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REBERT. C. 5., V. L. DAY. M. ]. MATTEUCCI AND G. T. PRYOR. Sensory-evoked potentals in rats chronically exposed to
trichloroethviene: Predominant audiorv dysfuncrion. NEUROTOXICOL TERATOL 13(1) 83-90. 1991. —Sensory-evoked poten-

tials (EPs) were studied in male Long-Evans and Fischer-344 rats 1n order to charactenze the eiectrophysiological consequences of

chronic inhalation exposure to trichloroethylene (TCE). Groups of ten Long-Evans tats were exposed to air or 1600 ppm or 3200 <
ppm TCE for twelve wecks and evaluated periodically with a multisensory test battery. Brainstem auditory-cvoked response (BAER)
amplitudes were depressed by TCE. whereas somatosensory and visual potentials remtained normal. The effects on BAERs. which

vaned with tone intensity and frequency, suggested that TCE causes a predominantly high-frequency hearing loss. Comparable ef-

fects were obtained 1n both strains of rats and were like those previously observed following exposure to toluene,

Trichloroethylene Rats Sensory-evoked potentials

Hearing loss

Bramstem auditory-¢voked response

THE chlotinated aliphatic hydrocarbon trichloroethylene (TCE) is
primarily used for industnal degreasing operations, but has also
been used in paint removers. as an anesthetic, a solvent for chem-
ical extractions. a dry cleaning agent, and as a component of ad-
hesives and lubricants (1, 43. 49), Worldwide annual production
at one ume approached a million tons (16). Industrial workers
may be exposed to relatively low levels over extended periods of
time (1, 16. 21) and there have been numerous instances of acci-
dental exposures to levels {e.g., 800 to 1.000 ppm--e.g., Grand-
jean er al. (18)] much beyond the threshold limit value of 100
ppm per 8-hr day. In addition TCE may be self-admunistered ar
very high concentrations as a euphonant (44,49). Its anesthetic
properties insure that TCE produces a vanety of acute effects on
the nervous system (1.16). but its potency as a chronic neurotox-
icant is still under debate. Clarification of this concem is impor-
tant since TCE is one of the chemicals found abundantly at waste
sites (R, Dyer. EPA. personal communication),

Given TCE's ubiquity as an industrial degreaser, the likeli-
hood that workplace exposures to moderately high concentrations
are not uncommon, and TCE's use for psychoactive effects at
high concentrations. it would seem likely that, were it a potent
neurotoxicant, more reports of neurotoxicity would have appeared
in the medical literature and that graded manifestations would be
evident. Thus. one must wonder at the causative factors underly-
ing the several cases of severe neurotoxic reactions reported in
humans (22.45). It is possible that. in some instances. the neuro-
toxicity is due to a degradation product such as dichloroacerylene
formed from TCE in the presence of heat (1). Neuropathologic
changes consequent to TCE exposures have been observed in dogs
(2) and rabbits (4). but those studies must be considered with
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caution since at the time thev were conducted it is possible that
pure TCE was not used (49).

In gerbils chronically exposed to TCE by inhalation, no per-
sistent postexposure neurobehavioral effects were observed ex-
cept in the presence of trichloroethane which revealed a latent
toxicity (20). Kulig (21). in a very systematic investigation, ob-
served cumulative changes in several neurobehavioral parameters
in rats. but the effects did not persist beyond the exposure period.
Dorfmueller er al. (9) obtained no results indicative of maternal,
embryonic. or developmental neural dysfunction associated with
maternal exposures to 1800 ppm TCE for about 40 days. Thus,
there remains considerable uncertainty conceming the neurotox-
icity of pure TCE.

