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Introduction

Ototoxicity is defi ned as a partial or total loss of vestibular 
and / or cochlear function as a consequence of the use of 
drugs, usually these are administered for therapeutic purposes 
or exposure to toxic substances. The degree of severity of 
intoxication depends on the individual predisposition, the 
dose administered, the duration of treatment, the route of 
administration, the age of the patient, the family tendency and 
/ or any previous damage to the inner ear [1].

Ototoxic damage may initially be reversible, but the type 
of agent and the dose administered are determinants for the 
reversibility of the injury. Aminoglycoside antibiotics, which 
are the most common causes of drug-induced ototoxicity, 
usually produce permanent damage [2].

An ototoxic agent is defi ned as a substance, a chemical or a 
drug that causes functional damage or cellular damage to the 
inner ear, especially at the cochlear level and / or semicircular 
canals and the VIII cranial nerve [3].

Certain medications have the ability to cause damage to 
the inner ear. Potentially ototoxic drugs are antibiotics of the 
group of aminoglycosides (gentamicin, neomycin, kanamycin, 
among others), vancomycin, viomycin, furosemide, ethacrynic 
acid, nitrogen mustard, quinine, salicylates [4], among others.

Ototoxicity has been known since the 19th century when 

it was found that drugs like quinine and salicylic acid could 
produce temporary change in auditory threshold as well 
as dizziness and tinnitus. However, ototoxicity was only 
recognized as a real medical problem in the twentieth century. 
In the 1940s (20th century), patients treated with streptomycin, 
a drug used in tuberculosis therapy, had permanent lesions of 
the vestibular and cochlear organs [5].

Research strategy

This review was carried out with a search in the electronic 
databases Virtual Health Library (VHL), Medical Literature 
Analysis and Retrieval System Online (MedLine) with the tool 
PubMed, Latin American and Caribbean Literature in Health 
Sciences (LILACS) and Scientifi c Electronic Library Online 
(SciELO), from October to November, 2018.

As a search strategy, the following keywords were used in 
Portuguese and their correspondents in English and Spanish: 
vestibular toxicity, vestibular ototoxicity and vestibulotoxicity. 
There was no temporal restriction.

The analysis and selection of the fi les were performed by 
two independent researchers and, later, the data were crossed 
for closure.

Selection criteria

To be included in the research, studies should be original 
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articles (excluding other revisions), be available in full in the 
database, address in their theme the toxicity of a substance in 
the vestibular system.

Data analysis

The articles found with the search in the databases 
were initially selected by the title and those that did not fi t 
the theme of this review were immediately excluded. In the 
following moment, the abstracts were read, where no article 
was excluded, and then the entire publication was read for later 
analysis and selection of the information.

A total of 265 complete articles were collected in the 
databases searched. Of these, 206 were initially excluded by the 
title. Of the 59 remaining articles, in 12 of them the complete 
text was not found at the address indicated and there were 32 
reprints of articles between the databases.

After the analyzes, 13 articles and a master's thesis were 
included in the present study. For each included study, the 
following information was cataloged: main author, year of 
publication, country of origin of the investigators, sample and 
substance used (Table 1).

In the collection of information, only the data referring to 
the vestibular system were considered for the articles that did 
not deal with this theme alone.

Approximately 57% of the studies found were published in 
the last decade [9-19]. Of these, only one has been published in 
the last fi ve years [8], which confi rms the need for conducting 
up-to-date research on vestibular system toxicity.

Most of the studies involve American researchers (57%), 
followed by Brazilians with 35.7%, and only one Korean study 
was found. French and Chinese researchers appear as partners 
for Americans, each in a separate study. These fi ndings 
demonstrate that the United States is the country that has been 
promoting its publications in vestibular toxicity studies.

Analyzing the studies taking into account the sample, the 
use of animal models prevailed. In 64.3% of the studies, a 
model of animal experimentation was used [7,9,11-13,17-20], 
of which almost 90% were rodents (guinea pig, mouse, rat and 
chinchilla) [11,14,15,17-20]. Only one study used a feline model 
[7].

A survey conducted in electronic databases revealed that 
85% of the articles published in Medline and 70.5% in LILACS 
over a four-year period used rodents [21], which shows that 
research in experimental models is a a recurring tool in current 
studies due to ethical problems and the collection of biological 
material in human research.

