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INTRODUCTION 

Tox-Comp.net is a science driven software specializing in IN VITRO ɀ IN VIVO EXTRAPOLATION of the cardiotoxic effect. The system uses a virtual  

population generator to account for inter-individual variability. The platform is freely available under the GNU-GPL license either as a local or internet based 

system (accessible via web browser). Its user-friendly interface allows for easy manipulation, beginning from setting up the parameters, data handling, and 

starting the simulation through to outputting  the results. All elements of the Tox-Comp.net system are based on scientifically proven and published concepts 

although the manual contains only a how-to part without  in depth meritorious explanations. All details can be easily found at the project web portal (www .tox-

portal.net) and in the published publications (for  full list please see http ://www.tox-portal.net/page-publications.html). 

 

SYSTEM REQUIREMENTS 

Å any 32- or 64-bits operating system 

Å any web browser 

Å Java Virtual Machine (download for free from http ://www.java.com ) 

Å JavaFX (download for free from http ://javafx.com) 

 

PLATFORM ACTION SCHEME 

The Tox-Comp.net action scheme presented below shows the general idea of the platform structure and function. 

 

DOCUMENT CONSTRUCTION 

The main assumption lying behind the manual preparation is to provide information as practical as possible. We focused on showing how and what to 

click to obtain requested simulation results. 

 

TEAM & CONTACT 

The research was done by the Computational Toxicology Group (http ://www.tox-portal.net/page-people.html) members under the lead of Dr Sebastian 

Polak (spolak@cm-uj.krakow.pl), Faculty of Pharmacy, Jagiellonian University Medical College, Medyczna 9 Street, 30-688 Krakow, Poland (tel. 0048126205517). 

Project financed by the          Polish National Center for Research and Development LIDER project number LIDER/02/187/L-1/09.  
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*external module ɀ not a part of Tox-Comp.net system; - - - - future features 
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TEAM 

Head of the Group 

Dr Sebastian Polak 

Group Members 

Dr Aleksander Mendyk 

Dr Barbara WiĢniowska 

Kamil FIjorek 

Anna Glinka 

-ÁčÇÏÒÚÁÔÁ +ÏÚčÏ×ÓËÁ 

Mičosz Polak ɀ Java code engineer 

For more information please go to  

 

http ://tox-portal.net/page-people.html  

 

REFERENCES 

For full list of references please go to http ://tox-portal.net/page-publications.html.  

 

LICENSING 

Tox-Comp.net is distributed under the GNU  GPL v3 license which means it goes as it  is without  any warranty. 

 

HOW TO START 

The newest version of the Tox-Comp.net system is available on-line. The system is distributed under the GNU GPL license and is freely available although 

for security reasons an active account is needed to run the simulations. To register please go to  http ://www.tox-portal.net. After the registration the system 

administrator has to activate the account. After the activation an e-mail is generated and sent. You can now use your credentials to login. To start please 

navigate to http ://www.tox-portal.net log-in (available after registration) and choose the ToxComp button . 
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WELCOME SCREEN ɀ FIRST STEPS 

The screen shot below presents the welcome screen of the Tox-Comp.net system. The menu buttons are described in the details. 

The projects saving/opening option will be offered 
here. Currently user can choose new project option 
to delete all changes made and come back to the 
default, starting seetings. 
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All messages given by the platform can be viewed 
and examined here in the log area. 
 
You can either save or clear the log at any time. 



The parameters tab allows you to quickly 
navigate through the available screens and their 
options: 
- ionic channels, 
- drug ɀ physiology, 
- drug concentration, 
- genetics 
- cardiomyocytes, 
- populations, 
- settings. 

WELCOME SCREEN ɀ FIRST STEPS 

The screen shot below presents the welcome screen of the Tox-Comp.net system. The menu buttons are described in the details. 
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The help section contains licensing information 
and FAQ. Manual is available as a link to the 
downloadable version. 
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WELCOME SCREEN ɀ FIRST STEPS 

The screen shot below presents the welcome screen of the Tox-Comp.net system. The menu buttons are described in the details. 
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Press the buttons to switch between the various 
ionic current options available. 

