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Oxidative stress from excessive production of free radicals is recognized as a causative
factor in noise-induced hearing disorders (Henderson, Bielefeld, Harris, & Hu 2006; Neri
et al., 2006; Ohlemiller, Wright, & Dugan, 1999). Pro-inflammatory cytokines from acute
and chronic inflammation are also implicated in auditory injury (Chen et al., 2007;
Derebery, 1996). Therefore, it is not surprising that several groups of investigators have
reported that antioxidants (that also produce anti-inflammatory effects and quench
free radicals at appropriate doses) demonstrate benefits in animal models and human
trials (Ewert et al.,2012; Haase, Prasad, Cole, Baggett-Strehlau, & Wyatt, 2011; Hatano,
Uramoto, Okabe, Furukawa, & Ito, 2008; Kopke et al., 2005; Le Prell, Hughes, & Miller,
2007).

A logical derivative from these experiences would suggest that biomarkers of oxidative
damage and inflammation have value as appropriate secondary outcomes
parameters in clinical studies regarding interventions for hearing disorders. While the list
of potential biomarkers is extensive, it seems reasonable to highlight some of the most
clinically relevant and well-studied in each category, including those with which we
have had direct positive experience.

Oxidative stress involves direct injury to lipids, DNA and proteins, each of which is
related to different biomarkers of damage. Markers of inflammation and anfioxidant
levels also reflect the degree of injury. The following measures are recommended as an
inifial relevant panel:
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Markers of Oxidative Stress

In order to obtain a reliable indication of oxidative damage, at least one representative
from each category of lipid peroxidation, adducts of DNA and oxidation of proteins,
should be determined. Published studies that have only measured one or even two
biomarkers of the same molecule may provide inadequate information.

Malondialdehyde (MDA) is an intracellular aldehyde formed during the metabolism of
polyunsaturated fatty acids and a product of prostaglandin biosynthesis. It is one of the
most abundant biomarkers of lipid peroxidation, a process resulting from increased
cellular oxidative stress (Feng, Hu, Marnett, & Tang, 2006). One specific assay is based
on the reaction of a chromogenic agent with MDA and the spectral absorbance is
read at 586nm. The analysis can be performed on both plasma and urine in
prospective human trials (Coppes et al., 2006).

F2-isoprostane, resulting from the non-enzymatic free radical-catalyzed peroxidation of
arachidonic acid, is considered by some investigators to be a more specific product of
lipid peroxidation and a more sensitive indicator of oxidative damage in vivo
(Montuschi, Barnes, & Roberts, 2004). Measurements based on gas chromatography,
mass spectrometry and immunoassays are available for biological fluids and fissues.
Plasma levels can be determined, but because of ease of collection and stability,
measures of urinary levels are frequently utilized, such as in randomized human trials
involving military subjects (Hodgdon et al., 2008).

Endogenous damage to nuclear or mitochondrial DNA can be caused by oxidative
stress. One of the predominant oxidative lesions and most widely detected DNA
adducts is 8-hydroxy deoxyguanosine (Marnett ,1999,2002 ). Detection in urine is
commonly available employing mass spectrometry and immunochemical techniques
and has been a beneficial marker in clinical trials evaluating oxidative stress occurring
in harsh military environments (Hodgdon et al., 2008.).

Nitrosylative stress causes post-translational protein modifications and occurs with
increased production of nitric oxide which is oxidized to form peroxynitrite. Peroxynitrite
ca uses nitration of tyrosine and forms 3-nitrotyrosine (Ceriello, 2002; Xiao, Nel, & Loo,
2005). Nitrotyrosine in plasma can be detected by mass spectrometry, immune-blotting
and gel electrophoresis. Similarly, oxidation of amino acid residues on proteins is a
sensitive indicator of cellular damage. The modifications result in the formation of
protein carbonyls (Chevion, Berenshtein, & Stadtman , 2000). These substances react
with dinitfrophenylhydrazine and the subsequent bound product can be measured in
plasma by enzyme-linked immunosorbent assay technology.

Biomarkers of Inflammation

Pro- and anti-inflammatory cytokines are released by immune cells during the response
to injury. During the acute phase, anti-inflammatory cytokines dominate to assist in
repair, whereas pro-inflammatory cytokines are predominant in the chronic phase. An
Increase in the level of two such substances, tumor necrosis factor-alpha and
interleukin-6, participates in the pathologic processes of many chronic diseases,
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including hearing disorders (Clark, 2007; Heinrich et al., 2003). In addition, C-reactive
protein is a well-established biomarker of inflammation, infection and tissue damage
with relevant predictive clinical value (Pepys, & Hirschfield, 2003). Specific analysis of
these substances in plasma can be performed by solid-phase enzyme-linked
immunosorbent assay.

