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Abstract
Tamoxifen has been used extensively in the treatment of breast cancer and other neoplasms. In
addition to its well-known action on estrogen receptors it is also known to acutely block chloride
channels that participate in cell volume regulation. Tamoxifen’s role in preventing cochlear outer
hair cell (OHC) swelling in vitro suggested that OHC swelling noted following noise exposure
could potentially be a therapeutic target for Tamoxifen in its role as a chloride channel blocker to
help prevent noise induced hearing loss. To investigate this possiblity, the effects of exposure to
Tamoxifen on physiologic measures of cochlear function in the presence and absence of
subsequent noise exposure were studied. Male Mongolian gerbils (2–4 months old) were randomly
assigned to different groups. Tamoxifen at ~10 mg/kg was administered to one of the groups. Five
hours later they were exposed to a one-third octave band of noise centered at 8 kHz in a sound
isolation chamber for 30 minutes at 108dB SPL. Compound action potential (CAP) thresholds and
distortion product otoacoustic emission (DPOAE) levels were measured 30–35 days following
noise exposure. Tamoxifen administration did not produce any changes in CAP thresholds and
DPOAE levels when administered by itself in the absence of noise. Tamoxifen causes a significant
increase in CAP thresholds from 8–15 kHz following noise exposure compared to CAP thresholds
in animals exposed to noise alone. No significant differences were seen in the DPOAE levels the
f2 = 8–15 kHz frequency range where maximum noise-induced increases in CAP thresholds were
seen. Contrary to our original expectation, it is concluded that Tamoxifen potentiates the degree of
damage to the cochlea resulting from noise exposure.
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1. Introduction
Ototoxicity is defined as damage to the inner ear following treatment with chemical
substances (Chiodo & Alberti, 1994). A definitive link between the drug and hearing loss
may be lacking from absence of systematic controlled studies on the effects of treatment on
hearing loss (Mattsson, 2000). Hearing may be affected by direct damage to sensory
epithelia, or indirect effects on inner ear homeostasis by noxious agents (Aran, 1995). An
additive ototoxic effect when administered in the presence of loud noise is noted with
aminoglycosides and Cisplatin (Marques et al., 1975 ; Boettcher et al., 1987). The causal
link between exposure to a drug and hearing loss becomes less obvious when hearing is
affected only in the presence of subsequent exposure to noise. As a result, these drugs are
often incompletely characterized. Damage to hearing by some of these agents is irreversible
and therefore has important economic and psychosocial costs to the individual and society.

Tamoxifen has been used extensively for the past 25 years for its antiestrogenic actions in
the treatment of breast cancer and other neoplasms and is now also used as a
chemopreventive for breast cancer in high-risk pre- and postmenopausal women (Jordan,
2001).

It is a widely used drug whose effects on different organ systems merit closer attention. This
study provides evidence that Tamoxifen potentiates the damaging effects of noise on the
inner ear but does not appear ototoxic by itself. Far from a study of the ototoxicity of
Tamoxifen, this study was initially motivated by our finding that Tamoxifen appeared to
prevent OHC swelling and delay cell death in cochlear explants (Siegel et al., 2001;
Hudspeth, 2007, private communication), possibly by its lesser-known but widely studied
action of acutely and powerfully blocking CLC-3 and/or other chloride channels that
participate in cell volume regulation (Duan, et al., 1997; 2011; Sardini, et al., 2003;
Abdullaev, et al., 2006). The rapid swelling and rupture of OHC seen in vitro is remarkably
similar to the time course of similar changes seen in whole animals immediately following
exposure to moderate to intense noise (Spoendlin, 1971; Bohne, 1976; Bohne, et al., 2007).
We therefore considered the possibility that acutely administered Tamoxifen might protect
against noise induced hearing loss by reducing OHC swelling and death. Accordingly we
used physiological measures to test the hypothesis that Tamoxifen is protective against
noise-induced permanent hearing loss. Contrary to this initial hypothesis, we found that
rather than being protective, Tamoxifen appears to potentiate the harmful effects of noise
exposure.

