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METHOD FOR TREATING HEARING LOSS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue; a claim printed with strikethrough 
indicates that the claim was canceled, disclaimed, or held 
invalid by a prior post-patent action or proceeding. 
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055 filed on Jan. 19, 2006. 

GOVERNMENT LICENSE RIGHTS 

This disclosure was made with government Support under 
DC004058 awarded by the National Institutes of Health. The 
government has certain rights in the disclosure. 

BACKGROUND OF THE DISCLOSURE 

1. Field of the Disclosure 
The present disclosure generally relates to method for 

treating hearing loss. More specifically, the method includes 
administering a composition to the mammal, wherein the 
composition consists essentially of a biologically effective 
amount of vitamin A, vitamin E. Vitamin C, a vasodilator 
comprising magnesium, and, optionally, a withanolide, and/ 
or resveratrol. 

2. Description of the Related Art 
Extensive studies have been performed on compositions 

for treating side effects to antibiotic treatment, along with 
methods of treating the side effects using various composi 
tions. Particularly problematic side effects from antibiotic 
treatment include kidney damage, loss of balance, and 
hearing loss attributable to antibiotic treatment Such as 
aminoglycoside or glycopeptide antibiotic treatments. The 
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2 
damaging side effects of many aminoglycoside antibiotics 
were first reported in the 1940s, and the damaging side 
effects have long been an impediment to use of aminogly 
coside antibiotics. Aminoglycoside antibiotics cause perma 
nent deficits in the vestibular system (balance) and irrevers 
ible cell death in the cochlea, resulting in hearing 
impairment. 

While the damaging side effects of aminoglycoside anti 
biotics, in particular, have impeded their use, it has not 
eliminated their use. Aminoglycoside antibiotics are the only 
'standard of treatment” in certain severe gram-negative 
bacterial infections, and the only inexpensive antibiotics that 
are available in developing countries. In the USA and 
European countries where the side effects are well recog 
nized, and where 2" and 3" generation antibiotics are 
substituted wherever possible, side effects such as inner ear 
damage and hearing loss in patients can be minimized 
through careful monitoring of aminoglycoside antibiotic 
treatment. However, in countries in which there are fewer 
alternative drugs and monitoring is less rigorous or non 
existent, side effects associated with aminoglycoside anti 
biotic treatment is more prevalent. 

Notably, HIV death is often driven by tuberculosis as a 
secondary infection to HIV. In developing countries, amino 
glycoside antibiotic treatment is widely used against tuber 
culosis. Given the generally lax monitoring and the high 
incidence of side effects associated with aminoglycoside 
antibiotic treatment in developing countries, poor patient 
compliance in completing proscribed aminoglycoside anti 
biotic treatment is common, contributing to the development 
of drug-resistant strains of tuberculosis. 

Historically, from the first identification of side effects 
Such as hearing loss attributable to aminoglycoside antibi 
otic treatment in the 1940s, research focused on identifica 
tion of the aminoglycoside-induced pathophysiology and 
otohistopathology, the pharmacokinetics of the aminoglyco 
side antibiotics, and methods of monitoring early damage 
and thereby avoiding serious side effects attributable to 
aminoglycoside antibiotic treatment in humans. Mechanistic 
studies of aminoglycoside ototoxicity began in the 1980s. 
Findings that free-radical formation played a role in amino 
glycoside ototoxicity were first indicated by reports of 
efficacy of Some free radical scavengers in reducing ototox 
icity. More direct evidence was uncovered in the mid to late 
1990s of free radical formation by gentamicin (which is one 
type of aminoglycoside antibiotic), while ototoxicity attrib 
utable to aminoglycoside treatment was found to be 
inversely related to glutathione levels (endogenous antioxi 
dant) in inner ear tissues. It has since been shown that 
ototoxicity of aminoglycoside antibiotics could be reduced 
by treatment with some radical scavengers. 

Free radical formation has been shown to play a role in 
many instances of stress-induced cell pathology. High inten 
sity noise has been shown to induce free radical formation. 
For the inner ear, the mechanism by which high intensity 
noise induces cell death in the cochlea and hearing impair 
ment has been shown to be dependent on free radical 
formation. Noise-induced trauma to the inner ear has been 
shown to be inversely related to endogenous levels of 
glutathione in cochlear tissues. 
The parallels between the mechanisms of noise- and 

antibiotic-induced cell death in the inner ear Suggest that 
they share a common cell death pathway such that it is 
natural to speculate that agents found effective to attenuate 
noise-induced hearing loss may be effective to attenuate 
antibiotic-induced hearing loss. However, it is clear from the 
literature that great variability is found in the efficacy of 
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Some of the agents to reduce the damaging side effects of 
aminoglycoside antibiotics. To some extent, the variable 
efficacy may reflect differential mechanisms of action of the 
Scavengers or unique molecular structures of the free radi 
cals formed. Some agents have been tested for efficacy 
against noise-induced hearing loss (NIHL) and their relative 
efficacy has been found to differ from their relative efficacy 
for drug-induced hearing loss. For example, allopurinol is 
ineffective in reducing gentamicin-induced ototoxicity, but 
is effective in reducing noise-induced hearing loss. Given 
Such observations (and other similar ones in literature), there 
is no substantial basis for believing that a formulation for 
treating noise-induced hearing loss will be effective to treat 
antibiotic-induced hearing loss and other side effects of 
antibiotic treatment. 

In view of the foregoing, there remains further opportu 
nities to develop effective methods of treating side effects of 
antibiotic treatment, including antibiotic-induced hearing 
loss, kidney damage, and loss of balance, the methods 
including the step of administering a composition that 
includes a specific combination of components, in biologi 
cally effective amounts, in conjunction with administration 
of antibiotics that are capable of causing side effects such as 
hearing loss in mammals. 

There is also an opportunity to provide a composition and 
a method of treating hearing loss including the step of 
administering the composition that includes a specific com 
bination of components having an additive effect that is 
equal to or greater than the sum of the effect of the individual 
components in treating hearing loss when used in biologi 
cally effective amounts. 

SUMMARY OF THE DISCLOSURE 

The subject disclosure provides a method of treating 
hearing loss includes the step administering a composition to 
the mammal, wherein the composition consists essentially of 
a biologically effective amount of vitamin A, vitamin E, 
Vitamin C, a vasodilator comprising magnesium, and, 
optionally, a withanolide, and/or resveratrol. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages of the present disclosure will be readily 
appreciated, as the same becomes better understood by 
reference to the following detailed description when con 
sidered in connection with the accompanying drawings 
wherein: 

FIG. 1 is a graph showing the effect of a Comparative 
Example of a composition used to treat hearing loss includ 
ing TroloxR (vitamin E) and betahistine on reduction of a 
threshold shift in guinea pigs from baseline threshold sen 
sitivity at 4, 8, and 16 kHz after exposure to 120 decibel SPL 
Octave Band Noise centered at 4 kHz for five hours; 

FIG. 2 is a graph showing the effect of treatment in 
accordance with the instant disclosure using a composition 
including vitamins A, C, and E and magnesium, and com 
parative examples of treatments using compositions that 
include only some of those components, on average reduc 
tion of a threshold shift in guinea pigs from baseline 
threshold sensitivity at 4, 8, and 16 kHz after exposure to 
120 decibel SPL Octave Band Noise centered at 4 kHz for 
five hours; 

FIG. 3 is a graph showing the effect of treatment in 
accordance with the instant disclosure using the composition 
of the Subject disclosure and treatments using Comparative 
Examples of compositions of FIG. 2 on an amount of 
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4 
missing hair cells in the region of the cochlea that is most 
damaged after the noise exposure specified above for FIG. 
2: 

FIG. 4 is a graph showing the effect of treatment in 
accordance with the instant disclosure using the composition 
including vitamins A, C, and E and magnesium and treat 
ments using Comparative Examples of compositions of FIG. 
2 on an amount of missing hair cells in the whole cochlea 
after the noise exposure specified above for FIG. 2; 

FIG. 5 is a graph showing the effect of treatment of side 
effects of antibiotic treatment, as a measurement of percent 
age of outer hair cells and inner hair cells lost in guinea pigs, 
when the composition including vitamins A, C, and E and 
magnesium is administered in conjunction with administra 
tion of aminoglycoside antibiotics in accordance with the 
method of the subject disclosure versus a control in which 
aminoglycoside antibiotic is administered alone; 

FIG. 6 is a graph showing a mean threshold shift of 
hearing loss in guinea pigs treated with an inventive com 
position consisting essentially of Vitamin A, vitamin C, 
Vitamin E, and magnesium, and treated with comparative 
compositions including i) saline, ii) magnesium, iii) Vita 
mins A, C, and E, iv) creatine, V) vitamin A, vitamin C, 
Vitamin E, magnesium, and creatine, and vi) vitamin A, 
Vitamin C, Vitamin E, magnesium, creatine, and salicylate, 
where the mean threshold shift is measured at baseline 
threshold sensitivities of 4, 8, and 16 kHz after exposure to 
120 decibel SPL Octave Band Noise centered at 4 kHz for 
five hours; and 

FIG. 7 is a graph showing side effects of treatment of the 
guinea pigs by an inventive composition consisting essen 
tially of vitamin A, vitamin C, Vitamin E, and magnesium, 
and by comparative compositions including i) saline, ii) 
magnesium, iii) Vitamins A, C, and E, iv) creatine, V) 
Vitamin A, vitamin C, Vitamin E, magnesium, and creatine, 
and vi) vitamin A, vitamin C, Vitamin E, magnesium, 
creatine, and salicylate, the side effects of the treatment 
being a measurement of percentage of outer hair cells lost in 
the guinea pig in the whole cochlea and in the trauma region 
after the noise exposure. 

FIG. 8a is a line graph that shows the average body weight 
the mice in each of the experimental groups, those on the 
control diet and those on the ACEMg enhanced diet of the 
Examples. 

FIG. 8b is a line graph that shows the body weights of the 
mice on the ACEMg diet of the Examples; 

FIG. 8c is a line graph that shows the body weights of the 
mice on the control diet of the Examples. 

FIG. 9 is a bar graph that shows the ABR thresholds for 
12 kHz and 16 kHz at the start of the study, prior to the 
beginning of the special diets and 12 weeks following the 
start of each diet, just prior to sacrifice of the animals of the 
Examples. 

FIG. 10 is a bar graph that shows the mean change in ABR 
thresholds from baseline to termination (12 weeks post diet) 
for the control and ACEMg enhanced groups at 12 k and 16 
kHz of the Examples. 

FIG. 11a is a bar graph that shows the ABR mean and 
SEM for thresholds at baseline and 12 weeks following the 
start of diet for the ACEMg group at 12 k and 16 kHz test 
frequencies of the Examples. 

FIG. 11b is a bar graph that shows the ABR mean and 
SEM for thresholds at baseline and 12 weeks following the 
start of diet for the control group at 12 k and 16 kHz test 
frequencies of the Examples. 
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FIG. 12 is a high magnification (40x) image of the apex 
of the cochlea from a CX26 mouse at 16 weeks of age (12 
weeks on diet) from the control group of the Examples. 

FIG.13a is a high magnification (40x) image of the organ 
of Corti from a mid apical site from an animal of the 
Examples, wherein the organ of Corti is essentially intact, 
with only 2 missing outer hair cells, which is consistent with 
a normal mouse ear. 

