
Durham E-Theses

Photobiomodulation in Animal Models of Ageing and

Alzheimer's Disease

DUGGETT, NATALIE,AMY

How t o cite:

DUGGETT, NATALIE,AMY (2013) Photobiomodulation in Animal Models of Ag eing and Alzheime r's

Disease , Durham the se s, Durham University. Availa ble at Durham E-Theses Online:
http://etheses.dur.ac.uk/7018 /

Use p olicy

The full-text may b e used and/or repro duced, and given to third parties in any format or medium, without prior p ermission or
charge, for p ersonal research or study, ed ucational, or not-for -pro�t purp os es provided that:

� a full bibliographic reference is made to the original source

� a link is made to the metadat a record in Durham E-Theses

� the full-text is not changed in any way

The full-text must not b e sold in any for mat or medium without the formal p ermission of the copyright holders.

Please consult the full Durham E-Theses p olicy for further details.

http://www.dur.ac.uk
http://etheses.dur.ac.uk/7018/
 http://etheses.dur.ac.uk/7018/ 
http://etheses.dur.ac.uk/policies/


Academic Supp ort O�ce, Dur ham University, Univer sity O�ce, Old Elvet, Durham DH1 3HP
e-mail: e-theses.admin@dur.ac.uk Tel: +44 0191 334 6107

http ://eth es es.d ur.ac.uk

2

http://etheses.dur.ac.uk








 4 

Declaration 

I confirm that no part of the material presented has previously been submitted 

for a degree in this or any other university. If material has been generated 

through joint work, my independent contribution has been clearly indicated. In 

all other cases, material from the work of others has been clearly indicated, 

acknowledged and quotations and paragraphs indicated. 

The copyright of this thesis rests with the author. No quotation from it should be 

published without the author's prior written consent and information derived 

from it should be acknowledged. 

 

 

 

 

 

 

 

 

 

 Copyright © 2013 Natalie A. Duggett 

All rights reserved. 













file:///C:/Users/Natalie/Documents/Thesis%20Draft%20Documents/Thesis%20V19.docx%23_Toc354666486
file:///C:/Users/Natalie/Documents/Thesis%20Draft%20Documents/Thesis%20V19.docx%23_Toc354666486
file:///C:/Users/Natalie/Documents/Thesis%20Draft%20Documents/Thesis%20V19.docx%23_Toc354666487
file:///C:/Users/Natalie/Documents/Thesis%20Draft%20Documents/Thesis%20V19.docx%23_Toc354666487
file:///C:/Users/Natalie/Documents/Thesis%20Draft%20Documents/Thesis%20V19.docx%23_Toc354666488
file:///C:/Users/Natalie/Documents/Thesis%20Draft%20Documents/Thesis%20V19.docx%23_Toc354666488






 13 

Figure 6.27. Differences between glutamate plus malate respiratory rates in 
age-matched male (n=6) and female (n=3) TASTPM mouse brain mitochondria 
(in vivo) ........................................................................................................... 255 

Figure 6.28. Difference between glutamate plus malate RCI in age-matched 
male (n=6) and female (n=3) TASTPM mouse brain mitochondria (in vivo) ... 255 

Figure 6.29. Differences between succinate respiratory rates in age-matched 
male (n=6) and female (n=3) TASTPM mouse brain mitochondria (in vivo) ... 257 

Figure 6.30. Difference between succinate RCI in age-matched male (n=6) and 
female (n=3) TASTPM mouse brain mitochondria (in vivo)............................. 257 

 

Chapter 7 

Figure 7.1. Differences between hermaphrodite and male C. elegans ........... 277 

Figure 7.2. Stages of C. elegans development .............................................. 278 

Figure 7.3. Lifespans of SS104, glp-4 (bn2)I, nematodes exposed to 12 minute, 
6 minute or 3 minute IR1072 exposures and sham-treated controls. .............. 290 

Figure 7.4. Lifespans of SS104, glp-4 (bn2)I, nematodes exposed to IR1072 for 
12 minutes and sham-treated controls ............................................................ 291 

