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Abstract

The paper reviews the literature on pathophysiology of mitochondria and the
involvement of these cellular organisms in pain therapy through physical activity. The main
algogenic mechanism of mitochondrial dysfunctions - cellular respiration disorders, can be
countered by endurance effort. Endurance exercises can also improve the morpho-
functionality of neuronal mitochondria, thus being effective in treating pain associated with
Alzheimer's disease. During recovery after endurance training, exacerbation of incisional pain
may occur, which can be alleviated by the administration of resveratrol. Coenzyme Q10 may
be used as an adjuvant to exercise pain therapy. Exercise can also treat inflammatory pain by
promoting the anti-inflammatory phenotype of macrophages.
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Introduction

The present study on domain literature attempts to clarify how some mitochondrial
processes are involved in the algic phenomenon, and how exercise can influence these
processes. Exercise is recommended for pain management, especially in elderly patients
(Gloth and Matesi, 2001). Chronic pains benefit from physiotherapy, but the impact of
exercise on the underlying condition is generally unknown (Ambrose and Golightly, 2015). In
the literature, the possibilities of pharmacological and non-pharmacological treatment of
musculoskeletal pain (Hagiu, 2013) are presented without attempting to corroborate common
mechanisms of action, so as to establish the interactions and possibilities of potentiation. In
order to elucidate these aspects, this paper proposes the revision of elements of
physiopharmacology of mitochondria, since the lesions of these organisms play an important
role in the pathogenesis of various diseases, which do not seem to have any connection
between them, among which are some having pain included in symptoms: migraines,
neuropathic pain, fibromyalgia (Neustadt and Pieczenik, 2008). So, the purpose for which we
wrote the article is to determine what type of effort is indicated or contra-indicated for various
kinds of pain. We also want to elucidate drug interactions. As will be seen, it is physical and

mental pain, in individuals with various pathologies or injured athletes.
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Algogenic effects of mitochondrial dysfunctions

The role of mitochondria in the pathogenesis of chronic pain is relatively well known:
the mitochondrial energy generating system, the generation of reactive oxygen species, the
permeability pores, apoptotic pathways, and intracellular calcium mobilization represent five
major mitochondrial functions that can play critical roles in the pathogenesis of neuropathic
and inflammatory pain (Sui et al., 2013). In experimental models (mice) that induce acute
inflammatory pain, persistent pain and neuropathic pain, there was an increase in cluster type
mitochondria in sensory neurons in the dorsal spinal cord, the authors of the study concluding
that this abnormal distribution would contribute to the genesis of neuropathic pain and some
forms of inflammatory pain (Guo et al., 2013). Cluster type mitochondria are characterized by
the presence of [4Fe-4S] (Brancaccio et al., 2014) aggregates in these cellular organisms, Fe-
S proteins being involved in the functioning of respiratory chains I-III (Stehling and Lill,
2013). It is also known that mitochondrial dysfunctions, which result in increased free radical
generation, participate in the pathophysiology of fibromyalgia, being possible that to the
increase in oxidative stress also contributes deficiency of coenzyme Q10 (CoQ10), which
plays a role in the mitochondrial respiratory chain (Cordero et al., 2010).

It is possible that the destruction of the myelin sheath by the free radicals generated by
the mitochondrial dysfunction is a mechanism of neuropathic pain production. Also,
mitochondria play a key role in the plasticity of the spinal neurons (synaptic plasticity), as a
cause of persistent pain (for this being incriminated a change in the mitochondrial uptake of
calcium ions (Kim et al., 2011), and mitochondrial dysfunctions are present in pain-induced
traumatic neuropathies (Lim et al., 2015). The involvement of mitochondria in the genesis of
painful sensations is also suggested by the adverse reactions of some mitochondrial drugs and
toxins (Xiao and Bennett, 2012):

e the dose-dependent adverse effects of taxane therapies, platinum complexes
and other types of anticancer drugs are chronic, distal, bilateral and
symmetrical peripheral sensory neuropathy, which is often accompanied by
neuropathic pain

e animal experimentations have shown that neuropathy is the consequence of
mitochondrial toxic effects in sensory afferent primary neurons and the
administration in rat with painful peripheral neuropathy induced by paclitaxel
and oxaliplatin of mitochondrial toxics (rotenone - inhibitor of respiratory
complexI, oligomicin - an adenosine triphosphate synthase inhibitor and

auranofin - an inhibitor of one of the mitochondrial antioxidant systems)
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resulted in an increase in the severity of mecano-allodynia and mecano-
hyperalgesia (caused by paclitaxel and oxaliplatin).

