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Evaluating placental transfer and tissue concentrations of manganese in the pregnant rat and fetuses after inhalation exposures with a PBPK model

Miyoung Yoon1,*, Andy Nong1, Harvey J Clewell III1, Michael D Taylor2, David C Dorman1,3, Melvin E Andersen1

1. Simulating Mn inhalation exposure during pre-gestation period

The pre-gestation model is essentially the same as the adult model, except that the mammary gland was broken out from the remaining ‘body’ tissue compartment. Tissue binding characteristics for mammary gland were the same as the rest of the body tissue and include the maximum binding capacity (per unit tissue weight) and association and dissociation rate constants for binding (Table S1). This model was intended to run for 28+14 days under 0, 0.05, 0.5, and 1 mg/m3 Mn inhalation exposure to provide initial tissue levels for gestation and mating period for each exposure regimen. Outputs used for this purpose were both free and bound Mn in tissues. Maximum binding capacity in each tissue was adjusted to agree with steady-state Mn in female rats on a 10 ppm diet (Dorman et al., 2001b) (Table S1). The model utilized physiological parameters that were also the GD0 values in the gestation model (Table S2 and Table 2). 

Table S1. Mn-specific parameter values in the non-pregnant female adults

	A. Parameters for Mn tissue binding characteristics

	Pregnant Dam

	Tissue
	Tissue Binding
	Brain Diffusion
	Partition coefficient

	
	aBmaxC
	Ka
	Kd
	KinC
	KoutC
	

	
	(g*kg-1
	(g-1*hr-1
	hr-1
	hr-1*kg0.25
	hr-1*kg0.25
	tissue:blood

	Bone
	605
	0.18
	0.024
	
	
	0.5

	Brain
	
	
	
	
	
	1

	Cerebellum
	690
	1.32
	0.00013
	1
	8
	

	Olfactory bulb
	1200
	0.87
	0.00028
	0.087
	1.22
	

	Striatum
	1500
	0.026
	0.001
	1.7
	1
	

	Liver
	2500
	0.28
	0.011
	
	
	0.85

	Lung
	9200
	0.02
	0.38
	
	
	1

	Mammary gland
	200
	0.093
	0.0046
	
	
	1

	Rest of body
	200
	0.093
	0.0046
	
	
	1

	B. Parameters Governing Mn Uptake and Excretion

	

	Parameter
	
	Description

	FDietUp
	0.0319
	Fractional absorption

	KbileC 

(L/hr/kg0.75)
	0.0028
	Biliary excretion scalar

	Kbile2
(L/hr)
	aEXPOSURE*kbile*KBInduc
	-Induced biliary excretion during inhalation. Total biliary excretion during exposure = Kbile + Kbile2.

-KBInduc indicates the degree of dose-dependent induction 


a Maximum binding capacity as µg Mn per kg tissue 

b Indicates exposure duration. Biliary induction was modeled only during inhalation period.

Table S2. Physiological parameters for non-pregnant female adults

	Parameters
	
	References

	Body Weight (BW, kg)
	0.24
	Dorman et al., 2005

	Cardiac output index

(QCI, L*hr-1*kg-1)
	24.56
	Dowell and Kauer, 1997

	Alveolar ventilation index (QPI, L*hr-1*kg-1)
	23.45
	Leavens et al., 2006

	Tissue Volume (fraction of body weight)
	

	Blood 
	0.0676
	Brown et al., 1997

	Bone 
	0.073
	Brown et al., 1997

	Brain 
	0.006
	Brown et al., 1997

	Liver 
	0.0402
	Buelke-Sam et al., 1982

	Lung 
	0.0042
	Buelke-Sam et al., 1982

	Mammary gland
	0.01
	Hanwell and Linzell, 1973

	              Brain regional volume (as fraction of brain volume)

	Brain blood
	0.03
	Assumption

	Cerebellum
	0.12
	Dorman et al., 2001b

	Olfactory bulb
	0.03
	Dorman et al., 2001b

	Striatum
	0.04
	Dorman et al., 2001b

	Tissue Volume (L, actual volume)

	Nose 
	Calculated from surface area and thickness of the nasal tissue

	Surface area

(cm2*kg-0.75)
	Respiratory nasal cavity 
	19.74
	Menache et al., 1997

	
	Olfactory nasal cavity
	25.16
	Menache et al., 1997

	Average thickness

nasal cavity (µm)
	84
	Conolly et al., 2000

	Rest of body 
	Difference between BW and the sum of the other tissue volumes

	Tissue blood flow (fraction of cardiac output)

	Bone
	0.122
	Brown et al., 1997

	Brain
	0.02
	Brown et al., 1997

	Liver
	0.2408
	Brown et al., 1997

	Mammary gland
	0.002
	Hanwell and Linzell, 1973

	Nose
	0.01
	Schroeter et al., 2008

	Tissue blood flow (L/hr)

	Rest of body
	Difference between cardiac output and the sum of the other tissue blood flows except lung

	Food consumption
	
	

	Food intake 

(g*day-1*kg-1)
	a68
	Shirley, 1984


a Intake on GD1 

2. Modeling dynamic changes during gestation.

Many of the physiological parameters are related to a power body weight of the animal (or age in the case of life stage model). These parameters are described as a function of body weight or age of animal in the PBPK models and the process of calculation is referred to as “scaling by body weight or age”. The constants used in describing this relationship are called “scalars”.   

Table S3. Equations for describing growth and changing parameters in gestation model

	Parameters
	References

	Pregnant Dam

	Body Weight (BW, kg)
	aBW0 + cIncreasing tissue volumes during gestation
	Dorman et al., 2005; Clewell et al., 2003b

	Cardiac output index

(QCI, L*hr-1*kg-1)b
	QCI = 24.56 - 0.1323* GDd

QC0 = QCI*BW0; QC = QCI*BW 
	Dowell and Kauer, 1997

	Alveolar ventilation index

 (QPI, L*hr-1*kg-1)b
	QPI = 0.67*(-0.24*GD+35)

QP = QPI*BW
	Leavens et al., 2006

	Tissue Volume (L, actual volume, changing during pregnancy)

	Mammary gland(VM)
	VM0 = 0.01*BW0

VM = VM0*(1+0.2*GD)
	Hanwell and Linzell, 1973; Rosso, 1981

	eFat (VF)
	VF0 = 0.07*BW0

VF = VF0*(1+0.0182*GD)
	Naismith et al., 1982; Brown et al., 1997

	Placenta

 (Vpla, for a whole litter)
	GD0 – GD6
	0
	Clewell et al., 2003b; O’Flaherty et al., 1992

	
	GD6 – GD10
	fN*8*(GD-6)/106
	

	
	GD10 – GD22
	N*32*e(-0.23*(GD-10)) + 40*e(0.28*(GD-10)-1)
	

