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Abstract

To our knowledge, the effects of Spirulina platensis water extract (SP) on hearing function

have not yet been reported. This study investigated the effects of SP on the function and

redox status of the auditory system. Auditory brainstem responses and redox status were

compared between two groups of 3-month-old senescence-accelerated prone-8 (SAMP8)

mice: the control group was fed a normal diet, and the experimental group was fed a normal

diet with oral supplementation of SP for 6 weeks. Compared with the control group, the

experimental group had significantly lower hearing thresholds according to auditory brain-

stem responses measured using click sounds and 8-kHz tone burst sound stimulation at the

end of this study. The experimental group had a shorter I-III interval of auditory brainstem

responses with 16-kHz tone burst stimulation than the control group that was of borderline

significance. Additionally, the experimental group had significantly higher mRNA expression

of the superoxide dismutase and catalase genes in the cochlea and brainstem and signifi-

cantly higher mRNA expression of the glutathione peroxidase gene in the cochlea. Further,

the experimental group had significantly lower malondialdehyde levels in the cochlea and

brainstem than the control group. However, tumor necrosis factor–αmRNA expression was

not significantly different between the control and experimental groups. SP could decrease

hearing degeneration in senescence-accelerated prone-8 mice possibly by increasing

superoxide dismutase, catalase, and glutathione peroxidase gene expression and decreas-

ing damage from oxidative stress in the cochlea and brainstem.

Introduction

Sensorineural hearing loss is the most common sensory disorder in older patients. The central

auditory system and peripheral hearing organs deteriorate with age. In general, hearing deteri-

orates more quickly in the central auditory system than the peripheral hearing organs; more

quickly and severely in males than females; and more severely at higher than low frequencies

[1–3]. Many etiologies have been associated with age-related hearing impairment (ARHI). For
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example, genetic susceptibility, obesity, obstructive sleep apnea, hypertension, diabetes, dysli-

pidemia, noise and chemical exposure, alcohol, tobacco, ototoxic medication, diet, hormonal

factors, and socioeconomic status [4–11].

Of all hypotheses, damage secondary to oxidative stress is believed to be the most important

underlying mechanism of ARHI in both animal and human studies [12–14]. In mice with

ARHI, the glutathione peroxidase 6 (GPx) gene is upregulated, and the thioredoxin reductase

1 gene is downregulated [13]. In humans, plasma reactive oxygen species levels are correlated

with ARHI severity [14]. Thus, it is reasonable to expect that improved endogenous antioxi-

dant capacity, exogenous antioxidant supplementation, reduced oxidative stress in the audi-

tory system, or any combination of these factors may protect hearing deterioration. For

example, vitamin C, vitamin E, coffee, and caffeine could prevent an animal’s hearing loss,

auditory neuropathy, or both [12, 15, 16]. Folic acid supplementation could slow hearing

decline at low frequencies in subjects with lower folic acid intake [17].

Spirulina platensis is a type of blue-green algae. Previous studies showed that Spirulina pla-
tensis water extract (SP), including its active ingredient, C-phycocyanin, have antioxidative and

anti-inflammatory effects. These effects might be because of its capability to inhibit cyclooxy-

genase-2, nicotinamide adenine dinucleotide phosphate (NADPH) oxidase enzymes, or both

[17, 18]. In experimental studies, SP slowed memory loss in mice by decreasing oxidative dam-

age and increasing catalase (CAT) activity in the hippocampus, striatum, and cortex [19]. SP

could reduce salicylate-induced tinnitus possibly by downregulating the mRNA and protein

expression of N-methyl-D-aspartate receptor 2B, proinflammatory cytokines, and cyclooxy-

genase-2 genes in the cochlea and inferior colliculus of mice [20]. SP could also decrease the

overexpression of the manganese-superoxide dismutase (Mn-SOD) gene, as well as malondial-

dehyde (MDA) levels, but could increase the expression of downregulated CAT genes in many

brain regions in salicylate-induced tinnitus [21].

