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ABSTRACT

Aminoglycosides have been associated with the preferential 

loss of hair cells; first in the basal portion of the organ of Corti and 

later in the apical portion of the organ of Corti. One current 

hypothesis is that a direct correlation exists between the 

concentration of aminoglycoside in the hair cells and destruction of 

the hair cells. The results of this experiment indicated that there 

were no detectable differences in drug concentrations between the 

basal portions and the apical portions of the organ of Corti. 

Interpretation of these results suggests that the preferential loss of 

hair cells is not due to differences in drug concentrations between 

the basal and apical hair cells.
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INTRODUCTION

The aminoglycosides are a group of structurally related 

hydrophilic polycationic compounds containing two or more 

aminosugars connected by glycosidic linkages to a hexose core (Pratt, 

1982). They are potent inhibitors of gram-negative bacilli (Pratt, 

1982). Only aerobic bacilli are affected because the uptake of 

aminoglycosides is dependent on active transport processes which 

require energy supplied from electron transport systems (Hancock, 

1981). The mechanism by which aminoglycosides destroy aerobic 

gram-negative bacteria appears to be primarily through inhibition of 

protein synthesis. However, other metabolic changes are also noted 

including changes in cell permeability and transport (Schacht, 1977), 

and misreading of the genetic code (Smith, 1980).

In therapy, aminoglycosides are applied orally, topically, 

intravenously, and intramuscularily. When aminoglycosides are 

administered orally, their chemical properties prohibit significant 

absorption from the gastrointestinal tract, which effectively 

localizes them to kill bowel flora before intestinal surgery. When 

applied topically, aminoglycosides are not readily absorbed through 

the skin but will be absorbed significantly through open wounds. When 

administered by intramuscular or intravenous injection, their 

water-soluble properties allow distribition via plasma throughout the 

body.

The plasma half-life of aminoglycosides in humans ranges
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between 2 and 2.5 hrs (Federspil, 1976). This can be attributed to 

rapid distribution in extracellular fluid, kidneys, bile, sputum, 

synovial fluid, perilymph and other tissues and fluids. Also 

contributing to the short half-life is excretion, which is performed 

primarily by the kidneys. Thus, repeated injections should not lead to 

a significant accumulation in the blood if renal function is normal 

(Pratt, 1982). If a very large acute dose of aminoglycosides is 

administered intravenously or intramuscularily, a nondepolarizing 

neuromuscular blockade can occur because aminoglycosides 

transported through the blood plasma will reduce the amount of 

acetylcholine that is released from motor nerve terminals (Pratt, 

1982). However, since aminoglycosides have a short half-life (2 hrs) 

in plasma, considerably lower doses can be administered repeatedly 

as treatment for bacterial infections without risking paralysis from 

neuromuscular blockade.

While repeated doses of aminoglycosides are indispensable for 

treatment of some infections, there are some notable side-effects 

that limit their use. Repeated doses of aminoglycosides can cause 

nephrotoxicity that usually presents as an acute tubular necrosis 

manifest by proteinuria, cylinduria, and inability to concentrate the 

urine (Appel, 1977). This is followed by a reduction in glomerular 

filtration rate with a rise in serum creatinine and blood urea nitrogen. 

The renal damage is usually reversible on cessation of therapy.

Ototoxic-drug-related damage to the ear is the most serious 

toxic side-effect that limits therapy with repeated doses of 

aminoglycosides. Both the hearing and balance functions of the inner
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ear can be affected (Pratt, 1982), and damage is usually permanent 

because the cells that are killed cannot be regenerated (Pratt, 1973).

The primary toxic effect of aminoglycosides is a very selective 

effect on the hair cells of the organ of Corti (Wersall, 1973). In vitro 

studies have indicated that the concentration of kanamycin (an 

aminoglycoside) necessary to cause complete cytotoxity of hair cells 

is one four-hundreth or less than the concentration necessary to stop 

cell growth in other mammalian cells (Fox and Brummett, 1979). This 

indicates that the interaction is strongly dependent on the selectivity 

of the drug for hair cells. Further, support of the selectivity of the 

interaction is indicated by the findings that aminoglycosides kill the 

outer hair cells before the inner hair cells (Brummett and Fox, 1982). 