FIG. 13b is a high magnification (40x) image of the organ 
of Corti from an upper basal turn site from an animal of the 
Examples, with occasional missing outer hair cells. 

FIG. 13c is a low magnification (10x) image of surface 
preparation of another organ of Corti of a CX26 mouse on 
ACEMg diet of the Examples. 

FIG. 14 is a bar graph shows the difference in surviving 
outer and inner hair cells (OHC and IHC, respectively) in the 
control and ACEMg treated CX26 mice of the Examples 
over a region from 1.0 mm to 2.5 mm of the organ of Corti 
from the apex of the cochlea. 

FIGS. 15-18 are tables that set forth the results of the 
statistical analysis of the Examples. These tables include the 
mean ABR thresholds CX26 mice in the Control Group at 
baseline and 12 weeks post diet for each test frequency no 
significant difference, the similar analysis for the ACEMg 
Group significant difference found, analysis of the differ 
ence in baseline mean thresholds for the Control and 
ACEMg groups at each test frequency significant difference 
observed and analysis of the mean threshold shifts observed 
in the ACEMg group VS the control group at each test 
frequency highly significant difference observed. 

FIGS. 19 and 20 are tables that set forth the results of 
statistical analysis for the Surviving inner and outer hair cells 
in the CX26 mice in the Control Group vs the ACEMg 
treated group of the Examples. 

FIG. 21A is an audiogram showing speech reception 
thresholds of Right 45 dB and Left 45 dB of the human 
Subject of the Examples at approximately 4.5 years of age; 

FIG. 21B is an audiogram showing speech reception 
thresholds of Right 75 dB and Left 70 dB of the human 
Subject of the Examples, before treatment, at approximately 
9 years of age; 

FIG. 21C is an audiogram showing speech reception 
thresholds of Right 65 dB and Left 65 dB of the human 
Subject of the Examples, after treatment, at approximately 11 
years of age; 

FIG. 21D is an audiometric chart setting forth hearing 
thresholds of right and left ears of the human subject of the 
Examples and includes a box that shows the interval of 
ACEMg administration. 

DETAILED DESCRIPTION 

A composition for treating hearing loss includes compo 
nents that may function through different biological mecha 
nisms to provide an additive effect that is equal to or greater 
than a sum of the effect of the individual components. The 
composition is typically used for treating hearing loss result 
ing from trauma to an inner ear of a mammal. The trauma 
may be further defined as mechanically-induced metabolic 
trauma, mechanical/metabolic trauma, stress trauma, stress 
induced damage, or environmental stress. However, it is also 
possible that the composition may also be used to treat or 
prevent other types of hearing loss, including, for example, 
age-related hearing loss, antibiotic-induced hearing loss, and 
chemotherapeutic-induced hearing loss. The composition 
may further be used to prevent hearing loss during restora 
tion Surgery performed on the inner ear. 
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6 
Further, a method in accordance with the instant disclo 

Sure includes the step of administering a composition to a 
mammal that includes components that function through 
different biological mechanisms. The composition is typi 
cally used for treating hearing loss resulting from trauma to 
the inner ear of a mammal. However, as described in further 
detail below, the composition can be administered in con 
junction with administration of an antibiotic and can be used 
to treat various side effects of the antibiotic treatment. The 
trauma to the inner ear of the mammal may be further 
defined as mechanically-induced metabolic trauma, 
mechanical/metabolic trauma, stress trauma, stress-induced 
damage, or environmental stress. In the context of the instant 
disclosure, the composition is used to treat or prevent side 
effects of antibiotic treatment including antibiotic-induced 
hearing loss. The composition may further be used to 
prevent hearing loss during restoration Surgery performed on 
the inner ear. 

It has been found that one result of noise trauma, or other 
stressors such as age and drugs such as antibiotics as set 
forth above, is that free radicals form in association with 
metabolic trauma. The free radicals damage sensitive struc 
tures, such as hair cells, within the ear. Vasoconstriction also 
occurs as a result of the noise, which leads to decreased 
blood flow to the inner ear and causes cell death that results 
in hearing loss. It has been found that the underlying cause 
of vasoconstriction is noise-induced free radical formation. 
Specifically, one of the molecules formed in the inner ear as 
a result of the presence of free radicals is 8-isoprostane-2F 
alpha, which is a bioactive agent. The bioactive agent 
induces a constriction of blood vessels in the inner ear, 
which causes a reduction in blood flow. In order to coun 
teract the free radical formation and the vasoconstriction, the 
composition of the Subject disclosure includes at least one 
Scavenger of singlet oxygen, a donor antioxidant, a third 
antioxidant, and a vasodilator. Unexpectedly, it was found 
that the composition including the at least one scavenger of 
singlet oxygen, the donor antioxidant, the third antioxidant, 
and the vasodilator produce an additive effect that is not only 
greater than the effect of any one of those components alone, 
but at least equal to or greater than a Sum of the effects of 
each of the components when used to treat noise-induced 
hearing loss. Similar effectiveness has also been found when 
the composition is used to treat side effects of antibiotic 
treatment including antibiotic-induced hearing loss. 

It is believed that genetic hearing disorders may be 
dependent upon a defect in a single gene leading to hearing 
impairment or deafness (e.g. nonsyndromic hearing loss, 
approximately 70% of inherited childhood deafness). Alter 
natively, hearing loss may be dependent upon mutations in 
more than one gene and may be associated with other 
inherited clinical disorders (e.g. syndromic). 
The most common syndromal deafness, accounting for as 

much as 10% of all hereditary hearing loss, is Pendred 
syndrome, which has been localized to chromosome 7q31 
containing the SLC26A4 gene. The most common nonsyn 
dromic hearing loss is based on a defect in the Connexin 26 
(CX26) protein. Approximately 100 specific Connexin 26 
mutations have been identified, together accounting for 
approximately 50% of recessively inherited nonsyndromic 
hearing impairment. 
More specifically, mutations in the gene encoding Con 

nexin 26 can cause hearing loss that is typically stable, but 
may be progressive. Connexins are transmembrane proteins, 
expressed in non-sensory cells of the inner ear that create 
intercellular channels between adjoining plasma membranes 
of adjacent cells, with a small (2-3 nm) gap between each 
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protein (gap junction). The reason for progression of hearing 
loss is unknown, but may involve common pathways for 
otologic insults causing hearing loss. Theoretically, the loss 
of Connexin 26 reduces the ability of supporting cells to 
shuttle metabolic products involved in sound transduction. 5 
This change tends to increase the oxidative stress for hair 
cells and supporting cells, both of which die in Connexin 26 
deafness. 

Alternatively, or additionally, the hearing loss may reflect 
a defect in the gap junction beta 2 (GJB2) gene resulting in 10 
flawed gene copies which mis-instructs production of the 
Connexin 26 protein. This typically results in disruption of 
the potassium metabolism, distribution and movement in the 
inner ear and particularly in the Supporting cells, and a 
disruption of cellular homeostasis in these cells, frequently 15 
leading to cell death. 

Since potassium homeostasis in the inner ear and health of 
Supporting cells is typically important for normal function of 
the sensory cells of the inner ear (hair cells), any disruption 
tends to result in hearing impairment. In one example, 20 
mouse models of the Connexin 26 defect show early wide 
spread degeneration of both inner and outer hair cells, 
presumably secondary to the Supporting cell gap junction 
defect. In humans, hearing impairment may begin sometime 
following birth and progress until profound deafness occurs. 25 
However, the gene defect may be expressed as mild to 
moderate hearing impairment. 
More specifically, one or more defects in the Connexin 26 

gene may lead to disruption of potassium homeostasis in an 
inner ear of a mammal. Potassium homeostasis may regulate 30 
apoptosis such that connexin-driven disruption of inner ear 
potassium homeostasis may lead to increase production of 
free radicals by mitochondria directly leading to upregula 
tion of apoptotic cell death pathways as well as Support 
direct potassium induced cytochrome c release and apopto- 35 
sis. Potassium channels Kv1.3, mitochondrial Ca" regu 
lated potassium channel, mitoBKCa, and mitochondrial 
ATP-regulated potassium channel mitoKATP have been 
demonstrated in mitochondrial membranes. Mitochondrial 
potassium channels effect energy production by the mito- 40 
chondrion. In addition, there may be a direct dependence of 
free radical formation on potassium channel function during 
the respiratory chain in mitochondrial function. Moreover, 
increased mitochondrial K+ influx may result in release of 
cytochrome c and caspase-3 followed by apoptosis. These 45 
events could be blocked by bcl-2, which upregulated the 
mitochondrial K/H-exchanger, leading to increased removal 
of K. In addition, Bcl-2 and tBid proteins may counter 
regulate mitochondrial potassium transport. 

Antioxidants act through a variety of mechanisms. The at 50 
least one scavenger of singlet oxygen and the donor anti 
oxidant are two different classes of antioxidants that act 
through different mechanisms. The third antioxidant, while 
typically a scavenger of singlet oxygen, may be a different 
antioxidant that acts through a different mechanism. Scav- 55 
engers of singlet oxygen reduce free radicals that contribute 
to hearing loss and other side effects of antibiotic treatment 
Such as kidney damage and loss of balance. More specifi 
cally, by reducing free radicals, the Scavengers of singlet 
oxygen prevent, among other damaging effects, the singlet 60 
oxygen from reacting with lipids to form lipid hydroperoX 
ides. Lipid hydroperoxides play a role in causing hearing 
loss. 

Even within the class of scavengers of singlet oxygen, it 
is believed that various antioxidants react at different sites 65 
within the body, and in particular, within cells to attenuate 
free radical formation. For example, one of the scavengers 

8 
of singlet oxygen is typically vitamin A. In various non 
limiting embodiments described herein, the terminology 
Vitamin A and beta-carotene may be used interchangeably. 
However, these embodiments in no way limit this disclosure. 
Vitamin A is a generic term that captures a number of 
molecules with a biological activity of retinol or carote 
noids. Primary dietary forms of vitamin A/retinol include 
retinol esters and beta-carotene. The beta-carotene is made 
up of a polyene chain of 11 conjugated double bonds with 
methyl branches spaced along the polyene chain, capped at 
both ends by cyclohexenyl rings with 1, 1.5-trimethyl sub 
stitution. Other forms of vitamin A include Xanxthophylls, 
astaxanthin, canthKanxin, lutein, and Zeaxanthin, which 
include a backbone of beta-carotene with hydroxyl and/or 
carbonyl substitution on one or more of the cyclohexenyl 
rings. For purposes of the Subject disclosure, the vitamin A 
is typically present as beta-carotene. Beta-carotene is a 
powerful scavenger of singlet oxygen, as well as nitric oxide 
and peroxynitrite, and may also scavenge lipid peroxyl 
radicals within a lipophilic compartment of a mitochondrial 
membrane. Beta-carotene is an excellent Scavenger of free 
radicals under normal physiological conditions present in 
most tissues. 