	Rest of body 
	Difference between BW and the sum of the other tissue volumes

	Tissue blood flow (L/hr, actual flow changing during pregnancy)

	Mammary gland (QM)
	QM0 = 0.002*QC0

QM = QM0*(VM/VM0)
	Hanwell and Linzell, 1973; Clewell et al., 2003b

	Placenta

 (Qpla, for a whole litter)
	QPla = N*(0.02*QDEC+QCAP)/24, where QDEC and QCAP as follows;
	Clewell et al., 2003b; O’Flaherty et al., 1992

	
	GD0 – GD6
	QDEC = 0; QCAP=0
	

	
	GD6 – GD10
	QDEC = 0.55*(GD-6)

QCAP=0
	

	
	GD 10 – GD12
	QDEC = 2.2*e(-0.23*(GD-10))
QCAP=0
	

	
	GD12 – GD22
	QDEC =2.2*e(-0.23*(GD-10)) QCAP=(0.1207*(GD-12))4.36 
	

	Rest of body
	Difference between cardiac output and the sum of the other tissue blood flows except lung

	Fetus

	Body Weight (V1fet, kg)
	(0.1089+(16.0*e(-X)))/1000, where X = e(5.515-0.2565*GD)
	Sikove and Thomas, 1970

	Tissue Volume (L, growth equation for actual volume)
	

	Brain 
	4.191*exp(-exp(2.554-0.06726*GD))/1000
	Sikov and Thomas, 1970

	Liver 
	0.3152*exp(-exp(11.49-0.649*GD))/1000
	Sikov and Thomas, 1970

	Lung 
	54.61*exp(-exp(3.195-0.06318*GD))/1000
	Sikov and Thomas, 1970


a ‘0’ indicates parameter values on GD0 or for non-pregnant female rats. 

b scaled to the actual changing body weight during pregnancy, not the BW0.

c These tissues include the mammary gland, fat, placenta, and fetuses. The whole volume of the fetuses was included for calculating maternal body weight during pregnancy.  
d GD represents gestation day.

e This is not for a description as a separate compartment. Fat volume was used for calculating maternal body weight change purpose only. 

f N = 13, litter size
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Figure S1. Model development and parameterization process
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Figure S2. Total amount of Mn in fetus at the end of gestation

3. Values used for TABLE

Food intake of the dam during gestation (g/kg/day, Shirley 1984)

	GD
	FID (g/kg/day)

	0
	68

	3.5
	79

	6.5
	75

	9.5
	79

	12.5
	80

	15.5
	78

	18.5
	84


4. Model code (CSL file)

PROGRAM: Gestation.csl 

! Initial tissue condition from MnPreGestation.CSL, Initiated By Miyoung Yoon, Mar 10, 2008

! AUC calculation added, 8/26/08, by MYoon
! Last opened 3/26/09

INITIAL

!...Food intake of the dam, Gestation (g/kg/day, Shirley 1984)

  TABLE DFID,1,7/0.,3.5,6.5,9.5,12.5,15.5,18.5,68.,79.,75.,79.,80.,78.,84./

!!!...Dam: Physiological parameters

!...Tissue Volumes, Dam (fraction of true body weight, not including fetus)

  CONSTANT BW0 = 0.240      ! Body weight at beginning of gestation (kg) Dorman et al 2005
  CONSTANT VBldC = 0.0676   ! Blood, Brown et al 1997

  CONSTANT VBoneC = 0.073   ! Bone, Brown et al., 1997

  CONSTANT VMC   = 0.01     ! Mammary Gland (non-pregnant), Hanwell & Linzell, 1973

  CONSTANT VFC = 0.07       ! Fat (non-pregnant) for BWd calculation, Brown et al, 1997

  CONSTANT VLivC = 0.0402   ! Buelke-Sam, SD rat

  CONSTANT VLungC = 0.0042  ! Buelke-Sam, SD rat

  CONSTANT VBrnC= 0.006     ! Brown et al 1997

  CONSTANT SANolf  = 25.2 ! surface area nasal olfactory (cm2/kg)(Menache et al., 1997)

  CONSTANT SANresp = 18.08 ! surface area nasal respiratory (cm2/kg)(Menache et al., 1997)

  CONSTANT THnose  = 84
  ! thickness nasal tissue (um)(Conolly et al.,2000)

!..Brain regional Vol (Fraction of Brain Vol, Dorman 90day study)

  CONSTANT     VSTMC = 0.04
 ! striatum, fraction of brain

  CONSTANT     VCBMC = 0.12
 ! cerebellum, fraction of brain

  CONSTANT     VOFBC = 0.03
 ! olfactory bulb, fraction of brain

!...Blood Flows (fraction of cardiac output)

  CONSTANT QBrnC = 0.020      ! Brain, Brown et al 1997

  CONSTANT QLivC = 0.2408      ! Liver, Ahokas, 1984, SD 

  CONSTANT QBoneC = 0.122  ! Bone, Brown et al 1997

  CONSTANT QNoseC = 0.01   ! Nose adult model (Nong et al. 2008)

  CONSTANT QMC    = 0.002  ! Mammary Gland, Hanwell and Linzell 1983

!!!...Fetal Physiological Parameters

  CONSTANT  N = 13.             ! Dorman et al 2005

  CONSTANT  mgkg = 1.0e6


  ! Conversion factor

  CONSTANT  QCI_F = 22.8 



! Guinea pig, Girard, 1983 (L/hr/kg)

  CONSTANT  QLIVC_F  = 0.061    ! sheep, Itskovitz et al, 1987 

  CONSTANT  QBRNC_F = 0.1055 

! Barker (1966), Carter and Wu, 1988

  CONSTANT  QBoneC_F  = 0.122   ! Fractional blood folw to Pup Bone = Dam 

  CONSTANT  QLungC_F  = 0.08    ! sheep, Itskovitz et al, 1987

  CONSTANT  VBldC_F   = 0.0676 ! Fractional vol of blood in fetus, Brown et al 1997

  CONSTANT  VBoneC_F  = 0.073   ! Fractional Vol of Bone, Brown et al, 1997 

!!!...Dam: Chemical specific parameters

!...Rate constant for preferential uptake in Brain

CONSTANT kinstc = 1.7  
 ! Striatum, uptake rate constant(/hr/kg^-0.25)

CONSTANT koutstc = 1.  ! Striatum, out diffusion rate constant(/hr/kg^-0.25)

CONSTANT kincbc = 1.0   
  ! Cerebellum, uptake rate constant(/hr/kg^-0.25)

CONSTANT koutcbc =8.

