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urinary bladder

S.X. Zhang, T. Kobayashi, T. Okada, E. Garcia del Saz and H. Seguchi
Department of Anatomy and Cell Biology, Kochi Medical School, Kohasu, Okoh-cho, Nankoku, Kochi, Japan

Summary. The cerium-based method was used to
demonstrate  cytochemically  the  ultrastructural
localization of alkaline phosphatase (ALPase), 5'-
nucleotidase (5’-Nase) and magnesium-dependent
adenosine triphosphatase (Mg-ATPase) on the
transitional epithelium of the rat urinary bladder. The
reaction product for ALPase was found on the plasma
membrane of all epithelial cells, except the luminal
surface of superficial cells. The activity of 5-Nase
appeared on the plasma membrane of all bladder
transitional epithelial cells, including the free surface of
superficial cells. The Mg-ATPase reaction product was
seen on the plasma membrane of superficial,
intermediate and basal cells, but never on the luminal
surface of superficial cells and it was only occasionally
seen on the basal surface. The possible functions of these
phosphatases have been discussed, and it was
emphasized that the 5’-Nase activity present on the
luminal surface of superficial cells may play a special role
in the membrane movement of these cells in the
transitional epithelium.
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Introduction

The chemical and physiological configuration of
urine remains unchanged during the period it is
retained in the bladder. However, the presence of
intramembranous particles has been reported on the
plaque region of the luminal plasma membrane in the
superficial cells of the transitional epithelium, and
intramembranous particles are often associated with
enzyme proteins (Seguchi et al., 1980b; Seguchi, 1989).
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In order to know the nature of these intramembranous
particles we previously investigated the activities of
several phosphatases on the plasma membrane of
urinary bladder epithelial cells using the lead method
(Seguchi et al., 1979, 1980a, 1982; Okada et al., 1982).
However, in view of the inherent drawback of the lead-
based cytochemical reaction for the phosphatases, we
have recently adopted the cerium-based method, now
commonly used for the ultrastructural demonstration of
phosphatases because of its precise localization of the
enzyme activity. In the present study, we used cerium as
capture agent to demonstrate the distribution of
ALPase, 5-Nase and Mg-ATPase, in order to
investigate the relationship between function and
ultrastructure in the transitional epithelial cells of the rat
urinary bladder.

Materials and methods

Urinary bladders of Sprague-Dawley strain rats
weighing 200-300 g were used in this study. After the
animals had been perfused via the heart with
physiological saline and the adequate fixatives, tissue
blocks were fixed by immersion for 30 min at 0° C. The
fixatives used were 2% glutaraldehyde in 0.1 M
cacodylate buffer (pH 7.2) with 5% sucrose for ALPase
(Robinson and Karnovsky, 1983a), 1% glutaraldehyde
in 0.1 M Tris-maleate buffer (pH 6.0) containing
5% sucrose for 5’-Nase (Robinson and Karnovsky,
1983a), and 2% glutaraldehyde in 0.1 M cacodylate
buffer (pH 7.4) with 6.8% sucrose for Mg-ATPase
(Hardonk et al., 1985). Subsequently, the blocks were
washed overnight at 0-4° C in the same buffers as those
used in the fixatives, and cut into 40-60 pm sections
with a Microslicer (Dosaka EM, Co., Kyoto, Japan).
The cytochemical reactions were carried out at 37° C
in various media for 10-60 min with gentle shaking.
The sections were then washed several times in the
appropriate buffers and post-fixed for 60 min in 1%
OsO, in 0.1 M cacodylate buffer (pH 7.2). The tissues
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were then dehydrated in a graded ethanol series and acetate and lead citrate and observed under a JEM-
embedded in Spurr’s epoxy resin (Spurr, 1969). 1200EX (Jeol, Co., Tokyo, Japan) electron microscope
Ultrathin sections were counterstained with uranyl operated at 80 Kv.

»

Fig. 1. ALPase activity in the transitional epithelium. The intensity
of labelling decreases from base to top of the epithelium. B, basal capillary. x 17,500, bar = 1 um.
cell; L, lumen x 7,000, bar = 1 pum.

Fig. 4. ALPase activity is inhibited when the tissue is incubated in
Fig. 2. Localization of ALPase activity on intermediate cells. a medium without substrate. x 12,000, bar = 1 um.
X 13,000, bar = 1 um.
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The various incubation media used in this study were
prepared as described below, just before incubation. The
ALPase incubation medium contained 0.1 M Tris-
maleate buffer (pH 8.0), 1mM B-glycerophosphate

o

Fig. 5. Distribution of the 5'-Nase reaction product on the three
layers of epithelial cells. L, lumen. x 7,000, bar = 1 pm.

(disodium salt), 2mM CeCl; and 5% sucrose; that for 5’
Nase contained 0.1 M Tris-maleate buffer (pH 7.4),
ImM AMP, 2mM MgCl,, 2mM CeCl;, 2.5 mM
levamisole and 5% sucrose; and that for Mg-ATPase

Tand

Fig. 6. Distribution of 5'-Nase reaction deposits on the luminal
plasma membrane of superficial cells. L, lumen. x 58,000, bar =
1 pm.