Thus, two major mechanisms of the genesis of painful sensations seems to be
produced by mitochondrial dysfunctions, the first by increasing oxidative stress with pro-
inflammatory effect, and the second by modifying the respiratory chains in the spinal sensory
neurons. As is appreciated in the literature, protecting mitochondrial function can be a
promising strategy for ameliorating or preventing chronic pain (Sui et al., 2013). Pain
produced by mitochondrial dysfunction generated by repetitive efforts that lead to muscle
fatigue can be "masked" by using kinesio taping. Thus, at tennis players, application of
kinesio taping on the wrist extensors, extensor carpi radialis brevis and longus muscles have

an effect on pain prevention (Kafkas et al., 2018).

Improving functionality and increasing the number of mitochondria through
exercises

The biogenesis of mitochondria is stimulated by physical exercises by releasing the
nuclear respiratory factor-1/2 (NRF-1/2) from the mionuclei (Bouchard, 2015). Skeletal
mitochondria are involved in the development of age-related diseases and increased insulin
resistance, physical exercises increasing the activity of the electron transport mitochondrial
chain in the elderly striatal muscle, particularly in sub-sarcoplasmic mitochondria, related to
the increase in mitochondrial biogenesis (Menshikova et al., 2006). Regarding the regulation
of the biogenesis of muscle mitochondria through exercise, the following are known (Irrcher
et al., 2003):

e environmental or hereditary pathological factors can reduce the mitochondrial
volume and specific functions of these cellular organisms, which reduces
sports performance, phenomenon manifesting both at reduced and increased
effort

e a program that uses constant endurance exercises,performed for periods of
weeks, results in significant adaptive changes in skeletal muscles, including a
notable improvement in oxidative capacity

¢ in this way, the decline in performance on effort can be attenuate

e this fact is important not only for athletes, but also for sedentary individuals,

for whom the quality of life can be improved
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¢ endurance training programs can positively influence the decline caused by the
aging of muscular mitochondrial content, as well as the evolution of
pathogenic diseases related to physical inactivity

Recent research states that physical exercise modulates differentially mitochondrial
respiratory complexes, the most potent stimulation taking place at complex I level (Greggio et
al., 2017) mentioned above, that it is involved in the transmission of pain and is affected by
mitochondrial toxics wich exacerbates pain in drug induced neuropathies. Due to the fact that
strenght exercises and endurance exercises have different effects on improving mitochondrial
content, respectively biogenesis, dynamics, turnover and genotype, combined physical
activity programs should be individually prescribed to potentiate anti-aging effects (Barbieri
et al., 2015). In the elderly, not only the prevention and combat of sarcopenia are the benefits
of exercise programs, but also pain therapy, as chronic pain is known to be more common in
elderly patients (Institute of Medicine (US) Committee on Advancing Pain Research, Care,
and Education (Editors), 2011). It follows from the above that one of the causes of the
increased incidence of chronic pain in the elderly is the reduction in the number and decrease
in mitochondrial function; a lifestyle based on practicing physical exercise can prevent the
chronic pain of the elderly. The association of Alzheimer's disease with chronic pain and
mitochondrial dysfunctions - possibilities of treatment through exercise

A relatively recent study showed that, in contrast to older results showing that patients
with Alzheimer's have a reduced sensitivity to pain, they actually feel more pain compared to
healthy people (Jensen-Dahm et al., 2012). Neuronal mitochondrial dysfunction contributes to
the pathogenesis of neurodegenerative diseases (Hasegawa et al., 2016), and mitochondria
seems to regulate the main aspects of brain function (Picard and McEwen, 2014). For the
hypothesis that physical exercise promotes the biogenesis of neuronal mitochondria and
improves their functionality, thus preventing (or at least delaying) the installation of dementia
and increased sensitivity to pain, the literature suggests some arguments.

Thus, the use of lactate by the adult brain increases during intense physical exercise
resulting in increased plasma levels of the metabolite (Dienel,2012). The accumulation of
lactate, associated with a decrease in sports performance, also has beneficial effects, among
which the use as an energy substrate in both type I and type II striated muscle fibers, the
increase in oxidative capacity through mitochondria biogenesis, the use by lactate-neuronand
lactate-astrocyte circuitsto support cognitive functions during periods of hypoglycaemia that
occur, for example, during prolonged aerobic exercise (Todd, 2014). It results that endurance

exercise supports cerebral plasticity and even neurogenesis, along with the prophylaxis or
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even treatment of chronic pain and Alzheimer's disease. From the data presented, it also
results that increased blood lactate acid results in the biogenesis and functional improvement
of muscle and neuronal mitochondria, which can be useful for pain therapy by physical

exercise.

