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The histopathological alterations in the vestibule due to
aminoglycosides are well defined. Although there are reports
comparing the vestibulotoxic effects of the many aminogly-
cosides, this is the first study to compare the effects of the
most commonly used aminoglycosides i.e., streptomycin, gen-
tamicin, amikacin and netilmicin administered both transtym-
panically and systemically. The transtympanic and systemic
administration of each aminoglycoside caused similar histo-
pathological alterations in the vestibule. The most severe
degeneration in the cristae ampullaris, utriculus and sacculus
was observed after streptomycine administration. The severity
of the vestibular damage in terms of magnitude was in the
order of streptomycine, gentamicin, amikacin, and netilmicin.
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INTRODUCTION

Ototoxicity refers to medication-caused auditory
and/or vestibular system dysfunction that results
in hearing loss or dysequilibrium. Although
aminoglycosides are a group of antibiotics that
cause ototoxicity, they are still frequently used
because of their effectiveness and low cost.'
Aminoglycosides have variable cochleotoxicity
and vestibulotoxicity. Vestibular ototoxicity is
defined as a chemical substance that has a de-
structive or damaging effect on the structure and
function of the labyrinthine hair cells and their
connections through the eighth nerve to the
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central nervous system. The damage can vary
from being minimal to the complete loss of ves-
tibular function."” It may present early with posi-
tional nystagmus. If severe, vestibular toxicity can
lead to dysequilibrium and oscillopsia.
Histopathological alterations in the vestibule
due to aminoglycosides are well known but there
are a few studies that have compared the toxic
effects of more than two aminoglycosides admini-
stered both systemically and transtympanically.
To the best of the authors’knowledge, this is the
first experimental study to compare the most
commonly used aminoglycosides, streptomycin,
gentamicin, amikacin and netilmicin, when used
transtympanically and systemically.

MATERIALS AND METHODS

This study used 45 pigmented guinea pigs,
weighing 267-430g. The guinea pigs were
divided into 10 groups. In the first 5 groups, drug
administration was performed via the peritoneal
route (systemic) for 7 consecutive days. Two mili-
litres of a saline solution, 125 mg/kg sterptomy-
cin, 50 mg/kg gentamicin, 150 mg/kg amikacin
and 37.5 mg/kg netilmicin were administered bid
in Groups 1, 2, 3, 4, and 5 respectively. The chosen
doses were 10-20 times higher than the recom-
mended human dosage. In the second five groups,
the aminoglycosides were administered at 0.25
ml/kg in a 4% saline solution (40 mg/ml) via the
transtympanic route through the right external
meatus for 7 consecutive days: saline for Group 6
(opposite ears of Group 7, 8, 9, 10), streptomycin
for Group 7, gentamicin for Group 8, amikacin for
Group 9 and netilmicin for Group 10. The guinea
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pigs were anesthetized with the intraperitoneal 3
mg/kg diazepam and 100 mg/kg ketaminhydro-
chloride doses 72 hours after the last aminogly-
coside dose. They were then injected with glutar-
aldehyde 3% via the intracardiac route and then
decapitated. After the temporal bones were re-
moved within 5 minutes after decapitation, fixed
in buffered formaldehyde 10% and stored at 4C
for 24 hours. The specimens were placed in a 10%
etilen diamine tetra acetic acid (EDTA) solution
and stored at 4C for 10 days to allow for decal-
cification. The cochleo- vestibuler systems of the
guinea pigs were removed, dehydrated, embed-
ded in paraphine and serially cut at a 5um
thickness. Ten histological sections were examined
for each end organ. Hematoxylin and eosin
staining for the optical microscopic examinations
was performed.

Two independent pathologists who were
blinded to which group the specimens originated
from, examined the specimens. The hydropic and
vacuolar degeneration as well as the loss of hair
cells in the utriculus, sacculus and semicircular
canals were noted. The mentioned parameters
were scored as follows:

Absence of hydropic and vacuolar degeneration
and a loss of hair cells: 0

Mild changes: 1

Moderate changes: 2

Severe changes: 3

Very severe changes: 4

In this scoring system, the cell counts in dif-
ferent ten high power fields were recorded, a 0 -
24% decrease compared to controls was scored as
1, 25-49% as 2, 50-74% as 3, more than 74 as 4.

