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In chronic experiments on immature rabbits receiving therapeutic courses of vancomycin,
gentamicin, and consecutive administration of vancomicin and gentamicin by the scheme used
in neonatology, hearing function was evaluated by the methods of auditory evoked potentials
(auditory brainstem response, ABR) and distortion product otoacoustic emission (DPOAE).
Comparison with the control group revealed ototoxic effects of all studied antibiotics that
manifested in increased sound tolerance and more rapid shortening of latencies in 30-100 dB
range. Higher thresholds were found only after gentamicin administration. Vancomycin ad-
ministration significantly reduced the responses at 4 kHz. Subsequent gentamicin course did

not potentiate this effect.
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Premature infants have immature auditory structures
and their maturation is going on over the first year of
life. That is why the auditory analyzer is susceptible
to various damaging influences.

The use of ototoxic antibiotics in intensive care
units is associated with high risk of damage and can
lead to hearing and speech disorders [6].

Aminoglycoside antibiotics are prescribed to
95.7% premature infants and the incidence of hearing
disorders in these children is 41.3% [9]. Experimental
study of the influence of therapeutic doses of vanco-
mycin and gentamicin on the auditory organ during its
maturation allowed localizing the damage and evalua-
tion of the negative effect of the drugs [2].
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Gentamicin treatment affected cochlear outer hair
cells (OHC) with predominant damage to the basal coil
[4]. After intratympanic injection of gentamicin (0.1 ml
40% solution) to guinea pigs, the absence of OHC in
basal coil and changes in inner hair cells (IHC) in the
middle coil were observed. In the apical coil, all types
of receptor cells were present with certain deformations
of OHC and ultrastructural changes in IHC [7].

Ototoxic effects of vancomycin was demonstrated
in clinical and experimental studies. In experiments,
intratympanic injection of vancomycin increased the
thresholds demonstrated by auditory brainstem re-
sponse (ARB) recording [11]. Vancomycin adminis-
tration to premature infants was associated with test
fail results in 22% cases [10]. Vancomycin treatment
in older children in combination with diuretics led to
ototoxic side effects only in 10% cases [8]. Clinical
data on the absence of distortion product otoacoustic
emission (DPOAE) in 14% cases of gentamicin ad-
ministration followed by vancomycin treatment were
published [10].
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Retro- and prospective analysis of 212 clinical
records of premature neonates successively treated
with vancomycin and gentamicin showed that these
drugs were prescribed in 20% cases to infants with
gestation age <28 weeks, in 21% cases to infants born
at 29-32 weeks gestation, and in 12% cases to infants
with 33-38 weeks gestation [5].

Here we studied the influence of therapeutic doses
of gentamicin on immature auditory analyzer after
vancomycin course.

MATERIALS AND METHODS

The experiments were carried out on 44 rabbits. Group
1 comprised 12 intact animals. Group 2 animals (n=7)
received vancomycin (15 mg/kg per day) for 7 days
starting from day 12 of life, group 3 rabbits (n=10)
received 5 mg/kg gentamicin per day for 7 days, and
group 4 rabbits (n=15) received 15 mg/kg per day
vancomycin for 7 days and then 5 mg/kg per day gen-
tamicin during the next week.

The effect of the test drugs of the auditory func-
tion was evaluated by ABR on days 26, 35, and 45 of
life and then at the age of 2 and 3 months. The para-
meters evaluated by this method were thresholds of the
first peak appearance and the rate of first peak latency
decrease depending on stimulus intensity.

For functional evaluation of OHC activity after
administration of ototoxic drugs, DPOAE was record-
ed at the same terms as ABR. OHC activity was mea-
sured as the mean response amplitude (intensity) and
response amplitudes at 1, 2, 4, and 6 kHz. Moreover,
the ratio of response amplitude at each frequency to
the total cochlear response was calculated.

Inclusion criteria, experimental methods, and
technical characteristics, and drug dosing were the
same as described in the previous studies [1,3].
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The data were processed by methods of variation
statistics using Statgraphics Centurion XV software.
The differences were significant at p<0.05.

