Arch Otorhinolaryngol (1987) 244:284-287

"Oto-Rhino-
Laryngology

© Springer-Verlag 1987

Ultrastructure of the endolymphatic sac in the mongolian gerbil *
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Summary. We describe our findings in an ultrastruc-
tural study of the endolymphatic sac of the mongo-
lian gerbil. In conjunction with its specific renal
physiology, enabling this animal to withstand long-
term water deprivation, we have used our findings to
hypothesize the existence of a local monitoring sys-
tem within the endolymphatic space. The presence of
elastic tissue in the subepithelial space of the endo-
lymphatic sac could explain the mechanism through
which this structure equilibrates endolymphatic pres-
sure changes. Finally, we propose that a secretion of
water-retaining macromolecules may act through os-
motic forces to modulate inner ear fluid.
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Introduction

The endolymphatic duct (ED) and sac (ES) have
been considered previously to be a relatively inactive
part of the membranous labyrinth. In comparing
their function with the auditory and vestibular sen-
sory organs, they have been mostly regarded as a re-
servoir for waste products coming mainly from these
other parts of the inner ear.

In past years, some investigators have suggested
that the ED and ES actually have important biologi-
cal functions. Among these, a pressure regulatory
role has been proposed for the entire endolymphatic
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system [1, 6]. In fact, this portion of the membranous
labyrinth is unique as it usually appears to constitute
a non-rigid, compliable compartment which could
possibly assimilate small internal pressure variations.

Recently, Friberg et al. [4] suggested that the ES
might act as an active pressure regulator through se-
cretion of water-retaining macromolecules into its
lumen. This would enable the sac to both decrease
and increase the endolymphatic hydrostatic pressure
either by a secretory or an absorptive mechanism.
We recently examined the general morphology of the
ED and ES of a desert rodent, the mongolian gerbil
(Meriones unguiculatus) [3]. In this animal species,
the ED and ES are entirely covered by bone and,
therefore, no real compliable extraosseous portion
exists. In this case, a fine internal mechanism able to
cope with the regulation of the hydrostatic pressure
within the endolymphatic compartment would seem
to be important. Our studies demonstrated the pres-
ence of a homogeneous substance almost completely
filling the lumen of the gerbilline ES, together with
the presumed existence of elastic tissue in its sub-
epithelial layer. This finding directed us to look for
more detailed information through an ultrastructural
study of the gerbilline ES.

Materials and methods

Mature mongolian gerbils were used in this study. After the
animals had been sacrificed by decapitation, the temporal
bones were immediately removed and fixed in a solution con-
taining 2% glutaraldehyde in phosphate buffer and 0.1 M Na-
EDTA as decalcifying agent (pH 7.4). The solution was re-
newed every other day for 14 days. The specimens were post-
fixed in 1% buffered osmium tetroxide, dehydrated in graded
alcohols, and embedded in Agar-100 resin. Ultrathin sections
were cut, mounted on copper grids, stained with lead citrate
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and uranyl acetate, and finally observed and photographed in
a Philips 400 transmission electron microscope.

Results

The epithelial lining of the ES appears smooth in the
proximal and distal parts, but somewhat more rugose
in the intermediate portion. The majority of the epi-
thelial cells are cuboidal or wedge-shaped, but some
flat cells can also be observed (Figs. 1, 2). The light
and dark cells display features similar to those found
in other species, whereas the granular cells are pre-
dominant, and are more or less packed with mem-
brane-bound vesicles that are approximately 0.5 um
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in size. These structures thus give the epithelium a
general areolar appearance and seem to be specific
for this animal species. In the granular cells the ves-
icles can be found both supranuclearly and infranu-
clearly, hence giving the cells a “Swiss-cheese” ap-
pearance. The vesicles generally contain a granular
or floccular material.

The epithelial cells are not infrequently separated
by clear intercellular spaces of varying sizes and
shapes (Fig.2). These lateral intercellular spaces
(LIS) constitute large areas within the epithelium.
They are in general quite wide all the way up to the
tight junctions, separating them from the endolym-
phatic compartment. The LIS are particularly wide in

Fig.1. Low-power electron micrograph of
a cross-section of the intermediate portion
of the gerbilline endolymphatic sac (ES).
The epithelial surface appears slightly
rugose and the majority of the epithelial
cells are either cuboidal or wedge-shaped.
Flat epithelial cells can also be recognized

Fig. 2. High-power micrograph of the
epithelium of the gerbilline ES, showing
epithelial cells rich in membrane-bound
vesicles. Clear areas or lateral intercellular
spaces (LIS) separate individual epithelial
cells. At some places LIS are wide, with
only tight junctions separating them from

the lumen. The basal lamina runs irregu-
larly and often projects between cellular
invaginations



the lower portion of the epithelium towards the sub-
epithelial space and show evidence for containing
bundles of collagen fibrils in this region. At certain
points the LIS widen into large lacunae that are sepa-
rated from the lumen of the sac only by a thin bridge
of epithelial cells.

