume a lag-time of 

zero as shown in Figure 11. After entering the parameters and clicking the óRunô button, the picture in the 

spreadsheet (containing the 4-profiles) will update automatically at the end of the run and a high-quality graphic 

file will appear in directory C:\PCModfit Vx.x\Results\ with names like SDSim3.PNG or SDSim156.PNG 

which can be used in other documents. 

 

Figure 11: Example SD simulation input/output (4 profiles, 1-compt oral, 1 with lag-time) 

 

Model 
 

User selections 

 
Concentration 

output 

 
Etc. 

 
  

7 1-compartment p.o. with or without lag-time (V, ka, k10, lag)

No. pts./plot 60

No. Simulations 4

Profile time 30

Simul. No. 1 2 3 4

Dose 1000 900 1100 800

Model 7 7 7 7

Inftime

Infrate

Bol. Dose

Param. 1 100.00 80.00 75.00 70.00

Param. 2 0.5 0.45 0.52 0.5

Param. 3 0.20 0.18 0.19 0.22

Param. 4 5

Run

Time 1 2 3 4

0 0.000 0.000 0.000 0.000

0.5 2.1006 0.0000 3.1968 2.3884

1 3.5367 0.0000 5.3719 3.9998

1.5 4.4742 0.0000 6.7856 5.0318

2 5.0407 0.0000 7.6361 5.6359

2.5 5.3338 0.0000 8.0739 5.9274

3 5.4280 0.0000 8.2134 5.9943

3.5 5.3802 0.0000 8.1408 5.9028

4 5.2332 0.0000 7.9210 5.7030

4.5 5.0195 0.0000 7.6025 5.4322

5 4.7632 0.0000 7.2215 5.1181

5.5 4.4824 2.1640 6.8044 4.7810

6 4.1901 3.7058 6.3709 4.4357

6.5 3.8960 4.7667 5.9346 4.0925

7 3.6067 5.4582 5.5056 3.7589

7.5 3.3269 5.8683 5.0906 3.4394

8 3.0597 6.0658 4.6940 3.1373

29.5 0.0457 0.2276 0.0850 0.0310

30 0.0413 0.2080 0.0773 0.0278
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Figure 12: Example SD simulation graphic output from Figure 11 data 

 

 
 

As a further example (Figure 13 for input and output values and Figure 14 for graphics) a simulation was 

conducted for 4-different infusion regimens (3-compartment model) using the same parameters and doses but 

with different infusion times (dose = Rate x Infusion time). After entering the parameters and infusion 

information and clicking the óRunô button, the picture in the spreadsheet (containing the 4-profiles) will update 

automatically at the end of the run and a high-quality graphic file will be produced in directory C:\PCModfit 

Vx.x\Results\ (x.x being the version number) with names such as SDSim3.PNG or SDSim156.PNG which can 

be used in other documents. 

 
Figure 13: Example SD simulation (4 profiles, 3-compt infusions over 5 to 20 h) 

 

Model  

User selections 
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Concentration 

output 

 
Etc. 

 
 

 
Figure 14: Example SD simulation graphic output from Figure 13 data 

 

 
 

An additional note: in both SD and RD simulation spreadsheets (under the list of models) there is a facility for 

calculating ɚn values together with their respective half-lives from the ki,j values as shown in the examples 

below. If the user enters the ki,j values into the cells (blue characters) in the PCModfit spreadsheet (example 

shown in Figure 15) then the ɚ values will automatically update (red characters). 

 
Figure 15: Calculator for getting ɚn values from k12. k21 etc. values 

 

Useful parameters: enter k values (blue) to calculate ˂ values (red) automatically     

Compts. k10 k12 k21 l1 l2 t1/2 l1 t1/2 l2     

2 1.00000 0.50000 0.10000 1.5348 0.0652 0.45 10.64     

3 k10 k12 k21 k13 k31 l1 l2 l3 t1/2 l1 t1/2 l2 t1/2 l3 

 0.50 1.00 0.20 0.10 0.05 1.73340 0.08098 0.03562 0.400 8.559 19.460 
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3.3.2 User defined óDifferential Equationô models (SD simulations) 
 

There are often times when models cannot, or they would be very difficult to solve algebraically and, in these 

situations, it is much simpler to set up a series of differential equations and let the program do the hard work to 

solve them. With this in mind, PCModfit V7.0 now has a facility for conducting single dose simulations using 

differential equations which can be entered in the óDiff. Eqn. Simulator (SD)ô tab. 
 