We. and others. have shown that electrophysiologic measure-
ments such as the EEG and sensory-evoked potentiais (EPs) pro-
vide reliable indications of persistent neurotoxicities when known
neurotoxicants such as n-hexane, carbon disulfide, triethyltin,
lead. mercury, etc.. are administered to animals (6, 10, 11, 15,
23-25, 35, 36. 40). It seemed important, therefore, 1o determine
if TCE neurotoxicity might be revealed by these techniques. Be-
cause TCE has been reported to be ototoxic to humans (47) and
several solvents have been found to produce ototoxicity in rats
(32, 34, 36) we examined tone ntensity EP amplitude functions
of the brainstem auditory-evoked response (BAER) to determine
if TCE also produced hearing loss in rats. Long-Evans rats were
used to examine the chronic effects of TCE and both Long-Evans
and Fischer-344 rats were used to examine in more detail hearing
loss suggested by results of the chronic experiment. The Fischer-
344 rats were studied to confirm effects in the Long-Evans rats
and to determine if effects in the two strains differed in any way.
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TABLE |
SUMMARY STATISTICS FOR PREP PINZ AMPLITUDE IN RATS CHRONICALLY EXPOSED TO TRICHLOROETHYLENE

Groups

2=1600
Mean (SE)

Week
No.

i = Controi
Mean (SE)

Condiuon
/Group

Significant (p=0.05) r-Tests
for Group Compansons

2-3 df* F: uf

3=3200
Mean (SE) 1-2 1-3

Baseline
9.9.8
9.10,10

77.08 (8.12)
71.63 (10.03)

68.77 (8.91)
64.19 (7.18)

Exposure
9.10.10
9.9.9

10.8.10
9.8.9
6.7.8

61.86
64.37
35.50
59.87
55.56

(6.46)
(8.9
(6.76)
(5.52)
(9.53)

73.95 (6.91)
70.16 (9.93)
57.30 (7.93)
54.62(5.21)
62.48 (4.76)

Recovery
9.8.9
3.8.9

59.54
61.66

(8.08)
(1.7

46.34 (7.01)
56.59 (8.75)

65.43 (8.97)
67.60 (9.14)

74,49 (6.74)
58.49 (7.51)
54.93 (7.37)
46.99 (7.25)
35.66 (3.94)

54.10 (7.61)
47.62 (8.30)

*df Based on pooled error term from ANOVA.

Solvent

Mailinckrodt reagent grade trichloroethylene (labeled 99.8%
pure) was used.

Subjects

Thirty male Long-Evans rats and fourteen male Fischer-344
rats (approximately 300 g, 100 days old at the time of exposure)
were obtained from Simonsen Laboratories (Gilroy. CA). Before
initiation of the exposures. the rats were housed three per cage m
plastic cages (23 x 14 X 45 cm), with food and water available ad

lib. The Fischer rats were studied after the chronic study of the
Long-Evans rats was completed.

Surgical Procedures

The Long-Evans rats were implanted with three epidural elec-
trodes consisting of 0-80 X 1/8-inch stainless steei screws that
were placed over the olfactory bulb (reference electrode) and so-
matosensory (2 mm posterior and lateral to bregma) and visual (6
mm posterior and 3.5 mm right of bregma) coruces (35). The
electrodes were attached by copper wire to a connector and the
apparatus was cemented to the skull with dental acrylic. The sur-
gery was carried out under sodium pentobarbital anesthesia (70
mg/kg IP): avopine sulfate (0.05 mg/kg IM) was used to inhibit
mucous membrane secretions. Fischer-344 rats were not surgi-

TABLE 2
SUMMARY STATISTICS FOR PBAER RMS AMPLITUDE IN RATS EXPOSED TO TRICHLORETHYLENE

Groups

2= 1600
Mean (SE)

| = Control
Mean 1SE)

Condition
n/Group

Significant (p=0.05) r-Tests
for Group Compansons

2 13 23 e

3= 3200
Mean (SE)

Baseline
10.10.10
10.10,10

3.86 (0.37N
3.06 (0.38)

4.04 (0.2D
3.790.20

Exposure
10.10.10
10.9.10
10.9.10
10.8.9

9.8.9

3.66 (0.33)
L1 o3n
2.4 (0.30)
3.16 (0.3%)
3.20 (0.39

2.90 (0.3
2.71 (0.4
2.73 (0.31)
2.73(0.3)
.79 (0.40)