Even more specifically, cochleograms of aminoglycoside-treated 

guinea pigs indicate that of these outer hair cells, the ones located in 

the basal portion of the cochlea are the first to be killed. The hair 

cells in the basal protion of the cochlea are responsible for processing 

the high frequencies. And it is well documented that 

aminoglycoside-induced auditory toxicity occurs first in the high 

frequencies. Knowing that the basal hair cells are destroyed before 

the apical ones serves as a reference point for the following 

experiment to determine whether those hair cells nearer the basal end 

have a higher concentration of drug associated with them than those in 

the apical end in which cytotoxicity is less immediate.

This experiment was designed so that intermediary steps in the 

transport of drugs-from the subcutaneous injection all the way to the 

hair cells-could be measured. This was helpful in recognizing if the
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controls were commensurate with those statistically proven 

previously by others.

Repeated 400 mg/kg doses of kanamycin have been shown to 

cause a preferential loss of hair cells starting in the basal portion of 

the cochlea and proceeding to the apex. To determine if there were a 

correlation between the concentration of kanamycin and the 

preferential loss of hair cells, it was desirable to determine the time 

after the final injection at which the concentration of kanamycin 

would be greatest in the cochlear tissue samples. A pilot experiment 

was utilized to determine the time, after an acute subcutaneous 

injection, at which drug levels would be the highest in the cochlear 

tissues. From the results of the pilot experiment, a repeated dose 

experiment was designed to test whether there was a correlation 

between the concentration of kanamycin and the preferential loss of 

hair cells.

Kanamycin sulfate (KAN) was the aminoglycoside chosen 

because it is structurally simular to the major clinically useful 

aminoglycosides. Since it is a single compound, KAN has only one 

ototoxic potency (Brummett et al., 1974). In addition, KAN is desirable 

because larger doses of KAN must be administered to achieve ototoxic 

effects equal to other aminoglycosides. Thus, more drug is available 

for analysis in tissues.

Guinea pigs were ideally suited for this experiment because 

they lose the basal hair cells (and concomitant ability to hear high 

frequencies) first when treated with repeated doses of

aminoglycosides. This response is similar to the affect observed for 
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humans which enhances the possibilities of extrapolation for results 

from guinea pigs to humans. Guinea pigs are fairly inexpensive and 

easy to handle. In addition, the cochlea is readily accessible because 

it is not buried in bone but exposed in a boney shell (the bulla).

e
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LITERATURE REVIEW

While it is well known that aminoglycosides cause preferential 

loss of hair cells, starting in the basal turn of the cochlea and 

progressing toward the apex, the biological mechanism of this 

ototoxic effect has not been firmly established. Research directed at 

elucidating how aminoglycosides cause ototoxicity commenced over 

25 years ago. During the course of these 25 years, several hypotheses 

have evolved offering explanations for some aspects involved in the 

actual biological mechanisms of aminoglycoside-induced auditory

* toxicity. One hypothesis focuses on how aminoglycosides are

transferred to the cochlear tissue. Because repeated doses are 

necessary to cause ototoxicity, early researchers hypothesized that 

one must look at which of the two possible fluids that make contact 

with cochlear tissue - plasma or perilymph - fluctuated enough so 

that its concentration would not be sufficient to cause destruction 

with a single dose, but would have a change gross enough to evoke 

hair cell death upon repeated doses. In plasma, it has been shown that 

aminoglycosides reach peak concentrations soon after being injected, 

and have a short half-life: 1 to 1.5 hours in guinea pigs (Brummett and 

Fox, 1982). Thus, six hours after an initial injection, very little drug 

will be present in the plasma. Then, if another injection is 

administered six hours after the initial injection, very little drug 

from the first injection will be present in the plasma to accumulate 

with the second injection. Thus, upon repeated doses, very little drug
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should accumulate in the plasma. However, perilymph peak drug 

