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This supplementary file contains matlab scripts of CP rat and mouse mechanistic model. MATLAB R2018b was used for modeling and simulations. Matlab scripts are given for the simulations results shown in figures and tables in the manuscript. One experiment contains two matlab files. The first matlab file is the executable file containing the changed parameter/s along with plotters for plotting the results of simulations. The second file contains the model parameters and systems of ordinary differential equations. These files can be extracted (copy) from this word document and can be executed in MATLAB.


1. Figure 2 and 3 : Rat Coproporphyrins model (Rat CP model) control model simulation. This experiment requires two files – A. ratCPmodel_controlExpt.m and ratCPModel_ode.m. Matlab script is given below 

A. Matlab Script of ratCPmodel_controlExpt.m (Executable file)

function ratCPmodel_controlExpt
 %% Matlab Script to run control experiment and plot the simulation results with default parameter set CP rat model
% Parameters and ODE equations are specified in ratCPModel_ode file 
 
close all
clear all
global BDL_parameter
BDL_parameter=1;   % Paramter to run BDL experiment Do'nt change the parameter. Change the parameter to run the experiment 
ti=0; tf=7*7*60*24; % time in min Time is specified to attain homeostasis
tspan=[ti tf];
c0=zeros(12,1); % conc in nmolar (nM)
[t c_control]=ode15s(@ratCPModel_ode,tspan,c0);
c0=c_control(end,:);
[t c_control]=ode15s(@ratCPModel_ode,tspan,c0);
%%Experiment-run the experiment with default parameter plot the scaled value
% Run the experiment 
BDL_parameter=1;
ti=0; tf=9*7*60*24; % time in min
tspan=[ti tf];
c0=c_control(end,:);
[t_expt c_expt]=ode15s(@ratCPModel_ode,tspan,c0);
scaled_matrix=bsxfun(@rdivide,c_expt,c_control(end,:));
figure(1)
DaysInMinute=1440; % Minute
WeekInMinute=7*1440; % WeeksInMinute
subplot(221)
plot(t_expt/WeekInMinute,c_expt(:,1));
xlabel('time(wk)')
ylabel('CP-I in plasma(nM)')
subplot(222)
plot(t_expt/WeekInMinute,c_expt(:,2));
xlabel('time(week)');
ylabel('Liver CP-I(nM)');
colheader={'time(week)','Liver CP-I(nM)'};
xlswrite('FIG1B.xlsx',[t_expt/WeekInMinute,c_expt(:,2)],'Sheet1','A2');
xlswrite('FIG1B.xlsx',colheader,'Sheet1','A1');
xlabel('time(wk)')
ylabel('CP-I in liver(nM)')
subplot(223)
plot(t_expt/WeekInMinute,c_expt(:,3));
xlabel('time(wk)')
ylabel('CP-I in bile(nM)')
figure(2)
subplot(221)
plot(t_expt/WeekInMinute,c_expt(:,4));
xlabel('time(wk)')
ylabel('CP-III in plasma(nM')
subplot(222)
plot(t_expt/WeekInMinute,c_expt(:,5));
xlabel('time(wk)')
ylabel('CP-III in liver(nM)')
subplot(223)
plot(t_expt/WeekInMinute,c_expt(:,6));
xlabel('time(wk)')
ylabel('CP-III in bile(nM)')
figure(3)
% Urinary Secretion
subplot(1,2,1)
kCP1renalElimination=0.035612536;
kCP3renalElimination=0.102728468; 
liver_vol=10/1000; % Litre 
plasma_vol=7.8/1000; % Litre 
plot(t_expt/WeekInMinute,c_expt(:,1)*kCP1renalElimination*plasma_vol*4*60);
hold on
plot(t_expt/WeekInMinute,c_expt(:,4)*kCP3renalElimination*plasma_vol*4*60);
xlabel('time(wk)')
ylabel('Urinary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 
subplot(1,2,2)
kCP1liverdiffusion=0.005505952;
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
VmaxMrp2CP1=381.70125;  % Maximum velocity of vCPIMrp2 flux  in nM/min
VmaxMrp2CP3=149.8575;   %Maximum velocity of vCPIIIMrp2 flux    in nM/min
kCP3liverdiffusion=0.002157738; %Rate constant for CP-III diffusion across canalicular membrane  /min
CP1_MRP2_flux=VmaxMrp2CP1*(c_control(:,2)./(kmMrp2CP1+c_control(:,2)));
CP1_liver_dffusion_flux=kCP1liverdiffusion.*c_control(:,2);
CP1biliary_secretion_flux=CP1_MRP2_flux+CP1_liver_dffusion_flux;
liver_vol=10/1000; % Litre 
CP3_MRP2_flux=VmaxMrp2CP3*(c_control(:,5)./(kmMrp2CP3+c_control(:,5)));
CP3_liver_diffusion_flux=kCP3liverdiffusion*c_control(:,5);
CP3biliary_secretion_flux=CP3_MRP2_flux+CP3_liver_diffusion_flux;
plot(t/WeekInMinute,CP1biliary_secretion_flux*liver_vol*4*60);
hold on
plot(t/WeekInMinute,CP3biliary_secretion_flux*liver_vol*4*60);
xlabel('time(wk)')
ylabel('Biliary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
% Transporter regulation
figure(4)
Ai=1;
Af=0.5;
k=0.288;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k));
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,1)
plot(t_expt/WeekInMinute,Oatp_downregulation);
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,2)
Ai=1;
Af=6;
k=0.288;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((c_expt(:,8)./regulator_homeo-0),1)*k));
plot(t_expt/WeekInMinute,mrp3_uregulation);
xlabel('time(Day)')
ylabel('Mrp3 Activity(FC wrt control)')

B. ratCPModel_ode file (Ode file)

function dxdt=ratCPModel_ode(t,c)
% ode file for rat CP model
global BDL_parameter Rate_of_influsion_CP1 Rate_of_influsion_CP3
% Varibles 
CP1_plasma=c(1,1);
CP1_liver=c(2,1);
CP1_intestine=c(3,1);
CP3_plasma=c(4,1);
CP3_liver=c(5,1);
CP3_intestine=c(6,1);
CP1_urine=c(7,1);
regulator=c(8,1); 
regulator_delay=c(9,1);
CP1_plasma_delay=c(10,1);
CP1_infusion_pool=c(11,1);
CP3_infusion_pool=c(12,1);
% Parameters
kmOatpCP1=1.66*1000;    % Affinity constant of CPI for Oatp in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
kmMrp3CP1=3.75*1000;    % Affinity constant of CPI for Mrp3 in nM
kmMrp4CP1=5.85*1000;    % Affinity constant of CPI for Mrp4 in nM
kmOatpCP3=2.44*1000;    % Affinity constant of CPIII for Oatp in nM
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp3CP3=3.75*1000;    % Affinity constant of CPIII for Mrp3 in nM 
kmMrp4CP3=5.85*1000;    % Affinity constant of CPIII for Mrp4 in nM
VmaxOatpCP1=864.7361603;% Maximum velocity of vCPIOatp flux    in nM/min
VmaxMrp2CP1=381.70125;  % Maximum velocity of vCPIMrp2 flux  in nM/min
VmaxMrp3CP1=4.3214*41.24170833; % Maximum velocity of vCPIMrp3 flux     in nM/min
VmaxMrp4CP1=0*192.9595; % Maximum velocity of vCPIMrp4 flux    in nM/min
VmaxOatpCP3=255.3443506; %Maximum velocity of vCPIIIOatp flux  in nM/min
VmaxMrp2CP3=149.8575; %Maximum velocity of vCPIIIMrp2 flux    in nM/min
VmaxMrp3CP3=4.3214*11.99079315; %Maximum velocity of vCPIIIMrp3 flux  in nM/min
VmaxMrp4CP3=0*56.02706696; %Maximum velocity of vCPIIIMrp4 flux  in nM/min
kCP1renalElimination=0.035612536; %Rate constant for CP-I  renal elimination flux   /min
kCP1plasmadiffusion=0.005259972; %Rate constant for CP-I diffusion mediated flux across sinusoidal membrane   /min
kCP1liverdiffusion=0.005505952; %Rate constant for CP-I diffusion mediated flux across canalicular membrane     /min
kCP1fecalElimination=0.000858655; %Rate constant for  CP-I faecal elimination flux      /min
kCP1Ehc=9.54061E-05; %Rate constant for CP-I enterohepatic circulation flux   /min
kCP3renalElimination=0.102728468; %Rate constant for CP-III renal elimination flux     /min
kCP3plasmadiffusion=0.001054816; %Rate constant for CP-III diffusion across sinusoidal membrane   /min
kCP3liverdiffusion=0.002157738; %Rate constant for CP-III diffusion across canalicular membrane  /min
kCP3fecalEliimination=0.00078243; %Rate constant for CP-III faecal elimination    /min
kCP3Ehc=8.69367E-05; %Rate constant for CP-III entero-hepatic ciculation flux    /min
vCP1Syn=0.159401709; %CPI Extrahepaic Synthesis  rate   nM/min
vCP1hepaticSyn=0.031083333; %   CPI Hepaic Synthesis rate nM/min    
vCP3Syn=0.761965812; %0.896; %  CPIII Extrahepaic Synthesis rate    
vCP3hepaticSyn=0.148583333; %CPIII Hepaic Synthesis rate 
Oatp_Activity=1;
Mrp2_Activity=1;
Mrp2_Activity_delay=1;
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
% Transporter regulation
Ai=1;
Af=0.5;  % 0.3 original
k=0.288*1.2; %0.288*1.2;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((regulator/regulator_homeo-1),0)*k));
Ai=1;
Af=10;
k=0.288*0.5;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((regulator/regulator_homeo-1),0)*k));
intestine_vol=0.0113; % Litre
liver_vol=10/1000; % Litre 
plasma_vol=7.8/1000; % Litre 
 
% factors for transporter flux
 
TFlux_intestine2plasma=intestine_vol/plasma_vol;
TFlux_liver2plasma=liver_vol/plasma_vol ;
TFlux_plasma2liver=plasma_vol/liver_vol;
TFlux_liver2intestine=liver_vol/intestine_vol;
 
% Flux expression
 
CP1_synthesis_flux=vCP1Syn;
CP1_EHC_intestine=kCP1Ehc*CP1_intestine;
CP1_MRP3_flux=mrp3_uregulation*VmaxMrp3CP1*(CP1_liver/(kmMrp3CP1+CP1_liver));
CP1_MRP4_flux=mrp4_upregulation*VmaxMrp4CP1*(CP1_liver/(kmMrp4CP1+CP1_liver));
CP1_OATP_flux=(Oatp_downregulation*VmaxOatpCP1*Oatp_Activity*(CP1_plasma/(kmOatpCP1+CP1_plasma)));
CP1_renal_elimination_flux=kCP1renalElimination*CP1_plasma;
CP1_plasma_diffusion_flux=kCP1plasmadiffusion*CP1_plasma;
CP1_liver_synthesis_flux=vCP1hepaticSyn;
CP1_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP1*(CP1_liver/(kmMrp2CP1+CP1_liver));
CP1_liver_dffusion_flux=BDL_parameter*kCP1liverdiffusion*CP1_liver;
CP1_fecal_elimination=kCP1fecalElimination*CP1_intestine;
 
CP3_synthesis_flux=vCP3Syn;
CP3_EHC_intestine=kCP3Ehc*CP3_intestine;
CP3_MRP3_flux=mrp3_uregulation*VmaxMrp3CP3*(CP3_liver/(kmMrp3CP3+CP3_liver));
CP3_MRP4_flux=0*VmaxMrp4CP3*mrp4_upregulation*(CP3_liver/(kmMrp4CP3+CP3_liver));
CP3_OATP_flux=Oatp_Activity*Oatp_downregulation*VmaxOatpCP3*(CP3_plasma/(kmOatpCP3+CP3_plasma));
CP3_renal_elimination_flux=kCP3renalElimination*CP3_plasma;
CP3_plasma_diffusion_flux=kCP3plasmadiffusion*CP3_plasma;
CP3_liver_synthesis_flux=vCP3hepaticSyn;
CP3_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP3*(CP3_liver/(kmMrp2CP3+CP3_liver));
CP3_liver_diffusion_flux=BDL_parameter*kCP3liverdiffusion*CP3_liver;
CP3_fecal_elimination=kCP3fecalEliimination*CP3_intestine;
 
% Differential equations
 
dxdt(1,1)=0*0.01*CP1_infusion_pool+CP1_synthesis_flux+TFlux_intestine2plasma*CP1_EHC_intestine+TFlux_liver2plasma*CP1_MRP3_flux + TFlux_liver2plasma*CP1_MRP4_flux-CP1_OATP_flux-CP1_renal_elimination_flux-CP1_plasma_diffusion_flux;
dxdt(2,1)=TFlux_plasma2liver*CP1_OATP_flux+TFlux_plasma2liver*CP1_plasma_diffusion_flux+CP1_liver_synthesis_flux-CP1_MRP3_flux-CP1_MRP4_flux-CP1_MRP2_flux-CP1_liver_dffusion_flux;
dxdt(3,1)=TFlux_liver2intestine*CP1_MRP2_flux+TFlux_liver2intestine*CP1_liver_dffusion_flux-CP1_fecal_elimination-CP1_EHC_intestine;
dxdt(4,1)=0.01*CP3_infusion_pool+CP3_synthesis_flux+TFlux_intestine2plasma*CP3_EHC_intestine+TFlux_liver2plasma*CP3_MRP3_flux+TFlux_liver2plasma*CP3_MRP4_flux-CP3_OATP_flux-CP3_renal_elimination_flux-CP3_plasma_diffusion_flux;
dxdt(5,1)=TFlux_plasma2liver*CP3_OATP_flux+TFlux_plasma2liver*CP3_plasma_diffusion_flux+CP3_liver_synthesis_flux-CP3_MRP3_flux-CP3_MRP4_flux-CP3_MRP2_flux-CP3_liver_diffusion_flux;
dxdt(6,1)=TFlux_liver2intestine*CP3_MRP2_flux+TFlux_liver2intestine*CP3_liver_diffusion_flux-CP3_fecal_elimination-CP3_EHC_intestine;
dxdt(7,1)=CP1_renal_elimination_flux;
dxdt(8,1)=0.003*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator); 
dxdt(9,1)=0.0004*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator_delay);
dxdt(10,1)=0.0004*(CP1_plasma-0.5*CP1_plasma_delay);
dxdt(11,1)=Rate_of_influsion_CP1-0.01*CP1_infusion_pool;
dxdt(12,1)=Rate_of_influsion_CP3-0.01*CP3_infusion_pool;











 
2. Figure 4 : Rat Coproporphyrins model (Rat CP model) infusion experiment simulation This experiment requires two files – A. ratCPmodel_ ratCPmodel_InfusionExpt B. ratCPModel_ode.m. Matlab script is given below 


A. ratCPmodel_InfusionExpt.m (Executable file)

function ratCPmodel_InfusionExpt
 
%% Matlab script to perform infusion experient. Infusion experiment is simulated where CP-I and CP-III were infused intravenously for 4 h followed by BSP infusion.Simulation were compared with observed data
close all
clear all
global BDL_parameter Rate_of_influsion_CP1 Rate_of_influsion_CP3
BDL_parameter=1;
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
ti=0; tf=7*7*60*24; % time in min
tspan=[ti tf];
c0=zeros(12,1); % conc in nmolar (nM)
[t c_control]=ode15s(@ratCPModel_ode,tspan,c0);
c0=c_control(end,:);
[t c_control]=ode15s(@ratCPModel_ode,tspan,c0);
 
 
% Run the experiment 
 
%BDL_parameter=0.1;
Rate_of_influsion_CP1=163.18; % nmol/litre/min
Rate_of_influsion_CP3=163.18; % nmol/litre/min
ti=0; tf=60*7; % time in min
tspan=[ti tf];
c0=c_control(end,:);
[t_expt c_expt]=ode15s(@ratCPModel_infusionExpt_ode,tspan,c0);

figure(1)
% Urinary Secretion
subplot(1,3,1)
minInHour=60;
kCP1renalElimination=0.035612536;
kCP3renalElimination=0.102728468; 
liver_vol=10/1000; % Litre 
plasma_vol=7.8/1000; % Litre 
plot(t_expt/minInHour,c_expt(:,1)*kCP1renalElimination*plasma_vol*4*60);
colheader={'time(hour)','CP-I Urinary secretion rate(nmol/h/kg)'};
xlswrite('CP_Rat_CP_BSP_InfusionExpt.xlsx',[t_expt/minInHour,c_expt(:,1)*kCP1renalElimination*plasma_vol*4*60],'Sheet1','A2');
xlswrite('CP_Rat_CP_BSP_InfusionExpt.xlsx',colheader,'Sheet1','A1');
hold on
plot(t_expt/minInHour,c_expt(:,4)*kCP3renalElimination*plasma_vol*4*60);
ylabel('Urinary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 
subplot(1,3,2)
kCP1liverdiffusion=0.005505952;
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
VmaxMrp2CP1=381.70125; % Maximum velocity of vCPIMrp2 flux   in nM/min
VmaxMrp2CP3=149.8575; %  Maximum velocity of vCPIIIMrp2 flux     in nM/min
kCP3liverdiffusion=0.002157738; %   Rate constant for CP-III diffusion across canalicular membrane  /min
CP1_MRP2_flux=VmaxMrp2CP1*(c_expt(:,2)./(kmMrp2CP1+c_expt(:,2)));
CP1_liver_dffusion_flux=kCP1liverdiffusion.*c_expt(:,2);
CP1biliary_secretion_flux=CP1_MRP2_flux+CP1_liver_dffusion_flux;
liver_vol=10/1000; % Litre 
CP3_MRP2_flux=VmaxMrp2CP3*(c_expt(:,5)./(kmMrp2CP3+c_expt(:,5)));
CP3_liver_diffusion_flux=kCP3liverdiffusion*c_expt(:,5);
CP3biliary_secretion_flux=CP3_MRP2_flux+CP3_liver_diffusion_flux;
plot(t_expt/minInHour,CP1biliary_secretion_flux*liver_vol*4*60);
colheader={'time(hour)','CP-I Biliary secretion rate(nmol/h/kg)'};
xlswrite('CP_Rat_CP_BSP_InfusionExpt.xlsx',[t_expt/minInHour,CP1biliary_secretion_flux*liver_vol*4*60],'Sheet3','A2');
xlswrite('CP_Rat_CP_BSP_InfusionExpt.xlsx',colheader,'Sheet3','A1');
xlabel('time(hour)')
ylabel('CP-I Biliary Secretion (nmol/h/kg)')
subplot(1,3,3)
 
plot(t_expt/minInHour,CP3biliary_secretion_flux*liver_vol*4*60);
xlabel('time(hour)')
ylabel('CP-III Biliary Secretion (nmol/h/kg)')

