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INTRODUCTION
Several studies have shown an association between deficiencies in essential nutrients and hearing loss (HL). Precisely, an inverse association between high plasma levels of omega-3 (w3)
polyunsaturated fatty acids (PUFAs) and age-related hearing loss (ARHL), and a correlation between low serum folate, the consequent elevation of plasma homocysteine (tHcy) levels, and HL. Thus,
high tHcy levels were proposed as a risk factor of human HL, and a preventive potential for nutritional intervention in ARHL suggested. PUFAs are well-known for their beneficial effects, among
others on cognitive development and maintenance, inflammation and oxidative stress; their protective effects seem to rely on the relationship between vascular disease and HL. Microvascular
disease has been suggested as the underlying cause for the atrophy of the stria vascularis, the cochlear structure that maintains its metabolic and ionic homeostasis. It is proposed that a reduction in
the blood supply of essential nutrients, and the subsequent metabolic alterations, could trigger HL progression, nutritional supplementation putatively precluding these effects.

METHODS
Animals and diets: Two-month old C57BL/6J female mice were randomly divided in 2 groups that were fed the following diets for 8 months: 1) standard diet including 40 g/kg of soybean oil (control;
N=15); 2) standard diet with 38.5 g/kg of soybean oil and 1.5 g/kg of Eupoly-3TM EPA fish oil (w3 group; N=9). Both diets contained mineral mix (TD.94049 PWD Mineral Mix, AIN-93M-MX) and
vitamin mix (TD.94047 PWD Vitamin Mix, AIN-93-VX) from Harlan Tecklad. For comparative purposes, a group of mice within those under control diet was sacrificed at 4-months of age (Young
controls; N=4). Hearing assesment: Auditory brainstem response (ABR) to broadband click and 4, 8, 16, 20, 28, and 40 kHz pure tone frequencies was analyzed. Recording of distortion product
otoacoustic emissions (DPOAE) was performed after stimulation with f1 and f2 primary tones, with a ratio f2/f1 = 1.2. Primary tones for 8, 10, 14, 18 and 22 kHz frequencies were tested.
Expression, protein and metabolite levels: Plasma tHcy and folate levels were measured by HPLC and a microbiological method, respectively. Total cochlear RNA was used to determine
expression levels of the selected genes by RT-qPCR. Protein levels were analyzed by Western blotting in cochlear extracts. Statistical analysis: Results were analyzed with the Students t-test or
ANOVA with Bonferroni pos-hoc test using IBM Statistics SPSS 22 software.

RESULTS

CONCLUSIONS
Mice after 8-months of supplementation with a ω3-rich diet showed functional and molecular signs compatible with a delayed progression of hearing loss, as compared to the control group. 
In particular: 

1. A  decrease in ABR thresholds and larger 2f1-f2 amplitudes at low and high frequencies
2. Lower expression levels of pro-inflammatory cytokines, higher expression levels of  anti-inflammatory cytokines, Igf1, and genes involved in protection against oxidative stress 
3. Prevention of  expression and protein changes associated with aging in homocysteine metabolism, except for BHMT, which is induced.

ABR (A,B) ABR thresholds in response to click and tone burst stimuli at 2 (the beginning of the experiment), 7 and 10
months of age. w3-supplemented mice (blue) showed lower ABR thresholds than controls (red), in 4 (p<0.001), 8 and 40 kHz
(p<0.05) frequencies, at 10 months of age. DPOAE. DP thresholds (dB SPL) and amplitudes 2f1-f2 (nV) in response to 8, 10,
18 y 22 kHz primary tones for w3-supplemented and control groups: (C) at the beginning of the experiment; and (D) after 5
months of diet. After 5 months of diet w3-supplemented mice showed a significant increase of 2f1-f2 amplitude at 8 kHz,
compared to the controls. The mean± SEM for each condition is shown (*p<0.05; **p<0.01, *** p<0,001).

1. ω3-supplemented mice show delayed ARHL
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2. ω3-supplemented mice show expression changes in 
cytokines and oxidative stress biomarkers

Expression levels of (A) Cat, Gss and O3fa1 and (B) inflamma-
tion related genes and insulin signaling using Rn18s and Rplp0
genes as endogenous housekeeping controls. (C) Protein levels
of stress kinases measured by Western blotting using p38α, ERK
1/2 and JNK as total protein controls. The figure shows the mean
± SEM. # Control vs ω-3; * Young Control vs ω-3. Statistical
significance: *p<0.05; **p<0.01, *** p<0,001.
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(A) tHcy and folate levels in control and ω3-supplemented groups. (B) Expression levels of genes involved in homocys-
teine metabolism using the Rn18s as the endogenous housekeeping gene. (C) Representative images of anti-Hcy
Western blotting and the corresponding densitometric analysis of the results. (D) Representative images of proteins in
Hcy metabolism measured by Western blotting using β-actin as loading control; histograms show the densitometric
analysis of the data. Changes in mobility for BHMT and SAHH were previously described. The mean ± SEM for each
condition is presented (*p<0.05; **p<0.01; *** p<0.001).
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3. ω3-supplementation for 8 months modifies expression and 
protein levels in homocysteine metabolism   