IONIC CHANNELS ɀ DATA INPUT 

To run a simulation you have to provide some information and set up the model's parameters. The first group of information covers  drug dependent ionic 

channels inhibition. Press the ionic channels button . By default the system puts focus on IKr current. There are five ionic currents you can modify based on your 

      in vitro / in silico data (user input). For the hERG channel there is a 

      built-in QSAR model provided which allows for the inhibition 

      prediction based on the chemical structure and in vitro studies' 

      settings (predict input). 

Upload your structure (.sdf or .mol files) to 
automatically calculate phys-chem descriptors 
needed for IKr and IKs currents inhibition 
prediction. 
Calculators utilze Chemaxon technologies. 
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Remember to press the save data button . If the 
data provided is correct you should see a system 
message (data saved) and plotted  graph. 
 
Confirmation is also given in the log area. 

The described option 
is available for all 
other ionic currents 

IONIC CHANNELS ɀ DATA INPUT ɀ IKr ɀ USER INPUT ɀ IC50 

To provide Hill equation parameters describing hERG inhibition simply follow the path: IKr -> user input -> choose between model (HEK/CHO/XO available) 

and temperature (room/physiological) -> IC50 (default option) and write down IC50 ɍЎ-Ɏ and n in the text  boxes. IMPORTANT ɀ to let the system know that you

      are planning to use this option you have to press SAVE DATA    

      button . After that the system draws a graph describing the Hill

      equation for given parameters. 

Hill equation 
parameters. 
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Remember to press the save data button . If the 
data provided is correct you should see a system 
message (data saved) and plotted  graph. 
 
Confirmation is also given in the log area. 

IONIC CHANNELS ɀ DATA INPUT ɀ IKr ɀ USER INPUT ɀ IC50 

Please note that HEK/370C is a standard in vitro research setting transferred further  as the human cardiomyocyte environment. For all other pairs 

(HEK/CHO/XO and 370C, 220C) the system will automatically recalculate to the standard setting with use of the inter-system extrapolation factors (for  details 

      please see list of references). 

The described option 
is available for all 
other ionic currents 

Hill equation 
parameters. 
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Remember to press the save data button . If 
the data provided is correct you should see a 
system message (Conc-Inh data counted) and 
plotted  graph. 
 
You can add/delete data points by clicking the 
add new / drop last buttons. 
 
Confirmation is also given in the log area. 

IONIC CHANNELS ɀ DATA INPUT ɀ IKr ɀ USER INPUT ɀ Conc-Inh 

In a situation when Hill equation parameters are not available one can provide concentration-inhibition results directly by following the path: IKr -> user 

input -> choose between model (HEK/CHO/XO available) and temperature (room/physiological) -> Conc-Inh and write down your values. Please note that the

      concentration is in micromoles and the inhibition is in range [0; 1]. 

      IMPORTANT ɀ to let the system know that you are planning to use 

      his option you have to press the SAVE DATA button . After that

      the system fits the data to the Hill equation and draws a graph

      based on calculated parameters. 

The described option 
is available for all 
other ionic currents 
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Remember to press the save data button . If 
the data provided is correct you should see a 
system message (Conc-Inh data counted) and 
plotted  graph. 
 
You can add/delete data points by clicking the 
add new / drop last buttons. 
 
Confirmation is also given in the log area. 

IONIC CHANNELS ɀ DATA INPUT ɀ IKr ɀ USER INPUT ɀ Conc-Inh 

Please note that HEK/370C is a standard in vitro research setting transferred further  as the human cardiomyocyte environment. For all other pairs 

(HEK/CHO/XO and 370C, 220C) the system will automatically recalculate to the standard setting with use of the inter-system extrapolation factors (for  details 

      please see list of references). 

The described option 
is available for all 
other ionic currents 
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IONIC CHANNELS ɀ DATA INPUT ɀ IKr ɀ PREDICT INPUT ɀ IC50 

If the user has no in vitro data describing the hERG inhibition it is possible to use one of the two built-in models to predict such effects based on the in 

vitro research settings and physico-chemical descriptors of the compound. For the IC50 option follow the path: IKr -> predict input -> IC50 -> choose interpreter

      (RandomForests/ANNs) -> choose model (single option so far) -> 

      edit input -> pop-up appears. Please provide necessary data  

      describing in vitro research studies settings, press save input. 

Press edit input to provide virtual in vitro reasearch 
settings as listed on the right side. After filling press save 
input! You can then close the pop-up. 
 
