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Abstract: Nano-calcium phosphate (nCaP) has potential applications in nanomedicine fields such as drug delivery,
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within the body are not yet fully understood and require further in-depth research. This study employs a rare earth
europium ion fluorescence labeling method and uses tumor-bearing mice as a model to investigate the distribution and
metabolism of two sizes of nCaP (nanodots NDs: (2.53+0.63) nm; nanoparticles NPs: (107.76+25.37) nmx(17.66+1.63) nm)
in the liver, spleen, lung, kidney, and tumor tissue. The results showed that after tail vein injection of 200 pL with a
mass concentration of 1.5 mg/mL nCaP into tumor-bearing nude rats for 4 h, CaP NPs were primarily distributed in the
liver and spleen, accounting for 65.70% and 29.32%, respectively, with 3.83% in the lung, while only 0.84% and
0.32% in the kidney and tumor. This suggests that larger CaP NPs are more easily captured by phagocytes within the
reticuloendothelial system (RES). In contrast, compared to CaP NPs, accumulation of CaP NDs in the liver, spleen,
and lung decreased significantly by 89.40%, 87.00%, and 88.89%, respectively, while their accumulation in the kidney
and tumor increased by 3.67 and 3.06 times. This indicates that smaller particle size facilitates CaP NDs in glomerular
filtration for urinary excretion and enhances their tumor-targeting capability. The clearance rates (CLz) of CaP NDs in
the liver, spleen, and lung were 6.60, 4.14, and 2.40 times higher than that of CaP NPs, respectively, and 42.29% in the
kidney. This indicates that reduced size of CaP NDs facilitates rapid metabolism by phagocytes in the liver, spleen, and
lung but also results in reabsorption in the renal tubules. In tumor, the CLz of CaP NDs decreased by 91.9%, much
smaller than that of CaP NPs, suggesting that the smaller CaP NDs exhibit significantly enhanced tumor targeting and
retention capability. In the meantime, a physiologically based pharmacokinetic (PBPK) model incorporating particle
size factors was preliminarily established for tumor-bearing mice to simulate the distribution of nano-calcium
phosphate. The model's predictive fit (R*) for CaP NDs and CaP NPs in tumor sites reached 0.925 and 0.827,
respectively. This study provides promising support for understanding in vivo distribution and metabolic patterns of
nCaP and applying potential in medicine.
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Fig. 1 PBPK model of tumor-bearing mice
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Fig. 2 Characterizations of CaP NDs and CaP NPs
(a-d) TEM images of CaP NDs (a), Eu:CaP NDs (b), CaP NPs (c), and Eu:CaP NPs (d); (e, f) Particle size statistical distributions of CaP NDs (e) and
Eu:CaP NDs (f); (g-j) Length (g, i) and width (h, j) of CaP NPs (g, h) and Eu:CaP NPs (i, j); (k) DLS particle size distribution;

(1) XRD patterns; (m) FT-IR spectra; (n) Europium ion release curves of Eu:CaP NDs and Eu:CaP NPs

%1 Eu:CaPNDs# Eu:CaPNPs fiT&ESERERLL
Table1l Elemental content and molar ratio of Eu:CaP NDs and Eu:CaP NPs

Sample Value Ca/(mg-L™")  P/mgL")  Eu/(mgL"') (Eu/(Ca+Eu))/% (Ca+Eu)/P
Actual 8.72 4.53 2.82 7.86 1.61
Eu:CaP NDs
Theoretical — — — 8.00 1.67
Actual 22.50 11.85 7.23 7.82 1.59
Eu:CaP NPs
Theoretical — — — 8.00 1.67
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Fig. 3 Biosafety evaluation of CaP NDs and CaP NPs
(a) Cell viability; (b) Hemolysis rate; (c, d) Blood biochemistry analysis (ALT indicates alanine transaminase, AST indicates aspartate
aminotransferase, CR indicates creatinine, and BUN indicates blood urea nitrogen); (¢) H&E staining images of heart, liver, spleen, lung, and kidney
organs in different groups with scale bar indicating 100 um; (f) CLSM images of BMSC co-cultured with CaP NPs and CaP NDs for 24 h,
respectively. Red: CaP NPs or CaP NDs fluorescence image excited at 458 nm. Blue: Cell nuclei stained with DAPI. Scale bar in (f) is 50 pm.
Colorful figures are available on website
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Fig. 4 Biodistributions of CaP NDs and CaP NPs in different tissues after injection for different durations
¥ #: P<0.05; **, ##: p<0.01; *** ###: p<0.001. Colorful figures are available on website
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Fig. 5 CaP NDs and CaP NPs metabolic patterns in different tissues
(a-e) Biodistributions of CaP NDs and CaP NPs in liver (a), spleen (b), lung (c), kidney (d), and tumor (e);
(f) Clearance rate of CaP NDs and CaP NPs in different tissues