The effects of SP on ARHI in animals or humans have been unclear. Therefore, we aimed

to investigate this issue. We hypothesized that SP could prevent hearing degeneration, modu-

late antioxidant gene expression, and reduce oxidative stress in senescence-accelerated prone-

8 (SAMP8) mice.

Materials and methods

Animals

Eleven-month-old male SAMP8 mice (n = 12) were randomly divided into two groups (n = 6

each): the control group was fed a normal diet (Fwusow Industry Co, Ltd, Taiwan), and the SP

group was fed a normal diet with SP water extract supplementation for 6 weeks (400 mg/kg

body weight).

The SP used in this study was supplied by Far East Bio-tec Co, Ltd (Taipei, Taiwan). In

brief, SP was prepared as follows: Spirulina platensis powder and pure water were mixed to

form a suspension; Spirulina platensis cells in suspension were disrupted at a temperature

lower than room temperature for 24 hours and centrifuged; and the extract (supernatant) was

collected and lyophilized. The lyophilized SP contained 15–25% phycobiliproteins (C-phyco-

cyanin and allophycocyanin), 35–45% polysaccharides, 10–20% proteins other than phycobili-

proteins, 5–8% water, and 10–12% ash. The well-known active compounds in the extract were

sulfated polysaccharides and phycobiliproteins.

The animals were housed (in groups of four mice per cage) in a temperature-controlled

room with a constant 12-hr light–dark cycle. Food and tap water were freely available through-

out the experiments. The Institutional Animal Care and Use Committee of Dalin Tzu Chi

Hospital approved the protocol used in this study.

Spirulina on function and redox status of auditory system

PLOS ONE | https://doi.org/10.1371/journal.pone.0178916 June 21, 2017 2 / 11

https://doi.org/10.1371/journal.pone.0178916


Auditory brainstem responses

Auditory brainstem responses (ABR) were measured in the mice when they were 11 months of

age and at the end of the study (i.e., at 12.5 months of age) under general anesthesia with an

intraperitoneal injection of sodium pentobarbital (65 mg/kg). ABRs (Intelligent Hearing Sys-

tems, Miami, FL) were measured in a double-walled, soundproof booth. Subdermal needles

were used as electrodes for recording. The active electrode was inserted at the vertex; the refer-

ence electrode was ventrolateral to the left ear; and the ground electrode to the low back above

the tail. Click sounds, which reflected thresholds around 4 kHz, and 8- and 16-kHz tone bursts

were delivered sequentially to the left ear through earphones (Telephonics Corp, Farmingdale,

NY). The amplified responses were then averaged by a computer and displayed on a computer

screen.

ABR thresholds were obtained for each animal by reducing the stimulus intensity in 5-dB

intervals and increasing the stimulus intensity in 3-dB intervals to identify the lowest intensity

at which ABR waves I-V were detected by one well-trained audiologist who was blinded to the

groups. The respective ABR waves are shown in Fig 1. The ABR data were stored digitally on

disks for offline measurements and analysis of latency of ABR components later.

Isolation of samples and RNA extraction

At the end of the study, the mice were sacrificed by decapitation under general anesthesia with

an intraperitoneal injection of pentobarbital (65 mg/kg). The cochlear and brainstem pairs

from each animal were immediately dissected using a Zeiss stereomicroscope and stored sepa-

rately at –80˚C until use. RNA isolation was performed using the RNA-bee isolation reagent

(Friendswood, USA) with a tissue homogenizer according to the manufacturer’s protocol. The

RNA quality was assessed with an Agilent Bioanalyzer 2100, and the ratio of absorbance at 260

and 280 nm was assessed using a nanodrop.