Recovery
8.8.9 15
8.8.8 17

2,93 (0.30
2.59 (0.40)

2.60 (0.49)
2.33(0.5%)

3.60 (0.25)
3.16 (0.35)

3.26 (0.40)
2.00 (0.29)
1.67 (0.29)
0.83 (0.20)
0.89 (0.21)

0.80 (0.17
0.61 (0.19)

“df Based on pooled error term from ANOVA,
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TABLE 3
SUMMARY STATISTICS FOR CBAER RMS AMPLITUDE IN RATS EXPOSED TO TRICHLOROETHYLENE

Groups Sigmificant 1p=0.05) t-Tests
Condition ~ Week  1=Conol 2= 1600 323200 for Group Compansons
vGroup No. Mean (SE) Mean (SE) Mean (SE) 1-2 1.3 23 df* Fuur
Baseline
10.10.10 1 4.70 (0.40) 5.00 (0.3 4.21 (0.38)
10.10,10 2 4.63 (0.62) 4,86 (0.26) 4.73 (0.54)
Exposure
10,10,10 I 4.62 (0.60) 5.40 (0.39) 4.91 (0.61)
10.9.10 2 4.70 (0.42) 4.72 (0.43) 3.25 (0.40) 2.5 2.49 26 4.214
10,9.10 3 4.42(0.4% 3.88 (0.38) 2,42 (0.43) 1.3 2.41 26 6.082
10.8.9 4 4.45 (0.38) 4.51 (0.35) 1.71 (0.30) 5.76 5.56 24 21.408
9.8.9 5 4.37 (0.46) 4 13(0.38) 2.00 (0.40) 4.11 3.59 23 10.113
Recovery
3.89 1 4,10 (0.51) 3.65 (0.4 1.86 (0.30) 3134 3.06 2 8.39
8.8.8 2 3.58 (0.6 3.61 (0.49) 1.47 (0.25) 3.14 3.18 2 6.66

*df Based on pooled error 1erm from ANOVA.

cally implanted. Instead. they were anesthetized as above at the
time of BAER recordings and 25-gauge needies were placed sub-
cutancously over the antenor portion of the nose and posterior
skull along the midline.

Surgeries on the Long-Evans rats were carried out over the
course of 11 days. Twenty-one days after the last surgery all the
rats were examined electrophysiologically to venify that adequate
EPs could be obtained. The first formal baseline tests were done

thirteen days later. the day before the rats were placed in the in--

halation chambers (this week was considered week 1 of the ex-
peniment). A second baseline test was conducted 7 days after

the rats were placed in the chambers, the day before exposures
began.

Exposure Chambers and Schedule of Activiries

The rats were housed and exposed in 62.5-liter. clear Plexi-
glas chambers (50 x 50 X 25 ¢m). One group of Long-Evans rats
served as controls and was exposed to clean air at a continuous
flow rate of 16-20 liters per min. A second group was exposed
to 1600 ppm TCE. The remaining group was exposed to 3200
ppm TCE. A regulated volume of clean air was bubbled through
the solvent and mixed with a larger volume of clean air to achieve
the desired chamber concentrations. The chamber concentrations
were verified daily by gas chromatography and generally remained

AP FEP
within 10% of the intended concentrations.
200uv| 2ms 100 MV‘ 60 ms The Long-Evans rats were exposed for 12 hours each day ex-
N3 cept on test days. The exposures lasted from 10:00 a.m. to 10:00