The program will parse the user entered equations into the PCModfit code automatically from Excel® without 

having to re-compile the program. This step is very quick even though the code is highly complicated as the 

typed in equations are essentially Tokenised in high memory at the start of the process for later repetitive access 

and rapid solution in real time. 

 

There are detailed instructions on the spreadsheet with further examples in Section 6 of this manual and but 

does require the user to be comfortable with defining such differential equations from models. The author is 

currently working on a repeat dose differential equation simulator (about 75% complete) which should 

hopefully be available in the next couple of versions. This option will also be made available for modelling 

single and repeat dose data using differential equations which is currently being coded. 
 

On the óDiff. Eqn. Simulator (SD)ô spreadsheet (starting on Column U) there are examples of how to set up a 

desired model showing the user what parameters are required. These include an accuracy level, equations, 

model parameters, volumes, doses (or infusions) and amounts in each compartment at time zero; a necessary 

requirement. 

 

As a specific example, a 3-compartment single dose infusion model was defined (pictorially represented in 

Figure 16) and analysed using the differential equation simulator. The data shown in Figure 17 indicates the 3 

equations and the other required parameters. Please donôt change any of the blue cells but just enter the required 

numbers in those marked black. 

 

The figure below shows the rate parameters (p1 to p5) and the labelling of the 3-compartments for information 

so the reader can relate these to the spreadsheet in Figure 16. 

 

Specifically, p1 is k12, p2 is k21, p3 is k13, p4 is k31 and p5 is k10 where the ki,j parameters are ones often quoted in 

the literature. T is the infusion time and the cn values correspond to the amount of drug in each of the 

compartments at time t. 

 
Figure 16: Pictorial example of a 3-compartment infusion model 
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The data shown in Figure 17 sets up the required variables (and constants) for a 3-compartment infusion 

simulation. The 3-equations are shown together with the 5-parameters and the compartmental volumes. 

Assuming the volume of compartment 1 is known (V1) the volumes for the other two can be calculated as V2 = 

V1 x k12/k21 and V3 = V1 x k13/k31. For the profile time, a value of 24 h was required and the No. of points set at 

24. This generated concentrations every hour but if the No. of points were set at 48 (a multiple of the time; 

recommended) then concentrations every 0.5 h would have been produced. The output of the simulation is 

initiated by clicking the óRunô button and the results for each compartment appear in Row 60 onwards; for this 

example, the results are shown in Figure 18. 
 

Figure 17: Example setup using a 3-compartment infusion model 

 

 
 
Figure 18: Output from  a 3-compartment infusion model simulation 
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In addition to the numerical output, the graph in the spreadsheet is automatically updated and can be copied or edited into 

other documents. The graphical output for the infusion simulation is shown in Figure 19 for information. 
 

Note: the concentration axis has a minimum value of 0.001 which corresponds to the value that is user defined prior to 

running (Row 26) where it says ñSet a minimum for concentrationsò. If this value is set too low, the y-axis may look odd! 

The accuracy for the numerical integration is normally 1.0E-06 which seems to work well. 
 

Figure 19: Graphics output from a 3-compartment infusion model simulation 

 

 
 

When the óRunô button is clicked, a Window will appear which allows the user to change certain parameters 

(shown in Figure 20). Note that the equations have been parsed ok from Excel® and the parameters are correct. 

The 3-compartment infusion simulation on an i7 computer only took 0.02 seconds so it seems very quick! 
 

Figure 20: Run time Window displaying the userôs equations and variables 
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3.4 Repeat Dose (RD) Simulator 
 

3.4.1 Using built in explicit models 
 

The repeat dose simulator will allow dosing regimens comprising different models, doses, dosing intervals and 

parameters in any sequence and permits up to 10 simulations, each with up to 200 doses, in a single run over a 

user defined time period. For simulating repeat dose profiles, select the spreadsheet labelled óRD Simulatorô 

and enter the appropriate values. Obviously, there will be more variables to enter the spreadsheet than for SD 

simulations as additional parameters will be required. User specific time points are now permitted from V7.0 

onwards and explained within the spreadsheet. 
 