In addition to vitamin A, other scavengers of singlet 
oxygen may also be present in the composition of the Subject 
disclosure. For example, another scavenger of singlet oxy 
gen that may be present is resveratrol. Resveratrol is more 
efficient at Scavenging hydroxyl radicals than vitamin C, and 
the addition of resveratrol to the vitamins A may have 
additive effects. The use of resveratrol in combination with 
other antioxidants (but not vitamins A, C, or E, and not the 
vasodilator magnesium or any other vasodilating substance), 
is known in the art to reduce age-related hearing loss. 
The at least one scavenger of singlet oxygen is present in 

the composition in a biologically effective amount. For 
purposes of the subject disclosure, the biologically effective 
amount is further defined as an amount that is sufficient to 
produce an additive effect in a reduction in threshold shift 
when used in combination with other antioxidants and the 
magnesium. Additive effect, as used herein, refers to an 
effect that is equal to or greater than a sum of the effects of 
the individual components. In order to produce additive 
effect and the reduction in threshold shift, the at least one 
Scavenger of singlet oxygen is typically present in the 
composition in a total amount of at least 830 international 
units (IU), more typically from 830 to 120,000 IU, most 
typically from about 2,100 to 70,000 IU for an adult dosage. 
The amount of the vitamin A present in the composition 

is dependent upon the form of vitamin A that is used. For 
example, in one embodiment, vitamin A is present as retinol 
in an amount of at least 830 IU, more typically from 830 to 
10,000 IU, more typically from 2,100 to 10,000 IU, most 
typically from 2,100 to 8,000 IU. As known in the art, a 
conversion of IU to weight for vitamin A (as retinol) is 3.33 
IU/g. Thus, at least 830 international units (IU) of vitamin 
A (as retinol) is equivalent to at least 0.25 mg of vitamin A, 
from 830 to 10,000 IU of vitamin A (as retinol) is equivalent 
to from 0.25 to 3 mg of vitamin A, and from 2,100 to 8,000 
IU of vitamin A (as retinol) is equivalent to from 0.63 to 2.4 
mg vitamin A. 

Alternatively, the vitamin A may be present in the com 
position as beta-carotene, as opposed to retinol. The retinol 
activity equivalents (RAE) for retinol conversion to beta 
carotene, which is a pro-Vitamin Acarotenoid, is 1 mg to 12 
mg. In terms of conversion of the amounts set forth above 
for the vitamin A present in the composition as retinol to the 
Vitamin A present in the composition as beta-carotene, in one 
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example, a total amount of at least 3.0 mg or at least 830 
international units (IU) of vitamin A as beta-carotene, more 
typically from 3.0 to 180 mg or 830 to 50,000 IU vitamin A 
as beta-carotene, most typically from about 7.2 to 108 mg or 
2000 to 30,000 IU of vitamin A as beta-carotene is typically 5 
present for an adult dosage. In another example, a total 
amount of at least 3.0 mg or at least 10,000 international 
units (IU) of vitamin Aas beta-carotene, more typically from 
3.0 to 36 mg or 10,000 to 120,000 IU vitamin A as 
beta-carotene, most typically from about 7.5 to 21 mg or 10 
25,000 to 70,000 IU of vitamin A as beta-caroteine is 
typically present for an adult dosage. 

Specific amounts of the vitamin A present in the compo 
sition may be dependent on the body weight of the mammal. 
In one specific example, the amount of vitamin A present as 15 
retinol in the composition is about 0.0178 mg/kg body 
weight. Thus, for an average human weighing about 70 kg, 
the amount of vitamin A present as retinol in the composition 
may be about 1.25 mg. If the vitamin A is in the form of 
beta-carotene, in one example, the beta carotene in the 20 
composition is about 0.257 mg/kg body weight may be 
present in an amount of about 18 mg. In another example, 
the beta-carotene in the composition may be about in an 
amount of about 15 mg. 

It is to be appreciated that, when additional scavengers of 25 
singlet oxygen Such as resveratrol are present in the com 
position in addition to vitamin A, the total amount of 
Scavengers of singlet oxygen may be greater than the ranges 
set forth above for the at least one Scavenger of singlet 
oxygen, so long as at least one scavenger of singlet oxygen 30 
is present in the amounts set forth above. In addition, other 
scavengers of singlet oxygen may be used in place of 
Vitamin A, so long as the amount of the at least one 
Scavenger of singlet oxygen is present within the amounts 
set forth above. When present, the resveratrol is typically 35 
included in the composition in an amount of at least 1 mg, 
more typically in an amount of from 10 mg to 1500 mg, most 
typically in an amount of from 15 mg to 1000 mg. 

Whereas the at least one Scavenger of singlet oxygen 
prevents the initial formation of lipid peroxides, the donor 40 
antioxidant reduces peroxyl radicals and inhibits propaga 
tion of lipid peroxidation that contributes to hearing loss. 
More specifically, the donor antioxidant reacts with and 
reduces peroxyl radicals and thus serves a chain-breaking 
function to inhibit propagation of lipid peroxidation. As is 45 
evident from the chain-breaking function of the donor 
antioxidant in lipid peroxidation, the donor antioxidant 
functions within cell membranes. A specific donor antioxi 
dant that is contemplated for use in the composition of the 
subject disclosure is vitamin E. Vitamin E is a generic term 50 
for all tocols and tocotrienol derivatives with a biological 
activity of alpha-tocopherol. Primary dietary forms of vita 
min E include vitamin E itself and alpha-tocopherol. 
TroloX(R), a water-soluble analogue of alpha-tocopheral com 
mercially available from Hoffman-Laroche, Ltd. of Basel, 55 
Switzerland, is a research agent that is typically used as a 
source of vitamin E. 
The donor antioxidant is typically present in the compo 

sition, for example, in an amount of at least 75 IU, more 
typically from 75 IU to 2,000 IU, more typically from 150 60 
to 1,500 IU, most typically from 150 IU to 800 IU. In 
another example, the donor antioxidant is present in the 
composition in an amount of at least 75 IU, more typically 
from 75 IU to 1,500 IU, most typically from 150 IU to 800 
IU. As known in the art, a conversion of IU to weight for 65 
synthetic vitamin E is 0.66 mg/IU and for natural vitamin E 
is 0.45 mg/IU. Thus, when the donor antioxidant is synthetic 
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vitamin E, in on example, at least 75 IU of vitamin E is 
equivalent to at least 50 mg of vitamin E, from 75 to 2,000 
IU of synthetic vitamin E is equivalent to from 50 to 1,320 
mg of vitamin E, from 150 to 1,500 IU of synthetic vitamin 
E is equivalent to from 100 to 1,000 mg of vitamin E, and 
from 150 to 800 IU of synthetic vitamin E is equivalent to 
from 100 to 536 mg of vitamin E. In another example, when 
the donor antioxidant is vitamin E, at least 75 IU of vitamin 
E is equivalent to at least 50 mg of vitamin E, from 75 to 
1500 IU of vitamin E is equivalent to from 50 to 1000 mg 
of vitamin E, and from 150 to 800 IU of vitamin E is 
equivalent to from 150 to 600 mg of vitamin E. As with the 
amount and type of vitamin A, specific amounts of the 
Vitamin E present in the composition may be dependent on 
the body weight of the mammal. In one specific example, the 
amount of synthetic vitamin E present in the composition is 
about 3.8 mg/kg body weight. Thus, for an average human 
weighing about 70 kg, the amount of vitamin E present in the 
composition may be about 266 mg. In another specific 
example, the amount of synthetic or natural vitamin E 
present in the composition is about 2.6 mg/kg body weight. 
Thus, for an average human weighing about 70 kg, the 
amount of vitamin E present in the composition may be 
about 182 mg. 

In addition to the at least one Scavenger of singlet oxygen 
and the donor antioxidant, the composition further includes 
the third antioxidant. While the third antioxidant may be a 
Scavenger of singlet oxygen, the third antioxidant may also 
be an antioxidant that functions through a different mecha 
nism. When the third antioxidant is a Scavenger of singlet 
oxygen, the at least one scavenger of singlet oxygen is still 
present in the composition as a separate component from the 
third antioxidant, and is still present in the composition in 
the amounts set forth above for the at least one scavenger of 
singlet oxygen. As a result of the third antioxidant being 
another Scavenger of singlet oxygen, the resulting compo 
sition would have at least two scavengers of singlet oxygen. 
The third antioxidant is typically vitamin C, which is a 

Scavenger of singlet oxygen and reactive nitrogen species. It 
is to be appreciated that, although the third antioxidant is 
typically vitamin C, other antioxidants may be used in place 
of the vitamin C, and the other antioxidants may function 
through different mechanisms than vitamin C. The term 
Vitamin C applies to Substances that possess antiscorbutic 
activity and includes two compounds and their salts: 
L-ascorbic acid (commonly called ascorbic acid) and L-de 
hydroascorbic acid. In addition to being known as ascorbic 
acid and L-ascorbic acid, vitamin C is also known as 
2,3-didehydro-L-threo-hexano-1,4-lactone, 3-oxo-L-gulo 
furanolactone, L-threo-hex-2-enonic acid gamma-lactone, 
L-3 -keto-threo-hexuronic acid lactone, L-Xylo-ascorbic 
acid and antiscorbutic vitamin. Vitamin C is known to 
Scavenge both reactive oxygen species and reactive nitrogen 
species. It can be oxidized by most reactive oxygen and 
nitrogen species, including Superoxide, hydroxyl, peroxyl 
and nitroxide radicals, as well as such non-radical reactive 
species as singlet oxygen, peroxynitrite and hypochlorite. 
Vitamin C thus inhibits lipid peroxidation, oxidative DNA 
damage, and oxidative protein damage. 

In contrast to vitamin A, which functions best under 
conditions present in most tissues, water-soluble vitamin C 
is an excellent free radical scavenger in an aqueous phase to 
thus reduce free radicals at a site different from that of 
Vitamin A. More specifically, ascorbic acid functions to 
reduce free radicals in fluid. Such as in cytoplasmic fluid 
and/or blood, before the free radicals reach cell membranes. 
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The third antioxidant is typically present, for example, in 
an amount of at least 4,000 IU, more typically from 4,000 to 
60,000, more typically from 8,000 to 40,000 IU, most 
typically from 8,000 to 20,000 IU. In another example, the 
third antioxidant is typically present in an amount of at least 
4,000 IU, more typically from 6,000 to 40,000 IU, and most 
typically from 8,000 to 20,000 IU. Using vitamin C as an 
example for converting IU to weight units for the third 
antioxidant, as known in the art, a conversion of IU to 