B. ratCPModel_ode.m (Ode file)

function dxdt=ratCPModel_ode(t,c)
% ode file for rat CP model
global BDL_parameter Rate_of_influsion_CP1 Rate_of_influsion_CP3
% Varibles 
CP1_plasma=c(1,1);
CP1_liver=c(2,1);
CP1_intestine=c(3,1);
CP3_plasma=c(4,1);
CP3_liver=c(5,1);
CP3_intestine=c(6,1);
CP1_urine=c(7,1);
regulator=c(8,1); 
regulator_delay=c(9,1);
CP1_plasma_delay=c(10,1);
CP1_infusion_pool=c(11,1);
CP3_infusion_pool=c(12,1);
 
%%
kmOatpCP1=1.66*1000;    % Affinity constant of CPI for Oatp in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
kmMrp3CP1=3.75*1000;    % Affinity constant of CPI for Mrp3 in nM
kmMrp4CP1=5.85*1000;    % Affinity constant of CPI for Mrp4 in nM
kmOatpCP3=2.44*1000;    % Affinity constant of CPIII for Oatp in nM
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp3CP3=3.75*1000;    % Affinity constant of CPIII for Mrp3 in nM 
kmMrp4CP3=5.85*1000;    % Affinity constant of CPIII for Mrp4 in nM
VmaxOatpCP1=864.7361603; %874.56;     % Maximum velocity of vCPIOatp flux    in nM/min
VmaxMrp2CP1=381.70125; %400.27;     % Maximum velocity of vCPIMrp2 flux  in nM/min
VmaxMrp3CP1=4.3214*41.24170833; %59.29;      % Maximum velocity of vCPIMrp3 flux     in nM/min
VmaxMrp4CP1=0*192.9595; %177.87; %  Maximum velocity of vCPIMrp4 flux    in nM/min
VmaxOatpCP3=255.3443506; %308.11; % Maximum velocity of vCPIIIOatp flux  in nM/min
VmaxMrp2CP3=149.8575; %188.08; %  Maximum velocity of vCPIIIMrp2 flux    in nM/min
VmaxMrp3CP3=4.3214*11.99079315; %20.81;  %  Maximum velocity of vCPIIIMrp3 flux  in nM/min
VmaxMrp4CP3=0*56.02706696; % %62.42;  % Maximum velocity of vCPIIIMrp4 flux  in nM/min
kCP1renalElimination=0.035612536; %0.035; % Rate constant for CP-I  renal elimination flux   /min
kCP1plasmadiffusion=0.005259972; %0.028; %  Rate constant for CP-I diffusion mediated flux across sinusoidal membrane   /min
kCP1liverdiffusion=0.005505952; %0.006; %Rate constant for CP-I diffusion mediated flux across canalicular membrane     /min
kCP1fecalElimination=0.000858655; %0.001; %Rate constant for  CP-I faecal elimination flux      /min
kCP1Ehc=9.54061E-05; %0.0001; % Rate constant for CP-I enterohepatic circulation flux   /min
kCP3renalElimination=0.102728468; %0.124; % Rate constant for CP-III renal elimination flux     /min
kCP3plasmadiffusion=0.001054816; %0.007; %  Rate constant for CP-III diffusion across sinusoidal membrane   /min
kCP3liverdiffusion=0.002157738; %0.003; %   Rate constant for CP-III diffusion across canalicular membrane  /min
kCP3fecalEliimination=0.00078243; %0.001;   %Rate constant for CP-III faecal elimination    /min
kCP3Ehc=8.69367E-05; %0.038;    %Rate constant for CP-III entero-hepatic ciculation flux    /min
vCP1Syn=0.159401709; %0.166; %CPI Extrahepaic Synthesis  rate   nM/min
vCP1hepaticSyn=0.031083333; %0.032; %   CPI Hepaic Synthesis rate nM/min    
vCP3Syn=0.761965812; %0.896; %  CPIII Extrahepaic Synthesis rate    
vCP3hepaticSyn=0.148583333; %0.175; %   CPIII Hepaic Synthesis rate 
Oatp_Activity=1;
Mrp2_Activity=1;
%BDL_parameter=1;
Mrp2_Activity_delay=1;
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
% Transporter regulation
Ai=1;
Af=0.5;  % 0.3 original
k=0.288*1.2; %0.288*1.2;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
Ai=1;
Af=10;
k=0.288*0.5;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
max_upregualtion=1;
regualator_delay_homeo=1;
n_mrp4=1;
km_upregulation=1;
intestine_vol=0.0113; % Litre
liver_vol=10/1000; % Litre 
plasma_vol=7.8/1000; % Litre 
 
% factors for transporter flux
 
TFlux_intestine2plasma=intestine_vol/plasma_vol;
TFlux_liver2plasma=liver_vol/plasma_vol ;
TFlux_plasma2liver=plasma_vol/liver_vol;
TFlux_liver2intestine=liver_vol/intestine_vol;
 
% Flux expression
 
CP1_synthesis_flux=vCP1Syn;
CP1_EHC_intestine=kCP1Ehc*CP1_intestine;
CP1_MRP3_flux=mrp3_uregulation*VmaxMrp3CP1*(CP1_liver/(kmMrp3CP1+CP1_liver));
CP1_MRP4_flux=mrp4_upregulation*VmaxMrp4CP1*(CP1_liver/(kmMrp4CP1+CP1_liver));
CP1_OATP_flux=(Oatp_downregulation*VmaxOatpCP1*Oatp_Activity*(CP1_plasma/(kmOatpCP1+CP1_plasma)));
CP1_renal_elimination_flux=kCP1renalElimination*CP1_plasma;
CP1_plasma_diffusion_flux=kCP1plasmadiffusion*CP1_plasma;
CP1_liver_synthesis_flux=vCP1hepaticSyn;
CP1_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP1*(CP1_liver/(kmMrp2CP1+CP1_liver));
CP1_liver_dffusion_flux=BDL_parameter*kCP1liverdiffusion*CP1_liver;
CP1_fecal_elimination=kCP1fecalElimination*CP1_intestine;
 
CP3_synthesis_flux=vCP3Syn;
CP3_EHC_intestine=kCP3Ehc*CP3_intestine;
CP3_MRP3_flux=mrp3_uregulation*VmaxMrp3CP3*(CP3_liver/(kmMrp3CP3+CP3_liver));
CP3_MRP4_flux=0*VmaxMrp4CP3*mrp4_upregulation*(CP3_liver/(kmMrp4CP3+CP3_liver));
CP3_OATP_flux=Oatp_Activity*Oatp_downregulation*VmaxOatpCP3*(CP3_plasma/(kmOatpCP3+CP3_plasma));
CP3_renal_elimination_flux=kCP3renalElimination*CP3_plasma;
CP3_plasma_diffusion_flux=kCP3plasmadiffusion*CP3_plasma;
CP3_liver_synthesis_flux=vCP3hepaticSyn;
CP3_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP3*(CP3_liver/(kmMrp2CP3+CP3_liver));
CP3_liver_diffusion_flux=BDL_parameter*kCP3liverdiffusion*CP3_liver;
CP3_fecal_elimination=kCP3fecalEliimination*CP3_intestine;
 
% Differential equations
 
dxdt(1,1)=0*0.01*CP1_infusion_pool+CP1_synthesis_flux+TFlux_intestine2plasma*CP1_EHC_intestine+TFlux_liver2plasma*CP1_MRP3_flux + TFlux_liver2plasma*CP1_MRP4_flux-CP1_OATP_flux-CP1_renal_elimination_flux-CP1_plasma_diffusion_flux;
dxdt(2,1)=TFlux_plasma2liver*CP1_OATP_flux+TFlux_plasma2liver*CP1_plasma_diffusion_flux+CP1_liver_synthesis_flux-CP1_MRP3_flux-CP1_MRP4_flux-CP1_MRP2_flux-CP1_liver_dffusion_flux;
dxdt(3,1)=TFlux_liver2intestine*CP1_MRP2_flux+TFlux_liver2intestine*CP1_liver_dffusion_flux-CP1_fecal_elimination-CP1_EHC_intestine;
dxdt(4,1)=0.01*CP3_infusion_pool+CP3_synthesis_flux+TFlux_intestine2plasma*CP3_EHC_intestine+TFlux_liver2plasma*CP3_MRP3_flux+TFlux_liver2plasma*CP3_MRP4_flux-CP3_OATP_flux-CP3_renal_elimination_flux-CP3_plasma_diffusion_flux;
dxdt(5,1)=TFlux_plasma2liver*CP3_OATP_flux+TFlux_plasma2liver*CP3_plasma_diffusion_flux+CP3_liver_synthesis_flux-CP3_MRP3_flux-CP3_MRP4_flux-CP3_MRP2_flux-CP3_liver_diffusion_flux;
dxdt(6,1)=TFlux_liver2intestine*CP3_MRP2_flux+TFlux_liver2intestine*CP3_liver_diffusion_flux-CP3_fecal_elimination-CP3_EHC_intestine;
dxdt(7,1)=CP1_renal_elimination_flux;
dxdt(8,1)=0.003*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator); 
dxdt(9,1)=0.0004*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator_delay);
dxdt(10,1)=0.0004*(CP1_plasma-0.5*CP1_plasma_delay);
dxdt(11,1)=Rate_of_influsion_CP1-0.01*CP1_infusion_pool;
dxdt(12,1)=Rate_of_influsion_CP3-0.01*CP3_infusion_pool;


3. Figure 5. Rat Coproporphyrins model (Rat CP model: This experiment requires two files – A. ratCPmodel_BDLExpt,m and ratCPModel_ode.m. Matlab script is given below 



A. ratCPmodel_BDLExpt (Executable file)
function ratCPmodel_BDLExpt
 
%% Matlab Script to run the BDL experiment conducted in Rat ref Chatterjee et el (refer to the paper[11]
close all
clear all
global BDL_parameter
BDL_parameter=1.0;
ti=0; tf=7*7*60*24; % time in min
tspan=[ti tf];
c0=zeros(12,1); % conc in nmolar (nM)
[t c_control]=ode15s(@ratCPModel_ode,tspan,c0);
c0=c_control(end,:);
[t c_control]=ode15s(@ratCPModel_ode,tspan,c0);

%%value Experiment data was extracted using webPlotDigitizer
% Run the experiment 
BDL_parameter=0.35;  % 0 for complete bile duct ligation
ti=0; tf=2*7*60*24; % time in min run the experiment for 14 days post BDL 
tspan=[ti tf];
c0=c_control(end,:);
[t_expt c_expt]=ode15s(@ratCPModel_ode,tspan,c0);
scaled_matrix=bsxfun(@rdivide,c_expt,c_control(end,:));
 
 
figure(1)
DaysInMinute=1440; % Minute
subplot(221)
plot(t_expt/DaysInMinute,scaled_matrix(:,1));
colheader={'time(day)','CP-I in plasma(FC wrt control)'};
xlswrite('CPI_RatBDLExpt.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,1)],'Sheet1','A2');
xlswrite('CPI_RatBDLExpt.xlsx',colheader,'Sheet1','A1');
hold on
time_day=[1 3   5   7   10  14];
CPI_plasma_FC=[3.378378378  3.459459459 3.959459459 4.022522523 3.878378378 4.315315315];
CP1_plasma_FC_pos=[0.635135135  0.806306306 0.891891892 0.662162162 0.445945946 0.472972973];
CP1_plasma_FC_neg=[0.635135135  0.806306306 0.891891892 0.662162162 0.445945946 0.472972973];
errorbar(time_day,CPI_plasma_FC,CP1_plasma_FC_pos,CP1_plasma_FC_neg);
 
 
xlabel('time(wk)')
ylabel('CP-I in plasma(FC wrt control)')
subplot(222)
plot(t_expt/DaysInMinute,scaled_matrix(:,2));
colheader={'time(day)','CP-I in liver(FC wrt control)'};
xlswrite('CPI_RatBDLExpt.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,2)],'Sheet2','A2');
xlswrite('CPI_RatBDLExpt.xlsx',colheader,'Sheet2','A1');
xlabel('time(wk)')
ylabel('CP-I in liver(FC wrt control)')
hold on
time_day=[3 7   14];
CPI_liver_FC=[2.432055749   2.832957111 1.428689884];
CP1_liver_FC_pos=[1.275261324   0.134311512 0.163349917];
CP1_liver_FC_neg=[1.275261324   0.134311512 0.163349917];
errorbar(time_day,CPI_liver_FC,CP1_liver_FC_pos,CP1_liver_FC_neg);
subplot(223)
plot(t_expt/DaysInMinute,scaled_matrix(:,3));
xlabel('time(wk)')
ylabel('CP-I in bile(FC wrt control)')
 
figure(2)
subplot(221)
plot(t_expt/DaysInMinute,scaled_matrix(:,4));
xlabel('time(wk)')
ylabel('CP-III in plasma(FC wrt control')
colheader={'time(day)','CP-III in plasma(FC wrt control)'};
xlswrite('CPI_RatBDLExpt.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,4)],'Sheet3','A2');
xlswrite('CPI_RatBDLExpt.xlsx',colheader,'Sheet3','A1');
hold on
time_day=[1 3   5   7   10  14];
CP3_plasma_FC=[10.365625    5.715625    8.0015625   6.9296875   6.9296875   7.5734375];
CP3_plasma_FC_pos=[6.8546875    2.2859375   3.1453125   2.2875  2.359375    3.20625];
CP3_plasma_FC_neg=[6.8546875    2.2859375   3.1453125   2.2875  2.359375    3.20625];
errorbar(time_day,CP3_plasma_FC,CP3_plasma_FC_pos,CP3_plasma_FC_neg);
subplot(222)
plot(t_expt/DaysInMinute,scaled_matrix(:,5));
hold on
time_day=[3 7   14];
CP3_liver_FC=[3.069970845   2.011396011 1.387272727];
CP3_liver_FC_pos=[1.272594752   0.862298196 0.651818182];
CP3_liver_FC_neg=[1.272594752   0.862298196 0.651818182];
errorbar(time_day,CP3_liver_FC,CP3_liver_FC_pos,CP3_liver_FC_neg);
xlabel('time(wk)')
ylabel('CP-III in liver(FC wrt control)')
colheader={'time(day)','CP-III in liver(FC wrt control)'};
xlswrite('CPI_RatBDLExpt.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,5)],'Sheet4','A2');
xlswrite('CPI_RatBDLExpt.xlsx',colheader,'Sheet4','A1');
subplot(223)
plot(t_expt/DaysInMinute,scaled_matrix(:,6));
 
xlabel('time(wk)')
ylabel('CP-III in bile(FC wrt control)')
figure(3)
Ai=1;
Af=0.9;
k=0.288*1.2; %0.288*1.2;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k)); 
subplot(1,3,1)
plot(t_expt/DaysInMinute,Oatp_downregulation);
colheader={'time(day)','Oatp Activity(FC wrt control)'};
xlswrite('CPI_RatBDLExpt.xlsx',[t_expt/DaysInMinute,Oatp_downregulation],'Sheet5','A2');
xlswrite('CPI_RatBDLExpt.xlsx',colheader,'Sheet5','A1');
hold on
time_day=[3 7   14];
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,2)
Ai=1;
Af=10;
k=0.288*0.5; %0.288*0.5;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k));
plot(t_expt/DaysInMinute,mrp3_uregulation);
colheader={'time(day)','Mrp3 Activity(FC wrt control)'};
xlswrite('CPI_RatBDLExpt.xlsx',[t_expt/DaysInMinute,mrp3_uregulation],'Sheet6','A2');
xlswrite('CPI_RatBDLExpt.xlsx',colheader,'Sheet6','A1');
xlabel('time(Day)')
ylabel('Mrp3 Activity(FC wrt control)')
subplot(1,3,3)
plot(t_expt/DaysInMinute,c_expt(:,8));