Resistance training and incisional pain

In the context of the above, it should also be mentioned that the J147 experimental
drug modulates mitochondrial activity with therapeutic effects for Alzheimer's disease (and
anti-aging action) by activating the AMPK/mTOR pathway (Goldberg, 2018). Although
mTOR co-ordinates mitochondrial functions and proliferation of these organelles (Morita et
al., 2015), and data from this paper suggest that the therapeutic effects of J147 would also be
exerted by improving mitochondrial metabolism, consideration should be given to the fact
that there are substances such as resveratrol that activates AMPK in the sense of attenuating
the ERK and mTOR signals in sensory neurons, thereby inhibiting both acute and chronic
incisional pain (Tillu et al., 2012). During resistance exercises, occurs an acute suppression of
mTOR activity by AMPK (for inhibition of protein synthesis and amino acid addition to
energy metabolism), but during recovery, mTOR activity is maximized in the presence of
amino acids (Deldicque et al., 2005). In the light of the data presented, it results that
resistance exercises can improve neuropathic pain, but incisional pain can be exacerbated
during recovery. The effect may possibly be attenuated by the administration of resveratrol or

other ERK and mTOR signal inhibitors in sensory neurons.

Physical exercises and inflammatory pain

The therapeutic restoration of mitochondrial functions (especially oxidative
metabolism) can improve the reprogramming of inflammatory macrophages (M1) in the anti-
inflammatory form of these cells (M2) (Van den Bossche et al., 2016). Given that exercise
improves mitochondrial respiration (Greggio et al., 2017), it can be assumed that it also favors
the appearance of the anti-inflammatory form of macrophages. Knowing that macrophages
mediate inflammatory pain through ATP signals (Jakobsson,2010), it is obvious that exercise
can combat this type of pain, the mechanism being the improvement of the oxidative

metabolism of mitochondria.
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Targeting antioxidants for mitochondria

The mitochondrial respiratory chains, especially type I, appear to be involved in the
transmission of pain through spinal sensory neurons. Moreover, mitochondrial dysfunctions
seem to be involved in increased susceptibility to pain from Alzheimer's disease. Based on the
above, it is tempting to use targeting antioxidants to mitochondria as new analgesic agents,
possibly in combination with physical therapy, which has beneficial effects on cellular
respiration. Coenzyme Q10 and tiron (chemical compound that forms stable complexes with
iron and titanium) are targeting antioxidants for mitochondria, crossing the phospho-lipidic
barrier of the cellular organelles and neutralizing free radicals (Oyewole and Birch-Machin,
2015). The importance of targeting antioxidants for mitochondria in the control of oxidative
stress exerted on the electron transport (respiratory) chain is known (Cortés-Rojo and
Rodriguez-Orozco, 2011). In consensus, coenzyme Q10 alleviates pain and cartilage
degradation in an experimental (rat) model for osteoarthritis by regulating nitric oxide and
inflammatory cytokines (Lee et al., 2013). It is very likely that analgesic action is also due to
the effect on mitochondria in spinal or even cerebral sensory neurons. Since supplementation
with Q10 has long been used to increase performance by delaying fatigue (Cooke et al.,2008),
but also reducing the level of inflammation indicators raised by exercise (Armanfar et al.,

2015), we propose this coenzyme as an adjuvant analgesic for physical therapy.

Discussions

Here is why the correlations medication-exercises-pain involve more
pathophysiological links (Systematization is done in Table 1).

The considerations in this paper are useful to physicians, who can appropriately
associate drug therapy with exercise prescriptions, physiotherapists, who were able to make
appropriate kinetotherapy programs, and and coaches, who can interfere properly or prevent
injuries. To avoid exacerbation of pain, attention should be paid to drugs with toxic effects on
mitochondria. It is known that not only physicians and pharmacists, but also coaches and
athletes need to be educated about the impact of various drugs on performance, benefits and
risks (Alaranta et al., 2008). Considering the possibility of developing muscle strength
through resistance, cardio and Pilates exercises in sedentary individuals (Kafkas et al., 2014),
and also of mitochondrial density, one can discuss a prophylaxis of exaggerated sensitivity to

pain.
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Drug/type  Targeting Physical Endurance Resveratrol Combined
of effort antioxidants  exercises or other ERK physical
for (generally) and mTOR activity
mitochondria signal programs
(coenzyme inhibitors in
Q10) sensory
neurons
Pain/type Osteoarthriti, Inflammatory neuropathic Exacerbation Preventing
of effort Muscle pain pain, of incisional pain
soreness Alzheimer's pain, that can associated
disease occur  after with
(accompanied resistance advanced
by pain) exercises age
Conclusion

