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This investigation examined the effects of loud sound of different frequencies and intensities on cochlear blood flow as measured 

by the laser Doppler flowmeter. Co&ear blood flow was measured in anesthetized guinea pigs during a 1 h exposure to either a 2, 4, 

or 12 kHz pure tone or high-pass noise (lo-40 kHz) at 90, 103, or 110 dB SPL. Cochlear function was assessed using the compound 

action potential audiogram before and after exposure. There was no change in blood flow in the second turn with a 2, 4, or 12 kHz 

tone but there was a significant (P < 0.05) decline in flow in the first cochlear turn at the end of either the 12 kHz tone or high-pass 

noise exposure at 103 and 110 dB SPL. There were elevations in the thresholds of the cochlear compound action potential after all 

but the 90 dB exposures to 12 kHz or high-pass noise. No such changes were observed in blood flow or electrophysiology in control 

animals. These findings demonstrate that there is a small but significant decline in cochlear blood flow with high intensity sound 

exposure. However, the relationship between this change in blood flow and the development of cochlear damage is unclear. 

Laser Doppler flowmeter; Cochlear blood flow; Acoustic trauma; Compound action potential; Guinea pig 

Introduction 

Loud sound can result in structural changes to 
the cochlea, particularly to the hair cells, support- 

ing cells, and neural elements in the organ of 
Corti. Although there is now considerable evi- 
dence of the morphological changes and the rela- 
tionship to the characteristics of the sound ex- 
posure and the functional deficit that develops, 
the mechanisms by which this damage occurs have 
not yet been established. 

An impairment of cochlear blood flow, pre- 
sumably resulting in hypoxia and a reduction of 
essential metabolites during a period of higher 
metabolic demand has been suggested as one 
mechanism by which noise may cause damage in 
the cochlea (Misrahy et al., 1958; Hawkins, 1971). 

However, a study of the literature reveals that the 
evidence of changes in cochlear blood flow and 
the possible role of these alterations in the patho- 
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genesis of noise-induced cochlear damage are un- 
clear. Much of the basis for a vascular hypothesis 
comes from indirect measurements of cochlear 
blood flow, such as histological changes in cochlear 

vasculature and alterations in cochlear oxygen 
tension. Histological changes in the cochlear 
vasculature, such as swelling of endothelial cells 
and constriction of capillaries, were described by 
Hawkins (1971) after prolonged noise exposure. A 
number of subsequent studies have demonstrated 

similar changes, but have also provided quantita- 
tive evidence of small, but significant alterations 
in the orientation, frequency and spacing of red 
cells, capillary constriction and endothelial cell 
swelling in various vascular beds in the cochleae 
of noise-exposed animals (Vertes et al., 1979; 1982; 
Axelsson et al., 1981; Dengerink et al., 1985; 
Shaddock et al., 1985; Smith et al., 1985). Such 
changes in the vasculature have been interpreted 
as reflecting a decrease in blood flow during noise 
exposure. A dramatic decrease in oxygen tension 
of the cochlear fluids has been demonstrated dur- 
ing noise (Misrahy et al., 1958; Maass et al., 1976, 
1978) which may possibly reflect a decrease in 
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blood flow. However, contrasting with these re- 

ports is an investigation by Nuttall et al. (1981) in 
which no changes were found in the oxygen ten- 

sion of Scala tympani following a variety of loud 
sound exposures up to 8 mm in duration. These 

authors demonstrated that some of the dramatic 
changes seen in previous studies (Misrahy et al., 
1958; Maass et al., 1978) could be due to an effect 
on the oxygen electrode by cooling of the cochlea 

due to the method of sound exposure. 
There are surprisingly few direct measurements 

of alterations in cochlear blood flow during noise 
exposure. Perlman and Kimura (1962) measured 
the velocity of red cells in the vessels of the lateral 

wall of the cochlea and found no change at low 
intensities but an increase in velocity with sound 

pressure levels up to about 130 dB SPL above 
which there was a decrease in the velocity. The 
observation of a decrease in the rate of hydrogen 
clearance from the cochlea after 115 dB wide-band 
noise by Maass et al. (1978) was evidence of a 
decrease in blood flow. Prazma et al. (1983) dem- 
onstrated, with the microsphere technique, a sub- 
stantial increase in blood flow, but in the basal 
turn only, during a wide-band noise exposure (113 
dB, 13 min). However, Hultcrantz, using the mi- 