B. ratCPModel_ode (Ode file)
 
function dxdt=ratCPModel_ode(t,c)
% ode file for rat CP model
global BDL_parameter Rate_of_influsion_CP1 Rate_of_influsion_CP3
% Varibles 
CP1_plasma=c(1,1);
CP1_liver=c(2,1);
CP1_intestine=c(3,1);
CP3_plasma=c(4,1);
CP3_liver=c(5,1);
CP3_intestine=c(6,1);
CP1_urine=c(7,1);
regulator=c(8,1); 
regulator_delay=c(9,1);
CP1_plasma_delay=c(10,1);
CP1_infusion_pool=c(11,1);
CP3_infusion_pool=c(12,1);
 
%% Parameters
kmOatpCP1=1.66*1000;    % Affinity constant of CPI for Oatp in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
kmMrp3CP1=3.75*1000;    % Affinity constant of CPI for Mrp3 in nM
kmMrp4CP1=5.85*1000;    % Affinity constant of CPI for Mrp4 in nM
kmOatpCP3=2.44*1000;    % Affinity constant of CPIII for Oatp in nM
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp3CP3=3.75*1000;    % Affinity constant of CPIII for Mrp3 in nM 
kmMrp4CP3=5.85*1000;    % Affinity constant of CPIII for Mrp4 in nM
VmaxOatpCP1=864.7361603; % Maximum velocity of vCPIOatp flux     in nM/min
VmaxMrp2CP1=381.70125; % Maximum velocity of vCPIMrp2 flux   in nM/min
VmaxMrp3CP1=4.3214*41.24170833; %      % Maximum velocity of vCPIMrp3 flux   in nM/min
VmaxMrp4CP1=0*192.9595; %   Maximum velocity of vCPIMrp4 flux    in nM/min
VmaxOatpCP3=255.3443506; %  Maximum velocity of vCPIIIOatp flux  in nM/min
VmaxMrp2CP3=149.8575; %  Maximum velocity of vCPIIIMrp2 flux     in nM/min
VmaxMrp3CP3=4.3214*11.99079315; %   Maximum velocity of vCPIIIMrp3 flux  in nM/min
VmaxMrp4CP3=0*56.02706696; %    Maximum velocity of vCPIIIMrp4 flux  in nM/min
kCP1renalElimination=0.035612536; % Rate constant for CP-I  renal elimination flux   /min
kCP1plasmadiffusion=0.005259972; %  Rate constant for CP-I diffusion mediated flux across sinusoidal membrane   /min
kCP1liverdiffusion=0.005505952; %Rate constant for CP-I diffusion mediated flux across canalicular membrane     /min
kCP1fecalElimination=0.000858655; %Rate constant for  CP-I faecal elimination flux      /min
kCP1Ehc=9.54061E-05; %0.0001; % Rate constant for CP-I enterohepatic circulation flux   /min
kCP3renalElimination=0.102728468; % Rate constant for CP-III renal elimination flux     /min
kCP3plasmadiffusion=0.001054816; %  Rate constant for CP-III diffusion across sinusoidal membrane   /min
kCP3liverdiffusion=0.002157738; %   Rate constant for CP-III diffusion across canalicular membrane  /min
kCP3fecalEliimination=0.00078243; % Rate constant for CP-III faecal elimination     /min
kCP3Ehc=8.69367E-05; %Rate constant for CP-III entero-hepatic ciculation flux   /min
vCP1Syn=0.159401709; %CPI Extrahepaic Synthesis  rate   nM/min
vCP1hepaticSyn=0.031083333; %   CPI Hepaic Synthesis rate nM/min    
vCP3Syn=0.761965812; %CPIII Extrahepaic Synthesis rate  
vCP3hepaticSyn=0.148583333; %   CPIII Hepaic Synthesis rate 
Oatp_Activity=1;
Mrp2_Activity=1;
Mrp2_Activity_delay=1;
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
% Transporter regulation
Ai=1;
Af=0.5;  % 0.3 original
k=0.288*1.2; %0.288*1.2;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
Ai=1;
Af=10;
k=0.288*0.5;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
intestine_vol=0.0113; % Litre
liver_vol=10/1000; % Litre 
plasma_vol=7.8/1000; % Litre 
 
% factors for transporter flux
 
TFlux_intestine2plasma=intestine_vol/plasma_vol;
TFlux_liver2plasma=liver_vol/plasma_vol ;
TFlux_plasma2liver=plasma_vol/liver_vol;
TFlux_liver2intestine=liver_vol/intestine_vol;
 
% Flux expression
 
CP1_synthesis_flux=vCP1Syn;
CP1_EHC_intestine=kCP1Ehc*CP1_intestine;
CP1_MRP3_flux=mrp3_uregulation*VmaxMrp3CP1*(CP1_liver/(kmMrp3CP1+CP1_liver));
CP1_MRP4_flux=mrp4_upregulation*VmaxMrp4CP1*(CP1_liver/(kmMrp4CP1+CP1_liver));
CP1_OATP_flux=(Oatp_downregulation*VmaxOatpCP1*Oatp_Activity*(CP1_plasma/(kmOatpCP1+CP1_plasma)));
CP1_renal_elimination_flux=kCP1renalElimination*CP1_plasma;
CP1_plasma_diffusion_flux=kCP1plasmadiffusion*CP1_plasma;
CP1_liver_synthesis_flux=vCP1hepaticSyn;
CP1_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP1*(CP1_liver/(kmMrp2CP1+CP1_liver));
CP1_liver_dffusion_flux=BDL_parameter*kCP1liverdiffusion*CP1_liver;
CP1_fecal_elimination=kCP1fecalElimination*CP1_intestine;
 
CP3_synthesis_flux=vCP3Syn;
CP3_EHC_intestine=kCP3Ehc*CP3_intestine;
CP3_MRP3_flux=mrp3_uregulation*VmaxMrp3CP3*(CP3_liver/(kmMrp3CP3+CP3_liver));
CP3_MRP4_flux=0*VmaxMrp4CP3*mrp4_upregulation*(CP3_liver/(kmMrp4CP3+CP3_liver));
CP3_OATP_flux=Oatp_Activity*Oatp_downregulation*VmaxOatpCP3*(CP3_plasma/(kmOatpCP3+CP3_plasma));
CP3_renal_elimination_flux=kCP3renalElimination*CP3_plasma;
CP3_plasma_diffusion_flux=kCP3plasmadiffusion*CP3_plasma;
CP3_liver_synthesis_flux=vCP3hepaticSyn;
CP3_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP3*(CP3_liver/(kmMrp2CP3+CP3_liver));
CP3_liver_diffusion_flux=BDL_parameter*kCP3liverdiffusion*CP3_liver;
CP3_fecal_elimination=kCP3fecalEliimination*CP3_intestine;
 
% Differential equations
 
dxdt(1,1)=0*0.01*CP1_infusion_pool+CP1_synthesis_flux+TFlux_intestine2plasma*CP1_EHC_intestine+TFlux_liver2plasma*CP1_MRP3_flux + TFlux_liver2plasma*CP1_MRP4_flux-CP1_OATP_flux-CP1_renal_elimination_flux-CP1_plasma_diffusion_flux;
dxdt(2,1)=TFlux_plasma2liver*CP1_OATP_flux+TFlux_plasma2liver*CP1_plasma_diffusion_flux+CP1_liver_synthesis_flux-CP1_MRP3_flux-CP1_MRP4_flux-CP1_MRP2_flux-CP1_liver_dffusion_flux;
dxdt(3,1)=TFlux_liver2intestine*CP1_MRP2_flux+TFlux_liver2intestine*CP1_liver_dffusion_flux-CP1_fecal_elimination-CP1_EHC_intestine;
dxdt(4,1)=0.01*CP3_infusion_pool+CP3_synthesis_flux+TFlux_intestine2plasma*CP3_EHC_intestine+TFlux_liver2plasma*CP3_MRP3_flux+TFlux_liver2plasma*CP3_MRP4_flux-CP3_OATP_flux-CP3_renal_elimination_flux-CP3_plasma_diffusion_flux;
dxdt(5,1)=TFlux_plasma2liver*CP3_OATP_flux+TFlux_plasma2liver*CP3_plasma_diffusion_flux+CP3_liver_synthesis_flux-CP3_MRP3_flux-CP3_MRP4_flux-CP3_MRP2_flux-CP3_liver_diffusion_flux;
dxdt(6,1)=TFlux_liver2intestine*CP3_MRP2_flux+TFlux_liver2intestine*CP3_liver_diffusion_flux-CP3_fecal_elimination-CP3_EHC_intestine;
dxdt(7,1)=CP1_renal_elimination_flux;
dxdt(8,1)=0.003*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator); 
dxdt(9,1)=0.0004*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator_delay);
dxdt(10,1)=0.0004*(CP1_plasma-0.5*CP1_plasma_delay);
dxdt(11,1)=Rate_of_influsion_CP1-0.01*CP1_infusion_pool;
dxdt(12,1)=Rate_of_influsion_CP3-0.01*CP3_infusion_pool;
 
 
4. Figure 5. Rat Coproporphyrins model (Rat CP model) The experiment was performed to show the CP-III profile with reduced CP-III renal secretion (Figure 5 in manuscript simulation) : This experiment requires two files – A. ratCPmodel_BDLExpt_CP3_DecreasedSecretion and ratCPModel_ode.m. Matlab script is given below 

A. ratCPmodel_BDLExpt_CP3_DecreasedSecretion (Executable file)

function ratCPmodel_BDLExpt_CP3_DecreasedSecretion
close all
clear all
global BDL_parameter KSec_CP3
BDL_parameter=1.0;
KSec_CP3=1;
ti=0; tf=7*7*60*24; % time in min
tspan=[ti tf];
c0=zeros(12,1); % conc in nmolar (nM)
[t c_control]=ode15s(@ratCPModel_CP3_DecreasedSecretion_ode,tspan,c0);
c0=c_control(end,:);
[t c_control]=ode15s(@ratCPModel_ode,tspan,c0);
 
 
% Run the experiment 
BDL_parameter=0.35;  % 0 for complete bile duct ligation
KSec_CP3=0.2;
ti=0; tf=2*7*60*24; % time in min
tspan=[ti tf];
c0=c_control(end,:);
[t_expt c_expt]=ode15s(@ratCPModel_CP3_DecreasedSecretion_ode,tspan,c0);
scaled_matrix=bsxfun(@rdivide,c_expt,c_control(end,:));
 
 
figure(1)
DaysInMinute=1440; % Minute
subplot(221)
plot(t_expt/DaysInMinute,scaled_matrix(:,1));
colheader={'time(day)','CP-I in plasma(FC wrt control)'};
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,1)],'Sheet1','A2');
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',colheader,'Sheet1','A1');
hold on
time_day=[1 3   5   7   10  14];
CPI_plasma_FC=[3.378378378  3.459459459 3.959459459 4.022522523 3.878378378 4.315315315];
CP1_plasma_FC_pos=[0.635135135  0.806306306 0.891891892 0.662162162 0.445945946 0.472972973];
CP1_plasma_FC_neg=[0.635135135  0.806306306 0.891891892 0.662162162 0.445945946 0.472972973];
errorbar(time_day,CPI_plasma_FC,CP1_plasma_FC_pos,CP1_plasma_FC_neg);
 
 
xlabel('time(wk)')
ylabel('CP-I in plasma(FC wrt control)')
subplot(222)
plot(t_expt/DaysInMinute,scaled_matrix(:,2));
colheader={'time(day)','CP-I in liver(FC wrt control)'};
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,2)],'Sheet2','A2');
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',colheader,'Sheet2','A1');
xlabel('time(wk)')
ylabel('CP-I in liver(FC wrt control)')
hold on
time_day=[3 7   14];
CPI_liver_FC=[2.432055749   2.832957111 1.428689884];
CP1_liver_FC_pos=[1.275261324   0.134311512 0.163349917];
CP1_liver_FC_neg=[1.275261324   0.134311512 0.163349917];
errorbar(time_day,CPI_liver_FC,CP1_liver_FC_pos,CP1_liver_FC_neg);
subplot(223)
plot(t_expt/DaysInMinute,scaled_matrix(:,3));
xlabel('time(wk)')
ylabel('CP-I in bile(FC wrt control)')
 
figure(2)
subplot(221)
plot(t_expt/DaysInMinute,scaled_matrix(:,4));
xlabel('time(wk)')
ylabel('CP-III in plasma(FC wrt control')
colheader={'time(day)','CP-III in plasma(FC wrt control)'};
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,4)],'Sheet3','A2');
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',colheader,'Sheet3','A1');
hold on
time_day=[1 3   5   7   10  14];
CP3_plasma_FC=[10.365625    5.715625    8.0015625   6.9296875   6.9296875   7.5734375];
CP3_plasma_FC_pos=[6.8546875    2.2859375   3.1453125   2.2875  2.359375    3.20625];
CP3_plasma_FC_neg=[6.8546875    2.2859375   3.1453125   2.2875  2.359375    3.20625];
errorbar(time_day,CP3_plasma_FC,CP3_plasma_FC_pos,CP3_plasma_FC_neg);
subplot(222)
plot(t_expt/DaysInMinute,scaled_matrix(:,5));
hold on
time_day=[3 7   14];
CP3_liver_FC=[3.069970845   2.011396011 1.387272727];
CP3_liver_FC_pos=[1.272594752   0.862298196 0.651818182];
CP3_liver_FC_neg=[1.272594752   0.862298196 0.651818182];
errorbar(time_day,CP3_liver_FC,CP3_liver_FC_pos,CP3_liver_FC_neg);
xlabel('time(wk)')
ylabel('CP-III in liver(FC wrt control)')
colheader={'time(day)','CP-III in liver(FC wrt control)'};
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,5)],'Sheet4','A2');
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',colheader,'Sheet4','A1');
subplot(223)
plot(t_expt/DaysInMinute,scaled_matrix(:,6));
 
xlabel('time(wk)')
ylabel('CP-III in bile(FC wrt control)')
% Transporter regulatio
figure(3)
Ai=1;
Af=0.9;
k=0.288*1.2; %0.288*1.2;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k));
 
 
 
subplot(1,3,1)
plot(t_expt/DaysInMinute,Oatp_downregulation);
colheader={'time(day)','Oatp Activity(FC wrt control)'};
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',[t_expt/DaysInMinute,Oatp_downregulation],'Sheet5','A2');
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',colheader,'Sheet5','A1');
hold on
time_day=[3 7   14];
Oatp_liver_FC=[0.355    0.621428571 0.302752294];
Oatp_liver_FC_pos=[0.05 0.25    0.082568807];
Oatp_liver_FC_neg=[0.05 0.25    0.082568807];
errorbar(time_day,Oatp_liver_FC,Oatp_liver_FC_pos,Oatp_liver_FC_neg);
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,2)
Ai=1;
Af=10;
k=0.288*0.5; %0.288*0.5;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k));
 
plot(t_expt/DaysInMinute,mrp3_uregulation);
colheader={'time(day)','Mrp3 Activity(FC wrt control)'};
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',[t_expt/DaysInMinute,mrp3_uregulation],'Sheet6','A2');
xlswrite('CPI_RatBDLExpt_CP3_DecreasedSecretion.xlsx',colheader,'Sheet6','A1');
xlabel('time(Day)')
ylabel('Mrp3 Activity(FC wrt control)')
subplot(1,3,3)
plot(t_expt/DaysInMinute,c_expt(:,8));

B. ratCPModel_CP3_DecreasedSecretion_ode (Ode file)
function dxdt=ratCPModel_CP3_DecreasedSecretion_ode(t,c)
% ode file for rat CP model
 global BDL_parameter Rate_of_influsion_CP1 Rate_of_influsion_CP3 KSec_CP3
% Varibles 
CP1_plasma=c(1,1);
CP1_liver=c(2,1);
CP1_intestine=c(3,1);
CP3_plasma=c(4,1);
CP3_liver=c(5,1);
CP3_intestine=c(6,1);
CP1_urine=c(7,1);
regulator=c(8,1); 
regulator_delay=c(9,1);
CP1_plasma_delay=c(10,1);
CP1_infusion_pool=c(11,1);
CP3_infusion_pool=c(12,1);
 