concentrations are delayed until 2 to 4 hours after the 

aminoglycoside is injected and perilymph half-lives of drugs are 

much longer (5 hours in guinea pigs) than plasma half-lives 

(Brummett and Fox, 1982). Thus, six hours after an initial injection, 

perilymph concentrations will be just below their peak levels. If 

another injection is administered at this point (six hours after the 

initial injection) a large amount of drug will already be present in the 

perilymph from the first injection to accumulate with the second 

injection. Thus, aminoglycosides have been observed to accumulate 

significantly upon repeated doses. From these experimental findings, 

early scientific interpretation was that perilymph appeared to be the 

only fluid that fluctuated greatly enough to explain ototoxicity only 

after repeated doses. Studies cited in the following literature - 

Brummett et al., 1978, Chung, et al., 1982, and Federspil et al., 1976 - 

support this hypothesis of a direct relationship between the severity 

of aminoglycoside ototoxicity and the levels of aminoglycoside 

reached in the perilymph.

The morphological changes and electrophysiological dysfunctions 

induced by different aminoglycosides have been extensively studied, 

and it is clearly established that the pattern of toxicity varies 

greatly within this family of antibiotics (Federspil, 1976). For 

example, gentamicin affects the cochlear and vestibular systems to 

nearly the same extent, while amikacin preferentially damages the 

cochlea; netilmicin is significantly less toxic than either gentamicin 

or amikacin to both parts of the labyrinth (Brummett et al., 1978 as
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cited in Dulon et al., 1986). As further support linking 

aminoglycoside-induced ototoxicity to perilymph levels of 

aminoglycoside, studies were done in attempts to show that the great 

variation in degrees of ototoxicity displayed by the different kinds of 

aminoglycosides was due to different perilymph accumulation levels 

of the different kinds of aminoglycosides. Results from these studies 

revealed that the various aminoglycosides accumulated differently in 

the perilymph but not necessarily in relation to their relative 

ototoxic potencies (Brummett and Fox,1982).

While experimental evidence has not unequivocally disproved the 

hypothesis that levels of drug in the perilymph determine the severity 

of aminoglycoside ototoxicity, the more recent scientific opinion is 

that aminoglycosides are transferred to the cochlear tissue via 

plasma from the spiral arteries and that perilymph accumulation of 

drug is unimportant as a causal agent of ototoxicity. Support for the 

theory that plasma directly transports aminoglycosides to the 

cochlear tissues comes from several recent studies. Dulon et al., 

1986, showed during chronic drug administrations over a 1 week 

period, that drug concentrations in the perilymph were lower than 

those in the plasma at all times. Also, this study reconfirmed earlier 

findings that varying ototoxic potencies among the aminoglycoside 

family do not correlate with the levels of perilymph accumulation of 

these drugs. In addition, Dulon et al., 1986, showed that drug 

concentrations in the cochlear tissues leveled off at the same rate as 

those in the plasma and that the cochlear tissue drug concentration 

levels correlated with the levels found in plasma.
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Study of drug concentrations in cochlear tissues has led to 

several additional hypotheses. Dulon et al., 1982, showed that drug 

quickly reached steady state levels in all inner ear tissues. Since 

cochlear tissues reached steady state levels, the previously 

mentioned perilymph accumulation may result from aminoglycosides 

originally transported by the blood first accumulating in the cochlear 

tissues, and then being released from the cochlear tissues to the 

perilymph. In this view, perilymph would function as a sink for 

aminoglycosides coming out of the cochlear tissues and perilymph 

levels would only be a reflection of drug accumulation in the cochlear 

tissues. Since aminoglycosides are known to manifest their 

deleterious affects on hair cells with no apparent damage to other 

cochlear tissues, speculations have been made that aminoglycosides 

might be concentrated more heavily in the hair cells than in the other 

cells of the cochlea. This hypothesis has been tested by first 

microsurgically removing the organ of Corti containing the hair cells, 

the stria and spiral ligament and the cochlear nerve from guinea pigs 

previously injected with aminoglycosides. Then, each sample was 

tested with radioenzymatic assays. Determinations of distribution of 

radioactive aminoglycosides in the various cochlear tissue samples 

have so far yielded conflicting results (Portmann et al., 1974 and Von 

llberg et al., 1971).