% 2 CaP NDs# CaP NPs fa/ /MR Z At 22 F B AR AL EZE A T ESH
Table2 Pharmacokinetic parameters of CaP NDsand CaP NPsin organ and tumor site of tumor-bearing mice

Sample Parameter Liver Spleen Lung Kidney Tumor
CaP NDs AUC(0-t)/(mg-h-L™") 157.78 71.35 19.34 70.61 20.31
CLz/(L-h kg™ 0.033 0.091 0.235 0.144 0.146
CaP NP AUC(0-t)/(mg-h-L™) 1347.46 578.05 66.74 19.85 6.07
CLz/(L-h ™" kg™ 0.005 0.022 0.098 0.341 1.796
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Fig. 6 Establishment and optimization of PBPK model for tumor bearing sites
(a, b) PBPK model of CaP NDs (a) and CaP NPs (b) in the tumor; (c, d) Linear regression results between logarithmically transformed
measured and simulated concentrations of CaP NDs (c) and CaP NPs (d) with R* indicating the correlation coefficient;
(e) Prediction of the distribution of nCaP with different sizes in tumor
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METHOD RK4

STARTTIME =0

STOPTIME = 72

DT =0.00015625

DTOUT =0.1

{Physiological parameters}

; Blood flow rate (Fraction of cardiac output, unitless)

QCC = 16.5 ; Cardiac output (L/h/kg"0.75) (Brown et al.,1997)

QLuC =1 ; Fraction of blood flow to lung (Brown et al., 1997)

QLC = 0.02 ; Fraction of artery blood flow to liver (Brown et al., 1997, Table 23)
QBRC = 0.033 ; Fraction of blood flow to brain (Brown et al., 1997, Table 23)

QKC =0.091 ; Fraction of blood flow to kidneys (Brown et al., 1997, Table 23)

QSC =0.011 ; Fraction of blood flow to spleen (Davies and Morris, 1993)

QMC = 0.159 ; Fraction of blood flow to muscle (Brown et al., 1997, Tables 23 & 24)
QTC =0.012 ; Fraction of blood flow to tumor (fitted)

QRC = 1-(QLC+QSC+QKC+QBRC+QMC+QTC) ; Fraction of blood flow to rest of body (Calculated)
; Tissue volumes (Fraction of body weight, unitless)

BW =0.02 ; Body weight (kg) (Cho et al., 2009; 2010)

VLC = 0.055 ; Liver (Brown et al., 1997, Table 21)

VBRC =0.017 ; Brain (Brown et al., 1997, Table 21)

VKC =0.017 ; Kidneys (Brown et al., 1997, Table 21)

VSC = 0.005 ; Spleen (Davies and Morris, 1993)

VLuC = 0.007 ; Lungs (Brown et al., 1997, Table 21)

VBloodC = 0.06 ; Blood (Davies and Morris, 1993)

VPlasmaC = 0.0355 ; Plasma (Davies and Morris, 1993 with hematocrit of 0.41 for red blood cells)
VMC = 0.384 ; Muscle (Brown et al., 1997, Table 21)

VTC = 0.024 ; Tumor (Sykes et al., 2014)

VRC = 1-(VLC+VSC+VKC+VLuC+VBRC+VMC+VPlasmaC+VTC) ; Rest of body (Calculated)
; Blood volume fraction in organs and tissues (percentage of organs/tissues, unitless)
BVL =0.31; Liver (Brown et al., 1997; Table 30)

BVBR =0.03 ; Brain (Brown et al., 1997, Table 30)

BVK =0.24 ; Kidneys (Brown et al., 1997, Table 30)

BVS =0.17 ; Spleen (Brown et al., 1997, Table 30)

BVLu=0.5; Lungs (Brown et al., 1997, Table 30)

BVM = 0.04 ; Muscle (Brown et al., 1997, Table 30)
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BVR =0.04 ; Rest of body (Brown et al., 1997, Table 30, assume equal to the muscle)