%%
kmOatpCP1=1.66*1000;    % Affinity constant of CPI for Oatp in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
kmMrp3CP1=3.75*1000;    % Affinity constant of CPI for Mrp3 in nM
kmMrp4CP1=5.85*1000;    % Affinity constant of CPI for Mrp4 in nM
kmOatpCP3=2.44*1000;    % Affinity constant of CPIII for Oatp in nM
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp3CP3=3.75*1000;    % Affinity constant of CPIII for Mrp3 in nM 
kmMrp4CP3=5.85*1000;    % Affinity constant of CPIII for Mrp4 in nM
VmaxOatpCP1=864.7361603; % Maximum velocity of vCPIOatp flux     in nM/min
VmaxMrp2CP1=381.70125; % Maximum velocity of vCPIMrp2 flux   in nM/min
VmaxMrp3CP1=4.3214*41.24170833; % Maximum velocity of vCPIMrp3 flux  in nM/min
VmaxMrp4CP1=0*192.9595; %177.87; %  Maximum velocity of vCPIMrp4 flux    in nM/min
VmaxOatpCP3=255.3443506; %308.11; % Maximum velocity of vCPIIIOatp flux  in nM/min
VmaxMrp2CP3=149.8575; %188.08; %  Maximum velocity of vCPIIIMrp2 flux    in nM/min
VmaxMrp3CP3=4.3214*11.99079315; %Maximum velocity of vCPIIIMrp3 flux     in nM/min
VmaxMrp4CP3=0*56.02706696; %Maximum velocity of vCPIIIMrp4 flux  in nM/min
kCP1renalElimination=0.035612536; %Rate constant for CP-I  renal elimination flux    /min
kCP1plasmadiffusion=0.005259972; %Rate constant for CP-I diffusion mediated flux across sinusoidal membrane /min
kCP1liverdiffusion=0.005505952; %Rate constant for CP-I diffusion mediated flux across canalicular membrane     /min
kCP1fecalElimination=0.000858655; %Rate constant for  CP-I faecal elimination flux      /min
kCP1Ehc=9.54061E-05; %0.0001; % Rate constant for CP-I enterohepatic circulation flux   /min
kCP3renalElimination=KSec_CP3*0.102728468; %    Rate constant for CP-III renal elimination flux     /min
kCP3plasmadiffusion=0.001054816; %  Rate constant for CP-III diffusion across sinusoidal membrane   /min
kCP3liverdiffusion=0.002157738; %   Rate constant for CP-III diffusion across canalicular membrane  /min
kCP3fecalEliimination=0.00078243; % %Rate constant for CP-III faecal elimination    /min
kCP3Ehc=8.69367E-05; %  %Rate constant for CP-III entero-hepatic ciculation flux    /min
vCP1Syn=0.159401709; %CPI Extrahepaic Synthesis  rate   nM/min
vCP1hepaticSyn=0.031083333; %   CPI Hepaic Synthesis rate nM/min    
vCP3Syn=0.761965812; %  CPIII Extrahepaic Synthesis rate    
vCP3hepaticSyn=0.148583333; %   CPIII Hepaic Synthesis rate 
Oatp_Activity=1;
Mrp2_Activity=1;
%BDL_parameter=1;
Mrp2_Activity_delay=1;
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
% Transporter regulation
Ai=1;
Af=0.5;  % 0.3 original
k=0.288*1.2; %0.288*1.2;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
Ai=1;
Af=10;
k=0.288*0.5;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
 
 
 
 
 
intestine_vol=0.0113; % Litre
liver_vol=10/1000; % Litre 
plasma_vol=7.8/1000; % Litre 
 
% factors for transporter flux
 
TFlux_intestine2plasma=intestine_vol/plasma_vol;
TFlux_liver2plasma=liver_vol/plasma_vol ;
TFlux_plasma2liver=plasma_vol/liver_vol;
TFlux_liver2intestine=liver_vol/intestine_vol;
 
% Flux expression
 
CP1_synthesis_flux=vCP1Syn;
CP1_EHC_intestine=kCP1Ehc*CP1_intestine;
CP1_MRP3_flux=mrp3_uregulation*VmaxMrp3CP1*(CP1_liver/(kmMrp3CP1+CP1_liver));
CP1_MRP4_flux=mrp4_upregulation*VmaxMrp4CP1*(CP1_liver/(kmMrp4CP1+CP1_liver));
CP1_OATP_flux=(Oatp_downregulation*VmaxOatpCP1*Oatp_Activity*(CP1_plasma/(kmOatpCP1+CP1_plasma)));
CP1_renal_elimination_flux=kCP1renalElimination*CP1_plasma;
CP1_plasma_diffusion_flux=kCP1plasmadiffusion*CP1_plasma;
CP1_liver_synthesis_flux=vCP1hepaticSyn;
CP1_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP1*(CP1_liver/(kmMrp2CP1+CP1_liver));
CP1_liver_dffusion_flux=BDL_parameter*kCP1liverdiffusion*CP1_liver;
CP1_fecal_elimination=kCP1fecalElimination*CP1_intestine;
 
CP3_synthesis_flux=vCP3Syn;
CP3_EHC_intestine=kCP3Ehc*CP3_intestine;
CP3_MRP3_flux=mrp3_uregulation*VmaxMrp3CP3*(CP3_liver/(kmMrp3CP3+CP3_liver));
CP3_MRP4_flux=0*VmaxMrp4CP3*mrp4_upregulation*(CP3_liver/(kmMrp4CP3+CP3_liver));
CP3_OATP_flux=Oatp_Activity*Oatp_downregulation*VmaxOatpCP3*(CP3_plasma/(kmOatpCP3+CP3_plasma));
CP3_renal_elimination_flux=kCP3renalElimination*CP3_plasma;
CP3_plasma_diffusion_flux=kCP3plasmadiffusion*CP3_plasma;
CP3_liver_synthesis_flux=vCP3hepaticSyn;
CP3_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP3*(CP3_liver/(kmMrp2CP3+CP3_liver));
CP3_liver_diffusion_flux=BDL_parameter*kCP3liverdiffusion*CP3_liver;
CP3_fecal_elimination=kCP3fecalEliimination*CP3_intestine;
 
% Differential equations
 
dxdt(1,1)=0*0.01*CP1_infusion_pool+CP1_synthesis_flux+TFlux_intestine2plasma*CP1_EHC_intestine+TFlux_liver2plasma*CP1_MRP3_flux + TFlux_liver2plasma*CP1_MRP4_flux-CP1_OATP_flux-CP1_renal_elimination_flux-CP1_plasma_diffusion_flux;
dxdt(2,1)=TFlux_plasma2liver*CP1_OATP_flux+TFlux_plasma2liver*CP1_plasma_diffusion_flux+CP1_liver_synthesis_flux-CP1_MRP3_flux-CP1_MRP4_flux-CP1_MRP2_flux-CP1_liver_dffusion_flux;
dxdt(3,1)=TFlux_liver2intestine*CP1_MRP2_flux+TFlux_liver2intestine*CP1_liver_dffusion_flux-CP1_fecal_elimination-CP1_EHC_intestine;
dxdt(4,1)=0.01*CP3_infusion_pool+CP3_synthesis_flux+TFlux_intestine2plasma*CP3_EHC_intestine+TFlux_liver2plasma*CP3_MRP3_flux+TFlux_liver2plasma*CP3_MRP4_flux-CP3_OATP_flux-CP3_renal_elimination_flux-CP3_plasma_diffusion_flux;
dxdt(5,1)=TFlux_plasma2liver*CP3_OATP_flux+TFlux_plasma2liver*CP3_plasma_diffusion_flux+CP3_liver_synthesis_flux-CP3_MRP3_flux-CP3_MRP4_flux-CP3_MRP2_flux-CP3_liver_diffusion_flux;
dxdt(6,1)=TFlux_liver2intestine*CP3_MRP2_flux+TFlux_liver2intestine*CP3_liver_diffusion_flux-CP3_fecal_elimination-CP3_EHC_intestine;
dxdt(7,1)=CP1_renal_elimination_flux;
dxdt(8,1)=0.003*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator); 
dxdt(9,1)=0.0004*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator_delay);
dxdt(10,1)=0.0004*(CP1_plasma-0.5*CP1_plasma_delay);
dxdt(11,1)=Rate_of_influsion_CP1-0.01*CP1_infusion_pool;
dxdt(12,1)=Rate_of_influsion_CP3-0.01*CP3_infusion_pool;
 
 

 
 
5. Figure 9. Rat Coproporphyrins model (Rat CP model) The experiment was performed  to understand the plasma CP-I and CP-III profiles in TR- rat.This experiment requires two files – A. ratCPmodel_BDLExpt_CP3_DecreasedSecretion and ratCPModel_ode.m. Matlab script is given below 

A. ratCPmodel_TRNegative.m (Executable file)
function ratCPmodel_TRNegative
 
% Matlab script to run the TR- Rats. Inputs are taken from the publication - Refer to paper 
close all
clear all
global BDL_parameter KsynCP1 KsynCP3 KMrp2 KMrp3 Rate_of_influsion_CP1 Rate_of_influsion_CP3 KSecCP3
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
BDL_parameter=1.0;
KsynCP1=1;
KsynCP3=1;
KMrp2=1;
KMrp3=1;
KSecCP3=1;
 
ti=0; tf=7*7*60*24; % time in min
tspan=[ti tf];
c0=zeros(12,1); % conc in nmolar (nM)
[t c_control]=ode15s(@ratCPMode_TRNegative_ode,tspan,c0);
c0=c_control(end,:);
[t c_control]=ode15s(@ratCPMode_TRNegative_ode,tspan,c0);
 
 
%%Experiment -  run the experiment with default parameter plot the scaled
%%value
% Run the experiment 
BDL_parameter=1 ; % ) for complete bile duct ligation
KMrp2=0; %0
KMrp3=10; %10;
KsynCP1=1; %2.7;
KsynCP3=1; %3.5;
KSecCP3=2/8; 
ti=0; tf=60*60*24; % time in min
tspan=[ti tf];
c0=c_control(end,:);
[t_expt c_expt]=ode15s(@ratCPMode_TRNegative_ode,tspan,c0);
scaled_matrix=bsxfun(@rdivide,c_expt,c_control(end,:));
 
 
figure(1)
DaysInMinute=1440; % Minute
subplot(221)
plot(t_expt/DaysInMinute,scaled_matrix(:,1));
colheader={'time(day)','CP-I in plasma(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,1)],'Sheet1','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',colheader,'Sheet1','A1');
hold on
time_day=[30];
CPI_plasma_FC=[21.76];
CP1_plasma_FC_pos=[5.76];
CP1_plasma_FC_neg=[5.76];
errorbar(time_day,CPI_plasma_FC,CP1_plasma_FC_pos,CP1_plasma_FC_neg);
 
 
xlabel('time(Days)')
ylabel('CP-I in plasma(nM)')
subplot(222)
plot(t_expt/DaysInMinute,scaled_matrix(:,2));
colheader={'time(day)','CP-I in liver(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,2)],'Sheet2','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',colheader,'Sheet2','A1');
xlabel('time(Days)')
ylabel('CP-I in liver(nM)')
hold on
% time_day=[3 7 14];
% CPI_liver_FC=[2.432055749 2.832957111 1.428689884];
% CP1_liver_FC_pos=[1.275261324 0.134311512 0.163349917];
% CP1_liver_FC_neg=[1.275261324 0.134311512 0.163349917];
% errorbar(time_day,CPI_liver_FC,CP1_liver_FC_pos,CP1_liver_FC_neg);
subplot(223)
plot(t_expt/DaysInMinute,scaled_matrix(:,3));
xlabel('time(wk)')
ylabel('CP-I in bile(nM)')
 
figure(2)
subplot(221)
plot(t_expt/DaysInMinute,scaled_matrix(:,4));
xlabel('time(Days)')
ylabel('CP-III in plasma(nM')
colheader={'time(day)','CP-III in plasma(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,4)],'Sheet3','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',colheader,'Sheet3','A1');
hold on
time_day=[30];
CP3_plasma_FC=[7.62];
CP3_plasma_FC_pos=[3.14];
CP3_plasma_FC_neg=[3.14];
errorbar(time_day,CP3_plasma_FC,CP3_plasma_FC_pos,CP3_plasma_FC_neg);
subplot(222)
plot(t_expt/DaysInMinute,scaled_matrix(:,5));
hold on
xlabel('time(wk)')
ylabel('CP-III in liver(nM)')
colheader={'time(day)','CP-III in liver(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,5)],'Sheet4','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',colheader,'Sheet4','A1');
subplot(223)
plot(t_expt/DaysInMinute,scaled_matrix(:,6));
 
xlabel('time(wk)')
ylabel('CP-III in bile(nM)')
figure(3)
subplot(1,2,1)
liver_vol=10/1000; % Litre 
 kCP1liverdiffusion=0.005505952;
 kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
 kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2    in nM
VmaxMrp2CP1=381.70125; %400.27;     % Maximum velocity of vCPIMrp2 flux  in nM/min
VmaxMrp2CP3=149.8575; %188.08; %  Maximum velocity of vCPIIIMrp2 flux    in nM/min
kCP3liverdiffusion=0.002157738; %0.003; %   Rate constant for CP-III diffusion across canalicular membrane  /min
CP1_MRP2_flux_control=VmaxMrp2CP1*(c_control(end,2)/(kmMrp2CP1+c_control(end,2)));
CP1_MRP2_flux=KMrp2*VmaxMrp2CP1*(c_expt(:,2)./(kmMrp2CP1+c_expt(:,2)));
CP1_liver_dffusion_flux_control=kCP1liverdiffusion*c_control(end,2);
CP1_liver_dffusion_flux=kCP1liverdiffusion.*c_expt(:,2);
CP1biliary_secretion_flux_control=(CP1_MRP2_flux_control+CP1_liver_dffusion_flux_control)*liver_vol*4*60;
CP1biliary_secretion_flux=((CP1_MRP2_flux+CP1_liver_dffusion_flux)/(CP1biliary_secretion_flux_control))*liver_vol*4*60;
CP3_MRP2_flux_control=VmaxMrp2CP3*(c_control(end,5)./(kmMrp2CP3+c_control(end,5)));
CP3_MRP2_flux=KMrp2*VmaxMrp2CP3*(c_expt(:,5)./(kmMrp2CP3+c_expt(:,5)));
CP3_liver_diffusion_flux_control=kCP3liverdiffusion*c_control(end,5);
CP3_liver_diffusion_flux=kCP3liverdiffusion*c_expt(:,5);
CP3biliary_secretion_flux_control=(CP3_MRP2_flux_control+CP3_liver_diffusion_flux_control)*liver_vol*4*60;
CP3biliary_secretion_flux=(CP3_MRP2_flux+CP3_liver_diffusion_flux)/CP3biliary_secretion_flux_control;
plot(t_expt/DaysInMinute,CP1biliary_secretion_flux);
colheader={'time(day)','CP-I biliary Secretion(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',[t_expt/DaysInMinute,CP1biliary_secretion_flux],'Sheet5','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',colheader,'Sheet5','A1');
hold on
colheader={'time(day)','CP-III biliary Secretion(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',[t_expt/DaysInMinute,CP3biliary_secretion_flux],'Sheet6','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3.xlsx',colheader,'Sheet6','A1');
plot(t_expt/DaysInMinute,CP3biliary_secretion_flux);
xlabel('time(Days)')
 ylabel(' Biliary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 

B. ratCPmodel_TRNegative_IncreasedSynthesis.m (Executable file)
function ratCPmodel_TRNegative_IncreasedSynthesis
 
%% Matlab script  to run the hypothesis if the increased hepatic synthesis of CP-I and CP-III could explain the obsrved data along with the default inputs.
close all
clear all
global BDL_parameter KsynCP1 KsynCP3 KMrp2 KMrp3 Rate_of_influsion_CP1 Rate_of_influsion_CP3 KSecCP3
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
BDL_parameter=1.0;
KsynCP1=1;
KsynCP3=1;
KMrp2=1;
KMrp3=1;
KSecCP3=1;
 
 
ti=0; tf=7*7*60*24; % time in min
tspan=[ti tf];
c0=zeros(12,1); % conc in nmolar (nM)
[t c_control]=ode15s(@ratCPMode_TRNegative_ode,tspan,c0);
c0=c_control(end,:);
[t c_control]=ode15s(@ratCPMode_TRNegative_ode,tspan,c0);
% Run the experiment 
BDL_parameter=1 ; % ) for complete bile duct ligation
KMrp2=0; %
KMrp3=10; % 10-fold increase in Mrp3 
KsynCP1=15.3600;
KsynCP3=1.8150;
KSecCP3=0.25;
ti=0; tf=30*60*24; % time in min
tspan=[ti tf];
c0=c_control(end,:);
[t_expt c_expt]=ode15s(@ratCPMode_TRNegative_ode,tspan,c0);
scaled_matrix=bsxfun(@rdivide,c_expt,c_control(end,:));
 
 
figure(1)
DaysInMinute=1440; % Minute
subplot(221)
plot(t_expt/DaysInMinute,scaled_matrix(:,1));
colheader={'time(day)','CP-I in plasma(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,1)],'Sheet1','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',colheader,'Sheet1','A1');
hold on
time_day=[30];
CPI_plasma_FC=[30];
CP1_plasma_FC_pos=[5.76];
CP1_plasma_FC_neg=[5.76];
errorbar(time_day,CPI_plasma_FC,CP1_plasma_FC_pos,CP1_plasma_FC_neg);
 
 
xlabel('time(Days)')
ylabel('CP-I in plasma(nM)')
subplot(222)
plot(t_expt/DaysInMinute,scaled_matrix(:,2));
colheader={'time(day)','CP-I in liver(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,2)],'Sheet2','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',colheader,'Sheet2','A1');
xlabel('time(Days)')
ylabel('CP-I in liver(nM)')
hold on
subplot(223)
plot(t_expt/DaysInMinute,scaled_matrix(:,3));
xlabel('time(wk)')
ylabel('CP-I in bile(nM)')
 
figure(2)
subplot(221)
plot(t_expt/DaysInMinute,scaled_matrix(:,4));
xlabel('time(Days)')
ylabel('CP-III in plasma(nM')
colheader={'time(day)','CP-III in plasma(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,4)],'Sheet3','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',colheader,'Sheet3','A1');
hold on
time_day=[30];
% CP3_plasma_FC=[5.446688207    2.96365105  4.149434572 3.482229402 3.630048465 4.001615509];
% CP3_plasma_FC_pos=[3.5    1.211631664 1.554119548 1.28917609  1.178513732 0.769789984];
% CP3_plasma_FC_neg=[3.5    1.211631664 1.554119548 1.28917609  1.178513732 0.769789984];
% errorbar(time_day,CP3_plasma_FC,CP3_plasma_FC_pos,CP3_plasma_FC_neg);
CP3_plasma_FC=[7.62];
CP3_plasma_FC_pos=[3.14];
CP3_plasma_FC_neg=[3.14];
errorbar(time_day,CP3_plasma_FC,CP3_plasma_FC_pos,CP3_plasma_FC_neg);
subplot(222)
plot(t_expt/DaysInMinute,scaled_matrix(:,5));
hold on
xlabel('time(wk)')
ylabel('CP-III in liver(nM)')
colheader={'time(day)','CP-III in liver(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,5)],'Sheet4','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',colheader,'Sheet4','A1');
subplot(223)
plot(t_expt/DaysInMinute,scaled_matrix(:,6));
 
xlabel('time(wk)')
ylabel('CP-III in bile(nM)')
figure(3)
subplot(1,2,1)
liver_vol=10/1000; % Litre 
 kCP1liverdiffusion=0.005505952;
 kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
 kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2    in nM
VmaxMrp2CP1=381.70125; %400.27;     % Maximum velocity of vCPIMrp2 flux  in nM/min
VmaxMrp2CP3=149.8575; %188.08; %  Maximum velocity of vCPIIIMrp2 flux    in nM/min
kCP3liverdiffusion=0.002157738; %0.003; %   Rate constant for CP-III diffusion across canalicular membrane  /min
CP1_MRP2_flux_control=VmaxMrp2CP1*(c_control(end,2)/(kmMrp2CP1+c_control(end,2)));
CP1_MRP2_flux=KMrp2*VmaxMrp2CP1*(c_expt(:,2)./(kmMrp2CP1+c_expt(:,2)));
CP1_liver_dffusion_flux_control=kCP1liverdiffusion*c_control(end,2);
CP1_liver_dffusion_flux=kCP1liverdiffusion.*c_expt(:,2);
CP1biliary_secretion_flux_control=(CP1_MRP2_flux_control+CP1_liver_dffusion_flux_control)*liver_vol*4*60;
CP1biliary_secretion_flux=((CP1_MRP2_flux+CP1_liver_dffusion_flux)/(CP1biliary_secretion_flux_control))*liver_vol*4*60;
 
