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Abstract

Aims: Aminoglycosides (AG) antibiotics were the first ototoxic agents to highlight the problem of drug-induced hearing and vestibular loss, since their introduction in the 1940. The aim of the present work was to characterize ultrastructural alterations of the sensory hair-cell following different aminoglycosides administration, intratympanic VS intraperitoneal and to correlate them with auditory brainstem responses (ABR).

Methods: A total of 48 adult guinea pigs were divided into 8 groups; six animals in each group. The first four groups received saline (control), streptomycin, gentamycin, or netilmicin; respectively, via the peritoneal route. The next four groups received similar treatment via trans-tympanic route. The treatment was administered for seven consecutive days. On day 10, ABR was utilized for hearing evaluation and scanning electron microscopy (SEM) examination of the sensory organs was used for morphological study.

Results: Streptomycin produced the most severe morphological changes and a higher elevation of ABR thresholds, followed, in order, by gentamycin and netilmicin. Netilmicin ototoxicity observed in both systemic and transtympanic routes was low because of lesser penetration into the inner ear or/ and lower intrinsic toxicity.

Conclusion: Streptomycin cochleotoxicity lesion involves destruction of the sensory hair cells of the cochlear epithelium which was quantified functionally and ultrastructurally. Streptomycin was the most cochleotoxic among the AG administrated, followed by gentamycin and netilmicin. Moreover, we demonstrated the presence of surface scavenger microphages in close association with auditory hair cells in the normal physiological conditions. Such cells may form part of the resident immune surveillance of organ of Corti.
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Introduction

The sensory hair cells within the cochlea of the mammalian inner ear convert sounds into receptor potentials when their projecting stereocilia are deflected. The organ of Corti of the cochlea contains two types of hair cells (HC): inner and outer hair cells (IHCs and OHCs), which differ in function. It has been appreciated for over two decades that although IHCs act as the primary receptor cells for the auditory system, the OHCs act as motor cells. OHCs respond to variation in potential, and change length at rates unequalled by other motile cells. The forces generated by outer hair cells are capable of altering the delicate mechanics of the cochlear partition, increasing hearing sensitivity and frequency selectivity [1].

The mammalian organ of Corti contains at least seven different supporting cell (SC) types: Deiters’ cells, pillar cells, Hensens’ cells, inner phalangeal cells, inner border cells, Claudius’ cells, and Boettcher cells. All of these supporting cell types are required for normal hearing function [2]. Hair cell and supporting cell developments are completed during early embryonic formation of the mammalian cochlea. In mammalian injury, no hair cell replacement is observed, as opposed to birds, where regenerative mechanisms produce new sensory cells and restore the auditory function. Notably, in neonates, certain cell populations of the organ of Corti are multipotent; they can proliferate and generate otic spheres, as well as differentiate and express hair cell markers, after being mechanically isolated and grown in culture in vitro [3]. In spite of the introduction of new classes of antibiotics, the aminoglycosides: streptomycin, gentamycin and netilmicin still remain the primary agents of choice in treating serious gram-negative infections [4]. It is well known that the use of aminoglycosides antibiotics carries a risk of cochleotoxicity. Yet they are still used because of their effectiveness and low cost [5,6]. The potential for cochleotoxicity of aminoglycosides has been investigated by many clinical studies [7-9]. Three primary factors identified with increased cochleotoxic risk are the total daily dose (in illigrams/per kilogram), the course length, and repeated courses of therapy [9,10]. The mechanisms underlying their selective toxicity to the inner ear continue to be unraveled despite more than 70 years of investigation [11]. Moreover, inflammation caused by severe bacterial infections also increase cochlear uptake of aminoglycosides and subsequent ototoxicity [12]. Preclinical models with systemic inflammation, induced by low doses of bacterial lipopolysaccharides displayed increased cochlear uptake of aminoglycosides, and enhanced levels of cochleo- toxicity without altered serum drug levels [13]. The effects of aminoglycosides on neurosensory hair cells of the cochlea are well documented [14-17]. Yet, few comparative analysis of systematic vs. transtympanic administration of various aminoglycosidesandtheir inducedcochleo-toxicity wasreported. This was mainly achieved through immunohistochemistry, light microscopy examinations and other similar modalities, except the ultrastructural level. The following study, therefore, aims at comprehensive morphological characterization of the cochlear hair cells following aminoglycosides using scanning electron microscopic (SEM) examination and combining it with auditory brain stem response (ABR) investigation.

