
Model equations for metformin 

Central plasma compartment 

Vplasma * dCplasma/dt =Qh,p*CEH,p,,5+Qr,p,6*CCD,p+kout*Verythro*Cerythro - Qh,p*Cplasma - Qr,p*Cplasma - 

Qmuscle,p*(Cplasma - Cmuscle,p/Kp,muscle) - 

Qskin,p*(Cplasma-Cskin,p/Kp,skin)-Qadipose,p*( Cplasma-Cadipose,p/Kp,adipose)-kin*Vplasma*Cplasma) 

 

Central erythrocyte compartment 

Verythro * dCerythro/dt 

=Qh,e*CEH,e,5+Qr,e,6*CCD,e+kin*Vplasma*Cplasma-Qh,e*CEH,e,1-Qre*Cerythro-Qmuscle,e*(Cerythro-Cmuscle,e)

-Qskin,e*(Cplasma-Cskin,e)-Qadipose,e*(Cplasma-Cadipose,e)-kout*Verythro*Cerythro) 

 

Distribution compartments 

Vmuscle,p * dtCmuscle,p/dt = (Qmuscle,p*Cplasma + kout*Vmuscle,e*Cmuscle,e - kin*Vmusle,p*Cmuscle,p/Kp,muscle 

– Qmuscle,p*Cmuscle,p/Kp,muscle) 

Vmuscle,e * dtCmuscle,e/dt = (Qmuscle,e*Cerythro + kin*Vmuscle,p*Cmuscle,p/Kp,muscle – kout*Vmusle,e*Cmuscle,e 



– Qmuscle,e*Cmuscle,e) 

Vskin,p * dtCskin,p/dt = (Qskin,p*Cplasma + kout*Vskin,e*Cskin,e - kin*Vskin,p*Cskin,p/Kp,skin – 

Qskin,p*Cskin,p/Kp,skin) 

Vskin,e * dtCskin,e/dt = (Qskin,e*Cerythro + kin*Vskin,p*Cskin,p/Kp,skin – kout*Vskin,e*Cskin,e – Qskin,e*Cskin,e) 

Vadipose,p * dtCadipose,p/dt = (Qadipose,p*Cplasma + kout*Vadipose,e*Cadipose,e - 

kin*Vadipose,p*Cadipose,p/Kp,adipose – Qadipose,p*Cadipose,p/Kp,adipose) 

Vadipose,e * dtCadipose,e/dt = (Qadipose,e*Cerythro + kin*Vadipose,p*Cadipose,p/Kp,adipose – 

kout*Vadipose,e*Cadipose,e – Qadipose,e*Cadipose,e) 

 

Intestinal compartments (i=1~3)  

dXintestine,1 / dt = ktrans * Xtransit – ka*Xintestine,1 - ka*(1-FaFg)1/3/(1-(1-FaFg)1/3)*Xintestine,1 

dXintestine,2 / dt = ka*(1-FaFg)1/3/(1-(1-FaFg)1/3)*Xintestine,1 - ka*Xintestine,2 - 

ka*(1-FaFg)1/3/(1-(1-FaFg)1/3)*Xintestine,2 

dXintestine,3 / dt = ka*(1-FaFg)1/3/(1-(1-FaFg)1/3)*Xintestine,2 - ka*Xintestine,3 - 

ka*(1-FaFg)1/3/(1-(1-FaFg)1/3)*Xintestine,3 



 

Transit compartment  

dXtransit / dt = - ktrans * Xtransit 

 

Extracellular hepatic compartments of metformin without the coadministration of 

inhibitors (i = 1~5) 

(VEH,p /5) * dCEH,p,i / dt = ka * (Xintestine,1+ Xintestine,2+ Xintestine,3) + Qh,p * (Cplasma - CEH,p,i) + 

kout*(VEH,e/5)*CEH,e,I + fh * (PSdif,eff /5) * CHC,i - (Vmax_met_OCT1*(CEH,p,i/(Km_met_OCT1 + CEH,p,i) – 

CHC,i *eNh/ROCT1,inf/eff/(Km_met_OCT1+ CHC,i))/5 – fu*(PSdif,inf /5)*CEH,p,i - kin*(VEH,p,i /5)*CEH,p,i; (i = 