BVT = 0.02 ; Tumor (fitted)

d=2.5; nm

PL =0.08 ; Liver

PBR =0.15 ; Brain

PK =0.15 ; Kidneys

PS =0.15; Spleen

PLu=0.15; Lungs

PM = 0.15 ; Muscle

PR =0.15 ; Rest of body

PT =0.08152-0.0006078*d ; Tumor (fitted)

PALC =0.001 ; Liver

PABRC = 0.000001 ; Brain

PAKC = 0.01 ; Kidneys

PASC =0.15 ; Spleen

PALuC =0.001 ; Lungs

PAMC = 0.00005 ; Muscle

PARC = 0.00005 ; Rest of body

PATC = 0.0009107-0.000004274*d ; Tumor (fitted)

x1=0.4

y1=0.01

z1=0.5

x2=0.01

y2=0.001

z2=0.01

KLRESrelease = 0.0015 ; Release rate constant of phagocytic cells, (h-1)
KLRESmax = 0.3 ; Maximum uptake rate constant of phagocytic cells, (h-1)
KLRES50 = 48 ; Time reaching half maximum uptake rate, (h)

KLRESn =5 ; Hill coefficient, (unitless)

KSRESrelease = 0.001 ; Release rate constant of phagocytic cells, (h-1)
KSRESmax = 5 ; Maximum uptake rate constant of phagocytic cells, (h-1)
KSRESS50 = 36 ; Time reaching half maximum uptake rate, (h)

KSRESn = 5 ; Hill coefficient, (unitless)

KKRESrelease = 0.001 ; Release rate constant of phagocytic cells, (h-1)
KKRESmax = 0.12 ; Maximum uptake rate constant of phagocytic cells, (h-1)
KKRESS50 =48 ; Time reaching half maximum uptake rate, (h)

KKRESn =5 ; Hill coefficient, (unitless)

KLuRESrelease = 0.003 ; Release rate constant of phagocytic cells, (h-1)
KLuRESmax = 0.085 ; Maximum uptake rate constant of phagocytic cells, (h-1)
KLuRESS50 = 48 ; Time reaching half maximum uptake rate, (h)

KLuRESn = 5 ; Hill coefficient, (unitless)

KMRESrelease = 0.005 ; Release rate constant of phagocytic cells, (h-1)
KMRESmax = 0.4 ; Maximum uptake rate constant of phagocytic cells, (h-1)
KMRESS50 = 48 ; Time reaching half maximum uptake rate, (h)

KMRESn = 5 ; Hill coefficient, (unitless)

KRRESrelease = 0.005 ; Release rate constant of phagocytic cells, (h-1)
KRRESmax = 0.4 ; Maximum uptake rate constant of phagocytic cells, (h-1)
KRRESS50 = 48 ; Time reaching half maximum uptake rate, (h)
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KRRESn = 5 ; Hill coefficient, (unitless)

KTRESrelease =x1*(d-y1)**2+z1 ; Release rate constant of phagocytic cells, (h-1)
KTRESmax = x2*(d-y2)**2+z2 ; Maximum uptake rate constant of phagocytic cells, (h-1)
KTRES50 =48 ; Time reaching half maximum uptake rate, (h)

KTRESn =5; Hill coefficient, (unitless)

; Biliary excretion

KbileC = 0.0005768*1og10(d)-0.001449 ; Biliary clearance (L/hr/kg”0.75)

; L/hr/kg changed to L/h/kg”0.75 for interspecies extrapolation

; Urine excretion

KurineC = 0.000003 ; Urine clearance (L/hr/kg™0.75)

; L/hr changed to L/h/kg”0.75 for interspecies extrapolation

; Scaled parameters

; Cardiac output and regional blood blow (L/h)

QC = QCC*BW**0.75 ; Cardiac output

QL = QC*QLC ; Blood flow to liver

QBR = QC*QBRC ; Blood flow to brain

QK = QC*QKC ; Blood flow to kidneys

QS = QC*QSC ; Blood flow to spleen

QM = QC*QMC ; Blood flow to muscle

QR = QC*QRC ; Blood flow to rest of body

QT = QC*QTC ; Blood flow to tumor

Qbal = QC-QL-QBR-QK-QS-QM-QR-QT ; Blood flow balance equation

; Tissue volumes (L)

