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ABSTRACT

The epithelium of the adult mesone-
phric duct is more or less similar to that
of the embryonic pronephric duct; both have
few apical microvilli and non basal infold-
ings in their plasma membranes. They are
considered of the same type and have the
same function, thus termed the archinephric
ducts The most prominent features of the
emhryonic pronephric duct epithelium are
the presence of RER, SER and large sized
mitochondria with poorly developed cristae
and slightly electron-dense matrix. The
pronephric ducts perform their excretory
function even while the embryos are still
inside the brood pouches of males. The
epithelium of the mesonephric duct 1is
characterized by the presence of several
autophagic vacuoles containing amorphus
electron-dense material, a number of secret-
ory vacuoles, more abundant small mitochon-
dria with more electron dense matrix and SER.
Secretion of salts, elimination of waste
products, phagocytosis of foreign substances
and water reabsorption are possibly performed
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by this type of epithelium.

The appearance of numerous microvilli,
vacuoles, mono- and multivesicular bodies,
various sized secretory vacuoles, well develo-
ped Golgi complex and many polyribosomal clus-
ters in the epithelial cells of the aglomerular
mesonephric tubules of unisegmental type proves
its function in salt secretion. The existence
of deeply extended basel infoldings, large
numbers of mitochondria, extensive SER and
vesicles in the basal region of the same cell
indicates its important role in water reabhsor—
ption.

INTRODUCTION
The development of aglomerular kidneyvs of marine
teleosts has been studied by Ogawa (1961) and Arru (1967)
while that of the glomerular ones has been described by
Holstvoogd (1954), Ford and Newstead (1958), Bielek (1974)
and Khalil and Agamy (1981 and 1982).

Information on the fine structure of the cells of
the aglomerular renal tubule of teleosts is available
from the investigations of Bulger (1965) on Opsanus tay,

Olsen and Ericsson (1968) on Nerophis ophidion and Ericsson

and Olsen (1970) on Lophius piscatorius. 'owever, the ultra-

gructure of the embryonic pronephric or adult mesonephric
duct epithelia has not, so far, been studied in either

aglorervlar or glomerular teleostean kidneys.
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The present study is concerned with the ultrastructure
of the aglomerular mesconephric tubule cells of unisegmental

type in the pipefish, Halicampodes macrorhynchus (Bamber).

It is hoped that the study will throw some light on the
structure of the archinephric duct in the embryonic and

adult stages.

MATERTAL AND METHODS

The pipefish, Halicampodes macrorhynchus (Bamber)

were caught from the Red Sea, Hurghada.

The kidney of 8 mm long embryos from inside the brood
pouch of male and that of adults of 150 mm standard length,
were selected for the present E.M, investigation. The trunk
region of the embryo and the kidney of the adult were exci-
sed and $lices 1 mm thick were immediately fixed in cold 4%
vhosphate-buffered glutaraldehyde (pH= 7.4) for 3h., rinsed
in the phosphate-buffer and fixed in 0.2% osmium tetroxide
for 3h. (Palade, 1952). The specimens were then dehydrated
in up graded series of ethyl alcohol followed by two changes
of polymerized propylene oxide for 48 h. Ultrathin sections
were cut and mounted on copper grids. The sections were
stained with uranyl acetate and lead citrate (Reimer, 1967).
The cpithelial cells of the ducts and tubules were examined
with electron microscope and e<lectron micrographs were

raken to illustrate the text.
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RESULTS

A) Ultrastructure of the embryonic pronephric duct epithelium .

The pronephric duct of the embryo is lined with high

cuboidal epithelium conaining large round nuclei.

The apical surfaces of the cells are provided with
few long microvilli and cilia. The apical plasmalemma and
the microvilli possess a dense electron opacity. Fig. 3
shows the 9 + 2 microtubules of a cilium transversely cut
in the lumen of the pronephric duct. Mono- and multivesi-
cular bodies, small cytoplasmic vesicles, vacuoles and
microtubules were encountered in the cytoplasm of the apical

portion of the cell (Fig. 2).