The Mann-Whitney U test was used to evaluate

the data.

RESULTS

No histopathological alterations were found in
the control groups (Group 1 and 6) (Fig. 1A). In
the systemic streptomycin group (Group 2),
moderate to severe degenerative alterations were
observed in the epithelium of the crista ampul-
laris, utriculus and sacculus. Pathological altera-
tions in the epithelium of the crista ampullaris
due to transtympanic streptomycine were shown
in Fig. 1B. Similar findings were also noted in the
systemic streptomycin group (Group 7) (p>0.05).
In group 3 (systemic gentamicin group) and
group 8 (topical gentamicin group) milder degen-
erative alterations were observed when compared
to the streptomycin groups (p<0.05). Fig. 1C, 1D,
and 1E show the histopathological alterations in
the crista ampullaris due to systemic gentamicine,
systemic amikacin and transtympanic netilmicin,
respectively. The degenerative alterations due to
the systemic administration of gentamicin, ami-
kacin and netilmicin were milder than that of the
systemic streptomycine group (p<0.05). This study
found that the histological damage scores of the
guinea pigs administered transtympanic aminogly-
cosides were similar to those of the systemically
administered ones (p>0.05). The comparative
mean scores of the degenerative alterations and
statistical evaluations of these scores are shown in
Fig. 2 and Table 1, respectively. No middle ear
inflammation were observed in the transtympanic
injection animals. No damage score higher than 3
was detected in any of the guinea pigs.

Table 1. Statistical Evaluation of the Histological Damage Scores of Different Groups

Compared groups (Systemic administration)

Streptomycin Streptomycin Streptomycin Gentamicin Gentamicin Amikacin
Gentamicin Amikacin Netilmicin Amikacin Netilmicin Netilmicin
p <0.06 p <0.06 p <0.06 p <0.06 p <0.06 p>0.05
Compared groups (Transtympanic administration)
Streptomycin Streptomycin Streptomycin Gentamicin Gentamicin Amikacin
Gentamicin Amikacin Netilmicin Amikacin Netilmicin Netilmicin
p <0.06 p <0.06 p <0.06 p <0.06 p <0.06 p>0.05
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DISCUSSION

Aminoglycoside antibiotics are the first ototoxic
agents to highlight the problem of drug-induced
hearing and vestibular loss. However, the pro-
blem is significant as they are still widely used to
treat serious gram-negative infections. Among
them, streptomycin and gentamicin are primarily

Fig. 1. (A) Crista ampullaris of the control guinea pigs
(hematoxylin-eosin, original magnification x 200). (B) Sig-
nificant vacuolar degeneration and loss in the hair cells,
significant subepithelial edema and severe inflammation in
the stroma were noted in the crista ampullaris after tran-
stympanic streptomycine administration (hematoxylin-eosin,
original magnification X 200). (C) Moderate loss of hair
cells, subepithelial edema, and inflammation in the crista
ampullaris in systemic gentamicine-administered guinea
pigs (hematoxylin- eosin, original magnification x200). (D)
Mild decrease in hair cells, mild subepithelial edema and
inflammation in the crista ampullaris of guinea pigs admini-
stered systemic amikacin (hematoxylin-eosin, original mag-
nification X 200). (E) Minimal loss in hair cells, mild subepi-
thelial edema and mild inflammation wereobserved in the
crista ampullaris after systemic netilmicin administration
(hematoxylin- eosin, original magnification x200).

vestibulotoxic, whereas amikacin, neomycin, dihy-
drostreptomycin, and kanamycin are primarily
cochleotoxic. Less is known regarding the netil-
micin ototoxicity but its ototoxic potential appears
to be low.

With vestibular toxicity, the initial and most
extensive hair cell damage occurs in the apex of
the cristae and the striolar regions of the maculae.
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of each utriculus, sacculus and semi-

circular canals of the guinea pigs
given different aminoglycosides via
systemic or transtympanic route.