1)  

(VEH,p /5) * dCEH,p,i / dt = Qh,p * (Cplasma - CEH,p,i) + kout*(VEH,e/5)*CEH,e,i + fh * (PSdif,eff / 5) * CHC,i 

- (Vmax_met_OCT1*(CEH,p,i/(Km_met_OCT1 + CEH,p,i) - CHC,i *eNh/ROCT1,inf/eff/(Km_met_OCT1+ CHC,i))/5 – 

fu*(PSdif,inf /5) * CEH,p,i - kin*(VEH,p,i /5)*CEH,p,i; (i = 2~5) 

(VEH,e /5) * dCEH,p,i / dt = Qhe * (Cerythro - CEH,e,i) + kin*(VEH,p,i /5)*CEH,p,i - kout*(VEH,e/5)*CEH,e,i; 

(i=1~5) 



 

Hepatocyte compartments of metformin without the coadministration of inhibitors (i = 

1~5) 

(VHC,i /5) * dCHC,i / dt =(Vmax_met_OCT1*(CEH,p,i/(Km_met_OCT1 + CEH,p,i) – CHC,i 

*eNh/ROCT1,inf/eff/(Km_met_OCT1+ CHC,i))/5 + fu*(PSdif,inf /5)*CEH,p,i - fh*(PSdif,eff /5)*CHC,i –

fh*CLint,met *CHC,i; (i=1~5) 

 

Extra glomerulus compartment 

VG,p*dCG,p/dt= Qr,p*Cplasma + kout*VG,e*CG,e - Qr,p,1*CG,p - Qu1*CG,p - kin*VG,p*CG,p 

VG,e*dCG,e/dt= Qr,e*Cerythro + kin*VG,p*CG,p - Qr,e,1*CG,e - kout*VG,e*CG,e 

 

Glomerulus compartment  

VG,u*dCG,u/dt = QGFR*(fu*CG,p - CG,u)) 

Kidney: Proximal tubule (i=1~3) 



(VPT,p/3)* dCPT,p,1/dt = Qr,p,1*CG,p + fc*1/3*PSr,PT,difeff*CPT,cell,1 + kout*(VPT,e/3)*CPT,e,1 - 

fb*1/3*Vmax_OCT2*(CPT,p,1/(Km_OCT2 + CPT,p,1) – CPT,cell,1*exp(Nvpt)/ROCT2,inf/eff/(Km_OCT2 + 

CPT,cell,1)) - fb*1/3*PSr,PT,difinf*CPT,r,1 – Qr,p,2*CPT,p,r,1 - kin*(VPT,p/3)*CPT,p,1 

(VPT,e/3)*dCPT,e,1/dt = Qr,e,1*CG,e + kin*(VPT,p/3)*CPT,p,1 – Q,r,e,2*CPT,e,1 – kout*(VPT,e/3)*CPT,e,1 

(VPT,c/3)*dCPT,cell,1/dt = fb*1/3*Vmax_OCT2*(CPT,p,1/(Km_OCT2 + CPT,p,1) – 

CPT,cell,1*exp(Nvpt)/ROCT2,inf/eff/(Km_OCT2 + CPT,cell,1)) + fb*1/3*PSr,PT,difinf*CPT,p,1 + 

fu*1/3*PSu,PT,difinf*CPT,u,1 - fc*1/3*PSr,PT,difeff*CPT,cell,1 - fc*1/3*(Vmax,MATE/(Km,MATE +CPT,cell,1) + 

PSu,PT,difeff)*CPT,cell,1 

(VPT,u/3)*dCPT,u,1/dt = Qu1*CPT,cell,1 + fc*1/3*(Vmax,MATE/(Km,MATE + CPT,cell,1) + 

PSu,PT,difeff)*CPT,cell,1 - fu*1/3*PSu,PT,difinf*CPT,u,1 - Qu2*CPT,u,1 

(i=1) 

 

