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OSHA has promulgated noise exposure
standards (29 CI . 1910.95) and establishe
regulations for hearing conservation programs
(Hearing Conservation Amendment [46 Fed.
Reg. 4078 (1981); 48 Fed. Reg. 9776 (1983)])
- protect workers in many occupations
from noise induced hearing loss (NIHL).
However, the promulgation of these standards
has not eliminated NIHL as one of the 10 most
common workplace "diseases” in the US (CDC,
MMWR, 1986) or "the most" common
workplace disease (US Dept. HHS, NIOSH,
1996). In one extreme example, a NIOSH
Health Hazard Evaluation Report (HHES88-
0290-2460) cited by Ti  bs (1995), reported that
audiometric studies of over 400 firefighters
showed normal hearing in only 40% of those
employed :ss than 6 years with no normal
audiograms found in those employed more than
20 years. Tubbs (1995) notes that NIHL in this
population exceeds that which would be
predicted based upon noise exposure data.
Among explanations offered for this difference
include inadequacy of the 5 3 exchange rule
(by which sound intensity may be increased by 5
dB when noise duration is cut in half), the
narrow band of noise generated by critical noise
sources such as sirens, and the interaction of
toxicants at the fire site with noise exposure.

There are many different reasons why
occupational noise exposure still produces
profound health deficits. These include
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prc lems of accurate noise characterisation,
problems in equating noise exposures of varying
time durations using the "equal-energy
principle” (selection of an appropriate
relationship between duration and intensity of
exposure), and significant individual (and
idiopathic) differences in susceptibility that
might relate to genetic factors and to
unrecognised environmental factors. This paper
focuses on one such environmental factor that
has not received adequate attention; the
potentiation of N L by simultaneous exposure
to chemical ototoxicants such as chemical
asphyxiants, [carbon monoxide (CO) and
cyanide], and organic solvents. The primary
questions that must be addressed relate to the
mechanism(s) and the exposure conditions under
which these chemicals potentiate temporary and
permanent  hearing impairments under
permissible noise exposure conditions. This
focus can provide insights into the nature of the
interaction and will provide opportunities for
selective pharmacological treatments designed
to protect workers. In addition to characterising
the doses that lead to potentiation of NIHL and
evaluating the equal energy principle when a
chemical toxicant is present, it must also be
determined how the noise spectrum influences
the nature of the interaction with chemical
asphyxiants.

The nature of potentiation
Interactions among multiple chemicals presented



as a mixture is an area of intense concern
recognised as a priority research area by NIOSH
(cf. USDHHS, 1996), the EPA (USEPA, 1986),
the National Institute for Environmental Health
Sciences, WHO, and other organisations
concerned with real world toxic processes.
Interactions may reflect toxicokinetic processes
of chemical uptake, distribution, and excretion
that are altered by one of the agents resulting in
a different dose of the second agent reaching the
target of interest. Noise, for example, might alter
distribution of agents to the cochlea by altering
cochlear bloodflow or metabolic substrate
utilisation or it might disrupt the cochlear-blood
barrier permitting more of the toxicant to enter
the cochlear compartment. Interactions between
agents may also occur due to synergy between
the mechanisms of toxicity. While terminology
varies from source to source, there is a finite
number of interactions that can occur between
and among agents. Agents may have an additive
effect in which the effect of simultaneous
exposure to two (or more) agents reflects the
arithmetic sum of their individual effects.
Agents may also have a synergistic or
potentiating effect in which case the outcome of
combined treatment is significantly greater than
the arithmetic sum of the individual effects. In
experiments published by this laboratory (e.g.
Young et al., 1987; Fechter et al., 1988; Fechter,
1989), profound potentiation of NIHL by CO
was readily identifiable as a broad hearing loss
reaching a magnitude of 60 dB loss at the highest
tone frequencies, while noise alone produced
M 1L of 20 dB or less and CO produced no
threshold shift. The magnitude of hair cell loss is
likewise substantially greater than the sum of the
effect of the individual agents, noise and CO.

Chemical asphyxiants as ototoxicants

Hypoxia, ischaemia, CO exposure, and cyanide
can all impair aspects of cochlear function
although the studies that are reported have
generally been designed to assess acute and/ or
high dose effects. In addition, the disruption of

blood supply (ischaemia) and reduction in
available oxygen levels have been suggested to
be fundamental mechanisms that are responsible
for many forms of sudden hearing loss and drug
ototoxicity (Hawkins, 1967; awrence, 1970;
Thorne and Nuttall, 1987). Reduction of inhaled
oxygen to 16% (via N2 dilution of air) resulted
in a loss in endocochlear potential (EP) and of
cochlear oxygen levels (Nuttall and Lawrence,
1980). Short duration asphyxiation (as short as
30-45 sec) results in a loss in tuning sensitivity
for inner hair cells (Russell and Cowley, 1983;
Brown et al.,, 1983; Nuttall, 1984). Similarly,
acute CO intoxication can yield profound
hearing loss in humans (Sato, 1966; Morris,
1969; Goto et al., 1972; Makishima et al., 1977).
Seidman and colleagues (1991) have published
data suggesting that free oxygen radical
generation results from ischaemia and is
responsible for such ototoxicity. This laboratory
(Liu and Fechter, 1995; Fechter et al., 1997) has
also found evidence for excitotoxicity and free
oxygen radical generation in subjects exposed to
CO (see below).

Cyanide may also represent a source of hearing
loss though it has received less attention than
hypoxia and CO. van Heijst et al. (1994) studied
20 patients in Tanzania with sudden onset
polyneuropathies that included hearing loss in 9
cases, of which 3 were especially severe. Blood
cyanide and plasma thiocyanate levels were
significantly elevated with the source believed to
be increased dietary intake of cassava due to
food shortages. Direct experimental evidence
that cyanide can produce hearing loss is limited
to one study. Konishi and Kelsey (1968)
demonstrated the loss of cochlear potentials
when a solution of sodium cyanide (50mM) in
artificial perilymph was perfused through the
guinea pig cochlea.

Carbon monoxide: temporary threshold shifts,
free radical generation, and excitotoxicity
Acute high dose CO exposure resulting from
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Figure 1 (A and B). Shift in compound action potential threshold sensitivity (mean + SE) in
guinea pigs receiving MK-801 (1 mg/kg) or saline 15 min prior to carbon monoxide injection.
A significant loss in threshol sensitivity occurred in the CO and saline group compared to all
other treatments [F 3 16, = 37.2, p < 0.001). MK-801 (1 mg/kg ip) was effective in preventing a
CO-induced loss of threshold sensitivity measured 30 min following CO and had no effect on
hearing given by itsc ' (p » 0.05). MK-801 (0.1 mg/kg) provides protection 15 min after CO
injection = 17.7, p < 0.001). This protection was not apparent 30 or 60 min after CO
exposure between the groups. *p < 0.05.