The lateral walls possess no folds and the adjacent
cells are supported with desmosomes (Fig. 1); in some cases,

two desmosomes with their microfilaments are distinguished
(Fig. 3).

The basal plasmalemma displayed no basal infoldings
(Fig. 4). Many cytoplasmic membranes, vesicles and empty

vacuoles are detected in the basal part of the cell (Fig.4).

Several large-sized mitochondria are scattered in
the ground cytoplasm. In many cells, the mitochondria

closely surround the nucleus; they appear round, elongate
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or irrigular in shape and exhibit marked size variation
(Figs 1 and 3). The mitochondria show few tubular long
cristae, clear internal matrix and few granules (Fig. 1

and Fig. 3); the cristae appear as folds in the inner mito-
chondrial membrane (¥ig. 3). Twe types of endonlasmic
reticulum are encountered; thec rough (RER) which is present
in the apical region of the c¢ell and contains numerous ribo-
somes, and the smooth (SFR) which is present in the basal
region (Figs 2 aud 4). Profiles of ER occur either as fiatte-
ned tubules or vacuoles. Free ribosomos of variable sizes,
in the form of polivribosomal clusters, are scattered in the
whole cell (Figs 3 and 4). The Golgi complex is located

near the nucleus (¥Fig. 1); it consists of membrane- bound
cisternae arranged in parallel array with associated small

vesicles limited by smooth membrenes.

The nucleus is rounded and centrally or apically
located (Figs 1 and 3); it is surrounded by a double
nuclear membrane enclosing a narrow perinuclear space
and possesses a single nucleolus. The nuclear membrane is
interrupted by nuclear pores (Fig. 2. The chromatin
appears as irregular clumps of deeply stained material
distributed along the nuclear membrane and scattered

throughout the nucleoplasm (Fig. 1).



806

Delta J. Sci. 12 (2} 1988
Ultrastructure of the Embryonic and Adults

B) Ultrastructure of the adult mesonephric duct epithelium:

The epithelial cells lining the mesonephric duct are
more or less cuboidal or low cuboidal, with centrally located

nuclei.

The free surfaces of the cells send few, but more
elongate parallel microvilli (Fig. 5), but cilia are absent.
Several mono- and multivesicular bodies, empty vacuoles,
vesicles and microtubules are most common in the apical

regions of the cells (Figs 5 and 6).

The plasmalemmae of adjacent cells interdigitate with
each other at their apical portions. Two types of lateral
cellular junctions; gap and tight junctions, are also obser-
ved between each two adjacent cells (Fig. 7). Desmosome
junctions as those present in the pronephric duct epithelium
are absent. No basal infoldings are encountered in the bhasal

plasmalemmae of the mesonephric duct cells.

The ground cytoplasm contains numerous large membrane-
bound autophagic vacuoles. Such vacuoles represent the most
prominent feature of the epithelium of the adult mesone-
phric duct and appear to be phagocytic function since they
contain a variable amount of amorphus electron-dense material

{(mono- and multivesicular bodies, vacuoles, membranes and

-
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granules (Figs 6 and 7). In some cells, two autophagic
vacuoles may connect with each other to form a single
large vacuole (Fig. 6). Secretory vacuoles, containing
numerous secretory granules, are also encountered in the
ground cytoplasm (Figs 5,6 and 7). Mitochondria of various
shapes and sizes are more abundant and possess smaller
diameters, tubular cristae, amorphous matrix and more
electron-dense material; sometimes they display a bran-
ched prophile (Fig. 7). In some cells, they are concent-
rated basally. Smooth endoplasmic reticulum is scattered
throughout the whole cell; it has wavy flattened tubules
lying parallel (Fig. 7) or horizontal (Fig. 8), to the
axis of the cell. The Golgi apparatus consists of irregu-
larly arranged cisternae and loosely arranged vesicles of

various sizes.