The models are shown in Row 7, Column K which currently covers multi-compartment intravenous, infusion 

and oral functions with the sequence of parameters that need to be entered into the sheet at Row 33 onwards. If 

more than one RD simulation is required, all of the parameter information will have to be entered for each 

óSubjectô number starting at Row 24, Column A. The parameters and doses etc. need to be specified for each 

dose as the simulator allows for different possibilities. The variables that need user input are dose, dosing 

interval, model with parameters, infusion details if selected, and the overall profile time. For example, if the 

profile time is 240 h and the number of points per plot is 240, then the concentrations generated (Row 224) will 

be every hour. If the number of points per plot is 480, then concentrations every 0.5 h will be produced. Ensure 

that the no of points per plot is the same for each Subject and a multiple of the simulation time or some 

erroneous values may be generated. 
 

As a specific example (Figure 21 for input, Figure 22) for output values and Figure 23 for graphics) a 

simulation was conducted for 2 Subjects using dissimilar doses and dosing intervals (1-compartment oral). 

After entering the parameters and clicking the óRunô button, the picture in the spreadsheet (containing the 2-

profiles) will automatically update and a high-quality graphic file produced in directory C:\PCModfit 

Vx.x\Results\ (x.x being the version number) with names such as RDSim9.PNG or SDSim125.PNG which can 

be used in other documents. 
 

Figure 21: Simulation RD (10 doses 1-compt oral) 2 Subjects: 1 same dose and different dose. 

 

Model 7, 1-compartment oral 

Subject 1 

 
Subject 2 

 
 

  

No. pts./plot 240

No. Subjects 2

No. Doses 10

Profile time 240

Dose No. 1 2 3 4 5 6 7 8 9 10

Dose 20000 20000 20000 20000 20000 20000 20000 20000 20000 20000

Interval 0 24 24 24 24 24 24 24 24 24

Model 7 7 7 7 7 7 7 7 7 7

Inftime

Infrate

Bol. Dose

Param. 1 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Param. 2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Param. 3 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881

No. Doses 10

Profile time 240

Dose No. 1 2 3 4 5 6 7 8 9 10

Dose 20000 10000 20000 10000 20000 10000 20000 10000 20000 10000

Interval 0 24 24 24 24 24 24 24 24 24

Model 7 7 7 7 7 7 7 7 7 7

Inftime

Infrate

Bol. Dose

Param. 1 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200

Param. 2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Param. 3 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881 0.028881
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Figure 22: Example RD simulation concentration output  

 

 
Etc. 

 
 

 
Figure 23: Example RD simulation graphic output  

 

 
 

A slightly more complicated simulation is included here to help the user with their own predictions. In this 

particular example, showing a 2-compartment model, an initial bolus and infusion dose is followed by several 

oral doses at different dosing intervals. The parameters used in this run are shown in Figure 24 for input, Figure 

25 for output and Figure 26 for graphics. The simulation was conducted for 2 Subjects using the same regimen 

but half the dose throughout (just to demonstrate the layout). After entering the parameters and clicking the 

óRunô button, the picture in the spreadsheet (containing the 2-profiles) will automatically update and a high-

quality graphic file produced in directory C:\PCModfit Vx.x\Results\ (x.x being the version number) with 

names such as RDSim9.PNG or RDSim125.PNG which can be used in other documents. 

 

Time Subject 1 Time Subject 2

0 0.0000 0 0

1 6.4563 1 6.4562844

2 10.1884 2 10.188421

3 12.2735 3 12.273511

4 13.3647 4 13.3647

5 13.8580 5 13.857997

6 13.9935 6 13.993451

7 13.9165 7 13.916525

8 13.7153 8 13.715311

9 13.4431 9 13.443115

10 13.1321 10 13.132138

11 12.8018 11 12.801794

12 12.4637 12 12.463738

13 12.1249 13 12.124924

14 11.7895 14 11.789457

15 11.4597 15 11.459722

235 20.4151 235 13.6103

236 19.8344 236 13.2231

237 19.2700 237 12.8468

238 18.7216 238 12.4811

239 18.1888 239 12.1259

240 17.6710 240 11.7807
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Figure 24: Simulation (2-compt. model; bolus+infusion then oral) for 2 Subjects (input) . 

