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Nitroxides
◦ Objectives: investigate radical reactions, while 

using a lower infiltration temperature
◦ Clinical applications
◦ Possible reaction mechanisms
Infiltration Prior to Irradiation
◦ Radical interaction with dose
Post-irradiation Infiltration
◦ Residual Nitroxide Concentration
Future Work
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Electron transfer mechanism
Long radical lifetime, stable
MRI contrast agent
Spin labeling reagents, EPR probes
Polymerization
◦ Nitroxide Mediated Radical Polymerization 

(NMRP)
Radioprotectants in vivo
◦ Reactive oxygen species: O2

-, H2O2
◦ C-centered radical trapping
◦ Lipid peroxidation prevention
Induces apoptosis in hypoxic cancer cells
Infiltration through solution or thermal 
treatment

http://www.physics.utoronto.ca/~key/PHY138/

2,2,6,6-Tetramethylpiperidine-1-oxyl
(TEMPO)

4-Hydroxy-2,2,6,6-Tetramethylpiperidine-1-oxyl
(TEMPOL)
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Proposed Mechanisms of Oxidative Degradation ProtectionProposed Mechanisms of Oxidative Degradation Protection

CH2 CH2⇝ ←R· +O2

Free Radicals Produced in UHMWPE
Alkyl

Allyl

PeroxylRO2·R·

RO· + OH Alkoxyl-RH=RH-RH-
· ←

ROOH

= >NO·

Nitroxides- Addition
TEMPO
(2,2,6,6-Tetramethylpiperidine-1-oxyl)
TEMPOL Electron Transfer Mechanism
(4-Hydroxy-TEMPO)

R· + >NO· → >NOR

RO2· + >NO· ↔ intermediate → >N+=O + RO2
-

R· + >NOH → >NO· + RH
RO· + >NOH → >NO· + ROH

Hydrogen Transfer Mechanism

RO2· + >NOH → ROOH + >NO·
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• UHMWPE Infiltrated with TEMPO
• Carbon-centered free radicals formed in UHMWPE interact with TEMPO, 

reducing its paramagnetic concentration
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• 5 minutes 80ºC annealing and infiltration
• Tempol “resistant” to penetration, requires higher temperatures

• Infiltration at lower temperatures→ safe concentrations, maintained properties 



Nitroxide infiltration is a useful method of investigating 
reactions of carbon-centered free radicals
Post-irradiation controlled diffusion of nitroxides may 
provide for optimal concentration in a practical process 

Spectral subtractions & simulations to resolve remaining 
carbon-centered radical concentration
Cross-link density
Oxidative stability
Diffusion analysis
Pin-on-disk wear testing

Conclusions and Future QuestionsConclusions and Future Questions……
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www.joint-replacements.com 

www.leighday.co.uk 



Questions?

Thank you for your attention!Thank you for your attention!
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Paradox: cytoprotective & cytotoxic in different 
cell types
◦ Sensitize hypoxic cells to radiation (cancer cells)
◦ Super oxide dismutase mimics (prevent oxidative 

damage in some cells)
Higher toxicity tendency for lipophilic 
compounds
◦ Tempol 200x more hydrophilic than Tempol
TEMPO: IC50 = 0.72 ± 0.05 mM in endothelial 
cells
Neurophysiological toxicity
◦ 1 mM Tempol minimal effect
◦ 1 – 5 mM TEMPO significant neurophysiological 

effect
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Exploit hydrophilicity of Tempol: low toxicity and controlled infiltration
Gariboldi, M.B. et al.  Free Rad. Biol. & Med. 24 (6) 913 (1998).
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