Materials and Methods

Animals and Study Groups

A total of 48 guinea pigs, each weighing 250-300 grams, were obtained from animal house of the research centre. All the animals were kept under optimum conditions. Animal care was in compliance with research regulation and resolution. The experimental protocol was approved by Ethic Committee of Animal Research. Guinea pigs were divided into 8 groups; six in each group. In the first four groups drug administration was performed via the peritoneal route (systemic) for seven consecutive days as follow: 2ml of saline solution vehicle only in group I (control), 125mg/kg streptomycin in group II, 50mg/ kg gentamycin in group III and 37.5mg/kg netilmicin, (1-N-ethyl derivative of sisomicin) in group IV. The doses were 10-20 times higher than the recommended human dosage. For the next four animal groups the aminoglycosides were administrated at 0.25ml/kg in a 4% saline 40mg /ml via trans-tympanic route for seven consecutive days through the right external meatus, as follow: saline for group V, streptomycin for group VI, gentamycin for group VII and netilmicin for group VIII. The guinea pigs were anesthetized with intraperitoneal injection of diazepam 3 mg/kg and the animals were kept in prone position to insure the drugs reached to the target structures.

Auditory Brain Stem Response (ABR)

ABR testing was performed under general anesthesia. Animals were placed on a preheated non-electric heating pad (37°C) and needle electrodes were placed on the vertex and behind each pinna. ABRs were evoked with clicks and/or 5 ms tone pips (0.5 ms rise/fall, at 30/sec) at frequencies of 0.5, 1.2., 4, 8, 16 and 32 kHz. The signal was amplified, filtered, and averaged using the Intelligent Hearing System Smart-EP (Miami FL, USA). Thresholds were defined as the lowest level at which a reproducible response could be obtained. ABRs were performed prior to trans-tympanic (TT) injection or intra-peritoneal (IP) injections.


The sound level was raised in 20- and/or 5-dB steps. At each level, 1000 responses were averaged. Both ears were measured. Animals with abnormal baseline ABR were excluded from the experiment. Then, ABR evaluations were performed on day 10, i.e. 72 hours after the last aminoglycosides doses were given. All procedures and animal handling described in this protocol were similar to those adopted by Murillo-Cuesta et al [18]. ABR results were compared using a three-way ANOVA. The effects of the frequency (0.5, 1, 2, 4, 8, 16 and 32kHz), on the side treated (right vs. left) and the different aminoglycosides intraperitoneal (IP) vs. transtympanic (TT) were measured and compared for significance at p > 0.05.

Tissue Preparations For Scanning Electron Microscope

Seventy two hours after giving the last dose of each aminoglycoside, the animal were anesthetized with intraperitoneal injection of diazepam 3mg/kg, perfused with sterile phosphate buffer solution PBS (with Ca2+ and Mg2+) and hereafter PBS++. Then the tissues were fixed by perfusion for 10 minutes in 1% glutraldehyde, 2% paraformaldehyde in phosphate-buffer at room temperature (pH 7.4). The temporal bone was excised and the cochlea carefully removed through micro-dissection and fixed again in 1% glutraldehyde, 2% paraformaldehyde in phosphate-buffer at room temperature (pH 7.4) for 60 minutes. Decalcification in EDAT was not performed. The cochlea was then washed twice in buffered sucrose for 5 min each (0.1 M phosphate buffer, 5% sucrose solution). Post fixation was performed at 4°C for 60 min in phosphate-buffered 2% osmium. The tissues were dehydrated in a graded series of ethanol (40, 50, 70, 80, 90, and twice in 100%), then ethanol- acetone (1:1) absolute solution for further 30 minutes, absolute acetone 100% for additional 30 minutes 3 times 10 minutes each. The tissues were critically point dried in CO2 drying apparatus CPD 030 and mounted on stubs, coated with gold sputter coater SCD005 and examined with Philips Scanning Electron Microscopy XL3 at 30kv.