crosphere technique, found no evidence of altered 
flow in the anesthetized cat (Hultcrantz et al., 
1979) or unanesthetized rabbit (Hultcrantz, 1979) 
during a white-noise exposure (loo-120 dB, 6 

mm). 
Thus, the literature shows no consistent evi- 

dence on the occurrence or direction of alterations 
to cochlear blood flow as a result of loud sound 
exposure. One major problem has been the variety 

of methods used to assess blood flow in the 
cochlea. Although histological techniques provide 
information on morphological alterations in the 
vasculature, there is the question of how to inter- 

pret these results with respect to changes in blood 
flow. The microsphere method, while offering a 
quantitative measure, requires large numbers of 
microspheres in the tissue for statistical purposes. 
This can be difficult to achieve in the cochlea 
where the total blood flow is small. Unfortunately, 
estimation of dynamic changes in cochlear blood 
flow are limited in the microsphere technique 
which permits only a few measurements on an 
individual subject. Measurement of oxygen ten- 

sion is an indirect indicator of blood flow as its 
also reflects alterations in oxygen utilization. 

Direct measurement of dynamic alterations in 
blood flow in the cochlea during different noise 

exposures is needed in order to establish clearly 
whether alterations in cochlear blood flow do oc- 
cur and have any relationship to the development 

of noise-induced damage. Recently, the laser Dop- 
pler flowmeter has been used as a method of 
studying cochlear blood flow (Miller et al., 1983; 
Goodwin et al., 1984) and the qualitative alter- 

ations observed during various drug and experi- 
mental manipulations indicate that this may be a 

useful method for studying the question of the 
effects of noise on cochlear blood flow. The pre- 
sent study was undertaken to investigate the 
qualitative changes in cochlear blood flow through 
the cochlea, using the laser Doppler technique, 
during different types of sound exposure. 

Materials and Methods 

Guinea pigs of either sex weighing between 250 
and 400 g were used in this study. Each animal 
was anesthetized with diazepam (5 mg/kg) and 
fetanyl (0.32 mg/kg) and given supplemental do- 
ses of anesthetic every l/2 (fentanyl) or 2 (di- 
azepam) h. The animals were tracheotomized, then 

wrapped in a heating blanket and placed on an 
operating table with the head held rigidly in a 
head holder. Rectal temperature was maintained 
at 38 & lo C throughout the experiment. The left 
auditory bulla was opened using a ventral ap- 
proach to expose the cochlea but the ossicles and 
tympanic membrane were left intact. All animals 
were free of any middle ear disease as determined 
by inspection with the operating microscope. The 
periosteum overlying the cochlea was removed 

carefully using cotton pledgets and a 40 gauge 
insulated silver wire was placed on the round 
window to record gross cochlear potentials with 
reference to a silver/silver chloride electrode 
placed in the neck muscles. Arterial blood pres- 
sure was recorded from a catheter inserted into 
the left carotid artery and connected to a blood 
pressure transducer. All experiments were carried 
out in a sound-attentuating and electrically 
shielded booth. 
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The needle probe (1.75 mm diameter) of a laser 
Doppler capillary perfusion monitor (model 
LD5000, MedPacific Corp., Seattle, WA, USA) 

was placed on the bone overlying the spiral liga- 
ment of the first or second turns. The flow output 
of the laser Doppler flowmeter was recorded on a 

chart recorder along with continuous measure- 

ment of arterial blood pressure. The ‘DC’ value 
output of the device (a measure of tissue reflec- 

tance) was monitored periodically throughout the 

experiment. 
Cochlear function was monitored using the 

gross cochlear potentials recorded from the round 
window electrode. The compound action potential 
(CAP) in response to tone bursts (2-35 kHz, 1 ms 
rise time, 15 ms duration) was amplified 10 X , 

low pass filtered (cut off frequency, 5 kHz; model 
P16 amplifier, Grass Instruments, MA, USA) and 
displayed on an oscilloscope. Tones were delivered 
to the ear by a l/2 inch condenser microphone 
sound source inserted into a speculum placed in 

the outer ear canal. The sound delivery system 
was calibrated using a probe tube microphone 
inserted to within 1 mm of the tympanic mem- 
brane. The sound pressure level required to pro- 

duce a just detectable response of the N, wave of 
the CAP (approx. 10 PV peak) was determined 

over the entire frequency range to produce an N, 
audiogram for each animal. Only animals with a 
normal N, audiogram, based on experience in this 
laboratory (Brown et al., 1983) were included in 
this study. 