(VPT,p/3)*dCPT,p,i/dt = Qr,p,i*CPT,p,(i-1) + fc*1/3*PSr,PT,difeff*CPT,cell,i + kout*(VPT,e/3)*CPT,e,i - 

fb*1/3*Vmax_OCT2*(CPT,p,i/(Km_OCT2 + CPT,p,i) – CPT,cell,i*exp(Nvpt)/ROCT2,inf/eff/(Km_OCT2 + CPT,cell,i)) 

- fb*1/3*PSr,PT,difinf*CPT,p,i – Qr,p,(i+1)*CPT,p,i - kin*(VPT,p/3)*CPT,p,i 

(VPT,e/3)*dCPT,e,i/dt = Q,r,e,i*CPT,e,(i-1) + kin*(VPT,p/3)*CPT,p,i – Q,r,e,2*CPT,e,i – kout*(VPT,e/3)*CPT,e,i 



(VPT,c/3)*dCPT,cell,i/dt = fb*1/3*Vmax_OCT2*(CPT,p,i/(Km_OCT2 + CPT,p,i) – 

CPT,cell,i*exp(Nvpt)/ROCT2,inf/eff/(Km_OCT2 + CPT,cell,i)) + fb*1/3*PSr,PT,difinf*CPT,p,i + 

fu*1/3*PSu,PT,difinf*CPT,u,i - fc*1/3*PSr,PT,difeff*CPT,cell,i - fc*1/3*(Vmax,MATE/(Km,MATE +CPT,cell,i) + 

PSu,PT,difeff)*CPT,cell,i 

(VPT,u/3)*dCPT,u,i/dt = Qu1* CPT,cell,i + fc*1/3*(Vmax,MATE/(Km,MATE + CPT,cell,i) + PSu,PT,difeff)*CPT,cell,i 

- fu*1/3*PSu,PT,difinf*CPT,u,i - Qu2*CPT,u,i 

(i=2, 3) 

 

Distal tubule compartment 

VDT,p*dCDT,p/dt = Qr,p,4*CPT,p,3 + fc*PSr,dt,difeff*CDT,cell + kout*VDT,e*CDT,e - fb*PSr,DT,difinf*CDT,p - 

Qr,p,5*CDT,p - kin*VDT,p*CDT,p 

VDT,e*dCDT,e/dt = Qr,e,4*CPT,e,3 + kin*VDT,p*CDT,p – Q,r,e,5*CDT,e – kout*VDT,e*CDT,e 

VDT,cell*dCDT,cell/dt = fb*PSr,DT,difinf*Cdt,p + fu*PSu,DT,difinf*CDT,u - fc*PSr,DT,difeff*CDTt,cell - 

fc*PSu,DTt,difeff*CDT,cell 

VDT,u*dCDT,u/dt = Qu,4*CPT,u,3 + fc*PSu,DT,difeff*CDT,cell - fu*PSu,DT,difinf*CDT,u - Qu,5*CDT,u 

 



Collecting duct compartment 

VCD,p*dCCD,p/dt = Qr,p,5*Cdt,p + fc*PSr,CD,difeff*CCD,cell + kout*VCD,e*CCD,e - fb*PSr,CD,difinf*CCD,p - 

Qr,p,6*CCD,p - kin*VCD,p*CCD,p 

МСВбу*вССВбу.ве = Йбкбуб5*СВЕбу + лшт*МСВбз*ССВбз – Йбкбуб6*ССВбу – лщге*МСВбу*ССВбу 

VCD,cell*dCCD,cell/dt = fb*PSr,CD,difinf*CCD,p + fu*PSu,CD,difinf*CCD,u - fc*PSr,CD,difeff*CCD,cell - 

fc*PSu,CD,difeff*CCD,cell 

VCD,u*dCCD,u/dt = Qu,5*CDT,u + fc*PSu,CD,difeff*CCD,cell - fu*PSu,CD,difinf*CCD,cell - Qu,6*CCD,u 

 

Urine compartment 

dXurine/dt = Qu,6*CCD,u 

 

Other equations 

Plasma and erythrocyte flow in each compartment (t: compartment name) 

Qt,p = Qt*(1-He) 

Qt,e =Qt*He 



 