  ! Cerebellum, out diffusion rate constant(/hr/kg^-0.25)

CONSTANT kinobc = 0.086845   
  ! Olfactory, uptake rate constant(/hr/kg^-0.25)

CONSTANT koutobc = 1.215
  ! Olfactory, out diffusion rate constant(/hr/kg^-0.25)

!...Biliary excretion

CONSTANT Kbilec  = 0.0027575  ! Biliary Clearance (L/hr/kg^0.75)

CONSTANT KBinduc = 0.

! Dose dependant biliary induction (0 off or x times added)

!...Fractional absorption

CONSTANT Fdietup0 =.031936 ! Diet absorption fraction for adult on 10 ppm diet

CONSTANT fdeplU  = 0.4 ! regional deposition in lung (pulmonary + tracheabronchiol)

CONSTANT fdepNO  = 0.05 ! regional deposition in nose (olfactory)

CONSTANT fdepNR  = 0.55 ! regional deposition in nose (respiratory)

!...Rate constant for lung Mn deposition

CONSTANT kdepluC = 10.0  ! deposited pulmonary to lung tissue (/hr/kg^-0.25)

CONSTANT kshalluC= 100.  ! deposited pulmonary to blood (/hr/kg^-0.25)

!...Rate constant for nose Mn deposition

CONSTANT kdepNRc = 0.041 ! deposited nose respiratoy to blood (/hr/kg^-0.25)

constant kNPOBC  = 0.0088 ! deposited now nose olfactory to brain (/hr/kg^-0.25)

!...Partition Coefficients

CONSTANT  PLIV   = 0.9     ! Liver: blood PC

CONSTANT  PBODY  = 1.0    ! Others: blood PC

CONSTANT  PBRN   = 1.0    ! Brain: blood PC

CONSTANT  PBONE  = 0.5    ! Bone: blood PC

CONSTANT  PLUNG  = 1.0     ! Lung: blood PC

CONSTANT  PNose  = 1.0     ! Nose: blood PC

CONSTANT  PMam   = 1.0     ! Mammary gland: blood PC (same as 'other')

CONSTANT  PPLA   = 1.0     ! Placenta: blood PC

!...Parameters for tissue binding

!...Association/disociation rate constant

CONSTANT KALUNG=0.002450

CONSTANT KDLUNG=0.04768     

CONSTANT KALIV=0.276541

CONSTANT KDLIV=0.01113     

CONSTANT KDBONE=0.023840

CONSTANT KABONE=0.00464

CONSTANT KAOTH=0.009271

CONSTANT KDOTH=0.00464

CONSTANT KACB=1.32443

CONSTANT KDCB=0.00013 

CONSTANT KAST=0.02580

CONSTANT KDST=0.00100

CONSTANT KAOB=0.86750

CONSTANT KDOB=0.00028

 Kdmam  = Kdoth
! Dissociation constant for mammary (/hr)

 Kamam  = kaoth

!...Maximum tisse binding capacity constant

CONSTANT  BmaxLivc  = 3000  ! Maximal Liver capacity (ug/g tissue)

CONSTANT  BmaxOthc  = 200  ! Maximal Other capacity (ug/g tissue)

CONSTANT  BmaxBonec = 620  ! Maximal Bone capacity (ug/g tissue)

CONSTANT  BmaxLungc = 50000  ! Maximal Lung capacity (ug/g tissue)

CONSTANT  BMaxMamC  = 200  ! Maximal Mammary gland capacity (ug/g tissue)

CONSTANT  BmaxSTc   = 1500  ! Maximal Brain Striatum capacity (ug/g tissue)

CONSTANT  BmaxOBc   = 1520  ! Maximal Brain Olfactory capacity (ug/g tissue)

CONSTANT  BmaxCBc   = 690  ! Maximal Brain Cerebellum capacity (ug/g tissue)

!...Initial values from pre-gestation (adult non-pregnant female) simulation for 28 days prior to breeding

! dependent on Inhalation concentration

CONSTANT AM0 = 0.1

CONSTANT BMNMAM0 = 0.1

CONSTANT AL0 =  0.1

CONSTANT BMNLIV0 = 0.1

CONSTANT AO0 = 0.1

CONSTANT BMNOTH0 = 0.1

CONSTANT ABRBD0 = 0.1

CONSTANT ABRST0 = 0.1

CONSTANT BMNST0 = 0.1

CONSTANT ABROB0 = 0.1

CONSTANT BMNOB0 = 0.1

CONSTANT ABRCB0 =  0.1

CONSTANT BMNCB0 = 0.1

CONSTANT ABONE0 = 0.1

CONSTANT BMNBONE0 = 0.1

CONSTANT ADEPLU0 = 0.1

CONSTANT ALUNG0 = 0.1

CONSTANT BMNLUNG0 = 0.1

CONSTANT ADEPNR0 =  0.1

CONSTANT ANOSE0 = 0.1

CONSTANT ANOLF0 =   0.1

CONSTANT AART0 =  0.1

CONSTANT AVEN0 =  0.1

!...Calculation of initial tissue amount 

IALIV0 = AL0+ BMNLIV0         ! Liver initial amount on GD0 

IAOTH0 = AO0+BMNOTH0          ! Other initial amount on GD0 

IAMAM0 = AM0+BMNMAM0          ! Mammary initial amount on GD0

IABR0 = ABRBD0+ABRST0+BMNST0+ABROB0+BMNOB0+ABRCB0+BMNCB0 ! Brain initial

IABONE0 =ABONE0+BMNBONE0      ! Bone initial amount on GD0

IALUNG0 = ALUNG0+BMNLUNG0 +ADEPLU0     ! Lung initial amount on Gd0

IANOSE0=ANOSE0+ANOLF0+ADEPNR0

!!!...Fetus: Chemical specific parameters

!...Rate constant for preferential uptake in Brain

CONSTANT kinbrnc_f = 2.55
! Brain uptake constant (/hr/kg^-0.25)

CONSTANT koutbrnc_f = 1.5 ! Brain our diffusion constant for Brain (/hr/kg^-0.25)

!...Partition Coefficients

CONSTANT PLIV_f  = 0.9      ! Liver: blood PC

CONSTANT POTH_f  = 1.0     ! Others: blood PC

CONSTANT PBRN_f  = 1.0     ! Brain: blood PC

CONSTANT PBONE_f = 0.5     ! Bone: blood PC

CONSTANT PLUNG_f = 1.0      ! Lung: blood PC

!...Parameters for tissue binding

!...Association/disociation rate constant

CONSTANT KALUNG_F=0.002450

CONSTANT KDLUNG_F=0.04768     

CONSTANT KALIV_F=0.276541

CONSTANT KDLIV_F=0.01113     

CONSTANT KDBONE_F=0.023840

CONSTANT KABONE_F=0.00464

CONSTANT KAOTH_F=0.009271

CONSTANT KDOTH_F=0.00464

CONSTANT KABRN_F=1.32443

CONSTANT KDBRN_F=0.00013 

CONSTANT  BmaxLivc_f  = 1000  ! Maximal Liver capacity (ug/g tissue)