Figure 7.5. Lifespans of SS104, glp-4 (bn2)I, nematodes exposed to IR1072 as 
described in 2.9.3, and sham treated controls ................................................ 292 

Figure 7.6. Lifespans of N2, C. elegans wild isolate nematodes exposed to 
IR1072 as described in 2.9.3 .......................................................................... 293 

Figure 7.7. Lifespans of SS104, glp-4 (bn2)I, nematodes exposed to IR1072 as 
described in 2.9.3, and sham treated controls, conducted on kanamycin-treated 
OP50 ............................................................................................................... 294 

Figure 7.8. A column graph to show IR1072 exposure has no significant effect 
on bacterial viability ......................................................................................... 296 

Figure 7.9. Data shown represent change in voltage during 12 minute IR1072 
exposure ......................................................................................................... 302 

Figure 7.10. Data shown to represent the temperature change found when 
investigating a novel IR1072 protocol. Data shown is three minutes on, followed 
by three minutes off. ....................................................................................... 303 

Figure 7.11. Data shown to represent the temperature change found when 
investigating a novel IR1072 protocol. Data shown is one minute on, followed by 
one minute off ................................................................................................. 303 

Figure 7.12. Data shown is fifty seconds on, followed by 750 seconds off. This 
resulted in no change in temperature and the lifespan extension effect 
previously observed was eliminated ............................................................... 304 

Figure 7.13. Data shown represents measurements taken during a protocol 
whereby infrared 1072 nm was on for 50 seconds and off for 100 seconds ... 304 

file:///C:/Users/Natalie/Documents/Thesis%20Draft%20Documents/Thesis%20V19.docx%23_Toc354666539
file:///C:/Users/Natalie/Documents/Thesis%20Draft%20Documents/Thesis%20V19.docx%23_Toc354666539


 14 

Figure 7.14. Lifespan conducted using SS104, glp-4 (bn2)I nematodes. 
Treatment protocol used: 50 seconds IR1072 on, followed by 750 seconds off. 
This was repeated over 24 hours, every three days. ...................................... 305 

Figure 7.15. A graph to show the effect of treatment protocol 2.9.4 on SS104, 
glp-4 (bn2)I, nematode lifespan compared to sham-treated controls .............. 306 

Figure 7.16. A graph to show the effect of treatment protocol 2.9.4 on GR1307, 
daf-16 (mgDf50) I, nematode lifespan compared to sham-treated controls .... 307 

Figure 7.17. A graph to show the effect of treatment protocol 2.9.4 on PS3551, 
hsf-1(sy441) I, nematode lifespan compared to sham-treated controls. ......... 308 

Figure 7.18. A graph to show the effect of treatment protocol 2.9.4 on RB1104, 
hsp-3 (ok1083) X, nematode lifespan compared to sham-treated controls ..... 309 

Figure 7.19. A graph to show the effect of treatment protocol 2.9.4 on N2, C. 
elegans wild isolate nematode, lifespan compared to sham-treated controls . 310 

Figure 7.20. A graph to show the effect of treatment protocol 2.9.3 on SJ4100, 
[zcIs13 hsp-6::gfp], nematode lifespan compared to sham-treated controls. .. 311 

Figure 7.21. Absorption spectra of soluble (dashed lines) and insoluble (solid 
lines) protein extract from SS104, glp-4 (bn2)I, nematodes ............................ 315 

Figure 7.22. HSF1 activated by Heat shock (HS) and the DAF-2/DAF-16 
pathway enhances protection against protein aggregation based disease ..... 321 

 

Appendix II 

Figure II.1. Thermocouple reference table ..................................................... 343 

 

  

file:///C:/Users/Natalie/Documents/Thesis%20Draft%20Documents/Thesis%20V19.docx%23_Toc354666551
file:///C:/Users/Natalie/Documents/Thesis%20Draft%20Documents/Thesis%20V19.docx%23_Toc354666551