Qr,1 = Qr - QGFR 

Qr,2 = Qr,1 + (Qu,1-Qu,2), 

Qr,3 = Qr,2 + (Qu,2-Qu,3), 

Qr,4 = Qr,3 + (Qu,3-Qu,4), 

Qr,5 = Qr,4 + (Qu,4-Qu,5), 

Qr,6 = Qr - Qu,6, 

  

Vplasma = (1-He)*Vblood, 

Verythro = He*Vblood, 

VEH,p = (1-He)*VEH, 

VEH,e = He*VEH, 

Vmuscle,p = (1-He)*(0.026+0.12)*Vmuscle + 0.854*Vmuscle, 

Vmuscle,e = He*(0.026+0.12)*Vmuscle, 

Vskin,p = (1-He)*(0.019+0.302)Vskin+0.679*Vskin, 

Vskin,e = He*(0.019+0.302)*Vskin, 

Vadipose,p = (1-He)*(0.01+0.135)*Vadipose+0.855*Vadipose, 

Vadipose,e = He*(0.01+0.135)*Vadipose, 



Vr,p = 0.30*(1-He)*Vrenal, 

Vr,e = 0.30*He*Vrenal 

Vr,cell = 0.24*Venalr, 

Vr,urine = 0.46*Vrenal, 

VG,p = 5/129*Vr,p, 

VPT,p = 17/129*Vr,p, 

VDT,p = 11/129*Vr,p, 

VCD,p = 62/129*Vr,p, 

VG,u = 5/129*Vr,urine 

VPT,u = 17/129*Vr,urine 

VDT,u = 11/129*Vr,urine 

VCD,u = 62/129*Vr,urine 

VPT,cell = 17/124*Vr,cell, 

VDT,cell = 11/124*Vr,cell, 

VCD,cell = 62/124*Vr,cell, 

VG,e = 5/129*Vr,e, 

VPT,e = 17/129*Vr,e, 

VDT,e = 11/129*Vr,e, 



VCD,e = 62/129*Vr,e, 

  

Nh = z*Volt_h*F/(R*T), 

ENh = exp(Nh), 

Nupt=z*Volt_upt*F/(R*T), 

ENupt = exp(Nupt), 

Nudt=z*Volt_udt*F/(R*T), 

ENudt = exp(Nudt), 

Nucd=z*Volt_ucd*F/(R*T), 

ENucd = exp(Nucd), 

Nvpt=z*Volt_vpt*F/(R*T), 

ENvpt = exp(Nvpt), 

Nvdt=z*Volt_vdt*F/(R*T), 

ENvdt = exp(Nvdt), 

Nvcd=z*Volt_vcd*F/(R*T), 

ENvcd = exp(Nvcd), 

  

Km_met_OCT1 = Km_met_OCT1_uM*MW, 



Km_met_OCT2 = Km_met_OCT2_uM*MW, 

Km_met_MATE = Km_met_MATE_uM*MW, 

 

PSh,act = 1/(1+ Rdif)*CLintall/βliver, 

PSh,difin = PSh,act*Rdif, 

PSh,difout=PSh,difin/γh, 

CLmet = CLintall/(1- βliver *Rdif/(1+ Rdif)/ γh, 

Vmax_met_OCT1 = PSh,act*Km_met_OCT1, 

 

PSr,PT,difinf = Pd*SAr,PT*1000*Nvpt/(ENvpt-1), 

PSu,PT,difinf = Pd*SAu,PT*1000*Nupt/(ENupt-1), 

PSu,PT,difeff = PSu,PT,difinf/γu,PT, 

PSr,PT,difeff = PSr,PT,difinf / γr,PT, 

PSMATE = PSu,PT,difeff*RMATE/dif, 

Vmax,MATE = PSMATE*Km,MATE 

PSOCT2 = ((RMATE/dif + 1)*PSu,PT,difeff *(1-βkidney)/βkidney – PSr,PT,difeff )*ROCT2,inf/eff/ENvpt, 

Vmax,OCT2 = PSOCT2*Km,OCT2 

 



