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Biochemical Parameters of Guinea
Pig Perilymph Sampled According to
Scala and Following Sound Pre-

sentation

by Leon L. Gershbein,* Dennis T. Manshio,* and Phil S.

Shurrager

Guinea pigs were exposed to sound varying from 2 to 8 kHz in frequency and 80-100 dB (SPL)
in intensity for periods of 1 hr. The biochemical parameters, glucose, sodium, total protein, and
the glycolytic enzymes, aldolase, phosphohexose isomerase, and total LDH as well as isozymes
of the latter were ascertained for blood serum, perilymph, and, in some instances, cerebrospinal
fluid. The three enzymes occurred at lower levels in perilymph as compared to blood serum. Ex-
cept for a small difference in serum total protein, sound presentation incurred no significant
effect on any of the above parameters. Definite differences in several metabolites were discern-
ed for perilymph sampled according to scala and which were independent of the respective
acoustical treatments. Thus, as compared to the scale tympani, the scala vestibuli perilymph
displayed a higher glucose content and a diminished total LDH level and of the latter isozymes, -
LDH; ranged lower and LDH:, higher. As further evidence pointing to cerebrospinal fluid as the
possible origin of perilymph, similarities in glucose contents and LDH isozyme patterns were

noted for both fluids.

Introduction

The biochemical investigation of the cochlear
fluid so important from the standpoint of noise
pollution, has been beset by several difficulties.
One problem lies in the minute quantities of
sample for analysis, amounts of 10—20 ul of
perilymph and about 1-2 ul endolymph heing
collected from both ears of an animal such as
the cat or guinea pig. Accordingly, workers have
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been forced to resort to microtechniques, A per-
sistent handieap encountered in all labyrinthine
fluid studies is the contamination with blood,
cerebrospinal fluid (CSF), and tissue fluids dur-
ing removal from the cochlea. Despite extensive
precautions, most samples are found to contain
some erythroeytes; such contamination,
however slight, must be considered in the inter-
pretation of certain hiochemical findings. Such
difficulties notwithstanding, data have been ac-
cumulated on the electrolyte, protein and
glucose contents of labyrinthine fluids.
However, little work has been carried out on
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various enzyme levels, the published aeccounts
relating almost exclusively to ambient con-
ditions. The enzymes screened have included
phosphohexose isomerase (PHI), total lactic
dehydrogenase (LDH), and the component
isozymes and malic dehydrogenase (1—6).

The present study was undertaken to ascer-
tain changes in electrolyte, glucose, total protein
and the glyeolytic enzymes, PHI, total LDH and
isozymes and aldolase {ALD) in perilymph after
acute exposure of guinea pigs to auditory
stimulation. Particular attention was directed
to comparisons with the mean values for blood
serum and in several cases, for CSF and es-
pecially, to any differences in the distribution of
such parameters between the scalae vestibuli
and tympani of the perilymph.

Materials and Methods

Guinea pigs displaying a Preyer's reflex,
namely, involuntary movements of the ears
produced by auditory stimulation, were
employed. The animals were organized into
bloeks on the basis of age, sex, weight, and
pigmentation and the members of any par-
ticular block were assigned at random to the ex-
perimental auditory treatments.

Acoustical Treatments

A Knight sine/square wave generator, Model
KG-688, was used to produce tones of a sine
waveform and of gpecific frequeney. A Knight
stereoamplifier, Model KG=60, served to
amplify the output of the sound source to the
~ desired intensity level. The tone was
transmitted to two 8-in. two-way speakers,
Model EDI-810, from Electronic Distributors
Incorporated, which were placed at right angle
with respect to one another. A General Radio
Company sound-level meter, Type 1551-—C,
allowed for the measurement of the intensity of
the sound field. The sound-pressure level (SPL)
at the microphone of the meter is expressed
throughout in decibels with respect to a stan-
dard reference intensity of 0.0002 dyne/em?,
The guinea pig was introduced into a wire cage
(28 x 23 x 16 cm) which was set in the right angle
formed by the speakers. The center of the cage
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was perpendicularly 17 em from the front of the
speakers. The cage and speakers were housed in
a separate small room.