One of the algogenic mechanisms of mitochondrial dysfunctions, the alteration of
cellular respiration, possibly occurring as an unwanted effect of medication, can be
counteracted by practicing exercise, especially of endurance. Effects may be particularly
beneficial for neuropathic pain. In the elderly, endurance exercise may even have the effect of
prophylaxis of Alzheimer's disease, a condition accompanied by increased pain sensitivity,
obtained by improving the functionality of neuronal mitochondria. During recovery after
resistance exercises, possibly related to mitochondrial metabolism, exacerbation of incisional
pain may occur, which can be alleviated by the administration of resveratrol or other ERK and
mTOR signal inhibitors in sensory neurons. By restoring mitochondrial oxidative processes,
exercise can treat inflammatory pain, one of the mechanisms being the promotion of the
macrophage anti-inflammatory phenotype. Coenzyme Q10, the mitochondrial targeting
antioxidant, which also has an effect on improving performance by delaying fatigue, can be

used as a pharmacological adjunct to physical exercises for pain therapy.

References

Alaranta, A., Alaranta, H., Helenius, 1. (2008). Use of prescription drugs in athletes.Sports
Med., 38(6), 449-63.

Ambrose, K. R. and Golightly, Y. M. (2015). Physical exercise as non-pharmacological
treatment of chronic pain: Why and when. Best practice & research Clinical
rheumatology, 29(1), 120-130.

Armanfar, M., Jafari, A., Dehghan, G. R. & Abdizadeh, L. (2015). Effect of coenzyme Q10

supplementation on exercise-induced response of inflammatory indicators and blood

23
* Corresponding Author
!'Alexandru Ioan Cuza” University of Iasi, Romania, Faculty of Physical Education and Sport, e-mail:
bogdan_hagiu@yahoo.com
2University of Medicine and Pharmacy ”Gr. T. Popa”, lasi, Romania



Journal of Athletic Performance and Nutrition: 5(2): 17-27, 2018

lactate in male runners. Medical Journal of the Islamic Republic of Iran, 29, 202.

Barbieri, E., Agostini, D., Polidori, E., Potenza, L., Guescini, M., Lucertini, F., Annibalini,
G., Stocchi, L., De Santi, M. & Stocchi, V.(2015). The Pleiotropic Effect of Physical
Exercise on Mitochondrial Dynamics in Aging Skeletal Muscle.Oxidative Medicine
and Cellular Longevity, vol. 2015, Article ID 917085, 15 pages.

Brancaccio, D., Gallo, A., Mikolajczyk, M., Zovo, K., Palumaa, P., Novellino, E., Piccioli,
M., Ciofi-Baffoni, S. &Banci, L. (2014). Formation of [4Fe-4S] clusters in the
mitochondrial iron-sulfur cluster assembly machinery.J Am Chem Soc., 136(46),
16240-16250.

Bouchard, C. (ed). (2015). Molecular and cellular regulation of adaptation to exercise.
Progress in molecular biology and translational science - Vol 135. Academic Press
(Elsevier). USA. UK.

Cooke, M., lTosia, M., Buford, T., Shelmadine, B., Hudson, G., Kerksick, C., Rasmussen, C.,
Greenwood, M., Leutholtz, B., Willoughby, D. &Kreider, R. (2008). Effects of acute
and 14-day coenzyme Q10 supplementation on exercise performance in both trained
and untrained individuals. Journal of the International Society of Sports Nutrition,5:8,
doi: 10.1186/1550-2783-5-8.

Cordero, M. D., de Miguel, M., Carmona-Lopez, 1., Bonal, P., Campa, F. &Moreno-
Fernandez, A. M.(2010) Oxidative stress and mitochondrial dysfunction in
fibromyalgia.Neuro Endocrinol Lett., 31(2), 169-173.

Cortés-Rojo, C. and Rodriguez-Orozco, A. R. (2011). Importance of oxidative damage on the
electron transport chain for the rational use of mitochondria-targeted antioxidants.Mini
Rev Med Chem., 11(7):625-632.