RESULTS

The general toxic effect of antibiotics on the body
in immature animals manifests in changes in weight
gain dynamics. The decrease in weight gain in com-
parison with the control was found in all experimental
groups, but at different terms. In vancomycin group,
weight gaining was reduced during the period from
day 12 through 26 (p<0.05), in gentamycin group it
was found later: 35-45 days and 2-3 months (p<0.05).
In the group receiving vancomycin and gentamycin,
weight gain was reduced in comparison with the con-
trol during the periods of 26-35 days and 45 days-
2 months (p<0.05). Thus, the general toxic effect in
animals receiving gentamicin was more pronounced
than in animals receiving vancomycin alone.
Analysis of the auditory function revealed signifi-
cant elevation of ABR peak I thresholds in rabbits of
all experimental groups in comparison with the control
(Fig. 1). The highest thresholds were found in rabbits
receiving only gentamicin alone from day 26 to the
end of observation. In rabbits treated with vancomycin
and then gentamycin, the thresholds significantly sur-
passed the control values at all terms of observation,
but did not differ significantly from thresholds of in
rabbits receiving vancomycin alone, except day 26.
In the group treated with gentamycin, bilateral
deafness was found in 2 rabbits to the age of three
months; in one of these animals, significant hearing
loss remained after 1.5 months and in the other, no
improvement was found. In animals receiving van-
comycin alone, no such effects were found. In one
rabbit receiving vancomycin followed by gentamicin,
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Fig. 1. Thresholds of the first ABR peak appearance in control rabbits (group 1) and animals receiving combined therapy (group 4) groups

throughout the observation period.
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Fig. 2. Latency of ABR peak | as a function of stimulation intensity in rabbits of groups 1 and 4 (a) and experimental groups (b). Polynomic
approximation curves. Ordinate: peak | latency; abscissa: stimulation intensity.

we found reversible deafness in the left ear and severe
hearing impairment in the right. By the 2nd month,
the first ABR peak threshold in the left and right ears
decreased to 50 and 30 dB, respectively.

These data suggest that gentamicin produced more
pronounced ototoxic effect. Successive administration
of vancomycin and gentamicin did not potentiate the
ototoxic effects of vancomycin course.

The correlation between general toxicity (weight
gain dynamics) and increase in ABR peak I thresholds
at different stages of the experiment was insignificant
(r<0.2).

For each term of observation, the curves of poly-
nomic approximation showing lengthening of the la-
tencies of first ABR peak with decreasing acoustic
stimulus intensity were constructed. These curves
for control group showed quadratic dependency
(L1=atbl+cl?), where L is latency, I is stimulus in-
tensity, and a, b, and c are coefficients. At the age of
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Fig. 3. Frequency ratio (1:2:4:6 kHz) in rabbits of experimental
groups.

3 months, the coefficients were as follows: a=3.03
msec, b=4.3x102 msec/dB, and ¢=2x10"* msec/dB?;
the significance the approximating curve was R>=0.91.

Rabbits treated with vancomycin followed by gen-
tamicin showed increased latencies in response to high
intensity stimulation and short latencies in response to
low-intensity stimulation: a=2.61 msec, b=-2.9x107
msec/dB, and c=1x10"* msec/dB? (R?=0.89) (Fig. 2, ).
These findings attests to changes in acoustic stimulus
transformation after antibiotic therapy. The curves ob-
tained in experimental rabbits at the age of 3 months
were different. In rabbits receiving vancomycin alone
(Fig. 2, b), the curve became a linear dependence with
the coefficients a=2.05 msec and b=-1.1x102 msec/
dB (R*=0.84).

In rabbits receiving gentamycin alone, the approxi-
mation curve was described by a dependency with the
coefficients a=3.27 msec, b=-4.1x1072 msec/dB, and
c=2x10"* msec/dB? and showed reduced latencies of
the response to high-intensity stimulation.

These curves allowed us to conclude that the stud-
ied antibiotics produce different effects on the auditory
function. Changes in lengthening of the latencies after
antibiotics treatment confirm their effect on processes
in either hair cells and/or in neuroreceptors on cochlear
synapses, and/or in neurocytes of the spiral ganglion.

The comparison of the auditory function approxi-
mation curves in experimental groups showed that suc-
cessive administration of vancomycin and gentamicin
changed, but not potentiated the toxic effect on the
processes underlying perception and transmission of
the acoustic stimuli to neurons of the spiral ganglion.

To evaluate the functional state of the central
structures of the ear, we calculated the central conduc-
tion time (difference between the latencies of II and IV
peaks at 60 dB stimulation intensity) after antibiotic
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TABLE 1. Time of ABR Peak | Latencies Decrease with Increasing Stimulus Intensity in the Range of 30-100 dB

Age Control Vancomycin Gentamicin Vancomycin+gentamicin
26 days 1.10£0.04 0.72+0.03* - 0.67+0.09*
35 days 1.10%£0.05 0.64+0.03* 0.72+0.09*
45 days 1.11£0.05 0.69+0.03* 0.74+0.1*
2 months 1.12+0.04 0.63+0.02* 0.72+0.11*
3 months 1.11£0.05 0.66+0.03* 0.74%0.11*

Note. “-” calculation impossible due to high peak | thresholds. Here and in Table 2: *p<0.05 in comparison with the control.

administration. Significant differences at the age of
3 months were found between the control and animals
treated with gentamicin alone (p<0.05). This suggests
that gentamicin alone in therapeutic doses (group 2)
produced more pronounced delayed side effects on the
central conducting structures of the ear in comparison
with combined treatment (vancomycin followed by
gentamicin; group 4).