Reverse transcription–polymerase chain reaction

Reverse transcription–polymerase chain reaction (RT-PCR) was performed separately for

each animal. Total RNA was isolated with a PureLink RNA Mini Kit from Ambion RNA by

Life Technologies. Approximately one-half of the obtained product was reverse transcribed

using a MasterAmp high-fidelity RT-PCR kit from Epicentre (an Illumina company). A PCR

reaction was then performed with SOD, CAT, and GPx primers for 35 cycles of denaturation

(95˚C, 30 seconds), annealing (60˚C, 30 seconds), and extension (72˚C, 45 seconds). As a con-

trol, β-actin was PCR amplified from all samples using the same conditions as with each gene.

Fig 1. ABR waves for determination of hearing thresholds in mice. The ABR thresholds were determined

by the presence of well-defined ABR waves (I-V).

https://doi.org/10.1371/journal.pone.0178916.g001
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Quantitation of PCR products with Southern blot

The DNA products were measured using Southern blot with a Mini Horizontal Electrophore-

sis System (MJ-105/MP-100, Major Science, Taiwan) and an E-box-1000/26M inspection cer-

tificate and analysis system (E-box Spp-010 E-capt software, USA). The expression levels for

all target genes are presented as a relative ratio in comparison to β-actin.

Measurement of MDA activity

Levels of peroxidized lipids were indirectly determined by measuring the levels of MDA (a by-

product of lipid peroxidation) with a commercial kit (BioVision Inc). Tissue samples were

homogenized on ice in an MDA lysis buffer (with 1× butylated hydroxytoluene). The MDA

level was measured by quantifying the absorbance at 532 nm (nmol). MDA levels were deter-

mined by assessing a standard MDA curve. Absorbance values were measured using an

Anthos Zenyth 3100 microplate multimode detector (Anthos Labtec Instruments, Austria).

Statistical analysis

All data are expressed as mean ± standard deviation (S.D.) unless indicated otherwise. ABR

thresholds; I-III, I-V, and III-V wave intervals; target gene mRNA expression; and MDA level

were compared between the two groups using a Student’s t test with Welch’s approximation.

All analyses were performed using STATA 10.0 software (Stata Corp, LP, College Station, TX).

P values of<0.05 were considered significant. The original data of this experiment was shown

in S1 File.

Results

Table 1 shows the ABR thresholds for both groups at the beginning and end of this study. The

ABR thresholds were not significantly different between the control and SP groups in clicks

(66.2 ± 9.2 versus 68.2 ± 6.4 dB SPL, respectively; P = 0.6713), 8-kHz tone burst stimulation

(49.8 ± 13.1 versus 52.8 ± 9.3 dB SPL, respectively; P = 0.6565), or 16-kHz tone burst stimula-

tion (64.5 ± 7.6 versus 66.8 ± 5.3 dB SPL, respectively; P = 0.5518) at the beginning of this

study. However, the ABR thresholds were significantly different between the control and SP

groups with 8-kHz tone burst stimulation (66.5 ± 12.1 versus 53.0 ± 4.0 dB SPL, respectively;

P = 0.0382) but were not significantly different with click sound stimulation (81.2 ± 12.6 versus

69.5 ± 3.7 dB SPL, respectively; P = 0.0709) or 16-kHz tone burst stimulation (74.3 ± 12.0 ver-

sus 68.3 ± 3.3 dB SPL, respectively; P = 0.2804) at the end of this study.

Table 1. ABR thresholds of the both groups at the beginning and the end of this study.

Mean ± SD (dB SPL) Control group SP group 95% CI of difference* p values**

At the beginning

Click sound 66.2±9.2 68.2±6.4 -12.1~8.1 0.6713

8 kHz tone burst 49.8±13.1 52.8±9.3 -17.5~11.5 0.6565

16 kHz tone burst 64.5±7.6 66.8±5.3 -10.7~6.1 0.5518

At the end

Click sound 81.2±12.6 69.5±3.7 -1.3~24.7 0.0709

8 kHz tone burst 66.5±12.1 53.0±4.0 1.0~26.0 0.0382

16 kHz tone burst 74.3±12.0 68.3±3.3 -6.4~18.4 0.2804

Abbreviations: ABR: auditory brainstem response; CI: confident interval; dB SPL: decibel sound pressure level; SD: standard deviation.