Fig. 7. Control specimen showing no reaction product when NiCl,
was added to the incubation medium. x 13,000, bar = 1 pm.
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contained 70 mM Tris-maleate buffer (pH 7.2), 5 mM
Mg (NOy),, 2.3 mM ATP, 1 mM CeCl; and 2.5 mM
levamisole.

Various control experiments were performed
without substrates, and by adding different inhibitors
to the respective cytochemical media: 2.5 mM
levamisole for the ALPase reaction, 3 mM NiCl, for
that of 5’-Nase and 6 mM EDTA for the Mg-ATPase.

Results

The normal transitional epithelium of the rat
urinary bladder consists of three layers of cells, i.e.,
superficial, intermediate and basal cells. The luminal
surface has a characteristic scalloped appearance and
the plasma membrane is thicker than the usual cell
membrane. In cross-section it appears asymmetrical,
with the outer dense leaflet significantly thicker than
the inner dense leaflet. The superficial cells contained
many fusiform vesicles near the free surface.

ALPase

The reaction product for ALPase was restricted to
the external face of the epithelial cell surface. It could be
found around the basal and intermediate cells and on the
lateral surface between two superficial cells (Figs. 1-3),
but the free surface of the superficial cells, and the
cytoplasm of all cells was always negative. No deposition
was detected when the substrate, B-glycerophosphate,
was omitted from the incubation medium (Fig. 4). The
enzyme activity was thoroughly inhibited by levamisole,
a potent inhibitor for ALPase.

5’-Nase

The 5’-Nase activity on the plasmalemma was clearly
detected by the cytochemical method. The reaction
product was confined to the external side of the plasma
membrane in the three layers of epithelial cells, including
the luminal surface of superficial cells (Figs. 5, 6), where
the reaction was less intense than at other parts of the
plasma membrane. However, no reaction product was
observed on other membrane structures inside the cells.
The reaction product was not seen in controls without the
substrate AMP. The 5’-Nase activity was inhibited by
NiCl, (Fig. 7), but not by levamisole, proving the
authenticity of the reaction.

Mg-ATPase

The Mg-ATPase reaction product was found along
the plasma membrane of the epithelial cells, but not on
the luminal surface. No reaction product was present
inside the cells, including the nucleus and membranous
structures in the cytoplasm. The basal plasma membrane
of the basal cells revealed hardly any reaction deposits.
Mg-ATPase activity was stronger between superficial
and intermediate cells than between adjacent superficial
cells or between intermediate and basal cells (Figs. 8, 9).

The enzyme reaction was negative when the tissue was
incubated in a medium without substrate, that is, ATP
(Fig. 10) or Mg ions. The enzyme activity was completely
inhibited by EDTA (Fig. 11).

Discussion

The cerium-based method was successfully employed
for the detection of ALPase, 5’-Nase and Mg-ATPase in
the transitional epithelium of rat urinary bladder. The
present results were similar to those obtained in the
rabbit (Seguchi et al., 1979). Using lead as capture agent
for the detection of phosphatases, nonspecific deposits of
lead phosphate are often encountered. However, with
the present method, nonspecific reaction products were
absent in the sections.

The ALPase activity in the mammalian urinary
bladder epithelium has already been demonstrated by
several authors (Mende and Chambers, 1957; Martin,
1958) at the light microscopical level. Using the Gomori
type incubation medium (Gomori, 1950), ALPase
activity was found in the peripheral part of the cytoplasm
of lining epithelial cells, but it was thought to be absent
from the superficial layer of the transitional epithelium
(Martin, 1958). Later, it was shown that ALPase activity
was associated with the plasma membrane of basal and
intermediate cells of the bladder epithelium of the rat
(Wilson and Hodges, 1979) and the rabbit (Seguchi et
al., 1979), and its presence was also demonstrated in
culture cell lines derived from human bladder
carcinomas (Benham et al., 1977), using the lead-based
method. In some cases, the ALPase reaction product was
found in the endoplasmic reticulum and the
mitochondria of transitional epithelial cells (Benham et
al., 1977). In the present study, the reaction product was
observed on the plasma membrane of basal, intermediate
and superficial cells. However, the luminal surface of the
superficial cells showed no reaction product. We
consistently found a gradual decrease in the distribution
of the reaction product from basal to superficial cells. No
reaction product was seen in any of the cytoplasmic
organelles. ALPase constitutes a heterogeneous group
of enzymes which may occur as one of several isozymes in
normal tissue (Boyer, 1963). High levels of ALPase
activity have been reported in some culture cells derived
from human bladder carcinoma (Benham et al., 1977) as
well as a loss of the enzyme activity in the bladder
epithelium of rats and mice treated with chemical
carcinogens (Highman et al., 1975; Kunze etal., 1975). It
seems that ALPase levels are related to location, tissue,
pH, and to physiological conditions and stage of
differentiation. According to its distribution in the
transitional epithelium of rat urinary bladder, it is
reasonable to think that the function of ALPase in
this tissue might be associated with the division and
differentiation of basal cells, and with the exchange of
materials between basal cells and capillaries (Seguchi,
1985; Ishikawa and Seguchi, 1985), rather than with the
reabsorption of water and creatinine from the urine by
the superficial cells (Kerr et al., 1963).
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5’-Nase has been regarded as a marker enzyme for
plasma membrane in cell fractionation studies. Its
reaction product has been observed ultracytochemically
on the plasma membrane of lymphocytes (Uusitalo and
Karnovsky. 1977). cartilage cells (Rodan et al.. 1977).