CONSTANT  BmaxOthc_f  = 400  ! Maximal Other capacity (ug/g tissue)

CONSTANT  BmaxBonec_f = 1984  ! Maximal Bone capacity (ug/g tissue)

CONSTANT  BmaxLungc_f = 950  ! Maximal Lung capacity (ug/g tissue)

CONSTANT  Bmaxbrnc_f   = 540  ! Maximal Brain Striatum capacity (ug/g tissue)

!...Feto-Placental transfer parameters

  CONSTANT Ktrans1C = 0.001      ! Placenta to fetal ven blood (L/hr/kg^0.75) 

  CONSTANT Ktrans2C = 0.0002      ! Fetal art blood to placenta (L/hr/kg^0.75) 

  CONSTANT VmaxC=2. ! Active transport, Placenta to fetal ven blood(L/hr/kg^0.75) 

  CONSTANT Km =0.1
! M-M constant for active transport (ug/L)

!!!...Dosing

CONSTANT TSTOP = 22.


 ! End simulation (days)

CONSTANT tlen  = 6.



! Length of inhaled exposure (h/day)

CONSTANT DDIET = 10.  

 ! Diet (ppm)

CONSTANT DINH  = 0.  


! Inhaled dose (mg/m3)

CONSTANT Dstart=0.0



 ! Initiation day of inhalation (day)

CONSTANT Dstop=20.0



 ! Termination day of inhalation (day)

CONSTANT DaysOn = 7.0


 ! How many days exposed per week

CONSTANT WEEK = 168.


  ! Hours in a week

CONSTANT MAXT = 1.



  ! maximum comm. interval

CONSTANT CINTC = 0.1        ! communication interval

CINT = CINTC                ! communication interval

Tsim = TSTOP*24.            ! Tstop in (hours) 

DOn = DaysOn*24.            ! How may (hours) exposed per week

DS  = Dstart*24.           ! Initiation time point of inhalation (hr) 

Doff = (Dstop - Dstart)*24.! Inhalation duration (hr)

TimeOn  = Dstart*24.0      ! Initiation time point of inhalation (hr)

TImeOff = Dstop*24.0+tlen  ! Termination time point of inhalation (hr)

!...Initials

Weekly = 0.

Daily = 0.

Exposure = 0.

kDiet = 0.

kInh = 0.

QCAP = 0.

QDEC = 0.

END   ! of Initial

DYNAMIC            

ALGORITHM IALG = 2         !Gear algorithm

!... Mn Diet uptake

kDiet = DDIET *InFac*BW*Fdietup/(24) ! Dietary Dose (ug/hr)

!... Mn Inhalation

Weekly = PULSE(DS , WEEK , DOn)  ! Weekly inhalation period

Exposure = Weekly*PULSE(Ds, Tsim, Doff) ! Exposure period indicator 

CINH  = DINH
               
   ! Inhalation Dose(ug/L)

kBile2 = kBile*Exposure*KBinduc        ! Enhanced biliary excretion during inhalation

DISCRETE DoseOn      ! Daily Inhalation exposure on

  INTERVAL DoseInt = 24.0 

  SCHEDULE DoseOff .AT. T + tlen

  IF ((T.GE.TimeOn) .AND. (T.LE.TimeOff)) THEN

      IF (DINH.GT.0.0) CINT = 0.1

      kInh   = QP * CINH * fdepLU ! Inhaled, pulmonary   

      kInhNO = QP * CINH * fdepNO ! Inhaled, nose olfactory


    kInhNR = QP * CINH * fdepNR ! Inhaled, nose respiratory

  END IF

END  ! of Discrete DoseOn

DISCRETE DoseOff    ! Daily Inhalation exposure off

      CINT = CIntC

      kInh   = 0.0

      kInhNO = 0.0

      kInhNR = 0.0

END

DERIVATIVE  

GD = T/24.    ! Simulation in days, Gestation day (GD)

PROCEDURAL

InFac = DFID (GD) ! Maternal food intake (g/kg/day)

END ! of Procedural 

!!!...Equations for changing values in dam

!...Volume of rat placenta (L) from O'Flaherty based on Buelke-Sam data

IF (GD.LE.6) THEN



VPLA = 1.0e-10

ELSE IF (GD.LT.10) THEN



VPLA = (N*(8*(GD-6)))/mgkg

ELSE



VPLA =(N*((32*exp(-0.23*(GD-10)))+(40*(exp(0.28*(GD-10))-1))))/mgkg

END IF  

!...Blood flow to placenta (L/hr)

IF (GD.LE.6.0) THEN

    
QDEC = 0.0

ELSE IF (GD.LE.10.0) THEN

      QDEC = ((0.55*(GD-6)))

ELSE IF (GD.LE.12) THEN

      QDEC = (((2.2 * (exp(-0.23 * (GD - 10))))))

ELSE IF (GD.GT.12) THEN

      QDEC = (((2.2 * (exp(-0.23 * (GD - 10))))))

    
QCAP = (0.1207*(GD-12))**4.36

END IF

QPLA = N*(0.02*QDEC+QCAP)/24

!!!...Changing parameters, Dam

!...Food intake

FDIETUP=FDIETUP0        ! Fractional Mn uptake

!...Physiological parameters

!...Tissue volumes

! For tissues constant vol during gestation, scaled to initial BW (BW0)

! For chaning tissue vol, scaled to BW

PNBW=BW-VPla-Vfet            ! Dam BW just after Birth

VBld = VBldC * BW0           ! Blood vol (L) 

VBone = VBoneC * BW0         ! Bone vol (L)

VBrn = VBrnC * BW0           ! Brain vol (L)

VLiv = VLivC * BW0           ! Liver vol (L)

VLung = VLungC * BW0         ! Lung vol (L) 

VMI = VMC*BW0           ! non-pregnant mammary vol (L)

VM = VMI*(1.0+0.201*GD)   ! Mammary vol increase (Rosso, 1981on GD21, SD rat)

VFI=VFC*BW0            ! Non-pregnant fat vol (L)

VF = VFI*(1.0+0.01818*GD)  ! assuming 40% fat increase,Clewell, Naismith,1982)

VSTM = VSTMC * VBRN   ! Striatum vol (L)

VOFB = VOFBC * VBRN   ! Olfactory bulb vol (L)

VCBM = VCBMC * VBRN   ! Cerebellum vol (L)

VNolf = SANolf * (BW0**0.75) * THnose / 10000 / 1000  ! Nose olfactory (L)