*Value of control group minus SP group.

**Student’s t test with Welch’s approximation.

https://doi.org/10.1371/journal.pone.0178916.t001
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Table 2 shows the ABR intervals for both groups with click sound tests at the beginning

and end of this study. We measured differences in ABRs between the control and SP groups

and demonstrated that the I-III (1.2 ± 0.2 versus 1.2 ± 0.1 ms, respectively; P = 0.6150), I-V

(3.2 ± 0.3 versus 3.2 ± 0.2 ms, respectively; P = 0.9732), and III-V (2.0 ± 0.3 versus 2.0 ± 0.2 ms,

respectively; P = 0.7935) intervals with click sound stimulation were not significantly different

at the beginning of this study. Further, as for differences between in the control and SP groups

at the end of the study, the I-III (1.3 ± 0.1 versus 1.1 ± 0.3 ms, respectively; P = 0.2373), I-V

(3.4 ± 0.5 versus 3.2 ± 0.2 ms, respectively; P = 0.4213), and III-V (2.1 ± 0.4 versus 2.1 ± 0.2 ms,

respectively; P = 0.9273) intervals of ABRs with click sound stimulation were not significantly

different.

Table 3 shows the ABR intervals for both groups with 8-kHz tone burst sound at the begin-

ning and end of this study. For the control and SP groups, the I-III (1.2 ± 0.3 versus 1.4 ± 0.3

ms, respectively; P = 0.3044), I-V (3.0 ± 0.3 versus 3.1 ± 0.2 ms, respectively; P = 0.5029), and

III-V (1.8 ± 0.4 versus 1.7 ± 0.2 ms, respectively; P = 0.7266) intervals of ABRs with 8-kHz tone

burst stimulation were not significantly different at the beginning of this study. At the end of

the study, the I-III (1.6 ± 0.7 versus 1.4 ± 0.4 ms, respectively; P = 0.4696), I-V (3.6 ± 0.7 versus

3.0 ± 0.2 ms, respectively; P = 0.1037), and III-V (2.0 ± 0.3 versus 1.7 ± 0.4 ms, respectively;

Table 2. ABR intervals by click sound of the both groups at the beginning and the end of this study.

Mean ± SD Control group SP group 95% CI of difference* p values**

At the beginning

I-III 1.2±0.2 1.2±0.1 -0.1~0.2 0.6150

I-V 3.2±0.3 3.2±0.2 -0.3~0.3 0.9732

III-V 2.0±0.3 2.0±0.2 -0.3~0.3 0.7935

At the end

I-III 1.3±0.1 1.1±0.3 -0.1~0.5 0.2373

I-V 3.4±0.5 3.2±0.2 -0.3~0.7 0.4213

III-V 2.1±0.4 2.1±0.2 -0.4~0.5 0.9273

Abbreviations: ABR: auditory brainstem response; CI: confident interval; SD: standard deviation.

*Value of control group minus SP group. And, unit in the each cell was msec.

** Student’s t-test with Welch’s approximation.

https://doi.org/10.1371/journal.pone.0178916.t002

Table 3. ABR intervals by 8k tone burst sound of the both groups at the beginning and the end of this study.

Mean ± SD Control group SP group 95% CI of difference* p values**

At the beginning

I-III 1.2±0.3 1.4±0.3 -0.5~0.2 0.3044

I-V 3.0±0.3 3.1±0.2 -0.4~0.2 0.5029

III-V 1.8±0.4 1.7±0.2 -0.4~0.5 0.7266

At the end

I-III 1.6±0.7 1.4±0.4 -0.5~1.0 0.4696

I-V 3.6±0.7 3.0±0.2 -0.2~1.3 0.1037

III-V 2.0±0.3 1.7±0.4 -0.1~0.8 0.1462

Abbreviations: ABR: auditory brainstem response; CI: confident interval; SD: standard deviation.