The nucleus is elongated and central in position; the
nuclear membranes are clear and possess numerous nuclear
pores (Figs 5 and 8). Vesicular protrusions of the outer
nuclear membrane are observed. Chromatin is distinguished
as irregular clumps of deeply stained material distributed
along the nuclear membrane and throughout the whole nucleo-
plasm (Figs 5 and 8). The nucleus contains more than one

nucleolus (Fig. 5).
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C) Dltrastructure of the adult mesonephric tubule epithelium:

The mesonephric tubule is lined with high cuboidal
cells surrounding a relatively small lumen ir which many
secretory materials and other waste products are present.
Some cells have pyramidal shape with narrow frec surfaces
while some cthers possess wide free surfaces (Fig. 9). The
cells of the two configurations are attached by desmosomes
(Figs 10 and 11). The epithelium of the mesonephric tubule
is surrounded by a thick fibrous basement lamina. Endo-
thelial cells of the blood capillaries are found around
the basal lamina; they possess fenestrations or fine dia-

phragmata ‘Fig. G).

The free surface of the cell is chafacterized by the
presence of a brush border consisting of long, narrow
irregularly arranged microvilli and short projecticns (Fig.
9). Some microvilli are attached to each other by cyto-
plasmic bridges forming a branched structure (Fig. 10),
while others are swollen at their distal portions due
to the existence of vacuoles and cytoplasmic inclusions
(Fig. 11). Few cilia of @ + 2 arranged microtubules ~re
randomly distributed in the apical part of the cell (Fig.
9).

The ground cytoplasm contains several spherical or

oval smecoth-surfaced vasicles ard vacuoleg with membranes
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more or less similar to those of the epical plasmalemmae.
Large numbers of mono- and multivesicular bodies containing
different electron-dense material, secretory vacuoles of
various sizes and singly distributed microtubules are

encountered in the ground cytoplasm (Fig. 11).

The lateral walls contain desmosomes and tight junctions.
Bundles of microfilaments were observed radiating from the
desmosomes. Neither lateral interdigitations nor gap junctions

have been detected in the lateral walls of the adjacent cells.

Mitochondria of various shapes and sizes are found
consistently in the ground cytoplasm; however, they are
more evident in the apical region of the cell than in the
basal region. The mitochondria in the middle region have
spherical or oblique profiles; they contain tubular cristae
and electron-dense granular matrix (Figs 9 and 12). The SER
is distributed near the basal plasmalemmae, mitochondria
and in the region of the nucleus. It consists of tubules
and vacuoles of various sizes. On the other hand, the RER
is rarely encountered in the mesonephric tubule epithelium,
in spite of the presence of several ribosomes in the form
of clusters scattered in the whole cytoplasm (Figs 11 and
12). The well-developed Geclgi complex is located in supra-
or latero-nuclear positions (Figs 9,10 and 12). It consists

of several membrane-bounded saccules and vesicles.
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The basal plasmalemma is provided with numerous and
extensive basal infoldings (Figs 9 and 13) that extend
deeply in the cytoplasm of some cells (Fig. 13). In cells
in which the nuclei are basally located, they are short
and never exceed the base of the nucleus (Fig. 9); in other
cells, they are few and irregularly distributed. Large '
numbers of oval or elongated mitochondria are present
between the basal infoldings in the basal region of the
cell (Figs 9 and 13). Some vesicles are attached to, or
in the vicinity of, the infoldings in the basal region
of the cell. The vesicles are probably separated either
from the tubules of the SER or from the membranes of the
basal infoldings (Fig. 13).

The nuclei are irregular in outline, round or oval
in shape and central (Fig. 9) or apical (Fig. 10) in posi-
tion. Each is surrounded with a double nuclear membrane
with nuclear pores. The chromatin is generally evenly dis-

tributed throughout the nucleoplasm.

DISCUSSION
The studies of Holstvoogd (1954), Ford and Newstead
(1958),Ogawa (1961), Bielek (1974) and Khalil and Agamy
(1981 and 1982) on the development of the kidney of some

fishs showed that the pronephric and mesonephric ducts are
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of the same origin and location. The present investigation
reveals also the same fine structures of both ducts which
are thus named the archinephric ducts:.The epithelia of
these ducts possess few apical microvilli and non basal
infoldings. The existence of numerous RER, many free
ribosome granules in the form of polyribosomal clusters,

a well developed Golgi complex, several large mitochondria
and large amounts of vesicles, mono- and multivesicular
bodies in the epithelial cells of the embryonic pronephric
duct supports their secretory function. This is consistent
with the suggestion of Mollendorff (1936), and Ogawa {1958)
who reported an apocrine secretion in both the promephric

and mesonephric ducts of Hippocampus, Cychthone and Petro-

phrine respectively.