Semi-Quantitative Evaluation

Damage of the stereocilia of outer hair cells (OHCs) observed by scanning electron microscopy (SEM) was classified into: normal, grade 1 (10-50% loss of stereocilia), grade 2 (less than 50% remaining stereocilia), or grade 3 (missing stereocilia). Thirty OHCs of each row in the middle part of each turn of the cochlea were counted (a total of 90 cells per turn). Scores out of 10 were given and presented in a graph for comparison. The results were compared for statistical significance at p>0.05.

Results

Auditory brainstem response (ABR)

Thresholds of auditory brainstem response (ABR) were measured in decibels of sound pressure level (dBSPL) in the control and the aminoglycosides- treated guinea pigs. The effects ofdifferentfrequencies(0.5, 1, 2, 4, 8, 16 and 32kHz) arepresented in graph 1. It shows that the ABR threshold for the control groups, which received intraperitoneal (IP) or transtympanic (TT) injections of normal saline, was 45 dB. Guinea pigs treated with streptomycin showed higher ABR thresholds, particularly at stimuli of 2, 8, 16, and 32 kHz, which reached up to 85 dB. The effect of the streptomycin compared to control group was statistically significant at p> 0.05. Less hearing impairment effect was produced by gentamycin and netilmicin, as manifested by its lower ABR thresholds, except those of the control. The effect of transtympanic aminoglycosides administration in all groups showed no statistically difference than that of intraperitoneal route, although it is at higher figures. It could be summarized that streptomycin caused more hearing impairment than gentamicin and netilmicin, as manifested by a higher elevation of ABR thresholds in group (Graph 1). All thresholds of hearing loss regarding each frequency in both the control and the experimental groups are shown in graph 1.
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Graph 1:  Representation of an ABR testing. ABR thresholds (decibels of sound pressure level, dBSPL) were measured in guinea pig with normal ABR (Black, Blue and Green).

 