*Value of control group minus SP group. And, unit in the each cell was msec.

** Student’s t-test with Welch’s approximation.

https://doi.org/10.1371/journal.pone.0178916.t003
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P = 0.1462) intervals of ABR with 8-kHz tone burst stimulation were not significantly different

between the control and SP groups.

Table 4 shows the ABR intervals for both groups with 16-kHz tone burst sound at the

beginning and end of this study. The I-III (1.2 ± 0.3 versus 1.4 ± 0.2 ms, respectively;

P = 0.1109), I-V (3.2 ± 0.3 versus 3.1 ± 0.3 ms, respectively; P = 0.5988), and III-V (2.0 ± 0.4

versus 1.7 ± 0.3 ms, respectively; P = 0.1071) intervals of ABR with 16-kHz tone burst stimula-

tion were not significantly different between the control and SP groups at the beginning of this

study. However, the I-III interval (1.7 ± 0.5 versus 1.2 ± 0.3 ms, respectively; P = 0.0461), but

not the I-V (3.4 ± 0.5 versus 3.0 ± 0.2 ms, respectively; P = 0.1149) or III-V (1.7 ± 0.3 versus

1.8 ± 0.4 ms, respectively; P = 0.6079) interval, of ABR with 16-kHz tone burst stimulation was

significantly different between the control and SP groups at the end of this study.

Compared with the control group, the SP group had a significantly higher mRNA expres-

sion of the SOD gene in the cochlea (0.8 ± 0.1 versus 1.4 ± 0.2, respectively; 95% confidence

interval [CI] for the control/SP difference = -0.8 to -0.4; P = 0.0002) and brainstem (0.9 ± 0.05

versus 1.1 ± 0.06, respectively; 95% CI control/SP difference = -0.3 to -0.1, respectively;

P< 0.0001) (Fig 2a). Second, the SP group had a significantly higher mRNA expression of the

CAT gene in the cochlea (1.0 ± 0.03 versus 1.6 ± 0.36, respectively; 95% CI control/SP differ-

ence = -0.9 to -0.2; P = 0.0125) and brainstem (1.0 ± 0.04 versus 1.1 ± 0.05, respectively; 95%

CI control/SP difference = -0.2 to -0.1, respectively; P = 0.0003) (Fig 2b). Third, as compared

with the control group, the SP group had significantly higher mRNA expression of the GPx

gene in the cochlea (0.7 ± 0.09 versus 1.1 ± 0.20, 95% CI control/SP difference = -0.5 to -0.1;

P = 0.0054), but not in the brainstem (1.0 ± 0.13 versus 1.0 ± 0.32, respectively; 95% CI con-

trol/SP difference = -0.40 to 0.3; P = 0.7014) (Fig 2c). However, the SP group did not have a

significantly lower expression of the TNF-α gene in the cochlea (0.7 ± 0.04 versus 0.8 ± 0.11,

respectively; 95% CI control/SP difference = -0.1 to 0.1, = 0.6907) or brainstem (1.5 ± 0.32 ver-

sus 1.3 ± 0.37, respectively; 95% CI control/SP difference = -1.2 to 1.5; P = 0.7675). However,

the SP group had significantly lower MDA activity in the cochlea (8.2 ± 1.16 versus 3.3 ± 1.37,

respectively; 95% CI control/SP difference = 3.3 to 6.5; P< 0.0001) and brainstem (5.4 ± 1.45

versus 3.0 ± 0.56, respectively; 95% CI control/SP difference = 0.9 to 3.9; P = 0.0067) (Fig 2d).