The pronephric duct is referred to, in the embryo-
logical works, as the mesonephric duct as soon as the meso-
nephric tubules develop and connect with the pronephric
duct. Due to the variation in function of the cells of
the mesonephric duct in the adult fish compared to that in
the embryonic stage, these cells show some variation in
their ultrastructure, The most prominent features of the
adult mesonephric duct cells are the presence of many
autophagic vacuoles, large amounts of small mitochondria

and absence of RER. The autophagic vacuoles are described
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for the first time in the present species. Similar vacuoles
have not been, so far, reported in the aglomerular nephronic
epithelia of teleosts. The significance of the vacuoles is
unknown but it is highly probable that the cells of the
mesonephric duct play a role in the elaboration of waste
products and phagocytosis of foreign materials. The pre-
sence of several secretory vacuoles, containing large

amount of secretory granules, in the ground cytoplasm

supports the secretory function of the mesonephric duct,

The basal regions of the epithelial cells contain
well developed SER and large amounts of mitochondria with
many cristae and great electron-density matrix. These fine
structures may possibly be concerned with the activity of

the cells in the reabsorption of some water.

Extensive research has been carried out on the urinary
apparatus of marine and freshwater teleosts by Browne et al.
(1950), Forster and Berglund (1956), Ogawa (1957), Bulger
and Trump (1965), Jespersen (1967), Longely (1969), Oppermann
(1973), Hackert—Korde (1977), and Hentschel and Meyer (1979).
They confirmed that the aglomerular nephron of marine teleo-
sts has a unisegmental structure where it consists through~
out its entire length of one-cell type similar to the second
portion of the proximal convoluted tubule of the glomerular

nephron of the freshwater ones. The distal convoluted tubule
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is obviously of minor significance in the kidney function

of marine teleosts, being either rudimentary, reduced or
completely absent in several marine groups. From the Physio-
logical point of view, the blood and body fluids of marine
teleosts are hypotonic. Therefore, the function of the aglo-
merular nephron in such fishes is the secretion of large
amounts of salts in the urine and the reabsorption of most
water, so that they excrete small amounts of more concen-
trated urine. Black (1957), Conte (1969), Maunbach (1973),
Ottosen (1978) and Hentschel and Meyer (1982} claimed that
the secretion of bivalent ions is assumed to be one of the
main functions for ion regulation of the second portion

of the proximal convoluted tubule of marine telecsts since
these secretory processes are very important for urine .

formation in the aglomerular species.

The present study confirms these results since each
cell of the aglomerular mesonephric tubule epithelium of

Halicampodes macrorhynchus can perform the secretion and

reabsorption functions of the excretion process. The true
brush border, consisting of densely-arranged microvilli,

as described by Bulger (1965), Olsen and Ericsson (1968)
and Ericsson and Olsen (1970) in some aglomerular nephronic

cells, has not been observed in those of Halicampodes macro-

rhynchus during the present investigation. The microvilli

are numerous and irregularly distributed and, sometimes,
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connected with each other by cytoplasmic bridges (branched
microvilli). Apocrine type of secretion is observed in the
swollen microvilli and in the lumen of the tubule. This is
in agreement with the observations of Mollendorff (1936)

and Ogawa (1938). The apical vesicles which occur in great

numbers in the cells of Halicampodes macrorhynchus, as well"

as in those of Nerophis ophidion (Olsen and Ericsson 1968},

were found to be few in number in Lpphius piscatorius

(Ericsson and Olsen 1970). This suggests that the true
aglomerular Syngnathiform fish, such as the first two
species, are characterized by numerous apical vesicles
than other aglomerular teleosts. The presence of vesicles,
vacuoles, mono- and multivesicular bodies, secretory vacuo-
les and a well-developed Golgi complex in the nephronic
cells of the present species is importanthevidence for