2. Materials and methods
2.1 Tamoxifen administration

This study used 43 adult male Mongolian gerbils aged 2 to 4 months and weighing 50–65g.
Our initial hypothesis was based on the chloride channel blocking property of Tamoxifen
and not on its antiestrogenic action. But if systemic application in vivo was effective in
blocking chloride channels, it very likely also blocks ER, due to their relatively high binding
affinity for Tamoxifen. Our first step therefore was to investigate whether Tamoxifen had
any effect at all on hearing thresholds following noise exposure. If such an effect were to be
demonstrated, additional experiments would be necessary to separate the possible
mechanisms of action. To simplify interpretation, we chose to use males only. Our rationale
was that using females would have added variability due to different levels of circulating
estrogen and ER during the estrous cycle between sexes as well as possible sex-related
differences in the action of Tamoxifen. Both factors might have otherwise compromised our
main effect of interest: Tamoxifen’s blocking of chloride channels.
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Only animals that clearly demonstrated a classical positive Preyers reflex indicating normal
hearing were included in the studies. All procedures were approved by the Northwestern
University Institutional Animal Care and Use Committee. Studies were rendered blind to the
investigator by placing 1ml aliquots of sesame oil vehicle (V) into small vials and adding
7.9*10−4 grams of Tamoxifen (Tamoxifen Citrate, Sigma Laboratories, St.Louis, MO) to
half of the vials (V + T) such that the dose was approximately 10 mg/kg body weight. The
vials were encoded such that the investigator could not know whether a particular animal
was receiving Tamoxifen or the vehicle alone. The 1ml of vehicle alone or vehicle
+Tamoxifen was injected intraperitonealy in each animal. Tamoxifen administered in a
similar dose and route was used to reach >10µM concentration in live animal studies of
Tamoxifen’s effects in the hippocampus (Silva et al., 2000; Veliskova et al., 2000). Five
hours after administering the experimental aliquot the animals were noise exposed, as peak
levels of Tamoxifen are reached 3–6 hrs after oral administration of Tamoxifen at 200 mg/
Kg in ovariectomized rats and mature mice (Robinson et al., 1991). As this was an initial
exploratory study to evaluate the presence or absence of Tamoxifen’s effect on physiologic
measures of cochlear function, quantitative blood and CSF levels of Tamoxifen after 3–6 hrs
of its administration were not measured. Tamoxifen is known to readily cross the blood
brain barrier (Yuan et al., 1995; Shughrue et al., 1997) and has been shown to affect
hippocampal neurons at a similar dose in earlier studies (Silva et al., 2000; Veliskova et al.,
2000). Another group (Q), (n=6) of normal gerbils (No manipulation), not exposed to noise
or injected with either vehicle or Tamoxifen, served as a control against which to assess the
effects of Tamoxifen and noise exposure on physiological measures examined in the
experiments. As no injection was performed in these specific animals, the experimenter
knew that they were controls.

2.2 Noise exposure
Gerbils were exposed to a narrow band of noise within a single-walled sound-isolation
chamber (Industrial Acoustics, Bronx, NY, USA). The noise was generated using an analog
noise source and filtered with a Bruel & Kiær (B & K) one-third octave band filter centered
at 8 kHz. The noise was digitized at 44.1 KHz and saved as a .wav file. Out of band
components were further reduced using digital filtering (Goldwave Inc, St. John’s, NFLD,
Canada). A power amplifier (Symetrix A220, Mountlake Terrace, WA, USA) was used to
amplify the noise which was delivered via an overhead speaker in the sound-isolation
chamber at 108dB SPL. Noise levels were measured using an Etymotic Research ER10B+
microphone and a true RMS digital voltmeter at several positions in the animal cage and
averaged. The noise exposure lasted 30 minutes. The noise exposures consistently resulted
in elevated neural thresholds and reduced otoacoustic emission levels at least one month
later, consistent with permanent damage to the hair cells and possibly to the sensory neurons
as well. The term permanent threshold shift (PTS) has been used in instances when, post-
exposure, hearing thresholds have stabilized, but are poorer than pre-exposure values
(Morest et al., 1998, Ou et al., 2000). Animals that had been injected with Tamoxifen and
those in the control condition were prepared for data collection 30–35 days following noise
exposure.