PSr,DT,difinf = Pd*SAr,DT*1000*Nvdt/(ENvdt-1), 

PSr,CD,difinf = Pd*SAr,CD*1000*Nvcd/(ENvcd-1), 

PSu,CD,difinf = Pd*SAu,DT*1000*Nudt/(ENudt-1), 

PSu,CD,difinf = Pd*SAu,CD*1000*Nucd/(ENucd-1), 

PSr,DT,difeff = PSr,DT,difinf / γr,DT, 

PSu,CD,difeff = PSu,DT,difinf / γu,DT, 

PSr,CD,difeff = PSr,CD,difinf / γr,CD, 

PSu,CD,difeff = PSu,CD,difinf / γu,CD, 

  



Model equations for cimetidine 

Central plasma compartment 

Vblood*dCblood/dt =Qh*CEH+Qr6*Cr6 - Qh*Cblod - Qr,p*Cplasma - Qmuscle*(Cblood - Cmuscle/Kp,muscle) - 

Qskin*(Cblood -Cskin/Kp,skin)-Qadipose*(Cblood -Cadipose/Kp,adipose) 

 

Distribution compartments 

Vmuscle*dtCmuscle/dt = (Qmuscle*Cblood– Qmuscle*Cmuscle/Kp,muscle) 

Vskin*dtCskin/dt = (Qskin*Cblood– Qskin*Cskin/Kp,skin) 

Vadipose*dtCadipose/dt = (Qadipose*Cblood – Qadipose*Cadipose/Kp,adipose) 

Intestinal compartments 

dXintestine / dt = – ka/FaFg*Xintestine 

Extracellular hepatic compartments 

VEH*dCEH / dt = ka*Xintestine + Qh*(Cblood - CEH) + fh*PSdif,eff*CHC - 

(Vmax_met_OCT1*(CEH,p,i/(Km_met_OCT1 + CEH,p,i) – CHC,i*eNh/ROCT1,inf/eff/(Km_met_OCT1+ CHC,i))/5 – 

fu*(PSdif,inf+PSact_inf)*CEH/Rb 



 

Hepatocyte compartments  

VHC*dCHC/ dt = fu*(PSdif,inf+PSact_inf)*CEH/Rb - fh*PSdif,eff*CHC –fh*CLint,met*CHC; (i=1~5) 

Extracellular glomerulus compartment 

Vr,1*dCr1/dt= Qr*Cblood - Qr1*Cr1 – fu*Qu1*Cr,1/Rb 

 

Glomerulus compartment  

VG*dCG/dt = QGFR*(fu*Cr,1/Rb - CG)) 

 

Kidney: Proximal tubule (i=1~3) 

(VPT,r/3)*dCPT,r,i/dt = Qr,i*Cr,i + fc*1/3*PSr,PT,difeff*CPT,cell,i - 1/3*Vmax_OCT2*((fu*fPT,ion_b 

*CPT,r,i/Rb)/(Km_OCT2 + (fu*fion_b*CPT,r,i/Rb)) – fc*fion_c *CPT,cell,i*exp(Nvpt)/ROCT2,inf/eff/(Km_OCT2 + 

fc*fion_c *CPT,cell,i)) - 1/3*Vmax_OAT3*((fu*fion_b *CPT,r,i/Rb)/(Km_OAT3 + (fu*fion_b*CPT,r,i/Rb))- 

1/3*PSr,PT,difinf*fu*CPT,r,i/Rb – Qr(i+1)*CPT,r,i, 



(VPT,c/3)*dCPT,cell,i/dt = fb*1/3*Vmax_OCT2*( fu*fion_b*CPT,r,i/Rb)/(Km_OCT2 + fu*fion_b*CPT,r,i/Rb) – 

fc*fPT,ion_c CPT,cell,i*exp(Nvpt)/ROCT2,inf/eff/(Km_OCT2 + fc*fion_c *CPT,cell,i)) + 1/3*Vmax_OAT3* 

((fu*fion_b *CPT,r,i/Rb)/(Km_OAT3 + (fu*fion_b*CPT,r,i/Rb)) + 1/3*PSr,PT,difinf* fu*CPT,r,i/Rb + 

fu*1/3*PSu,PT,difinf*CPT,u,i - fc*1/3*PSr,PT,difeff*CPT,cell,i - fc*1/3*( fion_u*Vmax,MATE/(Km,MATE + fc 