 16 

Table 5.4. Summary of all effects on ageing CD-1 mice and chronically IR 
treated mice, determined by western blotting ................................................. 206 

 

Chapter 6 

Table 6.1. Effect of Age on protein expression in male TASTPM mice at 3, 7 
and 12 months of age ..................................................................................... 224 

Table 6.2. Effect of Chronic IR1072 Preconditioning on protein expression in 
female TASTPM mice, compared to age matched sham-treated controls ...... 237 

Table 6.3. Summary table of immunohistochemical analysis of protein 
expression in female TASTPM mice ............................................................... 238 

Table 6.4. Effect of Chronic IR1072 Preconditioning on protein expression in 
male TASTPM mice, compared to age matched sham-treated controls ......... 248 

Table 6.5. Summary table of immunohistochemical analysis of protein 
expression in male TASTPM mice .................................................................. 249 

Table 6.6. Differences between electron transport chain Complex I activities, 
when comparing mitochondria isolated from liver tissue of female (n=3) to male 
(n=6) TASTPM mice of 6 months of age ......................................................... 252 

Table 6.7. Differences between electron transport chain Complex II activities, 
when comparing mitochondria isolated from liver tissue of female (n=3) to male 
(n=6) TASTPM mice of 6 months of age ......................................................... 254 

Table 6.8. Differences between electron transport chain Complex I activities, 
when comparing mitochondria isolated from brain tissue of female (n=3) to male 
(n=6) TASTPM mice of 6 months of age ......................................................... 256 

Table 6.9. Differences between electron transport chain Complex II activities, 
when comparing mitochondria isolated from brain tissue of female (n=3) to male 
(n=6) TASTPM mice of 6 months of age ......................................................... 258 

Table 6.10. Summary of effects of ageing in TASTPM mice and chronically IR 
treated mice, determined by western blotting ................................................. 259 

 

Chapter 7 

Table 7.1. Data for lifespans of SS104, glp-4 (bn2)I, nematodes exposed to 12 
minute, 6 minute or 3 minute IR1072 exposures and sham-treated controls .. 290 

Table 7.2. Data for lifespans of SS104, glp-4 (bn2)I, nematodes exposed to 
IR1072 as described in 2.8.3, and sham treated controls ............................... 292 

Table 7.3. Data for lifespans of N2, C. elegans wild isolate nematodes exposed 
to IR1072 as described in 2.8.3, and sham treated controls ........................... 293 

Table 7.4. Data for lifespans of SS104, glp-4 (bn2)I, nematodes exposed to 
IR1072 as described in 2.8.3, and sham treated controls, conducted on 
kanamycin-treated OP50 ................................................................................ 294 



 17 

Table 7.5. Data for lifespan conducted using SS104, glp-4 (bn2)I nematodes. 
Treatment protocol used: 50 seconds IR1072 on, followed by 750 seconds off. 
This was repeated over 24 hours, every three day ......................................... 305 

Table 7.6. Data showing the effect of treatment protocol 2.8.4 on SS104, glp-4 
(bn2)I, nematode lifespan compared to sham-treated control ......................... 306 

Table 7.7. Data showing the effect of treatment protocol 2.8.4 on GR1307, daf-
16 (mgDf50) I, nematode lifespan compared to sham-treated controls .......... 307 

Table 7.8. Data showing effect of treatment protocol 2.8.4 on PS3551, hsf-
1(sy441) I, nematode lifespan compared to sham-treated controls ................ 308 

Table 7.9. Data showing the effect of treatment protocol 2.8.4 on RB1104, hsp-
3 (ok1083) X, nematode lifespan compared to sham-treated controls ............ 309 

Table 7.10. Data showing the effect of treatment protocol 2.8.4 on N2, C. 
elegans wild isolate nematode, lifespan compared to sham-treated controls . 310 

Table 7.11. Data showing the effect of treatment protocol 2.8.3 on SJ4100, 
[zcIs13 hsp-6::gfp], nematode lifespan compared to sham-treated controls ... 311 