Press start prediction to run interpreter. 
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IONIC CHANNELS ɀ DATA INPUT ɀ IKr ɀ PREDICT INPUT ɀ IC50 

If the user has no in vitro data describing the hERG inhibition it is possible to use one of the two built-in models to predict such effects based on the in 
vitro research settings and physico-chemical descriptors of the compound. For the IC50 option follow the path: IKr -> predict input -> IC50 -> choose interpreter 
(RandomForests/ANNs) -> choose model (single option so far) -> choose input data format*  -> click upload data and navigate to the destination folder. After the 
data has been read correctly the system displays information marked in green. Press start prediction to run the calculator. Cell line and temperature are defined 

in the input file. For other than standard settings the system will automatically 
                                                                       recalculate to the HEK/370C option with use of the inter-system extrapolation 

factors. 
* Detailed description of the file formats are given on the next pages.  
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IONIC CHANNELS ɀ DATA INPUT ɀ IKr ɀ PREDICT INPUT ɀ Conc-Inh 

If the user has no in vitro data describing the hERG inhibition it is possible to use one of the two built-in models to predict such effects based on the in 
vitro research settings and physico-chemical descriptors of the compound. For the Conc-Inh option follow the path: IKr -> predict input -> Conc-Inh -> choose 
interpreter (RandomForests/ANNs) -> choose model -> choose input data format*  -> click upload data and navigate to the destination folder. After the data has 
been read correctly the system displays information marked in green. Press start prediction to run the calculator. The cellular model and temperature are 

defined in the input file. For other than standard settings the system will automatically  
recalculate to the HEK/370C with use of the inter-system extrapolation factors. 

* Detailed description of the file formats are given on the next page.  
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IONIC CHANNELS ɀ DATA INPUT ɀ IKr ɀ PREDICT INPUT 

models description 

 ANN 

Artificial neural network is a computational model inspired by the 

structure and functional aspects of the brain. A neural network consists of an 

interconnected group of artificial neurons, and it processes information using 

a connectionist approach to computation [Haykin, S. (1999) Neural Networks: 

A Comprehensive Foundation, Prentice Hall, ISBN 0-13-273350-1]. 

 RandomForest 

A random forest is a classifier consisting of a collection of tree 

structured classifiers with independent identically distributed random vectors 

and each tree casts a unit vote for the most popular class at input [Breiman, L. 

(2001) Random Forests. Machine Learning. 45(1):5-32]. 

All developed models operate on the same input vector which consists 

of 38 (alternatively 39 for Conc-Inh mode**)  parameters, namely Ą 

 

 

In vitro parameters are delivered by a user interested in simulating specific 

conditions while drug dependent parameters can be calculated with use of 

Marvin chemical software and its phys-chem plug-ins [ChemAxon ɀ 

http ://www.chemaxon.com]. The user is supposed to prepare data describing 

the substances being investigated. For the Conc-Inh mode the user has to add 

an additional input column describing the logarithmic value of the substance 

concentration (microM) for which the inhibition is supposed to be predicted. 

in vitro  study parameters   drug dependent parameters 

cell model {XO / CHO / HEK}*   Aromatic atom count 

temperature [0C]**    Rotatable bond count 

K+ bath concentration [mM]   Heteroaromatic ring count 

t1 pulse [s]   Smallest ring size 

t2 pulse [s]   Largest ring size 

holding potential [mV]   a(yy) 

depolarization level [mV]   ASA- 

measurement potential [mV]   ASA_H 

    ASA_P 

*cell lines are encoded as follow:   Asymmetric atom count 

HEK - 3   Balaban index 

CHO - 2   Chiral center count 

XO - 1   Dreiding energy 

**temperatures  are encoded as follow:   Maximal projection area 

room - 1   Maximal projection radius 

physiological - 2   Minimal projection area 

    Minimal projection radius 

    Stereoizomer count 

    pH=0.00(logd) 

    pH=6.00(logd) 

    pH=9.00(logd) 

    pH=10.00(logd) 

    pH=11.00(logd) 

    logP 

    bpKa1 

    bpKa2 

    donorcount 

    pH=8.00(msdon) 

    pH=9.00(msdon) 

    pH=14.00(msdon) 

    LogC [microM]**  

http://www.chemaxon.com/
http://www.chemaxon.com/
http://www.chemaxon.com/
http://www.chemaxon.com/
http://www.chemaxon.com/
http://www.chemaxon.com/
http://www.chemaxon.com/
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IONIC CHANNELS ɀ DATA INPUT ɀ IKr ɀ PREDICT INPUT 

data format description 

ToxComp operates on two types of input files ς txt or xml based and the 

extensions are .tmodel and .xmodel respectively. Columns are separated by 

semicolons. 