direct administration of the gas intraperitoneally
produces a rapid dose dependent elevation of
carboxyhaemoglobin (COHb) levels that
remains stable for about | hr before recovering
(Fechter et al., 1987; Liu and Fechter, 1995;
Fechter et al., 1997). This route of administration
permits longitudinal within-subject
measurement of cochlear impairment and
recovery resulting from CO administration.
Fechter et al. (1987) demonstrated in rats and
Fechter et al. (1997) confirmed in guinea pigs
that acute CO exposure raises preferentially the
sound energy necessary to elicit the CAP for
high frequency sound. In fact, the loss in
cochlear sensitivity over time and its recovery
follows a strict tonotopic relationship with the
highest frequencies showing the earliest loss and
slowest recovery (Fechter et al. 1987). In
contrast to this finding, the CM amplitude
measured from the round window, a non-
propagated ac potential, generated
predominantly by the outer hair cell (Cheatham
and Dallos, 1982; Trautwein et al., 1996) is only
slightly disrupted by CO administration. Based
upon the selective pattern of CAP threshold shift
and only a mild shift in the CM amplitude, CO
appears to disrupt the primary sensory receptor
cells (the inner hair cells), the post-synaptic Type
1 spiral ganglion cells, and/or the synaptic
junction between these cells. The CAP reflects
auditory sensitivity to sound as it is the
propagated output of the cochlea generated at the
spiral ganglion cell.

Pharmacological treatments can block the
impairment of CAP threshold by CO suggesting
likely mechanisms by which toxicity occurs.
Administration of MK-801 (0.1-1.0 mg/kg) is
able to block the elevation in auditory thresholds
by CO observed 15 min (0.1 mg/kg MK80I) or
15-60 min (1.0 mg/kg MKB801) after CO
exposure (see Figure 1A and B). MK-801 has
also been shown to be neuroprotective in the
brain to hypoxic/ischaemic insult and is believed
to function by moderating the effects of

excessive glutamate neurotransmitter release
through blockade of the NMDA receptor (e.g.
Steinberg et al., 1995; Hagberg et al.,, 1994;
Tymianski et al., 1994). However, MK-801 also
produces hypothermia when given systemically
and such effects are known to reduce CO toxicity
in the brain. Hypothermia can also depress elec-
trophysiological potentials (although we do
monitor the subject's core temperature and
maintain it at 39° C). Therefore, Liu and Fechter
(1995) employed topical administration of MK-
801 (ImM for I5 min) to the semi-permeable
round window of the cochlea and demonstrated
that this treatment could also block the ototoxic
effects of CO administration, for at least 60 min
following CO administration, making the "non-
specific” systemic effects of the drug an unlikely
explanation for protection (see Figure 2A, B, C).

The synthesis of several free radicals including
superoxide (Lafon-Cazal, 1993), hydroxyl
radical (Halliwell and Gutteridge, 1985), and
nitric oxide (Bredt et al.,, 1991; Bredt and
Snyder, 1992) may be related to NMDA receptor
activity. The role of free radicals in cell
degeneration induced by activation of excitatory
amino acid receptors was initially reported by
Dykens et al. (1987) who showed that cerebellar
neuron damage induced by kainate could be
attenuated by superoxide dismutase, allopurinol,
and hydroxyl radical scavengers. Further
investigations support the linking of free radic:

to excitotoxicity (Lafon-Cazal et al., 1993; Coyle
and Puttfarcken, 1993). Lafon-Cazal et al.
(1993) reported that superoxide is likely tobe e
primary neurotoxic free radical leading to a
cascade of events responsible for the nal
cerebellar granule cell death induced by NMDA.
This suggests that excitotoxicity and oxidative
stress may be sequential and interactive
mechanisms leading to neuronal degeneration
(Coyle and Puttfarcken, 1993). Based upon these
findings, an experiment was designed to assess
whether free oxygen radical generation might
play a role in CO ototoxicity.
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In these experiments, guinea pigs were
pretreated with the free oxygen radical

scavenger, phenyl-n-tert-butylnitrone (PBN 100
mg/kg ip) or saline 60 min prior to injection of
CO gas ip or air. Auditory thresholds and CM
amplitude were monitored prior to PBN or saline
and 60 min following injection (i.e. just before
CO or air administration). Thresholds and CM
amplitude were also measured at 15, 30 and 60
min after CO exposure. There were no
significant shifts in CAP threshold or CM that
could be attributed to PBN or saline treatment.
Subjects treated with saline and CO showed the
characteristic elevation in CAP threshold for
high frequency tones (16-40 kHz) that we have
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Figure 2 (A, B, C). MK-801 (1 mM) applied to
the round win »w membrane protects against
a loss in CAP threshold sensitivity fo )wing
subsequent CO administration [F (5 15 = 19.2,

p < 0.001]. Measurements were made 15 min
(A), 30 min (B), and 60 min (C) after CO
exposure. MK-801 had no effect on hearing
via round window a ninistration (p < 0.05).
*p < 0.05; **p < 0.01.

reported earlier at 60 min following gas
administration (see Figure 3 ). However, the loss
of CAP sensitivity was prevented by PBN
treatment (see fig 3). PBN treatment by itself did
not disrupt threshold sensitivity (see Figure 3).
Comparable outcomes were obtained in a
follow-up experiment utilising allopurinol (100
mg/kg ip) rather than PBN. Allopurinol acts as a
free radical inhibitor specific to the xanthine
oxidase pathway. Once again subjects treated
with vehicle and CO demonstrated a marked loss
in high frequency threshold sensitivity. This loss
was blocked by allopurinol treatment given prior
to the CO administration (see Figure 4).
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Figure 3. Shift in compound action
potential threshold for guinea pigs
pretreated with PBN (100 mg/kg) and
saline and then administered carbon
monoxide and air 60 min later. Loss of
threshold sensitivity occurs at hi;

frequencies in subjects receiving saline
followed by carbon monoxide. The
disruption of auditory threshold
sensitivity by carbon monoxide is
blocked by PBN. Values presented are
means + SE. A significant frequency x
treatment interaction (F = 5.110; p «
.0001) was found : »ng with a
significant treatment effect (F =
14.044; p < .0001). Sheffe's analysis
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Carbon monoxide potentiates NIHL

While CO given alone produces a transient
hearing impairment, CO exposure can potentiate
NIHL in rats (Young et al., 1987; Fechter et al.,
1988; Fechter, 1989) producing permanent
functional impairments and corresponding
histopathological injury. Simultaneous noise and
CO exposure result in profound au tory
impairments while subjects treated with CO
alone and tested 4-8 weeks later show no such
impairment. Only minor shifts in threshold and
discrete hair cell lesions were observed in
subjects receiving noise only. Subjects were
matched for auditory thresholds behaviourally
over 1-2 weeks (depending upon number of
thresholds tested). Different groups of rats were
then exposed to broad band noise alone, CO
alone, noise + CO, or placement in exposure
chambers with air and no added noise. The noise
exposure consisted of a 105 dBA (Fechter et al.,
1988, Fechter, 1989) and 110 dBA (Young et al.,
1987) broad band noise having peak intensity
between 4 and 8 kHz. Exposure was for a period
of 2 hr. Most of the experiments used inhalation
exposures of 1200 ppm CO although lower

w showed a significant difference
between the saline-CO group and all
other groups (p <.0002).

concentrations (250 and 500 ppm) were included
in one study (Fechter, 1989). Exposure to CO
was for a period of 210 min. In subjects exposed
simultaneously to noise and CO, this allowed for
a period of CO exposure of 90 min prior to
adding the 2 hr of noise. The rationale for this
was to permit COHb levels to approach a steady
state prior to adding noise. Auditory thresholds
were reassessed 1-8 weeks following exposure
depending upon the stu ' and histological
sections were prepared in one study (Fechter et
al., 1988) to assess damage to the organ of Corti.
Because the behavioural test method required
repeated testing over several days, it was not
possible to determine whether the exposures
produces TTS.