2.3 Surgical Procedure
The animals were anesthetized with sodium pentobarbital (80 mg/kg), intraperitonealy
before surgery. To maintain a surgical level of anesthesia throughout the measurement,
supplemental injections were given approximately every hour at 1/3 the dose for induction.
The body temperature, measured with a rectal probe, was maintained at 36–38°C during the
experiment using a heating pad, to minimize cooling of the cochlea. A ventrolateral surgical
approach was used to expose the bulla and gain access to the round window to measure
CAP. After making a small hole in the bulla, a ball recording electrode, fashioned from
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Teflon-insulated silver wire (0.0055 in O.D.) was positioned on the round window. The
bulla opening was not sealed.

2.4 Stimulus Delivery and Recording System
Stimuli generated by two high-frequency drivers built for Compound Action potential
(CAP) and Distortion Product Otoacoustic Emission (DPOAE) measurements (Radioshack
super tweeters #40-1310B) were fed through the Etymotic Research ER-10B+ otoacoustic
emission probe with separate tubes for two-tone measurements, such that the stimuli were
mixed passively in the ear canal. After surgical removal of the pinna, the emission probe
was coupled to the bony external meatus through a 6 mm plastic speculum with a 2mm
opening diameter. This enabled a good coupling of the probe to the ear canal and allowed
the emission probe to be placed near the tympanic membrane. Sound sources were
calibrated in a coupler constructed using a gerbil bony ear canal terminated with a B & K
4138 1/8” microphone in the plane of the eardrum. This method avoids unrealistic sound-
pressure measurements provided by couplers of inappropriate size (Dallos et al., 1969,
Pearce et al., 2001). Emission data were collected with the EMAV software (Neely & Liu,
1993) using a CARD DELUXE (Digital Audio Labs, Chanhassen, MN, USA) sound card at
a 96 kHz sample rate. The calibration procedure controlled the stimulus sound pressure
levels at the eardrum.

2.5 CAP
The stimuli used to evoke the CAP were tone bursts. These bursts were 10ms in duration
and had a 1ms rise/fall time. The stimulus presentation rate was 21/s. Responses measured
on the round window, were amplified (10 X) by a differential amplifier (DAM 50; World
Precision Instruments, Sarasota, Fl, USA) and band-pass filtered between 300 and 3000 Hz.
CAP thresholds were measured using custom software written in Visual Basic that used a
Creative Labs Audigy sound card.. CAP waveforms were plotted after averaging responses
to 64 tone bursts. A visual detection criterion was used to determine the smallest N1
amplitude of CAP waveform that could be readily distinguished from the noise floor.
Thresholds were measured at 14 frequencies (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 and 30
kHz).

2.6 DPOAE
The DPOAE of interest in our experiment was the cubic distortion tone, 2f1-f2. The DPOAE
level across the frequency range f2=1 to 40 kHz was measured. Primary tones were
presented at a fixed ratio, f2/f1 = 1.2. The levels of the stimulus tones were L1 = 65 dB SPL
and L2 = 50 dB SPL. To relate DPOAE levels and CAP thresholds, the measured DPOAE
levels for stimulus conditions with f2 falling into 1/3rd octave bands centered on the same
frequencies as the CAP thresholds were measured. There were typically 2–3 stimulus
conditions in each 1/3rd octave band.

