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Oxygen Enhancement Ratio 
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Capillaries

Hypoxia

How Much Oxygen Pressure is needed ?

http://www.nda.ox.ac.uk/wfsa/html/u10/u1003_01.htm
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Longitudinal Microvascular PO2 G radient
Duling -

oxygen along the arteriolar tree.
F igure from Tsia et al., Physiological Reviews, 2003

CG Ellis

Oxygen Cascade in Vascular System

Hypoxia



A 3D Problem



Cells in Tumours

Cell 
Loss





Multi-Cellular Spheroid Tumor Model

R. Sutherland
R. Inch

A.C. Burton
Christopher G. Ellis



Spheroid Tumour Model

200 microns

Fig 20.9
Fig 20.10

800 microns



Spheroid in Infinite Medium with Necrosis

pO2 at tumor surface 
rapidly falls to near zero 
as the tumor grows 
beyond Rmax.
.

Hypoxia

Anoxia

Oxygenated



Gomperzian Model
predicts zero growth for large tumors

In cell 
culture

In solid 
tumour Oxygen 

Deprivation ?



Oxygen Diffusion L imit
(Rmax)

VO2 -consumption rate per 
unit volume

R Tumour radius
r radial distance from center
D O2 Diffusion constant
k - Solubility

As tumour volume grows, 
R = Rmax, then
pO2 falls to zero at centre -100 -80 -60 -40 -20 0 20 40 60 80 100
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Tumour Size (R > Rmax )

RN necrotic radius

Doubling the tumor radius 
from ~100 to 200-um
increases RN

to 130-um

Necrotic core radius 
growing faster than 
tumor radius !! 0
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Observation of Tumour

T

T thickness of viable rim



Normalized V iable Rim (T/Rmax) 

Rmax is a characteristic of 
oxygen diffusion for all 
tumor sizes

Divide all dimensions by 
Rmax to normalize 
solution for all spheroid 

one curve fits all!
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Hypoxia Measurements
Eppendorf pO2microelectrodes/Oxylite®probes

Histochemical staining of hypoxia specific factors (HIF-

markers (EF-5, pimonidazole, etc.)
EPR of oxygen-dependent reporter probes
Fluorescence/IR detection of haemoglobin oxygen

MRI/MRS measurement of energetic phosphorous 
states or oxygen-dependent reporter probes 
(hexafluorobenzene) 

Nuclear medicine imaging of radiolabeled hypoxic 
markers



Eppendorf Needles



Prostate Tumour Samples

Darwin Yip




pO2 Measured in Tumours



Hypoxia Measurements
Eppendorf pO2microelectrodes/Oxylite®probes

Histochemical staining of hypoxia specific factors (HIF-

markers (EF-5, pimonidazole, etc.)
EPR of oxygen-dependent reporter probes
Fluorescence/IR detection of haemoglobin oxygen

Nuclear medicine imaging of radiolabeled hypoxic 
markers

MRI/MRS measurement of energetic phosphorous 
states or oxygen-dependent reporter probes 
(hexafluorobenzene) 



Hypoxic Cell Sensitizers and Markers
(Thanks go to Dr . Don Chapman)

VANILLA Azomycin-containing chemicals that are bio-
reduced within cells to intermediates that covalently bind 
to molecules at rates inversely proportional to oxygen 
concentration (MISO, F- -D-IAZGP, EF-5).

CHOCOLATE Metal-containing ligands that deposit their 
activity in tissue via some reduction mechanism 
([Tc-99m]HL-91, [Cu-64]ATSM).

CHOCOLATE/SWIRL Ligands that contain azomycin 
and are labeled with various radioactive-metals. 

See Chapter 23



Hypoxia Imaging Markers

D. Chapman



fig25_11.jpg

Autoradiography of Hypoxia







Radiotherapy Strategy:
Re-Oxygenate Tumour !



Cell Survival Curves 
Mixed Cell Distribution

cGy

Hypoxic 
Fraction

Darwin Yip
slope more shallow bc of hypoxia



Fractionate to Re-Oxygenate !



Another Reason to reduce Hypoxia

Hypoxic 
Pathway

Oxygenated

Pathway

Induced
Tumour 
Growth

Darwin Yip




Darwin Yip




Darwin Yip
well beyond this course







Does Hypoxia Matter Clinically ?





Summary of Differential Effects on 
Tumour and Normal Tissues

4Rs Tumour Cells Normal Cells

Repair

Re-
Assortment
Re-
Population
Re-
Oxygenation

Balance is affected by Dose and Dose Rate/Fractionation
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Time: Dose Fractionation

Radiation does not 

versus normal cells

radiation damage differently 
over time

be delivered to the normal 
cells versus tumour cells (B)

Tumour

Normal

Cell Survival Curves

J2B



RD Stewart et al.

Duration of Chronic Exposure or

Time Gap between Acute Radiation Exposures

Anti-
Tumour

Pro-
Normal 
Tissues



p53 



Space and Time

J2B
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