Subjects exposed to 105 dBA noise + 1200 ppm
CO showed a statistically significant loss in
auditory sensitivity from pre-exposure levels
ranging from 20-60 dB; those exposed to noise
alone showed auditory threshold shifts that were
less than 20 dB and were present at only 4
limited number of test frequencies. Neither the
subjects receiving CO alone nor untreated
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Figure 4. Shift in compoun action otential threshold for guinea pigs pretreated with
allopurinol (100 mg/kg) and saline and then administered carbon monoxide and air. Loss of
threshold sensitivity occurs at high frequencies in subjects receiving saline followed by carbon
monoxide observed 60 min following carbon monoxide. The disruption of auditory thresh« 1
sensitivity by carbon monoxide is blocked by a )purinol administered prior to carbon

monoxide exposure. Values presented are means + SE. A sig

cant frequency x treatment

interaction (K = 38.355; p <.02) was found along with a significant treatment effect (F =14.044;
p <.0001). Sheffe's analysis showed a significant difference between the saline-CO group and

all other groups (p <.0001).

controls showed a significant loss in threshold
sensitivity. Assessment of inner and outer hair
cell injury measured 8 weeks following exposure
demonstrated 1at noise exposure produced
limited injury to the outer hair cells of the basal
turn; combined noise + CO yir led a loss of
outer hair cells that extended over the basal 50%
of the cochlea. Inner hair cell damage in these
subjects was marked in the basal most 15% of
the cochlea. Subjects receiving CO treatment
alone and untreated controls showed no loss of
hair cells. Spiral ganglion cell loss was not
assessed in this study.

In a subsequent study (Fechter, 1989) that used
comparable noise conditions, CO exposures of
500 ppm or greater did yield significant
potentiation while exposure to 250 ppm CO +

noise did not produce a permanent threshold
shift at 10 and 40 kHz. Impairments were
somewhat greater at 40 kHz than at 10 kHz.
While these levels of CO exposure are
substantially higher than OSHA PEL levels, they
do represent realistic levels experienced in fires
and levels that may be achieved under accidental
exposure conditions. They also reflect
permanent outcomes of fairly short duration
exposures (2 hr) to broad band noise.

Previous studies demonstrate (Young et al.,
1987; Fechter et al., 1988; Fechter, 1989) that
CO can potentiate NIHL under specific
conditions, but the exposure parameters that
enhance risk of NIHL were not i :ntified. High
concentrations of CO alone can produce
temporary threshold shifts (TTS) through a
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process that entails the generation of free oxygen
radicals and excess release of the excitatory
neurotransmitter, glutamate (Liu and Fechter,
1995; Fechter et al., 1997). Free radical
generation has also been identified as a
mechanism of ototoxicity related to organotins
(Clerici, 1995), aminoglycoside antibiotics
(Garetz et al., 1994; Priuska and Schacht, 1995)
and cisplatin (Rybak et al., 1995; Ravi et al.,,
1995). It may also play a substantive role in
some forms of noise induced hearing loss
(Seidman et al., 1993; Quirk et al., 1994; Jacono
et al., 1998).

Solvents as ototoxicants

Chronic low level occupational solvent exposure
as well as high dose self-administration of
solvents can produce hearing loss in humans.
This fact has not received sufficient attention
largely because solvent exposure in the
workplace commonly occurs in the presence of
noise, which is the archetypical environmental
source of hearing loss. Morata et al. (1994),
using the NIOSH National Occupational
Exposure Survey, estimate that approximately 5
million American workers are exposed to
organic solvents that produce ototoxicity in
humans. The overwhelming majority of these
individuals are also exposed to noise.
Approximately 2 million of these individuals are
exposed to toluene while roughly 400,000 are
exposed to trichloroethylene (TCE). Hearing
loss under these circumstances is typically
attributed to the noise. However, solvents not
only produce hearing loss directly in humans,
but can also enhance the disruptive effects of
noise on hearing (cf. Rybak, 1992; Johnson and
Nylen, 1995 and literature cited below). In
addition to occupational exposure, solvent use is
ubiquitous.

Permissible exposure levels (PELs) for toluene,
TCE, and noise and biomarkers of solvent
exposure

Toluene 1s produced in quantities of 2.8 million

metric tons per year in the US (USITC, 1993)
and it is a significant constituent in glues and
paints and is ubiquitous in hazardous waste sites.
The PEL for toluene is 100 ppm (1989) and the
neuro/psychological effects of exposure
constitute a prominent adverse effect recognised
in threshold setting. Production of TCE in the
US is in the hundreds of million pounds per year,
(USDHHS, ATSDR, 1997). TCE has been used
in dry cleaning, in typing correction fluid, and as
a degreaser; consequently, large numbers of
individuals were exposed to at least low doses of
this agent. Its predominant use remains
degreasing of metal parts. It is also a significant
contaminant at hazardous waste sites.

OSHA has set PELs for both toluene (OSHA
1989) and for TCE (OSHA, 1993) at 100 ppm
over an 8 hour workday. Humans exposed to
80ppm toluene for 4 hr show a steady state blood
concentration of 6-7uM toluene (Hjelm et al.,
1988; Lof et al., 1990). It is anticipated, based
upon laboratory studies in animals as well as
human autopsy, that the brain would have
toluene levels between 2 (Benignus et al., 1981;
Takeichi et al., 1986) and 10 (Paterson and
Sarvesvaran, 1983) times higher than blood
levels - a finding consistent with the brain's high
lipid content and known susceptibility to acute
toxicity. Thus exposure to toluene at levels
below threshold limit values can be predicted to
yield toluene levels in brain of 12-70 pl

While the metabolism of TC complicates
assessment of blood concentrations that
correspond to inhalation exposures, 50 ppm
exposure for 4 hr produces human blood
concentrations of 6uM (Sato et al., 1991) while
exposure at the PEL of 100 ppm for eight hours
yields blood concentrations of 13uM (Sato and
Nakajima, 1978). Brain TCE levels are likely to
surpass blood levels significantly.