Dienel, G. A. (2012) Brain lactate metabolism: the discoveries and the controversies. Journal
of Cerebral Blood Flow & Metabolism, 32(7), 1107-1138.

Deldicque, L., Theisen, D. &Francaux, M.(2005). Regulation of mTOR by amino acids and
resistance exercise in skeletal muscle.Eur J Appl Physiol., 94(1-2):1-10.

Gloth, M. J. and Matesi, A. M. (2001).Physical therapy and exercise in pain management.Clin
Geriatr Med.,17(3), 525-535.

Greggio, C., Jha, P., Kulkarni, S. S., Lagarrigue, S., Broskey, N. T., Boutant, M., Wang, X.,
Conde Alonso, S., Ofori, E., Auwerx, J., Cantd, C. &Amati, F. (2017). Enhanced
Respiratory Chain Supercomplex Formation in Response to Exercise in Human
Skeletal Muscle.Cell Metab., 25(2), 301-311.

24
* Corresponding Author
!'Alexandru Ioan Cuza” University of Iasi, Romania, Faculty of Physical Education and Sport, e-mail:
bogdan_hagiu@yahoo.com
2University of Medicine and Pharmacy ”Gr. T. Popa”, lasi, Romania



Journal of Athletic Performance and Nutrition: 5(2): 17-27, 2018

Goldberg, J., Currais, A., Prior, M., Fischer, W., Chiruta, C., Ratliff, E., Daugherty, D.,
Dargusch, R., Finley, K., Esparza-Molto, P. B., Cuezva, J. M., Maher, P., Petrascheck,
M. &Schubert, D. (2018) The mitochondrial ATP synthase is a shared drug target for
aging and dementia. Aging Cell, doi: 10.1111/acel.12715. [Epub ahead of print.

Guo, B. L., Sui, B. D., Wang, X. Y., Wei, Y. Y., Huang, J., Chen, J., Wu, S. X, Li, Y. Q,,
Wang, Y. Y.&Yang, Y. L. (2013).Significant changes in mitochondrial distribution in
different pain models of mice.Mitochondrion, 13(4), 292-297.

Hagiu, B. A. (2013). Pain Therapy. Editura Pim, Iasi.

Hasegawa, K., Yasuda, T., Shiraishi, C., Fujiwara, K., Przedborski, S., Mochizuki,
H.&Yoshikawa, K. (2016). Promotion of mitochondrial biogenesis by necdin protects
neurons against mitochondrial insults. Nat Commun, 7, 10943.

Institute of Medicine (US) Committee on Advancing Pain Research, Care, and Education
(Editors). (2011) Relieving Pain in America: A Blueprint for Transforming
Prevention, Care, Education, and Research.Source: Washington (DC): National
Academies Press (US).

Irrcher, 1., Adhihetty, P. J., Joseph A. M., Ljubicic, V., Hood, D. A.(2003). Regulation of
mitochondrial biogenesis in muscle by endurance exercise.Sports Med., 33(11),783-
793.

Jakobsson, P. J. (2010). Pain: how macrophages mediate inflammatory pain via ATP
signaling.Nat Rev Rheumatol.,6(12), 679-681.

Jensen-Dahm, C., Werner, M., Ballegaard, M., Dahl, J. B., Jensen, T. S. & Waldemar, G.
(2012). Increased sensitivity to pain in patients with Alzheimer's disease. The Journal
of the Alzheimer's Association, 8, 4, Supplement, P561-P562.

Kafkas, M. E. Durmus, B. Kafkas A. S. A¢ak M, Aydin, A. (2014). The effects of different
exercise programs on knee muscle strength and H:Q ratios of sedentary males and
females. Journal of Athletic Performance and Nutrition, 1,2, 1-13.

Kafkas, S. A., Kafkas, M. E., Cinarli, F. S. (2018). The protective role of kinesio taping on
lateral epicondyle pain and handgrip strength performance during the tennis
tournament of college players. Journal of Athletic Performance and Nutrition, 5, 1,
32-43.

Kim, H. Y., Lee, K. Y., Lu, Y., Wang, J., Cui, L., Kim, S. J., Chung, J. M. & Chung, K.
(2011). Mitochondrial Ca?" uptake is essential for synaptic plasticity in pain. The
Journal of neuroscience : the official journal of the Society for Neuroscience, 31(36),
12982-12991.