12 
E. and the third antioxidant is vitamin C for purposes of 
treating noise-induced hearing loss. Similar excellent effec 
tiveness has also been found when the composition is used 
to treat side effects of antibiotic treatment including antibi 
otic-induced hearing loss. The additive effect referred to 
above is greater than not only the most efficacious of the 
components for treating hearing loss, but typically greater 
than the sum of the effects of each of the components for 
treating hearing loss. While vasodilators other than those 

weight for vitamin C is 0.05 mg/IU. Thus, at least 4,000 IU 10 including magnesium are envisioned for purposes of the 
of vitamin C is equivalent to at least 200 mg of vitamin C, present disclosure, additive effects are not observed with all 
from 6,000 to 60,000 IU of vitamin C is equivalent to from vasodilators. For example, betahistine, which is another 
300 to 3,000 mg vitamin C, from 6,000 to 40,000 IU of known vasodilator, does not exhibit an additive effect as is 
vitamin C is equivalent to from 300 to 2,000 mg, from 8,000 evident from FIG. 1. Specific effects of the composition of 
to 40,000 IU of vitamin C is equivalent to from 400 to 2,000 15 the subject disclosure on treating noise-induced hearing loss 
mg vitamin C, and from 8,000 to 20,000 IU vitamin C is and side effects of antibiotic treatment are described in 
equivalent to from 400 to 1,000 mg vitamin C. As with further detail below. 
vitamins A and E, specific amounts of the vitamin C or other The vasodilator including magnesium typically includes a 
third antioxidant present in the composition may be depen- magnesium salt or magnesium salt complex and, more 
dent on the body weight of the mammal. In one specific 20 specifically, magnesium Sulfate or magnesium citrate. Other 
example, the amount of vitamin C present in the composi- vasodilators including magnesium that may be suitable for 
tion is about 7.14 mg/kg body weight. Thus, for an average purposes of the Subject disclosure include: magnesium 
human weighing about 70 kg, the amount of vitamin C acetate, magnesium aspartate, magnesium carbonate, mag 
present in the composition may be about 500 mg. nesium chloride, magnesium fumarate, magnesium glucon 
As set forth above, the composition further includes a 25 ate, magnesium glycinate, magnesium hydroxide, magne 

vasodilator. Typically, the vasodilator includes magnesium; sium lactate, magnesium oxide, magnesium salicylate, 
however, the vasodilator, for purposes of the subject disclo- magnesium Stearate, and magnesium Sulfate. Other repre 
Sure, may include other vasodilators in place of or in sentative salts include but are not limited to; hydrobromide, 
addition to magnesium, in place of or in addition to those hydrochloride, bisulfate, nitrate, arginate, ascorbate, oxalate, 
including magnesium, or may include only magnesium or 30 Valerate, oleate, palmitate, laurate, borate, benzoate, phos 
only magnesium-containing compounds. Vasodilators are phate, tosylate, maleate, fumarate. Succinate, taurate, tar 
known in the art for use in preventing hearing loss. Vaso- trate, naphthylate, mesylate, glucoheptonate, lactobionate 
dilators including magnesium prevent decreases in cochlear and laurylsulphonate salts. 
blood flow and oxygenation via biochemical mechanisms Typically, the vasodilator is present in the composition in 
involving changes in calcium concentration and prostaglan- 35 an amount of at least 50 mg. For example, when the 
dins. Deficient cochlear blood flow and lack of oxygenation vasodilator is magnesium, the magnesium is typically pres 
are factors that contribute to hearing loss by causing cell ent in an amount of from 50 to 450 mg, most typically from 
death in sensitive hair cells within a cochlea of the ear. 100 to 350 mg. As with vitamins A, C, and E, specific 
Vasodilators including magnesium have also been found to amounts of the vasodilator present in the composition may 
improve the efficacy of immunosuppressant therapy or car- 40 be dependent on the body weight of the mammal. In one 
bogen inhalation therapy in recovery from Sudden hearing specific example, the amount of the vasodilator including 
loss. Furthermore, it has been found that magnesium defi- magnesium present in the composition is about 4.46 mg/kg 
ciency leads to increased calcium channel permeability and body weight. Thus, for an average human weighing about 70 
greater influx of calcium into cochlear hair cells, increased kg, the amount of the vasodilator including magnesium 
glutamate release, and auditory nerve excitotoxicity, each of 45 present in the composition may be about 312 mg. In another 
which play a role in health of the inner ear. Although the example, the amount of the vasodilator including magne 
vasodilators are known in the art for treating hearing loss, sium present in the composition is about 2.14 mg/kg body 
the vasodilators, especially those including magnesium, weight. Thus, for an average human weighing about 70 kg, 
exhibit an unexpected additive effect when combined with the amount of the vasodilator including magnesium present 
the biologically effective amounts of the at least one scav- 50 in the composition may be about 150 mg. 
enger of singlet oxygen, the donorantioxidant, and the third Non-limiting examples of amounts of the typical compo 
antioxidant, especially when the at least one scavenger of nents included in the composition, along with more and most 
singlet oxygen is vitamin A, the donor antioxidant is vitamin typical amounts, are summarized in Table 1 below. 

TABLE 1. 

Typical 
More Typical Most Typical Dosage, mg/kg 

Component Amount Amount Amount body weight 

Vitamin A >830 IU 830-10,000 IU 2100-8,000 IU 0.0178 mg/kg 
Vitamin A >830 IU 830-50,000 IU 2,000-30,000 IU 0.257 mg/kg 
As beta 
caroteine 

Vitamin C >4,000 IU 4,000-60,000 IU 8,000-20,000 IU 7.14 mg/kg 
Vitamin E efS IU 75-2000 IU 150-800 IU 3.8 mg/kg 

(synthetic) 
Magnesium e50 mg 50-450 mg 100-350 mg 4.46 mg/kg 
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With respect to Table 1, the amounts specified for the 
antioxidants and the vasodilator correlate, in terms of bio 
logical effectiveness, to amounts used for humans. Further 
more, it is to be appreciated that the biologically effective 
amounts of the antioxidants and vasodilator may be lower 
within the above ranges for children than for the average 
human, based on lower US recommended daily allowances 
and maximum intake levels for children. This is evident 
based on the typical dosages in Table 1 based on mg/kg. 

5 

14 
It is also to be appreciated that, even if additional com 

ponents are present in the composition that could interfere 
with the mechanisms by which the at least one Scavenger of 
singlet oxygen, the donor antioxidant, the third antioxidant, 
and the vasodilator function, the composition described 
above is still effective for purposes of treating side effects of 
the antibiotic treatment. As one example, and as described in 
further detail below, the composition including the at least 
one Scavenger of singlet oxygen, the donor antioxidant, the 

Other non-limiting examples of amounts of the typical 10 third antioxidant, and the vasodilator is still effective for 
components included in the composition, along with more treating hearing loss and other side effects of antibiotic 
and most typical amounts, are Summarized in Table 2 below. treatment when administered in conjunction with aminogly 

TABLE 2 

Typical 
More Typical Most Typical Dosage, mg/kg 

Component Amount Amount Amount body weight 

Vitamin A e830 IU 830-120,000 IU 2,100-70,000 IU 
Vitamin A e830 IU 830-50,000 IU 2,100-5,900 IU 0.0178 mg/kg 
As Retinol 
Vitamin A >10,000 IU 10,000-120,000 IU 25,000-70,000 IU 0.214 mg/kg 
As beta 
caroteine 

Vitamin C >4,000 IU 6,000-40,000 IU 8,000-20,000 IU 7.14 mg/kg 
Vitamin E efS IU 75-1,500 IU 150-800 IU 2.6 mg/kg 
Magnesium e50 mg 50-450 mg 100-350 mg 2.14 mg/kg 

With respect to Table 2, the amounts specified for the 
antioxidants and the vasodilator correlate, in terms of bio 
logical effectiveness, to amounts used in animal studies on 
guinea pigs. Furthermore, it is to be appreciated that the 
biologically effective amounts of the antioxidants and vaso 
dilator may be lower within the above ranges for children 
than for the average human, based on lower U.S. recom 
mended daily allowances and maximum intake levels for 
children. This is evident based on the typical dosages in 
Table 2 based on mg/kg. 

In addition to the antioxidants and vasodilator, other 
components may also be present in the composition for 
treating hearing loss, as well as for treating the side effects 
of the antibiotic treatment. For example, in one embodiment, 
the composition further includes a withanolide. Withano 
lides have been Suggested for use in anti-inflammatory, 
anti-tumor, cytotoxic, and immunological applications. One 
example of a specific withanolide that may be included in 
the composition of the subject disclosure is the withanolide 
extracted from day 111y plants. The extract is a powerful 
natural antioxidant which may be effective in preventing cell 
death in the inner ear by interrupting the cell-death pathway 
initiated by deafferentation of the auditory nerve. When 
included in the composition, the withanolide may be present 
in an amount of at least 10 ppm, more typically from 10 to 
1000 ppm. Additional components, besides withanolides, 
can also be included. Typically, the composition is free of 
components that interfere with the biological mechanisms 
through which the at least one Scavenger of singlet oxygen, 
the donor antioxidant, the third antioxidant, and the vaso 
dilator function. The composition is also typically free of 
additional components that could degrade or neutralize the 
at least one Scavenger of singlet oxygen, the donor antioxi 
dant, the third antioxidant, and the vasodilator function 
when mixed therewith prior to internally administering the 
composition to the mammal. Those of skill in the art can 
readily identify Such components in view of the mechanisms 
by which the individual components in the composition 
function as set forth above (e.g., components that cause 
vasoconstriction, various oxidizing agents, etc.). 

30 

35 

40 

45 

50 

55 

60 

65 

coside antibiotics (as made clear with reference to FIG. 5). 
This is true even though aminoglycoside antibiotics, them 
selves, are responsible for causing hearing loss and other 
side effects such as kidney damage and loss of balance 
through free radical formation. 

In view of the fact that components as detrimental as 
aminoglycosides can be administered in conjunction with 
the composition described above, it is clear that additional 
components that are less detrimental to the specific mecha 
nisms by which the at least one scavenger of singlet oxygen, 
the donor antioxidant, the third antioxidant, and the vaso 
dilator function can also be present in the composition with 
an expectation that the composition maintains effectiveness 
for purposes of treating side effects of antibiotic treatment 
Such as antibiotic-induced hearing loss. Examples of some 
additional components that may be included in the compo 
sition include, but are not limited to, excipients, flavoring 
agents, fillers, binders, and additional vitamins or minerals 
not specifically mentioned herein. 
As alluded to above, the method of treating hearing loss 

and the method of treating side effects from antibiotic 
treatment of the instant disclosure includes the step of 
internally administering the composition of the Subject dis 
closure to a mammal. More specifically, the instant method 
is for treating side effects of antibiotic treatment such as 
antibiotic-induced hearing loss, kidney damage, and loss of 
balance. The examples of the composition may be orally 
administered to the mammal. Such as in the form of a tablet, 
liquid, gel, etc. Alternatively, the composition may be intra 
venously administered to the mammal through an IV or an 
injection of the composition. When specifically used to treat 
antibiotic-induced hearing loss, the composition may also be 
locally administered via the round window membrane of the 
cochlea. As a specific example, the vitamins A, C, and E, the 
vasodilator including magnesium, and the optional compo 
nents may be first combined to form the composition, with 
the composition then administered to the mammal. Alterna 
tively, the Vitamins A, C, and E, the vasodilator including 
magnesium, and the other optional components may be 
separately administered, in which case the composition 
forms within the mammal. 
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For purposes of the Subject disclosure, hearing loss may 
be objectively measured in terms of differences in threshold 
shift, or through measurement of a percentage of hair cell 
loss. In guinea pig studies, hearing loss and the efficacy of 
the composition for treating antibiotic-induced hearing loss 
may be measured as an average difference in threshold shift 
from baseline threshold sensitivity at 4, 8, and 16 kHz, as 
compared to an untreated control, after exposure to 120 
decibel SPL Octave Band Noise centered at 4 kHz for five 
hours. Larger differences in threshold shift correlate to less 
hearing loss and greater efficacy of the composition for 
treating the antibiotic-induced hearing loss. 