Table 7.12. A summary table of individual nematode lifespans with are 
combined in the figures included in Chapter 7: Using Caenorhabditis elegans to 
Understand IR1072 ......................................................................................... 312 

 

 

 





 19 

CAD Cath.a differentiated 
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Complex V ATP synthase 
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CREB cAMP response element binding protein 

CSF Cerebral spinal fluid 
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Cyt c Cytochrome c 

DAB 3,3-Diaminobenzidine 

DAPI 4',6-diamidino-2-phenylindole 

DAXX Death domain associated protein 

DG Dentate gyrus  

dH2O Distilled water 

DIABLO Drosophila melanogaster homologue 
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An important factor to consider is the potential depth of tissue infiltration by NIR 

before proposing therapeutic use. Depth of tissue penetration is proportional to 

absorption and scattering coefficients, which are intrinsically linked to the 

structure and function of tissues. As LLLT passes through tissue, some will be 

absorbed by chromophores, this is dependent on wavelength and on the 

density of chromophores, for example blood-rich tissues absorb more infrared 

light at certain wavelengths due to high haemoglobin level and some NIR is lost 

through scattering due to organelles in the cell. Investigation of photon-

scattering in a number of tissues from the rat, found that mitochondria content 

was proportional to the degree of scattering during NIR exposure (Beauvoit et 

al., 1995). The fact that defined action spectra can be constructed for specific 

cellular responses confirms light absorption by specific molecular chromophores 

(Huang et al., 2009). 

Spectroscopic data investigating propagation of NIR through human tissue is 

under investigation. NIR, ranging from 630-800 nm, has been shown to have 

high tissue penetrability; investigations using muscle in the forearm and calf 

have shown NIR can travel up to 23 cm through the skin into the muscle tissue. 

The magnitude of infiltration differs depending on tissue type, wavelength and 

fluence; a great deal of investigation is still required in this area in order to 

exploit the full biological effect of LLLT (Beauvoit et al., 1994, Whelan et al., 

2001). 

In order for LLLT to have biological action in neurodegenerative disorders, it 

must be able to infiltrate the head. It has been hypothesised that NIR follows an 

arc of transmission through the human head; with the theory that the light will 

pass through the scalp, bone, dura and tissues and return to the point of 
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biological effect (Karu, 1999). Absorption is likely to occur via internal 

conversion, the first excited singlet state of the chromophore undergoes a 

transition to a lower electronic state and this energy is then given off as 

vibration, causing localised heating and altered biochemical activity (Hamblin 

and Demidova, 2006, Karu et al., 1995, Karu et al., 1994). 

 

 

Figure 1.3. Optical Window of Near Infrared Light (Hamblin and Demidova, 2006) 

Abbreviations: Hb, Haemoglobin, HbO2, Oxyhaemoglobin. 

 

1.1.4 Molecular Mechanism of Action - Electron Transport Chain (ETC) 

Mitochondria are an important intracellular organelle; they are integral to the cell 

and the maintenance of cell homeostasis; through involvement in signal 

transduction, energy production, apoptosis, amino acid, lipid, nucleotide and 

steroid metabolism. Therefore the manipulation of a single factor within the 
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NADH oxidation to NAD (nicotinamide adenine dinucleotide) transfers electrons 

to Complex I, which is the largest of the ETC components with over 40 subunits. 

Complex II gains electrons through oxidation of FADH2 (reduced flavin adenine 

dinucleotide) to FAD (flavin adenine dinucleotide), which are then transferred to 

ubiquinone. Ubiquinone then carries the electrons to Complex III and Complex 

III donates the electrons to Cytochrome c. These electrons are then moved to 

cytochrome c oxidase, Complex IV, where they are donated to oxygen, 

generating H2O, see figure 1.4 (Chinnery and Schon, 2003, Nicholls and Budd, 

2000, Scheffler, 2001).  

