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Blood flow 
 

Oxygenation 
Hydrodynamics 

Pressure 
Vascular permeability 

Neo-angiogenesis and oncotic pressure 



Dissolved Oxygen & Carried by Hemoglobin 

Consommation O2 au repos : 6.4 mL/sec. Or volume cardiaque en une 
seconde:70 mL/battement (~1 sec), donc on a ~90 mL O2 / L de sang 
 
 
Arterial oxygen capacity in adult (max): ~200 mL O2 / L de sang 
 
 
Dissolved O2 in water at 37°C:   5,34 mL / L  
 
 
Carbogen : 95% O2 , 5% CO2   24,2   mL/L 
 

Hémoglobine 
( papier pour exposé dispo) 



Oxygen has to diffuse 
from capillary to target 
cell: 
 
- Reduce path length 

 
- In cell culture : reduce 

medium thickness 

Oxygen diffusion 

solubility 

molecular weight 

m2/sec 



O2 + 4 e− + 4 H+ → 2 H2O 

How to measure dissolved O2 : 
Clarke Electrode 

Knowing the number of cells in 
suspension,  O2 kinetics gives the 
consumption rate per cell 

Exercice: estimez l’ordre de grandeur de la 
consommation d’O2 par cellule ? 



Cell Diameter/volume
a
 

(μm/pL)
b
 

Protein Mass/cell 
(pg) 

O2Consumption Rate in amol s
-1

cell
-1

 
(OCR in units of amol s

-1
 ng-protein

-1
) 

Mean Std err (+/-) n 

HL-60 10.7 μm 170 9.9 
d
,
e
 0.8 13 

Promyelocytic leukemia 0.64 pL (13) 
c
 (58)

f
 

HL-60 9.8 μm 180 8.3 
d
,
e
 2.0 11 

Retinoic acid differentiated 0.49 pL (46) 
f
 

HL-60 180 30.5 
d
,
e
 6.1 9 

Retinoic acid differentiated (170) 
f
 

Stimulated with PMA 

U-937 12.1 μm 110 3.7 
d
,
e
 0.3 14 

Histocytic lymphoma 0.93 pL (12) 
c
 (34) 

f
 

MDA-MB-231 14.3 μm 295 16.8 
d
,
e
 1.2 13 

Mammary adenocarcinoma 1.53 pL (15) 
c
 (56) 

f
 

53 
g
,
h
 4 16 

MCF-7 14.8 μm 404 32.5 
d
,
e
 5.6 11 

Mammary adenocarcinoma 1.70 pL (29) 
c
 (81) 

f
 

35 
g
,
h
 5 16 

MCF-7-p51 15.2μm 625 39.9 
d
,
e
 3.9 12 

Mammary 

adenocarcinoma (GPx4) Ov

erexpressor 

1.84 pL (45) 
c
 (63) 

f
 

Cell size and oxygen uptake 

 



The blood vessels 

https://nursekey.com/cardiovascular-anatomy-and-physiology/ 



Reynolds number of blood flow in vessels 

Viscosity 
blood:  
~4 mPa.sec     

(effet Nyquist, see paper) 

Exercice: Compute 
Reynolds number in 
pulmonary artery 

Density (kg/m3) 

Viscosity (Pa.sec) 

Flow speed 

Typical 
dimension 
of flow 
setup 

Re <1 : laminar flow 
 
 1<Re<1000 : intermediate 
 
Re > 1000 : turbulent 



Poiseuille : low Reynolds number flow in a cylindrical pipe 

l 

r 
Q 

P 



Le problème de la vascularisation: trouver un chemin 
nourissant toutes les cellules en minimisant le ∆P nécessaire 

le ∆P nécessaire = la pression générée par la pompe cardiaque 



Where does the major load loss occurs ?   

Typical blood speed in capillaries : 0.3 mm/sec 
 
Total length of capillaries in body: 80 000 km (!)  
 
Exercice : calculer la perte de charge dans les capillaires 







Les vaissaux sanguins ont une perméabilité sélective  



Les tumeurs cancéreuses se néovascularisent et  
sont caractérisées par une surpression intertitielle 



(pour aujourd’hui) 