2.7 Data analysis
The maximum effect of noise exposure is shifted from one-half to one octave toward higher
frequencies, depending on the species (Mc Fadden, 1985; Schmiedt, 1986; Cody &
Johnstone, 1991). Noise induced effects on CAP thresholds and DPOAE therefore were
expected to be maximal one-half octave to one octave above the 8 kHz center frequency of
the noise used for the exposure. In regions of the cochlea not stimulated excessively by the
narrow band noise, little damage was expected. The thresholds were therefore compared
within three frequency ranges 8–15 kHz; the frequency range where the maximum effects
were observed and in the two ranges 1–7 kHz and 20–30 kHz, outside the frequency range
of greatest expected effects of noise exposure. These ranges could be considered internal
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controls for the effect of Tamoxifen in the presence and absence of noise damage to the
cochlea in the same animal. Independent samples t-tests using separate variance was used to
evaluate differences between groups. A p-value of < 0.05 was considered significant.

3. Results
As an aid to the reader we have used the following notation for various combinations of
Tamoxifen (T), vehicle (V), noise (N) and No manipulation in the quiet condition (Q). For
example, the group of animals receiving Tamoxifen followed by noise exposure is labeled
(T + N).

3.1 Test of hypothesis: Tamoxifen protects against noise induced damage to the cochlea
CAP thresholds following noise exposure in the range of 8–15 kHz showed significant
increase in the Tamoxifen injected group (T+N), (n=7) compared to the vehicle injected (V
+N) group, (n=6) (Fig 1, Table 1 for details). Thresholds in the 1–7 kHz frequency range
were also significantly higher in the (T+N) compared to the (V+N) group (Table 1). The
increase in thresholds in the 1–7 kHz range was significantly smaller compared to the
increase in thresholds in the 8–15 kHz range of maximum expected noise induced threshold
elevation (p< 0.01)(Fig 1).

The CAP thresholds of a third group of 6 animals with no injection and no noise exposure
(Q) (Fig 1) was compared to the (V+N) group. The (V+N) group had significantly elevated
mean CAP thresholds compared to the (Q) group in the 8–20 kHz frequency range, while
the mean thresholds between the above two groups were not significantly different in the
frequency ranges 25–30 kHz, and 1–7 kHz (Fig 1 and Table 1).

DPOAE levels for stimulus frequencies near the band of frequencies with greatest CAP
threshold shifts (f2= 8–20 kHz) were reduced in the (V+N) group, relative to the (Q) group,
(Fig 2, Table 2 for details). The mean DPOAE level of the (V+N) group was also
significantly reduced from the (Q) group for f2 in the 25–30 KHz frequency range (Table 2).

No significant difference was seen in the mean DPOAE levels between the (V+N) and (T
+N) groups in the (f2=8–20 kHz) frequency range (see Fig 2 and Table 2). The mean
DPOAE level of the (T+N) group was significantly lower than the (V+N) group for the f2=
1–7 kHz frequency range. The DPOAE level of the (T+N) group was not significantly
different from the (V+N) group in the 25–30 KHz frequency range (Table 2).

The hypothesis that Tamoxifen is protective against noise-induced damage to the cochlea is
clearly not supported by the above results. In fact, the evidence establishes that Tamoxifen
potentiates noise damage.

3.2 Effect of Tamoxifen in the absence of noise exposure
The previous results do not allow us to separate the individual effects of noise and
Tamoxifen on cochlear damage. We therefore examined in a control experiment whether
Tamoxifen causes an increase in hearing thresholds and decrease in otoacoustic emissions
levels when administered in the absence of noise exposure (Quiet). Two groups of animals
were compared, one that received Tamoxifen (T+Q) and one that received vehicle alone (V
+Q) (n=12 for each group). Physiological measurements were made 30–35 days after the
injections.