SEM of organ of Corti of the Control groups

The cochlea is spiral shaped with two-and half turns around the modulus (Figure 1). The cochlear duct spirals inside the cochlea and contains the auditory sensory organ; organ of Corti (Figures 1 & 2). The cochlear duct is a wedge-shaped duct surrounded on two sides by perilymph but separated from it by two membranes. The roof of the cochlear duct is the vestibular membrane whereas the floor is the basilar membrane. The perilymph compartments are the scala vestibuli above and the scala tympani below the cochlear duct. The organ of Corti is located on the basilar membrane of the cochlear duct (Figures 2-7). It consists of sensory hair cells and supporting cells. The sensory hair cells have numerous stereocilia projecting from their free end and are in close contact with gelatinous and fibrous structure called the tectorial membrane (Figures 3 & 6). The sensory hair cells are formed of outer hair cells (OHCs) and inner hair cells (IHCs) (Figures 2,7,8). OHCs are formed of three rows carrying apical stereocilia in stair-case arrangement forming the characteristic V-shaped pattern ciliary bundles (Figure 9). The cilia within a single row are of the same height, whereas stereocilia of different rows are graded in height, the outermost row being the tallest (Figures 9 & 10). The V-shaped patterns have an acute in angle in the outer row and more obtuse in the inner row. The stereocilia of the IHCs are arranged in a flattened U-shaped pattern with a wider angle (Figures 11 & 12) and the ciliary bundles are free standing. Filamentous structures, forming cross-links between stereocilia of the same row IHCs (side-to- side links) have been seen on hair cells (Figure 12). The sensory hair cells are housed in a reticular membrane formed by the apical plates of supporting cells: phalangeal cells of Deiters’ and inner and outer pillar cells. Among the supporting-cell types, the inner pillar cells normally have rectangular apical surfaces and form a single row between the IHCs and OHCs. Moreover three rows of Deiters’ cells were seen (Figures 3-7). Linkage system of stereocilia includes both transverse linkage of the same row of OHCs as well as oblique linkage between the three rows (Figure 13). Side-to-side links of OHCs were numerous than that seen in IHCs (Figures 13 & 14). Moreover the stereocilia of the OHCs are in close contact with the tectorial membrane (TM) (Figure 15), in contrary the stereocilia of the IHCs which are not reaching the tectorial membrane (Figure 16). The length’s variation of the stereocilia in the three rows with marked tapering of its bases and rounding of its apices could be seen (Figure 17). While the stereocilia of the IHCs are of the same height (Figure 18)	and arranged in a flattened U shaped pattern, occasionally additional smaller and shorter inner row was seen (Figure 19). Characteristic large microphages (Kolmer-like cells) similar to epiplexus of the ependymal surface cells could be seen close to the OHCs (Figure 20). They display diverse morphological forms and bear a variable number of cellular processes (foot process). These cells may play a role in the initiation and/or maintenance of the cellular immune response. The spiral ganglia that contain bipolar cell bodies of the first order neuron were visible (Figure 21). They are laying information from the organ of Corti to the brain.
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Figure 1:  Scanning electron micrograph (SEM) of exposed cochlea of the adult guinea pig showing the spiral- shaped two and a half turns around the modulus (M). The basal and middle turns of the cochlear duct are opened and the tectorial membrane was removal to expose the organ of Corti (OC) in the floor of the cochlear duct. The fluid-filled scala tympani (ST) and scala vestibuli (SV) are shown in the basal turn. X40.
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Figure 2: SEM of opened basal turn of the cochlear duct of control group, showing the three rows of outer hair cells, a raw of inner hair cells (H), and the inner sulcus cells (SC). The roof of the cochlear duct is the Reissner’s membrane (RM). Note the squamous epithelial lining and the tectorial Membrane (TEC).  X200.
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Figure 3: SEM of opened basal turn of the cochlear duct of control group, showing portion of the spiral organ of Corti dissected to expose the outer raw of hair cells. Note the outer hair.
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Figure 4: SEM of opened basal turn of the cochlear duct of control group at higher magnification showing the narrow phalangeal process(PhPr) of Deiters cells (D) that end in web like expansion extending between the hair cells to the reticular membrane. Note also that Deiters cell processes (PhPr) cross at least one raw of outer hair cells (OHC). X 4880.
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Figure 5: SEM of opened basal turn of the cochlear duct of control group at higher magnification, showing the rounded basal nuclei of Deiters cells and remnant of basilar membrane (BM). X 3200.
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Figure 6: SEM of opened basal turn of the cochlear duct of control group showing the fractured reticular membrane exposing the organ of Corti and Deiters cells. X 1000.
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Figure 7: SEM of opened basal turn of the cochlear duct of control group at a higher magnification showing stiff, immobile keratinous-like structure of tectorial membrane (TM) where the sensory hair cells are inserted. X 6500.
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Figure 8: SEM of opened basal turn of the cochlear duct of control group at higher magnification showing outer hair cells formed of three rows (OHC1,2,3) and inner hair cells (IHC) formed of one row. Between them appear the outer pillar (OP) and the inner pillar (IP) cells. Deiters cells (D1,2,3) appear between the rows of the OHCs. X 1500.
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Figure 9: SEM of opened basal turn of the cochlear duct of control group at higher magnification showing outer hair cells carrying apical stereocilia in stair-case arrangement forming the characteristic typical V-shaped pattern ciliary bundles. X 6500.
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Figure 10: SEM of opened basal turn of the cochlear duct of control group showing that the stereocilia of outer hair cells within a single row are of the same height, whereas stereocilia of different rows are graded in height, the outermost row being the tallest. X 15000.
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Figure 11: SEM of opened basal turn of the cochlear duct of control group showing that the stereocilia of the inner cells are arranged in a flattened U-shaped pattern and the ciliary bundles are free standing. X 12000.
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Figure 12: SEM of opened basal turn of the cochlear duct of control group showing filamentous structures forming cross-links (arrows) between stereocilia of the same row (side-to-side links) of inner hair cells. X 15000.
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Figure 13: SEM of opened basal turn of the cochlear duct of control group showing filamentous structures forming cross-links (arrows) between stereocilia of the same row (side-to-side links) of outer hair cells that were numerous than that were seen in inner hair cells. X 20000.
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Figure 14: SEM of opened basal turn of the cochlear duct of control group at higher magnification showing that the linkage system of stereocilia include both transverse linkage of the same row (arrow heads) as well as oblique linkage between the three (the tallest and the middle and shortest rows stereocilia) of the outer hair cells (arrows). X 35000.
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Figure 15: SEM of opened basal turn of the cochlear duct of control group showing that the OHCs are in close contact with the tectorial membrane (TM). X 20000.
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Figure 16: SEM of opened basal turn of the cochlear duct of control group showing that the IHCs are not reaching the tectorial membrane (TM). Note the thin basal portion of the stereocilia. X 5000.
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Figure 17: SEM of opened basal turn of the cochlear duct of control group showing the apex of one outer hair cell with different lengths of the stereocilia in the three rows. Note the characteristic microvilli (MV) of the apical portion of Deiters cells.  X 20000.
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Figure 18: SEM of opened basal turn of the cochlear duct of control group showing that the IHCs stereocilia are of the same height. X 20000.
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Figure 19: SEM of opened basal turn of the cochlear duct of control group showing that the stereocilia of the inner cells are arranged in a flattened U-shaped pattern. Note additional smaller and shorter inner row (arrow). X 10000.
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Figure 20: SEM of opened basal turn of the cochlear duct of control group showing a characteristic microphages (Kolmer like cell) (KLC), similar to epiplexus (Kolmer) cells of the ependyma, displaying diverse morphological forms bear a variable number of cellular process (foot process) (FP). The cells were seen close to the OHCs. Such association may play a role in the initiation and/or maintenance of the cellular immune response. X 6500.
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Figure 21: SEM of opened basal turn of the cochlear duct of control group showing part of the spiral ganglia that contains bipolar cell bodies of the first order neuron (arrows), which lay information from the organ of Corti to the brain. X 5000.