Yet another hypothesis was developed from the study of drug 

levels in cochlear tissues. This hypothesis also attempted to explain 

why different kinds of aminoglycosides have different ototoxic 

potencies by stating that cochlear tissues may uptake a higher
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concentration of one kind of aminoglycoside than another kind of 

aminoglycoside. However, Dulon et al., 1986, showed similar cochlear 

tissue concentrations for several different kinds of aminoglycosides 

despite differing ototoxic potencies.

The experimental evidence showing that the differing ototoxic 

potencies of the different kinds of aminoglycosides was unrelated to 

preferential accumulation of one kind of aminglycoside over another, 

either in the cochlear tissue or in the perilymph, points to another 

hypothesis. This hypothesis is that the differences in toxicity within 

the family of aminoglycosides rely primarily on the intrinsic potency 

of the particular kind of aminoglycoside to disrupt vital machanisms
* of cellular metabolism.
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MATERIALS AND METHODS

EXPERIMENTAL ANIMALS

The experimental animals used were Topeka strain guinea pigs 

weighing between 275 and 350 g, bred in the Animal Care Department 

colony at Oregon Health Sciences University.

GENERAL PROCEDURE

First, the guinea pig was checked for a positive Preyer pinna 

reflex (a reliable, quick index of auditory function in animals such as 

the guinea pig) by clapping in close proximity to its pinna and noticing 

a corresponding reflex movement. Each guinea pig was then injected 

subcutaneously in the nape of its neck with 400 mg KAN per kg of 

body weight (later experiments mandated repeated 400mg KAN per kg 

doses). At a selected time after the last KAN injection, the guinea 

pig was injected intraperitoneally with 0.6ml of Dial Urethan per kg 

of body weight (a lethal dose of anesthesia). Subsequent half doses of 

Dial Urethan were given as needed 20 min before sacrificing.

An incision was then made to expose the heart and the 

anesthetized guinea pig was exsanguinated by inserting the needle of 

a heparinized syringe within the left ventricle. This blood was then 

centrifuged for 5 min at 1300g. The supernatant, containing plasma, 

was frozen for future use.

Immediately after the blood was extracted from the heart, the 

guinea pig was decapitated to facilitate the disarticulation of the 

bullae which contain the cochlea. The microsurgery portion of the 

following procedure was performed by Dr. Fox. The cochlea was
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viewed through a Zeiss operating microscope and the bulla trimmed 

away with a malleus nipper. A hole was bored into the scala tympani 

a short distance from the round window and another into the apex on 

the side opposite the oval window to avoid the apical stria and organ 

of Corti. Perilymph was removed from the scala tympani through a 

glass capillary pipet. Another hole was bored into the scala vestibuli 

near the foot plate of the stapes and perilymph was removed. 

Residual perilymph was removed from the hole in the apex. The 

capillary tubes were then examined with the naked eye to insure that 

there was no significant contamination by blood. These inspected 

capillary tubes were then weighed to the nearest 0.01 mg on a Mettler
• H51AR balance. Then, the perilymph was transferred to test tubes

covered with parafilm and stored in a freezer until analysis was 

possible. The emptied capillary tubes were then weighed and their 

weights were subtracted from the original weights of the capillary 

tubes that contained the perilymph to derive the weight of the 

perilymph. The cochlea was dissected by removing bone one turn at a 

time from the apex toward the base, using jeweler's forceps. As each 

of the four and one-half turns was exposed, the organ of Corti was 

separated from the spiral ligament with a Beaver micro-sharp blade. 

