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Epithelial Cells of the Intestine in Mustelus manazo

and M. griseus Embryos

Shigeki OKANO, Tsuguo OTAKE*, Kazuyuki TESHIMA**

and Kazuhiro MIZUE¥*

Electron microscopic observations were made on the epithelial cells of the intestines in

Mustelus manazo and M. griseus embryos in order to examine their structure and function.

The intestinal epithelial cells in the embryos of both species are characterized by microvilli

on the free surface, intermicrovillous invaginations of the plasma membrane, and a number

of vesicles, granules, and vacuoles. These characteristics suggest that the intestinal epithe-

lial cells in M. manazo and M. griseus embryos may be engaged in absorption. It has been

clear that interdigitations of the lateral plasma membrane at the intercellur junctions, which

are not seen in the intestine of teleostean fish, are observed to occur in the M. manazo and

M. griseus embryos.

 In shark embryos yolk is considered to be
digested and absorbed by the endodermal
epithelial cells of the external yolk sac dur-
ing the early embryonic development, and
by intestinal epithelial cells during the late
development (TeWinkel, 1943; Jollie and
Jollie, 1967). Yolk, which is to be di-
gested and absorbed by the intestinal epi-
thelial cells, is transported into the intes—
tine from the external yolk sac through the
ductus vitellointestinalis and the internal
yolk sac (TeWinkel, 1943; Iwai, 1957;

Teshima, 1981a).
pears to be absorbed by epithelial cells of

In addition, yolk ap-

the ductus vitellointestinalis through which
the yolk passes (Teshima, 1981b, unpub-

lished). The structure and function of in-

testinal epithelial cells in Mustelus manazo

and M. griseus embryos were studied.

Materials and Methods

Live specimens of mature female Mustelus
manazo and M. griseus were obtained from
the fish market in Yoshimo near Shimono-
seki, Japan during the period from May
through June, 1979.

specimens embryos, ranging from 275 to

In the uteri of the

335 mm in total length, were found. The
intestines were removed from these em-—
bryos. The intestines were fixed in 10 %
formalin, sectioned by the usual paraffin
methods, and stained with haematoxylin

and eosin, and the PAS method was also
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used. For electron microscopy, small pieces
of the intestines were fixed in 2 % glutar-
aldehyde and 2 % formaldehyde buffered
with Millonig’s solution, post-fixed in 1 %
osmium tetroxide, dehydrated with ethanol,
and embedded in Epon 812. Thin sections
were stained with uranyl and lead citrate
and observations were made with a JEM-

100CX microscope.

Observations

The internal surface and both surfaces
of a spiral-shaped internal wall of the in-
testine in Mustelus manazo and M. griseus
embryos are lined with a simple epithelium.
The epithelium is composed of columnar
cells among which goblet cells are scat-
tered. The free surfaces of columnar cells
are covered with the striated border (Fig.
D).

Through electron microscopic observations
epithelial cells in the intestines of Mustelus
manazo and M. griseus embryos each have
similar structures (Fig. 2, Fig. 5). Mic-

rovilli are formed on the free surfaces of

Fig. 1. A light micrograph of a part of the
epithelium of the mid intestine in M.
griseus embryo. x 480
The epithelium is composed of columnar
cells among which goblet cells are sca-
ttered.
cc:columnar epithelial cell, CT: conective
tissue, GC: goblet cell, SB: striated
border.