Figs. 8 and 9. The reaction product for the Mg-ATPase activity is
localized between basal and intermediate cells, and between
adjacent superficial cells. L, lumen. x 25,000, (Fig. 8). x 24,000,
(Fig. 9) bar = 1 pm.

urinary bladder epithelium of rat (Wilson and Hodges,
1979) and rabbit (Seguchi et al., 1980a), liver cells
(Berman et al., 1980), fibroblasts (Berman et al., 1980),
ventricular choroid plexus epithelial cells (Masuzawa et
al.. 1982). and frog retina (Hussain and Baydoun. 1985).

Fig. 10. Control experiments without substrate reveal no enzyme
activity. x 9,700, bar = 1 pm.

Fig. 11. Addition of EDTA to the incubation medium completely
inhibits the enzyme activity. x 12,500, bar = 1 um.
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The activity of 5’-Nase has also been found in the
lysosomes (Masuzawa et al., 1982; Wada et al., 1987)
and Golgi complex (Little and Widnell, 1975; Brandan
and Fleischer, 1982; Kaur et al., 1984). All these studies
were done with the lead-based method. Blok et al.
(1982), using cerium as the trapping agent, showed
strong activity of the plasma membrane 5’-Nase in
macrophages, with some diffusion of reaction product.
Robinson and Karnovsky (1983a) indicated that the
cerium-based method gives Dbetter results for
ultrastructural localization of 5’-Nase than conventional
lead-based methods. Wilson and Hodges (1979)
reported positive 5’-Nase reaction on the plasma
membrane of basal, intermediate and superficial cells,
including the asymmetric membrane with the lead-based
method. According to previous researchers, 5’-Nase
might function in association with the production of
adenosine, permeability of the plasma membrane and
regulation of glycolysis (Masuzawa et al., 1982). Also,
5’-Nase may possibly accelerate the rate of actin
polymerization. Membrane-bound 5’-Nase may act as an
anchoring protein for intercellular actins, and modify
their availability for cellular motile response (Rohr and
Mannherz, 1979). There are many hexagonal mosaic
protein structures implanted in the plasma membrane of
the luminal surface, and a lot of actin in the cytoplasm
has been observed attached to the membrane of such
structures (Seguchi et al., 1978; Seguchi, 1989). The
lumenal plasma membrane of superficial cells was
internalized with 5’-Nase when the urinary bladder
contracted or bacteria were phagocytized by the
transitional epithelium (Edelson and Cohn, 1976;
Fukushi et al., 1979). We, therefore, suggest that the
presence of 5’-Nase in the luminal plasma membrane of
superficial cells of the bladder might play a special role in
the movement of the plasma membrane by accelerating
the rate of actin polymerization under the plasma
membrane. More direct evidence is, however, necessary
to confirm this hypothesis.

It is well known that Mg-ATPase is a member of the
ATPase group. It has been studied cytochemically and
functionally in several organs and in animal embryos
(Avner et al., 1983; Ishikawa and Seguchi, 1982, 1985).
However, Mg-ATPase in the transitional epithelium of
the urinary bladder has been the subject of very few
ultracytochemical investigations. In our previous
cytochemical study using the lead-based method,
we have demonstrated Mg-ATPase activity in the
transitional epithelium of the rabbit urinary bladder. The
Mg-ATPase reaction product was present on the plasma
membrane of basal cells only (Seguchi et al., 1979). In
this study, cerium chloride was used as capture agent
(Hardonk et al., 1985), and the reaction product for
Mg-ATPase was found on the plasma membrane of
intermediate cells adjacent to basal and superficial
cells, and on the adjacent plasma membrane of two
neighbouring superficial cells. In contrast to our previous
results, the reaction product was hardly seen along the
plasma membrane of basal cells facing the basement
membrane. The reason for this difference, however, is

still unknown. According to the cytochemical results
obtained from this study, the physiological function of
Mg-ATPase seems to be related to the activity of Na-K-
ATPase (Coleman and Finean, 1968). But further
investigations will be needed to explain in detail the role
of this enzyme in the transitional epithelium of rat
urinary bladder.
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