Alternatively separate softwareToxCompOne (www.tox-comp.net) can be 

used to predict either the IC50 or Conc-Inh correlation. Four various files, two for 

bin/pCI50 and two for Conc-Inh, containing headers are delivered together with 

ToxCompOne. One can use the .tmodel file and simply paste the prepared data. 

http://www.tox-comp.net/
http://www.tox-comp.net/
http://www.tox-comp.net/
http://www.tox-comp.net/
http://www.tox-comp.net/
http://www.tox-comp.net/
http://www.tox-comp.net/
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DRUG PHYSIOLOGY 

Sheet allows to define the drug triggered modifications of the physiological parameters. Define the % of change for heart rate and plasma ionic concentrations 

to decrease/ increase the parameters  values which are further taken to simulation. 
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DRUG PHYSIOLOGY 

Sheet allows to define the drug triggered modifications of the physiological parameters. Define the % of change for heart rate and plasma ionic concentrations 

to decrease/ increase the parameters  values which are further taken to simulation. 

Write down the numbers and define the % of the 
drug triggered change of the chosen 
physiological parameters. 
 
All virtual individuals are influenced to the same 
degree. In the given example it is -10% of the 
native plasma K+ concentration and -8% of the 
between-stimulus gap. 
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Remember to press the save data button . If the 
data provided is correct you should see a system 
message (data saved) and plotted  graph. 
 
You can add/delete data points by clicking the 
add new / drop last buttons. 
 
Confirmation is also given in the log area. 

The described option is available for 
all other ionic currents. 

DRUG CONCENTRATION 

Tox-Comp platform was designed to assess drug influence on the human heart electrophysiology. To define the (reliable, physiological) drug 

concentrations choose drug concentration button . One can either write down the appropriate data or deliver it in the text  format file (.csv; one column). To 

     accept the provided information please click the save data button . A confirmation 

     message will appear as well as a visual inspection of the ionic currents inhibition 

     and will be possible for all types of channels. 
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The graphs present WT/mutation comparison 
of the gating activity based on the 
parameters listed on the left . 

GENETICS 

Genetics dependent hERG channel activity can influence the potential drug proarrhythmic potency. Parameters listed below define the channel gating 

activity. The deactivation/inactivation as well as the activation/recovery elements can be defined with use of the data obtained in the in vitro experiments 
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Up to five variants are allowed (WT + 4 
polymorphisms/mutations). Parameters for the most 
commonly found polymorphism (K897T) are delivered. 

GENETICS 

Genetics dependent hERG channel activity can influence the potential drug proarrhythmic potency. Parameters listed below define the channel gating 

activity. The deactivation/inactivation as well as the activation/recovery elements can be defined with use of the data obtained in the in vitro experiments 
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When no detailed data describing the channel gating parameters is available one can 
define the polymorphism/mutation dependent functional alteration by providing the 
current density change data (expressed as % decrease/increase) as compared with WT. 

GENETICS 

Genetics dependent hERG channel activity can influence the potential drug proarrhythmic potency. Parameters listed below define the channel gating 

activity. The deactivation/inactivation as well as the activation/recovery elements can be defined with use of the data obtained in the in vitro experiments 

Choose save data if any changes were 
provided. 
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Here one has to define the left  ventricule 
wall thickness and potential diffusion 
coefficient. It is possible to add variability by 
defining the coefficient of variation. 

Choose between the available 
submodels ɀ single cardiomyocytes 
(0D) and string (1D). 

CARDIOMYOCYTES 

Choose between the available models of the single cardiomyocyte subtypes: Epi ɀ epicardium, Mid ɀ midmyocardium, Endo - endocardium. If you want to 

simulate string of cells (1D) choose ȴ(,6 cardiomyocytes ÓÔÒÉÎÇȭ option. The default cells distribution can be modified. Define the string length to simulate the 

     left  ventricle wall thickness. To add variability define coefficient of variation.  