SEM of Organ of Corti in The Experimental Groups

a)	Streptomycin treated animals showed almost complete absence of OHCs in the basal turn of the cochlea. The destruction of OHCs was evident as numerous irregular degraded remnant surface scar tissues. The apical fragment was retained in the reticular lamina and became surrounded basally by the expanded supporting cells (Figure 22). OHCs of the second turn presented an abnormal shortening of the stereocilia within a tuft, loss or partial degeneration and fusion with disorganized pattern (Figure 23). IHCs showed loss and severe degeneration (Figure 24), reminiscent of the specific atrophy of the ciliary tufts. First raw of OHCS of outer hair cells was severely affected (Figure 25). Occasionally slight swelling of spiral ganglion cells was observed in the streptomycin treated group (Figure 26).
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Figure 22: SEM of streptomycin induced cochlear injury. Note the destruction of outer hair cells that was evident as numerous irregular degraded remnant surface scar tissues (S). The apical fragment was retained in the reticular lamina and became surrounded basally by the expanded supporting cells (SC). Note also the nearly intact IHCs. X 1174.
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Figure 23: SEM of streptomycin induced cochlear injury showing the outer hair cells of the second turn with abnormal shortening of stereocilia, loss or partial degeneration and fusion with disorganized pattern. X 1500.
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Figure 24: SEM of streptomycin induced cochlear injury showing loss and severe degeneration of the inner hair cells (IHCs). Note also that first and second outer hair cell rows (OHCs) were the most affected. X 1500.
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Figure 25: SEM of streptomycin induced cochlear injury showing severely affected first raw of outer hair cells. X 2500.
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Figure 26: SEM of streptomycin induced cochlear injury showing slight swelling of Spiral ganglion cells. X 1000.
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Figure 27: SEM of gentamycin induced cochlear injury showing mild disorganized IHCs with partial loss of stereocilia in first and second rows of OHCs. Note the apical blebbling of OHCs. X 1500.
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Figure 28: SEM of gentamycin induced cochlear injury at higher magnification showing partial and the complete ruptured apical blebs. Note slight edema of the supporting cells. X 5000.