25 p.V| 40 ms

SEP

25uv{100 ms
PREP

FIG. 1. Group-averaged EPs obtained from Long-Evans rats after the
14th week of the expeniment (12th week of exposure) for control (bottom
traces of each ser of EPs) and the TCE-cxposed rats. AP =compound ac-
uon potenual of the venrral caudal nerve. SEP = corncal shock (tail) EP.
FEP =tlash EP. PREP = pattern reversal EP. Only PREP amphitude dif-
fered among the groups (see Table 1).
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p.m. The lights were on from 8:00 a.m. to 8:00 p.m. Tests be-
gan 10 hr after the dailv exposure ended. Exposures started at the
beginning of the third week of the experiment. Electrophysiologic
recordings were subsequently obtained at the end of Weeks 3, 5,
8, 11. and 14 of the experiment (after 1. 3, 6, 9. and 12 weeks
of exposure). The exposures were terminated at the end of exper-
imental Week 14, the day before the Week 14 test. and additional
routine tests in the recovery period were obtained at the end of
Weeks 15 and 17 of the experiment. Special auditory function
tests were carmried out during Week 16 of the experiment.

The Fischer-344 rats were exposed to air (n=4), 2000 ppm
(n=35), or 3200 ppm (n=5) TCE 12 hours a day for three
weeks with the same light-dark and exposure schedule as the
Long-Evans rats.

Electrophysiologic Measures

The latency and amplitude of the compound action potential
(AP) of the ventral caudal nerve of the tail and various parame-
ters (as described below) of brain-evoked potentials elicited by
auditory. visual. and somatosensory stimulation were measured
in Long-Evans rats, The rats were restrained in a specially de-
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signed plastic holder that held the rat in correct orientation to the
various sources of stimulation (37).

Tail Stimulation

To record the AP (1 Hz to 3 kHz recording bandpass) the tail
was taped into a Plexiglas holder containing 25-ga needles that
protruded about 1 mm into the ventral aspect of the tail. The re-
cording electrode (referenced to another electrode 3 ¢cm more
proximal) was 6 cm from the stimulating cathode. The anode was
2 cm distal to the cathode, approximately | cm from the tip of
the tail. Stimuli were 300 constant-current square waves of 3 mA
and 50-psec duration delivered at a rate of 19/sec. The cortical
shock EP (SEP 1 Hz to 250 Hz recording bandpass) evoked from
somatosensory cortex was elicited by 75 constant-current square
waves of 3 mA and 50-psec duration delivered to the 1ail at a rate
of 1.3/sec.

Visual Stimulation

The flash EP (FEP. 1 Hz to 250 Hz recording bandpass) was
elicited by 50 flashes of 10-usec duration from a Grass PS-2
photostimulator (intensity setting of 8) presented at a rate of 1.3/
sec. Pattern-reversal evoked potentials (PREPs, | Hz to 150 Hz
recording bandpass) were elicited by 150 checkerboard reversals
at a rate of 1.3/sec. using a Grags VPG 24x 18 ¢m television
monitor placed 8 c¢m in front of the rat. At that distance. checks
in the center of the visual field subtended 14° at the 256-check
setting. Contrast was set to maximum. Luminance from the screen.
and of the light and dark checks separately, was determined with
a Tektronix J6523 1° probe. When the probe covered four checks
(two black, two white), luminance (average of 3 determinations)
was 29.8 ft L. Dark checks were 2.9 ft L and light checks were
56.5 ft L (average of 5 determinations).

Auditory Stimularion

Two types of brainstem auditory-evoked responses were elic-
ited by 1) 1000 clicks (square waves of 100-usec duration ap-
plied to a high-frequency speaker, CBAER) or 2) 1000 tone pips
(1-msec duration. 0.2 msec nse/fall times, PBAER) presented at
a rate of 19/sec. Intensity of the click or pip was about 60 dB
above the threshoid for eliciting the BAER in control rats. The
recording bandpass was 400 Hz to 6 kHz. The high highpass set-
ting improved the signal-to-noise ratio and clarified early compo-
nents. In separate tests. the intensity and frequency of the pips
were varied to characterize an apparent hearing loss (vide infra).