Epidemiology of solvent-induced hearing loss
Epidemiological studies demonstrate direct
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solvent-induced hearing loss and noise induced
hearing loss enhanced by solvents. Morata et al.
(1993) studied 190 workers from printing and
paint manufacturing industries in Brazil.
Workplace toluene exposures were estimated at
100-365 ppm and noise levels between 88-93
dBA. Comparisons made among groups exposed
to a mixture of solvents (with toluene as the
predominant component), noise, noise plus
solvent, and unexposed controls showed
significant hearing impairments in all groups
compared to control. The odds ratio for hearing
impairments was approximately 4 for the noise
exposed group, 5 for the mixed solvent group,
and nearly 11 for subjects receiving combined
exposure to noise and solvents. While these
toluene exposure levels were high compared to
US PEL values, Abbate et al. (1993) observed
significantly elevated latency in the brainstem
auditory evoked potential among normal hearing
workers exposed to toluene for 12-14 years at
average exposure levels of 97 ppm compared to
unexposed controls. The initial component of the
brainstem response, wave [, indicative of
cochlear function, was especially affected.
These data demonstrate sub-clinical changes in
auditory function in a solvent exposed
population. Actual hearing loss has been
reported in glue sniffers who expose themselves
to high toluene doses (Ehyai and Freemon,
1983).

Morata (1989) showed an interaction between
noise and carbon disulfide exposure among
workers exposed to noise levels of 86-89dBA
and carbon disulfide levels of approximately 30
ppm (OSHA PEL=20 ppm). Hearing loss among
the exposed subjects was extremely high ranging
from approximately 45% for those exposed for
0-2 years to 70% among workers exposed for 6
years or longer. These rates of loss are far higher
than would be predicted from noise exposures of
these intensities although baseline levels of noise
induced hearing loss among workers not
receiving carbon disulfide are unavailable.

Szulck-Kuberska et al. (1976) demonstrated loss
in auditory sensitivity among 26 out of a total of
40 workers studied who were exposed to TCE.
Auditory impairments were more common
among workers exposed to TCE for a longer
duration.

Muijser et al. (1988) reported hearing loss
among workers exposed to styrene in the plastics
industry, compared to one of two control groups.
Jacobsen et al. (1993) showed significan
elevated hearing impairments in workers
exposed to mixed organic solvents (not specified
but including solvents used in degreasing
operations and painting) for a period of five
years or more as compared to unexposed
controls (N=3,284). Bergstrom and Nystrom
(1986) also reported « :vated rates of hearing
impairment in an epidemiological study of
workers (N=319) in the paper mi industry
exposed to industrial solvents (not specified)
despite the fact that noise exposures were
relatively low (80-90dBA).

Solvents as ototoxicants: in vivo laboratory
studies

Organic solvents represent a very interesting, yet
confusing group of ototoxic chemicals. First,
they appear to preferentially impair auditory
function for sounds of mid frequency (Crofton,
1994) ra er than the high frequencies that are so
much more commonly the targets of
ototoxicants. Secondly, despite this shared
functional impairment, organic solvents may
actua - target different cell types and produce
their effects by multiple mechanisms. Clearly,
such a diversity of mechanisms, if true, presents
significant challenges in developing therapeutic
strategies for reversing or blocking auditory
impairment! The following review focuses on
two  ototoxic solvents, toluene and
trichloroethylene, which underscore the above
comments.
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Figure 5. Trichloroethylene exposure produced a permanent mid-frequency hearing loss in
rats as evidenced by elevation in sound level necessary to elicit a CAP. Animals tested 4 to 5
weeks after exposure to air only (AIR) or 4000 ppm trichloroethylene (TCE) 6 h/day for 5
consecutive days. Data are presented as group means (x SE) (*Significantly different from
controls, p < 0.05; n = 10/group).
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Figure 6. Growth of the CAP amplitude in response to increasing sound levels at 16 kHz for
rats exposed to air only (AIR) or 4000 ppm trichloro ylene (TCE) 6 h/day for 5 consecutive
days and tested 4-5 weeks after exposure. TCE subjects showed a depressed CAP amplitude at
sound levels from 50 to 90dB SPL. Data are presented as group means (+ SE) (*Significantly
different from controls. p < 0.05; n = 10/group).
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Crofton and Zhao (1993) reported a selective
permanent impairment in auditory thresholds at
middle frequencies in animals exposed to
4000ppm TCE for 8 hr/day for 5 days. More
recent studies have replicated these behavioural
findings and provided both electrophysiological
and histological findings that facilitate
identification of a 1 ely target for this
ototoxicant. Fechter et al. (1998) conducted
parallel behavioural and electrophysiological
studies in rats exposed to TCE as described by
Crofton and Zhao (1993). Not only were
behaviourally determined thresholds for middle
frequencies elevated, but CAP thresholds were
also elevated for these same tones (see fig 5).
When sound levels above threshold were
evaluated for a mid frequency tone, SGC output
(N1 amplitude) was at lower voltages among
TCE treated subjects than controls indicating a
loss of responsive units (fig 6). Light microscopy
conducted in the lab confirmed a loss of SGCs in
TCE-treated subjects that seems consistent with
the pattern of preferential middle frequency loss
(see fig 7). CM, generated predominantly by
OHCs, was not reduced as compared to control
subjects (data not shown) thus demonstrating

gg'gm' Figure 7. T(.IE decrez-ases the
density of spiral ganglion cells
in the Ilower-middle and
upper-middle turns of the
cochlea. Rats were exposed to
air or 4000 ppm TCE 6 hr/day
for 5 consecutive days and
were euthanized 10 weeks
following exposure. Data are
presented as group means (+
SE) (*Significantly different
from controls, p < 0.05; n =
4/group).

that SGCs were more vulnerable than OHCs to
this toxicant. These data differ from those seen
with toluene where other investigators suggest
that the OHC is the primary site of injury (see
below). Yet, both toluene and TCE produce a
preferential mid-frequency hearing impairment
in vivo.

Toluene

In vivo laboratory studies of toluene ototoxicity
have used concentrations that appear high
relative to human PEL's, but in vitro
investigations using cochlear cells identify
specific toxic effects at concentrations that
would be predicted in neural tissue during
human workplace exposures within the
permissible range. Rats exposed to toluene in the
range of 1000-2000 ppm over 3-5 days (8-16
hr/day) develop permanent auditory impairments
as reflected by the disruption of the early
(cochlear) components of the auditory brainstem
response (ABR) or by behavioural testing (e.g.
Rebert et al., 1983; Johnson, 1994; Crofton et al.,
1984; Pryor et al., 1984; Sullivan et al., 1988),
but it is unknown whether temporary, acute
threshold shifts also occur during toluene
intoxication. Sullivan et al. (1988) and Johnson
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and Canlon (1994) published histological data
that demonstrate OHC damage especially at
middle turns of the cochlea following toluene
exposure. Johnson and Canlon showed
(1400ppm, 16 hr/day for 3-8 days) functional
impairment (DPOAE) that also supports a
significant OHC involvement. It is not known
whether the IHC and/or SGC might also be a
target for toluene, whether there is a difference in
susceptibility of these different cell types to
toluene, and how toluene impairs cochlear cells.
While the bases by which solvents impair
cochlear function are unclear, recently published
in vitro findings suggest that at least one of these
agents, toluene, disrupts outer hair cell length
and intracellular calcium homeostasis. It is not
certain that these processes underlie cochlear
impairment, but they do provide initial clues that
may relate to this issue.