b)	Gentamycin group showed mild disorganized IHCs with partial loss of stereocilia in first and second rows of OHC with some apical blebbling of OHCs (Figure 27). Some of the blebs are showing partial or complete rupturing with slight oedema of the supporting cells (Figure 28).Intact apical blebs have a narrow stalk at posterolateral aspect of OHCs (Figure 29). However, spiral ganglion cells remained intact in all animals examined (Figure 30).
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Figure 29: SEM of gentamycin induced cochlear injury at higher magnification showing the intact apical blebs that has narrow stalk at postero lateral aspect of outer hair cells. X 6500.
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Figure 30: SEM of gentamycin induced cochlear injury showing that spiral ganglion cells remained intact in all animals examined.  X 6500.



c)	Netilmicin induced very mild stereocilia loss of IHCs cells (Figure 31) and nearly intact OHCs (Figure 32). Slight oedematous observable swelling of the stereocilia of IHCs was noticed, with intact cross linkage giving it a knuckled appearance (Figure 33).
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Figure 31: SEM of netilmicin induced cochlear injury showing very mild stereocilia loss of IHCs and nearly intact OHCs (arrow). X 1200.
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Figure 32: SEM of netilmicin induced cochlear injury showing very mild stereocilia loss of IHCs and nearly intact OHCs (arrow). Deiters cells (E) appear nearly intact between the rows of the OHCs X 1500.
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Figure 33: SEM of netilmicin induced cochlear injury showing slight edematous swelling of the stereocilia of IHCs; note the intact cross linkage giving it knuckled appearance (arrows). X12000.



Semi-Quantitative Evaluation
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Graph 2: Mean of the sum of scanning observations scoring and standard deviation for cochlear sensory hair cell injury of guinea pig giving three different aminoglycosides.

 





The mean scoring of the SEM observations for sensory hair cell injury following the three aminoglycosides is represented in graph 2. Few morphological alteration was seen in the control groups (groups I and V). Generally the degenerative alteration due to systemic versus the trans-tympanic administration of the three aminoglycosides were similar at p>0.05. The graph shows also that the most damaging effect on the cochlea was produced by streptomycin followed by gentamycin and netilmicin (Graph 2).