 

2-compartment model, bolus + infusion followed by various oral doses (V1 for oral slightly higher i.e. 120) 

Subject 1 

 
Subject 2 

 
 

 
Figure 25: Simulation (2-compt. model; bolus+infusion then oral) for 2 Subjects (output). 

 

 
Etc. 

 
  

No. pts./plot 240

No. Subjects 2

No. Doses 10

Profile time 240

Dose No. 1 2 3 4 5 6 7 8 9 10

Dose 0 20000 20000 20000 20000 20000 20000 20000 20000 20000

Interval 0 24 24 24 24 24 24 24 24 24

Model 5 8 8 8 8 8 8 8 8 8

Inftime 5

Infrate 5000

Bol. Dose 5000

Param. 1 100 120 120 120 120 120 120 120 120 120

Param. 2 0.49307 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000

Param. 3 0.08201 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307

Param. 4 0.18871 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201

Param. 5 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871

No. Doses 10

Profile time 240

Dose No. 1 2 3 4 5 6 7 8 9 10

Dose 0 10000 10000 10000 10000 10000 10000 10000 10000 10000

Interval 0 24 24 24 24 24 24 24 24 24

Model 5 8 8 8 8 8 8 8 8 8

Inftime 5

Infrate 2500

Bol. Dose 2500

Param. 1 100 120 120 120 120 120 120 120 120 120

Param. 2 0.49307 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000 0.50000

Param. 3 0.08201 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307 0.49307

Param. 4 0.18871 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201 0.08201

Param. 5 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871 0.18871

Time Subject 1 Time Subject 2

0 50.0000 0 25

1 62.4062 1 31.203114

2 70.3755 2 35.187761

3 76.1915 3 38.095757

4 80.9414 4 40.470712

5 85.1433 5 42.571653

6 52.5572 6 26.278581

7 36.8072 7 18.403617

8 29.0715 8 14.535763

9 25.1532 9 12.576625

10 23.0559 10 11.527931

11 21.8295 11 10.914748

12 21.0222 12 10.511097

233 26.2576 233 13.1288

234 25.6941 234 12.8471

235 25.1509 235 12.5755

236 24.6242 236 12.3121

237 24.1116 237 12.0558

238 23.6115 238 11.8057

239 23.1229 239 11.5614

240 22.6451 240 11.3225
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Figure 26: Simulation (2-compt. model; bolus+infusion then oral) for 2 Subjects (output graphics)  

 

 
 

 

A more complex simulation was conducted, to further verify the validity of the óRD Simulatorô using published 

data+, which described therein; a very good example of an IVIVC convolution application in drug dissolution 

for the drug diltiazem. One of the primary advantages of using the convolution approach, as described in the 

reference, is that it does not require data from an in vivo study of the test product, and is in fact product 

independent. In this particular example, based on a single exponential decline model (1-compartment, Model 1) 

the parameters used for the simulation over a 24 h period, were, Vd = 371 L and t½ = 3.2 h (ɚz = 0.217 h-1) with 

F = 0.44 for bioavailability adjustment of results. The equivalent doses cited in the reference were adjusted to 

ng and the Vd to mL, to ensure the final concentrations produced in the simulation were the same i.e., ng/mL. 

The óRD Simulatorô spreadsheet layout for this example is shown in Figure 27 below (Row 22 onwards) for 

information. Note that the 1st dose equivalent is zero to allow for the 1st Dissolution Sampling Time of 0.08 h. 

In addition, note that this example contains different doses and dosing intervals across the entire 24 h period. 

 
Figure 27: Repeat dose simulation spreadsheet layout using a IVIVC publi cation example 

 

Enter titles No. pts./plot 2400    

(in yellow) No. Subjects 1          

Diltiazem No. Doses 10          

 Profile time 24          

 Dose No. 1 2 3 4 5 6 7 8 9 10 
 Dose 0 1658800 2142800 1936000 5249200 5596800 3555200 5095200 1592800 558800 
 Interval  0 0.080 0.090 0.080 0.250 0.250 0.250 0.500 0.500 1.000 
 Model 1 1 1 1 1 1 1 1 1 1 
 Inftime            

 Infrate            

 Bol. Dose           

 Param. 1 371000 371000 371000 371000 371000 371000 371000 371000 371000 371000 
 Param. 2 0.217000 0.217000 0.217000 0.217000 0.217000 0.217000 0.217000 0.217000 0.217000 0.217000 