Toluene disrupts OHC motility in vitro
preferentially for cells from middle apical end
of cocl :a

Toluene 100uM promotes significant reductions
in OHC length especially from long OHCs
isolated from the apical-middle half of the
co« lea responsible for low-mid frequency
hearing than from the basal or high frequency
half of the cochlea (see Figure 8). This finding
suggests that intrinsic cell characteristics may be
critical to the preferential vulnerability of the
cochlea to mid frequency hearing loss for
toluene. By contrast, trimethyltin (100 mg/mg)
which impairs high frequency hearing did not
produce this pattern of loss (Figure 9) indicating
that cells from the : ical half of the cochlea
when studied in primary culture are not more
susceptible to impairment due to culture
conditions or superfusion with ototoxicants in
general.

Toluene elevates [Cai2*] in ( [Cs and SGCs
by disrupting storage of Cal+
intracellular stores

Toluene (30uM-100uM) causes a significant

from

elevation of [Cai?*] in both OHCs and SGCs
(Figure 10) as indicated by the ratiometric
calcium indicator, FURA 2. [Cai?*] starts to
increase about 2 min after exposure to toluene
and shows partial or full recovery depending
upon concentration (data not shown).

Because of concern about the specificity of the
increase in [Cai2*] produced by toluene at doses
of 30uM, control studies were conducted in
which benzene was added to artificial perilymph
following the same procedures outlined above
for toluene. Disruption in OHC [Cai?*] occurred
only at benzene concentrations of 1| mM (highest
concentration tested) suggesting that OHC
[Cai2+] homeostasis is not especially sensitive to
this agent. This finding is important because
benzene does not produce ototoxicity (Pryor,
1995). Toluene increases [Cai?*] even after
removing Ca2* from the extracellular
environment suggesting that the elevation of
[Cai?*] is from intracellular sources (see Figure
11). The preferential treatment in [Cai?*] in
OHCs over SGCs, the transient response
observed at low concentrations, and the apparent
independence from extracellular CaZ* seen with
t 1ene can be differentiated from the effects
seen using TMT. TMT preferentially affects
SGCs over OHCs has permanent effects, and
entails an extracellular as well as intracellular

source for elevation in [Cai2*] levels.

[Cai?*] homeostasis is controlled at the plasma

membrane by membrane-associated Ca2+
transport systems, and by intracellular compart-

mentalisation of Ca2+ (Carafoli, 1987). Plasma
membrane Ca2+ transport is dependent, in turn,
upon three primary factors: uptake via CaZ+
channels, uptake via a Na*/CaZ* exchanger and

extrusion of Ca2* from the cell - a process that is
dependent upon a specific ATPase. Activation of

Ca2* channels and the Na*/Ca?* exchanger
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Figure 8. Effect of 100 uM toluene on
length of outer hair cells isolated from

" apical and basal portions of the cochlea
E - and maintained in artificial perilymph.
b *Significant difference between toluene
_§ " base and control. #Significant fference
N between toluene apex and control.
= }Significant difference between toluene
s —O— control base " ) base and toluene apex. All P values <
2 ™71 —0O— control apex p 0.003. Benzene, which is not ototoxic,
g T ::::::::‘:: . m=s)  served as a control for non-specific
o) benzenc ?OO;xM L solvent effects. .Reprin!ed from Hearing
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provide the inward directed flux of Ca2*. The

specific ATPase, on the other hand, exports CaZ+
from the cell in order to maintain the low level

[CaiZ*] necessary to maintain the health of the
cell (Caroni and Carafoli, 1981). The
intracellular compartmentalisation system for

Ca?* regulation includes uptake and release of
Ca?* from intracellular Ca2+ stores such as

outer hair cell shortening in vitro," pp 134-140,
1997, with kind permission of Elsevier Science - NL,
Sara Burgerhartstraat 25, 1055 KV Amsterdam, The
Netherlands.

Figure 9. Effect of 100 uM TMT on

'‘ngth of outer hair cells isolated from
apical and basal portions of the cochlea
and maintained in artificial perilymph.
*Significant difference between TMT
base and control. #Significant difference
between MT apex and control.
fSignificant difference between TMT
base and TMT apex. All P values <0.0 5.

Reprinted from Hearing Research, Vol. 112 Liu et
al., "Correspondence between middle frequency
auditory loss in vivo and outer hair cell shortening
in vitro,” pp 134-140, 1997, with kind permission of
Elsevier Science - NL, Sara Burgerhartstraat 25,
1055 KV Amsterdam, The Netherlands.

mitochondria and the endoplasmic reticulum.

Electron probe X-ray microanalysis has also
shown the endoplasmic reticulum is a major
intracellular store of Ca2* (Somlyo et al., 1985).
Its Ca2+ regulation may be through an ATPase,
calmodulin (Moore and Kraus-Friedmann, 1983,
Famuiski and  Carafoli, 1984). The

mitochondrion has the capacity to sequester
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Ca2* through the plasma membrane may not be
an important source of elevation of [Cai2*] in
outer hair cetls and SGC exposed to toluene. On
the other hand, according to our data, at least two
pathways of elevation of [Cai?*] in toluene
ototoxicity may be involved. First, the

intracellular Ca2* -sequestering system may not
take up or release Ca2* properly. Additionally,

the intracellular Ca2+ exclusion system may not
operate effectively. It is of interest that we have

identified a disruption of [Cai2*] among both
spiral ganglion cells and outer hair cells exposed
to toluene. The issue of whether toluene disrupts
spiral ganglion cells has not been addressed in
earlier in vivo studies. Therefore it is unclear
whether the alterations that we see in these cells
in vitro represents a non-specific toxic effect or
whether it corresponds to an effect that might
occur in vivo within the auditory system.

CONCLUSIONS

Chemical asphyxiants and organic solvents
represent two broad classes of chemicals having
direct ototoxic potential as well as the ability to
interact with noise exposure yielding either
additive or synergistic effects. While a free
radical/excitotoxic explanation has been
advanced for chemical asphyxiant impairment of
cochlear function and appropriate
pharmacological interventions in laboratory
animals have been utilised, similar progress has
not yet been realised for organic solvents.
Moreover, the development of drug interventions
that can be utilised safely in humans remains an
ongoing challenge for pharmacology.

Acknowledgments

The research described in this chapter was
supported with grant support from NIEHS
(ES02852 and ES08082), NIOSH (OHO03481),
the Presbyterian Health Foundation, and a
cooperative agreement with NSF (EPS9550478).
The conclusions, however, are those of the
author alone. The author is grateful to Ms. Paula

Meder for her patience, diligence, and editorial
support in development of this paper.

Correspondence Address

Laurence D. Fechter

University of Oklahoma Health Sciences Center,
PO Box 26901 0Oklahoma City, OK 73190, USA
Phone: (405) 271-6593, ext. 47248

FAX: (405) 271-7477

E-Mail: fechter@ouhsc.edu

EFERENCES
Abbate C, Giorgianni C, Munao F, Brecciaroli R (1993)
Neurotoxicity induced by exposure to toluene: an
electrophysiologic study. Arch Occup Environ Health. 64,
389-392.

