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Abstract

BACKGROUND: Basic fibroblast growth factor (b-FGF) is recently reported to show a
good effect on the treatment of postoperative mastoid cavity problem, but its ototoxicity
has not been investigated yet.

OBJECTIVE: To investigate the effect of b-FGF on the inner ear of guinea pigs.

STUDY DESIGN AND SETTING: In group A (n = 10) and B (n=11), b-FGF were applied
into the left external auditory canal and the middle ear, respectively. The right ear served
as a control. One week later the endocochlear DC potential (EP) was measured and
morphology of the cochleae was examined using scanning electron microscopy.
RESULTS: In group A, the EP values of experimental ears and controls were 90.0 £ 8.4
(mV, mean £ SD) and 89.4 £ 4.3 (P > 0.05). In group B, those were 86.5+ 11.4 and 87.5
6.1 (P > 0.05). Morphologic findings showed no damage on the cochlear.
CONCLUSION: b-FGF application to the external and middle ears does not seem to have
an apparent risk of ototoxicity.
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Introduction

Basic fibroblast growth factor (b-FGF) preparation is a spray-type agent locally applied
for treatment of bedsores, cutaneous ulcers, and other. Recently it has been used for
the treatment of ear diseases including repair of a perforation of the tympanic membrane
and for postoperative mastoid cavity problems.’23  However, to our knowledge, there
have been no experimental studies investigating the possibility of the ototoxicity of this
agent when it is applied to the external or middle ear. In the present study, we investigate
the influence of b-FGF preparation on the inner ear of guinea pigs using the
electorophysiological and morphological techniques.

Methods and Materials

2.1. Animals

Twenty one healthy male guinea pigs (weight 260-340 g), free of external or middle ear
disease, were used in this study.
2.2. Drug administration

Guinea pigs were divided into two groups. In group A(n=10), after spongel (Astellas
Pharma Inc.) was put into the external ear, approximately 100 ug of b-FGF preparation
(2,000 pg/ml, Kaken Pharmaceutical Co., Ltd) was applied into the left external auditory
canal with a syringe once every two days for four times in total, and the right ear served as
a control. This amount and concentration of b-FGF administered into the animal ears
correspond to one hundred times as much in the amount and twenty times as much in the
concentration comparing with those clinically used for patients. One week later,
endocochlear DC potential (EP) was measured in both ears and then both cochleae were
removed. Twenty cochleae from ten animals were processed for scanning electron
microscopy (SEM) study. In group B (n=11), after myringotomy was performed carefully
under a surgical microscope, spongel was placed into the tympanic cavity, and b-FGF
preparation was infused once every two days four times in total. Approximately 100 ug
of b-FGF preparation was needed to fill the external and middle ears. The right ear served
as a control. One week later, EP was measured in both ears, and then both cochleae
were removed. Twenty one cochleae from 11 animals were processed for SEM. One
cochlea on the control side was broken when the cochlea was removed.

2.3. Electrophysiological recordings

The EP was recorded from the basal turn of the cochlea. The glass microelectrode was
advanced into the scala media through the round window membrane (RWM) until a
positive EP was obtained.

Differences in the EP between the control and the experimental ears were analyzed
statistically using paired Student’s two-tailed t-test. Difference was considered significant
when the P value was less than 0.05.

2.4. Hair cell count (SEM)

Semiquantitative hair cell counts were performed with a modified version of the method
used by Korver et al.* Twenty cochleae from 10 animals in group A and twenty one
cochleae from 11 animals in group B were used. Representative areas of the basal turn,
middle turn and apical turn were photographed. In each area, inner or outer hair cells
were counted in a section that contained 10 pillar cell heads. The results were shown as
the average survival percentage rates compared to control. Statistical analysis was
performed using non-paired Student’s two-tailed t-test. Difference was considered
significant when the P value was less than 0.05.

Results

3.1. Electrophysiological findings

In group A, the EP values of experimental and control ears were 90.0£8.4mV
(meanzstandard deviation) and 89.414.3mV, respectively (Figure 1). There was no
significant difference between the both sides in this group (p=0.778). In group B, the EP
values of experimental ears and control ears were 86.5+11.4mV and 87.5x6.1mV,
respectively (Figure 2). EP value was apparently low on the experimental ear in one
animal (53.1mV), but there were also two control ears showing low EPs in this group.
There was no significant difference between the both sides in this group either (p=0.771).
3.2. Electron microscopic findings

Figure 3 shows SEM micrographs of a guinea pig cochlea from an experimental ear in
group B. Almost normal stereociliary arrangements and surface structure on the inner and
outer hair cells and an normal number of microvilli on the surface of the inner pillar cells
can be seen in the basal (Figure 3A), middle (Figure 3B), and apical (Figure 3C) turns. No
notable changes were seen in any turns in either group A or B.
3.3. Hair cell count
3.3.1. Group A

