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Abstract

Rajtova V.: Morphology of Supraependymal Cells and their Occurrence in the Cerebral Ven-
tricles of Sheep and Goats. A Scanning Electron Microscopy Study. Acta vet. Brno 1995, 64:17-21.

Occurrence and external morphology of supraependymal cells (SECs) were studied in 14 Merino
sheep and 24 crossbred goats of both sexes. This type of supraependymal structures in both small
ruminant species occurred only in the upper part of the third cerebral ventricle. In sheep they were
recorded only during physiological estrus and gravidity in the recessus infundibuli. In male goats,
the infundibular recessus surface was covered with SECs only during the mating period (autumn
months) whereas in female goats they were present during all phases of the ovarian cycle but also
after hormonal stimulation. On the surface of the eminentia mediana surface in goats (independent
of sex) supraependymal cells occurred only in animals after gonadectomy. Occurrence of
supraependymal cells in the third cerebral ventricle seems to be connected with the activity of the
gonads, or their higher centres. Differences between sheep and goats were found in the structure
of the external surface of the ependymal lining of the upper part of the third cerebral ventricle.

Central nervous system, ventriculus tertius, ependyma, sheep, goat

Structures found on the surface of the ependymal lining of the cerebral ventricles belong
among its regional characteristics. They protrude into the ventricular lumen and are denoted
as supraependymal structures to which supraependymal cells also belong. They were first
discovered by K o1 m e r (1921) using light microscopy, and later by electron microscopy
in different locations of the cerebral ventricles, in numerous animal species (Clementiand
Marinil972;Scottetal 1973,1974;Coates 1973ab; Braweretal 1974;
Bleieretal. 1975;MestresandBreipohl11976;Jennesetal. 1977;Mitcheland
Card1978).Kozlowskietal (1972, 1973) reported brief data on the supraependymal
cells in sheep. '

The present paper deals with the description of supraependymal cells in sheep and goats,
to compare them, and then show differences between them.

Materials and Methods

Thirty eight animals, 14 Merino sheep and 24 crossbred goats of both sexes were used. The animals were divided
in one control and two experimental groups. The control ewes were killed during the anestrous or estrous phases
of the ovarian cycle, female goats in the period of anestrus, proestrus, estrus and luteal phase. One pregnant ewe
and one goat (d 80 of pregnancy) were also included in the control group. Males of both species were killed during
the "rest" period in April, and during the mating period (October, November).

In experimental group 1, hormone preparations were administered to adult experimental ewes and goats as
follows:

During the anticipated period of estrus (April) hormone preparations: (40 ug synthetic LH-RH together with 250 ug
synthetic Gn-RH, i.m., at 30 min intervals) were administered.

The same group of female goats was given 20 mg synthetic progesterone in vaginal sponges. The animals were
killed 26 hours after the last i.m. injection, or 16 days after insertion of vaginal sponges.

In experimental group 2, mature females and male goats were gonadectomized; artificial cryptorchids were made
of two male goats. The animals of this group were killed 2 months following gonadectomy. Also one testicular
hermaphrodite, acquired incidentally, was included in this group.

After exsanguination, the heads of all animals were rinsed in 0.2 mol/l phosphate buffer, preliminarily fixed by
perfusion of Karnovsky solution. After the brains were removed, the samples were fixed using 3 % glutaraldehyde
solution in 0.2 mol/l cacodylate buffer (the temperature of all solutions was 4 °C). After processing(Murakami et
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al. 1977) the samples were dried by the critical point method, coated with gold, and examined using the scanning
electron microscope Stereoscan Cambridge 2A and Jeol.

Results

Generally, the supraependymal cells (SEC) were found in both species of small ruminants
studied though only in the lower part of the third cerebral ventricle, and on its bottom
(eminentia mediana).