The auditory stimulus was adjusted to the
desired frequency and intensity before introduc-
tion of the animal into the sound field for one
hour. Six experimental treatments were
applied: ambient; 2kHz, 80 dB; 2 kHz, 90 dB; 2
kHz, 100 dB; 4 kHz, 100 dB; and 8 kHz, 160 dB.
The intensity level of the ambient stimulation
measured about 30 dB.

Collection of Fluids

The animals were sacrificed by swift
decapitation immediately at the end of their
acoustical treatment. Auditory stimulation was
continued during the deeapitation. Blood was
collected at the time of sacrifice and the serum
centrifuged at 3000 rpm. CSF was collected
from the cisterna magna.

For removal of perilymph, the ventral side of
the head was cleared of muscle and connective
tissue so that the acoustie bullae were exposed.
The ventral surface of each bulla was cracked
and the opening enlarged by means of tissue
forceps until the cochlea was exposed. Some out-
er and middle ear structures and portions of the
semicircular canals were removed in order to
facilitate access to the oval and round windows
of the cochlea. The perilymph was obtained
from both ears under a dissecting microscope.
The areas surrounding the oval and round win-
dows were dried by application of slivers of
filter paper so as to minimize blood and tissue
fluid contamination of the perilymph during its
removal. Samples were withdrawn from the
cochlea by means of glass capillary tubes drawn
to very narrow tips (less than 100 u in diameter).
The tip of a capillary was used to push aside the
footplate of the stapes so as to enter the scala
vestibuli. A second capillary was inserted
through the round window membrane into the
scala tympani. Perilymph was drawn up into
the tubes by capillary force and gentle suction
and the samples transferred to ealibrated
micropipets which were sealed and eentrifuged
at 3000 rpm for 10 min to determine the extent
of contamination by erythrocytes. Any sample
which was macroscopically contaminated in this
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way was not included in the statistical analyses.
Samples were maintained at —5°C until analyz-
ed.

Biochemical Analyses

Sodium was determined in an Instrumenta-
tion Laboratory Model 143 flame photometer,
samples of 1-2 ul being treated with lithium
diluent. Total protein was analyzed by the ul-
traviolet spectrophotometric technique of
Waddell {7). Serum was diluted either 1:1000 or
1:2000 with saline and CSF and perilymph, 1:100
or 1:200, the absorbance of the solutions being
measured at 215 and 225 nm. For the analysis of
glucose, the method of Stein et al. (8) was used.
The procedure is based on the hexokinase reac-
tion followed by conversion of glucose-6-
phosphate to 6-phosphogluconhate. The rate of
reduction of nicotinamide adenine dinucleotide
phosphate (NADP), an indirect measure of
glucose concentration, was followed spee-

- trophotometrically at 340 nm.

Kinetic assays were applied to the evaluation
of the enzymes. The determinations were
facilitated by the use of Worthington and
Calbiochem enzymatic kits. For PHI, the
glucose-6-phosphate formed from fructose-6-
phosphate was converted into 6-
phosphogluconate (9). The rate of reduction of
NAD affords an indirect index of PHI activity,
the increase in absorbance at 30°C being follow-
ed for 1 min at 340 nm. Activity is expressed as
international units (U/100 ml) at 30°C. The
ALD assay was also based on a series of coupled
reactions resulting in the oxidation of NADH
{10), the activity being given as international
milliunits {(mU/m]l) at 37°C. For total LDH, ox-
idation of NADH attending the conversion of
pyruvate into lactate was ascertained, activity
being expressed as mU/ml fluid at 30°C (11).

LDH isozyme distribution was determined by
the polyacrylamide disc electrophoretic techni-
que as detailed by Dietz and Lubrano (12). The
patterns were quantitated by scanning the gels
in a densitometer.

Results

Glucose, sodium, total protein and enzyme
levels of fluids from guinea pigs subjected to the
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specified acoustical treatments for 1 hr appear in
Table 1, and the distribution of LDH isozymes
is presented in Table 2. The data were examined
initially by the F, ... test (13) for homogeneity
of error variance. Analyses of variance were
subsequently performed in order to determine
the significance of the biochemical findings.
Factorial experiments, either 1X 6 or 2 X 6 with
a randomized group design (1}) were employed.
If a significant F' ratio was obtained, the mul-
tiple comparison method of Newman and Keuls
(183) was applied to ascertain the significant
palrs among the treatment means.

