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Ampullae of the inner ear in Podarcis s. sicula 

or dead cells of the crista. Such phenomena have 
already been described for some vertebrate groups after 
injury caused by ototoxic substances or acoustic trauma 

· (Raphael, 1992, 1993; Duckert and Rubel, 1993). 
These cells may be either dormant stem cells or commit
ted cells dividing under particular conditions. The cell 
tum-over hypothesis is supported by literature data on 
the regeneration of injured post-mitotic ear sensory cells 
by transdifferentiation of other cells (supporting cells) 
(Raphael, 1992; Weisleder and Rubel, 1993). More
over, Rubel et al (1991) showed that the cytoplasm of 
the regenerated hair cells in the avian inner ear is more 
electron dense. 

As far as microvillous cells are concerned, their 
general morphology, investigated by Hamilton (1965), 
suggests that they are possibly involved in ion transport 
and maintenance of electrolyte balance in the endo
lymph. Harada and Tagashira (1981) showed that the 
calcium content of the otoconia located on the surface of 
the dark cells is reduced to varying degrees. These 
findings suggest that dark cells are involved in otoconia 
metabolism and endolymph formation (Kawamata et al, 
1986; Harada and Takumida, 1990). The function of 
their supporting cells is less clear, although some 
structural similarities exist between these supporting 
cells and microvillous cells. 

Finally, the planum semilunatum is doubtlessly 
active in some phases of endolymph production. Indeed, 
autoradiographic evidence (Dohlman et al. , 1959) sug
gests that planum cells are involved in transport and 
formation of the acid mucopolysaccharide component of 
the endolymph. The presence of several secretion 
granules might support this hypothesis. 

References 

De Burlet HM (1934) Vergleichenden Anatomie des 
statoakustischen Organs a. Die Innere Ohrsphare. b. Die 
Mittlere Ohrsphare (Comparative anatomy of the stato
acoustical organs. a. The inner ear. b. The middle ear). 
In: Handbuch der Vergleichenden Anatomie der Wirbel
thiere, vol. 2. Bolk L, Goppert E, Kallius E, Lubosch 
W (eds.). Urban und Schwarzenberg, Berlin. pp. 1293-
1432. 

Dohlman GF, Ormerod FC, McLay K (1959) The 
secretory epithelium of the inner ear. Acta Otolaryngol 
50: 243-249. 

Duckert LG, Rubel EW (1993) Morphological cor
relates of functional recovery in the chicken inner ear 
after gentamycin treatment. J Comp Neurol 331: 75-96. 

Hamilton DW (1964) The inner ear of lii:ards. I. 
Gross structure. J Morphol 115: 255-271. 

Hamilton DW (1965) Microvillous cells in ampullae 
of the lii:ard inner ear. J Morphol 116: 339-354. 

499 

Harada Y (1981) SEM studies of the inner ear. 
Biomed Res 2: 391-401 . 

Harada Y, Tagashira N (1981) Metabolism of 
otoconia. Biomed Res, Suppl 2: 415-420. 

Harada Y, Takumida M (1990) Functional aspects 
of the vestibular dark cells in the guinea pig. Morpho
logical investigation using ruthenium red staining 
technique. Auris Nasus-Larynx (Tokyo) 17: 77-85. 

Ishiyama E, Keels EW (1971) New morphological 
aspects of the horizontal crista in the pigeon. Acta Anat 
79: 1-14. 

forgensen JM (1975) The sensory epithelia in the 
inner ear of a lii:ard, Calotes versicolor Daudin. Vidensk 
Medd Dansk Naturh Foren 138: 7-19. 

forgensen JM, Mathiesen C (1988) The avian inner 
ear. Continuous production of hair cells in vestibular 
organs, but not in the auditory papilla. Naturwissen
schaften 75: 319-320. 

Kawamata S, Harada Y, Tagashira N (1986) Elec
tron-microscopic study of the vestibular dark cells in the 
crista ampullaris of the guinea pig. Acta Otolaryngol 
(Stockh) 102: 168-174. 

Lim DJ, Anniko M (1985) Developmental morphol
ogy of the mouse inner ear. Acta Otolaryngol Suppl 
422: 1-69. 

Miller MR (1966) The cochlear duct of lii:ards. 
Proc Cal Acad Sci 33: 255-359. 

Raphael Y (1992) Evidence for supporting cell mi
tosis in response to acoustic trauma in the avian inner 
ear. J Neurocytol 21: 663-671. 

Raphael Y (1993) Reorganii:ation of the chick 
basilar papilla after acoustic trauma. J Comp Neurol 
330: 521-532. 

Rubel EW, Oesterle EC, Weisleder P (1991) Hair 
cell regeneration in the avian inner ear. In: Regeneration 
of Vertebrate Sensory Receptor Cells (Ciba Foundation 
Symposium 160). Wiley, Chichester, U.K. pp. 77-102. 