Animals were exposed to either a 2, 4 or 12 
kHz pure tone or high-pass noise (lo-40 kHz) at 
an intensity of 90, 103, or 110 dB SPL. The 
specific combination of exposure frequency and 
intensity is shown in Table I. The pure tones were 
delivered through the microphone sound source 
inserted into the speculum while the high-pass 
noise was presented free-field from a speaker 
(model 40-1375, Radio Shack Corp., Ft. Worth, 
TX, USA) placed 30 mm from the ear canal. The 
sound pressure level during free-field exposures 
was measured with an l/8 inch condenser micro- 
phone placed approximately 10 mm from the en- 
trance to the outer ear canal and attached to a 
sound level meter (model 2203, Bri.iel and Kjaer, 
Njaerum, Denmark) with a linear weighting. The 
spectral shape of the noise is shown in Fig. 1. 

TABLE I 

EXPERIMENTAL GROUPS 

Laser Doppler 

probe position 

1st turn 

1st turn 

2nd turn 

2nd turn 

2nd turn 

1st turn 

2nd turn 

Exposure Exposure N 

frequency intensity 

(kHr) (dB SPL) 

12 90,103,110 a 14 

high-pass noise 90,103,110 b 13 

(lo-40 kHz) 
2 110 a 3 

4 90,103,110 a 14 

12 110 a 4 

unexposed controls 4 

unexposed controls 2 

a Presented closed field.SPL as measured 1 mm from the 

tympanic membrane. 

b Presented free field.SPL as measured at the entrance to the 

ear canal. 

Experimental procedures 
Baseline cochlear blood flow and blood pres- 

sure measurements were made over a lo-15 min 
period during which cochlear potentials were also 
recorded. The animals were then exposed to sound 
at intensities of 90, 103 or 110 dB SPL for a total 
of one hour duration. The location of the laser 

Doppler probe was varied according to the par- 
ticular type of exposure that was used (Table I). 

The exposure was divided into six lo-min periods 
and the sound was turned off for 1 min at the end 
of each period in order to allow stable measures of 
cochlear blood flow. This was necessary to avoid 

100 
1 

00 
01 10 100 

kHz 

Fig. 1. Spectral analysis of the high-pass noise at 110 dB SPL 

measured at 10 mm from the entrance to the ear canal using an 
l/8 inch microphone and Hewlett-Packard 640A wave analyzer 

with 100 Hz bandwidth. 
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the sound-induced artifact seen in the laser Dop- 
pler flow measurements (Thome and Nuttall, in 
preparation). Cochlear potentials were recorded 
within 10 min following the last sound exposure 
and in some subjects flow and blood pressure 

measurements were continued for up to an hour in 
quiet. In those cases co&ear potentials were re- 
measured immediately following the 1 h quiet 
period. Six control animals were subjected to the 

same surgical procedures, but were exposed only 
to the ambient noise in the room. Cochlear blood 
flow in these animals was monitored over a 1 h ~ 
‘simulates exposure period. 

In each animal an alteration in blood flow was 

determined as a proportion of the blood flow 
measured over the lo-15 min baseline period. 
Comparisons between exposed animals and con- 

trols were made using the Student’s t-test. Means 
are expressed as + 1 SD. unless otherwise stated. 

Results 

Control animals 

The mean CAP thresholds plotted against 
frequency (the compound action potential or N, 
audiogram) for control animals are shown in Fig. 

2. The CAP audiogram shows a normal shape with 
a decline in thresholds for increasing frequency to 
about 20 kHz after which thresholds rise abruptly. 
There was no difference between t~esholds at the 

beginning and end of simulated sound exposure. 