CP3_MRP2_flux_control=VmaxMrp2CP3*(c_control(end,5)./(kmMrp2CP3+c_control(end,5)));
CP3_MRP2_flux=KMrp2*VmaxMrp2CP3*(c_expt(:,5)./(kmMrp2CP3+c_expt(:,5)));
CP3_liver_diffusion_flux_control=kCP3liverdiffusion*c_control(end,5);
CP3_liver_diffusion_flux=kCP3liverdiffusion*c_expt(:,5);
CP3biliary_secretion_flux_control=(CP3_MRP2_flux_control+CP3_liver_diffusion_flux_control)*liver_vol*4*60;
CP3biliary_secretion_flux=(CP3_MRP2_flux+CP3_liver_diffusion_flux)/CP3biliary_secretion_flux_control;
plot(t_expt/DaysInMinute,CP1biliary_secretion_flux);
colheader={'time(day)','CP-I biliary Secretion(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',[t_expt/DaysInMinute,CP1biliary_secretion_flux],'Sheet5','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',colheader,'Sheet5','A1');
hold on
colheader={'time(day)','CP-III biliary Secretion(FC wrt control)'};
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',[t_expt/DaysInMinute,CP3biliary_secretion_flux],'Sheet6','A2');
xlswrite('CP_RatTRNegativept_Mrp2_Mrp3_Synthesis.xlsx',colheader,'Sheet6','A1');
plot(t_expt/DaysInMinute,CP3biliary_secretion_flux);
xlabel('time(Days)')
 ylabel(' Biliary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 
C. ratCPMode_TRNegative_ode.m (Ode file)
function dxdt=ratCPMode_TRNegative_ode(t,c)
% ode file for rat CP model
 global BDL_parameter Rate_of_influsion_CP1 Rate_of_influsion_CP3 KsynCP1 KsynCP3 KMrp2 KMrp3 KSecCP3
% Varibles 
CP1_plasma=c(1,1);
CP1_liver=c(2,1);
CP1_intestine=c(3,1);
CP3_plasma=c(4,1);
CP3_liver=c(5,1);
CP3_intestine=c(6,1);
CP1_urine=c(7,1);
regulator=c(8,1); 
regulator_delay=c(9,1);
CP1_plasma_delay=c(10,1);
CP1_infusion_pool=c(11,1);
CP3_infusion_pool=c(12,1);
 
%%
kmOatpCP1=1.66*1000;    % Affinity constant of CPI for Oatp in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
kmMrp3CP1=3.75*1000;    % Affinity constant of CPI for Mrp3 in nM
kmMrp4CP1=5.85*1000;    % Affinity constant of CPI for Mrp4 in nM
kmOatpCP3=2.44*1000;    % Affinity constant of CPIII for Oatp in nM
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp3CP3=3.75*1000;    % Affinity constant of CPIII for Mrp3 in nM 
kmMrp4CP3=5.85*1000;    % Affinity constant of CPIII for Mrp4 in nM
VmaxOatpCP1=864.7361603; %874.56;     % Maximum velocity of vCPIOatp flux    in nM/min
VmaxMrp2CP1=381.70125; %400.27;     % Maximum velocity of vCPIMrp2 flux  in nM/min
VmaxMrp3CP1=4.3214*41.24170833; %59.29;      % Maximum velocity of vCPIMrp3 flux     in nM/min
VmaxMrp4CP1=0*192.9595; %177.87; %  Maximum velocity of vCPIMrp4 flux    in nM/min
VmaxOatpCP3=255.3443506; %308.11; % Maximum velocity of vCPIIIOatp flux  in nM/min
VmaxMrp2CP3=149.8575; %188.08; %  Maximum velocity of vCPIIIMrp2 flux    in nM/min
VmaxMrp3CP3=4.3214*11.99079315; %20.81;  %  Maximum velocity of vCPIIIMrp3 flux  in nM/min
VmaxMrp4CP3=0*56.02706696; % %62.42;  % Maximum velocity of vCPIIIMrp4 flux  in nM/min
kCP1renalElimination=0.035612536; %0.035; % Rate constant for CP-I  renal elimination flux   /min
kCP1plasmadiffusion=0.005259972; %0.028; %  Rate constant for CP-I diffusion mediated flux across sinusoidal membrane   /min
kCP1liverdiffusion=0.005505952; %0.006; %Rate constant for CP-I diffusion mediated flux across canalicular membrane     /min
kCP1fecalElimination=0.000858655; %0.001; %Rate constant for  CP-I faecal elimination flux      /min
kCP1Ehc=9.54061E-05; %0.0001; % Rate constant for CP-I enterohepatic circulation flux   /min
kCP3renalElimination=KSecCP3*0.102728468; %0.124; % Rate constant for CP-III renal elimination flux     /min
kCP3plasmadiffusion=0.001054816; %0.007; %  Rate constant for CP-III diffusion across sinusoidal membrane   /min
kCP3liverdiffusion=0.002157738; %0.003; %   Rate constant for CP-III diffusion across canalicular membrane  /min
kCP3fecalEliimination=0.00078243; %0.001;   %Rate constant for CP-III faecal elimination    /min
kCP3Ehc=8.69367E-05; %0.038;    %Rate constant for CP-III entero-hepatic ciculation flux    /min
vCP1Syn=0.159401709; %0.166; %CPI Extrahepaic Synthesis  rate   nM/min
vCP1hepaticSyn=KsynCP1*0.031083333; %0.032; %   CPI Hepaic Synthesis rate nM/min    
vCP3Syn=0.761965812; %0.896; %  CPIII Extrahepaic Synthesis rate    
vCP3hepaticSyn=KsynCP3*0.148583333; %0.175; %   CPIII Hepaic Synthesis rate 
Oatp_Activity=1;
Mrp2_Activity=1;
%BDL_parameter=1;
Mrp2_Activity_delay=1;
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
% Transporter regulation
Ai=1;
Af=0.9;  % 0.3 original
k=0.288*1.2;
regulator_homeo=1;
Oatp_downregulation=1; %(Ai-Af)+Af*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
Ai=1;
Af=10;
k=0.288*0.5;
regulator_homeo=1;
mrp3_uregulation=1; %Af-(Af-Ai)*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
max_upregualtion=1;
regualator_delay_homeo=1;
n_mrp4=1;
km_upregulation=1;
intestine_vol=0.0113; % Litre
liver_vol=10/1000; % Litre 
plasma_vol=7.8/1000; % Litre 
 
% factors for transporter flux
 
TFlux_intestine2plasma=intestine_vol/plasma_vol;
TFlux_liver2plasma=liver_vol/plasma_vol ;
TFlux_plasma2liver=plasma_vol/liver_vol;
TFlux_liver2intestine=liver_vol/intestine_vol;
 
% Flux expression
 
CP1_synthesis_flux=vCP1Syn;
CP1_EHC_intestine=kCP1Ehc*CP1_intestine;
CP1_MRP3_flux=KMrp3*VmaxMrp3CP1*(CP1_liver/(kmMrp3CP1+CP1_liver));
CP1_MRP4_flux=mrp4_upregulation*VmaxMrp4CP1*(CP1_liver/(kmMrp4CP1+CP1_liver));
CP1_OATP_flux=(Oatp_downregulation*VmaxOatpCP1*Oatp_Activity*(CP1_plasma/(kmOatpCP1+CP1_plasma)));
CP1_renal_elimination_flux=kCP1renalElimination*CP1_plasma;
CP1_plasma_diffusion_flux=kCP1plasmadiffusion*CP1_plasma;
CP1_liver_synthesis_flux=vCP1hepaticSyn;
CP1_MRP2_flux=KMrp2*BDL_parameter*VmaxMrp2CP1*(CP1_liver/(kmMrp2CP1+CP1_liver));
CP1_liver_dffusion_flux=BDL_parameter*kCP1liverdiffusion*CP1_liver;
CP1_fecal_elimination=kCP1fecalElimination*CP1_intestine;
 
CP3_synthesis_flux=vCP3Syn;
CP3_EHC_intestine=kCP3Ehc*CP3_intestine;
CP3_MRP3_flux=KMrp3*mrp3_uregulation*VmaxMrp3CP3*(CP3_liver/(kmMrp3CP3+CP3_liver));
CP3_MRP4_flux=0*VmaxMrp4CP3*mrp4_upregulation*(CP3_liver/(kmMrp4CP3+CP3_liver));
CP3_OATP_flux=Oatp_Activity*Oatp_downregulation*VmaxOatpCP3*(CP3_plasma/(kmOatpCP3+CP3_plasma));
CP3_renal_elimination_flux=kCP3renalElimination*CP3_plasma;
CP3_plasma_diffusion_flux=kCP3plasmadiffusion*CP3_plasma;
CP3_liver_synthesis_flux=vCP3hepaticSyn;
CP3_MRP2_flux=KMrp2*BDL_parameter*VmaxMrp2CP3*(CP3_liver/(kmMrp2CP3+CP3_liver));
CP3_liver_diffusion_flux=BDL_parameter*kCP3liverdiffusion*CP3_liver;
CP3_fecal_elimination=kCP3fecalEliimination*CP3_intestine;
 
 
% Differential equations
 
dxdt(1,1)=0*0.01*CP1_infusion_pool+CP1_synthesis_flux+TFlux_intestine2plasma*CP1_EHC_intestine+TFlux_liver2plasma*CP1_MRP3_flux + TFlux_liver2plasma*CP1_MRP4_flux-CP1_OATP_flux-CP1_renal_elimination_flux-CP1_plasma_diffusion_flux;
dxdt(2,1)=TFlux_plasma2liver*CP1_OATP_flux+TFlux_plasma2liver*CP1_plasma_diffusion_flux+CP1_liver_synthesis_flux-CP1_MRP3_flux-CP1_MRP4_flux-CP1_MRP2_flux-CP1_liver_dffusion_flux;
dxdt(3,1)=TFlux_liver2intestine*CP1_MRP2_flux+TFlux_liver2intestine*CP1_liver_dffusion_flux-CP1_fecal_elimination-CP1_EHC_intestine;
dxdt(4,1)=0.01*CP3_infusion_pool+CP3_synthesis_flux+TFlux_intestine2plasma*CP3_EHC_intestine+TFlux_liver2plasma*CP3_MRP3_flux+TFlux_liver2plasma*CP3_MRP4_flux-CP3_OATP_flux-CP3_renal_elimination_flux-CP3_plasma_diffusion_flux;
dxdt(5,1)=TFlux_plasma2liver*CP3_OATP_flux+TFlux_plasma2liver*CP3_plasma_diffusion_flux+CP3_liver_synthesis_flux-CP3_MRP3_flux-CP3_MRP4_flux-CP3_MRP2_flux-CP3_liver_diffusion_flux;
dxdt(6,1)=TFlux_liver2intestine*CP3_MRP2_flux+TFlux_liver2intestine*CP3_liver_diffusion_flux-CP3_fecal_elimination-CP3_EHC_intestine;
dxdt(7,1)=CP1_renal_elimination_flux;
dxdt(8,1)=0.003*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator); 
dxdt(9,1)=0.0004*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator_delay);
dxdt(10,1)=0.0004*(CP1_plasma-0.5*CP1_plasma_delay);
dxdt(11,1)=Rate_of_influsion_CP1-0.01*CP1_infusion_pool;
dxdt(12,1)=Rate_of_influsion_CP3-0.01*CP3_infusion_pool;
 


 
6. Table2. Mice CP control model simulations. This experiment requires two files – A. miceCPmodel_controlExpt B. miceCPModel_ode.m. Matlab script is given below

A. miceCPmodel_controlExpt (Executable file)


function miceCPmodel_controlExpt
 
%% Steady state simulations of control CP model
close all
clear all
global BDL_parameter Oatp_Activity CP3_Synthesis
BDL_parameter=1;
Oatp_Activity=1;
CP3_Synthesis=1;
 
 
ti=0; tf=7*7*60*24; % time in min
tspan=[ti tf];
c0=zeros(12,1); % conc in nmolar (nM)
[t c]=ode15s(@miceCPModel_ode,tspan,c0);
c0=c(end,:);
[t_control c_control]=ode15s(@miceCPModel_ode,tspan,c0);
 
 
%%Experiment -  run the experiment with default parameter plot the scaled
%%value
% Run the experiment 
BDL_parameter=1;
ti=0; tf=2*7*60*24; % time in min
tspan=[ti tf];
c0=c_control(end,:);
[t_expt c_expt]=ode15s(@miceCPModel_ode,tspan,c0);
scaled_matrix=bsxfun(@rdivide,c_expt,c_control(end,:));
 
 
figure(1)
DaysInMinute=1440; % Minute
subplot(221)
plot(t_expt/DaysInMinute,c_expt(:,1));
xlabel('time(wk)')
ylabel('CP-I in plasma(nM)')
subplot(222)
plot(t_expt/DaysInMinute,c_expt(:,2));
xlabel('time(wk)')
ylabel('CP-I in liver(nM)')
subplot(223)
plot(t_expt/DaysInMinute,c_expt(:,3));
xlabel('time(wk)')
ylabel('CP-I in bile(nM)')
 
figure(2)
subplot(221)
plot(t_expt/DaysInMinute,c_expt(:,4));
xlabel('time(wk)')
ylabel('CP-III in plasma(nM')
subplot(222)
plot(t_expt/DaysInMinute,c_expt(:,5));
xlabel('time(wk)')
ylabel('CP-III in liver(nM)')
subplot(223)
plot(t_expt/DaysInMinute,c_expt(:,6));
xlabel('time(wk)')
ylabel('CP-III in bile(nM)')
figure(3)
% Urinary Secretion
subplot(1,2,1)
kCP1renalElimination=0.0229;
kCP3renalElimination=0.014; 
liver_vol=0.0018; % Litre 
plasma_vol=0.002; % Litre 
plot(t_control/DaysInMinute,c_control(:,1)*kCP1renalElimination*plasma_vol*28.5714*60);
hold on
plot(t_control/DaysInMinute,c_control(:,4)*kCP3renalElimination*plasma_vol*28.5714*60);
xlabel('time(wk)')
ylabel('Urinary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
c_control(end,4)
subplot(1,2,2)
kCP1liverdiffusion=0.0062;
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
VmaxMrp2CP1=430.46; %400.27;     % Maximum velocity of vCPIMrp2 flux     in nM/min
VmaxMrp2CP3=500.84; %188.08; %  Maximum velocity of vCPIIIMrp2 flux  in nM/min
kCP3liverdiffusion=0.0072; %0.003; %    Rate constant for CP-III diffusion across canalicular membrane  /min
CP1_MRP2_flux=VmaxMrp2CP1*(c_control(:,2)./(kmMrp2CP1+c_control(:,2)));
CP1_liver_dffusion_flux=kCP1liverdiffusion.*c_control(:,2);
CP1biliary_secretion_flux=CP1_MRP2_flux+CP1_liver_dffusion_flux;
liver_vol=0.0018; % Litre 
CP3_MRP2_flux=VmaxMrp2CP3*(c_control(:,5)./(kmMrp2CP3+c_control(:,5)));
CP3_liver_diffusion_flux=kCP3liverdiffusion*c_control(:,5);
CP3biliary_secretion_flux=CP3_MRP2_flux+CP3_liver_diffusion_flux;
plot(t_control/DaysInMinute,CP1biliary_secretion_flux*liver_vol*28.5714*60); % Average weight of mice 35 g 28.5714 is the conversion factor 
hold on
plot(t_control/DaysInMinute,CP3biliary_secretion_flux*liver_vol*28.5714*60); 
xlabel('time(wk)')
ylabel('Biliary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 
% Transporter regulation
figure(4)
Ai=1;
Af=0.5;
k=0.288;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k));
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,1)
plot(t_expt/DaysInMinute,Oatp_downregulation);
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,2)
Ai=1;
Af=6;
k=0.288;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((c_expt(:,8)./regulator_homeo-0),1)*k));
plot(t_expt/DaysInMinute,mrp3_uregulation);
xlabel('time(Day)')
ylabel('Mrp3 Activity(FC wrt control)')
subplot(1,3,3)
max_upregualtion=1;
regualator_delay_homeo=1;
n_mrp4=1;
km_upregulation=1;
%mrp4_upregulation=1+max_upregualtion*(max(regulator_delay/regualator_delay_homeo-1,0)^n_mrp4)/(km_upregulation^n_mrp4+max(regulator_delay/regualator_delay_homeo-1,0)^n_mrp4);
mrp4_upregulation=Af-(Af-Ai)*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k));
plot(t_expt/DaysInMinute,mrp4_upregulation);
xlabel('time(Day)')
ylabel('Mrp4 Activity(FC wrt control)')