Considering the area of   auditory research, the model of 
animal experimentation is frequently used, mainly guinea pigs 
and rats due to the ease of handling of the animals and the 
anatomical similarity with the human ear [22].

An important point to note when analyzing animal research 
is the interpretation of the results, that is, the difference 
between the dimensions of the human auditory structures and 
the dimensions of the auditory structures of the experimental 
animals should be considered [23].

The studies included in this study are mainly concerned 
with research involving aminoglycoside antibiotics [7-11,13-
15,20]. Of these antibiotics, amikacin, gentamicin, netilmicin, 
streptomycin and kanamycin were investigated. Among the 
aminoglycosides, gentamicin was the most recurrent in the 
studies [7,11,13-15,20], appearing isolated [11,13-15] ,or in 
combination with other drugs [7,20]. Other substances analyzed 
in the studies were: derivatives of platinum [8], ethacrynic 
acid [9], aspartame [16], biosilicate [17], organophosphorus 
compounds [18] and a nitrile component [19].

Aminoglycosides are the drugs with the most known 
ototoxicity studied, with streptomycin being the fi rst to have 
its proven ototoxicity. The frequent use of these antibiotics is 
due to its low cost and good effectiveness, although it presents 
ototoxicity as a side effect [24].

Aminoglycosides are a group of antibiotics with complex 
chemical structure, resembling one another in antimicrobial 
activity, pharmacokinetic characteristics and toxicity. The main 
agents are gentamicin, streptomycin, amikacin, tobramycin, 
netilmicin and neomycin [6].

This type of antibiotic is effective against many gram-

Table 1: Framework 1.

Primary 
author

Year of 
publication

Country of 
origin

Sample Substance used

Christensen 1977 USA. Gatos
Amicacin and 
Gentamicin

Dulon 1986
France and 

U.S.A.
Guinea pig

Gentamicin, Netilmicina 
and Amicacina

Lima 2003 Brazil Humans Streptomycin

Lyford-Pie 2007 USA. Chinchilas Gentamicin

Star 2008 Brazil Humans Organofosforados

Roth 2008 USA. Humans Gentamicin

Kawamoto 2009 USA. Mice Gentamicin

Kim 2009 Korea Ratos Gentamicin

Pisarik 2009 USA. Humans Aspartame

Massuda 2009 Brazil Guinea pigs Biosilicato

Körbes 2010 Brazil Guinea pigs Organofosforado

Schleker 2011 USA. Mice Nitrile compound

Liu 2011
USA and 

China
Rats

Etacrinic Acid and 
Kanamycin

Deutschmann 2017 Brazil Humans Platinum Derivatives

Results

As the search for articles happened without temporal 
restriction, there was an extensive time interval between 
searches. The oldest study found was published in 1977 [7], and 
the most recent, published in 2017 [8].
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negative and gram-positive microorganisms. They are widely 

used against gram-negative enteric microorganisms and in 

sepsis [25]. Such antibiotics have well-known side effects, the 

most important of which are nephrotic and ototoxicity [6].

Aminoglycosides, such as streptomycin, gentamicin and 

tobramycin, have a greater effect on the vestibular than on 

the auditory apparatus, that is, they are more vestibulotoxic 

than cochleotoxic. Others such as netilmicin, neomycin, 

kanamycin and aminosidine have greater cochleotoxic action 

[26]. Researchers state that any aminoglycoside can produce 

both types of effect, but streptomycin and gentamicin are more 

likely to interfere with vestibular function, whereas neomycin 

and amikacin preferentially affect hearing [27].

Although the aminoglycoside gentamicin is the most 

researched compound at present, which proves that this class 

of antibiotics has strong vestibulotoxic power. Other substances 

are being studied to allow greater clarifi cation about their 

toxicity to the vestibular system.

Conclusion

Considering the results presented, it can be seen that 

vestibulotoxicity is a highly relevant research question. 

Studies indicate that aminoglycoside antibiotics are the major 

cause of vestibular toxicity and are also the most investigated 

substances for their frequent and low cost use. However, other 

substances such as aspartame, organophosphates, among 

others, have been studied and have also been demonstrated 

with vestibulotoxic power.