Sheep

In animals under study, SECs were only found in ewes in the period of physiological estrus
and during gravidity (Plate IV., Figs 1a, b). In other animals, no SECs were observed on the
surface of the lower part of the third cerebral ventricle, neither in other stages of their
reproductive cycle nor after hormonal stimulation. A similar finding, i.e. absence of SECs
was also noted in rams.

In both aforementioned groups of ewes, the numbers of SECs were low. The cell bodies
were predominantly oval, often covered with structures reminiscent of short cilia or microvilli.
They formed 3-7 shorter, thin, and sometimes ramifying processes which (especially during
gravidity) were terminated in ruffled membranes.

Goats

In female goats during anestrus, in addition to great number of secretory protrusions in the
typical infundibular recessus, ( Plate IV., Fig. 2) there were only sporadic SECs, with some of
their processes forming ruffled membranes. In proestrus, from the recessus suprachiasmaticus
to the recessus inframamillaris, abundant supraependymal cells covered the entire upper cilia-free
part of the infundibulum. SECs had more radially arranged processes, ranging from
spider-shaped to star-shaped appearance. These processes terminated in ruffied membranes.
During estrus, the number of supraependymal cells decreased. Some of them did not differ
from those of the previous period. Other SEC group, however, had a different external
morphology. Cell their bodies were predominantly round and covered with hemispherical structures.
Their processes were not apparent, because they were entirely hidden in the subependyma. This
group of cells may be observed at various depths of the ependymal layer ( Plate IV., Figs. 3a,b).
In the luteal phase of the ovarian cycle, and in the 80-day pregnant goat, a lower number of
supraependymal cells was recorded than in females during estrus or proestrus. Their external
morphology differed only slightly from supraependymal cells found in proestrus.

In male goats, in the so-called period of "sex rest" (spring months), no supraependymal
cells were found in the recessus, while during mating (autumn months) they were present,
though only in lower numbers. Their external appearance did not differ from those found in
female goats during estrus ( Plate V., Figs. 4a,b).

Administration of the synthetic LH-RH with Gn-RH induced, in addition to a lower number
of secretory protrusions, formation of great numbers of supraependymal cells (as in proestrus).
Administration of synthetic progesterone in the form of vaginal sponges induced almost the
same picture on the surface of the lower part of the third cerebral ventricle as was that of
physiological estrus (Plate V., Figs. 5a,b, 6a,b).

Two months after gonadectomies of females and males (Plate V1., Fig. 7), independent of
sex prior to the operation, the structure of the ependymal lining of the infundibulum was
reminiscent of that of the females during anestrus due to the presence of large numbers of
secretory granules. Unlike in these, however, in gonadectomized animals there were greater
numbers of SECs. Most of them formed ruffled membranes. The surface of many membranes
was covered with hemispherical to spherical protrusions that have not been found in other
groups of animals under study.
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In the testicular hermaphrodite we studied, in addition to abundant secretory protrusions,
there were supraependymal cells which by their appearance and numbers, resembled those
of females in proestrus. In addition to these, there were cells with thin, long projections
connecting each other (Plate VI., Fig. 9) on the surface of the rostral part of the infundibulum.
Their external morphology resembled nerve cells rather than supraependymal cells. In goat
cryptorchids (Plate VI, Fig. 8) both appearance and number of SECs were similar to findings
in females in proestrus.

The eminentia mediana epithelium of goats

No supraependymal cells were found on the eminentia mediana surface under physiological
conditions and after hormonal stimulation. At this site, SECs did not occur until after
gonadectomy both of females and males. Their external morphology as well as the amount
were the same, independent of sex before the operation. Some of these cells were irregularly
spherical, their body surface being covered with short cilia-like protrusions, or else they
formed cytoplasmic lamellar protrusions which gave them a characteristic rosette-like
appearance. The processes of this group of SECs were not clear. The second group of SECs
had two or more short processes which formed ruffled membranes. Many SECs on the eminentia
mediana surface emerged from deeper layers at sites of differently formed lacunas (Plate
VL, Figs. 10a, b).