B. miceCPModel_ode.m (Ode file)


function dxdt=miceCPModel_ode(t,c)
% ode file for rat CP model
 global BDL_parameter Rate_of_influsion_CP1 Rate_of_influsion_CP3 Oatp_Activity CP3_Synthesis
% Varibles 
CP1_plasma=c(1,1);
CP1_liver=c(2,1);
CP1_intestine=c(3,1);
CP3_plasma=c(4,1);
CP3_liver=c(5,1);
CP3_intestine=c(6,1);
CP1_urine=c(7,1);
regulator=c(8,1); 
regulator_delay=c(9,1);
CP1_plasma_delay=c(10,1);
CP1_infusion_pool=c(11,1);
CP3_infusion_pool=c(12,1);
 
%%
kmOatpCP1=1.66*1000;            % Affinity constant of CPI for Oatp in nM
kmMrp2CP1=7.7*1000;             % Affinity constant of CPI for Mrp2 in nM
kmMrp3CP1=3.75*1000;            % Affinity constant of CPI for Mrp3 in nM
kmMrp4CP1=5.85*1000;            % Affinity constant of CPI for Mrp4 in nM
kmOatpCP3=2.44*1000;            % Affinity constant of CPIII for Oatp in nM
kmMrp2CP3=7.7*1000;             % Affinity constant of CPIII for Mrp2 in nM
kmMrp3CP3=3.75*1000;            % Affinity constant of CPIII for Mrp3 in nM 
kmMrp4CP3=5.85*1000;            % Affinity constant of CPIII for Mrp4 in nM
VmaxOatpCP1=545;                % Maximum velocity of vCPIOatp flux  in nM/min
VmaxMrp2CP1=374.3534399;        % Maximum velocity of vCPIMrp2 flux  in nM/min
VmaxMrp3CP1=1.4254*112.9771185;        % Maximum velocity of vCPIMrp3 flux   in nM/min
VmaxMrp4CP1=0*75.31807902;        % Maximum velocity of vCPIMrp4 flux    in nM/min
VmaxOatpCP3=707.2638907;        % Maximum velocity of vCPIIIOatp flux    in nM/min
VmaxMrp2CP3=500.7906048;        %  Maximum velocity of vCPIIIMrp2 flux   in nM/min
VmaxMrp3CP3=1.4279*152.4528614;        %    Maximum velocity of vCPIIIMrp3 flux  in nM/min
VmaxMrp4CP3=0*101.635241;         % Maximum velocity of vCPIIIMrp4 flux  in nM/min
kCP1renalElimination=0.02500125;%   Rate constant for CP-I  renal elimination flux   /min
kCP1plasmadiffusion=0.003316833;%   Rate constant for CP-I diffusion mediated flux across sinusoidal membrane   /min
kCP1liverdiffusion=0.005401505; %   Rate constant for CP-I diffusion mediated flux across canalicular membrane  /min
kCP1fecalElimination=0.000820354;%Rate constant for  CP-I faecal elimination flux   /min
kCP1Ehc=9.11504E-05;            %   Rate constant for CP-I enterohepatic circulation flux   /min
kCP3renalElimination=0.015625781;%  Rate constant for CP-III renal elimination flux     /min
kCP3plasmadiffusion=0.00292723; %   Rate constant for CP-III diffusion across sinusoidal membrane   /min
kCP3liverdiffusion=0.007224943; %   Rate constant for CP-III diffusion across canalicular membrane  /min
kCP3fecalEliimination=0.002136735;%Rate constant for CP-III faecal elimination  /min
kCP3Ehc=0.000237415;            %Rate constant for CP-III entero-hepatic ciculation flux    /min
vCP1Syn=0.02380119;             %CPI Extrahepaic Synthesis  rate    nM/min
vCP1hepaticSyn=0.006611442;     %   CPI Hepaic Synthesis rate nM/min    
vCP3Syn=0.080504025;             %  CPIII Extrahepaic Synthesis rate    
vCP3hepaticSyn=0.022362229;      %  CPIII Hepaic Synthesis rate 
 
Mrp2_Activity=1;
%BDL_parameter=1;
Mrp2_Activity_delay=1;
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
% Transporter regulation
Ai=1;
Af=0.5;
k=0.288;
regulator_homeo=1;
Oatp_downregulation=1; %(Ai-Af)+Af*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
Ai=1;
Af=2.5;
k=0.288*0.5;
regulator_homeo=1;
mrp3_uregulation=1; %Af-(Af-Ai)*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
intestine_vol=0.002; % Litre
liver_vol=0.0018; % Litre 
plasma_vol=0.002; % Litre 
 
% factors for transporter flux
 
TFlux_intestine2plasma=intestine_vol/plasma_vol;
TFlux_liver2plasma=liver_vol/plasma_vol ;
TFlux_plasma2liver=plasma_vol/liver_vol;
TFlux_liver2intestine=liver_vol/intestine_vol;
 
% Flux expression
 
CP1_synthesis_flux=vCP1Syn;
CP1_EHC_intestine=kCP1Ehc*CP1_intestine;
CP1_MRP3_flux=mrp3_uregulation*VmaxMrp3CP1*(CP1_liver/(kmMrp3CP1+CP1_liver));
CP1_MRP4_flux=mrp4_upregulation*VmaxMrp4CP1*(CP1_liver/(kmMrp4CP1+CP1_liver));
CP1_OATP_flux=(Oatp_downregulation*VmaxOatpCP1*Oatp_Activity*(CP1_plasma/(kmOatpCP1+CP1_plasma)));
CP1_renal_elimination_flux=kCP1renalElimination*CP1_plasma;
CP1_plasma_diffusion_flux=kCP1plasmadiffusion*CP1_plasma;
CP1_liver_synthesis_flux=vCP1hepaticSyn;
CP1_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP1*(CP1_liver/(kmMrp2CP1+CP1_liver));
CP1_liver_dffusion_flux=BDL_parameter*kCP1liverdiffusion*CP1_liver;
CP1_fecal_elimination=kCP1fecalElimination*CP1_intestine;
 
CP3_synthesis_flux=vCP3Syn;
CP3_EHC_intestine=kCP3Ehc*CP3_intestine;
CP3_MRP3_flux=mrp3_uregulation*VmaxMrp3CP3*(CP3_liver/(kmMrp3CP3+CP3_liver));
CP3_MRP4_flux=VmaxMrp4CP3*mrp4_upregulation*(CP3_liver/(kmMrp4CP3+CP3_liver)); 
CP3_OATP_flux=Oatp_Activity*Oatp_downregulation*VmaxOatpCP3*(CP3_plasma/(kmOatpCP3+CP3_plasma));
CP3_renal_elimination_flux=kCP3renalElimination*CP3_plasma;
CP3_plasma_diffusion_flux=kCP3plasmadiffusion*CP3_plasma;
CP3_liver_synthesis_flux=CP3_Synthesis*vCP3hepaticSyn;
CP3_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP3*(CP3_liver/(kmMrp2CP3+CP3_liver));
CP3_liver_diffusion_flux=BDL_parameter*kCP3liverdiffusion*CP3_liver;
CP3_fecal_elimination=kCP3fecalEliimination*CP3_intestine;
 
% Differential equations
 
dxdt(1,1)=0*0.01*CP1_infusion_pool+CP1_synthesis_flux+TFlux_intestine2plasma*CP1_EHC_intestine+TFlux_liver2plasma*CP1_MRP3_flux + TFlux_liver2plasma*CP1_MRP4_flux-CP1_OATP_flux-CP1_renal_elimination_flux-CP1_plasma_diffusion_flux;
dxdt(2,1)=TFlux_plasma2liver*CP1_OATP_flux+TFlux_plasma2liver*CP1_plasma_diffusion_flux+CP1_liver_synthesis_flux-CP1_MRP3_flux-CP1_MRP4_flux-CP1_MRP2_flux-CP1_liver_dffusion_flux;
dxdt(3,1)=TFlux_liver2intestine*CP1_MRP2_flux+TFlux_liver2intestine*CP1_liver_dffusion_flux-CP1_fecal_elimination-CP1_EHC_intestine;
dxdt(4,1)=0.01*CP3_infusion_pool+CP3_synthesis_flux+TFlux_intestine2plasma*CP3_EHC_intestine+TFlux_liver2plasma*CP3_MRP3_flux+TFlux_liver2plasma*CP3_MRP4_flux-CP3_OATP_flux-CP3_renal_elimination_flux-CP3_plasma_diffusion_flux;
dxdt(5,1)=TFlux_plasma2liver*CP3_OATP_flux+TFlux_plasma2liver*CP3_plasma_diffusion_flux+CP3_liver_synthesis_flux-CP3_MRP3_flux-CP3_MRP4_flux-CP3_MRP2_flux-CP3_liver_diffusion_flux;
dxdt(6,1)=TFlux_liver2intestine*CP3_MRP2_flux+TFlux_liver2intestine*CP3_liver_diffusion_flux-CP3_fecal_elimination-CP3_EHC_intestine;
dxdt(7,1)=CP1_renal_elimination_flux;
dxdt(8,1)=0.003*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator); 
dxdt(9,1)=0.0004*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator_delay);
dxdt(10,1)=0.0004*(CP1_plasma-0.5*CP1_plasma_delay);
dxdt(11,1)=Rate_of_influsion_CP1-0.01*CP1_infusion_pool;
dxdt(12,1)=Rate_of_influsion_CP3-0.01*CP3_infusion_pool;



7. Table 4. Knock out experiment using mouse CP model. There is two experiments. 
A. Experiment with default parameters where Oatp was reduced to zero. This experiment requires two matlab files- i) miceCPmodel_OatpKOExpt.m ii) miceCPModel_ode.m 
B. Experiment with default parameters where CP-III synthesis rate was increased with Oatp activity as zero. This experiment requires two matlab files- i) BDL_parameter Oatp_Activity CP3_Synthesis ii) miceCPModel_ode.m 


 
function miceCPmodel_OatpKOExpt
 
%% Steady state simulations of control CP model
close all
clear all
global BDL_parameter Oatp_Activity CP3_Synthesis
BDL_parameter=1;
Oatp_Activity=1;
CP3_Synthesis=1;
 
ti=0; tf=7*7*60*24; % time in min
tspan=[ti tf];
c0=zeros(12,1); % conc in nmolar (nM)
[t c]=ode15s(@miceCPModel_ode,tspan,c0);
c0=c(end,:);
[t_control c_control]=ode15s(@miceCPModel_ode,tspan,c0);
 
 
%%Experiment -  run the experiment with default parameter plot the scaled
%%value
% Run the experiment 
BDL_parameter=1;
Oatp_Activity=0.0;
CP3_Synthesis=1;
ti=0; tf=2*7*60*24; % time in min
tspan=[ti tf];
c0=c_control(end,:);
[t_expt c_expt]=ode15s(@miceCPModel_ode,tspan,c0);
scaled_matrix=bsxfun(@rdivide,c_expt,c_control(end,:));
 
 
figure(1)
DaysInMinute=1440; % Minute
subplot(221)
plot(t_expt/DaysInMinute,c_expt(:,1));
colheader={'time(day)','CP-I in plasma (nM)'};
xlswrite('CPI_MiceKOExpt.xlsx',[t_expt/DaysInMinute,c_expt(:,1)],'Sheet1','A2');
xlswrite('CPI_MiceKOExpt.xlsx',colheader,'Sheet1','A1');
xlabel('time(wk)')
ylabel('CP-I in plasma(nM)')
subplot(222)
plot(t_expt/DaysInMinute,c_expt(:,2));
xlabel('time(wk)')
ylabel('CP-I in liver(nM)')
subplot(223)
plot(t_expt/DaysInMinute,c_expt(:,3));
xlabel('time(wk)')
ylabel('CP-I in bile(nM)')
 
figure(2)
subplot(221)
plot(t_expt/DaysInMinute,c_expt(:,4));
colheader={'time(day)','CP-III in plasma (nM)'};
xlswrite('CPI_MiceKOExpt.xlsx',[t_expt/DaysInMinute,c_expt(:,4)],'Sheet2','A2');
xlswrite('CPI_MiceKOExpt.xlsx',colheader,'Sheet2','A1');
xlabel('time(wk)')
ylabel('CP-III in plasma(nM')
subplot(222)
plot(t_expt/DaysInMinute,c_expt(:,5));
xlabel('time(wk)')
ylabel('CP-III in liver(nM)')
subplot(223)
plot(t_expt/DaysInMinute,c_expt(:,6));
xlabel('time(wk)')
ylabel('CP-III in bile(nM)')
figure(3)
% Urinary Secretion
subplot(1,2,1)
kCP1renalElimination=0.0229;
kCP3renalElimination=0.014; 
liver_vol=0.0018; % Litre 
plasma_vol=0.002; % Litre 
plot(t_expt/DaysInMinute,c_expt(:,1)*kCP1renalElimination*plasma_vol*28.5714*60);
colheader={'time(day)','CP-I Renal Excretion (nmol/h/kg)'};
xlswrite('CPI_MiceKOExpt.xlsx',[t_expt/DaysInMinute,c_expt(:,1)*kCP1renalElimination*plasma_vol*28.5714*60],'Sheet3','A2');
xlswrite('CPI_MiceKOExpt.xlsx',colheader,'Sheet3','A1');
hold on
plot(t_expt/DaysInMinute,c_expt(:,4)*kCP3renalElimination*plasma_vol*28.5714*60);
colheader={'time(day)','CP-III Renal Excretion (nmol/h/kg)'};
xlswrite('CPI_MiceKOExpt.xlsx',[t_expt/DaysInMinute,c_expt(:,4)*kCP3renalElimination*plasma_vol*28.5714*60],'Sheet4','A2');
xlswrite('CPI_MiceKOExpt.xlsx',colheader,'Sheet4','A1');
xlabel('time(wk)')
ylabel('Urinary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 
subplot(1,2,2)
kCP1liverdiffusion=0.0062;
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
VmaxMrp2CP1=430.46; %400.27;     % Maximum velocity of vCPIMrp2 flux     in nM/min
VmaxMrp2CP3=500.84; %188.08; %  Maximum velocity of vCPIIIMrp2 flux  in nM/min
kCP3liverdiffusion=0.0072; %0.003; %    Rate constant for CP-III diffusion across canalicular membrane  /min
CP1_MRP2_flux=VmaxMrp2CP1*(c_expt(:,2)./(kmMrp2CP1+c_expt(:,2)));
CP1_liver_dffusion_flux=kCP1liverdiffusion.*c_expt(:,2);
CP1biliary_secretion_flux=CP1_MRP2_flux+CP1_liver_dffusion_flux;
liver_vol=0.0018; % Litre 
CP3_MRP2_flux=VmaxMrp2CP3*(c_expt(:,5)./(kmMrp2CP3+c_expt(:,5)));
CP3_liver_diffusion_flux=kCP3liverdiffusion*c_expt(:,5);
CP3biliary_secretion_flux=CP3_MRP2_flux+CP3_liver_diffusion_flux;
plot(t_expt/DaysInMinute,CP1biliary_secretion_flux*liver_vol*28.5714*60); % Average weight of mice 35 g 28.5714 is the conversion factor 
hold on
plot(t_expt/DaysInMinute,CP3biliary_secretion_flux*liver_vol*28.5714*60); 
xlabel('time(wk)')
ylabel('Biliary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 
% Transporter regulation
figure(4)
Ai=1;
Af=0.5;
k=0.288;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k));
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,1)
plot(t_expt/DaysInMinute,Oatp_downregulation);
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,2)
Ai=1;
Af=6;
k=0.288;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((c_expt(:,8)./regulator_homeo-0),1)*k));
plot(t_expt/DaysInMinute,mrp3_uregulation);
xlabel('time(Day)')
ylabel('Mrp3 Activity(FC wrt control)')
subplot(1,3,3)

B.miceCPmodel_OatpKOExpt_IncreasedCP3Syn(Executable file)


function miceCPmodel_OatpKOExpt_IncreasedCP3Syn
 
%% Steady state simulations of control CP model
close all
clear all
global BDL_parameter Oatp_Activity CP3_Synthesis
BDL_parameter=1;
Oatp_Activity=1;
CP3_Synthesis=1;
 
ti=0; tf=7*7*60*24; % time in min
tspan=[ti tf];
c0=zeros(12,1); % conc in nmolar (nM)
[t c]=ode15s(@miceCPModel_ode,tspan,c0);
c0=c(end,:);
[t_control c_control]=ode15s(@miceCPModel_ode,tspan,c0);
 