 

 
+ óIn Vitro-In Vivo Correlation (IVIVC) and Determining Drug Concentrations in Blood from Dissolution Testing ï A 

Simple and Practical Approachô, Saeed A. Qureshi, The Open Drug Delivery Journal, 2010, 4, 38-47. 
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The results from the simulation, were identical to those shown in the publication. As the requested number of 

points chosen was 2400, mainly to capture all time points shown in the reference, the graphical output 

demonstrated a typical ósaw-toothedô plot (Figure 28) as would be expected using a bolus 1-exponential model. 

The time values requested in the óRunô (set in Col W, Row 225) were set to match those in the publication and 

the generated concentration values are shown below which concur very closely to those in the original paper. 

These values were also plotted to directly compare these simulated results with the published ones as a plot, 

also shown in Figure 28 (lower). 

 

Overall, the simulation results were identical to those in the aforementioned publication thus further 

demonstrating the validity of the PCModfit repeat dose simulator for use in drug predictions. The data that was 

generated from this simulation were also modelled, shown in Section 3.9.18, and the results were identical. 

 
Figure 28: Numerical results and plots of the simulated diltiazem data 

 

Enter user 
 

time values Diltiazem 

0.000 0.000 

0.080 4.471 

0.170 10.160 

0.250 15.204 

0.500 28.550 

0.750 42.128 

1.000 49.486 

1.500 58.132 

2.000 56.448 

3.000 46.943 

4.000 37.786 

5.000 30.415 

6.000 24.482 

7.000 19.706 

8.000 15.862 

9.000 12.768 

10.000 10.277 

11.000 8.272 

12.000 6.659 

13.000 5.360 

14.000 4.314 

15.000 3.473 

16.000 2.795 

17.000 2.250 

18.000 1.811 

19.000 1.458 

20.000 1.173 

21.000 0.945 

22.000 0.760 

23.000 0.612 

24.000 0.493 
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3.4.2 User defined óDifferential Equationô models (RD simulations) 

 

This option for RD simulations will allow users to create dosing regimens with their own differential equations. 

The module allows for different models, doses, intervals and changes in variables in any sequence within a 

single run (up to 200 doses and up to 5000 data points) over a user defined time period. For simulating repeat 

dose profiles, select the spreadsheet labelled óDiff. Eqn. Simulator (RD)ô and follow the instructions. There are 

more variables to enter in the spreadsheet than required for single doses as additional parameters such as dosing 

intervals, number of doses, models etc. will be required. Users not conversant with creating differential 

equations in PK may find it useful to read Appendix 6 where an example is shown. 

 

As a specific example, consider a dosing regimen where a drug is to be administered as a bolus + infusion and 

then a series of oral maintenance doses with different doses and intervals. Hopefully, the following information 

will be sufficient to help the user to set up a regimen for a successful simulation. The symbols in the equations 

used by PCModfit for this example are depicted in Figure 29. 

 

As the first dose will be a bolus, the model schematic (shown in Figure 30) and the equations that the program 

will need are listed in Figure 31. 

 
Figure 29: Symbols used in the 2-compartment model equations (bolus, infusion and oral) 

 

Symbols (PCModfit eqns.) Parameter Meaning 

p1 k12  Transfer rate of drug from Compt. 1 to 2 

p2 k21  Transfer rate of drug from Compt. 2 to 1 

p3 k10  Transfer rate of drug from Compt. 1 to Waste 

p4 ka  Absorption rate (Compt. 3 to Compt. 1) 

c1 A1  Amount in Compt. 1 at time zero (bolus dose) 

c2 A2  Amount in Compt. 2 at time zero 

c3 A3  Amount in Compt. 3 at time zero (oral dose) 

D D  Dose (infusions only) 

T T  Infusion time 

D/T Rate (k0)  Must be used in infusion models (see Figure 33) 

 
Figure 30: Pictorial example of a 2-compartment bolus model 

 

 
 

Figure 31: Equations for a 2-compartment bolus model 

 
Compartment Equation 

c1 (blood) -c1*p1-c1*p3+p2*c2 

c2 (tissue) p1*c1-p2*c2 

 

The amounts of drug in Compt. 1 (c1) and Compt. 2 (c2) at zero time (c0 values in the spreadsheet, Row 101 

onwards) will be the Dose and zero, respectively. 
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For the infusion model (pictured in Figure 32) the equations are similar to the bolus but with the added term of 

rate (D/T) for Compt. 1 (Figure 33) and for such models should always be defined. 
 