The outer hair cell survival rates on the experimental side were 98.8+2.0, 100+0 and
99.4+1.7% in basal, middle, and apical turn, respectively, whereas they were 98.0+5 .4,
99.3+1.6 and 98.115.6% in basal, middle and apical turn, respectively, on the control side.
The inner hair cell survival rates were 100£0, 100£0 and 100£0% in basal, middle and
apical turn, respectively, on the experimental side, while they were 95.2+12.6, 98.016.3
and 100+x0% in basal, middle and apical turn, respectively, on the control side. There
were no significant differences in either outer or inner hair cell counts between the b-FGF
side and the control side for any turn (outer hair cell; basal turn p=0.724, middle turn
p=0.201, apical turn p=0.549, inner hair cell; basal turn p=0.377, middle turn p=0.357,
apical turn p=1.000).

3.3.2. Group B

The outer hair cell survival rates on the experimental side were 99.1+£0.8, 100+0 and
97.4+5.8% in basal, middle and apical turn, respectively, whereas they were 1000,
99.3+1.6 and 99.5x1.5% in basal, middle and apical turn, respectively, on the control side.
The inner hair cell survival rates were 10010, 99.1£2.8 and 100£0% in basal, middle and
apical turn, respectively, on the experimental side, while they were 10020, 100£0 and
100+£0% in basal, middle and apical turn, respectively, on the control side. There were no
significant differences in either outer or inner hair cell counts between the b-FGF side and
the control side for any turn (outer hair cell; basal turn p=0.396, middle turn p=0.201,
apical turn p=0.275, inner hair cell; basal p=1.000, middle p=0.305, apical p=1.000).
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Representative SEM photomicrographs of the organ of Corti from a guinea pig in group B

at 1 week after treatment (b-FGF preparation in the left middle ear). Intact inner

(a

rrowheads) and outer hair cells (black arrows) and inner pillar cells (white arrows) can

be seen in the basal (A), middle (B), apical (C) turns. Scale bar=10um.

Discussions and Conclusions

As described in the method, b-FGF preparation given to the animals in this study was
apparently far greater in the amount as well as in the concentration than that usually used
in human. We, therefore, consider that RWM is sufficiently exposed to b-FGF preparation
in the middle ear group animals.

One concern was that an ear on the experimental side in group B (middle ear group)
had a low EP. When we opened the bulla to expose the middle ear of this animal, we
could not find any damages on the stapes or perilymph leakage. Thus, the cause of the
decrease in EP in this animal is uncertain.

Although a literature reported an experience of using this agent to human ears for
approximately two months,? we set the duration of administration of this agent one week in
this study. It is because ototoxicity, if there is, is manifested within a week in most
experimental studies instilling the agents into the middle ear.#°.6.7 We set the interval of
administration of this agent two days because the biological half life of this agent is 48
hours.

In this study, topical b-FGF preparation did not cause either significant reduction in EP
or any degenerative changes to the structures in the organ of Corti even when applied into
the middle ear. From the results of the present study, it was concluded that, as long as the
EP and electron-microscopic morphology, b-FGF application to the external and middle
ears, which is recently becoming prevalent as a good tool of conservative treatment for
middle ear diseases, did not seem to have an apparent risk of ototoxicity.

Bibliography

1. Kakigi A, Sawada S, and Takeda T. The effects of basic fibroblast growth factor on postoperative
mastoid cavity problems. Otol Neurotol 2005;26:333-6

2. Hakuba N, Taniguchi M, Shimaizu Y ,et al. A new method for closing tympanic membrane perforation
using basic fibrobast growth factor. Larngoscope 2003;113:1352-5.

3. Miyashita H, Isono M, Nakayama K, et al. Application of b-FGF preparation (Fiblast Spray) to diseased
ears. (in Japanese) Otol Jpn 2003;13:618-21.

4. Korver KD, Rybak LP, Whitworth C, et al. Round window application of D-methionine provides complete
cisplatin otoprotection. Otolaryngol Head Neck Surg 2002;126:683-9.

5. lwanaga T, Tanaka F, Tsukasaki N, et al. Does topical application of 5-fluorouracil ointment influence
inner ear function? Otolaryngol Head Neck Surg 2006;134:961-5.

6. Wagner N, Caye-Thomasen P, Laurell G, et al. Cochlear hair cell loss in single-dose versus continuous
round window administration of gentamicin. Acta Otolaryngol 2005;125:340-5.

/. Tanaka F, Whitworth CA, Rybak LP. Influence of pH on the ototoxicity of cisplatin: a round window
application study. Hear Res 2003;177:21-31.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [2160.000 3456.000]
>> setpagedevice