It is suggested to expand the studies with other potentially 

vestibulotóxicos substances, as well as to deepen the researches 

with those already recognized, so that one can prevent the 

damage caused to the vestibular system, often irreversible; and 

treat it when possible.

References

1. Zocoli R, Reichow SL, Zocoli AMF (2003) Otoacoustic emissions x cisplatin: 
early detection of ototoxicity in cancer patients. Rev Bras Otorhinolaringol 
69: 222-225. 

2. Smith A, Mackenzie I (1997) Hearing Loss from Ototoxic. Who drug informa-
tion 11: 7-10. 

3. Johnson AC (1993) The ototoxic effect of toluene and the infl uence of noise, 
acetylsalicylic acid or genotype: a study in rats and mice. Scandinavian 
Audiology 1-40. Link: https://bit.ly/2McYXN6 

4. Kos AO, Kos MI (1998) Etiology of hearing loss and its characteristics. In: 
Frota S. Fundamentals in Speech-Language Pathology and Audiology. Rio de 
Janeiro. Guanabara Koogan 135-136. 

5. Mello AP, Waismann W (2004) Occupational Exposure to Noise and 
Industrial Chemicals and Their Effects on the Auditory System: Revision of 
Literature. International Archives of Otorhinolaryngology 08: 285-294. Link: 
https://bit.ly/2JQsOZY 

6. Marquezini RMS (2011) Vestibular ototoxicity caused by the systemic use 
of aminoglycosides in guinea pigs. [dissertation] Ribeirão Preto: Medical 
School of Ribeirão Preto – USP. Master in Medical Sciences 102.

7. Christensen EF, Reiffenstein JC, Madisssoo H (1977) Comparative Ototoxicity 
of Amikacin and Gentamicin in Cats. Antimicrobial Agents and Chemotherapy 
12: 178-184. Link: https://bit.ly/2JRkpWj 

8. Deutschmann SM, Liberman PHP, Schultz C, Fanelli MF, Aldo Lourenço 
Abbade Dettino ALA, et al. (2017) Vestibular signs and symptoms in patients 
receiving treatment with platinum-based drugs. Braz J Oncol 13: 1-11. 

9. Liu H, Ding DL, Jiang HY, Wu XW, Salvi R, et al. (2011) Ototoxic destruction 
by co-administration of kanamycin and ethacrynic acid in rats. J Zhejiang 
Univ-Sci B (Biomed & Biotechnol) 12: 853-861. Link: https://bit.ly/2GuSgSC 

10. Lima MLLT (2003) Treatment for tuberculosis with streptomycin: auditory 
and vestibular profi le. [dissertation] Recife: Oswaldo Cruz Foundation. 
Master in Public Health 105. 

11. Lyford-Pike S, Vogelheim C, Chu E, Santina CD, Carey JP (2007) Gentamicin 
is Primarily Localized in Vestibular Type I Hair Cells after Intrapympanic 
Administration. Journal of the Association for Research 497-508. Link: 
https://bit.ly/2SBaQ0p 

12. Hoshino ACH, Pacheco-Ferreira H, Taguchi CK, Tomita S, Miranda MF (2008) 
Study of ototoxicity in workers exposed to organophosphates. Rev Bras 
Otorrinolaringol 74: 912-918. Link: https://bit.ly/2LENne3 

13. Roth SM, Williams SM, Jiang L, Menon KS, Jeka JJ (2008) Susceptibility 
genes for gentamicin-induced vestibular dysfunction. J Vestib Res. Link: 
https://bit.ly/2JQcZCM 

14. Kawamoto K, Izumikawa M, Beyer LA, Atkin GM, Raphael Y (2009) 
Spontaneous hair cell regeneration in the utricle mouse following gentamicin 
ototoxicity. Hear Res 247: 17-26. Link: https://bit.ly/2LEnJWL 

15. Kim JB, Jung J, Ahn JC, Rhee CK, Hwang HJ (2009) Antioxidant and 
Anti-Apoptotic Effect of Melatonin on the Vestibular Hair Cells of Rat 
Utricles. Clinical and Experimental Otorhinolaryngology 2: 6-12. Link: 
https://bit.ly/2MbkAwZ 

16. Pisarik P, Kai D (2009) Vestibulocochlear toxicity in a pair of siblings 15 years 
apart secondary to aspartame: two case reports. Cases Journal 9237. Link: 
https://bit.ly/2yaeJA8 

17. Massuda ET, Maldonado LL, Lima JT, Peitl O, Hyppolito MA, et al. (2009) 
Evaluation of ototoxicity and vestibulotoxicity of biosilicate ® in guinea pig 
ears. Braz J Otorhinolaryngol 75: 665-668. 