Figure 32: Pictorial example of a 2-compartment infusion model 

 

 
 
Figure 33: Equations for a 2-compartment infusion model 

 
Compartment Equation 

c1 (blood) D/T-c1*p1-c1*p3+p2*c2 

c2 (tissue) p1*c1-p2*c2 

 

The amounts of drug in Compt. 1 (c1) and Compt. 2 (c2) at zero time (c0 values in the spreadsheet, Row 101 

onwards) will both be zero. 
 

For the oral model (pictured in Figure 34) the equations are different to the bolus and infusion models due to 

the addition of Compt. 3 (the gut) and hence the added term of absorption rate (ka) (Figure 35) will need to be 

defined in the equations. 

 
Figure 34: Pictorial example of a 2-compartment oral model 

 

 
 
Figure 35: Equations for a 2-compartment oral model 

 
Compartment Equation 

c1 (blood) c3*p4-c1*p1-c1*p3+p2*c2 

c2 (tissue) p1*c1-p2*c2 

c3 (gut) -p4*c3 

 

The amount of drug in Compt. 1 (c1) and Compt. 2 (c2) at time zero will both be zero. However, for compt. 3 

(the gut) the value at time zero will be the oral dose.  

 

How does the user set up a simulation using the program such as the one described? 

 

First step 
 

The cells in the spreadsheet with blue characters should not be moved or changed as the program may end up 

generating numbers that are completely meaningless! For the simulation, specifically, in the óDiff. Eqn. 

Simulator (RD)ô spreadsheet, Row 16 onwards (in this case) needs to be populated with the numbers of 

equations, compartments, parameters and actual equations for the simulation. 
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For this example, Model 1 is the bolus dose, Model 2 is the infusion and finally, Model 3 is the oral model. A 

screen clip from the spreadsheet is shown in Figure 36 to demonstrate this, with the appropriate data included. 

At the top of the spreadsheet there is an óExamplesô button which will display  

several equations that can be copied into the appropriate cells to make things easier. The user may add their 

own equations if required in Row 21 onwards as shown in Figure 36, below. 
 

Figure 36: Spreadsheet information required for Step 1 of the simulation 

 

 
 

Second step 
 

Slightly further down the spreadsheet (Row 46 onwards) other information needs to be supplied (screen clip 

shown in Figure 37). The óMinimum value for the logarithmic plotô (Row 46) and the óAccuracyô (Row 48) 

should be entered and the numbers shown for each is a guide for the user. These values can be modified if 

required, although these settings seem to work well for most simulations. Hopefully, the remainder of Step 2 is 

self-explanatory and should be adapted for the required regimen. 
 

Note that the óNo. pts.ô (Row 53) must be a multiple (or fraction multiple) of the óProfile timeô (and vice-versa). 

For instance, if the profile time is 100 h, then the number of points can take values of 25, 50, 100, 200, 1000 

etc. depending on the concentration-time values required (100 points would calculate values every hour). Also, 

regarding the number of points, although the maximum is 5000, bear in mind that it will  take longer to generate 

these particularly if there are numerous doses and equations. Numerical integration can be a fairly complex 

process and sometimes fussy with respect to accuracy but 1.0E-07 seems to be ok in most situations. For this 

particular example, using a computer with an i7 processor, the ónumber crunchingô procedure only took 2.4 

seconds to complete the simulation. 
 

Figure 37: Screen clip from spreadsheet detailing some values for the current simulation 

 

 
 

To move around the spreadsheet more easily, there are óPreviousô and óNextô buttons at various places to avoid 

having to scroll the sheet to make life easier. 
 

Third  step 
 

The next set of values to enter are the actual parameter values from Row 72 onwards. For this example, there 

are 3-parameters for Models 1 and 2 (p1, p2 and p3) with an additional one for Model 3 where the absorption 

rate (p4 ſ ka) is added (p1, p2, p3 and p4). These parameters should be entered for each dose and can be 

different for each one, if required, to increase flexibility.  
 






































































































































