its function in salt secretion. Bulger (1965), Olsen (1966),
Olsen and Ericsson‘(1968), Linss (1969), Hentschel (1978}
and Ottosen (1978) described remarkable populations of
large mitochondria associated with basal-lateral infold-
ings of the epithelial cells in the second portion of the
proximal convoluted tubulerof marine glomerular and aglo-
merular teleosts. These morphological results are in line
with the present findings and are, in general, confirmed by
the histochemical studies of Hentschel and Meyer (1982)

who reported activities of mitochondria-bound enzymes in

the nephronic cells of many marine fish. In Lophius pisca-

torius, Olsen (1966) and Ericsson and Olsen (1970) recorded
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few mitochondria in the middle part of the cell. However,

in Halicampodes macrorhynchus they are consistently present

throughout the whole cell of the mesonephric tubule. Both
observations may point out the rule of mitochondria in

energy consuming icn reabsorbing processes.

The mesonephric tubule cell are characterized by the
presence of several basal infoldings which originate from
the basal plasmalemma and invaginate deeply in the cyto-
plasm together with longitudinally arranged large mitochon-
dria in the basal region of the cell. These infoldings
have been recognized in both glomerular nephron (Bulger
and Trump 1965) and aglomerular ones {(Olsen 1966), but
have never been observed in the cells of the pronephric
and mesonephric ducts of the species under investigation.
Considerabié variations occur in the basal regions of the
cells of aglomerular nephron. In Opsanus tau, Bulger (1965)
showed that numerous basal infoldings and mitochondria

are present. In Lophius piscatorius, Olsen (1966) and

Ericsson and Olsen (1970) recorded parallel or oblique
arrangements of basal infoldings but without mitochondria

between these infoldings. However, in Nerophis ophidion,

Olsen and Ericsson (1968) regarded these infoldings in
some cells as similar to those of Opsanus tau, while in

other cells they are similar to those of Lophius piscato-

rius but with numerous mitochondria in the basal region
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of the cells. They may possibly be concerned with salt
secretion activity and / or elimination of water from the
urine in marine teleosts. This supports the suggestion

of Bulger (1965), that the basal infoldings have no definite
function in either secretion or reabsorption processes.

This view seems in some degree to interpret the absence of
these infoldings from the epithelia of both pronephric and
mesonephric ducts, and their predomination in that of the

mesonephric tubule.

The junctional complex between the adjacent cells in
various epithelia has been recorded by Farquhar and Palade
(1963), Linss (1969) and Silverblatt and Bulger (1970).
The existence of more than one desmosomal junction in the
epithelium of the embryonic pronephric duct in the present

study has been also reported by Ericsson and Olsen (1970)

in Lophius piscatorius. It was found that, desmosomes pre-
dominate in the ceils of the mesonephric tubule, while gap
and tight junctions as well as interdigitation of the apical
portions of cells are the most common in those of the meso-
nephric duct. The absence of lateral infoldings of the
lateral plasmalemma seems to be characteristic for the
epithelium of the renal tubules and ducts of the aglomer-
ular teleosts (Bulger 1965, Olsen and Ericsson 1968), with

the exception of Lophius piscatorius (Ericsson and Olsen
1970).

-—
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ABBREVIATIONS
AV = autophagic vacuoles, BF = basal infoldings,
BL
CL

basal plasmalemma, BM = basal lamina, CH = chromatin,

n

cilium, D = desmosome, DJ = interdigitations, EN = endot-
helium of blood capillary, GA = Golgi complex, GJ = gap
junction, L = Lumen, MT = mito-
chondria + MV = micrvilli, N = nucleus, NM = nuclear membrane,
NU = nucleolus, OV = monovesicular bodies, RER = rough endo-
plasmic reticulum. RS = ribosome granules, SER = smooth endo-
plasmic reticulum, SV = secretory vacuoles, TB = miecrotubules,
TJ = tight junction, UV = multivesicular hodies, VA = vacuoles,

VS = vesicles,
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*# Figures 1-4 represent the epithelial cells of the
embryonic pronephric duct of 8 mm long embryo of Halicam-

podes microrhynchus (Bamber).