Sodium

Sodium levels were similar for both blood
serum and perilymph and no significant
differences were encountered in the acoustical
treatments. Sodium concentrations were in the
same range for both perilymph scalae.

Glucose

The glucose content of perilymph ranged
lower than that of serum but simulated the level
of CSF. Analyses of the means for serum, CSF,
and perilymph revealed no significant effect due
to auditory treatment. However, the mean
values of the perilymph secalae obtained over all
auditory conditions were significantly different.
The fluid from the seala vestibuli contained a
higher glucose eontent than that from the scala
tympani.

Total Protein

Perilymph total protein was less than that of
serum. With the acoustical treatments, a
significant effect on serum total protein could
be ascertained between the means for 2 kHz, 90
dB and 4 kHz, 100 dB. However, no effect of
sound on perilymph eould he deduced and the
two scalae were comparable in their protein con-
tents.

PHI, ALD, and Total LDH
The PHI, ALD, and total LDH levels of

perilymph were lower than those of serum.
Analyses of the mean values showed no
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Table 1. Mean glucose, sodium, protein, and enzyme levels of blood serum and perilymph froin guinesa pigs
subjected to auditory treaiments for 1 hr®

Auditory conditions

Frequency, Intensity, . N
Glucose, Sedium  Protein, wt LDH, ALD, PHI,’
Fluid kH'z dB SPL mg/100 m1b meq/1, per 100 ml mU/ml*® {mU/fh’] - U/100ml

Blood serizm Ambient 48+ 48 138+ 58 42+ 02 709+ 88 1024129 206 £ 15.0
2 80 142+ 62 1443 48 41 03 712+ 94 19155 1701162

2 90 151+ 39 133+ T1 50+ 03 883+106 146£186 218+305

2 100 148+ 97 140+ 34 46+ 03 660+ 65 98+110 2154213

4 100 129+ 55 140+ 47 38+ 02 7284118 1374201 261 +334

8 100 156+ 55 128114 42+ 02 6984+ 89 134+329 2334924

Perilymph - .

Scala vestibuli  Ambient 513106 141163 169+£285 227+ 73 2004 35 186+ 3l
2 30 521+ 44 162+162 1674259 119+ 12 139% 41 227+ 49

2 90 442+ 61 1622176 25343842 136+ 25 1702 26 252+ 40

2 100 562+ 65 149+ 74 218+332 184+ 31 153+ 21 234+ 49

4 100 526+ 63 141+166 197+41.8 119+ 18 312138 2444 30

8 100 582+ 41 145% 51 1874132 2414 71 161+ 30 2572 46

Scala tympani  Ambient 343+ 47 ITT£170 1814341 317+ 97 214+ 32 2954 7.0
2 80 314+ 37 159+ .98 186+359 141+ 35 183+ 42 269+ 6.4

2 90 300+ 67 155+£128 231+£410 276+ 48 237+ 29 299+ 61

2 100 4174121 1664144 215+£287 273+ 88 292+ 68 282+ 7.5

4 100 322+ 49 143+11.2 186 +487 181% 21 322+ 48 274+ 55

8 100 400+ 37 164+150 235+481 3194104 222+ 41 201+ 26

#Each value + standard error is based on 10 animals.

b For CSF, the glucose values (mg/100 ml} based on six animals each amounted to 51.8 £ 8.2, 43.1 + 6.5, 43.5 £ 2.4, 40.3 + 8.0,
54.2 + 5.6 and 61.2 £ 11.3 for ambient, 2 kHz, 80 dB; 2 kHz, 90 d B; 2 kHz, 100 dB; 4 kHz, 100 dB; and 8 kHz, 100 dB conditions

respectively.

® Protein is expressed as g and mg for serum and perilymph, respectively.

remarkable differences attributable to stimula-
tion by sound. Also, the perilymph samples
from the two secalae displayed similar PHI and
ALD activities. However, a significant
difference in perilymph LDH was discerned for
the scalae. The scala tympani mean based on all
auditory conditions was significantly higher
than that of the scala vestibuli. Whether this
difference is related to the perilymph scala as
such or to some, other variable associated with
the scala cannot be discerned from the data.