*fPT,ion_u *CPT,cell,i) + PSu,PT,difeff)*CPT,cell,i 

 (VPT,u/3)*dCPT,u,i/dt = Qu1*CPT,cell,i + fc*1/3*( fPT,ion_u * Vmax,MATE/(Km,MATE + fc *fPT,ion_u *CPT,cell,i) 

+ PSu,PT,difeff)*CPT,cell,i - fu*1/3*PSu,PT,difinf*CPT,u,i - Qu2*CPT,u,i 

 

Distal tubule compartment 

VDT,r*dCDT/dt = Qr4*CPT,3 + fc*PSr,dt,difeff*CDT,cell - fu*PSr,DT,difinf*CDT/Rb - Qr5*CDT 

VDT,cell*dCDT,cell/dt = fu*PSr,DT,difinf*CDT/Rb + fu*PSu,DT,difinf*CDT,u - fc*PSr,DT,difeff*CDT,cell - 

fc*PSu,DTt,difeff*CDT,cell 

VDT,u*dCDT,u/dt = Qu4*CPT,u,3 + fc*PSu,DT,difeff*CDT,cell - fu*PSu,DT,difinf*CDT,u - Qu5*CDT,u 

 

Collecting duct compartment  

VCD,r*dCCD/dt = Qr5*Cdt,p + fc*PSr,CD,difeff*CCD,cell - fu*PSr,CD,difinf*CCD/Rb - Qr6*CCD,p 



VCD,cell*dCCD,cell/dt = fu*PSr,CD,difinf*CCD/Rb + fu*PSu,CD,difinf*CCD,u - fc*PSr,CD,difeff*CCD,cell - 

fc*PSu,CD,difeff*CCD,cell 

VCD,u*dCCD,u/dt = Qu5*CDT,u + fc*PSu,CD,difeff*CCD,cell - fu*PSu,CD,difinf*CCD,cell - Qu6*CCD,u 

 

Urine compartment 

dXurine/dt = Qu6*CCD,u 

 

Other calculations 

Qr1 = Qr-Qu1, 

Qr2 = Qr1 + ((Qu1-Qu6)/5), 

Qr3 = Qr2 + ((Qu1-Qu6)/5), 

Qr4 = Qr3 + ((Qu1-Qu6)/5), 

Qr5 = Qr4 + ((Qu1-Qu6)/5), 

Qr6 = Qr-Qu6, 

  

Vr,blood = 0.30*Vrenal, 

Vr,cell = 0.24*Vrenal, 

Vr,urine = 0.46*Vrenal, 



VG = 5/129*Vr,blood, 

VPT = 17/129*Vr,blood, 

VDT = 11/129*Vr,blood, 

VCD = 62/129*Vr,blood, 

VG,u = 5/129*Vr,urine 

VPT,u = 17/129*Vr,urine 

VDT,u = 11/129*Vr,urine 

VCD,u = 62/129*Vr,urine 

VPT,cell = 17/124*Vr,cell, 

VDT,cell = 11/124*Vr,cell, 

VCD,cell = 62/124*Vr,cell, 

  

PSdif_inf = Rdif*PSact_inf, 

PSdif_eff = PSdif_inf/γh, 

  

fr,ion = 1/(1+10^(pHb - pKacim)), 

f r,union = fr,ion*10^(pHb - pKacim), 

fc,ion = 1/(1+10^(pHc - pKacim)), 



fc,union = fc,ion*10^(pHc - pKacim), 

fu,ion,PT = 1/(1+10^(pHPT,u - pKacim)), 

fu,union,PT = fu,ion,PT*10^(pHPT,u - pKa_cim), 

fu,ion,DT = 1/(1+10^(pHDT,u - pKa_cim)), 

fu,union,DT = fu,ion,DT*10^(pHDT,u - pKa_cim), 

fu,ion,CD = 1/(1+10^(pHCD,u - pKa_cim)), 

fu,union,CD = fu,ion,CD*10^(pHCD,u - pKa_cim), 

  