Data Analvsis

Due to tme and technical constraints. acceptable data were
acquired from 6 to 10 Long-Evans rats from each group during
each test session. EPs were usually quaniified by measuning la-
tencies and peak-to-peak amplitudes of waveform components.
Overall waveform amplitudes of BAERs were obtained by inte-
grating the waveforms from the first through the fifth compo-
nents. a procedure previously found useful in evaluating stimulus
intensity-EP amplitude functions (36). Chronic effects were sta-
tisucally evaluated by one-way analyses of variance (ANOVA)
across groups at each measurement time. It was not possible to
carry out a repeated-measures ANOVA across time because of
unequal numbers of measurements at the different times. Signifi-
cant F-ratios were followed by least-significant-difference r-test
compansons between each exposed group and the controls. using
the residual degrees of freedom and error vanance from the anal-
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FIG. 2. Group-averaged CBAERs (upper) and PBAERs obtained from
Long-Evans rats after the 14th week of the experiment (12th week of ex-
posure) for control and TCE-exposed groups. The stimulus marker indi-
cates the approximate tme of arrival of sound to the ear.

yses of variance. Intensity-amplitude functions of PBAERs were
cvaiuated by two-factor (Group X Intensity) repeated-measures
ANOVAs for each frequency separately,

RESULTS
Bodv Weight and Temperarure

Mean body weights of the exposed Long-Evans groups re-
mained comparable to control weights throughout the experiment.
All rats gained weight; average weights increased from about 400
g to about 525 g over the course of the experiment. Colonic tem-
peratures also remained normal in the exposed groups: tempera-
tyres were 37,8 (0.3=8D), 37.5 (0.12), 37.7 (0.51)°C in control,
1600 ppm. and 3200 ppm groups, respectively, recorded after
nine weeks of exposure.

Electrophysiologic Parameters

Group-averaged waveforms of Long-Evans rats obtained after
12 weeks of exposure for the AP, SEP, FEP, and PREP are shown
in Fig. 1. Except for the PREP, the waveforms were comparable
among the groups throughout the experiment and statistical anal-
yses revealed no systematic differences across groups for any pa-
rameter of the AP, SEP. or FEP. There was a tendency for PREP
amplitude to be smailest in the 3200 ppm group: for component
PIN2 and the integrated amplitude score the F-ratios were signif-
icant, Fp y2(2.18)=4.7, p=2.3x107% Frus(2.18)=3.7, p=
4.5% 107", at the last exposure test. However, there was a general
trend toward reduced amplitude in all groups over the course of
the experiment. and there were no significant differences in the
recovery phase (Table 1).
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FIG. 3. Intensity-amplitude funcuons for pip-evoked BAERs at different frequencies in Long-Evans rats exposed to air or michloroethylene
(TCE) showing predominantly mid-to-igh frequency heanng loss in rats exposed to 3,200 ppm TCE. These tests were conducted during

the second week of the recovery period.

CBAER and PBAER group-averaged waveforms from Long-
Evans rats are shown in Fig. 2. Amplitudes of all components
were depressed in the 3200 ppm group. but the effect appeared
to be more severe on the PBAER than the CBAER. This general
effect was best reflected by a waveform integration score. Reduc-
tions of amplitudes were statistically significant for CBAERSs by
the second exposure test carried out after three weeks of expo-
sure. At this time the overall F-ratio was significant for the
CBAER. F(2.26)=4.2. p=2.6x 102, but not for the PBAER.
Follow-up tests indicated that only the 3200 ppm group differed
from controls. However, the overall F-ratios for both responses
were significant for all subsequent tests through the third week of
the recovery phase [e.g.., for the third week in recovery,
Fraapr(2.2D)=7.2, p=4.2X 1073 Fepapr(2.21)=6.66, p=
6.1 10}, The effect was limited throughout to the 3200 ppm
group (Table 2: PBAER: Table 3: CBAER).

