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FORWARD 

This study evoluotes the effectiveness of Broinstem Auditory Evoked 
Potentiols [BAEP] in monitoring ominoglycoside theropy. The purpose of 
this work was to examine the potenial of BAEP as a predictor of 
aminoglycoside ototoxicity. This study also had the following objectives: 

1- To document BAEP chonges os a result of ototoxicity. 
2- To determine the relationship between BAEP changes and dosage 
and durot ion of the drug. 
3- To determine the relationship between BAEP changes and serum, 
cerebrospinol fluid ond perilymph drug levels. 
4- To study the reversibility of ototoxic BAEP chnges. 
5- To study de 1 ayed ototoxic chonges. 

A pilot study wos first corried out to establish methodology, solve 
unexpected technicol problems and test the validity of the hypothesis. 
Results suggested minor changes in the original experimental plan. A 
major problem wos in defining experimentol ototoxicity. It was decided to 
use sensory hair cell loss as objective evidence of ototoxicity. 
Accordingly, this part was added to the study. 
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1.1. INTRODUCTION 

The ectlon of eny substence on en orgen cen be beneflclel or 

detrlmentel, depending on meny fectors. In the inner eer (cochlee end 

vestlbuler lebyrlnth), certeln drugs or chemlcels which ere sometimes 

hermful ere celled ototoxic. Ototoxicity Is "the tendency of certeln 

therepeutlc egents end other chemlcel substences to ceuse functlonel 

lmpelrment end celluler degeneretlon of the tissues of the Inner eer, end 

especlelly of the end orgens end neurons of cochleer end vestlbuler 

divisions of the Vlllth creniel nerve· (Hewklns 19761. 

The em1noglycos1des ere velueble ent1b1ot1cs, but cen be ototoxic. 

They ere very effective egelnst different microblel Infections, especlelly 

those ceused by Pseudomon6s 6eruglnos6end enterobecterleceee which 

often show reslstence to other commonly used ent1b1ot1cs (Young end 

Hewitt 1973, end Kerney et 111. 1973). Meny severe Infections, especlelly In 

hosp1te11zed petlents with Dltered host defences, ere ceused by 

grem-negetlve bec1111 which require emlnoglycosldes (DuPont end Spink 

1969, end McGown et 111. 19741. Becterle lsoleted from petlents with 

d1ssem1neted tumours, leukeemles, heemetosercomes end other 

deb111teting dlseeses show good response to eminoglycosides, either elone 

or In comb1net1on with other ent1b1ot1cs (Klestersky et el. 1974, end Bodey 

end Rodriguez 1973). Petlents In neonetel cere, infectious diseese, 

dlelysls end bum units frequently ere given em1noglycos1des. Streptomycin 
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also is commonly used in treating tuberculous infections. 

Aminoglycoside toxicity has been ldentlfled since the beginning of the 

1940s when streptomycin was first introduced to treat tuberculosis. In an 

attempt to lessen the toxicity of streptomycin and Increase the efficacy 

of this new group of antibiotics, other aminoglycosides were discovered In 

the following order: neomycin (1949). kanamycin (1957). gentamicin 

(1963). tobramycin (1967). amikacin (1972Jsisomycin and netnmicin (late 

1970s) (Quick 1960). All of these drugs are potentially ototoxic.They may 

affect the cochlea, the vestibular end-organ or both systems, and many of 

them are nephrotoxic (Table 1.1) (Hawkins et al. 1976). 

Physicians are always faced with a critical question: How should one 

monitor the potential for aminoglycoside ototoxicity? To answer this 

question, a brief review of the pharmacokinetics and mechanism of 

toxicity of aminoglycosides will be discussed first. 

1.2. PHRRMRCOKINETICS Of RMINO&LYCOSIDES 

Aminoglycosides are poorly absorbed from the gastrointestinal tract; 

therefore they are administered parenterally, either by the intravenous or 

intramuscular route. They are distributed into the extracellular fluids. 

Aminoglycosides do not undergo significant degradation in the body and 11re 

excreted as such almost exclusively via the kidneys. 

In animals following one single injection, the serum level of the 

aminoglycoside rises rapidly reaching a peak in 30-60 minutes, 11nd then 
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Table 1.1 

Rminoglycoside ToNicity 

OTOTOHICITY NEPHROTOH I CITY 

Coch 1 eotoxi city 
Neomycin Neomycin 
K11n11mycin Gent11micin 
Amikllcin K11n11mycin 
Sisomycin Tobr11mycin 

Vest i bu 1 otoxi city 
Streptomycin 

Ye~t i bu) o-coch1 eotoxi ci tg 
Di hyrostreptomyci n 
Gentamicin 
Tobr11mycin 
Netilmicin 

After H11wkins 1976 
Drugs ore 11rr11nged in 11 descending order of severity of toxicity. 
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decreases in 11 sequential manner to 11 negligible amount over the next six 

hours. The serum half life (t1nJ is usually about three hours (Federspil et 

111. 1976, end Quick et al. 19761. The concentration of the drug in the inner 

ear fluids following 11 single injection increases slowly to a peak level in 

three to six hours. It remains in the perilymph for 11 considerably longer 

period of time, then falls to a negligible amount in 24-36 hours. The 

average t 112 1n perilymph for different amlnoglycosldes is about II hours 

(Federspil et 111. 1976, and Lerner and Matz 19801. This slow elimination 

from the Inner eer fluids has been cleerly demonstrated in both men 

(Gottesberge end Stupp 1969)end enimals (Stupp et 111. 1967; Wetenabe et 

111. 1971, and Tren 811 Huy et al. 1983). 