18. Körbes D, Silveira AF, Hyppolito MA, Munaro G (2010) Organophosphorus 
ototoxicity: description of the ultrastructural aspects of the vestibulocochlear 
system of guinea pigs. Braz J Otorhinolaryngol 76: 238-44. Link: 
https://bit.ly/2y8Q66H 

19. Schlecker C, Praetorius M, Brough DE, Presler RG, Hsu C, et al. (2011) 
Selective atonal gene delivery improves balance function in a mouse model 
of vestibular disease.Gene Therapy 884-890. Link: https://bit.ly/2SzAbYo 

20. Dulon D, Aran JM, Zajic G, Schacht J (1986) Comparative Uptake of 
Gentamicin, Netilmicin, and Amikacin in the Guinea Pig Cochlea and 
Vestibule. Antimicrobial Agents and Chemotherapy 30: 96-100. Link: 
https://bit.ly/2SF4ugh 

21. Fagundes DJ, Taha OM (2004) Animal disease model: selection criteria and 
species of recurrent animals. Acta Cirúrgica Brasileira 19: 59-65. 

22. Albuquerque AAS, Rossato M, Oliveira JAA, Hyppolito MA (2009) Knowledge 
of the ear anatomy of guinea pigs and rats and its application in basic 
otologic research. Rev. Bras. Otolaryngology 75. 

23. Salt AN (2005) Pharmacokinectics of Drug Entry into Cochlear Fluids. Rev 
Rev 105: 277-298. Link: https://bit.ly/2JOvoQf 

24. Sebastião CRS (2011) Ototoxicity and self-protection. [Thesis] Ribeirão Preto: 
Medical School of Ribeirão Preto – USP. Doctorate in Medical Sciences 167. 



077

Citation: Da Silveira AF, Gonçalves MS (2019) Toxicity in the vestibular system: A literature review. Arch Otolaryngol Rhinol 5(3): 074-077. 
DOI: http://doi.org/10.17352/2455-1759.000202

Copyright: © 2019 Da Silveira AF, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Discover a bigger Impact and Visibility of your article publication with 
Peertechz Publications

Highlights

 Signatory publisher of ORCID

 Signatory Publisher of DORA (San Francisco Declaration on Research Assessment)

 Articles archived in worlds’ renowned service providers such as Portico, CNKI, AGRIS, 
TDNet, Base (Bielefeld University Library), CrossRef, Scilit, J-Gate etc. 

 Journals indexed in ICMJE, SHERPA/ROMEO, Google Scholar etc.

 OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting)

 Dedicated Editorial Board for every journal

 Accurate and rapid peer-review process

 Increased citations of published articles through promotions

 Reduced timeline for article publication

Submit your articles and experience a new surge in publication services
(https://www.peertechz.com/submission). 

Peertechz journals wishes everlasting success in your every endeavours.

enowned service provid
ersity LiLiLibrarbrarbrary), yy CrossRef,

SHERRPA/RA/RA/ROMEOOMEOO, Go, G, G ogl

tiative Pve PPve Protorototot colcol colcol l for MMMMetaMM

r everyryryry jououououournrnrnarnaln

ew process

25. Bertino JS, Rodvold KA, Destache CJ (1994) Cost considerations in 
therapeutic drug monitoring of aminoglycosides. Clin. Pharmacokinet., 
Auckland 26: 71-81. Link: https://bit.ly/32OQ5CW 

26. Azevedo APM (2004) Effect of Chemicals and Noise on the Genesis of 
Occupational Hearing Loss. [dissertation] Oswaldo Cruz Foundation - 
National School of Public Health. Master in Public Health. 

27. Rang HP, Dale MM, Riter JM, Flower RJ, Henderson G (2008) 
Antibacterial drugs. In: Rang & Dale. Pharmacology 46: 670-671. Link: 
https://bit.ly/2Gt4M55