The (T+Q) group did not have significantly different mean CAP thresholds compared to the
(V+Q) group in any of the three frequency ranges used for all comparisons (Fig 3). Mean (T
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+Q) group and (V+Q) group DPOAE levels were also not significantly different in any of
the three frequency ranges analyzed (Fig 4)

A secondary analysis was to determine if there was a difference in the effects of Tamoxifen
on CAP thresholds and DPOAE levels in the (T+Q) and (T+N) conditions. The CAP
thresholds of the (T+N) group were noted to be elevated in the frequencies of maximum
expected noise effects, 8–15 KHz, compared to the (T+Q) group (p < 0.0001). The CAP
thresholds in the 1–7 kHz frequency range were also significantly higher in the (T+N) group
compared to the (T+Q) group (p < 0.0001). There was no significant difference in the CAP
thresholds in the 20–35 kHz frequency range between the two groups (p < 0.41). DPOAE
levels for the (T+N) group were reduced in all three frequency ranges examined compared
to the (T+Q) group (Table 2). Our results therefore do not support the hypothesis that
Tamoxifen is ototoxic when administered in the absence of noise.

4. Discussion
Our study establishes that Tamoxifen potentiates the degree of damage to the cochlea from
noise exposure. We also show that Tamoxifen does not produce any changes in CAP
thresholds and DPOAE levels when administered alone in Mongolian gerbils.

We found CAP threshold elevations in the (T+N) group were significantly different from the
(V+N) group in the lower frequency range (1–7 kHz). But no significant differences in CAP
thresholds were noted between these two groups in the highest frequency range (20–35
kHz). We interpret the latter result with caution, as thresholds in the base of the cochlea are
especially vulnerable to cochlear cooling (Ohlemiller & Siegel, 1992) and damage from
opening up the bulla (Overstreet et al., 2003). These effects could confound the CAP
threshold measurements at higher frequencies, even though care was taken to minimize
these effects. As a result, a strong case for the interpretation that Tamoxifen affects the apex
of the cochlea more than the base cannot be made. Furthermore, CAP thresholds were
significantly increased in the frequency ranges where the effects of the narrow-band noise
were not expected in the (T+N) group, (1–7 KHz) compared to the thresholds in the (T+Q)
group. These results together suggest Tamoxifen administration followed by noise exposure
appears to increase CAP thresholds even in the regions of the cochlea not likely to have
been damaged by the narrow band noise.

The 2f1-f2 DPOAE levels were lower in the (T+N) group compared to the (V+N) group in
the 1–7kHz range of frequencies where effects of noise were not expected, but not
significantly different between the two groups in the f2 = 8–15 kHz range where maximum
threshold differences between these two groups were noted in the CAP measurements (Fig 2
and Table 2). Furthermore DPOAE levels were reduced in the (T+N) group across all
frequencies examined compared to the (T+Q) group (Table 2). Together, these results
suggest: a) One month after noise exposure, 2f1-f2 DPOAE levels for stimulus frequencies
near the center frequency of noise exposure and at frequencies one-half to one octave higher
are decreased; b) Tamoxifen administration followed by noise exposure appears to decrease
DPOAE generation even in the regions of the cochlea not likely to have been damaged by
the narrow band noise.

These results clearly do not support our initial hypothesis that Tamoxifen protects against
noise-induced damage to the cochlea. If Tamoxifen’s action in preventing OHC swelling is
mediated by blocking chloride channels in vitro, then it is not immediately apparent why it
was not protective in vivo during histologically similar OHC swelling after noise exposure.
Perhaps the more complex ionic environment of the cochlea in vivo makes a ready
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extrapolation of the effect noted in vitro difficult. Additional experiments would be needed
to answer these new questions.