The apical three turns of both cochlea's spiral ligament with attached 

stria vascularis (SS) were scraped from the bone and, upon removal, 

were pooled in small vials containing 0.1 N NaOH. The basal one and 

one-half turns of the SS were removed in the same manner. The 

apical three turns of both cochlea's organ of Corti (OC) were removed

with forceps by lifting them in a ribbon off the modiolus and pooling 
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them 0.1 N NaOH in small vials. The basal one and-one half turns of 

both cochlea were removed in the same manner and subsequently 

pooled into small vials. The cochlear nerves (CN) of both cochleas 

were also removed. Each CN was placed in a separate small vial 

containing 0.1 N NaOH. The samples in 0.1 N NaOH were digested at 

37°C overnight. A sample of the alkaline digest was assayed for 

protein by the micro-Lowry method (Lowry et al., 1951) which 

standardized the tissue sample protein with purified bovine serum 

albumin to identify the quantity of tissue obtained from the sample.

To determine the amount of drug present in the plasma, 

perilymph, and alkaline digests of cochlear tissues, a radioenzymatic 

method was employed. First, the alkaline digests were neutralized 

with 0.1 N HCI back into the pH range where the enzyme, KAN 

6'-acetyltransferase, is effective. 1 ^C-acetyl CoA is used as 

substrate for KAN 6'-acetyltransferase which catalyzes 

14C-acetylation of KAN amino groups. A radioenzymatic assay 

mixture consisting of 0.1 M HEPES buffer (pH 7.55), ^4C-CoA, and 

enzyme was added to the desired sample and allowed to react for 30 

min in a 37°C water bath. The positively charged KAN was allowed to 

bind to a negatively charged phosphocellulose filter paper for five 

minutes. Then, the filter papers were rinsed three times at 3 min 

intervals to remove the unreacted 14C-CoA. The filter papers were 

dried under an incandescent lamp for 15 min. Then, the filter papers 

were placed in scintillation fluid and counted in a Beckman Liquid 

Scintillation Spectrometer. The ng of KAN per pg of protein was 

determined by scaling the counts per min of KAN in the samples to a

13
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standard curve obtained by measuring the counts per min of a known 

concentration of KAN exposed to the above radioenzymatic assay 

mixture. Tissue samples were analyzed using a Micro-KAN assay with 

a lower limit of sensitivity of 500 pg per sample. A standard curve 

was developed using the counts per min of a range containing 0 to 5 

ng KAN. A volume of 20 p.1 of each of the desired tissue samples was 

put into a test tube. Then, 20 pi of radioenzymatic assay mixture 

containing 19.8 pi 0.1 M HEPES, 0.1 pi KAN 6'-acetyltransferase, and 

0.1 pi of 1 4C-CoA was added to each test tube. The test tubes were 

allowed to incubate for 30 min in a 37°C water bath. Thirty-five pi 

was then removed from each test tube, allowed to absorb onto the
• negatively charged filter paper, dried and counted.

Blood plasma and perilymph samples were assayed using a 

Macro-KAN assay. A standard curve was developed from counts per 

min of a range containing 0 to 200 ng KAN. Plasma or perilymph 

samples were transferred to test tubes in quantities that provided 

levels of KAN comparable to those obtained in the standard curve. 

Then, 55 pi of radioenzymatic assay mixture containing 52.5 pi 0.1 M 

HEPES, 1 ul KAN 6'-acetyltransferase, and 1.5 ul 14C-CoA was added 

to each test tube. The test tubes were allowed to incubate for 30 

minutes in a 37° C water bath and 60 pi was pipeted from each test 

tube to the negatively charged filter paper, dried and counted.

The experiment was divided as follows: First, a pilot

experiment to determine the number of hours post-injection at which 

drug levels will be highest in the cochlear tissues. And, based on this 

information, a second experiment was set up with repeated doses of
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aminoglycosides to show whether or not: 1) there is a relative 

independence of blood plasma concentrations to the number of doses. 

2) the accumulation of drug in the perilymph is directly proportional 

to the number of doses and 3) there is a possible direct correlation 

between increased perilymph concentrations and increased drug in the 

respective cochlear tissues.

PILOT EXPERIMENT

For the pilot experiment, each of four Topeka guinea pigs was 

injected acutely with KAN. The time post injection at which each 

guinea pig was sacrificed varied in accordance with the following 

schedule:

Guinea pig #1 was sacrificed 2 hr post injection.

Guinea pig #2 was sacrificed 4 hr post injection.