Discussion

Supraependymal cells, whose occurrence was also noted in both mature small ruminant
species, are one form of supraependymal structures in the ventricular system of the central
nervous system of vertebrates. According to C o ate s (1973b), their findings in the cerebral
ventricles are not an isolated phenomenon, dependent upon species, sex or age of animals.
Our findings of these cells, however, have not completely confirmed this opinion, because
their occurrence, mainly in sheep under physiological conditions, was to a certain degree,
dependent upon sex, state of the ovarian cycle, and mating season. The ependymal epithelium
of the third cerebral ventricle of sheep during various phases of the ovarian cycle, and after
hormonal stimulation was studied by Kozlowskietal. (1973)aswellasCoatesand
D avis (1975, 1977). These authors, however, have not referred to the presence of
supraependymal cells, whereas we have noted them in our sheep material, but only among
ewes during estrus and gravidity. In rams under physiological conditions, as well as in ewes
after hormonal stimulation, supraependymal cells were absent from the surface of the cerebral
ventricles.

In control goats, unlike in sheep, the supraependymal cells always occurred on the surface
of the infundibular recessus, but their numbers changed, depending upon the physiological
status of the ovarian cycle. Males out of mating season (spring months), when supraependymal
cells were not evident, were an exception. In the autumn months (i.e. the period when also
the reproductive cycle of females culminates) besides the typical supraependymal cells with
processes forming ruffled membranes, there were also cells detected whose projections were
hidden in the subependyma, and the entire surface of their body was covered with hemispherical
protrusions. The same cells were also found in female goats after hormonal stimulation, but
also two months after gonadectomy, independently of sex before the operation. One exception
was the testicular hermaphrodite, in which apart from greater numbers of typical supraecpendymal
cells, characteristic of females during proestrus, there were numerous neuron-like cells with
long, thin protrusions connecting with each other and forming a network. The appearance
of the latter is similar to cells reported by Mitchelland C ard (1978) in a guinea-pig
classified as neuron-like cells, but which in a macaque, C o ate s (1973ab; 1975) classified
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as the first type of supraependymal cells. Thus, it would follow that even if the external
morphology of the sexual organs indicated an incompletely developed male, the structure
of the infundibular epithelial surface was typically female. It can be only supposed that some
endocrine glands or the hypothalamic nuclei participating in the control of sexual functions
in this animal were female-oriented. The alternative male/female type of behaviour of this
animal as reported by its owner, seems to support our conclusions.

A different question is the presence or absence of supraependymal cells at the bottom of
the third cerebral ventricle, the eminentia mediana. Of all animals used the occurrence of
supraependymal cells on its surface was recorded only in animals two months after
gonadectomy but never under physiological conditions or after hormonal stimulation. Their
appearance differed from previously presented cells. One cell group had almost round bodies,
however, without discernible processes. The body surface was covered with cilia-like
protrusions. This group of cells represents accordingtoMestresand Breipoh1(1976)
a phagocytic form of supraependymal cells. Another group has two or more processes
transformed into ruffled membranes. These cells have therefore a polymorphic appearance.
It is undoubtedly an example of a migrating cell type.

The function of supraependymal cells, as well as that of other supraependymal structures,
has not been satisfactorily elucidated, even if their phagocytic capacity has been confirmed.

Supraependymal cells studied in our material in sheep and goats were not present in the
entire ventricular system of the brain. They were localized only in the upper part of the
third cerebral ventricle, and on the eminentia mediana. Their numbers, their relationship
to gonad activity in both sexes, as well as their polymorphic appearance, were always more
pronounced in goats than in sheep. In both small ruminant species, SECs were not present
(or quite sporadically) when the ependyma in the upper part of the third cerebral ventricle
was active in secretion. On the other hand, their numbers increased with any decrease in
ependymosecretion. Gonadectomized goats, in which, along with secretory protrusions,
there were large numbers of SECs, were an exception. This finding leads us to the
following speculation: after gonadectomy any connection to the long-term feedback
mechanism axis is interrupted. Therefore, probably, through short-term feedback, receptors
in the hypothalamus and in the anterior pituitary are stimulated to produce tropic sex
hormones which, however, due to absence of gonads have no possibility to function. We
suppose that it is the large number of macrophage-like supraependymal cells on the
eminentia mediana surface that is involved in balancing (or removal) of certain specific
compounds.