columnar cells which cover the internal
surface and the surfaces of the internal
wall of the intestine. Microvilli are seen
to be regularly arranged on the free sur-
faces of the cells. Invaginations of the
apical plasma membrane are observed to
occur between the microvilli of the cells
(Fig. 3). Terminal webs are visible in
the apex of the cell beneath the microvilli.
Cell organelles are rarely found within the
terminal web, but a small number of vesi-
cles are observed there.  Throughout the
cytoplasm beneath the terminal web various
types of cell organelles exist. Granular en—
doplasmic reticula are seen in the cytoplasm
around a nucleus and in the basal region
of the cell while granular endoplasmic re-
ticula are scattered throughout the cytop-
lasm. Mitochondria are visible throughout
the cytoplasm and are especially abundant
in the basal region of the cell (Fig. 4).
Golgi complexes are located around the
nucleus. A number of vesicles are found
at a slightly deeper level than the terminal
wed. Multivesicular bodies and various
sizes of granules and vacuoles are seen in
the upper region of and around the nucleus.
The granules show varying structures, i.
e., those covered with a single membrane,
those with two membranes, and those con-
taining dense substances. Vesicles, gran-
ules, and vacuoles are obszrved much more
frequently in epithelial cells of the posterior
portion than in those of the anterior portion
of the intestine in embryos of the both spe-
cies (Fig. 2, Fig. 5). Three types of at-
tachment apparatuses are found at junctions
of adjacent cells; these are the zonula occ-
ludems, the zonula adherens, and the ma-
cula abherens. At the lateral junctions of
abjacent cells the plasma membranes are
seen to be complicatedly interdigitated with
each other.



Fig. 3.

Bull. Fac. Fish. Nagasaki Univ., No. 51 (1981)

An electron micrograph of the upper half of columnar epithelial cells of the
anterior intestine in M. griseus embryo. x 7,600

The free surfaces are covered with microvilli. The interdigitations of the
lateral plasma membrane are formed. gER: granular endoplasmic reticulum,
I: interdigitattion of the lateral plasma membrane, M: mitochondria, ma:
macula adherens, MV: microvilli, N: nucleus, za: zonula adherens, zo:
zonula occludems.

An electron micrograph of the apical edge of a columnar epithelial cell of
the anterior intestine in M. griseus embryo. x 30,000
Pinocytotic vesicles are seen. PV: pinocytotic vesicles.
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Fig. 4. An electron micrograph showing the basal region of columnar epithelial cells of the
anterior intestine in M. griseus embryo. x 5,000

A number of mitochondria are observed in the basal region of columnar cells.

BM: basal plasma membrane.

Goblet cells are scattered in the intesti-
nal epithelium. The goblet cell contains
a mass of globules which appear in the
supranuclear region, and no microvilli are

found on the free surface of the cell.
Discussion

Intestinal epithelial cells in Mustelus ma-
nazo and M. griseus embryos are charac-
terized by the microvilli formed on free sur-
faces, intermicrovillous invaginations of the
plasma membrane, terminal webs, a num-
ber of vesicles, granules and vacuoles, and
attachment apparatuses. These characteris-
tics closely resemble those of absorptive
cells in the intestine of the teleostean fish
and rat (Yamamoto, 1966 ; Iwai, 1967a, b,
1968a, b; Iwai and Tanaka, 1968 ; Mendo-

za, 1972 ; Sandborn, 1974 ; Rodewall, 1980).
The intermicrovillous invaginations of the
intestinal epithelial cells in M. manazo and
M. gr'seus embryos thus appear to be pino-
cytotic vesicles. A number of vesicles in
the apex of the cell seem to be closely as-
sociated with the pinocytotic vesicles, i.
e., the vesicles in the apex of the cell are
those formed by the pinocytosis. It is there—
fore considered that the columnar cells with
microvilli in the intestinal epithelium of M.
manazo and M. griseus embryos are in-
volved in absorption.

Iwai (1967a, b), working with the intes—
tines in Plecoglossus altivelis and Hypomesus
olidus, described that ciliated cells are in-
termixed with cells possessing microvilli.
However in the intestinal epithelium of

Mustelus manazo and M. griseus embryos
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Fig. 5. An electron micrograph of the upper half of columnar epithelial cells of the posterior

intestine in M. griseus embryo. x 7,200

The intestinal epithelial cells are characterized by microvilli, intermicrovillous
invaginations, a number of vesicles, granules, and vacuoles.
G: Golgi complex, Gr: granule, MB: multivesculaied body, SG: secretory granules,

V: vacuole.

such ciliated cells, as found in teleostean
larvae, are not observed; throghout the
whole area the internal surface of the intes—
tine is covered with cells having microvilli.

In both Mustelus manazo and M. griseus
embryos vesicles, granules and vacuoles are
observed more frequently in epithelial cells
of the posterior portion than in those of the
anterior portion of the intestine. This may
indicate that substances associated with the
vesicles, granules and vacuoles are more
actively absorbed in the posterior than in

the anterior portion of the intestine in em-

bryos of both species.