The ototoxic effect of Tamoxifen we noted in combination with noise is similar to the action
of drugs such as aminoglycosides and Cisplatin (Boettcher et al., 1987), which have an
additive action on hearing loss with noise exposure. Classical ototoxic drugs have been
shown to be more damaging to the high frequency regions of the cochlea, similar regional
variation of vulnerability of the cochlea to Tamoxifen is not clear from our study. Noise
exposure, by decreasing blood flow (Thorne & Nuttall, 1987) and decreasing oxygenation to
the organ of Corti (Thorne & Nuttall, 1989) increases the metabolic demand across the
entire cochlea. Our evidence of increased CAP thresholds at all frequencies, along with the
absence of an effect on CAP thresholds when Tamoxifen is administered in the absence of
noise exposure, raises the possibility that Tamoxifen has an additive toxic effect in the
presence of noise exposure across the cochlea. This could be accounted by an added
increased metabolic demand and increased vulnerability to mitochondrial bioenergetic
toxicity of Tamoxifen (Custodio et al., 1998; Cruz Silva et al., 2000; Mandlekar & Kong,
2001; Cardoso et al., 2001) in the face of noise.

It is also possible that the ototoxicity of Tamoxifen’s role is mediated by its effect on
estrogen receptors (ER). ERs role in the auditory system has been noted in both male and
female rodents (Charitidi et al., 2009). Understanding the role of ER in the auditory system
is thought to be important for medical uses, including improving hormone replacement
therapy against hearing loss especially in Turners syndrome, aging and following
chemotherapy (Stenberg et al., 2001; Kilicdag et al., 2004; Jenkins et al., 2009). Loss of
hearing in estrogen receptor ER-β knock-out mice indicates that ER-β is important in
maintaining hearing (Simonoska et al., 2009). In the cochlea there is evidence for ER-α
expressing cells in the spiral ganglion (Stenberg et al., 2001), and ER-β expressing cells
nuclei of the inner and outer hair cells (Meltser et al., 2008) and stria vascularis (Stenberg et
al., 2001). Some have also reported co-localization of these receptors in all four structures
above (Motohashi et al., 2010). ER-β agonists have been shown to protect the auditory
system from temporary threshold shift from acoustic trauma in young male and female ER
knockout mice and provide partial protection from ER-α agonists (Meltser et al., 2008).
Tamoxifen’s anti estrogenic effect is primarily mediated by its action on the estrogen
receptor ER-β. It is therefore possible that Tamoxifen could have potentiated noise induced
hearing loss by blocking estrogen’s effects through ER in the inner ear. In addition, long
term blocking of ER by Tamoxifen has been shown to decrease auditory function in young
adult mice (Thompson et al, 2006) raising the possibility that potentiation of noise damage
by Tamoxifen could be contributed to by diminished protective effects of circulating
estrogen. Future studies including histology and immunohistochemistry will be needed to
extend our present results to evaluate if the ototoxic effects described are related or not to
antiestrogenic effects of Tamoxifen and to better understand the loci and mechanisms of
damage from Tamoxifen (including damage to outer hair cells, inner hair cells, stria and
spiral ganglion neurons) as the present study was initially undertaken with a different
hypothesis in mind.

In adult humans both ER-α and –β are present in the adult inner ear (Stenberg et al., 2001).
A reduction in hearing sensitivity due to a decrease in circulating estradiol levels has also
been noted (Strachan, 1996). A study with 143 women concluded that hormone replacement
therapy may have a protective effect against hearing impairment in postmenopausal women
(Hederstierna et al., 2007). Chemotherapy agents in the treatment of breast cancer and
adjuvant endocrine therapies, including selective estrogen receptor modulators like
Tamoxifen maintain a menopause like state with lower estrogen levels. A pilot study of
eight women on chemotherapy for breast cancer including Tamoxifen also suggested
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hearing loss being present in this small group after treatment (Jenkins et al., 2009). More
recently, doses of up to 250 mg/m2 Tamoxifen with oral loading doses of 680 mg/m2 have
been used in Phase I and Phase II clinical trials in cancer therapeutics (Trump et al., 1992;
McClay et al., 2001; Perez et al., 2003). It is therefore possible that Tamoxifen could have
role in influencing hearing loss in humans in some specific contexts.

5. Conclusions
Our result that Tamoxifen potentiates the deleterious effects of noise exposure on
physiological measures of cochlear function in animals could provide future insights useful
in a clinical setting. Tamoxifen when administered in combination with other drugs that
have an additive ototoxic effect with noise exposure (eg: Cisplatin) should be of concern and
warrants further study in the clinical population.