The intensity curves in 30-100 dB range demon-
strated more rapid decrease in response latencies with
increasing stimulation intensity in all experimental
groups in comparison with the control (Table 1). This
fact is known to be an electrophysiological signature
of hearing function impairment in sensoneural pathol-
ogy and confirms adverse effects of the studied ami-
noglycoside antibiotics on auditory function of the
immature auditory analyzer.

Then we used DPOAE test for the analysis of the
functional state of OHC, the most susceptible struc-
tures to the side effects of aminoglycosides. DPOAE
was recorded in all rabbits of both control and experi-
mental groups at all stages of observation.

To estimate functional activity of OHC, we calcu-
lated the mean amplitude of evoked acoustic potential
(intensity). Considerably lower values in comparison
with the control were found in animals receiving com-
bined treatment on day 35 and at the age of 2 months
(Table 2). In 2-month-old rabbits, the intensity of the
response in the group receiving combined therapy was
significantly lower than in the group receiving vanco-

mycin alone (p=0.004) or gentamicin alone (p=0.002).
On day 45, higher intensities of the response were
found in vancomycin group in comparison with the
control. By the moment of sexual maturity, the co-
chlear response intensity was similar in animals of all
groups. Thus, antibiotic treatment did not change the
intensity of cochlear response to the moment of ma-
turity in general, but the effect fluctuated during the
growth and development of rabbits.

To reveal possible differentiated local impair-
ments of OHC affecting sound perception in different
parts of the cochlear basilar membrane in a frequency-
specific way we analyzed the data for each stimula-
tion frequency. Antibiotic therapy produced different
changes in response amplitude at different frequencies:
we found decrease and increase in the amplitude of the
evoked auditory response (Table 3).

Thus, significant differences from the control were
found at 4 Hz frequency in rabbits receiving vanco-
mycin alone or drug combination (p<0.05), while the
amplitudes in these groups did not differ significantly
(»=0.78). No cumulative toxic effect after successive
administration of these drugs was found.

Analysis of DPAOE amplitude as a function of
frequency (DP-gram) in control and the experimental
groups revealed peculiar distribution of the amplitudes
at chosen frequencies related to the sum of amplitudes
recorded at all frequencies (Fig. 3). DP-gram con-
figuration remained the same and had an ascending
trend with a dominant peak at 6 kHz. The proportion

TABLE 2. Intensity of the Response in Rabbits of Control and Experimental Groups at Different Observation Terms (M+m)

Age Control Vancomycin Gentamicin Vancomycin+gentamicin
26 days 20.8+1.4 18.7+0.8 19.2+1.3 21.9%0.7
35 days 23.1+£0.8 24.1£0.9* 22.0%£1.3 21.1x0.7*
45 days 21.7+£0.8 23.7+0.9* 21.3%1.3 20.5%+0.5
2 months 21.7£1.6 22.8+0.9 21.5£2.0 18.9+0.5*
3 months 20.9+1.3 21.4x11 21.1£2.0 19.7+1.3
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TABLE 3. Test Frequencies (kHz) Demonstrating Significant
Change in Response Amplitude in Comparison with the
Control Group

Age Vancomycin Gentamicin Vggﬁtoar%giir
26 days 4] 4) _
35 days 4| 4| 4]
45 days - 11,4] 4].,6)
2 months - 4,61 2),4]
3 months 4] - 4)

Note. Arrows show the direction of amplitude changes at specified
frequencies.

between some frequencies (4 and 1 kHz) changed in
animals receiving vancomycin. These data attest to
specific sensitivity of OHC perceiving 4 kHz stimuli
to the ototoxic effects of vancomycin.

Thus, gentamicin alone produced most pro-
nounced toxic effects in comparison with combined
therapy or vancomycin alone.

Our experimental findings suggest that we should
be aware of possible isolated hearing impairment at
4 kHz after vancomycin therapy. Moreover, hearing
function testing in children receiving ototoxic anti-
biotic therapy should not be limited by only DPOAE
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recording. Control of hearing function by ABR or au-
ditory steady state response (ASSR) methods should
be recommended to these children during the first year
of life.
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