


Ultrastructure of the epithelium of grey, white and black Karakul lambs

Karakul lambs and came to the conclusion that di-
gestive tract abnormalities are already present at
birth. Studies by Langlet (1949) and Nel (1965)
proved this lethal factor to be a genetic disorder. In
contrast, ivanenko (1949) postulated that mortalities
attributed to the lethal gene in grey Karakul lambs
were, in fact, due to a delicate constitution and that
affected lambs could be saved by careful rearing.

Only lambs homozygous for the grey colour are af-
fected. These animals can be identified at birth by
the lack of pigmentation of the tongue, palate and
ears (Nel & Louw 1953). Theoretically, should there
be offspring from the homozygous lambs, all of them
would be grey. Heterozygous grey lambs are unaf-
fr~ted and are used for breeding. The ratio of the
¢ ipring of the heterozygous lambs is one homozy-
gous grey, two heterozygous grey, and one black
lamb. Twenty-five percent of the lambs are therefore
affected by the lethal factor and die before reaching
breeding age, and 25 % are black. Only 50 % of the
progeny can therefore be used for the production of
grey pelts, resulting in a relative scarcity of this com-
modity.

Homozygous white Karakul lambs are born with the
same lethal factor. However, they do not become
emaciated and develop pot-bellies so soon, and they
survive for a longer period. They are typical "poor
doers" and, although they usually reach sexual ma-
turity, they eventually die. Black Karakul lambs are
unaffected and were used as controls.

The outermost component of the ruminant forestom-
ach mucosa consists of a stratified squamous epithe-
lium (Hyden & Sperber 1965; Prins 1967; Lavker,
Chalupa & Dickey 1969; Henrikson 1970a; Henrikson
1970b; Lyford 1988; Schnorr & Hild 1974; Tamate
& Kikuchi 1978; Ramkrishna & Tiwari 1979; Fath EI-
Bab, Schwartz & Ali 1983; Liebich & Scharrer 1984;
Hofman & Schnorr 1982; Amasaki & Daigo 1988).
There is general agreement that this epithelium con-
sists of a stratum basale resting on a basal lamina,
a stratum spinosum, a stratum granulosum and a
stratum corneum (Hyden & Sperber 1965; Prins
1967; Lavker et al. 1969; Henrikson 1970a; Henrik-
son 1970b; Lyford 1988; Schnorr & Hild 1974; Ta-
mate & Kikuchi 1978; Ramkrishna & Tiwari 1979;
Fath El-Bab et al. 1983; Liebich & Scharrer 1984;
Hofman & Schnorr 1982; Amasaki & Daigo 1988).

Scanning electron microscopy revealed differences
in the appearance of the luminal surface of the ru-
men, reticulum and omasum in affected grey and
white lambs as compared to black lambs (Groene-
wald & Booth 1992). The luminal surface of the grey
and white lambs had a weathered appearance due
to sloughing of the surface cells. The appearance of
the cytoplasmic processes on the cell surface also
differed in the afferted and control lambs (Groene-
wald & _ooth . ___,. ...e purpose of this study was
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to compare the ultrastructure of the mucosa of the
rumen, reticulum and omasum in grey, white and
black Karakul lambs. Therefore it was possible to de-
termine whether there were any differences between
the three groups with respect to the structure and
composition of the various cell layers; whether the
sloughing of the luminal cells described by Groene-
wald & Booth (1992) was evident in sections; and
whether there was a reason for the desquamation
of the cells.

MATERIALS AND METHODS

Five 24-h-old grey, white and black Karaku! lambs
were slaughtered and samples were taken from cor-
responding areas of the rumen, reticulum and oma-
sum. Two newborn grey lambs were slaughtered be-
fore they had suckled and matching samples of the
forestomach were taken. Grey and white lambs with
unpigmented tongues, palates and ears were specifi-
cally selected and black lambs were randomly selec-
ted.

The samples were rinsed in phosphate-buffered sa-
line (PBS) with a pH of 7,4. Small blocks of tissue
were immersion-fixed in 4 % glutaraldehyde in Millo-
nig’s phosphate buffer for at least 24 h at 4°C. The
blocks were subsequently rinsed in Millonig’s phos-
phate buffer, post-fixed for 1 h at room temperature
in similarly buffered 1% osmium tetroxide and given
two final buffer washes. The samples were dehydrat-
ed through a graded ethanol series (25 %, 50 %,
75 %, 96% and 100% x 2—10 min per step), cleared
in propylene oxide and embedded in Polarbed 812
epoxy resin. Semi-thin sections (0,5 um) were cut
from each sample to determine suitable areas for
ultra-thin sectioning. Thin sections (0,1 um) were cut
with a diamond knife on a Reichert OmU4 ultramicro-
tome, stained with uranyl acetate (Watson 1958) (30
min) and lead citrate (Reynolds 1963) (4 min), and
examined with a Philips 301 or CM10 transmission
electron microscope operated at 80 kV.