Sjogren model correlating human heart LVW 
thickness with age offers physiological 
variability separately for both sexes. For 
details please see  Sjogren 1971 Chest. 
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POPULATIONS - demography 

ToxComp platform was designed to extrapolate in vitro data to various in vivo human populations. There is only one population available so far which is 

characterized by demography, physiology and size. The following versions of the system will cover more populations with genetics variability. On the first tab 

    (demography) one can define minimal and maximal age of the virtual population members as well as the 

distribution of this parameter. The latter one can be defined in a three different ways: by giving Weibul 

distribution parameters, mean and standard deviation data, and upper and lower quartiles 

Click to switch between the available 
options. 

For the NEurCaucasian*  population  data range for 
age the parameter varies between 18 and 75. 
*North European Caucasian 
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POPULATIONS - physiology 

The physiology tab allows you to manipulate the parameters describing human cardiac physiology. It covers: cardiomyocyte volume and area, 

sarcoplasmic reticulum volume and plasma (extracellular) ionic concentration. They can be defined separately for men and women. All default data come from 

      the published sources (please see the list of references). 

Test boxes are greyed out by default. To 
edit the values please choose the edit 
model settings button . 
 
To restore default values please choose 
the restore default values button . 
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POPULATIONS - genetics 

The genetics tab allows you to manipulate the parameters describing genetic polymorphisms/mutations occurence in the simulated population. All five 

options are available (WT+4) with K897T data provided.  

These boxes are greyed out by default. 
WT % of population is calculated 
automatically base on the data provided. 
 
To restore default values please choose 
the restore default values button . 

Choose save data if any changes were 
provided. 



Tox-Comp.net         manual 

POPULATIONS - size 

Define the number of virtual clinical studies, number of individuals in each study and male/female ratio in each population. 

Non active (greyed out) Start simulation 
button  indicates that the minimum amount 
of necessary information was not provided 
yet. 
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Non active (greyed out) Start simulation 
button  indicates that the minimum amount 
of necessary information was not provided 
yet. 

SETTINGS 

To run a simulation you have to define the report step size (in milliseconds), decimal precision in the report and the simulation period (range 300 ɀ 30 000 

ms). The absolute and relative tolerances define the ODE solver behavior (recommended for advanced users only). Stimulation perdiod mimicks heart rate. The 

latter one can be either the same for all individuals or assigned randomly based 

on the defined variation. 
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SETTINGS 

To run a simulation you have to define the report step size (in milliseconds), decimal precision in the report and the simulation period (range 300 ɀ 30 000 

ms). The absolute and relative tolerances define the ODE solver behavior (recommended for advanced users only). Stimulation perdiod mimicks heart rate. The 

latter one can be either the same for all individuals or assigned randomly based 

on the defined variation. 

An active (non-greyed out) Start simulation 
button  indicates that the minimum amount 
of necessary information was collected. 
 
To start ɀ simply press the buttonȣ. 
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START SIMULATION 

To run a simulation you have to define the report step size (in milliseconds), decimal precision in the report and the simulation period (range 300 ɀ 30 000 

ms). The absolute and relative tolerances define the ODE solver behavior (recommended for advanced users only). 

ȣ which changes to the greyed-out form 
(simulation runnning). 
 
The progress bar shows the simulation 
progress (please note that for the large 
problems it can take some time!). 
 
Progress bar moves after every calculated 
invididual. 
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RESULTS 

When the simulation is finished the system automatically changes focus and navigates to the results section. 

All options are marked by default. To choose 
the parameters you are interested in, simply 
unclick those in which you are not 
interested. 
 
Choose a divider and click the save results as 
CSV (default file format) . 
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RESULTS 

When the simulation is finished the system automatically changes focus and navigates to the results section. 

All options apart from the V (membrane 
potential) are APD analysis are unmarked by 
default. 
 
Choose a divider and click the save results as 
CSV (default file format) . 
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RESULTS 

When the simulation is finished the system automatically changes focus and navigates to the results section.  

All options are marked by default. To choose 
the parameters you are interested in, simply 
unclick those in which you are not 
interested. 
 
Choose a divider and click the save results as 
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