Morfologia a vyskyt supraependymovych buniek v mozgovych komorich ovce
a kozy. Stiidium v riadkovacom elektronovom mikroskope

Na 14 ovciach plemena Merino a 24 kriZzencoch kozy obojeho pohlavia sme sledovali
aporovnavali vyskyt a vonkaj$iu morfol6giu supraependymovych buniek. Tato forma sup-
raependymovych $truktiir u obidvoch malych preZivavcov sa vyskytuje len v dolnej Casti
tretej mozgovej komory. U oviec sme ich zaznamenali iba pocas fyziologického estru a gra-
vidity v recessus infundibuli. U samcov k6z pokryvali povrch infundibuldrneho recessu len
v obdobi pripistania (jesenné mesiace), zatial¢o u samic kozy boli na uvedenom mieste pri-
tomné pocas vietkych faz ovaridlneho cyklu, ale aj po hormonélnej stimulacii. Na povrchu
eminentia mediana k6z (nezéavisle od pohlavia) sa nachadzali supraependymové bunky
u jedincov iba po gonadektémii. V praci sa diva vyskyt supraependymovych buniek v tre-
tej mozgovoej komore do sivislosti s ¢innostou gonéd, resp. ich nadradenych centier. Zis-
tili sarozdiely v stavbe vonkajSieho povrchu ependymovej vystielky dolnej Casti tretej moz-
govej komory medzi ovcou a kozou.
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Rajtova V.: Morphology...pp. 17-21.
Plate IV

Fig. 1a, 1b: Supraependymal cells from the infundibular recess of the ewe, estrus. x 5500.

Fig. 2: One isolated supraependymal cell from the surface of the infundibular recess in the female goat,
anestrus. x 2300.

Fig. 3a, 3b: Supraependymal cells from the recessus infundibuli of a female goat, estrus. Two types of cells with
embedded projections in the subependyma (3a) and migrating cell (3b). x 1300 (a), x 2300 (b).



Plate V.

Fig. 4a, 4b: Supraependymal cells of the infundibular recess of the male goat during the mating period (October,
November). x 1300 (a), x 2500 (b).

Fig. 5a. 5b: Two types of supraependymal cells from the surface of the infundibular recess of the female goat 16 d
after administration of synthetic progesterone using vaginal sponges. x 5600 (a), x 1800 (b).

Fig. 6a, 6b: Supraependymal cells from the recessus infundibuli in the female goat two months after gonadectomy.
The presence of spherical and hemispherical protrusions is characterisctic on the ependymal surface and also
on the ruffled membranes. x 3000 (a), x 4000 (b)



Plate VL.

Fig. 7: A part of the infundibular surface with one supraependymal cells in the male goat two months after gona-
dectomy. x 2700.

Fig. 8: One supraependymal cell from the infundibular recess in the artifical cryptorchid of the goat. x 2500.

Fig. 9. A group of neuron-like cells on the infundibular surface of the testicular hermaphrodite goat. The narrow
and branching projections form a network. x 4500.

Fig. 10a, 10b: Two of many supraependymal cells on the surface of the median eminence of the goat, two months
after gonadectomy. x 1700 (a), x 4000 (b).

¢ - cilia-like projections, m - ruffled membranes, sp- hemispherical protrusions on the surface of the body or ruff-
led membrane of supraependymal cells, SB - supraependymal cells, SP - spherical protrusions, V - supraependy-
mal fibre