25
* Corresponding Author
!'Alexandru Ioan Cuza” University of Iasi, Romania, Faculty of Physical Education and Sport, e-mail:
bogdan_hagiu@yahoo.com
2University of Medicine and Pharmacy ”Gr. T. Popa”, lasi, Romania



Journal of Athletic Performance and Nutrition: 5(2): 17-27, 2018

Lee, J., Hong, Y. S., Jeong, J. H., Yang, E. J., Jhun,J. Y., Park, M. K., Jung, Y. O., Min, J. K.,
Kim, H. Y., Park, S. H., &Cho, M. L. (2013). Coenzyme Q10 Ameliorates Pain and
Cartilage Degradation in a Rat Model of Osteoarthritis by Regulating Nitric Oxide and
Inflammatory Cytokines. PLoS ONE, 8(7), €69362.

Lim, T. K., Rone, M. B., Lee, S., Antel, J. P. &Zhang, J. (2015). Mitochondrial and
bioenergetic dysfunction in trauma-induced painful peripheral neuropathy.Mol Pain,
11, 58.

Menshikova, E. V., Ritov, V. B., Fairfull, L., Ferrell, R. E., Kelley, D. E. & Goodpaster, B. H.
(2006). Effects of Exercise on Mitochondrial Content and Function in Aging Human
Skeletal Muscle. The journals of gerontology Series A, Biological sciences and
medical sciences, 61(6), 534-540.

Morita, M., Gravel, S. P., Hulea, L., Larsson, O., Pollak, M., St-Pierre, J. &Topisirovic,
[.(2015). mTOR coordinates protein synthesis, mitochondrial activity and
proliferation.Cell Cycle, 14(4), 473-480.

Neustadt, J. and Pieczenik, S. R. (2008).Medication-induced mitochondrial damage and
disease.Mol Nutr Food Res., 52(7), 780-788.

Oyewole, A. O. and Birch-Machin, M. A.(2015).Mitochondria-targeted antioxidants.FASEB
J.,29(12), 4766-4771.

Picard, M. and McEwen, B. S. (2014). Mitochondria impact brain function and cognition.
Proceedings of the National Academy of Sciences of the United States of America,
111(1), 7-8.

Stehling, O. and Lill, R. (2013). The Role of Mitochondria in Cellular Iron—Sulfur Protein
Biogenesis: Mechanisms, Connected Processes, and Diseases. Cold Spring Harbor
Perspectives in Biology, 5(8):a011312.

Sui, B.-D., Xu, T.-Q., Liu, J.-W., Wei, W., Zheng, C.-X., Guo, B.-L., Wang, Y.-Y. & Yang,
Y.-L. (2013). Understanding the role of mitochondria in the pathogenesis of chronic
pain.Postgrad Med J., 89(1058), 709-714.

Tillu, D. V., Melemedjian, O. K., Asiedu, M. N., Qu, N., De Felice, M., Dussor, G. & Price,
T. J. (2012). Resveratrol engages AMPK to attenuate ERK and mTOR signaling in
sensory neurons and inhibits incision-induced acute and chronic pain. Molecular Pain,
8:5.

Todd, J. J, (2014). Lactate: valuable for physical performance and maintenance of brain
function during exercise, Bioscience Horizons: The International Journal of Student
Research,7, hzu001, https://doi.org/10.1093/biohorizons/hzu001.

26
* Corresponding Author
!'Alexandru Ioan Cuza” University of Iasi, Romania, Faculty of Physical Education and Sport, e-mail:
bogdan_hagiu@yahoo.com
2University of Medicine and Pharmacy ”Gr. T. Popa”, lasi, Romania



Journal of Athletic Performance and Nutrition: 5(2): 17-27, 2018

Van den Bossche, J., Baardman, J., Otto, N. A., van der Velden, S., Neele, A. E., van den
Berg, S. M., Luque-Martin, R., Chen, H. J., Boshuizen, M. C., Ahmed, M., Hoeksema,
M. A., de Vos, A. F. &de Winther, M. P. (2016). Mitochondrial Dysfunction Prevents
Repolarization of Inflammatory Macrophages, Cell Rep., 17(3), 684-696.

Xiao, W. H. and Bennett, G. J.(2012). Effects of mitochondrial poisons on the neuropathic

pain produced by the chemotherapeutic agents, paclitaxel and oxaliplatin.Pain,

153(3),704-709.

27

* Corresponding Author
!'Alexandru Ioan Cuza” University of Iasi, Romania, Faculty of Physical Education and Sport, e-mail:

bogdan_hagiu@yahoo.com
2University of Medicine and Pharmacy ”Gr. T. Popa”, lasi, Romania



