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Summary
The human uterine epithelium has been studied by means of mild (0.1, 0.01 % respecti

vely) periodic acid (PA) oxidation followed by thiosemicarbazide-silver proteinate staining.
Distribution of silver deposits provided evidence for glycoconjugates and was in the case of
oxidation with 0.01 % PA selective for sialic acid (N-acetylneuraminic acid) complexes. The
electron dense silver particles were detectable at the outer side of apical plasma membranes
and on the inner surface of lysosomal membranes. Also the marginal zone of lipid droplets
reacted regularly. Since the lower concentration of PA proves sialogycoconjugates selectively,
the positive staining depicted not only those in the membrane compartments but also as a layer
between the hydrophobic content and the hydrophilic cytoplasm. In the granular endoplasmic
reticulum of the individual microvillous cells a special glycoprotein of paracrystalline
organisation was detected. The functional significance of this substance remains unclear.
Nuclear channel systems (NCS) are frequently observed in the epithelial celis in the uterine
glands. Similar staining properties of the NCS and nuclear envelope support the hypothesis of
its nuclear origin.
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Introduction
Seligman et a1. (1965) and Thiery (1967) described a modified reaction of oxidized

saccharides with thiocarbohydrazide (TCH) or thiosemicarbazide (TSC) for the ultrahistoche
mical demonstration of polysaccharides. Neiss (1984, 1986) compared different methods to
prove glycoconjugates on the inner surface of the lysosomal membrane in the rat kidney. Veh
et al (1985) and Volz et al. (1986, 1987) used lower concentrations of periodic acid (PA) for
the light microscopical demonstration of sialic acid conjugates. These methods were employed
by Schultka and Cech (1986, 1990) at the level of light and electron microscops for the
demonstration of glycoconjugates in the human oviduct. Larkin et al. (1987) used a
modification of the PA, TCH, silver proteinate-method for detection of carbohydrates
(together with the immunohistochemical detection of relaxin in the same secretory granulum)
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of the endometrial gland cell in the guinea pig. In the human endometrium a high metabolism
of saccharides plays an important role, as reviewed by Dallenbach-Hellweg (1981) and Jirasek
(1984). The aim of this study was to apply the above mentioned procedures for the electron
microscopic investigation of the human uterine epithelium.

Material and Methods

The endometrium was obtained from the group of sterile women undergoing a diagnostic curretage on days
24-26 of the menstrual cycle. The samples were fixed in a modification of Kamovsky's mixture (2 %
formaldehyde, 2.5 % glutardialdehyde in 0.08 molll Na-cacodylate buffer, pH 7.4 with 20mg CaCl2/looml) for
2-4h. Part of the material was postfixed in OS04 (1.33 % OS04 in 0.66molll Na-cacodylate buffer, pH 7.4) and
the rest was processed without osmication. After dehydrating in a graded ethanol series and passage through
anhydrous acetone and toluene, the samples were embedded in Epon 812. Ultrathin sections were cut on a LKB
Ultrotome III and transferred to a Petri dish by means of a platinium wire loop according to Marinozzi (1961).
Oxidation of free ultrathin sections in 0.1 % (O.44mmolll) or 0.01 % (O.04mmolll) PA at 0-4°C was followed
by treatment in 0.5% thiosemicarbazide (TSC) in 10% acetic acid for 30min or 2h in dark at room,
temperature. - Afterwards the sections were exposed to I % silver proteinate (SP) in distilled water for 15 or 30
min, repectively periodate oxidation or treatment with TSC was ommited. The sections were picked up on
cooper grids, some of them stained with uranyl acetate and lead citrate, and examined in a JEM 100 B electron
microscope.

Results

After oxidation with a higher concentration of PA (0.1 %) electron dense silver complexes
were seen in p-granules of glycogen (Fig. 2, 3) of epithelial cells. These granules were present
in different parts of the cell. Glycogen particles often occurred in the infranuclear region of the
cells with apically shifted nuclei, especially in the glands (Figs. 1), oroccuped the paranuclear

Fig. I. A part of an uterine gland. The epithelial cells contain large fields of accumulated glycogen particles of
low electron density. Routine technique, double stained section. X7,440.

Fig. 2. An infranuclear area of an glandular epithelial cell. Clycogen granules form large aggregations around
individual mitochondria of nearly rounded shape. Cistens of the endoplasmic reticulum are close to the outer
surface of a mitochondrion. 0.1 % PA-TSC-SP, unstained section. X 54,405.

Fig. 3. Paranuclear areas of two epithelial cells with glycogen depots. In the cell below a lysosome-like
structure (Ly) can be demonstrated. Glycogen granules are aggregated close to the nuclear envelope. Free
granules are localized in the cytoplasm. 0.1 % PA-TSC-SP, unstained section. X 47,895.

Fig. 4. A nuclear channel system (NCS) contacts the invagination of nuclear membranes. The distribution of
silver reaction product of NCS correspond to that of the limiting nuclear membranes. 0.01 % PA-TSC-SP,
unstained section. X 70,680.