ATSDR. (1997) Toxicological Profile for trichloroethylene
(update). US Dept. of Health and Human Services.
September 1997.

Benignus VA, Muller KE, Barton CN, Bittikofer JA (1981)
Toluene levels in blood and brain of rats during and after
respiratory exposure. Toxicol Appl Pharmacol. 61, 326-
334.

Bergstrom B, Nystrom B (1986) Development of hearing
loss during long-term exposure to occupational noise.
Scand Audiol. 15, 227-234.

Bredt D, Hwang P, Glatt C, Lowenstein C, Reed R, Snyder
S (1991) Cloned and expressed nitric oxide synthase
structurally resembles cytochrome P-450 reductase.
Nature. 351, 714-718.

Bredt D, Snyder S (1992) Nitric oxide, a novel neuronal
messenger. Neuron. 8, 3-11.

Brown MC, Nutiall AL, Masta RI, Lawrence M (1983)
Cochlear inner hair cells: Effects of transient asphyxia on
intracellular potentials. Hear Res. 9, 131-144.

Cheatham MA, Dallos P (1982) Two-tone interactions in
the cochlear microphonic. Hear Res. 8, 29-48.

Clerici WJ, DiMartino DL, Prasad MR (1995) Direct
effects of reactive oxygen species on cochlear outer hair
cell shape in vitro. Hear Res. 84, 30-40.

Coyle JT, Puttfarcken P (1993) Oxidative stress,
glutamate, and neurodegenerative disorders. Science 262,
689-695.

Crofton KM, Lassiter TL. Rebert CS (1994) Solvent-
induced ototoxicity in rats: An atypical selective mid-
frequency hearing delicit. Hear Res. 80, 25-30.

24



Crofton KM, Zhao X (1993) Mid-frequency hearing loss
in rats following inhalation exposure to trichloroethylene:
evidence from reflex modification audiometry.
Neurotoxicol Teratol. 15, 413-423.

Dykens JA, Stem A, Trenkner E (1987) Mechanisms of
kainate toxicity to cerebellar neurons in vitro is analogous
to reperfusion tissue injury. J Neurochem. 49, 1222-1228.

Ehyai A, Freemon FR (1983) Progressive optic
neuropathy and sensorineural hearing loss due to chronic
glue sniffing. J Neurol Neurosurg Psych. 46, 349-351.

Fechter LD (1989) A mechanistic basis for interactions
between noise and chemical exposure. Arch Complex
Envir Studies. 1, 23-28.

Fechter LD, Liu Y, Pearce TA (1997) Cochlear protection
from carbon monoxide exposure by free radical blockers
in the guinea pig. Toxicol Appl Pharmacol. 142, 47-55.

Fechter LD, Thome PR, Nuttall AL (1987) Effects of
carbon monoxide on cochlear electrophysiology and blood
flow. Hear Res. 27, 37-45.

Fechter LD, Young JS, Carlisle L (1988) Potentiation of
noise induced threshold shifts and hair cell loss by carbon
monoxide. Hear Res. 34, 39-47.

Garetz SL, Altschuler RA, Schacht J (1994) Attentuation
of gentamicin ototoxicity by glutathione in the guinea pig
in vivo. Hear Res. 77, 81-87.

Goto I, Miyoshi T, Yoshitomo O (1972) Deafness and
peripheral neuropathy following carbon monoxide
intoxication. Fol. Psychiat. Neurol. Jap. 26, 35-38.

Hagberg H, Gilland E, Diemer NH, Andine P (1994)
Hypoxia-ischaemia in the neonatal rat brain:
histopathology after post-treatment with NMDA and non-
NMDA receplor antagonists. Biol Neonate. 66(4), 205-
213.

Halliwell B, Gutteridge JMC (1985) Oxygen radicals and
the nervous system (trends). Neurosci. 8, 22-26.

Hjelm DW, Naslund PH, Wallen M (1988) Influence of
cigarette smoking on the toxicokinetics of toluene in
humans. J Toxicol Environ Hlth. 25, 155.

Jacobsen P, Hein HO, Suadicani P, Parving A, Gyntelberg
F (1993) Mixed solvent exposure and hearing impairment:
An epidemiological study of 3284 men. The Copenhagen
male study. Occup Med. 43, 180-184.

Jacono AA, Hu B, Kopke RD, Henderson D, Van De
Water TR, Steinman HM (1998) Change in cochlear
antioxidant enzyme activity after sound conditioning and
noise exposure in the chinchilla. Hear Res. 117, 31-38.

Johnson A-C. Canlon B (1994) Toluene exposure affects
the functional activity of the outer hair cells. Hear Res. 72,
189-196.

Johnson A-C, Nylen PR (1995) Effects of industrial
solvents on hearing. [Review] Occup Med. 10, 623-640.

Kishi R, Harabuchi I, lkeda T, Yokota H, Miyake H (1988)
Neurobehavioural effects and pharmacokinetics of toluene
in rats and their relevance to man. J Brit Industrial Med.
45, 396-408.

Konishi T, Kelsey E (1968) Effect of cyanide on cochlear
potentials. Acta Otolaryngol. 65, 381-399.

Lafon-Cazal M, Pietri S, Culcasi M, Bockaert J (1993)
NMDA-dependent  superoxide  production  and
neurotoxicity. Nature. 364, 535-537.

Larsby B, Tham R, Eruksson B, Odkvist LM (1986) The
effect of toluene on the vestibulo- and opto-oculomotor
system in rats. Acta Otolaryngol (Stockh). 101, 422.

Lawrence M. (1970) Circulation in the capillaries of the
basilar membrane. Laryngoscope. 80, 1364-1375.

LeBel CP, Schatz RA (1989) Effect of toluene on rat
synaptosomal phospholipid methylation and membrane
fluidity. Biochem Pharmacol. 38, 4005-4011.

Liu Y, Fechter LD (1995) TMT disrupts loudness
recruitment and auditory threshold sensitivity in guinea
pigs. Neurotoxicol Teratol. 17, 281-287.

Liu Y, Fechter LD (1995) MK-801 protects against carbon
monoxide induced hearing loss. Toxicol Appl Pharmacol.
132, 196-202.

Lof A, Hansen SH, Naslund P, Steiner E, Wallen M, Hjelm
EW (1990) Relationship between uptake and elimination
of toluene and debrisoquin hydroxylation polymorphism.
Clin Pharmacol Therap. 47, 412-417.

Makishima K, Keane WM, Vernose GV, Snow JB Jr
(1977) Hearing loss of a central type secondary to carbon
monoxide poisoning.  Transactions -- Amer Acad
Ophthalmol Otolaryngol. 84, 452-457.

Martin L (1976) The equal energy concept applied to
impulse noise In Effect of Noise on Hearing. D Henderon,
RP Hamemnik. DS Dosanjh, JH Mills (eds) New York:
Raven Press pp 421-452.

Morata TC (1989) Study of the effects of simultaneous
exposure to noise and carbon disulfide on workers’
hearing. Scand Audiol. 18, 53-58.