RESULTS

The epithelial component of the mucosa of the ru-
men, reticulum and omasum of the three groups of
lambs was a stratified squamous epithelium (Fig. 1).
The epithelium consisted of a stratum basale, stra-
tum spinosum and stratum corneum (Fig. 1). A dis-
continous stratum granulosum was observed.

The cuboidal basal cells displayed a large, round
nucleus and were characterized by the presence of
numerous mitochondria (Fig. 2). Polyribosomes, a
rough endoplasmic reticulum, a Golgi apparatus and
fine filaments were also present (Fig. 3). The api-
cal and lateral cell membranes were wavy with
cytoplasmic processes and intermittently arranged
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1969; Henrikson 1970b; Lyford 1988; Tamate & Ki-
kuchi 1978; Gerneke 1981; Hofman & Schnorr
1982). A discontinous stratum granulosum and ker-
atohyaline granules were observed in the lambs
studied. Amasaki & Daigo (1988) declare that in the
bovine, ruminal surface cells develop keratohyaline
granules from the fifth month of gestation onwards.
Henrikson (1970b) describes a non-keratinized epi-
thelium in foetal, 12-h-old and 3-d-old lambs, and
st s that by the seventh day tl  epithelium resem-
bles the keratinizing epithelium ot adult sheep. Ram-
krishna & Tiwari (1979) also describe a non-keratin-
ized epithelium in the foetus of the goat.

in the lambs stud-
nent bundles and
ar to that described
965; Lavker et al.
1970a; Henrikson

The cells of the stratum corneu
ied contained abundant tonofi
remnants of nuclear material sin
in ruminants (Hyden & Sperbe
1969; Lyford 1988; Henriksol
1970b; Tamate & Kikuchi 197¢

The superficial layer of the straiuin corneum in adult
sheep had flattened, non-nucleated, electron-dense,
vacuolated surface cells (Hyden & Sperber 1965;
Prins 1967; Lavker et al. 1969; Henrikson 1970a;
Lyford 1988; Tamate & Kikuchi 1978; Hofman &
Schnorr 1982). In contrast, the luminal layer of the
stratum corneum of the developing rumen displayed
larger, less electron-dense, nucleated cells (Arias,
Soledad Fernandes & Cabrera 1979; Liebich &
Scharrer 1984). The luminal cells of the stratum cor-
neum of the grey and white lambs did not differ in
appearance from those of older animals (Hyden &
Sperber 1965; Lavker et al. 1969; Lyford 1988; Hen-
rit Hn 1970a; Tamate & Kikuchi 1978), and showed
evidence of sloughing. However, in the grey lambs
that were not allowed to suckle, and in the black
lambs, the luminal cells were larger, less electron
dense and nucleated. They contained abundant tono-
filament bundles although no other organelles were
observed. No sloughing of the cells was evident.
Arias et al. (1979) described t' se cells in bovine
foetuses as "clear" cells. Thes: :lear, luminal cells
were also described by Liebicl % Scharrer (1984)
in 1-week-old lambs.

The surface of the luminal cells in the stratum cor-
neum possesses cytoplasmic projections which give
the cells a granular appearance when seen by scan-
ning electron microscopy (Scc* & Gardner 1973;
Groenewald & Booth 1992). The  ells are connected
to adjacent cells by means of desmosomes. Scott &
Gardner (1973) described the desmosomes in the
surface epithelial cells of the -atum corneum of
adult sheep while Arias et al. (15,'9) reported on the
distribution and nature of desmosomes in the devel-
oping ruminal epithelium in the bovine foetus. Ac-
cording to Scott & Gardner (1973) the desmosomes
eventually break down to allow the surface layer to
slough off, leaving the former attachment sites—in

the form of nipple-like cytoplasmic processes—on
the surface of the underlying cells. This observation
was confirmed in the present study and may explain
the differences in the cytoplasmic processes observed
between the grey, white and black lambs described
by SEM (Groenewald & Booth 1992). The sloughing
of the cells in the grey and white lambs is probably
due to the presence of milk in the rumens of these
lambs (Groenewald & Booth 1992). The underlying
cells with the former desmosomal attachment sites
on their surface are then revealed.

It is concluded that the different cell type seen on the
luminal surface in black lambs (swollen, clear cells),
as compared to that on the luminal surface in grey
and white lambs (flattened, electron-dense cells),
simply reflects the loss of surface cells by the latter
due to the presence of milk in the forestomach. The
desquamation of the surface cells revealed the un-
derlying cell layer with its exposed desmosomal at-
tachment sites. This also explains the differences in
the appearance of the luminal cells in the three
groups when studied with the scanning electron mi-
croscope.
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