 

 

Figure 1.4. The Electron Transport Chain. Complex I (NADH-ubiquinone reductase), Complex II 

(succinate-ubiquinone reductase), Complex III (ubiquinone-cytochrome c reductase), Complex 

IV (cytochrome c oxidase) and Complex V (ATP synthase). 

Abbreviations: ADP, adenosine diphosphate; ATP, adenosine triphosphate; e-, electron; H+, 

hydrogen ion, FAD, flavin adenine dinucleotide; NAD, nicotinamide adenine dinucleotide; Pi, 

Inorganic phosphate; Q, ubiquinone; IMM, inner mitochondrial membrane. 
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860 nm, therefore critical information regarding the role of cytochrome c oxidase 

in the absorption of infrared light at 1072 nm is unavailable and it is difficult to 

draw conclusions regarding absorption of IR1072, the wavelength used in this 

investigation (Hamblin and Demidova, 2006, Huang et al., 2009, Karu et al., 

2004, Karu et al., 2005). During respiration, the pair of CuA residues of 

cytochrome c oxidase accept electrons from the cytochrome c molecule, where 

internal electron transfer between CuA and haem a (Oxidised CuA accepts at 

825 nm, reduced CuA accepts at 620 nm), and the haem a3-CuB centre 

(Oxidised CuB accepts at 680 nm, reduced CuB accepts at 760 nm) utilises a 

minimum of seven redox intermediates to reduce molecular oxygen (Gao and 

Xing, 2009, Karu, 1999, Karu et al., 2005). 

 

 

Figure 1.5. Structure of Cytochrome c oxidase, denoting how electrons are transferred between 

metal residues and donated to molecular oxygen to generate water. Adapted from (Karu, 1999). 

Abbreviations; Cyt c, Cytochrome c; Cu, copper; e-, Electron; IMM, inner mitochondrial 

membrane; Mg, magnesium; Zn, zinc. 
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Whelan, 2001, reported significant therapeutic effects of NIR on wound healing. 

Using LLLT with combined wavelengths (670, 728 and 880 nm), skin-based 

wound healing rates increased by 50% and skeletal muscle-based wounds 

increased by 40% in human subjects, with up to 200% increases in cell growth 

reported in mouse fibroblasts, rat osteoblasts, rat skeletal muscle cells, and 

human epithelial cells that were exposed to the combined wavelengths. These 

data suggest that there is a great deal of potential to optimise the parameters of 

LLLT to promote wound healing in a number of tissues. Alterations in electron 

transport chain activity have been reported by Silveira et al. (2007) following 

NIR. The researchers were investigating the effect of NIR for 10 days on the 

rate of wound healing in rats. They found that LLLT resulted in wound healing 

occurring faster than in control treated animals, and irradiation at 904 nm, dose 

per session of 3 J/cm2, not only increased the activity of cytochrome c oxidase 

(Complex IV), but for the first time increased Complex II (Succinate-Ubiquinone 

Reductase) activity were also reported. No change in the levels of soluble 

succinate dehydrogenase was reported, confirming tight coupling of the 

mitochondria membrane following irradiation, further supporting the consensus 

of mitochondrial involvement in photobiomodulation (Silveira et al., 2007). 

Additionally, increased ATP production, mitochondrial membrane potential and 

proton gradient were all reported following irradiation of isolated liver 

mitochondria from Wistar rats exposed to 633 nm. The authors propose that 

absorption of NIR by the mitochondria increases the proton motive force, and 

this drives an increased level of ATP production (Passarella et al., 1984). 

