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Supplementary Figure 1. Equations and model parameters for heart function and blood pressure

ESP = SBP

EDP = LAP

SV = EDV - ESV

SBP = emax * (ESV-Vφ) + Pthorax

if TMP < 9.6 EDV = TMP / PVSlope

if TMP > 9.6 EDV = 144 + (TMP - 9.6)1/2 / K
if EDV < 144 TMP = EDV * PVSlope

if EDV > 144 TMP = 9.6 + (EDV - 144)2 

Diastole

if Passive < 9.6 ESV = Passive / PVSlope

if Passive > 9.6 ESV = 144 + ((Passive - 9.6)/K)1/2

if ESV < 144 Passive = PVSlope * ESV

if ESV > 144 Passive = 9.6 * K(ESV - 144)2

Systole

emax = 3.5 mmHg/mL

Vφ = 15 mL

K = 0.01

Left Heart 

PVSlope = 0.067 mmHg/mL
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Supplementary Figure 2. Equations and model parameters for renal vascular function and GFR

Input
TGF Effect* TGF Vascular Signal

Sympathetic Effect* α1 Receptor Activity
Myogenic Effect* Interlobular Pressure

ANP Effect  [ANP]
CCB Effect [ CCB ]

 Baseline conductance (ml/min/mmHg/g) = 0.080883

Input
Ang II Effect*  [Ang II]

Sympathetic Effect* Renal α Receptor Activity
L/T CCB Effect [ L/T CCB ]

 Baseline conductance (ml/min/mmHg/g) = 0.06218

Input
Colloid Osmotic Pressure Plasma Osmotic Pressure / ( 1 - FF)

Bowman's Capsule Pressure Pelvis Pressure + (SNGFR / PT conductance )
Capillary Pressure ( RBF / Efferent Conductance ) + Renal Venous Pressure

  GFR = Kf (PC - PBC - Posm)

Afferent Arteriole 
Conductance

Efferent Arteriole 
Conductance

GFR

Tubuloglomerular feedback, TGF; atrial natiuretic peptide, ANP; filtration fraction, FF; single nephron glomerular filtration rate, 
SNGFR; proximal tubule, PT; filtration coefficient, Kf; capillary hydrostatic pressure, PC; Bowman's Capsule hydrostatic pressure, 
PBC ; capillary colloid osmostic pressure, Posm

*Indicates a negative relationship



Supplementary Figure 3. Determinants of afferent arteriolar conductance in the model
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𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒 = 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 × 𝑆𝑦𝑚𝑝 𝐸𝑓𝑓𝑒𝑐𝑡 × 𝐴𝑁𝑃 𝐸𝑓𝑓𝑒𝑐𝑡 × 𝑀𝑦𝑜𝑔𝑒𝑛𝑖𝑐 𝐸𝑓𝑓𝑒𝑐𝑡 × 𝑇𝐺𝐹 𝐸𝑓𝑓𝑒𝑐𝑡 × 𝐶𝐶𝐵 𝐸𝑓𝑓𝑒𝑐𝑡

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 = 0.080883 ml/min/mmHg/g
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Supplementary Figure 4. Determinants of efferent arteriolar conductance in the model
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𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒 = 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 × 𝑆𝑦𝑚𝑝 𝐸𝑓𝑓𝑒𝑐𝑡 × 𝐴𝑛𝑔 𝐼𝐼 𝐸𝑓𝑓𝑒𝑐𝑡 × 𝐿𝑇 𝐶𝐶𝐵 𝐸𝑓𝑓𝑒𝑐𝑡

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 = 0.06218 ml/min/mmHg/g
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Supplementary Figure 5. Determinants of tubuloglomerular feedback
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Supplementary Figure 6. Body compartment volumes

Total Body Water

Intracellular Fluid Volume (~27 L) Interstitial Fluid 
Volume (~12 L)

Tissue H2O calculated for each torso region:

PermUpper = 1.16075 ml/mmHg/min  

PermMiddle = 2.5374 ml/mmHg/min  

PermLower = 1.7006 ml/mmHg/min  

KUpper = 4.43 

KMiddle = 8.73 

KLower = 4.6 

TBW = TissueH2O + PlasmaVol + RBCH2O

TissueH2O = TorsoUpper + TorsoMiddle + TorsoLower

dTorsoUpper, Middle, Lower = Intracellular + Interstitial = CapillaryFiltration + MetabolismH2O - LymphRate - LossH2O

LymphRate = K x [Pinterstitial x Effect]

PlasmaVol = GI Absorption + LymphRate - Urine - CapillaryFiltration

GainH2O = CapillaryFiltration + Metabolism

LossH2O = Sweat + Skinins + LymphRate (+ Lung for TorsoMiddle)

CapillaryFiltration = Perm x [Pcapillary + COPinterstitial - Pinterstitial - COPcapillary]

dt
___________________

Plasma 
Volume 
(~3 L)

Metabolism

Diet

Urine

TorsoUpper, Middle, Lower LossH2O

LymphRate

Osmolar Equilibrium
Cap. Filtration



Supplementary Figure 7. Determinants  of proximal tubular sodium reabsorption

Proximal tubular sodium, PTNa; angiotensin II, Ang II; sympathetic, symp; atrial natriuretic peptide, ANP; renal interstitial 
fluid pressure, RIFP
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Proximal Tubule Sodium Reabsorption
𝑅𝑒𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 = 𝑃𝑇𝑁𝑎 𝐼𝑛𝑓𝑙𝑜𝑤 × 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 ா௙௙௘௖௧௦షభ

𝐸𝑓𝑓𝑒𝑐𝑡𝑠 = 𝑨𝒏𝒈 𝑰𝑰 𝑬𝒇𝒇𝒆𝒄𝒕 × 𝑺𝒚𝒎𝒑 𝑬𝒇𝒇𝒆𝒄𝒕 × 𝑨𝑵𝑷 𝑬𝒇𝒇𝒆𝒄𝒕 × 𝑹𝑰𝑭𝑷 𝑬𝒇𝒇𝒆𝒄𝒕

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 = 58%



Supplementary Figure 8. Determinants  of loop of henle sodium reabsorption
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Loop of Henle Sodium Reabsorption
𝑅𝑒𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 = 𝐿𝑜𝑜𝑝 𝐼𝑛𝑓𝑙𝑜𝑤 × 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 ா௙௙௘௖௧௦షభ

𝐸𝑓𝑓𝑒𝑐𝑡𝑠 = 𝑺𝒐𝒅𝒊𝒖𝒎 𝑬𝒇𝒇𝒆𝒄𝒕 × 𝑭𝒍𝒐𝒘 𝑬𝒇𝒇𝒆𝒄𝒕 × 𝑨𝒍𝒅𝒐 𝑬𝒇𝒇𝒆𝒄𝒕 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 = 75%



Supplementary Figure 9. Determinants  of distal tubular sodium reabsorption
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Distal Tubule Sodium Reabsorption
𝑅𝑒𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 = 𝐿𝑜𝑜𝑝 𝐼𝑛𝑓𝑙𝑜𝑤 × 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 ா௙௙௘௖௧௦షభ

𝐸𝑓𝑓𝑒𝑐𝑡𝑠 = 𝑺𝒐𝒅𝒊𝒖𝒎 𝑬𝒇𝒇𝒆𝒄𝒕 × 𝑨𝒍𝒅𝒐 𝑬𝒇𝒇𝒆𝒄𝒕 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 = 75%



Supplementary Figure 10. Determinants  of collecting duct sodium reabsorption
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Collecting Duct Sodium Reabsorption
𝑅𝑒𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 = 𝐿𝑜𝑜𝑝 𝐼𝑛𝑓𝑙𝑜𝑤 × 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 ா௙௙௘௖௧௦షభ

𝐸𝑓𝑓𝑒𝑐𝑡𝑠 = 𝑺𝒐𝒅𝒊𝒖𝒎 𝑬𝒇𝒇𝒆𝒄𝒕 × 𝑨𝑵𝑷 𝑬𝒇𝒇𝒆𝒄𝒕 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 = 75%

Single nephron, SN; aldosterone, Aldo