The membraneous lamellar structures are
known to be developed in the intestinal ep-
ithelial cells of fish, especially of marine
fish (Ozaki, 1965; Yamamoto, 1966, 1974;
Iwai, 1967a, 1968a, b). The lamellar
structures appear to be involved in the
transportation of water and ions (Yamamoto,
1966 ; Iwai, 1968b). On the other hand,
such the lamellar structures found in fish
are not formed in the intestinal epithelial
cells of the mammalian, but interdigitations

of the lateral plasma membranes are ob-
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served to occur at junctions of adjacent
cells. The interdigitations are also consid-
ered to be engaged in the transportation of
water and ions (Yamamoto, 1974). In the
epithelial cells of the intestine of both
Mustelus manazo and M. griseus embryos,
the lamellar structures are not formed, but
the lateral plasma membranes are seen to
be interdigitated with each other. It is
worthy to note that the interdigitations of
the plasma membranes which are usually
found in mammalians are formed in the in-
testinal epithelium of embryos of the two
species of sharks even though they are
fish. TUnlike teleostean fish both M. ma-
nazo and M. griseus are of viviparity, and
the embryos are retained in uteri for about
ten months before they are born (Teshima,
1981). The formation of interdigitations of
the lateral plasma membranes in the intes-
tinal epithelium of M. manazo and M.
griseus embryos may be ralated to their vi-

viparous reproductive pattern.
Acknowledgements

The authors wish to express their sincere
gratitude to Ms. Masako Hara of the Divi-
sion of Biology of Fisheries Resources,
Ocean Research Institute, University of
Tokyo, for her courtesy in providing facil-

ities for electron microscopic observations.

Dr. Daniel J. Sheehy of Aquabio Inc.,
Maryland, USA was kind enough to review

and improve the manuscript.

References

Iwai, T. (1957). Bull. Japan. Soc. Sci. Fish.,
23, 295—301.

Iwai, T. (1967a2). Bull. Japan. Soc. Sci. Fish.,
33, 489—496.

Iwai, T. (1967b). Bull. Japan. Soc. Sci. Fish.,
33, 1116—1119.

Iwai, T. (1968a). Z. Zellforsch., 91, 336—379.

Iwai, T. (1968b). Kaseaa (Kagaku to Seibutsu),
7, 125—131. (in Japanese)

Iwai, T. and M. Tanaka. (1968). Bull. Japan.

Soc. Sci. Fish., 34, 44—48.

Jolie, W. P. and L. G. Jollie. (1967). J. Ul-
trastruct. Res., 18, 102—126.

Mendoza, G. (1972). J. Morph., 136, 109—130.

Ozaki, N. (1965). Arch. histol. japon., 26, 23—
38. (in Japanese)

Rodewall, R. (1980). J. Cell Biol., 85, 18—32.

Sandborn, E. B. (1974). Cells and tissues by
light and electron microscopy I. (Translated by
T. Makita into Japanese), Tokyo Daigaku
Shuppankai, Tokyo, xi+369pp.

Teshima, K. (1981a). J. Shimonoseki Univ.
Fish., 29, 113—199.

TeWinkel, L. (1943). J. Morph., 73, 117—205.

Yamamoto, T.(1975). Absorptive cells. In Cytology
7., 107—139, Ed. by K. Ogawa et al., Asa-
kura Shoten, Tokyo. (in Japanese)

Yamamoto, T. (1966). Z. Zellforsch., 72, 66—8%.

+ 4 B O B % - XX

R AL w A RO I LRI L T

PR« KA FEAIZ « KT

Ry FREvrFAREAYACTC, ThooBELEMEORE & BEY ETTRENTEC X v5eH
L. WEOREOKRE LM LiksRm EoMisE MREdoME A, 2o/ e, 225,

BRI VEESTORE. ThbDOE#cX D,

R R b e R RIBOBRE R BRI

ELTHRET 2 EE 2 Hhs. ¥k, BERBEOBRE LR Abhic BEMaofEs X oEEE

HBEIED BB\ DR R v 2 & v r 2 R

KRWCTHREI .