Guinea pig #3 was sacrificed 8 hr post injection.

Guinea pig #4 was sacrificed 12 hr post injection.

REPEATED DOSE EXPERIMENT

The injection schedule for the repeated dose experiment was as 

follows:

Guinea pig #1 was injected three times at six hr intervals.

Guinea pig #2 was injected three times at six hr intervals.

Guinea pig #3 was injected five times at six hr intervals.

Guinea pig #4 was injected five times at six hr intervals.

Each Guinea pig was sacrificed four hr after its final injection.

15



RESULTS

PILOT EXPERIMENT

The pilot experiment showed that the drug concentration in the 

various cochlear tissues was near the desired maximal concentration 

6 hr after the acute injection (Figure 1).

Figure 2 showed that the blood plasma concentration of kana

mycin was highest 2 hours after the injection and, due primarily to 

filtration by the kidneys, returned to a low level by 6 hr after the 

intial injection.

REPEATED DOSE EXPERIMENT

From the results obtained in the pilot study, it was determined 

that the concentration of kanamycin would be highest in the cochlear 

tissue 6 hr after the acute injection. Thus, if the first injection is 

followed by another 6 hr later, the second injection would be 

administered when the cochlear tissue drug concentration is at its 

maximum. For Figures 4-6, two guinea pigs were injected once and 

sacrificed 4 hr after the initial injection, two guinea pigs were 

injected three times with a 6-hr separation between injections and 

sacrificed 4 hr after the third injection, and 2 guinea pigs were

injected five times with 6-hr separations between injections and

sacrificed 4 hr after the fifth injection. The data from the two

guinea pigs injected acutely was averaged for a single point

corresponding to the "1 injection" point on the "x" axes. The data from 

the two guinea pigs injected three times were averaged for the 

single point corresponding with the "3 injections" on the "x" axes, and
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the data from the two guinea pigs injected five times were averaged 

for the single point corresponding with the "5 injections" on the "x" 

axes.

There appears to be a correlation between repeated doses and 

accumulation of kanamycin in the organ of Corti tissue samples 

(Figure 3). In contrast, no significant accumulation of drug was 

observed in the other cochlear tissues and some tissues even have 

decreased drug concentrations. It also appears that the basal portion 

of the organ of Corti has a slightly higher drug concentration after 

five doses than does the apical portion. Figure 4 correlates the 

number of doses with the levels of kanamycin in the perilymph fluid
*

samples. The ratio of the concentration of drug after three injections 

was 2.4 times the concentration of drug after one injection. The 

concentration of drug appeared to taper off between three and five 

injections.

The concentration of kanamycin in guinea pig plasma after 

three doses was 1.1 times the concentration after one dose (Figure 5). 

The drug concentration after five injections was 1.4 times the drug 

concentration after three doses.
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PILOT EXPERIMENT: 
KANAMYCIN LEVELS IN GUINEA PIG 

COCHLEAR TISSUE
LEGEND

____  SS Apex

____ SS Base

......... OC Apex

___  OC Base

....... CN

Figure 1. The comparison between drug concentration of guinea pig 
cochlear tissue and the time after an acute subcutaneous injection of 400 
mg/kg kanamycin. Each value (at 2, 4, 8, and 12 hours) on every line 
represents one sample except the cochlear nerve which is the average of 2 
samples.
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PILOT EXPERIMENT 
KANAMYCIN LEVELS IN GUINEA PIG 

BLOOD PLASMA

Figure 2. The comparison between drug concentration of guinea pig blood 
plasma and the time after an acute subcutaneous injection of 400 mg/kg 
kanamycin. Each point represents one sample.

19



REPEATED DOSE EXPERIMENT: 
KANAMYCIN LEVELS IN GUINEA PIG

COCHLEAR TISSUES

K
A
N
A
M
YC

IN

(400 mg/kg Kanamycin S.C.)