VL =BW*VLC ; Liver

VBR = BW*VBRC ; Brain

VK = BW*VKC ; Kidneys

VS = BW*VSC ; Spleen

VLu=BW*VLuC ; Lungs

VBlood = BW*VBloodC ; Blood

VPlasma = BW*VPlasmaC ; Plasma

VM = BW*VMC ; Muscle

VR = BW*VRC ; Rest of body

VT =BW*VTC ; Tumor

Vbal = BW-VL-VBR-VK-VS-VLu-VPlasma-VM-VR-VT ; Tissue volume balance equation
VLb = VL*BVL ; Weight/volume of capillary blood in liver compartment
VLt = VL-VLb ; Weight/volume of tissue in liver compartment

VBRb = VBR*BVBR ; Weight/volume of capillary blood in brain compartment
VBRt = VBR-VBRD ; Weight/volume of tissue in brain compartment

VKb = VK*BVK ; Weight/volume of capillary blood in kidney compartment
VKt = VK-VKb ; Weight/volume of tissue in kidney compartment

VSb = VS*BVS ; Weight/volume of capillary blood in spleen compartment
VSt = VS-VSb ; Weight/volume of tissue in spleen compartment

VLub = VLu*BVLu ; Weight/volume of capillary blood in lung compartment
VLut = VLu-VLub ; Weight/volume of tissue in lung compartment

VMb = VM*BVM ; Weight/volume of capillary blood in muscle compartment
VMt = VM-VMb ; Weight/volume of tissue in muscle compartment

VRb = VR*BVR ; Weight/volume of capillary blood in rest of body compartment
VRt = VR-VRb ; Weight/volume of tissue in rest of body compartment

VTb = VT*BVT ; Weight/volume of capillary blood in tumor compartment
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VTt = VT-VTb ; Weight/volume of tissue in tumor compartment

; Permeability coefficient-surface area cross-product (L/h)

PAL = PALC*QL ; Liver

PABR = PABRC*QBR ; Brain

PAK = PAKC*QK ; Kidneys

PAS = PASC*QS ; Spleen

PALu = PALuC*QC ; Lungs

PAM = PAMC*QM ; Muscle

PAR = PARC*QR ; Rest of body

PAT = PATC*QT ; Tumor

; Endocytosis rate (h-1)

KLRESUP = (KLRESmax*TIME"KLRESn)/(KLRES50"KLRESn+TIME~KLRESn) ; Liver
KSRESUP = (KSRESmax*TIME"KSRESn)/(KSRES50"KSRESn+TIME"KSRESn) ; Spleen
KKRESUP = (KKRESmax*TIME"KKRESn)/(KKRES50"KKRESn+TIME"KKRESn) ; Kidneys
KLuRESUP = (KLuRESmax*TIME*"KLuRESn)/(KLuURES50"KLuRESn+TIME"KLuRESn) ; Lungs
KMRESUP = (KMRESmax*TIME"KMRESn)/(KMRES50"KMRESn+TIME"KMRESn) ; Muscle
KRRESUP = (KRRESmax*TIME"KRRESn)/(KRRES50"KRRESn+TIME”KRRESn) ; Rest of body
KTRESUP = (KTRESmax*TIME"KTRESn)/(KTRES50"KTRESn+TIME~KTRESn) ; Tumor

; IV Dosing

Timeiv = 0.005 ; IV infusion time (h), set, approximately 15-20 secoCaP NDs, on average 18 sec
PDOSEiv = 15 ; mg/kg (Karmani et al. (2013); mice, IV route)

DOSEiv = PDOSEiv*BW ; mg

IVR = DOSEiv/Timeiv ; mg/h

RIV = IVR*(1.-step(1,Timeiv)) ; mg/h

d/dt(AIV) = RIV

init AIV=0

; Elimination

Kbile = KbileC*BW**0.75 ; L/h

Kurine = KurineC*BW**0.75 ; L/h

{Blood compartment}

; CA = Arterial blood concentration (mg/L or pg/ml)

RA =QC*CVLu - QC*CA

d/dt(AA) =RA

init AA=0

CA =AA/(VPlasma*0.2)

d/dt(AUCCA) = CA

init AUCCA =0

; CV = Venous blood concentration (mg/L or ug/ml)