Watanuki K, Kawamoto K, Katagiri S (1970) Sur
face structure of the ampulla of the semicircular canal in 
the guinea pig. Pract Oto-rhino-laryng 32: 137-148. 

Weisleder P, Rubel EW (1993) Hair cell regenera
tion after streptomycin toxicity in the avian vestibular 
epithelium. J Comp Neurol 331: 97-110. 

Wersall J (1956) Studies on the structure and inner
vation of the sensory epithelium of the cristae ampul
lares in the guinea pig. Acta Otolaryngol Suppl 126: 1-
85. 

Discussion with Reviewers 

A. Campos: Ethanol can lead to the appearance of 
precipitates in the specimens. What has your experience 
been? Have you processed specimens with acetone 
instead of ethanol? 



G. Balsamo et al. 

Authors: In previous work on the same material we 
used both alcohol and acetone, and realized that results 
were similar. Therefore, we continued to use alcohol. 

A. Campos: What is the relationship between the dark 
cells you describe and the numerous osmiophilic mito
chondria-rich cells involved in secretory or filtering 
functions such as the cells of the convoluted segment of 
the kidney, the interlobular duct of the salivary gland, or 
the stria vascularis? 
Authors: We describe two cell types: dark cells and 
dark hair cells. The first ones morphologically resemble 
both those of the convoluted segment of the kidney and 
those of the interlobular ducts of the salivary glands; the 
other type did not show any infoldings of the basal and 
lateral cell membranes. 

M.L. Wiederhold: Could you comment on the flmc
tional significance of the septum cruciatum. Do the side 
lobes anchor, or restrict the movement of the cupula? 
Authors: The septum cruciatum, when sufficiently 
prominent, may possibly influence the hydrodynamics of 
the endolymphatic flow towards the two portions of the 
cristae which the septum itself serves to divide. The 
existence of this projecting structure parallel to the main 
endolymphatic stream will, no doubt, make its frictional 
effect larger. According to Dohlman this structure may 
act as a stabilizer for the cupulae of the vertical canals 
during horizontal movements. 

M.L. Wiederhold: In Figure 2C, is it clear that the 
globular structures are only on the supporting cells? 
Several globules in 2C and one in 2B look as if they are 
at the base of the stereociliary bundle, on the surface of 
the sensory cells. If so, one would question the hypoth
esis that the globules are material secreted by supporting 
cells. 
Authors: The globular structures in TEM sections are 
generally apocrine secretions of supporting cells. 
Fixation can, sometimes, displace some globules in SEM 
specimens. 

M.L. Wiederhold: Were all hair cells in each crista 
oriented in the same direction? If so, how do their 
orientations compare to those in mammals? 
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Authors: Our work shows unidirectional orientation of 
the hair cells; polarization in each crest is comparable to 
that described for mammals. 

M.L. Wiederhold: In Figures 4 and 5A, what causes 
all of the vacuoles, both within and between cells? Does 
this indicate inadequate fixation? 
Authors: Dark hair cells, which show a much vacuo
lized cytoplasm, probably express a functional stage 
which responds to fixation in a different manner as 
compared to the other cells in the sensory epithelium. 

M.L. Wiederhold: You suggest that the dark cells 
might be "immature" and that the specimens were 
"adult." How large were the specimens and do you 
know how old they might have been, relative to the rate 
of maturation and life expectancy of this species? Do 
older specimens of Podarcis have larger cristae or 
maculae than young adults, as in fish? If so, this might 
indicate a continuous production of hair cells, possibly 
from pre-existing supporting cells. 
Authors: Our experimental material was made of 18-
month adult specimens and, therefore, in about n the 
middle of their life cycle, which lasts an average of 
three years. Older Podarcis specimens show more mas
sive cristae and this, as you suggest, may indicate a con
tinuous production of hair cells; this production may 
possibly originate, according to the literature, from pre
existing supporting cells. 

M.L. Wiederhold: Does not the tremendous prolifera
tion of cell surface, represented by the many foldings in 
Figure 6A, argue strongly in favor of the dark cells 
being involved in endolymph secretion? 
A. Campos: On the basis of your data, would you sug
gest a relationship between sensory cells and cells 
involved in endolymph regulation? 
Authors: The tremendous proliferation of cell surface, 
represented by many foldings , as is also found in the 
cell of the convoluted segment of the kidney, in the cells 
of the interlobular duct of the salivary gland, and in the 
stria vascularis, is typical of cells having a large water 
and ionic flow; this strongly suggests the dark cells are 
involved in endolymph secretion, but, based on morpho
logical characteristics, appears unlikely for the dark hair 
cells. 