80 
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Fig. 2. The mean N, thresholds (dB SPL) at frequencies from 2 
to 35 kHz for control animals (filled circles; 8~ = 6) and experi- 
mental subjects prior to noise exposure (open circles; n = 4X). 
Bars represent _C 1 S.D. from the mean for control animals. 

Arterial blood pressure in control animals showed 
a slight decline during the simulated exposure 

from a mean of 54.0 (k10.5) mmHg to 48.7 
( & 11.0) mmHg (Fig. 3). Cochlear blood flow, at 
the end of the 1 h simulated exposure, ranged 
from 0.93 to 1.04 (mean: 0.98 k 0.04; Table II) of 

the original flow. 

Sound exposed animals 

The mean pre-exposure CAP thresholds for all 
sound-exposed animals lay within normal limits as 

shown in Fig. 2. Mean alterations in CAP 
thresholds after the 1 h exposures at the various 

intensities and frequencies are shown in Fig. 4. 
Exposure to the 4 kHz pure tone at 90 dB SPL 

caused a small (5-15 dB), but significant (P < 0.05 
at each test frequency) loss of CAP threshold (Fig. 
4A), but there was no significant change in CAP 
threshold after either the 12 kHz (Fig. 4B) or 
high-pass noise exposure at 90 dB SPL (Fig. 4C). 
However, exposure to 4 kHz, 12 kHz, or high-pass 
noise at 103 and 110 dB SPL caused substantial 
losses in CAP threshold. The maximum threshold 
shift following the 4 kHz exposures occurred at 
4-8 kHz (Fig. 4A) and the mean (kS.E.) loss 
averaged over these frequencies was 48.9 & 4.12 
dB after the 103 dB SPL exposure and 64 + 1.76 

dB after the 110 dB SPL exposure. There was a 
significant difference (P < 0.05) between the CAP 

loss after the 4 kHz exposure at 103 dB SPL and 
110 dB SPL. Maximum threshold shifts following 
12 kHz (Fig. 4B) and high-pass noise (Fig. 4C) 
occurred at 12-24 kHz. The mean (k4.E.) loss 

100 - 
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MINUTES 

Fig. 3. Mean arterial blood pressure (mmHg) during the period 
of sound exposure for exposed animals (filled circles) or simu- 
lated exposure for controls (open circles). 
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Fig. 4. Mean loss of N, thresholds (dB) at frequencies from 2 

to 35 kHz for animals exposed to (A) 4 kHz, (B) 12 kHz and 

(C) high-pass noise at 90 (filled squares), 103 (open squares) or 

110 dB SPL (filled circles). The threshold loss for control 

animals (open circles; mean f 1 S.D.) are also shown. 

average over these frequencies for the 12 kHz 
exposures was 40.3 f 4.9 dB after 103 dB SPL and 
47.0 & 5.6 dB after the 110 dB SPL exposures. 
Following the high-pass noise exposures, mean 
( f S.E.) maximum threshold shifts were 55.3 k 5.7 
dB after 103 dB SPL exposures and 62.2 f 4.24 
dB after 110 dB SPL exposures. The differences 
between either 12 kHz at 103 dB SPL and 110 dB 
SPL or high-pass noise exposures at the same 
intensities were not significant. The two animals 

exposed to the 2 kHz tone at 110 dB SPL showed 

an elevation of CAP threshold over all frequencies 
tested with a maximum of 64-78 dB at 2-4 kHz 

(data not shown). 
The arterial blood pressure of sound-exposed 

animals showed little change during the course of 
the exposures. At the beginning of the exposure, 
blood pressure between animals ranged from 48 to 

83 mmHg (mean 57.6 f 14.7) and at the end of 
the exposure the pressures were 46-80 mmHg 
(mean 50.4 + 13.6) (Fig. 3). 

The results of the blood flow measurements are 
shown in Table II and Figs. 5 and 6. With the 
laser Doppler probe placed on the first turn, a 
significant (P < 0.05) decline in cochlear blood 
flow was measured during the 12 kHz pure tone or 

the high-pass noise exposure at either 103 or 110 
dB SPL. There was no significant change in 
cochlear blood flow during a 12 kHz or high-pass 
noise exposure at 90 dB SPL. In contrast to the 

measurements in the first turn, there was no sig- 
nificant change in cochlear blood flow with any of 
the exposures with the laser Doppler probe placed 
on the second turn. 