 
% Run the experiment 
BDL_parameter=1;
Oatp_Activity=0.0;
CP3_Synthesis=8.25*0.85;
ti=0; tf=2*7*60*24; % time in min
tspan=[ti tf];
c0=c_control(end,:);
[t_expt c_expt]=ode15s(@miceCPModel_ode,tspan,c0);
scaled_matrix=bsxfun(@rdivide,c_expt,c_control(end,:));
 
 
figure(1)
DaysInMinute=1440; % Minute
subplot(221)
plot(t_expt/DaysInMinute,c_expt(:,1));
colheader={'time(day)','CP-I in plasma (nM)'};
xlswrite('CPI_MiceKOExpt_IncreasedCP3Syn.xlsx',[t_expt/DaysInMinute,c_expt(:,1)],'Sheet1','A2');
xlswrite('CPI_MiceKOExpt_IncreasedCP3Syn.xlsx',colheader,'Sheet1','A1');
xlabel('time(wk)')
ylabel('CP-I in plasma(nM)')
subplot(222)
plot(t_expt/DaysInMinute,c_expt(:,2));
xlabel('time(wk)')
ylabel('CP-I in liver(nM)')
subplot(223)
plot(t_expt/DaysInMinute,c_expt(:,3));
xlabel('time(wk)')
ylabel('CP-I in bile(nM)')
 
figure(2)
subplot(221)
plot(t_expt/DaysInMinute,c_expt(:,4));
colheader={'time(day)','CP-III in plasma (nM)'};
xlswrite('CPI_MiceKOExpt_IncreasedCP3Syn.xlsx',[t_expt/DaysInMinute,c_expt(:,4)],'Sheet2','A2');
xlswrite('CPI_MiceKOExpt_IncreasedCP3Syn.xlsx',colheader,'Sheet2','A1');
xlabel('time(wk)')
ylabel('CP-III in plasma(nM')
subplot(222)
plot(t_expt/DaysInMinute,c_expt(:,5));
xlabel('time(wk)')
ylabel('CP-III in liver(nM)')
subplot(223)
plot(t_expt/DaysInMinute,c_expt(:,6));
xlabel('time(wk)')
ylabel('CP-III in bile(nM)')
figure(3)
% Urinary Secretion
subplot(1,2,1)
kCP1renalElimination=0.0229;
kCP3renalElimination=0.014; 
liver_vol=0.0018; % Litre 
plasma_vol=0.002; % Litre 
plot(t_expt/DaysInMinute,c_expt(:,1)*kCP1renalElimination*plasma_vol*28.5714*60);
colheader={'time(day)','CP-I Renal Excretion (nmol/h/kg)'};
xlswrite('CPI_MiceKOExpt_IncreasedCP3Syn.xlsx',[t_expt/DaysInMinute,c_expt(:,1)*kCP1renalElimination*plasma_vol*28.5714*60],'Sheet3','A2');
xlswrite('CPI_MiceKOExpt_IncreasedCP3Syn.xlsx',colheader,'Sheet3','A1');
hold on
plot(t_expt/DaysInMinute,c_expt(:,4)*kCP3renalElimination*plasma_vol*28.5714*60);
colheader={'time(day)','CP-III Renal Excretion (nmol/h/kg)'};
xlswrite('CPI_MiceKOExpt_IncreasedCP3Syn.xlsx',[t_expt/DaysInMinute,c_expt(:,4)*kCP3renalElimination*plasma_vol*28.5714*60],'Sheet4','A2');
xlswrite('CPI_MiceKOExpt_IncreasedCP3Syn.xlsx',colheader,'Sheet4','A1');
xlabel('time(wk)')
ylabel('Urinary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 
subplot(1,2,2)
kCP1liverdiffusion=0.0062;
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
VmaxMrp2CP1=430.46; %400.27;     % Maximum velocity of vCPIMrp2 flux     in nM/min
VmaxMrp2CP3=500.84; %188.08; %  Maximum velocity of vCPIIIMrp2 flux  in nM/min
kCP3liverdiffusion=0.0072; %0.003; %    Rate constant for CP-III diffusion across canalicular membrane  /min
CP1_MRP2_flux=VmaxMrp2CP1*(c_expt(:,2)./(kmMrp2CP1+c_expt(:,2)));
CP1_liver_dffusion_flux=kCP1liverdiffusion.*c_expt(:,2);
CP1biliary_secretion_flux=CP1_MRP2_flux+CP1_liver_dffusion_flux;
liver_vol=0.0018; % Litre 
CP3_MRP2_flux=VmaxMrp2CP3*(c_expt(:,5)./(kmMrp2CP3+c_expt(:,5)));
CP3_liver_diffusion_flux=kCP3liverdiffusion*c_expt(:,5);
CP3biliary_secretion_flux=CP3_MRP2_flux+CP3_liver_diffusion_flux;
plot(t_expt/DaysInMinute,CP1biliary_secretion_flux*liver_vol*28.5714*60); % Average weight of mice 35 g 28.5714 is the conversion factor 
hold on
plot(t_expt/DaysInMinute,CP3biliary_secretion_flux*liver_vol*28.5714*60); 
xlabel('time(wk)')
ylabel('Biliary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 
% Transporter regulation
figure(4)
Ai=1;
Af=0.5;
k=0.288;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k));
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,1)
plot(t_expt/DaysInMinute,Oatp_downregulation);
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,2)
Ai=1;
Af=6;
k=0.288;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((c_expt(:,8)./regulator_homeo-0),1)*k));
plot(t_expt/DaysInMinute,mrp3_uregulation);
xlabel('time(Day)')
ylabel('Mrp3 Activity(FC wrt control)')
subplot(1,3,3)
max_upregualtion=1;
regualator_delay_homeo=1;
n_mrp4=1;
km_upregulation=1;
%mrp4_upregulation=1+max_upregualtion*(max(regulator_delay/regualator_delay_homeo-1,0)^n_mrp4)/(km_upregulation^n_mrp4+max(regulator_delay/regualator_delay_homeo-1,0)^n_mrp4);
mrp4_upregulation=Af-(Af-Ai)*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k));
plot(t_expt/DaysInMinute,mrp4_upregulation);
xlabel('time(Day)')
ylabel('Mrp4 Activity(FC wrt control)')

 

C. miceCPModel_ode (Ode file)


function dxdt=miceCPModel_ode(t,c)
% ode file for rat CP model
 global BDL_parameter Rate_of_influsion_CP1 Rate_of_influsion_CP3 Oatp_Activity CP3_Synthesis
% Varibles 
CP1_plasma=c(1,1);
CP1_liver=c(2,1);
CP1_intestine=c(3,1);
CP3_plasma=c(4,1);
CP3_liver=c(5,1);
CP3_intestine=c(6,1);
CP1_urine=c(7,1);
regulator=c(8,1); 
regulator_delay=c(9,1);
CP1_plasma_delay=c(10,1);
CP1_infusion_pool=c(11,1);
CP3_infusion_pool=c(12,1);
 
%%
kmOatpCP1=1.66*1000;            % Affinity constant of CPI for Oatp in nM
kmMrp2CP1=7.7*1000;             % Affinity constant of CPI for Mrp2 in nM
kmMrp3CP1=3.75*1000;            % Affinity constant of CPI for Mrp3 in nM
kmMrp4CP1=5.85*1000;            % Affinity constant of CPI for Mrp4 in nM
kmOatpCP3=2.44*1000;            % Affinity constant of CPIII for Oatp in nM
kmMrp2CP3=7.7*1000;             % Affinity constant of CPIII for Mrp2 in nM
kmMrp3CP3=3.75*1000;            % Affinity constant of CPIII for Mrp3 in nM 
kmMrp4CP3=5.85*1000;            % Affinity constant of CPIII for Mrp4 in nM
VmaxOatpCP1=545;                % Maximum velocity of vCPIOatp flux  in nM/min
VmaxMrp2CP1=374.3534399;        % Maximum velocity of vCPIMrp2 flux  in nM/min
VmaxMrp3CP1=1.4254*112.9771185;        % Maximum velocity of vCPIMrp3 flux   in nM/min
VmaxMrp4CP1=0*75.31807902;        % Maximum velocity of vCPIMrp4 flux    in nM/min
VmaxOatpCP3=707.2638907;        % Maximum velocity of vCPIIIOatp flux    in nM/min
VmaxMrp2CP3=500.7906048;        %  Maximum velocity of vCPIIIMrp2 flux   in nM/min
VmaxMrp3CP3=1.4279*152.4528614;        %    Maximum velocity of vCPIIIMrp3 flux  in nM/min
VmaxMrp4CP3=0*101.635241;         % Maximum velocity of vCPIIIMrp4 flux  in nM/min
kCP1renalElimination=0.02500125;%   Rate constant for CP-I  renal elimination flux   /min
kCP1plasmadiffusion=0.003316833;%   Rate constant for CP-I diffusion mediated flux across sinusoidal membrane   /min
kCP1liverdiffusion=0.005401505; %   Rate constant for CP-I diffusion mediated flux across canalicular membrane  /min
kCP1fecalElimination=0.000820354;%Rate constant for  CP-I faecal elimination flux   /min
kCP1Ehc=9.11504E-05;            %   Rate constant for CP-I enterohepatic circulation flux   /min
kCP3renalElimination=0.015625781;%  Rate constant for CP-III renal elimination flux     /min
kCP3plasmadiffusion=0.00292723; %   Rate constant for CP-III diffusion across sinusoidal membrane   /min
kCP3liverdiffusion=0.007224943; %   Rate constant for CP-III diffusion across canalicular membrane  /min
kCP3fecalEliimination=0.002136735;%Rate constant for CP-III faecal elimination  /min
kCP3Ehc=0.000237415;            %Rate constant for CP-III entero-hepatic ciculation flux    /min
vCP1Syn=0.02380119;             %CPI Extrahepaic Synthesis  rate    nM/min
vCP1hepaticSyn=0.006611442;     %   CPI Hepaic Synthesis rate nM/min    
vCP3Syn=0.080504025;             %  CPIII Extrahepaic Synthesis rate    
vCP3hepaticSyn=0.022362229;      %  CPIII Hepaic Synthesis rate 
 
Mrp2_Activity=1;
%BDL_parameter=1;
Mrp2_Activity_delay=1;
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
% Transporter regulation
Ai=1;
Af=0.5;
k=0.288;
regulator_homeo=1;
Oatp_downregulation=1; %(Ai-Af)+Af*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
Ai=1;
Af=2.5;
k=0.288*0.5;
regulator_homeo=1;
mrp3_uregulation=1; %Af-(Af-Ai)*exp(-(max((regulator/regulator_homeo-1),0)*k));

 
 
intestine_vol=0.002; % Litre
liver_vol=0.0018; % Litre 
plasma_vol=0.002; % Litre 
 
% factors for transporter flux
 
TFlux_intestine2plasma=intestine_vol/plasma_vol;
TFlux_liver2plasma=liver_vol/plasma_vol ;
TFlux_plasma2liver=plasma_vol/liver_vol;
TFlux_liver2intestine=liver_vol/intestine_vol;
 
% Flux expression
 
CP1_synthesis_flux=vCP1Syn;
CP1_EHC_intestine=kCP1Ehc*CP1_intestine;
CP1_MRP3_flux=mrp3_uregulation*VmaxMrp3CP1*(CP1_liver/(kmMrp3CP1+CP1_liver));
CP1_MRP4_flux=mrp4_upregulation*VmaxMrp4CP1*(CP1_liver/(kmMrp4CP1+CP1_liver));
CP1_OATP_flux=(Oatp_downregulation*VmaxOatpCP1*Oatp_Activity*(CP1_plasma/(kmOatpCP1+CP1_plasma)));
CP1_renal_elimination_flux=kCP1renalElimination*CP1_plasma;
CP1_plasma_diffusion_flux=kCP1plasmadiffusion*CP1_plasma;
CP1_liver_synthesis_flux=vCP1hepaticSyn;
CP1_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP1*(CP1_liver/(kmMrp2CP1+CP1_liver));
CP1_liver_dffusion_flux=BDL_parameter*kCP1liverdiffusion*CP1_liver;
CP1_fecal_elimination=kCP1fecalElimination*CP1_intestine;
 
CP3_synthesis_flux=vCP3Syn;
CP3_EHC_intestine=kCP3Ehc*CP3_intestine;
CP3_MRP3_flux=mrp3_uregulation*VmaxMrp3CP3*(CP3_liver/(kmMrp3CP3+CP3_liver));
CP3_MRP4_flux=VmaxMrp4CP3*mrp4_upregulation*(CP3_liver/(kmMrp4CP3+CP3_liver)); 
CP3_OATP_flux=Oatp_Activity*Oatp_downregulation*VmaxOatpCP3*(CP3_plasma/(kmOatpCP3+CP3_plasma));
CP3_renal_elimination_flux=kCP3renalElimination*CP3_plasma;
CP3_plasma_diffusion_flux=kCP3plasmadiffusion*CP3_plasma;
CP3_liver_synthesis_flux=CP3_Synthesis*vCP3hepaticSyn;
CP3_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP3*(CP3_liver/(kmMrp2CP3+CP3_liver));
CP3_liver_diffusion_flux=BDL_parameter*kCP3liverdiffusion*CP3_liver;
CP3_fecal_elimination=kCP3fecalEliimination*CP3_intestine;
 
% Differential equations
 
dxdt(1,1)=0*0.01*CP1_infusion_pool+CP1_synthesis_flux+TFlux_intestine2plasma*CP1_EHC_intestine+TFlux_liver2plasma*CP1_MRP3_flux + TFlux_liver2plasma*CP1_MRP4_flux-CP1_OATP_flux-CP1_renal_elimination_flux-CP1_plasma_diffusion_flux;
dxdt(2,1)=TFlux_plasma2liver*CP1_OATP_flux+TFlux_plasma2liver*CP1_plasma_diffusion_flux+CP1_liver_synthesis_flux-CP1_MRP3_flux-CP1_MRP4_flux-CP1_MRP2_flux-CP1_liver_dffusion_flux;
dxdt(3,1)=TFlux_liver2intestine*CP1_MRP2_flux+TFlux_liver2intestine*CP1_liver_dffusion_flux-CP1_fecal_elimination-CP1_EHC_intestine;
dxdt(4,1)=0.01*CP3_infusion_pool+CP3_synthesis_flux+TFlux_intestine2plasma*CP3_EHC_intestine+TFlux_liver2plasma*CP3_MRP3_flux+TFlux_liver2plasma*CP3_MRP4_flux-CP3_OATP_flux-CP3_renal_elimination_flux-CP3_plasma_diffusion_flux;
dxdt(5,1)=TFlux_plasma2liver*CP3_OATP_flux+TFlux_plasma2liver*CP3_plasma_diffusion_flux+CP3_liver_synthesis_flux-CP3_MRP3_flux-CP3_MRP4_flux-CP3_MRP2_flux-CP3_liver_diffusion_flux;
dxdt(6,1)=TFlux_liver2intestine*CP3_MRP2_flux+TFlux_liver2intestine*CP3_liver_diffusion_flux-CP3_fecal_elimination-CP3_EHC_intestine;
dxdt(7,1)=CP1_renal_elimination_flux;
dxdt(8,1)=0.003*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator); 
dxdt(9,1)=0.0004*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator_delay);
dxdt(10,1)=0.0004*(CP1_plasma-0.5*CP1_plasma_delay);
dxdt(11,1)=Rate_of_influsion_CP1-0.01*CP1_infusion_pool;
dxdt(12,1)=Rate_of_influsion_CP3-0.01*CP3_infusion_pool;
 
8. Figure 8. The bile duct ligation experiment was performed with transitory closure of renal elimination of coproporphyrins. The experiment requires two matlab files A. miceCPmodel_BDLExpt.m B. miceCPModel_ode_BDL

A. miceCPmodel_BDLExpt.m (Executable file)

function miceCPmodel_BDLExpt
 
%% Steady state simulations of control CP model
close all
clear all
global BDL_parameter Oatp_Activity CP3_Synthesis
BDL_parameter=1;
Oatp_Activity=1;
CP3_Synthesis=1;
 
 
ti=0; tf=7*7*60*24; % time in min
tspan=[ti tf];
c0=zeros(12,1); % conc in nmolar (nM)
[t c]=ode15s(@miceCPModel_ode,tspan,c0);
c0=c(end,:);
[t_control c_control]=ode15s(@miceCPModel_ode,tspan,c0);
 