LEGEND 

o SS
c SS

oc
♦ oc

• CN
_ CN

Figure 3. The effect of repeated subcutaneous injections of 400mg/kg 
kanamycin on the concentration of kanamycin in in the cochlear 
tissues. Each point represents the average of two guinea pig samples.
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Base
Apex

Base

Right
Left
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REPEATED DOSE EXPERIMENT 
KANAMYCIN LEVELS IN GUINEA PIG 

PERILYMPH FLUID

Figure 4. The effect of repeated subcutaneous injections of 400 mg/kg 
kanamycin in guinea pig perilymph. Each point represents the average of 
the perilymph concentrations in samples taken from two right ears and 
two left ears.
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REPEATED DOSE EXPERIMENT: 
KANAMYCIN LEVELS IN GUINEA PIG 

BLOOD PLASMA

Figure 5. The effect of repeated subcutaneous injections of 400 mg/kg 
kanamycin in guinea pig blood plasma. Each point represents one sample.
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DISCUSSION AND CONCLUSIONS

The ultimate objective of this experiment was to determine if 

there were, indeed, a significant difference between the drug 

concentrations of the basal and apical portions of the organ of Corti. 

Yet, the experimental design was structured so that intermediary 

steps in the transport of drugs from the subcutaneous injection, all 

the way to the hair cells could be measured. This would be helpful in 

recognizing if the controls were commensurate with those 

statistically proven previously by others.

* The repeated dose experiments suggest that the basal organ of

Corti has a significantly greater concentration of kanamycin than the 

apical organ of Corti. While it is possible that the preferential loss 

of hair cells in the basal portion of the cochlea before those in the 

apical portion may be unrelated to a relatively larger concentration of 

kanamycin in the basal hair cells, some possible explanations for the 

unexpected results are included. From light microscopic 

observations, it is known that a cross-section taken anywhere along 

the length of the organ of Corti, be it the basal or apical end, will

contain one inner hair cell and three outer hair cells. However, the

other cells comprising the organ of Corti are not as uniform in 

quantity and if cross sections of the apical and basal portions are

compared, a larger number of these non-hair cells are found in the

basal end than the apical end. Since the concentration of 

aminoglycosides in this experiment is based on ng drug per ug protein, 

a discrepency in the amount of hair cells per total amount of cells
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between the two portions of the organ of Corti may obscure a 

difference between base and apex.

Through this report, selectivity of the aminoglycoside- 

cytoxicity interaction has been stressed. It has been shown 

unequivocally that while both outer and inner hair cells are supplied 

by the same concentration of perilymph and blood plasma, cellular 

retrogression occurs initially only in the outer hair cells (Brummett 

and Fox, 1982). The difference may revolve around a morphological 

difference that necessitates a higher drug concentration to produce 

ototoxicity in the inner hair cells than in the outer hair cells. It may 

also be possible that morphological differences exist such that hair 

cells in the apical portion of the organ of Corti are more resistant to 

aminoglycosides and require a higher drug concentration than those in 

the basal portion.

There is also a typical latency period between when 

aminoglycosides are administered and when cellular death occurs. 

The duration of this latency period may vary between outer hair cells 

and inner hair cells or between basal and apical hair cells. If this 

variance in latent cell death is an inherent property of hair cells, the 

preferential loss of hair cells may be explained by this property.

In comparing the present research in light of other theories of 

mechanisms of aminoghycoside-induced ototoxicity, the fact that 

significantly higher concentrations of kanamycin were not found in 

the basal portions of the organ of Corti than in the apical portions 

(barring the previous possible explanations), supports the hypothesis 

that the degree of ototoxicity is independent of the concentration of
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the aminoglycoside accumulated in the tissue and instead is 

dependent on intrinsic differences between hair cells of the apical 

and basal organ of Corti in response to kanamycin.

Studies have been proposed to learn more about 

aminoglycoside-hair cell interactions on a cytological level in 

attempts to explain why aminoglycosides preferentially destroy 

certain cells (ie. hair cells and cells of the proximal convoluted 

tubles of the kidney) before others. Studies have already commenced 

on the specific interactions of aminoglycosides with 

phosphoinositides on the surfaces of various cochlear tissues 

(Schacht J., 1979; Schacht J. et al., 1983; Wang B. M. et al., 1984).
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