VNresp = SANresp * (BW0**0.75) * THnose / 10000 / 1000! Nose respiratory (L)

VNose = VNolf + VNresp                  ! Nose vol (L)

BW = BW0+Vpla+Vfet+(VM-VMI)+(VF-VFI) ! Initial BW + Increased vol

BWINC = VPLA+Vfet+(VM-VMI)+(VF-VFI)  ! BW increment

VOTH = BW-VSTM-VOFB-VCBM-VBRN*0.03-VLIV-VBONE-VLUNG-VBLD-VNOSE-VM-VPLA-Vfet

! Fat vol included in Voth (L)

VBAL = BW -(VOTH+VBLD+VBONE+VLIV+VLUNG+VNOSE+VM+VSTM+VOFB+VCBM+VBRN*0.03+VPLA+Vfet)

! for Vol balance checking in dam

!...Flows in Dam

QCI = 24.56 - 0.1323*GD ! Cardiac Index (L/hr/kg), Dowell, 1997, for total BW

QC  = QCI*BW       ! Cardiac Output (L/hr), for total BW

QCI0 = 24.56-0.1323*0. ! QCI on GD0, non-pregnant, Dowell, 1997

QC0=QCI0*BW0         ! Initial QC (non-pregnant) for non-changing tissue flows

QPI = 0.67*(-0.24*GD+35.) ! Alveolar ventilation (L/hr/kg), Leavens et al, for total BW

QP = QPI*BW 


! Alveolar ventilation (L/hr), reported for total BW of Dam

QL = QLIVC*QC0        


! Liver blood flow (L/hr) 

QBR = QBRNC*QC0        

 ! Brain blood flow (L/hr)

QBONE = QBONEC*QC0        
! Bone blood flow (L/hr)

Qnose = Qnosec*QC0      

! Nose blood flow (L/hr)

QMI = QMC*QC0     ! Mammary blood flow (L/hr), non-pregnant (Hanwell and Linzell,1973)

QM = QMI*(VM/VMI) ! Mammary flow, proportional to mam vol increase (O'Flaherty,clewell et al 2003)

QO =   QC -(QBONE+QBR+QL+QNose+QM+QPLA)

! Other tissues blood flow (L/hr)

QBAL1 = QO+QBONE+QBR+QL+QNose+QM+QPLA      ! Dam Q balance checking 

QBAL = QC-QBAL1                            ! Dam Q balance checking  

!...Tissue maximum binding capacity

BmaxLiv  = BmaxLivc * VLIV    ! Liver Mn capacity (ug)

BmaxBod  = BmaxOthc * VOTH    ! Other Mn capacity (ug)

BmaxBone = BmaxBonec * Vbone  ! Bone Mn capacity (ug)

Bmaxlung = Bmaxlungc * Vlung  ! Lung Mn capacity (ug)

BmaxMam  = BmaxMamC * VM      ! Mammary Mn capacity (ug)

BmaxST = BmaxSTc * VSTM       ! Striatum Mn capacity (ug)

BmaxOB = BmaxOBc * VOFB       ! Olfactory Mn capacity (ug)

BmaxCB = BmaxCBc * VCBM       ! Cerebellum Mn capacity (ug)

!... Scaled parameters

Kdeplu  = kdepluc* (BW**(-0.25))! Deposited to lung tissues (/hr)

Kshallu = kshalluc*(BW**(-0.25))! Deposited lung to blood (/hr)

kdepNR  = kdepNRc* (BW**(-0.25))! Deposited nose to blood (/hr)

kNPOB   = kNPOBc*  (BW**(-0.25))! Deposited nose to olfactory brain (/hr)

kinst  = kinstc * (BW**(-0.25))
! Striatum influx   (/hr)

koutst = koutstc *(BW**(-0.25))
! Striatum efflux   (/hr)

kinob  = kinobc * (BW**(-0.25))
! Olfactory influx  (/hr)

koutob = koutobc *(BW**(-0.25))
! Olfactory efflux  (/hr)

kincb  = kincbc * (BW**(-0.25))
! Cerebellum influx (/hr)

koutcb = koutcbc *(BW**(-0.25))
! Cerebellum efflux (/hr)

Kbile  = Kbilec * (BW**(0.75))

! Biliary clearance (L/hr)

ktrans1 = ktrans1C*((v1fet**0.75)*N) ! Placental diffucion rate constant (M to F)(L/hr)

ktrans2 = ktrans2C*((v1fet**0.75)*N) ! Placental diffusion rate constant (F to M)(L/hr)

AssyTR=ktrans2/ktrans1

Vmax    = VmaxC   *((v1fet**0.75)*N) ! Placental Active transfer rate constant (ug/hr)

!!!...Changing parameters, Fetus

!...Physiological parameters as a whole litter (=sum of N fetuses)

V1fet = (0.1089+(16.0*exp(-exp(5.515-0.2565*gd))))/1000 ! Individual fetus BW (kg), Sikov & Thomas

Vfet = V1fet*N        ! Whole litter weight (kg)

VBld_f  = VBldC_f  * Vfet

VBone_f = VBoneC_f * Vfet

VLiv_f = MAX(0.3152*exp(-exp(11.49-0.649*GD))*N/1000, 1e-7) ! Sikov (kg)

VLung_f = MAX(54.61*exp(-exp(3.195-0.06318*GD))*N/1000,1e-7) ! Sikov (kg)

! for Vliv & Vlung, predetermined small vol was put to prevent floating point error

VBRn_f = 4.191*exp(-exp(2.554-0.06726*GD))*N/1000 ! Sikov (kg)

VOTH_f = Vfet-(VBRN_f+VLIV_f+-VLUNG_f+VBLD_F+VBONE_f) ! Other tissues volume (L)

VBAL_f = Vfet - (VOTH_f+VBRN_f+VLIV_f+-VLUNG_f+VBLD_F+VBONE_f) ! V balance checking

QC_f    = (QCI_f*v1fet)*N     !  

QL_f    = QLivc_f *QC_f

Qbone_f = Qbonec_f*QC_f

QBrn_f  = QBrnc_f *Qc_f

QLung_f = QLungC_f*QC_f

QO_f    = QC_f-(QL_f+Qbrn_f+QLung_f+Qbone_f)

QBAL_f  = QC_f-(QL_f+QLung_f+QBrn_f+QO_f+Qbone_f) ! Q balance checking

kinbrn_f  = kinbrnc_f *((v1fet)**(-0.25)*N)
! Brain influx (/hr)

koutbrn_f = koutbrnc_f*((v1fet)**(-0.25)*N)
! Brain efflux (/hr)

!...Maximum capacity changes with gestation age

BmaxLiv_f  = BmaxLivc_f  * VLIV_f   ! Liver binding capacity for a whole litter(ug) 

Bmaxoth_f  = Bmaxothc_f  * VOTH_f   ! Other binding capacity (ug) 

BmaxBone_f = BmaxBonec_f * Vbone_F  ! Bone binding capacity (ug) 

Bmaxlung_f = Bmaxlungc_f * Vlung_f  ! Lung binding capacity (ug) 

BmaxBrn_F  = BmaxBrnc_f  * VBRN_f   ! Brain binding capacity (ug) 

!!!!!!!..... Model Equations.....!!!!!!!