RV =QL*CVL + QBR*CVBR + QK*CVK + QM*CVM + QR*CVR + QT*CVT + RIV - QC*CV
d/dt(AV) = RV

init AV=0

CV = AV/(VPlasma*(.8)

d/dt(AUCCV) = CV

init AUCCV =0

APlasma = AA+AV

CPlasma = APlasma/VPlasma

{Lung compartment (mg/kg or ug/g)}

; Membrane-limited model: CaP NDs in capillary blood of Lung

RLub = QC*(CV-CVLu) - PALu*CVLu + (PALu*CLut)/PLu

d/dt(ALub) = RLub

init ALub =0
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CVLu=ALub/VLub

; Membrane-limited model: CaP NDs in interstitial tissue of Lung
RLut = PALu*CVLu - (PALu*CLut)/PLu - KLuRESup*ALut + KLuRESrelease* ALuRES
d/dt(ALut) = RLut

init ALut=0

CLut = ALut/VLut

; Phagocytosis: CaP NDs in phagocytic cells of Lung tissue
RLuRES = KLuRESUP*ALut-KLuRESrelease* ALURES
d/dt(ALuRES) = RLuRES

init ALuRES =0

; Total CaP NDs in Lung

ALung = ALub+ALut+ALuRES

CLung = (ALub+ALut+ALuRES)/VLu

ALungt = ALut+ALuRES

CLungt = (ALut+ALuRES)/VLut

{Brain compartment (mg/kg or ug/g)}

; Membrane-limited model: CaP NDs in capillary blood of Brain
RBRb = QBR*(CA-CVBR) - PABR*CVBR + (PABR*CBRt)/PBR
d/dt(ABRb) = RBRb

init ABRb =0

CVBR = ABRb/VBRb

; Membrane-limited model: CaP NDs in interstitial tissue of Brain
RBRt=PABR*CVBR - (PABR*CBRt)/PBR

d/dt(ABRt) = RBRt

init ABRt =0

CBRt = ABRt/VBRt

; Total CaP NDs in Brain

ABrain = ABRb+ABRt

CBrain = ABrain/VBR

{Muscle compartment (mg/kg or ug/g)}

; Membrane-limited model: CaP NDs in capillary blood of Muscle
RMb = QM*(CA-CVM) - PAM*CVM + (PAM*CMt)/PM
d/dt(AMb) = RMb

init AMb =0

CVM = AMb/VMb

; Membrane-limited model: CaP NDs in interstitial tissue of Muscle
RMt =PAM*CVM - (PAM*CMt)/PM - KMRESUP*AMt + KMRESrelease* AMRES
d/dt(AMt) = RMt

init AMt =0

CMt = AMt/VMt

; Phagocytosis: CaP NDs in phagocytic cells of Muscle

RMRES = KMRESUP*AMt-KMRESrelease* AMRES
d/dt(AMRES) = RMRES

init AMRES =0

; Total CaP NDs in Muscle

AMuscle = AMb+AMt+AMRES

CMuscle = (AMb+AMt+AMRES)/VM

AMusclet = AMt+AMRES

CMusclet = (AMt+AMRES)/VMt

{Rest of body compartment (mg/kg or ug/g)}

; Membrane-limited model: CaP NDs in capillary blood of Rest of body
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RRb = QR*(CA-CVR) - PAR*CVR + (PAR*CRt)/PR

d/dt(ARDb) = RRb

init ARb =0

CVR = ARDb/VRb

; Membrane-limited model: CaP NDs in interstitial tissue of Rest of body
RRt=PAR*CVR - (PAR*CRt)/PR - KRRESUP*ARt + KRRESrelease*ARRES
d/dt(ARt) = RRt

init ARt=0

CRt = ARt/VRt

; Phagocytosis: CaP NDs in phagocytic cells of Rest of body tissue
RRRES = KRRESUP*ARt-KRRESrelease* ARRES

d/dt(ARRES) = RRRES

init ARRES =0

; Total CaP NDs in Rest of body

Arestall = ARb+ARt+ARRES

Crestall = (ARb+ARt+ARRES)/VR

Aresttissue = ARt+ARRES

Cresttissue = (ARt+ARRES)/VRt

{Kidney compartment (mg/kg or ug/g)}

; Membrane-limited model: CaP NDs in capillary blood of Kidney
RKb = QK*(CA-CVK) - PAK*CVK + (PAK*CKt)/PK - Rurine
d/dt(AKb) = RKb

init AKb=10

CVK = AKb/VKb

; Membrane-limited model: CaP NDs in interstitial tissue of Kidney
RKt=PAK*CVK - (PAK*CKt)/PK - KKRESUP*AKt + KKRESrelease* AKRES
d/dt(AKt) = RKt

init AKt=0

CKt = AKt/VKt

; Phagocytosis: CaP NDs in phagocytic cells of Kidney tissue
RKRES = KKRESUP*AKt-KKRESrelease* AKRES