 
%%Experiment -  run the experiment with default parameter plot the scaled
%%value
% Run the experiment 
BDL_parameter=0;
Oatp_Activity=1.0;
ti=0; tf=10*60*24; % time in min 
tspan=[ti tf];
c0=c_control(end,:);
[t_expt c_expt]=ode15s(@miceCPModel_ode_BDL,tspan,c0);
scaled_matrix=bsxfun(@rdivide,c_expt,c_control(end,:));
 
 
figure(1)
DaysInMinute=1440; % Minute
subplot(221)
plot(t_expt/DaysInMinute,scaled_matrix(:,1));
 
xlabel('time(day)');
ylabel('CP-I in plasma(nM)');
colheader={'time(day)','CP-I in plasma(FC wrt control)'};
xlswrite('CPI_BDLExpt.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,1)],'Sheet1','A2');
xlswrite('CPI_BDLExpt.xlsx',colheader,'Sheet1','A1');
subplot(222)
plot(t_expt/DaysInMinute,scaled_matrix(:,2));
xlabel('time(wk)')
ylabel('CP-I in liver(nM)')
subplot(223)
plot(t_expt/DaysInMinute,scaled_matrix(:,3));
xlabel('time(wk)')
ylabel('CP-I in bile(nM)')
 
figure(2)
subplot(221)
plot(t_expt/DaysInMinute,scaled_matrix(:,4));
xlabel('time(wk)')
ylabel('CP-III in plasma(nM')
colheader={'time(day)','CP-III in plasma(FC wrt control)'};
xlswrite('CPI_BDLExpt.xlsx',[t_expt/DaysInMinute,scaled_matrix(:,1)],'Sheet2','A2');
xlswrite('CPI_BDLExpt.xlsx',colheader,'Sheet2','A1');
subplot(222)
plot(t_expt/DaysInMinute,scaled_matrix(:,5));
xlabel('time(wk)')
ylabel('CP-III in liver(nM)')
subplot(223)
plot(t_expt/DaysInMinute,scaled_matrix(:,6));
xlabel('time(wk)')
ylabel('CP-III in bile(nM)')
figure(3)
% Urinary Secretion
subplot(1,2,1)
kCP1renalElimination=0.0229;
kCP3renalElimination=0.014; 
liver_vol=0.0018; % Litre 
plasma_vol=0.002; % Litre 
k1=1*exp(-t*0.2);
k2=1-1*exp(-max((t-(1.5*60*24)),0)*0.00002*1.2);
k=k1+k2;
kCP1renalElimination=0.02500125;%
plot(t_expt/DaysInMinute,c_expt(:,1)*kCP1renalElimination*plasma_vol*28.5714*60);
hold on
plot(t_expt/DaysInMinute,c_expt(:,4)*kCP3renalElimination*plasma_vol*28.5714*60);
xlabel('time(days)')
ylabel('Urinary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 
subplot(1,2,2)
kCP1liverdiffusion=0.0062;
kmMrp2CP3=7.7*1000;     % Affinity constant of CPIII for Mrp2 in nM
kmMrp2CP1=7.7*1000;     % Affinity constant of CPI for Mrp2 in nM
VmaxMrp2CP1=430.46; %400.27;     % Maximum velocity of vCPIMrp2 flux     in nM/min
VmaxMrp2CP3=500.84; %188.08; %  Maximum velocity of vCPIIIMrp2 flux  in nM/min
kCP3liverdiffusion=0.0072; %0.003; %    Rate constant for CP-III diffusion across canalicular membrane  /min
CP1_MRP2_flux=VmaxMrp2CP1*(c_expt(:,2)./(kmMrp2CP1+c_expt(:,2)));
CP1_liver_dffusion_flux=kCP1liverdiffusion.*c_expt(:,2);
CP1biliary_secretion_flux=CP1_MRP2_flux+CP1_liver_dffusion_flux;
liver_vol=0.0018; % Litre 
CP3_MRP2_flux=VmaxMrp2CP3*(c_expt(:,5)./(kmMrp2CP3+c_expt(:,5)));
CP3_liver_diffusion_flux=kCP3liverdiffusion*c_expt(:,5);
CP3biliary_secretion_flux=CP3_MRP2_flux+CP3_liver_diffusion_flux;
plot(t_expt/DaysInMinute,CP1biliary_secretion_flux*liver_vol*28.5714*60); % Average weight of mice 35 g 28.5714 is the conversion factor 
hold on
plot(t_expt/DaysInMinute,CP3biliary_secretion_flux*liver_vol*28.5714*60); 
xlabel('time(wk)')
ylabel('Biliary Secretion (nmol/h/kg)')
legend('CP-I','CP-III')
 
% Transporter regulation
figure(4)
Ai=1;
Af=0.5;
k=0.288;
regulator_homeo=1;
Oatp_downregulation=(Ai-Af)+Af*exp(-(max((c_expt(:,8)./regulator_homeo-1),0)*k));
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,1)
plot(t_expt/DaysInMinute,Oatp_downregulation);
xlabel('time(Day)')
ylabel('Oatp Activity(FC wrt control)')
subplot(1,3,2)
Ai=1;
Af=6;
k=0.288;
regulator_homeo=1;
mrp3_uregulation=Af-(Af-Ai)*exp(-(max((c_expt(:,8)./regulator_homeo-0),1)*k));
plot(t_expt/DaysInMinute,mrp3_uregulation);
xlabel('time(Day)')
ylabel('Mrp3 Activity(FC wrt control)')
figure(5) % Urinary Secretion 
DaysInMinute=1440; % Minute
subplot(221)
%kCP1renalElimination=0.0229;
kCP3renalElimination=0.014; 
liver_vol=0.0018; % Litre 
plasma_vol=0.002; % Litre 
k1=1*exp(-t_expt.*0.2);
k2=1-1*exp(-max((t_expt-(1.5*60*24)),0)*0.00002*1.2);
k=k1+k2;
kCP1renalElimination=(k)*0.02500125;%
kCP1renalElimination_control=0.0250012;
plot(t_expt/DaysInMinute,(c_expt(:,1).*kCP1renalElimination*plasma_vol*28.5714*60)/(c_control(end,1)*kCP1renalElimination_control*plasma_vol*28.5714*60));
xlabel('time(Day)')
ylabel('CPI Urinary Secretion(FC wrt control)')
colheader={'time(day)','CP-I urinary secretion(FC wrt control)'};
xlswrite('CPI_BDLExpt.xlsx',[t_expt/DaysInMinute,(c_expt(:,1).*kCP1renalElimination*plasma_vol*28.5714*60)/(c_control(end,1)*kCP1renalElimination_control*plasma_vol*28.5714*60)],'Sheet3','A2');
xlswrite('CPI_BDLExpt.xlsx',colheader,'Sheet3','A1');
subplot(222)
k1=1*exp(-t_expt.*0.2);
k2=1-1*exp(-max((t_expt-(1.5*60*24)),0)*0.00002*1.2);
k=k1+k2;
kCP3renalElimination=k*0.015625781;%
kCP3renalElimination_control=0.015625781;%
plot(t_expt/DaysInMinute,(c_expt(:,4).*kCP3renalElimination*plasma_vol*28.5714*60)/(c_control(end,4)*kCP3renalElimination_control*plasma_vol*28.5714*60));
xlabel('time(days)')
ylabel('CPIII Urinary Secretion  FC wrt control')
colheader={'time(day)','CP-I urinary secretion(FC wrt control)'};
xlswrite('CPI_BDLExpt.xlsx',[t_expt/DaysInMinute,(c_expt(:,4).*kCP3renalElimination*plasma_vol*28.5714*60)/(c_control(end,4)*kCP3renalElimination_control*plasma_vol*28.5714*60)],'Sheet4','A2');
xlswrite('CPI_BDLExpt.xlsx',colheader,'Sheet4','A1');

C. miceCPModel_ode_BDL (Ode file)


function dxdt=miceCPModel_ode_BDL(t,c)
% ode file for rat CP model
 global BDL_parameter Rate_of_influsion_CP1 Rate_of_influsion_CP3 Oatp_Activity CP3_Synthesis

% Variables 
 
k1=1*exp(-t*0.2);
k2=1-1*exp(-max((t-(1.5*60*24)),0)*0.00002*1.2);
k=k1+k2;
CP1_plasma=c(1,1);
CP1_liver=c(2,1);
CP1_intestine=c(3,1);
CP3_plasma=c(4,1);
CP3_liver=c(5,1);
CP3_intestine=c(6,1);
CP1_urine=c(7,1);
regulator=c(8,1); 
regulator_delay=c(9,1);
CP1_plasma_delay=c(10,1);
CP1_infusion_pool=c(11,1);
CP3_infusion_pool=c(12,1);
 
%%
kmOatpCP1=1.66*1000;            % Affinity constant of CPI for Oatp in nM
kmMrp2CP1=7.7*1000;             % Affinity constant of CPI for Mrp2 in nM
kmMrp3CP1=3.75*1000;            % Affinity constant of CPI for Mrp3 in nM
kmMrp4CP1=5.85*1000;            % Affinity constant of CPI for Mrp4 in nM
kmOatpCP3=2.44*1000;            % Affinity constant of CPIII for Oatp in nM
kmMrp2CP3=7.7*1000;             % Affinity constant of CPIII for Mrp2 in nM
kmMrp3CP3=3.75*1000;            % Affinity constant of CPIII for Mrp3 in nM 
kmMrp4CP3=5.85*1000;            % Affinity constant of CPIII for Mrp4 in nM
VmaxOatpCP1=545;                % Maximum velocity of vCPIOatp flux  in nM/min
VmaxMrp2CP1=374.3534399;        % Maximum velocity of vCPIMrp2 flux  in nM/min
VmaxMrp3CP1=1.4254*112.9771185;        % Maximum velocity of vCPIMrp3 flux   in nM/min
VmaxMrp4CP1=0*75.31807902;        % Maximum velocity of vCPIMrp4 flux    in nM/min
VmaxOatpCP3=707.2638907;        % Maximum velocity of vCPIIIOatp flux    in nM/min
VmaxMrp2CP3=500.7906048;        %  Maximum velocity of vCPIIIMrp2 flux   in nM/min
VmaxMrp3CP3=1.4279*152.4528614;        %    Maximum velocity of vCPIIIMrp3 flux  in nM/min
VmaxMrp4CP3=0*101.635241;         % Maximum velocity of vCPIIIMrp4 flux  in nM/min
kCP1renalElimination=(k)*0.02500125;%   Rate constant for CP-I  renal elimination flux   /min
kCP1plasmadiffusion=0.003316833;%   Rate constant for CP-I diffusion mediated flux across sinusoidal membrane   /min
kCP1liverdiffusion=0.005401505; %   Rate constant for CP-I diffusion mediated flux across canalicular membrane  /min
kCP1fecalElimination=0.000820354;%Rate constant for  CP-I faecal elimination flux   /min
kCP1Ehc=9.11504E-05;            %   Rate constant for CP-I enterohepatic circulation flux   /min
kCP3renalElimination=k*0.015625781;%    Rate constant for CP-III renal elimination flux     /min
kCP3plasmadiffusion=0.00292723; %   Rate constant for CP-III diffusion across sinusoidal membrane   /min
kCP3liverdiffusion=0.007224943; %   Rate constant for CP-III diffusion across canalicular membrane  /min
kCP3fecalEliimination=0.002136735;%Rate constant for CP-III faecal elimination  /min
kCP3Ehc=0.000237415;            %Rate constant for CP-III entero-hepatic ciculation flux    /min
vCP1Syn=0.02380119;             %CPI Extrahepaic Synthesis  rate    nM/min
vCP1hepaticSyn=0.006611442;     %   CPI Hepaic Synthesis rate nM/min    
vCP3Syn=0.080504025;             %  CPIII Extrahepaic Synthesis rate    
vCP3hepaticSyn=0.022362229;      %  CPIII Hepaic Synthesis rate 
 
Mrp2_Activity=1;
%BDL_parameter=1;
Mrp2_Activity_delay=1;
Rate_of_influsion_CP1=0;
Rate_of_influsion_CP3=0;
% Transporter regulation
Ai=1;
Af=0.5;
k=0.288;
regulator_homeo=1;
Oatp_downregulation=1; %(Ai-Af)+Af*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
Ai=1;
Af=6;
k=0.288;
regulator_homeo=1;
mrp3_uregulation=1; %Af-(Af-Ai)*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
max_upregualtion=1;
regualator_delay_homeo=1;
n_mrp4=1;
km_upregulation=1;
%mrp4_upregulation=1+max_upregualtion*(max(regulator_delay/regualator_delay_homeo-1,0)^n_mrp4)/(km_upregulation^n_mrp4+max(regulator_delay/regualator_delay_homeo-1,0)^n_mrp4);
Af=3;
k=0.288;
regulator_homeo=1;
mrp4_upregulation=1; %Af-(Af-Ai)*exp(-(max((regulator/regulator_homeo-1),0)*k));
 
 
 
% VMAX_MRP3=20.8077:
% VMAX_OATP=308.1118:
% VMAX_MRP4=62.4231;
% VMAX_MRP2=188.0775;i
intestine_vol=0.002; % Litre
liver_vol=0.0018; % Litre 
plasma_vol=0.002; % Litre 
 
% factors for transporter flux
 
TFlux_intestine2plasma=intestine_vol/plasma_vol;
TFlux_liver2plasma=liver_vol/plasma_vol ;
TFlux_plasma2liver=plasma_vol/liver_vol;
TFlux_liver2intestine=liver_vol/intestine_vol;
 
% Flux expression
 
CP1_synthesis_flux=vCP1Syn;
CP1_EHC_intestine=kCP1Ehc*CP1_intestine;
CP1_MRP3_flux=mrp3_uregulation*VmaxMrp3CP1*(CP1_liver/(kmMrp3CP1+CP1_liver));
CP1_MRP4_flux=mrp4_upregulation*VmaxMrp4CP1*(CP1_liver/(kmMrp4CP1+CP1_liver));
CP1_OATP_flux=(Oatp_downregulation*VmaxOatpCP1*Oatp_Activity*(CP1_plasma/(kmOatpCP1+CP1_plasma)));
CP1_renal_elimination_flux=kCP1renalElimination*CP1_plasma;
CP1_plasma_diffusion_flux=kCP1plasmadiffusion*CP1_plasma;
CP1_liver_synthesis_flux=vCP1hepaticSyn;
CP1_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP1*(CP1_liver/(kmMrp2CP1+CP1_liver));
CP1_liver_dffusion_flux=BDL_parameter*kCP1liverdiffusion*CP1_liver;
CP1_fecal_elimination=kCP1fecalElimination*CP1_intestine;
 
CP3_synthesis_flux=CP3_Synthesis*vCP3Syn;
CP3_EHC_intestine=kCP3Ehc*CP3_intestine;
CP3_MRP3_flux=mrp3_uregulation*VmaxMrp3CP3*(CP3_liver/(kmMrp3CP3+CP3_liver));
CP3_MRP4_flux=VmaxMrp4CP3*mrp4_upregulation*(CP3_liver/(kmMrp4CP3+CP3_liver)); 
CP3_OATP_flux=Oatp_Activity*Oatp_downregulation*VmaxOatpCP3*(CP3_plasma/(kmOatpCP3+CP3_plasma));
CP3_renal_elimination_flux=kCP3renalElimination*CP3_plasma;
CP3_plasma_diffusion_flux=kCP3plasmadiffusion*CP3_plasma;
CP3_liver_synthesis_flux=vCP3hepaticSyn;
CP3_MRP2_flux=Mrp2_Activity*BDL_parameter*VmaxMrp2CP3*(CP3_liver/(kmMrp2CP3+CP3_liver));
CP3_liver_diffusion_flux=BDL_parameter*kCP3liverdiffusion*CP3_liver;
CP3_fecal_elimination=kCP3fecalEliimination*CP3_intestine;
 
% Differential equations
 
dxdt(1,1)=0*0.01*CP1_infusion_pool+CP1_synthesis_flux+TFlux_intestine2plasma*CP1_EHC_intestine+TFlux_liver2plasma*CP1_MRP3_flux + TFlux_liver2plasma*CP1_MRP4_flux-CP1_OATP_flux-CP1_renal_elimination_flux-CP1_plasma_diffusion_flux;
dxdt(2,1)=TFlux_plasma2liver*CP1_OATP_flux+TFlux_plasma2liver*CP1_plasma_diffusion_flux+CP1_liver_synthesis_flux-CP1_MRP3_flux-CP1_MRP4_flux-CP1_MRP2_flux-CP1_liver_dffusion_flux;
dxdt(3,1)=TFlux_liver2intestine*CP1_MRP2_flux+TFlux_liver2intestine*CP1_liver_dffusion_flux-CP1_fecal_elimination-CP1_EHC_intestine;
dxdt(4,1)=0.01*CP3_infusion_pool+CP3_synthesis_flux+TFlux_intestine2plasma*CP3_EHC_intestine+TFlux_liver2plasma*CP3_MRP3_flux+TFlux_liver2plasma*CP3_MRP4_flux-CP3_OATP_flux-CP3_renal_elimination_flux-CP3_plasma_diffusion_flux;
dxdt(5,1)=TFlux_plasma2liver*CP3_OATP_flux+TFlux_plasma2liver*CP3_plasma_diffusion_flux+CP3_liver_synthesis_flux-CP3_MRP3_flux-CP3_MRP4_flux-CP3_MRP2_flux-CP3_liver_diffusion_flux;
dxdt(6,1)=TFlux_liver2intestine*CP3_MRP2_flux+TFlux_liver2intestine*CP3_liver_diffusion_flux-CP3_fecal_elimination-CP3_EHC_intestine;
dxdt(7,1)=CP1_renal_elimination_flux;
dxdt(8,1)=0.003*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator); 
dxdt(9,1)=0.0004*(1-1*Mrp2_Activity_delay*BDL_parameter*regulator_delay);
dxdt(10,1)=0.0004*(CP1_plasma-0.5*CP1_plasma_delay);
dxdt(11,1)=Rate_of_influsion_CP1-0.01*CP1_infusion_pool;
dxdt(12,1)=Rate_of_influsion_CP3-0.01*CP3_infusion_pool;
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