Discussion

Various studies could be found dealing with the morphology of the stereocilia of the hair cells following aminoglycosides toxicity [19-24]. However, there was no detailed description of the stereocilia of the normal hair cells. One of the most important results of the present work is providing unique information regarding the ultrastructure of the stereocilia of the hair cells and their cross-linking extracellular filaments that have been suggested to play a role in mechano-electrical transduction. Linkage system of stereocilia includes both transverse linkage of stereocilia of the same row of OHCs as well as oblique linkage between the three rows. Side -to-side links of OHCs were numerous than that seen in IHCs. The results obtained in this study indicated that aminoglycosides have deleterious effect on the cochlear tissue inducing hearing loss. However, the severity of the toxic effect differs from one drug to the other. The most severe changes were seen in animals given streptomycin followed, in order, by gentamycin and netilmicin. Such problems are significant as the drugs are still widely used to treat serious gram-negative infections. Moreover, up to 25% of patients treated with aminoglycosides develop irreversible neural hearing loss [25]. As mammalian hair cells do not regenerate, damage or loss of hair cells leads to permanent hearing impairment [26]. The results of the present work showed that the most severe effects were seen with streptomycin injection, either intraperitoneal or intratympanic. This was documented with the higher ABR thresholds, particularly at stimuli of 2, 8, 16, and 32 kHz, reaching up to 85 dB, whereas it was 45 dB for the control group which received injections of normal saline. These results were further supported by the morphological SEM findings that OHCs and IHCs were severely damaged in guinea pigs receiving streptomycin. The damage was more in the basal turns of the cochlea than both middle and apical ones. First rows and the second of OHCs were more severely damaged than the third row. The destruction of OHCs was associated with replacement by supporting cells. Similar results were reported by other authors [19,20]. It was found that hair cells incubated in Hank’s solution containing 1 mmol/L dihydrostreptomycin, initially deteriorated in 0.5-4.5 hours and progressed to entire degeneration after 10-20 hours [19]. It was also reported that significant increase in the threshold of ABR and damage of IHC and OHC, spiral ganglion (SG) of the cochlea of guinea pig detected by light microscope, TEM and immunohistochemical staining [20]. The present study showed that administration of gentamycin led to formation of cytoplasmic apical blebs from the plasma membrane of the posterolateral aspect of the OHCs, followed by their rupture. The destruction of OHCs was associated with replacement by supporting cells. This is similar to the results described by other authors [22]. Our results showed also that gentamycin is middle in its cochlear toxicity. Similar result was seen by other authors where average threshold value of ABR was significantly higher in the gentamicin group as compared with that of the control group [23]. The animal model established by Okuda et al [24] showed that moderate damage of inner ear occur with moderate-dose of gentamycin. The effect of intraperitoneal gentamicin ototoxicity on the cochlea of the rats was studied with auditory brain stem responses (ABRs), and histopathological investigation [21]. ABR thresholds were attenuated and apoptosis was detected with histopathological investigation. Other studies showed that the effect of gentamycin is the most severe effect, compared to other aminoglycosides. In mixed-breed cats study, the severity of the cochlear damage was in the order gentamicin, amikacin, streptomycin, netilmicin, with gentamicin being the most toxic [27]. Using both SEM and TEM the ototoxicity of the aminoglycosides was ranked in the following order: neomycin> gentamicin> dihydrostreptomycin> amikacin> neamine> spectinomycin [28]. Other study reported widespread ipsilateral cochlear neuroepithelial injuries with loss of otoacoustic emissions (OAEs), auditory brainstem evoked response (ABRs), and ice-water caloric response in the chinchilla model [29]. The study proves that the morphological damage following ototoxicity of gentamicin or streptomycin correlates with, but precedes loss of electrophysiological parameters. The present investigation suggests that netilmicin ototoxicity observed in both systemic and a transtympanic route is low. This may be attributed to lesser penetration into the inner ear and/or lower intrinsic toxicity. This was, further, confirmed by A B R thresholds of all aminoglycosides tested. A study using the 16th gestational day inner ear explants from fetal mice in organ culture system found that the less ototoxic potential of netilmicin as compared with other aminoglycosides is probably due to the drug itself and not primarily due to a poor penetration of netilmicin into the inner ear [30]. Sparing of the spiral ganglia was seen in most cases examined. Few spiral ganglia showed some degeneration of bipolar cells, while