It is has been shown that hair cell loss correlates to 
threshold shift. For example, in guinea pig ears that recover 
from temporary threshold shift, morphological damage is 
limited to tips of stereocilia in a third row of outer hair cells 
(OHCs) whereas ears from animals with permanent thresh 
old shift have damage to all three rows of OHCs and, in 
Some cases, the inner hair cells (IHCs), with damage 
throughout the length of the stereocilia as well as the to the 
body of the hair cell. 

In one embodiment, the composition of the present dis 
closure is administered to the mammal within three days of 
trauma to the inner ear of the mammal in order to alleviate 
permanent threshold shift. It is to be appreciated that by 
administering the composition within three days of trauma, 
treatment prior to trauma is also contemplated through the 
method of the present disclosure. Data from animal studies 
indicate that temporary threshold shift measured 24 hours 
post-trauma is well-correlated with permanent threshold 
shift. Given the relationship between temporary threshold 
shift and permanent threshold shift, it is clinically beneficial 
to reduce temporary threshold shift. As such, the composi 
tion is typically administered within one day of trauma to the 
inner ear of the mammal. Even so, it is expected that 
treatment within three days with the composition of the 
present disclosure is Substantially as effective in minimizing 
permanent threshold shift as treatment within one day. 

Treatment within three days is most appropriate when the 
mammal has sustained trauma to the inner ear through 
unexpected loud noise or other trauma. Ideally, the compo 
sition is administered to the mammal prior to trauma to the 
inner ear. Treatment prior to trauma is most feasible when 
the mammal is preparing for Sustaining trauma to the inner 
ear. For example, the composition may be administered prior 
to restoration Surgery performed on the inner ear. As another 
example, if a person will be firing a weapon or attending an 
event such as a rock concert, the person may begin treatment 
prior to Sustaining the trauma to the inner ear to attain the 
best results. 

After initial administration of the composition, the com 
position is typically administered to the mammal each day 
for at least five days following the trauma to the inner ear of 
the mammal. Although excellent results have been achieved 
through Such treatment, it is to be appreciated that other 
treatment regimens may also prove efficacious for purposes 
of the present disclosure. 

For the method of treating side effects of antibiotic 
treatment, the composition is internally administered to the 
mammal in conjunction with administration of the antibi 
otic. In this regard, the method also includes the step of 
internally administering the antibiotic, which antibiotic is 
capable of inducing hearing loss in the mammal. It is to be 
appreciated that, even though the antibiotic with which the 
composition is administered is capable of inducing hearing 
loss, the method of the instant disclosure is not strictly 
limited to treatment of hearing loss that is induced by the 
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antibiotics. More specifically, the method of the instant 
disclosure proscribes the step of administering the Subject 
composition in conjunction with administration of the anti 
biotic for any purpose including for treating any side effect 
of the antibiotics including not only antibiotic-induced hear 
ing loss, but also kidney damage, loss of balance, among 
other side effects. 

Specific non-limiting examples of antibiotics that are 
capable of inducing hearing loss in mammals include amino 
glycoside antibiotics such as amikacin, arbekacin, gentami 
cin, kanamycin, neomycin, netilmicin, paromomycin, rho 
dostreptomycin, Streptomycin, tobramycin, and apramycin; 
and glycopeptide antibiotics such as Vancomycin, teicopla 
nin, telavancin, bleomycin, ramoplanin, and decaplanin. The 
treatment is particularly effective against aminoglycoside 
induced side effects. In one specific embodiment, the anti 
biotic is gentamicin, which is commonly used in developing 
countries due to low cost and effectiveness against certain 
drug-resistant diseases. 
The dosages of the antibiotic that are administered to the 

mammal may vary within the medically-accepted ranges for 
therapeutic treatment, as may the number of days over which 
the antibiotic is administered. The antibiotic is typically 
administered daily. For purposes of objectively establishing 
the effectiveness of the treatment described herein, a dosage 
of 140 g of gentamicin was administered to guinea pigs for 
a period of 16 days. However, it is to be appreciated that the 
specific dosages and days over which the antibiotic is 
administered are not material for purposes of establishing 
the viability of the treatment described herein so long as the 
composition described herein is administered in conjunction 
with administration of the antibiotic (although the effective 
ness of the treatment described herein may vary based upon 
dosages and days over which the antibiotics are adminis 
tered). 

For purposes of the instant disclosure, administration of 
the composition described herein “in conjunction with 
administration of the antibiotic refers to a connection in the 
administration of the composition and the antibiotic during 
the course of antibiotic treatment. To maximize effectiveness 
of the treatment described herein, it is desirable to establish 
stable serum levels of the at least one Scavenger of singlet 
oxygen, the donor antioxidant, the third antioxidant, and the 
vasodilator at the time that the antibiotics reach serum levels 
within the mammal that cause material side effects Such as 
hearing loss. Typically, the composition is internally admin 
istered to the mammal no longer than three days after 
administration of a first dosage of the antibiotic, which is 
sufficient to achieve the stable serum levels of the at least 
one Scavenger of singlet oxygen, the donor antioxidant, the 
third antioxidant, and the vasodilator before the antibiotics 
begin to materially cause the side effects such as hearing 
loss. In one embodiment, the composition is internally 
administered prior to administration of the first dosage of the 
antibiotic. In this embodiment, the composition may be 
administered at least five days, alternatively at least ten days, 
prior to administration of the first dosage of the antibiotic for 
purposes of maximizing the effectiveness of the treatment 
for side effects of antibiotic treatment described herein. 
Once administration of the composition has begun, the 

composition is typically administered each day the antibiotic 
is administered to maintain adequate serum levels of the at 
least one scavenger of singlet oxygen, the donorantioxidant, 
the third antioxidant, and the vasodilator. Additionally, the 
composition is typically administered for at least 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or 21 
days following cessation of administration of the antibiotic. 
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This is typically performed for purposes of ensuring that 
adequate serum levels of the at least one scavenger of singlet 
oxygen, the donor antioxidant, the third antioxidant, and the 
vasodilator are maintained until the serum levels of the 
antibiotic decrease, and typically until all of the additional 
free radicals formed secondary to the antibiotic treatment are 
eliminated. 
As described in further detail in the Examples section 

below, an average difference in threshold shift in mammals 
from baseline threshold sensitivity at 4, 8, and 16 kHz, as 
compared to an untreated control, is at least 25 decibels after 
exposure to 120 decibel SPL Octave Band Noise centered at 
4 kHz for five hours. More specifically, the threshold shift in 
mammals treated with the composition of the present dis 
closure is expected to be at least 25 decibels lower than the 
threshold shift in mammals that are treated with a control 
saline Solution. To obtain those results, the composition is 
orally administered one hour prior to exposure to the noise 
and administered again each day for five days Subsequent to 
the exposure to the noise. The threshold shift is measured 10 
days after exposure to the noise using auditory brainstem 
response (ABR) testing. Similar results would be anticipated 
using other alternative measures of auditory or sensory cell 
function, Such as psychophysical tests or otoacoustic emis 
sion measures. While effectiveness of treatment in accor 
dance with the method of the instant disclosure is objec 
tively proven herein through measurement of shifts in 
threshold hearing loss, it is to be appreciated that the method 
is not strictly limited to treatment of hearing loss alone and 
broadly encompasses administration of the Subject compo 
sition in conjunction with administration of the particular 
antibiotics described herein. 

In addition, outer hair cell loss and inner hair cell loss is 
measured both in the whole cochlea and in a trauma region 
of the cochlea. After treatment according to the method of 
the present disclosure, outer hair cell loss in the whole 
cochlea is less than 10%, and inner hair cell loss in the whole 
cochlea is less than 5%. Outer cell hair loss in the trauma 
region is less than 20%, while inner hair cell loss in the 
trauma region is less than 10%. For the method of treatment 
in accordance with the present disclosure, as shown in FIG. 
5, outer hair cell loss in the whole cochlea is less than 50%, 
while inner hair cell loss in the whole cochlea is less than 
5%. To obtain those results, the composition is orally 
administered to guinea pigs for 10 to 16 days prior to first 
administration of the antibiotic, and the composition and 
antibiotic are administered again each day for forty days. 
The guinea pigs are then euthanized and the hair cells 
counted. Conversely, when the antibiotic is administered for 
forty days without administering the composition described 
herein in conjunction with the antibiotic, outer hair cell loss 
approaches 80%, while inner hair cell loss is about 8%. 
The following examples, as presented herein, are intended 

to illustrate and not limit the disclosure. 

REFERENCE EXAMPLE 

A method of treating noise-induced hearing loss is per 
formed on guinea pigs (NIH outbred strain, 250-350 grams) 
as a reference example for the instant application. The 
guinea pigs are used due to their extensive use in auditory 
research, including studies on noise-induced hearing loss, 
and because they provide a model similar to humans in terms 
of development. Six guinea pigs are subject to treatment 
with the composition of the present disclosure. In order to 
determine efficacy of the composition of the present disclo 
Sure in treating hearing loss, baseline threshold sensitivity of 
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18 
the guinea pigs is measured binaurally using auditory brain 
stem response testing at 4, 8, and 16 kHz. The guinea pigs 
are then treated with vitamins A, C, E, and magnesium 
(referred to in FIGS. 2-7 as “ACEMg) in the amounts 
shown in Table 3. The amounts shown in Table 3 are 
approximately 3 times expected human doses based on more 
rapid metabolism of guinea pigs relative to humans. 

TABLE 3 

Component Parts by Weight 

Vitamin A (beta-carotene) 2.1 mg/kg p.o. 
Vitamin C (Ascorbic acid) 71.4 mg/kg, s.c. 
Vitamin E (Trolox (R) 26 mg/kg s.c. 
Magnesium (MgSO4) 2.85 mmol/kg s.c. 

One hour later, the guinea pigs are exposed to 120-dB 
SPL Octave Band Noise centered at 4 kHz for 5 hours to 
cause trauma to inner ears of the guinea pigs. The noise is 
Sufficient to cause permanent threshold shift, i.e., permanent 
hearing loss. The composition of the present disclosure is 
administered immediately post-exposure to the noise, and 
again each day for 5 days after the trauma. Ten days after the 
trauma, auditory sensitivity is measured using ABR. For 
ABR testing, the guinea pigs are anesthetized with 40 mg/kg 
ketamine and 10 mg/kg Xylazine and placed on a warm 
heating pad in a sound attenuated chamber. ABR thresholds 
are determined at 4, 8 and 16kHz frequencies. To test for the 
ABR thresholds, tone bursts 10 ms in duration (0.5 ms 
rise/fall) are presented at a rate of 17/sec. Up to 1024 
responses are collected and averaged for each signal fre 
quency to provide a measure of threshold shift at each 
frequency. Estimates of permanent hearing loss, shown in 
FIG. 2 in terms of threshold shift in decibels, are calculated 
as average threshold shift across ears and across frequencies. 

After ABR testing, the guinea pigs are deeply anesthe 
tized and decapitated. Temporal bones are quickly removed, 
dissected open and fixed with 4% paraformaldehyde. The 
following day, an otic capsule, lateral wall, and tectorial 
membrane are removed, and a bony modiolus is carefully 
detached. Organ of Corti tissue, attached to the modiolus, is 
permeabilized with 0.3% Triton-X and incubated with rho 
damine phalloidin diluted 1:100 in phosphate buffered saline 
(30 min). After washing the tissues, individual turns from 
the organ of Corti are dissected, mounted on microscope 
slides, and examined and photographed using a Leica 
DMRB epiflourescence microscope. Hair cell counts are 
conducted, and cytocochleograms are prepared as known in 
the art. Referring to FIGS. 3 and 4, percentages of missing 
inner hair cells (IHC) and outer hair cells (OHC) are 
determined based on the hair cell counts. 