Fig. 5. A lipid droplet in intimate contact with the nucleus and endoplasmic reticulum. A circular formation of
the granular endoplasmic reticulum surrounds a mitochondrion. The marginal zone (arrow) of the lipid inclusion
is stained. Reaction product is accummulated in the karyoplasm (double arrows). 0.01 % PA-TSC-SP,
unstained, osmicated section. X44,640.

Fig. 6. Detail of an epithelial cell. A vesicle confluencing with the lysosomal membrane (arrowhead). Silver
particles are attached in similar amounts to both membranes. A special paracrystalJine arrangement of silver
granules (thick arrow), cross-linked by thin linear bridges, can rarely be found in the granular endoplasmic
reticulum. 0.1 % PA-TSC-SP, unstained section, X 37,200.

Fig. 7. Several Iysosomes (Ly) in the cytoplasm of an epithelial cell. The homogenous dense content is
separated from its limiting membrane by a coat of silver particles (arrows). Other lysosomes show positive
staining scattered in their heterogenous content. 0.01 % PA-TSC-SP, unstained section, X25,11O.



Glycoconjugates in human uterine epithelium 105

zone. Alternatively, glycogen granules were scattered throughout the cytoplasm. The infranu
clear accumulation of glycogen was often present in samples of day 24. Additionally, the
reaction product occurred in connection with membrane compartments as well as free in the
cytoplasm. Some electron dense particles were localized in the mitochondrial matrix or
scattered in the karyoplasm, particularly in the condensed chromatin (Fig. 3, 5). The silver
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complexes could be observed at the marginal zone of lipid droplets (Fig. 5). No substantial
differences were visible in the osmicated material. Some of lipid inclusions were localized
close to the nuclear envelope and were also regularly associated with formations of both forms
of the endoplasmic reticulum.

The lysosomes in the epithelial cells differed in shape, content, density and structure.
Their limiting membrane showed electron dense silver particles on the inner surface (Fig. 6, 7)
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after both oxidation procedures. The lysosomes with homogenous osmiophilic content had a
coat of electron dense material separating the matrix and the lysosomal membrane (Fig. 7). On
the contrary, the lysosomes with heterogenous inner structure contained silver particles also in
their content (Fig. 7). Some vesicles derived from the cis-region of the Golgi complex as well
as pinocytic vesicles confluencing with a lysosomal membrane showed distinct dense material
on the inner side of the limiting membrane (Fig. 6), when 0.1 % PA was used for oxidation. In
the granular endoplasmic reticulum dense particles, closely attached to the inner surface of the
membrane, were cross-linked by thin bridges (Fig. 6).

NCS are a distinct feature of the endometrium. They occurred in the karyoplasm of many
epithelial cells, particularly in the uterine glands. The distribution of fine granular dense
particles corresponded to that in the nuclear envelope or was sometimes even higher (Fig. 4).
These particles were predominantly bound to the outer side of the individual membranes.

Discussion

On the basis of our results after "mild" PA oxidation-TSC-SP staining it can be concluded
that the cell surface coat of dense particles correspond to a layer of carbohydrates covalently
bound glycoproteins or glycolipids to the membrane. Neiss (1984) designates such bound
carbohydrates as glycoconjugates. The lower concentration of PA used at the temperature
0-4°C allows to detect sialic acid components of glycoconjugates (Veh et al. 1985, Volz et
al. 1986, 1987). No substantial differences were found between microvillous and ciliated
cells, because this reactivity is connected predominantly with the plasma membrane. Constant
presence of the reaction product on the inner side of lysosomal membranes confirms an
occurence of glycoconjugates and points also to presence of with mannose-6-phosphate
occupied receptors as a specific sign of lysosomal equipment (Sahagian et al. 1983, Neiss
1984, 1986). Findings of confluent pinocytic vesicles and vesicles derived from the Golgi
complex depicted with dense particles only after 0.1 % PA oxidation support these opinions.

With regard to the strongly reactive marginal region of lipid droplets it can be suggested
that they have a surface layer of glycolipids. In agreement with Schultka und Cech (1990) this
coat is presumed to separate their contents from the surrounding cytoplasm as a hydrophilic
surface phase of lipid inclusions. A moderate decrease of reactive silver staining after
oxidation with 0.01 % PA is obviously caused by the selective demonstration of sialic acid
complexes. Differences between the amount of silver deposits in the osmicated and the non
osmicated material can be explained by an effect of toluene during processing by embedding,
because unsaturated lipids oxidated by OS04 are more extracted.

The observation of periodically cross-linked arrangement of silver deposits in the granular
endoplasmic reticulum merits further investigation. This substance is similar to the paracry
stalline organization of a synthetized glycoprotein.

Occurrence of NCSs in the nuclei of the uterine epithelium at the luteal phase of the cycle
corresponds to results of Feldhaus et al. (1977). The distribution of silver deposits on the
membrane components of NCSs supports the hypothesis of their nuclear membrane origin
(More et al. 1974).
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