On the other hand, repeeted deily injections of emlnoglycosldes heve 

shown higher concentret ions in the peri I ymph (Stupp et 111. 196 7; Wetenebe 

et 111.1971, end Quick 1976). Repeated injections may exceed adequete 

excretion by the kidneys; consequently, the serum level will rise and the 

end result will be higher concentration in the perilymph (Brummett et 111. 

197811 and Quick 1980). However, Stupp end associates (1967 end 19731 

showed that the accumulation of eminoglycosides in the inner ear 

following daily administretion was not necessarily accompenied by 

simulteneous eccumulation in the blood or other tissues. 

The reletionshlp between amlnglycoside serum level and perilymph 

level In response to dosege has elweys been 11 controversial issue. 

Federspil et 111. I 19761 demonstreted amlnoglycoslde level in the perilymph 
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ot o given time otter injection to rise linearly with the dose over o 

twentyfold range. However, Stupp et ol. I 1967 ond 1973) ond Wotonabe 

et ol. I 1971) demonstrated o direct relationship between dose of 

aminoglycoside and drug concentration in the blood [Linear Curve 

Relationship). but inner eor fluids showed o "Saturation Curve 

Relationship". They mentioned thet e sllght elevations of dosage led to 11 

mar1cedly greater increase of concentration in the inner eor, e.g., doubling 

the dose gove a tenfold increase in the perilymph until it reached a certain 

level, after which increasing the dose did not lead to further increases in 

the perilymph. 

Concerning the dynamics of aminoglycosides in the cerebrospinal 

fluid [CSFI. Vrabec et al. I 1965) and Stupp et ol. I 1967) showed thot 

ominoglycosides can appear in the CSF. On the other hond, Tuazon [1981) 

demonstrated thot aminoglycosides were not distributed in the CSF. 

1.3. MECHRNISM OF RMIN06LYCOSIDE OTOTOHICITY 

Aminoglycosides injure the hair cells of the inner eor by interfering 

with the synthesis of proteins ond nucleic acids (Watanabe et al. 1971, and 

Gonzalez et al. 1972). ond/or with lipids of the cell membranes (Schacht 

1974 ond 19761. The precise mechanism by which aminoglycosides exert 

this toxic effect is not certain. Mony theories have been proposed: 
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1. DJood-Labydntb Darner: 

H11wkins I 1973) suggested the presence of 11 hllem!lto-lllbyrinthine 

b11rrier which m11y prevent the tr11nsport of undesirllble blood-borne 

subst11nces into the inner e11r fluids. This b11rrier depends upon the 

Integrity of the spir~~l 1tg11ment 11nd stri11 v11scu111r1s which c11n be d11m11ged 

by llminoglycosides. This theory is supported by the observ11tion thllt some 

drugs 11re ototoxic only when 11pplied loc111ly in the e11r, bec11use they c11n 

not penetr~~te the blood-lllbyr1nthine bllrrier, e.g., polymyxin 11nd 

chlor~~mphentcol (Stupp et 111. 1973). 

2. AminogJycoside Retention In The Inner Ear Fluids: 

The peculhtr beh11vtor of emlnoglycostdes In the inner e11r 11nd kidney, 

t.e., the tendency to 11ccumulete with slow elimination, makes many 

authors attribute their ototoxicity to drug 11ccumuletion in perilymph 

(Yr!lbec et ttl. 1965 11nd Stupp et ttl. 19671. Moreover, they suggested 11 

correlation between the individual ototoxic potential of e11ch 

llmtnoglycostde end Its t 112 tn the perilymph. The higher the concentretton 

in the perilymph, the more toxic the 11minoglycoside. However, the 

mechanism of amtnoglycoside ototoxicity cannot be explained entirely by 

this phenomenon because of the following observ11t1ons: 

i. The same kind of behavior has been observed in the liver which is 

not believed to be influenced by aminoglycostdes 1Toyod11 11nd Techib11n11 

1976). 
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il. Cephazolin, an antibiotic known not to be ototoxic was found to 

accumulate in the inner ear fluids with slow excretion, even up to 24 

hours (Tachibana et al. 1980). 

iii. Aminglycoside ototoxicity may occur suddenly after several 

injections (Quick 1980). 

iv. Brummett et al. (1978b] found netilmicin to be much Jess ototoxic 

than gentamicin although netnmtctn has a longer t 112 tn pertlymph. 

Therefore, accumulation of aminoglycosides may be fundamental, but 

the vulnerability of the tissues to these antibiotics could also contribute 

to ototoxicity. 

3. Heir CeJJ Affinity To Amlnoglycosides: 

II berg et al. 11971 J suggested that dihydrostreptomycin ototoxicity 

was in part due to the specific affinity of the drug for hair cell cytoplasm. 

Schacht (19791, using the affinity chromatography, was able to isolnte 

aminoglycoside receptor sites from kidney and inner ear tissues. This 

receptor was found to be phosphatidyl inositol phosphnte and diphosphate 

which control membrane-bound calcium responsible for membrane 

stability (Kai and Hawthorne 1969]. If aminoglycoside unites with the 

receptor, calcium is displaced, nffecting the plasma membrane integrity. 

This may lead to entrance of the drug into the cell where it exerts further 

toxic effects. 