Example 1 

The method of treating side effects of antibiotic treatment 
with the composition of the present disclosure is again 
performed on guinea pigs (normal hearing, male, pig 
mented). Six guinea pigs are Subject to antibiotic adminis 
tration and treatment with the composition of the present 
disclosure. The guinea pigs were fed with a chow containing 
the composition including beta-carotene, vitamin C, Vitamin 
E. and magnesium in the amounts shown in Table 3 for 10 
days prior to administration of a first dosage of gentamicin 
antibiotic, and were fed the same chow every day for 41 
days. The guinea pigs consumed a normal diet Sufficient to 
allow them to gain weight. Gentamicin was administered to 
the guinea pigs Subcutaneously once a day for 16 consecu 
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tive days after administration of the first dosage of the 
gentamicin. Body weights were monitored and the guinea 
pigs were observed for clinical signs of systemic toxicity. 
Guinea pigs losing weight were treated with Subcutaneous 
saline and the chow was administered orally as gruel. 
Fourteen days following cessation of antibiotic treatment, 
the guinea pigs were euthanized, left cochleae harvested, 
and quantitative sensory hair cell assessments were per 
formed. The amounts shown in Table 4 are approximately 10 
times expected human doses based on more rapid metabo 
lism of guinea pigs relative to humans. 

TABLE 4 

Component Parts by Weight 

Antibiotic (Gentamicin) 140 mg/kg 
Vitamin A (beta-carotene) 1 g/kg p.o. 
Vitamin C (Ascorbic acid) 20 g/kg S.c 
Vitamin E (Trolox (R) 7 g/kg s.c. 
Magnesium (MgSO4) 30 g/kg s.c. 

Comparative Example 1 

Guinea pigs are treated with other compositions in order 
to compare the efficacy of the composition of the present 
disclosure with the other compositions. For example, guinea 
pigs are separately treated in the same way as specified 
above in the Example with the following compositions: a 
saline (NaCl) composition as a control, a composition 
including only magnesium Sulfate (2.85 mmol/kg), or a 
composition including only vitamins A (2.1 mg/kg beta 
carotene), C (71.4 mg/kg ascorbic acid), and E (26 mg/kg 
TroloxR) (ACE). The guinea pigs are subjected to the 
same ABR testing, and the components of the ear are 
dissected, as described above in the Example to provide 
information on threshold shift and hair cell loss. Threshold 
shift and hair cell loss resulting from treatment with the 
other compositions are shown in FIGS. 2-4. 

Comparative Example 2 

Guinea pigs are treated with a composition of vitamin E 
alone, betahistine alone, or a combination of betahistine and 
vitamin E to determine if results similar to those achieved 
with the composition of the present disclosure including 
magnesium can be achieved by Substituting betahistine for 
the magnesium. The results of treatment with vitamin E, 
betahistine, or combination of vitamin E and betahistine are 
shown in FIG. 1. In one comparative example, guinea pigs 
are treated once daily with 100 mg/kg vitamin E (TroloxR), 
30 mg/kg. Betahistine, or a combination of 100 mg/kg 
TroloX(R) and 30 mg/kg. Betahistine. Five guinea pigs are 
treated with each of the different compositions. In another 
comparative example, fourguinea pigs are separately treated 
with 50 mg/kg Trolox(R) twice daily, 18 mg/kg. Betahistine 
(one dose immediately pre-noise exposure), or a combina 
tion of 50 mg/kg vitamin E (Trolox(R) and 18 mg/kg 
Betahistine (N=4 animals per group). Control data are from 
18 animals treated with saline delivered either IP (N=11) or 
IV (N=7). The guinea pigs are subjected to ABR testing, and 
the components of the ear are dissected, both as described 
above in the Example, to provide information on threshold 
shift and hair cell loss. 

Comparative Example 3 

Six guinea pigs are subject to antibiotic administration in 
the absence of treatment with the composition of the present 
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20 
disclosure. Gentamicin was administered to the guinea pigs 
Subcutaneously in an amount of 140 mg/kg body weight 
once a day for 16 consecutive days after administration of 
the first dosage of the gentamicin. Body weights were 
monitored and the guinea pigs were observed for clinical 
signs of systemic toxicity. Guinea pigs losing weight were 
treated with Subcutaneous saline. The weight gain of the six 
guinea pigs, which were on a non-supplemented diet, was 
statistically the same as the guinea pigs in Example 1. 
Fourteen days following cessation of antibiotic treatment, 
the guinea pigs were euthanized, left cochleae harvested, 
and quantitative sensory hair cell assessments were per 
formed. 

Comparative Example 4 

Eight groups of guinea pigs (where the number of guinea 
pigs ranges from 5 guinea pigs to 10 guinea pigs per group) 
are respectively treated with other compositions to compare 
the efficacy of the “ACEMg' composition of the present 
disclosure with the other compositions. For example, the 
guinea pigs are separately treated in the same way as 
specified above in the Example with the following compo 
sitions: a saline (NaCl) composition as a control, a compo 
sition including only MgSO4 (2.85 mmol/kg), a composition 
including creatine (3% monohydrate diet), a composition 
including only vitamins A (2.1 mg/kg beta-carotene), C 
(71.4 mg/kg ascorbic acid), and E (26 mg/kg TroloX(R) 
(“ACE), a composition including "ACEMg (2.1 mg/kg of 
Vitamin A, 71.4 mg/kg of vitamin C, 26 mg/kg of vitamin E, 
and 2.85 mmol/kg of MgSO) and creatine (3% monohy 
drate diet), and a composition including “ACEMg” (2.1 
mg/kg of vitamin A, 71.4 mg/kg of vitamin C, 26 mg/kg of 
vitamin E, and 2.85 mmol/kg of MgSO), creatine (3% 
monohydrate diet), and Salicylate (75 mg/kg). The eight 
groups of guinea pigs are exposed to the same ABR testing, 
and the components of the ear are dissected as previously 
described in the Example to provide information on thresh 
old shift and outer hair cell loss. The threshold shift of 
hearing loss and the outer hair cell loss resulting from 
treatment with the “ACEMg” composition and the other 
compositions tested are shown in FIGS. 6 and 7, respec 
tively. 

Results 

Referring to FIGS. 2-4, the effect in treating hearing loss 
with composition of the present disclosure including vita 
mins A, C, E, and magnesium is clearly greater than that 
associated with the effectiveness of a composition including 
only magnesium or only vitamins A, C, and E. More 
specifically, treatment with the composition of the present 
disclosure results in threshold shift of less than 20 decibels, 
as averaged across all frequencies, while treatment with a 
control saline solution results in a threshold shift of about 
45. As such, a difference in threshold shift between treatment 
with the composition of the present disclosure and treatment 
with the control of saline solution is over 25 decibels. 
Furthermore, the difference in threshold shift between the 
composition of the present disclosure and the control saline 
solution is greater than the sum of differences in threshold 
shifts for magnesium or vitamins A, C, and E alone and the 
control saline solution. Specifically, the sum of the differ 
ences in threshold shifts for magnesium and Vitamins A, C, 
and E alone is about 12 decibels. It is to be understood that 
the decibel scale is a logarithmic scale. As such, a difference 
in the threshold shift of hearing loss of 12 decibels for the 
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composition consisting essentially of magnesium and Vita 
mins A, C, and E and Mg represents a fourfold difference in 
efficacy compared to the other compositions tested. This 
result demonstrates a highly synergistic interaction among 
the individual components of the composition consisting 
essentially of magnesium and vitamins A, C, and E. Fur 
thermore, the difference in the threshold shift of hearing loss 
of about 45 decibels for the composition including saline 
and the difference in the threshold shift of hearing loss of 
about 20 decibels for the composition including vitamins A, 
C, and E is similar to the difference between a moderate 
handicap and a severe handicap. 

Consistent with the reduction in noise-induced hearing 
loss, hair cell counts revealed significantly reduced sensory 
cell death with Mg or A, C, and E, with the greatest 
protection observed after treatment with vitamins A, C, E, 
and magnesium. More specifically, less than 10% of outer 
hair cells and less than 5% of inner hair cells in the whole 
cochlea are missing after treatment with the composition of 
the present disclosure including Mg and vitamins A, C, and 
E. In the trauma region, less than 20% of outer hair cells and 
less than 10% of inner hair cells in the whole cochlea are 
missing after treatment with the composition of the present 
disclosure including Mg and vitamins A, C, and E. As shown 
by FIGS. 3 and 4, the reduction in percentage of missing hair 
cells after treatment with the composition of the present 
disclosure is more than the Sum of the reductions in missing 
hair cells observed when magnesium or vitamins A, C, and 
E are used alone as compared to the percentage of hair cell 
loss when saline is used. 

Furthermore, as shown in FIG. 1, the Comparative 
Examples in which vitamin E, betahistine, or a combination 
of vitamin E and betahistine are used clearly do not exhibit 
the same additive effect that is observed when magnesium is 
used as the vasodilator in combination with the vitamins to 
treat noise-induced hearing loss. More specifically, saline 
treated control animals (white bars) show the greatest hear 
ing loss 10 days post noise. Animals treated with Vitamin E 
(TroloxR): 100 mg/kg once daily or 50 mg/kg twice daily, 
diagonal lined bars) have less permanent hearing loss than 
control animals. Animals treated with the vasodilator beta 
histine (30 mg/kg, once daily, vertical striped bars; or one 18 
mg/kg dose pre-noise, horizontal striped bars) show 
approximately the same amount of protection as those 
treated with vitamin E. Animals treated with a combination 
of vitamin E and betahistine (50 mg/kg. TroloxR twice 
daily--18 mg/kg betahistine twice daily, or 100 mg/kg 
TroloxR) once/daily--30 mg/kg betahistine once/daily; see 
dark bars with white diagonal hatch) do not have any 
additive protection against noise-induced hearing loss 
beyond that of either single agent alone. As such, not all 
vasodilators are as effective as magnesium in combination 
with the vitamins. 