Investigations of NIR at 830 nm have also reported increased ATP production in 

the rat brain. Through holes made in the skull, an area of the cerebral cortex 
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protective effect. Pre-treatment of the visual cortical neurons with LEDs emitting 

670 nm reduced apoptosis by up to 50% when the neurons were exposed to 

potassium cyanide, demonstrating potassium cyanide and NIR compete for 

cytochrome c oxidase. Liang et al. (2006) proposed the mechanism of this 

protection was via prevention of caspase-driven apoptosis; utilising reduced 

ROS (reactive oxygen species) levels and down-regulation of pro-apoptotic 

proteins, together with upregulation of anti-apoptotic proteins (Liang et al., 

2006). Further work using 670 nm by Eells et al., (2003), found that three brief 

exposures (144 seconds in total) was able to dissipate the toxicity of methanol-

derived formate, a toxin detrimental to mitochondria, which induces damage to 

the retina. Mitochondrial dysfunction/damage is believed to be a significant 

factor in ocular disease/injury; these data suggest LLLT may be of therapeutic 

benefit in such conditions (Eells et al., 2003). Microarray analysis has shown 

670 nm exposure can directly induce upregulation of a number of genes which 

are expressed in pathways involved in mitochondrial energy production (Eells et 

al., 2004, Giuliani et al., 2009). 

LLLT has also been shown to protect human fibroblasts from UVB (Ultraviolet-

B) toxicity; this effect was accompanied by alterations in mitochondrial 

membrane potential, partial cytochrome c release, and increased expression of 

HSP27, an established inhibitor of apoptosome formation (detailed in section 

1.3.2.; Frank et al., 2004). 

The majority of these studies report an increase in mitochondrial membrane 

potential; some report an increase of up to 30% (Reviewed -Karu, 2008), 

accompanied by heightened ATP and ROS production, Complex II and 

Cytochrome c oxidase (Complex IV) activity (Desmet et al., 2006, Gao and 
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Xing, 2009, Silveira et al., 2007, Tsai et al., 2001, Wong-Riley et al., 2005), and 

some even report increased mitochondrial velocity (Trimmer et al., 2009) 

following NIR exposure. The magnitude of the effect of NIR on mitochondria 

depends on the wavelength used and how this wavelength correlates to the 

action spectra of cytochrome c oxidase, for example LLLT at 725 nm which 

does not correlate to a peak in the action spectra, has actually been shown to 

result in decreased ATP production, further signifying the importance of 

wavelength selection to elicit therapeutic benefit (Gordon and Surrey, 1960). 

 

1.1.8 Applications and Therapeutic Effects of IR1072 

The strong absorption of NIR at long wavelengths by water generally limits the 

infiltration of light into deep tissue. NIR at 1072 nm represents a peak in the 

transmission of the infrared spectrum through the water molecule, therefore NIR 

at 1072 nm requires less energy and less intensity to safely enter biological 

matter, without causing thermal stress, than wavelengths 1300 nm and beyond 

(Bradford et al., 2005, Burroughs, 2010, Tsai et al., 2001). 

A recent clinical trial conducted by Dougal & Kelly, found that a single five 

minute exposure to IR1072 significantly reduced the healing time of herpes 

labialis flair-ups by four days for patients, when compared to treatment with 

acyclovir five times daily. The clinicians do not propose a mechanism of action 

for this improved recovery time but do also state that the NIR did not appear to 

attenuate the virulence of the herpes labialis; it is therefore possible that the 

LLLT may be affecting the integrity of the cell membrane. The more resistant 

the cell membrane, the greater difficulty the virus will have in infecting cells and 
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highly conserved protein family, and have been reported to constitute 

approximately 5% of cellular proteins (Koren et al., 2009, Soti and Csermely, 

2003). The primary role of this family is to protect proteins against stress and 

aid in the correct folding of nascent proteins. It is only as a final resort do they 

function to direct proteins toward degradation mechanisms, see figure 1.10. 

Chaperones are crucial in the assembly and disassembly of multimeric 

complexes, regulation of vesicular transportation, as well as interaction with 

signalling and translocation of proteins across cellular membranes (Reviews - 

Koren et al., 2009, Ohtsuka and Suzuki, 2000, Voisine et al., 2010). 

Chaperones do not usually increase speed of folding, but by binding they 

extend the folding time and increase the yield of the final protein (Soti and 

Csermely, 2000). 

 

 

Figure 1.10. Basic Chaperone Roles (Based on Ohtsuka and Suzuki, 2000). 








































































































































































































































































































































































































































































































































































































