The time course of the changes in cochlear 
blood flow during a 12 kHz exposure is shown in 

TABLE II 

SUMMARY OF COCHLEAR BLOOD FLOW MEASURE- 

MENTS 

Laser 

Doppler 

probe 

position 

Exposure Exposure Proportion of original 
frequency intensity co&ear blood flow 

(kHz) (dB SPL) after 1 h exposure 

1st and 

2nd turn control 

1st turn 12 90 

103 

110 

high-pass noise 90 

(lo-40 kHz) 103 

110 

2nd turn 2 110 

4 90 

103 

110 

12 110 

0.98 kO.04 (6) = 

0.97 f 0.08 (4) 

0.85 b f 0.07 (4) 

0.69 b +0.24 (5) 

0.90 f 0.17 (4) 

0.84 b kO.12 (4) 

0.85 b kO.13 (4) 

1.03 f 0.06 (2) 

0.93 +0.10 (4) 

0.96 +0.06 (5) 

0.89 kO.19 (4) 

0.96 kO.10 (4) 

a Sample size. 

b P < 0.05 relative to control animals. 
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Fig. 5. The changes in cochlear blood flow (relative to the 

pre-exposure level) at different intervals (min) after the onset 

of a 12 kHz pure tone at 90 (filled squares), 103 (open squares) 

or 110 dB SPL (filled circles). The mean (open circles; & SD.) 

cochlear blood flow for control animals is also shown. Changes 

in cochlear blood flow during the 103 or 110 dB SPL exposures 

were significantly (P i 0.05) less than controls at all time 

intervals. 

Fig. 5. Flow decreases began within lo-20 min of 
the onset of the 103 or 110 dB SPL exposure and 
showed either a continuing decline or plateau. The 
difference between the 103 and 110 dB SPL ex- 
posures was not significant. There was consid- 
erable variation in the extent of the decreases in 

1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a 
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I I I I I I I I 
0 IO 20 30 40 50 60 70 
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Fig. 6. A comparison of (a) arterial blood pressure and (b) 

co&ear blood flow for two animals (T-20, solid line; T-79, 

dotted line) exposed to a 12 kHz pure tone at 110 dB SPL. 

Blood pressure of both animals is unchanged during the ex- 

posure, but the decline in blood flow in T-20 is much greater 

than T-79. 

co&ear blood flow among animals. For example, 
in the group exposed to 12 kHz at 110 dB SPL, 
decreases ranged from 7 to 71% by the end of the 
exposure (Fig. 6). There was no apparent rela- 
tionship between the extent of decline in cochlear 
blood flow and either the magnitude of the reduc- 
tion in arterial blood pressure (Fig. 6) or the size 
of the CAP threshold loss. 

Blood flow showed no further significant 
changes in animals studied after the exposure. In 
other words there was no tendency for a con- 
tinued decline of flow, nor of recovery, within a 
30-60 minute period after the exposure. The 
threshold loss remained unaltered also, but blood 
pressure continued to decline following exposure. 

Discussion 

This study demonstrates clearly that cochlear 
blood flow in the anesthetized guinea pig may 
decrease by up to 70% in the first cochlear turn 
during high intensity (103 or 110 dB SPL), high 
frequency pure tone or high-pass noise exposure, 
but remains unchanged during lower intensity (90 
dB SPL) sound exposure at these frequencies. In 
contrast, blood flow in the second turn was not 
altered during low or high frequency sound ex- 
posure at intensities from 90 to 110 dB SPL. 