Morata TC. Dunn DE, Kretschmer LW, Lemasters GK.,
Keith RW (1993) Effects of occupational exposure 10
organic solvents and noise on hearing. Scan J Work
Environ Health. 19, 245-254.

25



Morata TC. Dunn DE, Sieber WK (1994) Occupational
exposure to noise and ototoxic organic solvents. Arch
Environ Hlth. 49, 359-365.

Morris TMO (1969) Deafness following acute carbon
monoxide poisoning. J Laryngol Otol. 83, 1219-1224.

Muijser H, Hoogendijk EMG, Hooisma J (1988) The
effects of occupational exposure to styrene on high-
frequency hearing thresholds. Toxicol. 49, 331-340.

NIH Consensus Development Conference Statement on
Noise and Hearing Loss (1990) January 22-24.

NIOSH (1972) Criteria for a recommended standard.
occupational exposure to carbon monoxide. Rockville,
MD: US Dept of Health, Education and Welfare; report no.
NIOSH-TR-007-72. Available from: NTIS, Springfield,
VA; PB-212629.

NIOSH, USDHHS (1996) National occupational research
agenda, April.

NIOSH, USDHHS, PHS, CDC (1987) Organic solvent
neurotoxicity. Curr Intell Bull. 48, 2.

Nuttall AL (1984) Dynamic aspects of guinea pig inner
hair cell receptor potentials with transient asphyxia. Hear
Res. 16 1-16.

Nuttall AL, Lawrence M (1980) Endocochlear potential
and scala media oxygen tension during partial anoxia. J
Amer Otolaryngol. 1, 147-153.

Occupational Safety and Health Act of 1970. Public Law
91-596. 9lst Congress, S. 2193.

Occupational Safety and Health Administration (1981)
Final Regulatory Analysis of the Hearing Conservation
Amendment. Washington, DC: U.S. Department of Labor,
Occupational Safety and Health Administration.

Paterson SC, Sarvesvaran R (1983) Plastic bag death-a
toluene fatality. Med Sci Law. 23, 64-66.

Priuska EM, Schacht J (1995) Formation of free radicals
by gentamicin and iron and evidence for an

iron/gentamicin complex. Biochem Pharmacol. 50, 1749-
1752.

Pryor GT (1995) Solvent-induced neurotoxicity: Effects
and mechanisms In Effect of Noise on Hearing. LW
Chang, RS Dyer (eds) Effect of Noise on Hearing. New
York: Marcel Dekker Inc. pp 377-400.

Pryor GT, Rebert CS, Dickinson J, Feeney EM (1984)
Factors affecting toluene-induced ototoxicity in rats.
Neurobehav Toxicol Teratol. 6, 223-238.

Quirk WS, Shivapuja BG, Schwimmer CL., Seidman MD
(1994) Lipid peroxidation inhibitor attenuates noise-
induced temporary thresholds shifts. Hear Res. 74, 217- .
220.

Ravi R, Somani SM, Rybak LP (1995) Mechanism of
cisplatin ototoxicity: antioxidant system. Pharmacol
Toxicol. 76, 386-394.

Rebert CS, Sorenson SS, Howd RA, Pryor GT (1983)
Toluene-induced hearing loss in rats evidenced by the
brainstem auditory-evoked response. Neurobehav Toxicol
Teratol. 5, 59-62.

Rybak LP (1992) Hearing: The effects of chemicals.
Otolaryngol Head Neck Surg. 106, 677-686.

Rybak LP, Ravi R, Somani SM (1995) Mechanism of
protection by diethyldithiocarbamate against cisplatin
ototoxicity: antioxidant system. Fund Appl Toxicol. 26,
293-300.

Russell 1J, Cowley EM (1983) The influence of transient
asphyxia on receptor potentials in inner hair cells of the
guinea pig cochlea. Hear Res. 11, 373-384.

Sato A, Endoh K, Kaneko T, Johanson G (1991) A
simulation study of physiological factors affecting
pharmacokinetic behaviour of organic solvent vapours.
Brit J Indus Med. 48, 342-347.

Sato A, Nakajima T (1978) Differences following skin or
inhalation exposure in the absorption and excretion
kinetics of trichloroethylene and toluene. BritJ Ind Med.
35, 43-49.

Sato T (1966) Hearing disturbances in monoxide gas
toxicosis. Orolaryngology (Tokyo) 38, 805-816.

Szulck-Kuberska J, Tronczynska J, Latkowski B (1976)
Oto-neurological investigations of chronic
trichlorethylene poisoning. Min Oto. 26, 108-112.

Seidman MD, Quirk WS, Nuttall AL, Schweitzer VG
(1991) The protective effects of allopurinol and
superoxide dismutase-polyethylene glycol on ischemic
and reperfusion-induced cochlear damage. Otolaryngol
Head Neck Surg. 105, 457-463.

Seidman MD, Shivapuja BG, Quirk WS (1993) The
protective effects of allopurinol and superoxide dismutase
on noise-induced cochlear damage. Orolaryngol Head
Neck Surg. 109, 1052-1056.

Steinberg GK, Yoon EJ, Kunis DM, Sun GH, Maier CM,
Grant GA (1995) Neuroprotection by N-methyl-D.-
aspartate antagonists in focal cerebral ischaemia is
dependent on continued maintenance dosing.
Neuroscience. 64, 99-107.

26



Sullivan MJ, Rarey KE, Conolly RB (1988) Ototoxicity of
toluene in rats. Neurotoxicol Teratol. 10, 525-530.

Takeichi S. Yamada T, Shikata I (1986) Acute toluene
poisoning during painting. Forensic Science Intnl. 32,
109-115.

Thorne PR, Nuttall AL (1987) Laser doppler
measurements of cochlear blood flow during loud sound
exposure in the guinea pig. Hear Res. 27, 1-10.

Trautwein P, Hofstetter P, Wang J, Salvi R, Norstrant A
(1996) Selective inner hair cell loss does not alter
distortion product otocoustic emissions. Hear Res. 96, 71-
82.

Tubbs RL (1995) Noise and hearing loss in firefighting In
Firefighters' Safety and Health [Review]. P Orris, J
Melius, RM Duffy (eds) Philadelphia, PA: Hanley &
Belfus Inc. pp 843-856.

Tymianski M, Spigelman I, Zhang L, Carlen PL, Tator CH,
Charlton MP (1994) Mechanism of action and persistence
of neuroprotection by cell-permeant Ca2+ chelators.
(Review). J Cerebral Blood Flow Metab. 14, 911-923.

US Dept. of Health and Human Services Preventing
occupational hearing loss - a practical guide in JR Franks,
MR Stephenson, CJ Merry (eds) (1996) DHHS (NIOSH)
Publication No. 96-110.

US Dept. of Health and Human Services (1995)
Toxicological profile for cyanide. ATSDR. August 1995.

US Dept. of Health and Human Services. (1993) Cyanide
toxicity. American Family Physician. 48, 107-114.

US Dept. of Health and Human Services (1996) Leading
work-related diseases and injuries-United States.
MMWR. 35, 185-188.