d/dt(AKRES) = RKRES

init AKRES =0

; Total CaP NDs in Kidney

AKidney = AKb+AKt+AKRES

CKidney = (AKb+AKt+AKRES)/VK

AKidneyt = AKt+AKRES

CKidneyt = (AKt+AKRES)/VKt

; Urinary excretion

Rurine = Kurine*CVK ;mg/h

d/dt(Aurine) = Rurine

init Aurine = 0

{Spleen compartment (mg/kg or ug/g)}

; Membrane-limited model: CaP NDs in capillary blood of Spleen
RSb = QS*(CA-CVS) - PAS*CVS + (PAS*CSt)/PS

d/dt(ASb) = RSb

init ASb =0

CVS =ASb/VSb

; Membrane-limited model: CaP NDs in interstitial tissue of Spleen
RSt =PAS*CVS - (PAS*CSt)/PS - KSRESUP*ASt + KSRESrelease* ASRES
d/dt(ASt) = RSt
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init ASt =0

CSt=ASt/VSt

; Phagocytosis: CaP NDs in phagocytic cells of Spleen tissue

;RSRES = KSRESUP*AA-KSRESrelease* ASRES

RSRES = KSRESUP*ASt-KSRESrelease* ASRES

d/dt(ASRES) = RSRES

init ASRES =0

; Total CaP NDs in Spleen

ASpleen = ASb+ASt+ASRES

CSpleen = (ASb+ASt+ASRES)/VS

ASpleent = ASt+ASRES

CSpleent = (ASt+ASRES)/VSt

d/dt(AUCCS) = CSpleen

init AUCCS =0

{Liver compartment (mg/kg or ug/g)}

; Membrane-limited model: CaP NDs in capillary blood of Liver

RLb = QL*(CA-CVL) + QS*CVS - PAL*CVL + (PAL*CLt)/PL - KLRESUP*ALb + KLRESrelease*
ALRES

d/dt(ALb) = RLb

init ALb=0

CVL = ALb/VLb

; Membrane-limited model: CaP NDs in interstitial tissue of Liver

RLt=PAL*CVL - (PAL*CLt)/PL - Rbile

d/dt(ALt) = RLt

init ALt=0

CLt=ALt/VLt

; Phagocytosis: CaP NDs in phagocytic cells attach to Liver capillary wall

;RLRES = KLRESUP*AA-KLRESrelease*ALRES

RLRES = KLRESUP*ALb-KLRESrelease* ALRES

d/dt(ALRES) = RLRES

init ALRES =0

; Total CaP NDs in Liver

ALiver = ALb+ALt+ALRES

CLiver = (ALb+ALt+ALRES)/VL

ALivert = ALt+ALRES

CLivert = (ALt+ALRES)/VLt

d/dt(AUCCL) = CLiver

init AUCCL =0

; Biliary excretion

Rbile = Kbile*CLt ; mg/h

d/dt(Abile) = Rbile

init Abile = 0

{Tumor compartment (mg/kg or ug/g)}

; Membrane-limited model: CaP NDs in capillary blood of Tumor

RTb = QT*(CA-CVT) - PAT*CVT + (PAT*CTt)/PT

d/dt(ATb) = RTb

init ATb =0

CVT =ATb/VTb

; Membrane-limited model: CaP NDs in Tumor interstitium

RTt = PAT*CVT - (PAT*CTt)/PT - KTRESUP*ATt + KTRESrelease*ATRES

d/dt(ATt) = RTt
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init ATt=0

CTt=ATt/VTt

; Phagocytosis: CaP NDs in tumor cells of Tumor interstitium
RTRES = KTRESUP*ATt-KTRESrelease* ATRES
RTRESUP = KTRESUP*ATt

RTRESrelease = KTRESrelease* ATRES

d/dt(ATRES) = RTRES

init ATRES =0

; Total CaP NDs in Tumor

ATumor = ATb+ATt+ATRES

CTumor = (ATb+ATt+ATRES)/VT

ATumort = ATt+ATRES

CTumort = (ATt+ATRES)/VTt; mg/kg or ug/g tumor
d/dt(AUCCT) = 100*(ATumort/Doseiv)

init AUCCT =0

Tumorperc = 100*(ATumort/Doseiv)/VTt/1000 ; %ID/g
TumorpercID = 100*(ATumort/Doseiv) ; %ID

; Mass balance

Tmass = AA+AV+ALiver+ABrain+tAKidney+ALung+Arestall+ AMuscle+ASpleen+Abile+Aurine+ATumor
Bal = AIV-Tmass
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