There are some methodological aspects of this 
study which need to be considered before discuss- 
ing the implications of the results. The output of 
the laser Doppler instrument is proportional to 
the number and mean velocity of red cells moving 
within a given volume (Nilsson et al., 1980; Bonner 
and Nossal, 1981). It has been demonstrated that 
the output varies in a similar manner to other 
measures of blood flow such as microspheres, 
hydrogen clearance and electromagnetic flowme- 
ters in other tissues (e.g. Kvietys et al., 1985). 
Although the laser Doppler measurements have 
not been compared with other measures of blood 
flow in the cochlea, a number of investigators 
(e.g. Miller et al., 1983; Goodwin et al., 1984; 
Dengerink et al., 1985) have used this technique to 
study cochlear blood flow and have shown that 
the output varies in an expected manner following 
various experimental manipulations. It has been 
shown in fluid model studies that the maximum 
sensitivity of a laser Doppler instrument occurs at 
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a distance of approximately 0.6 mm from the tip 
of the probe (Nilsson et al., 1980). Although this 
distance will vary in vivo according to the com- 
position of the tissue being studied and the char- 
acteristics of the flow probe (Nilsson et al., 1980), 
it allows an estimate of the location of the vascu- 
lar beds in the cochlea that are contributing to the 
flow signal. The vessels of the lateral wall (i.e. the 
radiating arterioles, collecting venules and vascu- 
lar beds of the spiral ligament and stria vascularis) 
and the basilar membrane lie within a distance 
approximately 1 mm from the surface of the bony 
cochlear wall (Pers. Observations) and the tip of 
the probe. These vascular beds thus may be pro- 
viding the greater proportion of the signal in each 
co&ear turn than the vessels of the modiolus. 

During the early course of these experiments it 
was noted that the laser Doppler flow output 
increased and decreased rapidly with the onset 
and offset of an intense pure tone stimulus. This 
increase in the flow signal during sound stimula- 
tion is also seen post-mortem in a generally simi- 
lar fashion to the ante-mortem response, which 
demonstrates that it is not a real indication of 
flow. Further studies are being undertaken to de- 
termine the source of this artifact (Thome and 
Nuttall, in preparation). The artifact prevents 
measurement of flow during high intensity ex- 
posure and thus it was necessary to turn the sound 
off in order to determine the extent of blood flow 
alterations. It was assumed that any alteration in 
cochlear blood flow caused during the sound ex- 
posure was present also during the 1 min measure- 
ment period. Since no significant changes in blood 
flow were observed during this 1 min measure- 
ment interval, this would seem to be a valid as- 
sumption. The exposure frequencies in the present 
study were selected to correspond tonotopically to 
the position of the laser Doppler probe on the first 
and second turns according to the place-frequency 
map for the guinea pig (Wilson and Johnstone, 
1975; Cody et al., 1980). The 4 kHz tone puts the 
stimulus at the junction between the first and 
second turns which was on the basal aspect of the 
area covered by the probe. 

The demonstration of a decrease in cochlear 
blood flow, which seems to be specific to the basal 
turn, is a significant finding. Maass et al. (1978), 
using the hydrogen clearance technique, found a 

similar decrease in blood flow after broad band 
noise (115 dB) in the guinea pig. However, the 
result is in contrast to a finding of Prazma et al. 
(1983) that blood flow increased, as shown by the 
microsphere technique, in the basal turn of the 
gerbil cochlea after a similar wide-band noise ex- 
posure as used in the present study (10-40 kHz, 
113 dB SPL, 13 mm). The conflicting findings 
may reflect a species difference or could be due to 
the techniques used. Unfortunately, in the study 
of Prazma et al. (1983) results were based on very 
small numbers of microspheres and this may have 
increased the error of the measurements. Hult- 
crantz (1979) and Hultcrantz et al. (1979), also 
using the microsphere method, were unable to 
find any alterations in blood flow through the 
cochlea of the rabbit and cat, respectively, during 
short duration (6 min) white-noise exposures of 
high intensity (120 dB). That the exposures were 
not of sufficient duration to produce a change in 
cochlear blood flow in these latter studies is sug- 
gested by our data showing the sound exposure 
produced only modest decreases in this measure 
following 10 min of exposure. It may be, also, that 
the changes, as seen in the present study, are 
regional and the proportional change in co&ear 
blood flow may have been too small to have been 
measured by the microsphere technique when it is 
used to determine total cochlear blood flow. 