USEPA (1986) Guidelines for the health risk assessment of
chemical mixtures. Federal Register. 51, 185.

USEPA (1991) Air quality criteria for carbon monoxide.
Office of Research and Development. EPA/600/8/8-
90/04SF.

van Heijst ANP, Maes RAA, Mtanda AT, Chuwa LMM,
Rwiza HT, Moshi NH (1994) Chronic cyanide poisoning
in relation to blindness and tropical neuropathy. Clinical
Toxicol. 32, 549-556.

Ward WD, Turner CW (1982) The total energy concept as
a unifying approach to the prediction of noise trauma and
its application to exposure criteria. In New Perspectives on
Noise-Induced Hearing Loss. RP Hamemik, D Henderson,
R Salvi (eds) New York: Raven Press pp 423-435.

Ward WD, Nelson DA (1971) On the equal energy
hypothesis relative to damage risk criteria in the chinchilla
In Occupational Hearing Loss. DW Robinson (ed)
Academic Press London pp 225-231.

WHO Environmental Health Criteria Document on
Community Noise (1993) External Review Draft, June 28.

Young JS, Upchurch MB, Kaufman MJ, Fechter LD
(1987) Carbon monoxide exposure potentials high-
frequency auditory threshold shifts induced by noise.
Hear Res. 26, 37-43.

27



wuguna. scarcn results -- Ti:Chemical Contaminants(tka) Au:Fechter Page 1of 1

homs abwut ingenta ab this site Site map help tontactus

¥ need help?

¥ display for printing (HTML) ¥ display for download (ASCII)

Click on the fax/ariel tab to see the results of your search in our
fax /ariel database.

@ online articles

O . . <=t FIRST + BACK  publications 1 to 1 of 1 FORWARD  LAST &+
fax/ariel articles

1. Mechanisms of ototoxicity by chemical contaminants: Prospects for intervention

Fechter L.D.
Noise and Heaith, Jan - Mar 1999, vol. 1, no. 2, pp. 10-27(18)

nRn Publications

“* FIRST < BACK publications 1to 1 of 1 FORWARD - LAST #&

i terms and conditions
# privacy policy

http://www.ingenta.com/isis/searching/Search/ingenta;jsessionid=3ig234g38cr8c.crescent?form_n... 3/26/2004



Models for Assessing Risk of Occupational Hearing Loss

Laurence D. Fechter, Ph.D. Hearing Loss
University of Oklahoma Health Science Center 5 R01 OH03481-02
College of Pharmacy 09/01/1997 - 08/31/2000
Department of Pharmacology & Toxicology $179,770 (8561,752 Cum)

Oklahoma City, Oklahoma 73190

Publications

Chen GD, Fechter LD: Potentiation of Octave-Band Noise Induced Auditory Impairment by Carbon
Monoxide. Hearing Research, in press, 1999

Fechter LD: Mechanisms of Ototoxicity by Chemical Contaminants: Prospects for Intervention. In:
Cochlear Pharmacology and Noise Trauma, (eds. Prasher and Canlon), NRN Publications, pp. 129-149,
Noise & Health 2:10-27, 1999

Chen GD, Fechter LD: Enhancement of Noise Induced Permanent Hearing Loss by Carbon Monoxide
(CO). Association Research Otolaryngology, 1999 (Abstract)

Chen GD, McWilliams M, Fechter LD: Noise-induced Hearing Loss (NIHL) in Different Carbon
Monoxide (CO) Environments. Toxicologist, 1999 (Abstract)

Tawackoli W, Fechter LD: Acute Disruption of Cochlear Potentials by Potassium Cyanide.
Toxicologist, 1999 (Abstract)

Rao DB, Chen GD, Fechter LD: Effects of Exposure Duration on Potentiation of Noise Induced Hearing
Loss by Carbon Monoxide. Toxicologist, 1999 (Abstract)

Unpublished Articles

Fechter LD, Chen GD, Rao DB: Characterizing Conditions that Favor Potentiation of Noise Induced
Hearing Loss by Chemical Asphyxiant. Noise and Health, under editorial review, 1999

Chen GD, McWilliams M, Fechter LD: Intermittent Nosie Induced Hearing Loss and the Influence of
Carbon Monoxide. Hearing Research, under editorial review, 1999



lay 18, 1999

Stephanie L. Shack, Grants Program Assistant _A£.4
Office of Extramural Coordination and Special Projects, NIOSH

Publication(s) Submitted for Entry into NIOSHTIC Data Base
NIOSH Grant 5 RO1 OH03481-02

William D. Bennett
Information, Acquisition and Data System Section (IADSS), TIB, DSDTT, NIOSH

The attached publication(s) have been received from the principal investigator on the subject
NIOSH grant. Please determine if this document should be entered into the NIOSHTIC data

base.

Attachments
Publication(s)
List of Publications



1 ILL SID: 09897 OL

Beginning of record displayed.

OLUC ti "NOISE & HEALTH" Record 2 of 2
NO HOLDINGS IN OSH - 3 OTHER HOLDINGS
OCLC: 41903340 Rec stat: c
Entered: 19980903 Replaced: 19991111 Used: 19991111
» Type: a ELvl: Srce: d GPub: Ctrl: Lang: eng
BLvl: s Form: Conf: O Freq: g MRec: Ctry: enk
S/L: 0 Orig: Entw: Regl: r ISSN: Alph: a
Desc: a SrTp: p Cont: DtSt: ¢ Dates: 1998,9999 ¢
1 010 sn99-40912 ¢
2 040 CO0 #c COO #d NLM ¢
3 012 +i 9912 ¢
4 022 1463-1741
5 037 Noise & Health, 330 Gray's Inn, London WC1X 8EE, United Kingdom 9
6 042 led 1
7 050 4 RA772.N7 #b N649 ¢
8 060 00 W1l #b NOIO9H ¢

9 069 0 9815620 €

10 069 1 SR0093405 1

11 090 *b 9

12 049 OSHM 9

13 245 00 Noise & health. T

VvV vV vV vV VvV VvV vV vV vV Yy



1 ILL SID: 09897

End of record displayed.

OLUC ti "NOISE & HEALTH" Record 2 of 2
NO HOLDINGS IN OSH - 3 OTHER HOLDINGS

3

0
12
22

b 14 246
b 15 260
b 16 300
» 17 310
b 18 362
» 19 500
» 20 500
P 21 650
> 22 650
P 23 650
P 24 650
> 25 650
Periodicals.
> 26 850
b 27 936

Noise and health ¢

London, England: *b Noise & Health, =#c 1998- ¢
v. : % il1ll1l. ; *c 27 cm. 9

Quarterly ¢

Vol. 1 (Sept.-Dec. 1998)- ¢

Title from cover. ¢

Published: nRn Publications, 1999- ¢

Noise #x Health aspects #x Periodicals. 9

Noise #x Physiological effect #*x Periodicals. ¢
Environmental health #x Periodicals. ¢

Noise #x adverse effects #v Periodicals. 1
Hearing Loss, Noise-Induced #xX prevention & control v

DNLM 91
Vol. 2 (Jan.-Mar 1999) LIC 1

OL