!!... Mammary

!...AM = Amount of free in mammary tissue (ug)

RAM = QM*(CA-CVM)+kdmam*BMnMam - kamam*BMam*AVM 

AM = INTEG(RAM, AM0)

AVM = AM/PMam

CVM = AVM/VM

!...BMnMam = Amount of bound in mammary (ug)

RBMnMam = - kdmam * BMnMam + kamam * BMam * AVM

BMnMam  = INTEG(RBMnMam , BMnMam0)

CProtMnMam = BMnMam / VM

!...BMam = Amount of binding site in mammary tissue (ug)

BMam  = BmaxMam-BMnMam

CBMam = BMam /VM

!...AtotMam = Total amount of Mn in Mammary (ug)

AtotMam = AM + BMnMam

CtotMam = AtotMam/(VM*1000)



!!... Placenta 

!...APLaB = Amount in Placenta (ug)

RAPla = QPla*(CA-CVPla)+rtrans2-rtrans1

RAplaflow = Qpla*(CA-CVpla) ! Mn input through blood flow

APla = INTEG(RAPla,0.)

CPla=APla/(VPLa+1e-33)

CVPLA=CPLa/PPLA

ATOTPLA=APLA

CTOTPLA = CPLA/1000. ! ug/g tissue

!...Atrans1 = amount Mn transferred To FETUS from Dam (ug)

DiffTrans = Ktrans1*CVpla

ActTrans = Vmax*CVpla/(CVpla+Km)

Rtrans1 = DiffTrans+ActTrans 

Atrans1 = integ (rtrans1, 0)

APLTD = integ(difftrans,0)

APLTA = integ(acttrans,0)

!...Atrans2 = amount Mn transferred To DAM from fetus (ug)

Rtrans2 = ktrans2*Ca_f       

Atrans2 = integ (rtrans2, 0.)

!!...LIVER

!...AL = Amount free in liver tissue (ug)

RAL = QL*(CA - CVL) + kdliv*BMnLiv  &

         - kaliv*BLiv*AVL - RAbile + kDiet

AL = INTEG(RAL, AL0)

AVL = AL/PLIV

CVL = AVL/VLIV

RAbile  = (Kbile+kbile2) *CVL 

! rate of biliary elimination ug/hr

Abile = INTEG(RAbile, 0.)

!...BMnLiv = Amount of bound in liver (ug)

RBMnLiv = - kdliv * BMnLiv + kaliv * BLiv * AVL

BMnLiv = INTEG(RBMnLiv , BMnLiv0)

CBMnLiv = BMnLiv / VLIV

!...BLiv = Capacity in liver tissue (ug)

BLiv = Bmaxliv - BmnLiv

CBLiv = BLiv /VLIV

!...AtotLiv = Total amount of Mn in Liver (ug)

AtotLiv = AL + BMnLiv

CtotLiv = AtotLiv/(VLIV*1000)




! ug /g tissue

!!...REST OF BODY (Other)

!...AO = Amount free in others (ug)

RAO = QO*(CA - CVO) + kdoth*BMnOth - kaoth*BOth*AVO

AO = INTEG( RAO, AO0)

AVO = AO / PBODY

CVO = AVO / VOTH

!...BMnOth = Amount of bound in others (ug)

RBMnOth = - kdoth * BMnOth + kaoth * BOth * AVO

BMnOth = INTEG(RBMnOth ,BMnOth0)

CBMnOth = BMnOth / VOTH

!...BOth = Capacity in others (ug)

BOth = BmaxBod - BmnOth

CBOth = BOth /VOTH

!...AtotOth = Total amount of Mn in Others (ug)

AtotOth = AO + BMnOth

CtotOth = AtotOth/(VOTH*100)




! ug /g tissue

!!...BRAIN

!...ABrBd = Amount free in brain blood (ug)

RABrBd = QBR*(CA - CVBr) + koutst*ABrst + koutob*ABrob &



+ koutcb * ABrcb &



- (kinst + kinob + kincb) * ABrBd

ABrBd = INTEG(RABrBd , ABrBd0)

CBrb = ABrBd / (VBRN*0.03)   ! blood volume in brain

CVBr = CBrB /PBRN 

!...STRIATUM

!...ABrST = Amount free in brain tissue (ug) - STRIATUM

RABrST = kinst*ABrBd - koutst*ABRST + kdst*BMnST &



 - kast*BST*ABrST 

ABrST = INTEG(RABrST , ABrST0)

CBrST = ABrST / VSTM 

!...BMnST = Amount bound in brain tissue (ug) - STRIATUM

RBMnST = - kdst*BMnST + kast*BST*ABrST 

BMnST = INTEG(RBMnST , BMnST0)

CBMnST = BMnST / VSTM 

!...BST = Capacity in STM (ug)

BST = BmaxST - BmnST

CBST = BST /VSTM

!...total amount in STM

AST = ABrST + BMnST + ABrbd*VSTMC

CtotST = AST / VSTM /1000

!...OLFACTORY BULB

!...ABrOB = Amount free in brain tissue (ug) - OLFACTORY BULB

RABrOB = kinOB*ABrBd - koutOB*ABROB + kdob*BMnOB &



 - kaob*BOB*ABrOB + kNPOB * ANolf

ABrOB = INTEG(RABrOB , ABrOB0)

CBrOB = ABrOB / VOFB

!...BMnOB = Amount bound in brain tissue (ug) - OLFACTORY BULB

RBMnOB = - kdob*BMnOB + kaob*BOB*ABrOB

BMnOB = INTEG(RBMnOB , BMnOB0)

CBMnOB = BMnOB / VOFB

!...BOB = capacity in Olfactory bulb (ug)

BOB = BmaxOB - BmnOB

CBOB = BOB /VOFB

!...total - OFB

AOB = (ABrOB + BMnOB) + ABrbd*VOFBC 

CtotOB = (AOB) / VOFB /1000

!...CEREBELLUM

!...ABrCB = Amount free in brain tissue (ug) - CEREBELLUM

RABrCB = kinCB*ABrBd - koutCB*ABRCB + kdcb*BMnCB &



 - kacb*BCB*ABrCB

ABrCB = INTEG(RABrCB , ABrCB0)