Discussion

This study demonstrated that SP diet supplementation could slow the deterioration of hearing

thresholds with click sound and 8-kHz tone burst stimulation in SAMP8 mice. However, SP

Table 4. ABR intervals by 16k tone burst sound of the both groups at the beginning and the end of this study.

Mean ± SD Control group SP group 95% CI of difference* p values**

At the beginning

I-III 1.2±0.3 1.4±0.2 -0.6~0.1 0.1109

I-V 3.2±0.3 3.1±0.3 -0.3~0.5 0.5988

III-V 2.0±0.4 1.7±0.3 -0.1~0.8 0.1071

At the end

I-III 1.7±0.5 1.2±0.3 0.01~1.0 0.0461

I-V 3.4±0.5 3.0±0.2 -0.1~1.0 0.1149

III-V 1.7±0.3 1.8±0.4 -0.6~0.4 0.6079

Abbreviations: ABR: auditory brainstem response; CI: confident interval; SD: standard deviation.

*Value of control group minus SP group. And, unit in the each cell was msec.

** Student’s t-test with Welch’s approximation.

https://doi.org/10.1371/journal.pone.0178916.t004
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decreased only the I-III interval of ABRs with 16-kHz tone burst stimulation with borderline

significance. SP could increase mRNA expression of the SOD and CAT genes but decrease

MDA concentration in the cochlea and brainstem. It increased mRNA expression of the GPx

gene only in the cochlea, but not in the brainstem.

These differential findings may raise an issue regarding ABR changes with aging and their

responses to exogenous antioxidant supplementation. First, previous studies have shown

that age, gender, hearing threshold, stimulation intensity, and side have significant influ-

ences on ABR latencies, interwave intervals, or both [22,23]. Older patients have increased

latencies and interwave intervals than younger patients [24]. SAMP1 and senescence-acceler-

ated resistant mice (SAMR1) mice have age-related auditory loss expressed as elevated

thresholds and prolonged I-III and I-IV intervals, especially at high frequencies [25]. Age-

related threshold shifts and increased amplitude reductions were observed, but no changes

were demonstrated in latencies or interwave intervals in guinea pigs [26]. Females have

shorter latencies, shorter I-V or III-V intervals, and higher amplitudes than males [27].

Hearing loss was related to wave V latency, but not with waves I or III [28]. However, Wat-

son [29] demonstrated that both wave I and V had latency prolongation with increasing lev-

els of hearing loss. Furthermore, subjects had larger wave V amplitudes and shorter

interwave intervals elicited from the right ear than the left ear [30]. The interaural differences

in III-V intervals could be negatively correlated with hearing asymmetry [31]. According to

the findings on the effects of aging on ABRs, threshold shifts and amplitude reductions

might occur earlier than the prolongation of latencies or interwave intervals, as shown in a

report by Proctor [26].

Fig 2. mRNA expression of antioxidant and MDA levels at the end of this study. (a) The SP group had

significantly higher expression of the SOD gene in the cochlea and brainstem than the control group. (b) The

SP group had higher expression of the CAT gene in the cochlea and brainstem than the control group. (c)

Compared with the control group, the SP group had higher expression of the GPx gene in the cochlea, but not

in the brainstem. (d) The SP group had significantly lower MDA activity in the cochlea and brainstem.

https://doi.org/10.1371/journal.pone.0178916.g002
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Second, some studies have demonstrated the effects of exogenous antioxidant supplementa-

tion on various components of ABRs. For example, lecithin could help preserve cochlear mito-

chondrial function and lessen age-related ABR threshold elevations in rats [32]. Additionally,

vitamins B, E, or C or L-carnitine reduced cisplatin-induced ABR threshold elevation and

interwave I-IV interval prolongation in rats [33]. Resveratrol might attenuate cisplatin-

induced ototoxicity, as shown by hearing threshold values, wave I and IV latencies, and I-IV

intervals [34]. Following antioxidant administration, increased ABR interwave intervals were

restored in a neonatal rat model of hypoxic ischemic brain injury [35]. In humans, women

who were treated with hormone replacement therapy had shorter wave latencies and interwave

latencies than postmenopausal women in the control group [36]. In this study, SP slowed the

deterioration of ABR thresholds, but not interwave intervals. Thus, we think exogenous anti-

oxidant supplementation might have greater protective effects on ABR threshold shifts than

on ABR interwave interval prolongation.