Although CBAER amplitude decreased there was no effect on
the latency of any component nor on the several interwave times
(1-3, 3-5. 1-5). In contrast. increased latency of PBAER Com-
ponent 5 and the 3-5 and -5 interwave times were statistically
significant after nine weeks of exposure [e.g.. F 5(2.24)=3.91,
p=3.4x107%]. Again, the effect was limited to the 3200 ppm
group,

To further examine the possible ototoxicity reflected by the
decreased BAER amplitudes. tests were run using tone pips at
frequencies of 4. 8. or 16 kHz and eight intensities ranging from
25 10 95 dB (machine settings), a range of intensities known to
elicit a senes of BAERs graded in amplitude (36). These results
were analyzed by repeated-measures ANOVA (Intensity x Group)
of RMS amplitudes for each frequency separately. In each case
there was a highly significant effect of stimulus intensity (Fs>S55,
ps<1.0x 10 ™), At 4 kHz the Group x Intensity interaction was
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minimally significant, F(14.126)=1.79, p=4.7x10"> Al-
though only marginally significant. at almost ail intensities PBAER
RMS amplitude was smaller in the 3200 ppm group than in the
others (Fig. 3). This effect was more pronounced in the 8-kHz
condition and the interaction term was highly significant.
F(14.126)=2.89, p=8.2 x 10 ™", The largest effect was observed
with the 16-kHz sumulus, F(14,126)=6.08, p=4.5x 10~°, For
all frequencies. the effect was confined to the high-exposure
group.

The generality of TCE ototoxicity across rat strains was eval-
uated by testing its effect in Fischer-344 rats, The results (Fig. 4)
were essentially the same as for the Long-Evans rats except that
PBAER amplitudes at the 2000 ppm conceniration were between
the control values and those of the high-concentrauon group,
whereas the Long-Evans rats exposed to 1600 ppm were unaf-
fected. Interaction F-ratios (Intensity X Group) were as follows
for 4-, 8-, and 16-kHz stimuli, respectively: F, (14.63)=2.54.
p=6.1x107% Fg(14.70)=4.84, p=3.9% 10 ™% F,, (14.70) =
14.69, p= 1.2x 10712,

DISCUSSION

In general. the resuits of this experiment were similar to those
of Kulig (21) in that there was no evidence to indicate that TCE
is a potent neurotoxicant. As Kulig has pointed out with respect
to the test of caudal nerve function—and. as we noted in the In-
troduction. the point is valid for the other tests as well--the EP
measures are affected by a variety of known neurotoxicants. It
has also been reported that the relative potencies of several anti-
cancer drugs with respect to human neurotoxicity are similar in
rats as evidenced by EPs (40). The lack of general neurotoxic ef-
fects in this experiment is not. therefore, due to an absence of
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FIG. 4. Intensity-amplitude functions for pip-cvoked BAERs of different frequencies in Fischer-344 rats exposed to tmchioroethyl-
ene (TCE) showing predominantly mid-to-high frequency hearing loss in rats exposed to 2.000 and 3.200 ppm TCE. These tests

were conducted one week after the end of the exposure.

sensitivity of the measures to neura] dysfunction. However. this
is not to say that with further procedural modifications or other
tests, subtle neurotoxic effects of TCE might not be detected. For
example. systematic manipulation of parameters of pattern rever-
sal stimulation (7) might reveal persistent effects. as there was
some indication that the PREP was affected during the exposures.
Also. whereas routinely obtained EPs are not altered by toluene
(12.31), the results of Dyer er al. (12) suggest that recovery cy-
cle procedures might provide added sensitivity. Another factor of
possible importance is the concentration of TCE used in this study.
Typically, rats exposed to neurotoxicants gain weight more slowly
than unexposed controls. or lose weight, but that was not the case
in this investigation. Perhaps TCE leveis sufficient to produce
an effect on weight gain would also cause persistent neural dys-
function.

Although one would expect to reject the null hypothesis more
than 5% of the time when a large number of variables are evalu-
ated several times (i.e.. inflated type | errors). in other experi-
ments we have noted considerable consistency in EP parameters
when several baseline tests were run on the same rats (37.39),
with type 1 errors of about 7%. depending on the particular EP.
In this study. for example, there were no indications of any sys-
tematic effects of treatments for the AP, SEP, or FEP. Of 63
comparisons for the AP none were significant at p<<0.05; four of
99 comparisons were significant for the SEP but in no consistent
pattern with respect t0 components or experimental variables: two
of 108 comparisons were significant for the FEP. Overall. only
2.2% of comparisons for these three EPs were significant. We
wonder. therefore. if staustical corrections for potentiaily inflated
type 1 errors might not. 1n some cases. result in excessive type 2
errors.