LDH Isozymes

- For statistical analysis of the LDH isozyme
data, the values of Table 2 were transformed
from percentages to angles by the inverse sine
function (15). An examination of the isozymes
from serum, CSF, and perilymph disclosed no
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significant effect of sound stimulation.
However, a definite difference between the
perilymph sealae in LDH: and LDH: could be
demonstrated. The scala vestibuli value averag-
ed over all conditions showed a lower LDH: hut
a higher LDH: level than that of the scala tym-
pani. Whereas serum presented the usual
pattern of five isozymes, perilymph and CSF ex-
hibited primarily three bands, those of LDHs«
and LDHs being either faint or absent,

Discussion

The biochemical nature of the labyrinthine
fluids and their possible modification by
auditory stimulation were investigated in the
present program. The electrolytes, sodium and
potassium, have been implicated in the
mechanism of hearing (16, 17) but in the eurrent
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Table 2.

treatment for 1 hr?

Mean LDH isozyme percentages of blood serum, CSF, and perilymph of guinea pigs followmg auditory

Auditory conditions
Frequency, Intensity,

Fluid kHz dB SPL LDH, % LDH:, % LDHs, % LDHs, % LDHs, %
Blood serum Ambient 2738 £ 582  21.76+391  3460+325 1556325 0.70 % 0.37
2 80 4053+ 478  1523+307 2722+225 15484205 1.54 + 0.66
2 90 3874+ 551 1479+ 249 2745+ 245  16.86 £ 4.06 2.16 + (.87
2 100 2783+ 403  1561+225 3315+ 260 28411244 L
4 100 3143+ 475  17.17+£232 32994231  17.31+£371 1.10 + 0.53
3 100 2256+£370 17.35+£264 3634226 22604345 1.07 + (.56
CSEY Ambient 5786+3.03 27.31+£335  13.08+4.05 1,76 £ 0.50 —
2 80 5745+ 265 30302057 1087 +155 1.38 £ 0.86 —
2 90 5700 +£217  3028+214 1120 £0.54 1.52 £ 0.64 —
2 100 61.26 £1.82 2528 +1.38 12124092 1.33 4 .62 —
4 100 55.41+244 25504118 1568 + 1.83 3.41 + 1.60 —
8 100 5501 +219  2991+113 1230+ 147 278 + 1.36 —
Perilymph
Scala vestibuli  Ambient 6262+ 3.06  23.97+£098 1204+ 1.69 1374082 —
2 80 60.52 £ 266 26474224 1200+ 1.51 1.02 £ 0.85 —
2 90 67.24+£4.19  2052+£208  10.22+ 184 202 +1.49 —
2 100 6218 +£3.04  2372+£327 1397 +3.24 0.19 = 0.19 —
4 100 69.83 £4.51 2263+ 3.00 754 + 1.87 - —
8 100 F2.00+ 318  2509+£225 1086+ 1.81 2,05 + 1,18 —
Scala tympani  Ambient 72.02 + 2.82 15.65 + 0.74 11.82 + 2,52 0.46 + 0.46 —
2 80 7451 £340 1836+ 2.19 713 £ 152 — —
2 90 6483376  25.20 £4.01 8.83 + 1.29 1.14 + 0.81 —
2 100 7061331  2092+1.94 7.76 + 1.33 0.71  0.50 —
4 100 72,81 £ 347 1869+ 1.92 8.24 + 1.71 0.25 + 0.25 —
g 100 63.81 £4.26  21.31 £ 251 R.72 = 1.86 1.6 + 057 —

* All means are based on ten animals except for those of the CSF values employing five guinea pigs.