Nitric oxide (NO) synthases are enzymes that catalyze production of NO from L-arginine.
One form, inducible nitric oxide synthase (iNOS), is of particular value because it is only
expressed after cellular activation and produces the most sustained periods of NO
presence. INOS is expressed in a parallel manner in inflammatory processes in humans
and rodents making it a valuable experimental biomarker of damage in animal models
(Chavko et al., 2008). It is usually measured in plasma samples.

Levels of Glutamate

The excitatory amino acid, glutamate, plays a significant role in the progression of
tfraumatic brain injury and related conditions such as hearing and balance dysfunction
(Gopinath, Valadka , Goodman, & Robertson, 2004). Since increased levels of
glutamate are detected with increased severity of injury, these measurements in
plasma should be determined. The most accurate technical methods employ high
performance liquid chromatography.

Antioxidant levels

The degree of oxidative damage can also be determined by antfioxidant levels in
plasma and the level of alpha-tocopherol (lipid soluble) has proved to be a credible
marker. These determinations have been valuable in demonstrating restoration of
critical antioxidant levels as well as documenting subject compliance in consuming the
study medication (Hodgdon et al., 2008). Glutathione (water soluble) is the most
abundant intfracellular antioxidant and is present in millimolar rather than micromolar
amounts. However, some investigators have demonstrated that under certain
circumstances, oxidized glutathione can also promote oxidative processes (Pompella,
Visvikis, Paolicchi, & Casini, 2003). Therefore, it is generally thought that the ratio of
reduced to oxidized glutathione is the most predictive measurement of the severity of
injury (Pastore et al., 2001). A reliable assay employs a thiol-scavenging agent that
reduces total glutathione without interfering with the action of glutathione reductase.
The change in absorbance of the detectable product is determined by high
performance liquid chromatography.

References

Ceriello, A. (2002). Nitrotyrosine: new findings as a marker of postprandial oxidative
stress. Int J Clin Pract Suppl, 129, 51-58.

Chavko M, McCarron R, Prasad KN, et al. (2008). Prevention of post-blast wave
inflammation by antioxidant micronutrients. Naval Medical Research Center,
Silver Spring, Maryland.

FALL 2014 3



DEPARTMENT OF DEFENSE

H C E HEARING CENTER
OF EXCELLENCE

Chen, Y., Huang, W. G., Zha, D. J., Qiu, J. H., Wang, J. L., Sha, S. H., & Schacht, J. (2007).
Aspirin attenuates gentamicin ototoxicity: from the laboratory to the clinic. Hear
Res, 226(1-2), 178-182.

Chevion, M., Berenshtein, E., & Stadtman, E. R. (2000). Human studies related to protein
oxidation: protein carbonyl content as a marker of damage. Free Radic Res,
33(108), S99-108.

Clark, I. A. (2007). How TNF was recognized as a key mechanism of disease. Cytokine
Growth Factor Rev, 18(3-4), 335-343.

Coppes Z, DeVecchi S, Coppes P, et al. (2006). A multiple micronutrient supplement
increases immune competency and decreases oxidative stress in human
volunteers: a pilot study. University of Uruguay, Montevideo.

Derebery, M. J. (1996). Allergic and immunologic aspects of Meniere's disease.
Otolaryngol Head Neck Surg, 114(3), 360-365.

Ewert, D. L., Lu, J., Li, W., Du, X., Floyd, R., & Kopke, R. (2012). Antioxidant treatment
reduces blast-induced cochlear damage and hearing loss. Hear Res, 285(1-2),
29-39.

Feng. Z., Hu, W., Marnett, L. J., & Tang, M. S. (2006). Malondialdehyde, a major
endogenous lipid peroxidation product, sensitizes human cells to UV- and BPDE-
induced kiling and mutagenesis through inhibition of nucleotide excision repair.
Mutat Res, 601(1-2), 125-136.

Gopinath, S. P., Valadka, A. B., Goodman, J. C., & Robertson, C. S. (2000). Extracellular
glutamate and aspartate in head injured patients. Acta Neurochir Suppl, 76, 437-
438.

