The Oxygen Effect: Why Cancer Is So Hard To Kill (at once)

The biological effects of ionizing radiation are primarily the result of damage to the DNA of the target cells.  This can occur either via direct or indirect action of radiation.  Direct action of radiation occurs when any form of radiation interacts directly with the critical targets within a cell…namely the DNA strand.  Atoms within the DNA may be ionized, initiating a biological effect due to the damage of the DNA.  Indirect action of radiation occurs when ionizing radiation interacts with other atoms or molecules in the cell, especially water, to produce free radicals that are able to damage the cell’s DNA.

A free radical is a molecule that has an unpaired orbital electron in the outer shell.  For the important molecule of water, the interaction of a photon or charged particle with the water molecule removes an outer shell electron and creates an ion radical.  This reaction is expressed as
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H2O+ is an ion radical as it both an ion (positively charged molecule) and a free radical (has an unpaired electron in the outer shell, thus highly reactive).  The ion radical form will react with another water molecule to form a very reactive hydroxyl radical (OH)
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The hydroxyl radical can interact with the cells DNA, break chemical bonds, initiate chemical changes, and initiate a chain of events that results in the cell expressing biological damage.

If oxygen is present during this interaction, it can react with the free radical to produce a peroxide form (ex, H2O2), which is a non-restorable change in the chemical composition of the material exposed to the radiation.  If oxygen were not present, this reaction could not take place, and many of the ionized molecules in the cell could be repaired, allowing the cell to function normally.  Oxygen may be thought to “fix” the damage so that it is unrepairable.   This concept is known as the Oxygen Fixation Hypothesis.
In order to quantify this effect for different types of radiation, survival curves of mammalian cells under different exposures are necessary.  The ratio of hypoxic (not oxygenated) cell doses to the aerated (oxygenated) cell doses required to achieve the same biological effect is called the Oxygen Enhancement Ratio (OER).  The data obtained over the years showed that for x-rays and gamma rays, the OER at high doses (5-30 Gy) generally has a value of 2.5 to 3. (3 times as many cells die from radiation when oxygen is present at the time of exposure).  For lower doses, at about the level of daily dose given during a fraction of radiotherapy dose (1-2 Gy), this OER has a slightly smaller value of 2.

This effect becomes very important when treating tumor masses with radiotherapy.  As the tumor size increases, it will cut off blood supply to the internal core.  When this occurs, the cells at the center of the tumor become hypoxic.  As the tumor grows, the number of hypoxic, and thus radiation resistant, cells will increase.  The cells of most importance are the cells hypoxic enough to be resistant to ionizing radiation therapy, yet containing enough oxygen to be viable, and thus continue to grow after treatment.  Animal studies have shown that most tumors contain between 10-15% hypoxic cells.  Similar proportions have been observed in human tumor nodules.

When a single radiotherapy dose is delivered to this type of tumor, the aerated cells will be killed, while most of the hypoxic cells will remain.  After the irradiation, the hypoxic cells at the edge of the remaining tumor mass will now be surrounded by an oxygen rich medium, and become aerated.  After a sufficient delay, the mass should now have a 10-15% hypoxic cell fraction.  If a second radiotherapy dose is applied the newly aerated cells will be killed, and this cycle will repeat with an ever-decreasing tumor mass.  The hope is that the tumor mass will eventually be completely destroyed by multiple doses.  This Oxygen effect is the primary reason for fragmenting the radiotherapy doses and for multiple treatments being necessary to completely kill the tumor.  Efforts have been and will continue to be undertaken to attempt to compensate or eliminate this effect, thereby reducing the dose to surrounding healthy tissues.

References:

Hall, Eric J.  Radiobiology for the Radiobiologist, J.B. Lippincott Company, Philidelphia  1994

http://www.vanderbilt.edu/AnS/psychology/health_psychology/antiox.htm
http://www.dartmouth.edu/~eprctr/workshop2004/pdf/abstracts/P18.pdf “CONTRIBUTION OF AN OXYGEN EFFECT TO THE RADIOSENSITIZATION OF NS-398, A SELECTIVE COX-2 INHIBITOR”

http://www.northwestern.edu/newscenter/stories/2004/10/brain.html
� EMBED Equation.3  ���








[image: image2.wmf]OH

H

H

H

+

¾

®

¾

+

+

+

0

0

0

3

2

2

_1158641239.unknown

_1158520943.unknown