PBecause of technical difficulties in obtaining sufficient uncontaminated amounts, few CSF samples could be screened

for total LDH aectivity.

study, no remarkable alterations in sodium
could be observed following the various
treatments. In this conjunction, Rauch (1§)
noted an increase in potassium content of the se-
eond cochlear turn after presentation of a 2 kHz
tone at 140 dB for 4—6 hr, Furthermore, elec-
trophysiological experiments have
demonstrated that changes in electrolyte con-
centrations do oceur during sound presentation
but immediately return to the initial values
when the stimulus is terminated (19-23). The
discrepancies may be related to the difference in
technique of this study where the perilymph
may not have been removed rapidly enough,
dbout twenty minutes elapsing before all fluid
samples were collected. :

August 1974

Glucose is of primary interest as it constitutes
the main hexose (24) and is involved in the func-
tions of the inner ear (25, 26). Silverstein (2)
reported a lower glucose level in the endolymph
than in the perilymph and attributed the
decrease to.the need of the hair cells for this
source of energy. It was thought that the degree
of metabolic activity within the cochlear fluid
might also be reflected by changes in perilymph
glucose contents. However, the current results
do not support such a hypothesis, since
perilymph glucose was not altered under
audltorv stimulation. .

With regard to fluid total protem the present
results showed no s1gn1flcant change in the
perilymph’ level in spite of ap_phcatlon of high
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frequency, up to 8 kHz and intensities as great
as 100 dB. These findings are in marked con-
trast to the decrease in perilymph total protein
content reported by Komarovich and
Plouzhnikov (2?) as occurring 30 min after in-
tense stimulation followed by an increase 4 hr
later and to the diminution in protein level 3
days after administration of ultrasound accor-
ding to Lawler et al. (28). Agam the parameters
utilized in the current investigation might not
have been adequate to 'incur a measurable
change, especially, allowance of a longer time
interval after stimulation for an effect. The
results of this study likewise showed no
statistically significant differences between
perilymph scalae in total protein content. This
finding does not corroborate the contention of
Scheibe et al. {29) that the protein level of the
scala vestibuli ranges higher than that of the
scala tympani. However, the conclusion of the
latter workers is merely subjective and not bas-
ed on any statistical analysis. Scheibe et al.
reported that the presentation of a tone of 135
dB for 1 hr. did not alter the protein composi-
tion, even when measurements were made at in-
tervals of up to 4 days after stimulation. On the
other hand, Beck (30) showed that immunoelec-
trophoresis of perilymph after sound presenta-
tion revealed the appearance of new submolecular
protein fractions in the fluid. Unfortunately,
this investigator did not specify parameters of
the acoustical stimulation nor did he identify
the addmonal proteln components

Biochemical pathways oceurring in the inner
ear fluids and which may participate in hearing
were investigated by screening select enzymes
of the glycolytic metabolic secheme. In confirma-
tion of earlier work, perilymph contains PHI
and LDH in addition to ALD which was studied
for the first time. It will be noted that PHI, like
LDH and ALD, occurred at a lower activity in
perilymph as compared to serum in the guinea
pig. Antonini et al. (i) reported the reverse
relationship, namely, a higher PHI level in
perilymph; the conflict may be due to species
differences, the last group employing equine
material. As with the other biochemical indices,
no effect of sound on the three glycolytic en-
zymes nor on the LDH isozyme patterns was
evident in the current study. Stimulation
employing higher intensities and the manipula-
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tion of temporal parameters might predispose to
more definitive effects. Such changes mlght not
necessarily lead to destruction of the hearing
mechanism but rather to a functional defect
which, as speculated by Elredge (31), might in-
volve necessary metabolite depletion or the ac-
cumulation of toxie eomponents on a temporary
basis.

Further insight into biochemical pathways
operating in the labyrinthine fluids can be gain-
ed from the LDH isozyme patterns, LDH: is
more prominent in tissues where aerobiasis oc-
curs whereas LDHs figures notably in those un-
dergoing glycolysis. In this and other studies
(3—86, 32), patterns for perilymph showed the
presence of high LDH: levels, thereby im-
plicating aerobic pathways as a significant
source of metabolic energy. The tricarboxylic
acid cycle as an important pathway for the fluid
is also’ suggested from the findings of Silver-
stein (2). Lotz and Kuhl (4 observed that
whereas LDH: and LDH: predominated in
mammals below man, all five isozymes occurred
in human ' perilymph, thus indicating the
presencé of both aerobie and anaerobic
pathways.