others showed edematous swelling. Despite the absence of hair cells, ganglion cells were, however, able to survive for considerable periods of time. Similar observation was documented by other authors [20,31]. It was suggested that in cases of aminoglycoside ototoxicity in human, spiral ganglion cell reduction may be present in segments of the cochlea with normal-appearing [32]. It is also suggested that aminoglycoside can injure spiral ganglion cells directly, as well as hair cells. Some authors [33,34] studied the nerve endings on the lower poles of the outer hair cells of the organ of Corti of the guinea pig. Although they described clear evidence of ultra structural change in the cilia of the hair cells after administration of ototoxic drugs, there was no evidence of concomitant ultrastructural change in the nerve endings. They concluded that nerve endings appeared to be more resistant than the hair cells. Prior studies have shown that the avian inner ear contains resident populations of macrophages and that hair cell injury leads to macrophage activation and recruitment [35-38]. Resident macrophages have been described in the human middle ear mucosa [39], below the dark cell area of the vestibular system [40], and in the endolymphatic sac [41-43]. However, the remainder of the labyrinth, including the cochlea was once thought of as immuno-privileged. In 1990, data in guinea pigs demonstrated dendritic macrophages phagocytizing degenerating cells and debris in the tunnel of Corti and outer hair cell region but authors mentioned that these cells may be derived from blood-borne monocytes [44]. All reports failed to demonstrate the presence of surface scavenger microphages in close association with auditory hair cells; rather they confirmed their subepithelial stromal tissue that underlies the sensory epithelium residency after blood recruitment. Such findings indicate that the loss of hair cells leads to the recruitment of macrophages into the sensory epithelium. In the present work characteristic large cell population of microphages-like cells similar to epiplexus (Kolmer) cells of brain choroid plexus were seen in close association with normal auditory OHCs surface. They bear a variable number of cellular processes (foot process). Moreover, the insertion of cell filiopodia into the reticular membrane was noticed. Such immune cells are residing even under physiological conditions. These cells may be part of the immune surveillance of organ of Corti. They may be capable of movement or migration to injured areas and may play a role in the initiation and/or maintenance of the cellular immune response. Much has been performed to investigate the causes and mechanisms of ototoxicity, to try to prevent this complication. Despite researchers’ efforts, ototoxicity still occurs, and there is much work to be done in order to understand the mechanism of ototoxicity of different drugs and to prevent hearing loss in the future. There were few trials to describe the role of certain factors in the production of the cochlear toxicity. Aminoglycosides are endocytosed at the apical membranes of hair cells, i.e., from endolymph, and transported to lysosomes [16]. Previous studies have demonstrated that the level of aminoglycoside in the inner ear endolymph does not reach that of plasma, but its clearance time is extremely slow >30 days [45]. At present, the basis for the different effects of each drug is unknown. The mechanisms of cochleotoxicity are deemed worthy of further study. Increasing our understanding of aminoglycosides induced ototoxicity requires greater insight into the mechanisms of cellular uptake kinetics, trans-cellular trafficking and intracellular disruption of physiological activities by aminoglycosides, modifying dosing protocols, the structure of current aminoglycosides, and/or increased verification of candidate oto-protective agents could all enable aminoglycosides to be used more readily with reduced risks of lifelong ototoxicity in hospital.

Conclusion

The present study provides unique comprehensive description of the SEM morphology of the control and aminoglycosides treated cochlear tissue. The stereociliary hair cells of the control group were found to contain cross-linking extracellular filaments that could play a role in mechano- electrical transduction. The study strongly supports previous studies for the toxic effect of the three most commonly used aminoglycosides; streptomycin, gentamycin, and netilmicin on the cochlear system. The most severe changes were seen after streptomycin followed, in order, by gentamycin and netilmicin. Streptomycin caused destruction of OHCs associated with replacement by supporting cells. Gentamycin caused cytoplasmic blebs formation of the plasma membrane of the sensory hair cells followed by their rupture. This study indicates that netilmicin is potentially safe for administration. Moreover, we demonstrated the presence of surface scavenger microphages in close association with the auditory hair cells under physiological conditions. Such cell may be of a part of the resident immune surveillance of organ of Corti.
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