The SAMP8 strain experiences premature hearing loss and cochlear degeneration. The

mechanisms underlying premature hearing loss in SAMP8 mice involves oxidative stress;

altered antioxidant enzymes levels; and decreased complex I, II, and IV activity, which in turn

leads to chronic inflammation and triggers the apoptotic pathway, autophagic cell death path-

way, or both [37]. As for redox status, SOD activity was lower at 1 month in SAMP8 mice than

in SAMR1 mice that had further declined in both strains at 9 months. No significant difference

was found in cochlear CAT activity between 1-month-old SAMR1 mice and 1-month-old

SAMP8 mice. At 9 months, although CAT activity had been maintained in SAMR1 mice, CAT

activity was greatly reduced in SAMP8 mice [36]. MDA levels were significantly higher in the

cochlea of SAMP8 mice than in those of SAMR1 mice. In this study, we demonstrated that SP

could increase SOD, CAT, and GPx gene expression and decrease MDA levels in the cochlea

and brainstem of 9-month-old SAMP8 mice.

Previous studies determined that the first stage of activation in the redox system occurs

at the plasma membrane. NADPH oxidase localized in the plasma membrane reduces oxy-

gen to superoxide anion radicals, which are then dismuted to hydrogen peroxide and oxy-

gen by SOD. Intracellular enzymes including CAT, GPx, and heme oxygenase (HO)-1 then

catalyze the breakdown of hydrogen peroxide (H2O2); H2O2 is also converted to hypochlo-

rous acid (HOCl) by myeloperoxidase. Moreover, SP and its active ingredient have antioxi-

dative and anti-inflammatory effects through the inhibition of NADPH oxidase enzymes

[18]. Thus, it is reasonable to determine if SP could modulate gene expression, enzymatic

activity, or both regarding SOD, CAT, GPx, HO-1, or any combination of these. This

hypothesis regarding the impact of SP on redox status has been reported in some previous

studies. For example, SP reduced oxidative damage and augmented CAT activity in the

hippocampus, striatum, and cortex of SAMP8 mice [19]. SP decreased salicylate-induced

overexpression of Mn-SOD genes and MDA levels but increased salicylate-induced downre-

gulation of CAT genes in many brain regions [21]. SP downregulated TNF-α mRNA and

protein expression in the cochlea and inferior colliculus of SAMP8 mice with salicylate-

induced tinnitus [20].

As shown in different studies on antioxidants, SP might have a differential impact or even

the opposite effect on gene expression, enzymatic activities, or both. SP might augment antiox-

idant expression, enzymatic activities, or both in SAMP8 mice during normal aging as shown

in a memory loss study [19] and in this ARHI study. However, SP might have the opposite

effect on antioxidant gene expression, enzymatic activities, or both in SAMP8 mice with salicy-

late-induced tinnitus [20, 21]. Similarly, unlike the findings in another study on salicylate-

induced tinnitus (20), SP did not alter the gene expression of TNF-α in the cochlea or brain-

stem in SAMP8 mice during normal aging in this study.
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Conclusions

SP diet supplementation could slow hearing threshold deterioration and decrease the I-III

interval of ABRs with 16-kHz tone burst stimulation in SAMP8 mice. The beneficial effects of

SP on auditory functions were possibly associated with increasing mRNA expression of SOD,

CAT, and GPx genes and decreasing MDA concentration in the cochlea and brainstem.
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