Nu,PT=z*Voltu,PT*F/(R*T), 

Nu,DT=z*Voltu,DT*F/(R*T), 

Nu,CD=z*Voltu,CD*F/(R*T), 

Nr,PT=z*Voltr,PT*F/(R*T), 

Nr,DT=z*Voltr,DT*F/(R*T), 

Nr,CD=z*Voltr,CD*F/(R*T), 

  

Pdunion = Pd/(fr,ion*λ + fr,union), 

Pdion = Pdunion*λ, 

PSr,PT,difinf,union = Pdunion*SAr,PT*1000, 



PSr,PT,difinf,ion = Pdion*SAr,PT*1000*Nr,PT/(exp(Nr,PT)-1), 

PSr,PT,difinf = PSr,PT,difinf,union *fr,union + PSr,PT,difinf,ion *fr,ion, 

γr,1 = (λ* fr,ion + fr,union)/(exp( Nr,PT)*λ*fc,ion + fc,union), 

PS r,PT,difeff = PSr,PT,difinf / γr,1, 

 

PSu,PT,difinf,union = Pdunion*SAu,PT*1000, 

PSu,PT,difinf,ion = Pdion*SAu,PT*1000*Nu,PT/(exp(Nu,PT)-1), 

PSu,PT,difinf = PSu,PT,difinf,union *fu,union + PSu,PT,difinf,ion *fu,ion, 

γu,1 = (λ*fu,ion + fu,union)/(exp( Nu,PT)*λ*fc,ion + fc,union), 

PSu,PT,difeff = PSu,PT,difinf / γu,1, 

 

PSr,DT,difinf,union = Pdunion*SAr,DT*1000, 

PSr,DT,difinf,ion = Pdion*SAr,DT*1000*Nr,DT/(exp(Nr,DT)-1), 

PSr,DT,difinf = PSr,DT,difinf,union *fr,union + PSr,DT,difinf,ion *fr,ion, 

γr,2 = (λ*fr,ion + fr,union)/(exp( Nr,DT)*λ*fc,ion + fc,union), 

PS r,DT,difeff = PSr,DT,difinf / γr,2, 

 

PSu,DT,difinf,union = Pdunion*SAu,DT*1000, 



PSu,DT,difinf,ion = Pdion*SAu,DT*1000*Nu,DT/(exp(Nu,DT)-1), 

PSu,DT,difinf = PSu,DT,difinf,union*fu,union + PSu,DT,difinf,ion*fu,ion, 

γu,2 = (λ*fu,ion + fu,union)/(exp( Nu,DT)*λ*fc,ion + fc,union), 

PSu,DT,difeff = PSu,DT,difinf / γu,2, 

 

PSr,CD,difinf,union = Pdunion*SAr,CD*1000, 

PSr,CD,difinf,ion = Pdion*SAr,CD*1000*Nr,CD/(exp(Nr,CD)-1), 

PSr,CD,difinf = PSr,CD,difinf,union *fr,union + PSr,CD,difinf,ion *fr,ion, 

γr,3 = (λ*fr,ion + fr,union)/(exp( Nr,CD)*λ*fc,ion + fc,union), 

PS r,CD,difeff = PSr,CD,difinf / γr,3, 

 

PSu,CD,difinf,union = Pdunion*SAu,CD*1000, 

PSu,CD,difinf,ion = Pdion*SAu,CD*1000*Nu,CD/(exp(Nu,CD)-1), 

PSu,CD,difinf = PSu,CD,difinf,union *fu,union + PSu,CD,difinf,ion *fu,ion, 

γu,3 = (λ*fu,ion + fu,union)/(exp( Nu,CD)*λ*fc,ion + fc,union), 

PSu,CD,difeff = PSu,CD,difinf / γu,3, 

 

Km,OCT2 = Km,OCT2,uM*MW*fu*fr,ion, 



Vmax,OCT2 = Vmax,OCT2,uM*MW*fu*fr,ion, 

Km,OAT3 = Km,OAT3,uM*MW*fu*fr,ion, 

Vmax,OAT3 = Vmax,OAT3,uM*MW*fu*fr,ion, 

Km,MATE = Km,MATE,uM*MW*fc*fc,ion, 

Vmax,MATE = Vmax,MATE,uM*MW*fc*fc,ion, 