The subepithelial tissue is generally loose and
traversed by several small and a few larger blood ves-
sels (Fig.3a). The subepithelial space is separated
from the basal portion of the epithelium by a thin, ir-
regular basal lamina. It is sometimes split and projects
between the cells, forming invaginations that are par-
tially occupied by bundles of collagen fibrils (Fig.3a).
These fibrils in general seem to have a longitudinal
orientation along the sac and dominate the subepi-
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Fig. 3. a Electron micrograph of the sub-
epithelial space of the intermediate por-
tion of the gerbilline ES. A trabecular
network is formed through the cellular
ramifications of the fibrocytes. Fibrillar
structures and a floccular substance can
be observed among the cellular projec-
tions. The framed area is magnified in
Fig. 3b. b Inset of Fig. 3a, showing the
loose subepithelial tissue containing lon-
gitudinally oriented collagen fibrils. Bun-
dles of thin fibrils (arrow) resembling
elastic fibers are also observed

thelial space. A finer type of fibril is also present, ar-
ranged in dense bundles or interspersed between the
collagen fibrils in the subepithelial space. Morpho-
logically, these fibrils resemble elastic tissue (Fig.3b).
The subepithelial space contains a large amount of a
floccular substance and is divided into smaller com-
partments by fine cellular trabeculae emanating from
fibrobiasts situated beneath the basal lamina. Small
blood vessels in the subepithelial space lie inter-
spersed between these trabeculae. Besides occasional
erythrocytes, only a few freely floating cells occur in
the lumen of the ES. These cells seem to have phago-
cytic properties, as they display intracytoplasmic
Iysosomal-like bodies and a rough cell coat (or den-
drites).
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Discussion

The dynamics of the inner ear fluids have been dis-
cussed by several investigators. In 1976, Lundquist
[7] proposed the so-called “dynamic flow theory”,
thus combining the two earlier main flow theories,
which differ as to the possible site of reabsorption of
the endolymph. The longitudinal flow theory, as pos-
tulated by Guild [5], suggests that the endolymph is
secreted by the stria vascularis and reabsorbed in the
endolympbatic sac. In contrast, Naftalin and Harri-
son [8] proposed a radial-flow theory, in which en-
dolymph is thought to be reabsorbed in the same site
as it is produced. In his “unitary theory”, Lundquist
[7] attributed specific roles to the different epithelial
cell types found in the ES and used the guinea pig as
an animal model. The light cell is extremely rich in
microvilli and vacuoles and was presumed to be in-
volved mainly in absorptive and pinocytotic activity.
A phagocytic property was hypothesized for the dark
cell on the basis of its often elongated cellular proces-
ses.

The ES of the mongolian gerbil is suitable for
studies of inner ear fluid homeostasis, mainly as a re-
sult of its structural properties. In contrast to other
species, the ES of the mongolian gerbil is entirely
covered by bone, which means that there is no true
extraosseous portion. This may have a functional ap-
plication, since this portion has been suggested to
have a pressure regulating potential. However, other
internal mechanisms could intervene for this pur-
pose. The presence of elastic fibers in the subepithe-
lial space of the ES in man has already been de-
scribed by Bagger-Sjobick et al. [2]. To our knowl-
edge, such a rich amount of elastic tissue has not
been mentioned in any earlier study on the ES. The
unusually rich amount of elastic fibers could indicate
that the gerbilline ES has elastic or compliant proper-
ties, which could be important for the regulation of
pressure in the endolymphatic compartment. This
could account for the reduction of harmful pressure
variations around the delicate inner ear sensory
structures.

Recently, Friberg et al. [4] and Rask-Andersen et
al. [9] found signs of secretory activity in the ES.
Such activity seems to be attributable to the so-called
light cells. In animals subjected to surgical labyrinth-
ectomy as well as in mouse mutants showing strial dys-
functions, the light cells of the ES seemed to secrete
glycoproteins. These findings indicated that reduced
endolymph production in the stria vascularis might
result in a compensatory secretion of endolymph in
the ES, raising the endolymphatic hydration or pres-
sure.

Our studies of the mongolian gerbil have shown
that many of the epithelial cells normally display se-
cretory-like vesicles, which contain a floccular mate-
rial of similar appearance as the substance normally
occurring in the sac lumen. This would seem to indi-
cate that the epithelium may have a secretory poten-
tial. In order to verify such a discharge of macro-
molecules out into the sac lumen, tracer or labelling
studies are currently being performed. The possible
mechanism resulting in an increased endolymphatic
pressure may involve the secretion of macromolecules
into the ES, leading to either an increased hydro-
static pressure or a secondary osmotic attraction of
water. In the light of such a mechanism, the elastic
fibers in the ES could be essential in order to assimi-
late or modulate pressure variations created by the
secretion of water-retaining substances into the sac.
This could mean that the gerbilline sac may act as an
active pressure regulator by both absorbing and se-
creting endolymph through the epithelial layer.
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