In terms of comparison of the method of treating side 
effects of antibiotic treatment in terms of measurement of 
antibiotic-induced hearing loss as shown in Example 1 with 
Comparative Example 3, dramatic cell death of outer hair 
cells was observed through the treatment of Comparative 
Example 3 due to the ototoxic effects of the gentamicin 
antibiotic. Referring to FIG. 5, it can be seen that statistically 
significant reduction in antibiotic-induced hearing loss (as 
gauged by quantitative sensory hair cell assessments) 
through the treatment described in Example 1 versus the 
treatment described in Comparative Example 3. In particu 
lar, both outer and inner hair cells are protected through the 
treatment in accordance with Example 1. 
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Referring now to FIGS. 6 and 7, the effect in treating 

hearing loss with the composition of the present disclosure 
which consists essentially of vitamin A, vitamin C, Vitamin 
E. and a vasodilator comprising magnesium (“ACEMg) is 
clearly superior to the effect of treating hearing loss with the 
other compositions tested. As shown in FIG. 6, treatment 
with the composition consisting essentially of “ACEMg 
results in a threshold shift of hearing loss of less than 20 
decibels, as averaged across all frequencies. Treatment with 
a control saline solution results in a threshold shift of 45 
decibels, as averaged across all frequencies. Treatment with 
the composition including magnesium results in a threshold 
shift of about 41 decibels, as averaged across all frequencies, 
while treatment with the composition including "ACE 
results in a threshold shift of about 39 decibels, as averaged 
across all frequencies. Noting that an average threshold shift 
that is high (e.g., about 25 decibels or higher) is undesirable 
and considered to be a clinically significant hearing handi 
cap, the average threshold shift of the composition consist 
ing essentially of “ACEMg is low (e.g., about 15 decibels). 
The low average threshold shift of the composition consist 
ing essentially of “ACEMg is significantly less than the 
average threshold shift of any of the other compositions 
(each producing threshold shifts of hearing loss that is well 
over 25 decibels). This result shows that the composition 
consisting essentially of “ACEMg performs better than any 
of the other compositions tested in terms of treating hearing 
loss. 
As shown in FIG. 7, outer hair cell counts reveal reduced 

sensory cell death in both the whole cochlea and in the 
trauma region, compared to the saline control, with i) the 
guinea pig treated with a composition including magnesium 
and ii) the guinea pig treated with a composition including 
“ACE. However, the best results were obtained utilizing a 
composition consisting essentially of “ACEMg. Specifi 
cally, treatment with the composition consisting essentially 
of “ACEMg results in less than 10% of the outer hair cells 
in the whole cochlea were missing, and less than 15% of the 
outer hair cells in the trauma region were missing. It is noted 
that more than 15% of missing outer hair cells in the whole 
cochlea and more than 25% of missing outer hair cells in the 
trauma region is generally undesirable. 

Treatment of hearing loss utilizing creatine kinase is also 
explored. It has been known that exposure to high intensity 
sound will trigger a decrease in local blood flow of the inner 
ear, especially at very high Sound exposure levels, e.g., at 
120 dB to 155 dB. At the same time, metabolic activity will 
remain elevated well above basal levels. At the very high 
sound exposure levels, a reduction in cochlear blood flow 
(CBF) and local vasoconstriction may subject the cochlea to 
severe hypoperfusion in the presence of high energy 
demands, leading to further increase(s) in free radical for 
mation. Impaired energy status may then lead to activation 
of excitatory amino acid receptors, thereby increasing intra 
cellular calcium and the generation of free radicals. These 
are all potentially damaging to the inner ear. 
An initial step in the development of noise trauma may be 

a depletion of cellular energy stores. It is believed that agents 
that can buffer cellular energy stores may also be useful for 
treating hearing loss. An example of Such an agent is 
creatine kinase (as previously mentioned). Creatine kinase is 
an enzyme involved in regulating energy metabolism in cells 
with intermittently high and fluctuating energy require 
ments, including the inner ear. The enzyme catalyzes the 
transfer of high-energy phosphate from phosphocreatine to 
Adenosine Di-Phosphate (ADP) to generate Adenosine Tri 
Phosphate (ATP). 
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Several cytoplasmic and mitochondrial isoforms have 
been identified that, with the substrates creatine and phos 
phocreatine, constitute an intricate cellular energy buffering 
and transport system connecting sites of energy production 
to sites of energy consumption. The compounds that 
increase cochlear energy reserve may be protected by deter 
mining whether or not the oral administration of creatine 
attenuates noise-inducing hearing loss. 

Referring back to FIG. 6, treatment with a composition 
including creatine results in a threshold shift of about 34 
decibels, as averaged across all frequencies, which is less 
than the threshold shift of the saline control sample and 
composition including magnesium. However, treatment 
with a composition including "ACEMg” and creatine did not 
perform well. For instance, treatment with the composition 
including “ACEMg” and creatine produced a threshold shift 
of about 44 decibels, as averaged across all frequencies, 
which is almost as high as the average threshold shift of the 
saline control sample. As shown in FIG. 7, outer hair cell 
counts revealed reduced sensory cell death in both the whole 
cochlea and in the trauma region, compared to the saline 
control, with the guinea pig treated with a composition 
including creatine. Even further reduction in sensory cell 
death of the outer hair cells in the whole cochlea and in the 
trauma region occurs with the guinea pig treated with a 
composition including "ACEMg” and creatine. 

Compositions including salicylate are also tested for their 
efficacy for treating hearing loss. Salicylate is a derivative of 
salicylic acid that occurs naturally in plants, and serves as a 
natural immune hormone and preservative. Salicylate acts as 
a powerful antioxidant inside the body. As shown in FIG. 6, 
treatment with a composition including "ACEMg” and 
salicylate results in a threshold shift of hearing loss, as 
averaged across all frequencies, that is about the same as the 
threshold shift of hearing loss of a composition including 
creatine alone. However, treatment with a composition 
including “ACEMg, creatine, and salicylate also did not 
perform as well as the composition including "ACEMg” and 
salicylate. For instance, treatment with the composition 
including "ACEMg, creatine, and salicylate produced a 
threshold shift of hearing loss of about 36 decibels, as 
averaged across all frequencies, whereas treatment of the 
composition including "ACEMg' and salicylate produced a 
threshold shift of hearing loss of about 34 decibels, as 
averaged across all frequencies. As shown in FIG. 7, sensory 
cell death of the outer hair cells in the whole cochlea and in 
the trauma region is slightly reduced with the guinea pig 
treated with the composition including "ACEMg' and 
salicylate compared to guinea pig treated with the compo 
sition including “ACEMg” and creatine. A further slight 
reduction in the sensory cell death of the outer hair cells in 
the whole cochlea and in the trauma region occurs with the 
guinea pig treated with the composition including 
“ACEMg, creatine, and salicylate compared to the guinea 
pig treated with “ACEMg' and salicylate. 

In view of the results shown in FIGS. 6 and 7, the 
composition consisting essentially of “ACEMg performed 
the best compared to all of the other compositions tested. 

The inventive composition that consists essentially of 
Vitamin A, Vitamin C, Vitamin E, and a vasodilator com 
prising magnesium, in the biologically effective amounts, 
provides an additive effect in treating hearing loss that is 
equal to or greater than a sum of the effect of the individual 
components. Even more, the inventive composition proves 
to be effective in treating hearing loss if administered as late 
as three days after trauma to the inner ear of the mammal. 
As a result, the composition of the Subject disclosure pro 
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vides great promise in helping to minimize hearing loss 
resulting from trauma to inner ears of mammals. Given the 
high incidence of noise-induced hearing loss in the general 
population worldwide, there is a great need for the inventive 
composition in order to minimize Socioeconomic effects that 
persist due to noise-induced hearing loss. 

Furthermore, the inventive composition that consists 
essentially of vitamin A, Vitamin C, vitamin E, and a 
vasodilator comprising magnesium, in the biologically 
effective amounts, provides an effective treatment for treat 
ing side effects of the antibiotic-treatment, including treat 
ment of hearing loss, kidney damage, and loss of balance. In 
particular, by internally administering the inventive compo 
sition in conjunction with administration of the antibiotic, 
alleviation of side effects of the antibiotic treatment can be 
accomplished that is both significant and unexpected. Even 
more, the composition proves to be effective in treating side 
effects of antibiotic treatment if administered as late as three 
days after the first dosage of the antibiotic is administered to 
the mammal. As a result, the inventive composition provide 
great promise in helping to minimize side effects of antibi 
otic treatment, especially since there are no negative side 
effects associated with administration of the composition 
and since all of the components of the composition are 
cost-effective, readily available, and long-proven as safe for 
human treatment. 

Additional Examples 

Gjb2 conditional knock-out (Gjb2-CKO) mice are created 
by breeding Gjb2'' mice with Sox10-Cre PAC mice, 
abolishing expression of Gib2 in supporting cells of the 
auditory epithelium. Mice are obtained from Sackler Faculty 
Medicine, Tel Aviv University and a colony is started. These 
mice have a congenital hearing loss with a progressive 
deterioration. Both genders are used. Two groups are fed a 
micro-nutrient enhanced chow or control chow starting at 4 
weeks of age until the end of the study at 16 weeks. The 
micro-nutrients are beta-carotene 1.05 g/kg (converted by 
the body to vitamin A), vitamin C 10.29 g/kg, vitamin E7.76 
g/kg and magnesium 13.48 g/kg. The control chow is the 
base diet for the micro-nutrient enhanced diet. Hearing is 
assessed by auditory brainstem response (ABR) to pure 
tones at 12, 16 & 24 kHz with a 4 week measure (prior to 
start of chow) and at 16 weeks (prior to euthanasia). Body 
weights are monitored weekly. At 16 weeks of age Subjects 
are humanely euthanized and cochleae are prepared as 
whole mounts and stained for actin and myosin-VIIa. Pho 
tomicrographs are taken of selected sections best showing 
the extent of surviving hair cells in the control and treated 
(ACEMg) groups. Quantitative assessment of missing outer 
and inner hair cells (sensory cells of the organ of Corti) is 
performed on the apical turn of the cochlea. Since the most 
apical part of the cochlea shows variability in structure 
across animals and this most apical portion is unlikely to 
contribute significantly to the functional responses (ABRS) 
measured at 12 kHz and higher, the more basal part of the 
apical turn, a region extending from 1.0 mm to 2.5 mm from 
the apex, is selected for detailed study and analysis. More 
basal regions of the cochlea, below 2.5 mm from the apex, 
shows little surviving organ of Corti in the majority of 
animals in both treatment groups leaving few animals in 
which Surviving hair cells could be assessed. 

FIG. 8a is a line graph that shows the average body weight 
for Subjects in each of the experimental groups, those on the 
control diet and those on the ACEMg enhanced diet of the 
Examples. FIG. 8b is a line graph that shows the body 
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weights of the individual animals in the ACEMg diet of the 
Examples. FIG. 8c is a line graph that shows the body 
weights of the individual animals on the control diet of the 
Examples. Both groups of animals gained weight normally; 
there was no significant difference in the mean body weight 
of each group. 

FIG. 9 is a bar graph that shows the ABR thresholds for 
12 kHz and 16 kHz at the start of the study, prior to the 
beginning of the special diets and 12 weeks following the 
start of each diet, just prior to sacrifice of the animals of the 
Examples. ABR thresholds to 24 kHz are higher than our 
equipment allowed us to measure. For subjects in the 
ACEMg group, mean thresholds at baseline were 97.5 dB 
and 97.3 dB at 12 k and 16 kHz; for subjects in the control 
group, mean thresholds at baseline were 88.4 dB and 88.8 
dB at 12 k and 16kHz. Thus at the beginning of the study the 
control group Subjects showed a somewhat Smaller heredi 
tary hearing loss. Following 12 weeks on diet, Subjects on 
the ACEMg diet showed somewhat lower mean thresholds 
than baseline: 83.8 dB and 86.5 dB for 12 k and 16 kHZ 
respectively; while subjects on the control diet showed a 
slight elevation in mean threshold from baseline: 90.1 dB 
and 91.0 dB for 12 k and 16 kHz respectively. 