CBrCB = ABrCB / VCBM

!...BMnCB = Amount bound in brain tissue (ug) - CEREBELLUM

RBMnCB = - kdcb*BMnCB + kacb*BCB*ABrCB 

BMnCB = INTEG(RBMnCB , BMnCB0)

CBMnCB = BMnCB / VCBM

!...BCB = Capacity in CBM (ug)

BCB = BmaxCB - BmnCB

CBCB = BCB /VCBM

!...total in CBM

ACB = (ABrCB + BMnCB) + ABrbd*VCBMC 

CtotCB = (ACB) / VCBM /1000

!...Total amount in 3 brain regions

!... AtotBr = Total amount of Mn in Brain tissues(ug)

ABr = ABrST + ABrOB + ABrCB 

BMnBr = BMnST + BMnOB + BMnCB 

CProtMnBr = BMnBr  / (VSTM+VOFB+VCBM)

AtotBr = ABr + BMnBr + ABrBd

CtotBr = AtotBr/((VSTM+VOFB+VCBM+VBRN*0.03)*1000)

! ug /g tissue

Abr0 = Abrst0+Abrob0+Abrcb0

BmnBr0=Bmnst0+Bmnob0+Bmncb0

ATOTBR0 = ABr0 + BMnBR0 + ABrbd0

CtotBR0 = Atotbr0 /((VSTM+VOFB+VCBM+VBRN*0.03)*1000)

AUCBRN = integ (ctotbr, ctotbr0)

!!...BONE

!...Abone = Amount free in BONE(ug)

RAbone = QBONE*(CA - CVbone) + kdbone*BMnbone - kabone*Bbone*AVbone

Abone = INTEG( RAbone, Abone0)

AVbone = Abone / Pbone

CVbone = AVbone / Vbone

!...BMnbone = Amount of  bound in BONE(ug)

RBMnbone = - kdbone * BMnbone + kabone * Bbone * AVbone

BMnbone = INTEG(RBMnbone ,BMnbone0)

CBMnbone = BMnbone / Vbone

!...Bbone = Capacity BONE(ug)

Bbone = BmaxBone - BmnBone

CBbone = Bbone /Vbone

!...Atotbone = Total amount of Mn in BONE(ug)

Atotbone = Abone + BMnbone

Ctotbone = Atotbone/(Vbone*1000)




! ug /g tissue

!!...LUNG

!...Adeplu = amount deposited into lungs (ug)

RAdeplu = kinh*Exposure - kdeplu * Adeplu - kshallu * Adeplu

Adeplu = INTEG(RAdeplu, Adeplu0)

!...Alung = Amount in blood LUNG(ug)

RAlung = QC*(CV - CVlung)+kdlung*BMnlung-kalung*Blung*AVlung+kdeplu*Adeplu

Alung = INTEG( RAlung, Alung0)

AVlung = Alung / Plung

CVlung = AVlung / Vlung

!...BMnlung = Amount bound in LUNG(ug)

RBMnlung = - kdlung * BMnlung + kalung * Blung * AVlung 

BMnlung = INTEG(RBMnlung ,BMnlung0)

CBMnlung = BMnlung / Vlung

!...Blung = capacity in LUNG(ug)

Blung = Bmaxlung - BmnLung

CBlung = Blung /Vlung

!...Atotlung = Total amount of Mn in LUNG(ug)

Atotlung = Alung + BMnlung + ADeplu

Ctotlung = Atotlung/(Vlung*1000)




! ug /g tissue

!!...NOSE

!...Deposited nasal respiratory

RADepNR = kinhNR * Exposure - kdepNR * AdepNR

ADepNR = integ(RAdepNR, ADepNR0)

!...Nasal respiratory blood

RANose = Qnose*(CA - CVNose) + kdepNR * AdepNR  

ANose = integ(RANose, ANose0)

CVNose = ANose / VNRESP 

!...Deposited olfactory region

RANolf = kinhNO * Exposure  - kNPOB * ANolf

ANolf = integ(RANolf, ANolf0)

CVNolf = ANolf / VNOLF

!...total nose

AtotNose = ANose + ADepNR + ANolf

CtotNose = Atotnose/(Vnose*1000)

!!...BLOOD

!...CA = Arterial blood concentration (ug) 

RAArt =  QC * CVLUNG - QC * CA + kshallu * Adeplu 

AArt = INTEG(RAArt  , AArt0)

CA = AArt/VBLD






CART = AArt/VBLD/1000 






! ug /g tissue

CART0= AART0/VBLD/1000

AUCART = integ(cart,cart0)

!...CV = Venous blood concentration (ug) 

RAVen = QL*CVL+QBR*CVBr+QO*CVO+QBONE*CVbone+Qnose*CVNose+QM*CVM+QPLA*CVPLA-(QC*CV) 

AVen = INTEG( RAVen , AVen0 )

CV = AVEN/VBLD

CVEN = AVen/VBLD/1000






! ug /g tissue

!!!!... Fetal compartment....!!!! (AS A WHOLE LITTER)

!!...LIVER_f

!...AL_f = Amount free in liver tissue (ug)

RAL_f = QL_f*(CA_f - CVL_f) + kdliv_f*BMnLiv_f - kaliv_f*BLiv_f*AVL_f 

AL_f = INTEG(RAL_f, 0.)

AVL_f = AL_f/PLIV_f

CVL_f = AVL_f/(VLIV_f)

!...BMnLiv = Amount of bound in liver (ug)

RBMnLiv_f = - kdliv_f * BMnLiv_f + kaliv_f * BLiv_f * AVL_f

BMnLiv_f = INTEG(RBMnLiv_f , 0.)

CProtMnLiv_f = BMnLiv_f / (VLIV_f)

!...BLiv_f = Amount of free in liver tissue (ug)

BLiv_f  = BmaxLiv_f - BMnLiv_f

CProtLiv_f = BLiv_f /(VLIV_f)

! AtotLiv = Total amount of Mn in Liver (ug)

AtotLiv_f = AL_f + BMnLiv_f

CtotLiv_f = AtotLiv_f/((VLIV_f*1000))






! ug /g tissue

!!...REST OF BODY

!...AO_f = Amount free in others (ug)

RAO_f = QO_f*(CA_f - CVO_f) + kdoth_f*BMnOth_f - kaoth_f*BOth_f*AVO_f

AO_f = INTEG( RAO_f, 0.)

AVO_f = AO_f / POth_f

CVO_f = AVO_f/(VOTH_f)

!...BMnOth = Amount of bound in others (ug)

RBMnOth_f = - kdoth_f * BMnOth_f + kaoth_f * BOth_f * AVO_f

BMnOth_f = INTEG(RBMnOth_f ,0.)