Although no effect was noted in several
parameters of perilymph with sound stimula-
tion, a few findings are of interest. One of these
results entails the effect of sound presentation
on serum total protein, namely, that the mean
values for 2 kHz, 90 dB and 4 kHz, 100 dB were
significahtly different. This apparent lack of a
dose—response relationship suggests that the
increase.at 90 dB may not represent a true
biological effect but rather, a chance occurrence.
When the number of current statistical com-
parisons is considered, an instance of
significance on the basis of chance might be ex-
pected. In this conjunction, Jozkiewicz et'al. (33)
observed rises in serum total protein in men ex-
posed to intense noise of 110—~130 dB in their
working environment, and Gregorezyk et al. (84)
reported increases in serum ALD and LDH of
workers following exposure to a frequency of
about 100 dB, Other analyses of the present
study did not point to any noteworthy changes
in sodium, glucose, or the enzymes, LDH, PHI,
or ALD in the serum of animals exposed to sound
stimulation. In these experiments, the guinea
pig is an ideal species since its ears are especial-
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ly vulnerable to high frequency and intensity
(31). It is possible that tones which are not
damaging to the human labyrinths may injure
those of the guinea pig.

The present data also have a bearing on the
possible origin of perilymph. Some workers
believe the latter to be derived from CSF via the
cochlear aqueduct and other routes like the in-
ternal auditory meatus, while yet several feel
that the fluid originates from blood as an ul-
trafiltrate from the vascular network of the
perilymphatic space (85). To support their par-
ticular hypothesis, investigators have drawn
upon results from two different approaches, the
injection of isotopically labeled material or dyes
into the circulation following passage into the
perilymph (36—39) or by comparison of
biochemical parameters of blood, CSF and
perilymph for similarities and differences. The
current results indicate that perilymph and CSF
share similar glucose levels and LDH isozyme
patterns; blood serum displayed higher total
protein and glycolytiec enzyme levels than
pertlymph. Although further comparisons were
complicated by the inavailability of CSF from
all animals, the data indicate that perilymph
may originate from CSF. Additional findings by
others have shown that CSF and perilymph
possess similar inorganic phosphate content
(40), albumin mobility (41), and malic
dehydrogenase patterns (6) but differ in protein
fractions (42, 43). Furthermore, perilymph was
reported to differ from both serum and CSF in
free amino acid content (44) and, according to
Antonini et al. (1), in LDH and PHI levels.

It should be pointed out that significant
differences in some parameters occurred
between the perilymph scalae. Compared to the
scala tympani, the scala vestibuli displayed a
greater glucose content and a diminished total
LDH activity. The change in the latter is further
amplified in the isozyme pattern, LDH: ranging
lower and LDHz: being greater in the fluid of the
scala vestibuli. The relative distribution of these
constituents was not affected by sound presen-
tation. In the absence of additional findings, it
can only he speculated that the biochemical
variations between the two scalae reveal an un-
derlying functional difference. However, the
possibility of other factors should he assessed.
For example, the partial destruction of the

August 1974

semicircular canals prior to the removal of the
cochlear fluid may have caused contamination
of the samples. Since the membranous semicir-
cular canals are almost entirely surrounded by
perilymph which is continuous with that of the
inner ear secalae, blood and tissue fluids may
have heen earried into the latter perilymph. A
comparison of perilymph obtained from animals
with and without damage to the vestibular
system would determine the validity of the
current results.

Summary

Biochemical parameters, glucose, sodium,
total protein, the glycolytic enzymes, aldolase,
phosphohexose isomerase, and total LDH as
well as the component isozymes were deter-
mined for blood serum, perilymph, and, in some
instances, cerebrospinal fluid from guinea pigs
exposed to sound of frequencies up to 8 kHz and
of intensities to 100 dB for periods of 1 hr. The
activities of the three enzymes in perilymph
ranged lower than those of serum. Except for a
difference in serum protein of animals exposed
to the various tones, sound presentation had no
significant effect on any of the biochemical
parameters. As one of the facets of the current
study, differences were deduced for several
metabolites according to perilymph scalae.
Thus, as compared to the scala tympani, the
scala vestibuli displayed a greater glucose con-
tent and a diminished total LDH level and of the
latter, the isozyme, LDH: ranged lower and
LDH3, higher.
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