There may be hair cell loss extending toward the
periphery of the vestibular receptor, and addi-
tional damage to the otoconial membrane and the
otolith structures themselves."”*

Although there are many individual and comp-
arative studies on the vestibultoxicity of several
aminoglycosides, there are no studies comparing
the vestibulotoxicity of the commonly used ami-
noglycosides, gentamicin, amikacin, netilmicin
and streptomycin, which is administered either
systemically or topically.

It is known that streptomycin preferentially
affects the vestibular system rather than the audi-
tory system. Although its use has been limited in
the past due to its toxicity, its use has climbed
again with the emergence of tuberculosis. Some
studies reported that systemic streptomycin admi-
nistration caused dose dependent necrosis in the
vestibular hair cells particularly in the epithelium
of the cristae ampullaris.”® This study found that
streptomycin is the most vestibulotoxic amino-
glycoside particularly when used topically. This
finding was similar to that reported by Kimura, et
al” However, they found that the topical use
streptomycin had a slight effect on the sacculus,
which contrasts with our study that found the
least histological alterations in the utriculus. While
the systemic administration caused a slight de-
generation in the sacculus in their study, this
study observed moderate to severe degeneration
in utriculus, sacculus and cristae ampullaris. In
this study, the cristae ampullaris was the most
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affected region in both the systemic and topical
administration as demonstrated by Lindeman.®
Moderate to severe degeneration was reported in
experimental studies using transtympanic strepto-
mycine in guinea pigs.” Wanamaker, et al.’
reported that the vestibulotoxicity of streptomycin
was similar to that of gentamicin. This study
particularly emphasized the effect of streptomycin
on vestibule since streptomycin is one of the
therapeutic agents for Meniere disease and there
is little experimental data that directly demon-
strates the vestibular ototoxicity resulting from its
topical use available. The main recognized
ototoxic effect of gentamicin is on the vestibular
system and consists of a degeneration in ves-
tibular sensory cells with the resultant loss of
function.™"? Kitasato, et al.” found mild to mode-
rate degeneration in the cristae ampullaris and
moderate to severe degeneration in the utriculus
of gentamicin-treated guinea pigs. Aran, et al.”’
reported that a large proportion of hair cells
missing both in ampulla and in the utricule and
the sacculus appeared to be slightly affected. In
this study, the cristae ampullaris, utriculus and
the sacculus were equally affected. Experimental
studies on transtympanic gentamicin admini-
stration in different animals demonstrated some
degeneration in the vestibule.""*"

Amikacin is a derivative of kanamycin and has
very little vestibular toxicity. Its adverse effects
primarily involve the auditory system. However,
it is considered less ototoxic than gentamicin.
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Mild to moderate degeneration was observed in
the vestibular system in the amikacin group and
the vestibulotoxic effects of netilmicin and
amikacin were similar. Wersall'® reported no
degeneration in the systemic netilmicin group but
significant degeneration was noted in the amika-
cin group. We could not find any study com-
paring vestibulotoxic effects of the topical admini-
stration of netilmicin and amikacin.

Comparative studies showed that netilmicin
appears to be the safest among the aminoglyco-
sides, with the lowest incidence ototoxicity. In a
comparative study investigating netilmicin and
gentamicin, netilmicin caused less degenerative
alterations in the vestibule than gentamicin.”
Kitasato, et al.”’ found mild degeneration in the
cristac ampullaris and utriculus with 150 mg/kg
netimicin. Unlike this finding, this study found
mild to moderate degeneration in the cristae
ampullaris, utriculus and sacculus with 75 mg/kg
netilmicin.

While the ototoxicity from intravenous amino-
glycoside administration is well documented,
there is considerable controversy regarding the
existence and significance of ototoxicity from the
topical preparations. [Human studies are presently
lacking, but it is likely that the aminoglycoside ear
drops used in this situation can cause vestibular
damage even more frequently. This study found
that the pathological alterations after transtym-
panic administrations were similar to those of
systemic administrations (p >0.05), which was also
reported by Igarashi, et al.”’

In conclusion, the severity of vestibular damage
was in the order of streptomycine, gentamicin,
amikacin, and netilmicin. Consequently, while
netilmicin and amikacin can be the treatment of
choice for systemic infections due to their low
vestibulotoxicitiy, significant vestibulotoxicity can
be achieved in Menier’s disease with transtym-
panic streptomycine and gentamicin.
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