CProtMnOth_f = BMnOth_f / (VOTH_f)

!...BOth_f = Amount of free  in others (ug)

BOth_f  = BmaxOth_f - BMnOth_f

CProtOth_f = BOth_f /(VOTH_f)

!...AtotOth = Total amount of Mn in Others (ug)

AtotOth_f = AO_f + BMnOth_f

CtotOth_f = AtotOth_f/(VOTH_f*1000)




! ug /g tissue

!!...BRAIN

!...ABrBd_f = Amount free in brain blood (ug)

RABrBd_f = QBRn_f*(CA_f - CVBr_f) + koutbrn_f*ABrBrn_f - kinbrn_f * ABrBd_f

ABrBd_f = INTEG(RABrBd_f , 0.)

CBrb_f = ABrBd_f / (VBRN_f*0.03)!  ! blood volume in brain

CVBr_f = CBrB_f /PBRN_f 

!...ABrBRN = Amount free in brain tissue (ug) 

RABr_f = kinbrn_f*ABrBd_f-koutbrn_f*ABrBRN_f+kdbrn_f*BMnBRN_f-kabrn_f*BBRN_f*ABrBRN_f 

ABrBRN_f = INTEG(RABr_f , 0.)

CBrBRN_f = ABrBRN_f / (VBRN_f)

!..BMnBRN_f = Amount bound in brain tissue (ug)

RBMnBRN_f = - kdBrn_f*BMnBRN_f + kaBrn_f*BBRN_f*ABrBRN_f 

BMnBRN_f = INTEG(RBMnBRN_f , 0.)

CProtMnBRN_f = BMnBRN_f / (VBRN_f)

!...BBRN = Capacity in Brain (ug)

BBRN_f  = BmaxBRN_f - BMnBRN_f

CProtBRN_f = BBRN_f / (VBRN_f)

!...total amount in brain

AtotBRN_f = ABrBd_f + ABRBRN_f+ BMnBRN_f

CtotBRn_f =AtotBRn_f / (VBRN_f*1000)

AUCBRN_F = integ(ctotBrn_f,0)

!!...BONE

!...Abone_f = Amount free in BONE(ug)

RAbone_f = QBONE_f*(CA_f - CVbone_f) + kdbone_f*BMnbone_f - kabone_f*Bbone_f*AVbone_f

Abone_f = INTEG( RAbone_f, 0.)

AVbone_f = Abone_f / Pbone_f

CVbone_f = AVbone_f / (Vbone_f)

!...BMnbone_f = Amount of  bound in BONE(ug)

RBMnbone_f = - kdbone_f * BMnbone_f + kabone_f * Bbone_f * AVbone_f

BMnbone_f = INTEG(RBMnbone_f ,0.)

CProtMnbone_f = BMnbone_f / (Vbone_f)

!...Bbone = Amount of free  in BONE(ug)

BBone_f  = BmaxBone_f - BMnBone_f

CProtbone_f = Bbone_f / (Vbone_f)

!...Atotbone = Total amount of Mn in BONE(ug)

Atotbone_f = Abone_f + BMnbone_f

Ctotbone_f = Atotbone_f/(Vbone_f*1000)




! ug /g tissue

!!...LUNG

!...Alung_f = Amount in blood LUNG(ug)

RAlung_f = QLUNG_f*(CA_f - CVlung_f)+kdlung_f*BMnlung_f-kalung_f*Blung_f*AVlung_f

Alung_f = INTEG( RAlung_f, 0.)

AVlung_f = Alung_f / Plung_f

CVlung_f = AVlung_f / (Vlung_f)

!...BMnlung_f = Amount stored in LUNG(ug)

RBMnlung_f = - kdlung_f * BMnlung_f + kalung_f * Blung_f * AVlung_f 

BMnlung_f = INTEG(RBMnlung_f ,0.)

CProtMnlung_f = BMnlung_f / (Vlung_f)

!...Blung_f = capacity in LUNG(ug)

BLung_f = BmaxLung_f - BMnLung_f

CProtlung_f = Blung_f / (Vlung_f)

!...Atotlung_f = Total amount of Mn in LUNG(ug)

Atotlung_f = Alung_f + BMnlung_f

Ctotlung_f = Atotlung_f/(Vlung_f*1000)




! ug /g tissue

!!...BLOOD

RAART_f = QC_f*(CV_f-CA_f)-rtrans2

AART_f = integ(raart_f,0.)

CA_f=Aart_f/(VBLd_f)

CART_F = CA_f/1000

AUCART_F = integ(cart_f,0)

RAVEN_f=(Qlung_f*CVLung_f+QL_f*CVL_f+QBRn_f*CVBr_f+Qbone_f*CVbone_f+QO_f*CVO_f)-(QC_f*CV_f)+rtrans1

AVen_f=integ(raven_f,0.)

CV_f=Aven_f/Vbld_f

CVEN_f=CV_f/1000

!!!...Mass balance (ug)

!...Maternal

Atotbody = AtotLiv + AtotBr + AtotOth + AArt +AVEN&


     + Atotbone  + Atotlung + AtotNose +AtotMam+Atotpla

! Tissue Mass

Atot0 = IALIV0+ IABR0+IAOTH0+AART0+ AVEN0+IABONE0 + IALUNG0 +IAMAM0+IANOSE0
! Initial Amount

MASS = Atotbody - Atot0





! Tot tissue Mass

Loss   = Abile + Atrans1 -Atrans2




! Amount loss in bile+PLACENTAL TRANSFER

RDose = kdiet + exposure*(kinh +kinhNO + kinhNR)


! Total Dose

Dose = INTEG( RDose , 0.0)

RNPdose = exposure*(kinhNO+kinhNR) 

RLUdose = exposure*kinh

NPDOSE= INTEG(RNpdose,0.0)

LUdose = INTEG(RLudose, 0.0)

Ddose  = INTEG(kdiet, 0.0)

IF (Dose .GT. 0.0) THEN 

 Balance = (Dose -(mass + Loss))/Dose*100

ELSE 

  Balance = 0.0

END IF

!... Fetal balance

Atotbody_f= AtotLiv_f + AtotBrn_f + AtotOth_f + Aart_F + Aven_f+Atotlung_f+Atotbone_f

RDOSE_f1=difftrans

Rdose_f2=acttrans

Rloss_f=rtrans2

Dose_f1=integ(rdose_f1,0)

Dose_f2=integ(rdose_f2,0)

Loss_f=integ(rloss_f,0)

FBAL = (Dose_f1+Dose_f2-(Atotbody_f+Loss_f))

Ctotbody_f = atotbody_f/(vfet)/1000 !ug/g fetus

TERMT(T.GT.(TStop*24))  !Simulation Finished

END                
! Derivative

END                
! Dynamic

TERMINAL

END


            ! Terminal

END              

! Program
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