Our results are in line with many of the histo- 
logical studies which have found significant mor- 
phological alterations in the cochlear vasculature 
that have been interpreted as representative of a 
decrease in blood flow during noise exposure 
(Hawkins, 1971; Vertes et al., 1979, 1982; Axels- 
son et al., 1981; Shaddock et al., 1985; Smith et 
al., 1985). These changes were found to occur 
predominantly in the vessels of the lateral wall. 
Unfortunately, it is not possible to determine the 
location of the vascular changes responsible for 
the decreased flow in the present study but per- 
haps they are similar to those seen in the histologi- 
cal studies (i.e., primarily located in the lateral 
wall). The decrease in cochlear blood flow that we 
have observed could be mediated by a variety of 
mechanisms. This decline is not associated with a 
change in blood pressure so is thus not a reflection 
of a general effect of noise on the cardiovascular 
system. Instead, it may be due to either the in- 
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fluence of the sympathetic system, which is known 
to decrease cochlear blood flow in the cat 

(Hultcrantz et al., 1977) or the release of humoral 
factors, such as prostaglandins, within the cochlea 

or direct mechanical trauma during the noise ex- 
posure. It is very interesting to note that the 

amount of prostaglandins in the cochlear fluids 
has been shown to increase substantially after 
noise exposure (Escoubet et al., 1985; Jung et al., 
1986) since some types of prostaglandins have 
been shown to have vasoconstrictive properties 
(Horrobin, 1978). The alterations could occur as a 

secondary change to pathological alterations to 
the cells of the stria vascularis or spiral ligament 
as has been noted in several studies (Duvall et al., 
1974; Santi and Duvall, 1978; Hukee and Duvall, 

1985). The flow changes seen in the present study 
do not recover within the early portion of the 
post-exposure period which implies that they are 
not due to transient mechanisms. The reason that 
the flow changes seem to be restricted to the first 

cochlear turn is not clear, but the findings suggest 
that at least there are regional differences in the 
response of the cochlear vasculature to noise ex- 

posure. 
It is important to note that an increase in 

cochlear blood flow was not observed after any of 

the exposures. Increased acoustic stimulation has 
been shown to cause greater metabolic activity in 

the mouse cochlea (Canlon and Schacht, 1983) 
gerbil cochlea (Canlon and Schacht, 1983; Ryan et 
al., 1984), and guinea pig cochlea (Schacht, Pers. 
Commun.) as measured by the deoxyglucose 
method, at least for moderate intensities of sound. 
However, above 85-105 dB SPL the uptake of 
labelled deoxyglucose in the mouse cochlea shows 
some decline. The results of the present study 

indicate that, at least in anesthetized animals, 
there is no increase in blood flow concomitant 

with the period of greater metabolic demand. It 
may be that the decline in blood flow observed 
could be responsible for the subsequent decrease 
in labelled deoxyglucose uptake seen at higher 
sound intensities. 

A number of mechanisms have been postulated 
to explain the damage to the cochlea from noise 
exposure. It has been suggested that some damage, 
such as the rupture of the organ of Corti, its 
separation from the basilar membrane (Spoendlin, 

1976), and fracture and displacement of hair cell 

stereocilia (Thome et al., 1986) following high 
intensity exposures may be the result of excessive 

mechanical stress on the cochlear partition. 
Damage as the result of more prolonged, lower 
intensity exposures has been suggested to arise 

from the exhaustion of essential metabolites (Lim 
and Melnick, 1971) or a decrease in blood flow 
(Misrahy et al., 1958; Hawkins, 1971). Bohne 

(1976) has suggested also that the entrance of 
endolymph into the organ of Corti following 

damage to the reticular lamina may enhance hair 
cell degeneration following exposure. The present 
study confirms that cochlear blood flow does de- 

crease following noise exposure, but comparison 
with the functional results bring into doubt the 
relevance of these changes in the development of 
cochlear injury. Apart from some of the 90 dB 
SPL exposures, animals exposed to loud sound, 

particularly the low frequencies, had some loss of 
cochlear function as measured by the CAP, but 
often showed no change in cochlear blood flow. 
Thus, although blood flow in the first turn was 
found to decrease with noise exposure it may not 
be causally related to the initial noise-induced 
cochlear injury. Carbogen (95% 0,: 5% CO,) 
breathing (Brown et al., 1982) and Dextran 40 
infusion (Kellerhals, 1972) have been shown to 
reduce the extent of noise-induced cochlear 
damage in the guinea pig, possibly by improving 
blood flow in the cochlea during the noise ex- 

posure. Such data suggest that there may be some 
residual effect of cochlear blood flow in noise-in- 

duced injury which should be investigated further. 
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