FIG. 10 is a bar graph that shows the mean change in ABR 
thresholds from baseline to termination (12 weeks post diet) 
for the control and ACEMg enhanced groups at 12 k and 16 
kHz. A reduction in mean threshold of greater than 10 dB 
was observed in the animals on the ACEMg diet, by com 
parison to a 1 to 2 dB elevation in threshold for the control 
subjects. The threshold difference in mean threshold shift 
from baseline was statistically significant at p-0.001 and 
0.05 for 12 k and 16 kHz, respectively. The mean threshold 
shifts observed for ACEMg subjects is equivalent to a S 
and 4-fold increase in hearing sensitivity. 

FIG. 11a is a bar graph that shows the ABR mean and 
SEM for thresholds at baseline and 12 weeks following the 
start of diet for the ACEMg group at 12 k and 16 kHz test 
frequencies. The observed reduction in mean thresholds at 
12 k and 16 kHz were statistically significant at p-0.01 and 
0.001, respectively. FIGS. 11b 11a is a bar graph that shows 
the ABR mean and SEM for thresholds at baseline and 12 
weeks following the start of diet for the control group at 12 
k and 16 kHz test frequencies. The mean thresholds were 
essentially the same at the start and at termination of the 
study. 

FIG. 12 is a high magnification (40x) image of the apex 
of the cochlea from a CX26 mouse at 16 weeks of age (12 
weeks on diet) from the control group. Only squamous 
epithelium is present. The organ of Corti has completely 
degenerated. The cochlea has a similar appearance continu 
ing to the base. All sensory cells have degenerated. 

FIG.13a is a high magnification (40x) image of the organ 
of Corti from a mid apical site wherein the organ of Corti is 
essentially intact, with only 2 missing outer hair cells, which 
is consistent with a normal mouse ear. FIG. 13b is a high 
magnification (40x) image of the organ of Corti from an 
upper basal turn site, with occasional missing outer hair 
cells. FIG. 13c is a low magnification (10x) image of surface 
preparation of another organ of Corti of a CX26 mouse on 
ACEMg diet. This tissue was immunostained with myo7a, 
selective for hair cells (green dots), and shows hair cell 
survival well into the basal turn of the cochlea. 

FIG. 14 is a bar graph that shows the difference in 
surviving outer and inner hair cells (OHC and IHC, respec 
tively) in the control and ACEMg treated CX26 mice over 
a region from 1.0 mm to 2.5 mm of the organ of Corti from 
the apex of the cochlea. There was a statistically significant 
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enhancement in surviving outer hair cells (p<0.05) and inner 
hair cells (p<0.001) in the ACEMg treated CX26 mice. 

FIG. 15-18 are tables that show the results of the statis 
tical analysis for the mean ABR thresholds CX26 mice in the 
Control Group at baseline and 12 weeks post diet for each 
test frequency no significant difference, the similar analy 
sis for the ACEMg Group significant difference found. 
analysis of the difference in baseline mean thresholds for the 
Control and ACEMg groups at each test frequency signifi 
cant difference observed and analysis of the mean threshold 
shifts observed in the ACEMg group vs the control group at 
each test frequency highly significant difference observed. 

FIGS. 19 and 20 are tables that show the results of 
statistical analysis for the Surviving inner and outer hair cells 
in the CX26 mice in the Control Group vs the ACEMg 
treated group. In each case a statistically significant differ 
ence (p<0.0001 and 0.5, for inner and outer hair cells, 
respectively) was demonstrated with greater survival in the 
ACEMg treated group. 
The data set forth in the Figures/Tables show that the 

formulation of vitamins A, C, E plus magnesium offer an 
effective treatment for some forms of hereditary deafness, 
specifically inherited deafness as a result of a mutation of the 
GJB2 gene resulting in production of dysfunctional CX26 
proteins and a dysfunctional gap junction in the Supporting 
cells of the mammalian inner ear, e.g. connexin 26-contain 
ing cells or cells that rely on connexin 26 for metabolic 
function within the inner ear. In the CX26 mouse mutant, by 
four weeks of age, profound hearing impairment is 
observed. In those then raised on a normal (control) diet, by 
16 weeks of age, animals demonstrate a further increase in 
the hearing loss associated with a variable but generally 
profound degeneration of the organ of Corti. In similar 
animals raised for 12 weeks on a diet including Supplements 
of vitamins A, C, E plus magnesium the data show that there 
is a 3 to 4 fold reduction in the hearing impairment and 
Surviving sensory cells are found in some animals through 
out greater than 50% of the cochlea from the upper one-third 
of the basal turn through the apex. There are occasional 
animals in the control group with Some Surviving hair cells 
extending into the lower apical and mid-cochlear regions. 
However the significant ABR threshold improvements in the 
ACEMg treated animals and the correlated significant 
greater hair cell survival in the apical region (1.0-2.5 mm) of 
the cochlea of the ACEMg treated group demonstrates the 
efficacy of this therapy for CX26-induced hereditary hearing 
loss. 

A Further Example 

An 11-year-old boy tested positive for biallelic mutations 
(35delG/167delT) in routine diagnostic testing with com 
plete sequencing of the coding region of GJB2. He under 
went routine otoscopic examination as well as pure tone 
audiometry with a diagnostic audiometer in a Soundproof 
booth following International Standards Organization (ISO) 
standards. Binaural mean pure tone thresholds and speech 
reception thresholds are available. After 7 years with pro 
gressive hearing loss, he began a daily regimen of beta 
carotene (25,000 IU), ascorbic acid (10,000 IU), d1-alpha 
tocopherol (400 IU) and magnesium (167 mg). Prior to 
commencing the nutrient regimen, his pure tone average (at 
500, 1000 and 2000 Hz) dropped an average of 2.17 dB/year. 
Subsequent to beginning this daily Supplement paradigm, 
audiometric evaluations have not only demonstrated no 
further decreases but have shown an actual improvement in 
hearing of 1.7 dB/year over a time period greater than one 
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year. These changes are statistically significant (p<0.05). 
Similar changes in speech reception thresholds have also 
been noted. The data is summarized in FIG. 21. This data 
shows that a boy with Connexin 26 hearing loss and pro 
gressive hearing loss demonstrated improvement in his 
hearing over a nearly two year period on a nutrient regimen 
including otoprotective agents beta-carotene, Vitamin C, 
Vitamin E and Magnesium. 
One or more of the values described above may vary by 

+5%, +10%, +15%, +20%, +25%, etc. so long as the 
variance remains within the scope of the disclosure. UneX 
pected results may be obtained from each member of a 
Markush group independent from all other members. Each 
member may be relied upon individually and or in combi 
nation and provides adequate Support for specific embodi 
ments within the scope of the appended claims. The Subject 
matter of all combinations of independent and dependent 
claims is herein expressly contemplated. The disclosure is 
illustrative including words of description rather than of 
limitation. Many modifications and variations of the present 
disclosure are possible in light of the above teachings, and 
the disclosure may be practiced otherwise than as specifi 
cally described herein. In additional non-limiting embodi 
ments, all values and ranges of values within any aforemen 
tioned range of numbers are hereby expressly contemplated. 
What is claimed is: 
1. A method of treating hearing loss, said method com 

prising the step of internally administering a composition to 
the mammal, wherein the composition consists essentially of 
a biologically effective amount of vitamin A, vitamin E, 
Vitamin C, a vasodilator comprising magnesium, and, 
optionally, a withanolide, and/or resveratrol. 

2. A method as set forth in claim 1 wherein the step of 
internally administering the composition is further defined 
as orally administering the composition to the mammal. 

3. A method as set forth in claim 1 wherein the step of 
internally administering the composition is further defined 
as intravenously administering the composition to the mam 
mal. 

4. A method as set forth in claim 1 further comprising the 
step of detecting hearing loss in a mammal. 

5. A method as set forth in claim 1 wherein the step of 
internally administering the composition occurs prior to the 
step of detecting the hearing loss in the mammal. 

6. A method as set forth in claim 5 wherein an average 
difference in threshold shift in mammals from baseline 
threshold sensitivity at 4, 8, and 16 kHz, as compared to an 
untreated control, is at least 25 decibels when the trauma 
results from exposure to 120 decibel SPL Octave Band 
Noise centered at 4 kHz for five hours. 

7. A method as set forth in claim 1 wherein the compo 
sition further comprises resveratrol. 

8. A method as set forth in claim 1 wherein the vitamin A 
is present in the composition in an amount of at least 830 IU. 

9. A method as set forth in claim 1 wherein the vitamin C 
is present in the composition in an amount of at least 4,000 
IU. 

10. A method as set forth in claim 1 wherein the vitamin 
E is further defined as a water-soluble analogue of alpha 
tocopheral. 

11. A method as set forth in claim 1 wherein the vitamin 
E is present in the composition in an amount of at least 75 
IU. 
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12. A method as set forth in claim 1 wherein the compo 

sition further comprises the withanolide. 
13. A method as set forth in claim 1 wherein the vasodi 

lator is present in an amount of at least 50 mg. 
14. A method as set forth in claim 1 wherein the compo 

sition provides an additive effect that is equal to or greater 
than a sum of the effects of the individual components. 

15. A method of treating hearing loss, said method com 
prising the step of internally administering a composition to 
the mammal, wherein the composition consists essentially of 
a biologically effective amount of vitamin A, vitamin E, 
Vitamin C, a vasodilator comprising magnesium, and, 
optionally, a withanolide, and/or resveratrol, and wherein 
the composition is administered after peroxyl radical for 
mation. 

16. A method as set forth in claim 15 wherein the 
formation of peroxyl radicals is further defined as oxidative 
DNA damage. 

17. A method as set forth in claim 15 wherein the 
formation of peroxyl radicals is further defined as oxidative 
protein damage. 

18. A method as set forth in claim 15 wherein the 
composition provides an additive effect that is equal to or 
greater than a sum of the effects of the individual compo 
nentS. 

19. A method of treating hearing loss, said method com 
prising the step of internally administering a composition to 
the mammal, wherein the composition consists essentially of 
a biologically effective amount of vitamin A, vitamin E, 
Vitamin C, a vasodilator comprising magnesium, and, 
optionally, a withanolide, and/or resveratrol, and wherein 
the composition is administered after lipid peroxidation in 
the mammal. 

20. A method as set forth in claim 19 wherein the 
composition provides an additive effect that is equal to or 
greater than a sum of the effects of the individual compo 
nentS. 

21. A method of treating hearing loss, said method com 
prising the step of internally administering a composition to 
the mammal, wherein the composition consists essentially of 
a biologically effective amount of vitamin A, vitamin E, 
Vitamin C, a vasodilator comprising magnesium, and, 
optionally, a withanolide, and/or resveratrol, and wherein 
the composition is administered after vasoconstriction of 
blood vessels in an ear of the mammal. 

22. A method as set forth in claim 21 wherein the 
composition provides an additive effect that is equal to or 
greater than a sum of the effects of the individual compo 
nentS. 

23. A method of treating hearing loss, said method com 
prising the step of internally administering a composition to 
the mammal, wherein the composition consists essentially of 
a biologically effective amount of vitamin A, vitamin E, 
Vitamin C, a vasodilator comprising magnesium, and, 
optionally, a withanolide, and/or resveratrol, and wherein 
the composition is administered after formation of lipid 
peroxyl radicals within a lipophilic compartment of a mito 
chondrial membrane in the mammal. 

24. A method as set forth in claim 23 wherein the 
composition provides an additive effect that is equal to or 
greater than a sum of the effects of the individual compo 
nentS. 