Highlights

• Tamoxifen is a commonly used chemotherapeutic agent against breast cancer.

• We report the ototoxic effect of Tamoxifen on measures of cochlear function.

• Tamoxifen potentiates hearing loss resulting from noise exposure among
Mongolian gerbils.

• No hearing loss was noted when Tamoxifen was administered alone.

Abbreviations

OHC Outer hair cell

CAP Compound action potential

DPOAE Distortion product otoacoustic emission

PTS Permanent threshold shift

ER Estrogen receptor
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Figure 1.
Mean compound action potentials with standard deviations for three groups. Tamoxifen +
Noise (T+N) (n=7), Vehicle + Noise (V+N) (n=6) and No manipulation (Q) (n=6). The
noise regimen was a one-third octave band of noise centered at 8 kHz for 30 minutes at 108
dB SPL. The thresholds were measured one month after exposure. The CAP thresholds in
the range of 8–15 kHz (p< 0.03) and in the 1–7 kHz range (p<0.02) showed a significant
increase in the Tamoxifen injected group (T+N) compared to the vehicle injected (V+N)
group.
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Figure 2.
Mean one-third octave DPOAE level as a function of f2 center frequency for three groups,
Tamoxifen + Noise (T+N) (n=7), Vehicle + Noise (V+N) (n=6), No manipulation (Q) (n=6).
The DPOAE levels for each gerbil were calculated by averaging the DPOAE amplitude in
the 1/3rd octave band around the f2 center frequencies. The mean DPOAE level
corresponding to f2 center frequency was calculated in each group. Standard deviations and
the mean 1/3rd octave noise floor are also depicted. No significant difference was seen in the
DPOAE levels between the (V+N) and (T+N) groups in the (f2=8–20 kHz) frequency range
(see Table 2, for further results).
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Figure 3.
Mean compound action potentials with standard deviations for three groups, Tamoxifen in
Quiet (T+Q) (n=12), Vehicle in Quiet (V+Q) (n=12) and No manipulation (Q) (n=6). The
thresholds were measured one month after Tamoxifen and Vehicle administration. The (T
+Q) group did not have significantly different mean CAP thresholds compared to the (V+Q)
group in the 1–40 kHz frequency range, (p < 0.961).
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Figure 4.
Mean one third octave DPOAE level as a function of f2 center frequency for two groups,
Tamoxifen in Quiet (T+Q) (n=12), Vehicle in Quiet (V+Q) (n=12). The DPOAE levels for
each gerbil were calculated by averaging the DPOAE amplitude in the 1/3rd octave band
around the f2 center frequencies. The mean DPOAE level corresponding to f2 center
frequency was calculated in each group. Standard deviations and the mean 1/3rd octave
noise floor are also depicted. No significant difference was seen in the DPOAE levels
between the (V+Q) and (T+Q) groups in the entire frequency range measured.
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Table 1

Independent samples t test results in CAP threshold levels

1–7 kHz 8–15kHz 25–30kHz

(T+N) vs (V+N)
n=7 vs n=6

p ≤ 0.02* p ≤ 0.03* p ≤ 0.11

(Q) vs (V+N)
n=6 vs n=6

p ≤ 0.08 p≤0.001* p ≤ 0.84

*
Significant
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Table 2

Independent samples t test results in DPOAE levels

1–7 kHz 8–20kHz 25–30kHz

(Q) vs (V+N)
n=6 vs n=6

p ≤ 0.303 p ≤ 0.003* p ≤ 0.004*

(T+N) vs (V+N)
n=7 vs n=6

p ≤ 0.004* p ≤ 0.06 p ≤ 0.08

(T+N) vs (T+Q)
n=7 vs n=12

p ≤ 0.001* p ≤ 0.001* p ≤ 0.03*

*
Significant
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