Haase, G. M., Prasad, K. N., Cole, W. C., Baggett-Strehlau, J. M., & Wyatt, S. E. (2011).
Antioxidant micronutrient impact on hearing disorders: concept, rationale, and
evidence. Am J Otolaryngol, 32(1), 55-61.

Hatano, M., Uramoto, N., Okabe, Y., Furukawa, M., & Ito, M. (2008). Vitamin E and
vitamin C in the tfreatment of idiopathic sudden sensorineural hearing loss. Acta
Oftolaryngol, 128(2), 116-121.

Heinrich, P. C., Behrmann, I., Haan, S., Hermanns, H. M., Muller-Newen, G., & Schaper, F.
(2003). Principles of interleukin (IL)-6-type cytokine signalling and its regulation.
Biochem J, 374 (Pt 1), 1-20.

Henderson, D., Bielefeld, E. C., Harris, K. C., & Hu, B. H. (2006). The role of oxidative stress
in noise-induced hearing loss. Ear Hear, 27(1), 1-19.

Hodgdon J, Prasad K, Cole WC, et al. (2008). Beneficial effects of micronutrients on
oxidative damage during intensive military fraining. Naval Health Research
Center, San Diego, California.

Kopke, R., Bielefeld, E., Liu, J., Zheng, J., Jackson, R., Henderson, D., & Coleman, J. K.
(2005). Prevention of impulse noise-induced hearing loss with antioxidants. Acta
Otolaryngol, 125(3), 235-243.

Le Prell, C. G., Hughes, L. F., & Miller, J. M. (2007). Free radical scavengers vitamins A, C,
and E plus magnesium reduce noise trauma. Free Radic Biol Med, 42(9), 1454-
1463.

FALL 2014 4



DEPARTMENT OF DEFENSE

H C E HEARING CENTER
OF EXCELLENCE

Marnett, L. J. (1999). Lipid peroxidation-DNA damage by malondialdehyde. Mutat Res,
424(1-2), 83-95.

Marnett, L. J. (2002). Oxy radicals, lipid peroxidation and DNA damage. Toxicology, 182,
219-222.

Montuschi, P., Barnes, P. J., & Roberts, L. J., 2nd. (2004). Isoprostanes: markers and
mediators of oxidative stress. Faseb J, 18(15), 1791-1800.

Neri, S., Signorelli, S., Pulvirenti, D., Mauceri, B., Cilio, D., Bordonaro, F., . .. Tsami, A.
(2006). Oxidative stress, nitric oxide, endothelial dysfunction and tinnitus. Free
Radic Res, 40(6), 615-618.

Ohlemiller, K. K., Wright, J. S., & Dugan, L. L. (1999). Early elevation of cochlear reactive
oxygen species following noise exposure. Audiol Neurootol, 4(5), 229-236.
Pastore, A., Piemonte, F., Locatelli, M., Lo Russo, A., Gaeta, L. M., Tozzi, G., & Federici, G.
(2001). Determination of blood total, reduced, and oxidized glutathione in

pediatric subjects. Clin Chem, 47(8), 1467-1469.

Pepys. M. B., & Hirschfield, G. M. (2003). C-reactive protein: a critical update. J Clin
Invest, 111(12), 1805-1812.

Pompella, A., Visvikis, A., Paolicchi, A., De Tata, V., & Casini, A. F. (2003). The changing
faces of glutathione, a cellular protagonist. Biochem Pharmacol, 66(8), 1499-
1503.

Xiao, G. G., Nel, A. E., & Loo, J. A. (2005). Nitrotyrosine-modified proteins and oxidative
stress induced by diesel exhaust particles. Electrophoresis, 26(1), 280-292.

[Ez:2[8]
2
[=] s

http://hearing.health.mil/EducationAdvocacy/Newsletters.aspx

The Pharmaceutical Interventions for Hearing Loss (PIHL) Newsletter is published by the
Department of Defense Hearing Center of Excellence. This Newsletter may include
information that was obtained from publicly available sources. The views expressed
represent the personal views of the authors and do not imply Department of the Air Force
or DOD endorsement of factual accuracy or opinion. The information is presented for
information purposes only. While this information has been gathered from reliable sources,
its currency and completeness cannot be guaranteed. Your comments are wecome:

HCE Email: sharon.bryant.4.ctr@us.af.mil, Phone: 210-292-4100. COL Mark Packer, Director.
Tanisha Hammill, Editor, Email: tanisha.hammill.ctr@us.af.mil, Phone: 210-292-5641

Material appearing in this newsletter is not copyrighted and may be redistributed in
electronic or printed form.
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