Prvor (29) has shown that chronic inhalation exposure of rats
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to toluene at concentrations that produce no changes in EPs (ex-
cept the BAER) induces abnormalities in gait and landing foot
splay reminiscent of the cerebellar ataxia observed in heavy abus-
ers of solvents (42). Because of cerain similarities in the effects
of TCE and toluene. e.g.. they are both excitatory in the vestib-
ular-oculomotor reflex test (48) and similarly ototoxic as shown
here. we suspect that TCE might also induce gait abnormalities.
Kulig (21) did not detect changes in a measurement of coordi-
nated movements. but the method used did not allow evaluation
of the relationships among the four limbs, an imporant dimen-
sion in Pryor’s results.

As indicated by some reviewers (8.19) the American literawure
on solvent neurotoxicity, until recently, contained no systematc
assessment of the effect of solvents on hearing. but reference to
hearing loss associated with human exposures to solvents appeared
in Europe as early as 1959 (28) and perhaps 1955 (5) and Gield-
anowski (17) examined the effects of several alcohols on cochlear
microphonics in cats in 1965. From most clinical/industrial re-
ports of hearing loss associated with solvent exposures (3, 13, 14,
26, 27) it is not possible to definitively idenufv the responsible
solvent(s) because the exposures generally involved mixtures.
Thus, considerable interest in the experimental analysis of soivent
ototoxicity was precipitated by the observations of Pryor er al.
(32) and Rebert er al. (41) that toluene caused a mid-to-high fre-
quency hearing loss in rats. measured behaviorally and electro-
physiologically (BAER). The loss of hair cells in toluene ototoxicity
has also been confirmed (30.46). Experimentally induced hearing
loss in rats has now also been shown for xylene. styrene (34),
carbon disulfide (36). and TCE. For TCE. our data suggests that
the threshold concentration (12 hr per day) is around 2.000 ppm
as the Long-Evans rats exposed to 1.600 ppm did not exhibit
hearing loss. whereas the Fischer-344 rats exposed to 2.000 ppm
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TCE did show a loss; both strams exposed to 3.200 ppm exhib-
ited similar heanng loss. These results also indicate the ototoxic-
ity is not peculiar to the aibino rat, It is interesting to note that
11 weeks of exposure to the subthreshold TCE level (1.600 ppm)
did not result in hearing loss. whereas oniy three weeks of expo-
sure to 2.000 ppm TCE was ototoxic. Similar results have been
obtained with toluene (33).

The mechanisms of solvent-induced ototoxicity are not known.
A commonality of toluene and TCE is their unsaturated structure,
Of a variety of aromatic and halogenated hydrocarbons tested for
their effects on vestibulo-ocular postrotatory nystagmus (48). it
was noted that, with very few exceptions. the major determinant
of excitation or inhibition of the reflex was the presence or ab-
sence of chemical double bonds. Unsaturated structures produced
excitation. We have similarly noted potent ototoxicity of double-
bonded structures such as toluene, xylenes. styrenes. and trichlo-
roethylene. but no. or minimal. ototoxicity of compounds such as

dichloromethane. n-hexane. and methyl-ethyl-ketone. We recently
observed that acure exposure to toluene enhances late components
of the BAER (38) and we suggested that the effect could be me-
diated by differenual hyperexcitability in vanous pans of the co-
chiea: such an effect might underlie chronic ototoxicity. That
notion was supported by the observation that the amplitude en-
hancement was related to the frequency of the eliciung stumulus
(click or tone pip). These conjectures suggest that many, but not
all, solvents might produce hearing loss.
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