Fig. 1: An electron micrograph showing two cells of
the pronephric duct epithelium with desmosomes, few sca-
ttered microvilli, rough and smooth endoplasmic reticulum
and round and elongated mitochondria. Notice the Golgi
complex near the nucleus consisting of parallel cisternae,

many vesicles and vacuoles. {X 20 000)

Fig. 2: An electron micrograph of the apical region
of a cell showing microtubules, microvilli, mono~ and
multivesicular bodies together with vesicles, empty vacuoles
and rough and smooth endoplasmic reticulum. Notice the double

nuclear membrane with many pores. {X 36 000)
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Fig. 3:An electron micrograph of a cell containing
two desmosomes with radiating microfilaments, mitochondria
with few cristae and slight electron-dense matrix, rough
endoplasmic reticulum and free ribosome granules. Notice

the cilium in the lumen of the duct. (X 30 000)

Fig. 4: An electron micrograph of the basal region of
two cells containing ribosomes. much smooth endoplasmic reti-

culum, vacuoles, tubules and large mitochondria.

(X 44 000)
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#* Figures 5-8 represent the epithelial cells of the
mesonephric duct of 150 mm long adult Halicampodes micro-
rhynchus (Bamber).

Fig. 5: An electron miceograph of the apical regicn

of a cell showing numerous vesicles, mono- and multivesi-
cular bodies, vacuoles, microtubules and seretory vacuoles.
The nucleus contains more than one nucleolus and electron-
dense chromatin. Notice the double nuclear membranes enclose

a narrow perinuclear space.

Fig. 6: An electron micrograph of the middle region
of a cell showing several large autophagic vacuoles, each
containing membranes, granules, large vesicles, vacuoles,
mono- and multivesicular bodies. Notice the numerous small
irregularly shaped mitochondria which contain many cristae

and abundant mitochondrial matrix. (X 24 000)



827

Delta J. Sci. 12 (2) 1988

LD AR S L
B NMpete O
. . _- 4 :

P X




828

Delta J. Sci. 12 (2) 1988

Fig. 7: An electron micrograph of two adjacent epithe-
lial cells, showing interdigitations at the apical portiocn
of the lateral walls with gap- and tight junctions. Secretory
vacuoles, vesicles and empty vacuoles are predominating in
the apical and middle region of the cells. Notice the differ-
ent shapes and branched mitochondria. The tubules of the
smooth endoplasmic reticulum are arranged parallel to the
longitudinal axis of the cell. (X 16 000)

Fig. 8: An electron micrograph of the basal region of
a cell, showing the tubules of the smooth endoplasmic reti-
culum are arranged horizontal to the axis of the cell. Notice

the elongated and rounded mitochondria. (X 38 000)
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#%  Figures 9-13 represent the epithelial cells of the
aglomerular mesonephric tubule of 150 mm long adult

Halicampodes macrorhynchus (Bamber).

Fig 9: An electron micrograph of a cell with irregu-
larly-shaped and centrally-placed nucleus. The mitochondria
are mostly supranuclear and in the basal region of the cell.
The basal region contains several infoldings of the basal
plasmalemma. Endothelial cells of blood capillaries under-

neath the basal lamina possess many pores and diaphragmata.

(X 12 000)
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Fig. 10: An electron micrograph of the apical portion
of two cells cotaining secretory vacuoles with secretory
granules. Notice the irregularly arranged microvilli and the

Golgi complex is close to the irregular nucleus.
(X 16 000)

Fig. 11: An electron micrograph of the apical portion
of two cells showing a desmosome with its microfilaments,
vesicles, mono- and multivesicular bodies, microtubules,

secretory vacuoles and empty vacuoles. (X 20 000)
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Fig. 12: An electron micrograph of two cells showing
smooth endoplasmic reticulum consisting of tubules and
vacuoles, mitochondria with tubular cristae and electron-
dense matrix the Golgi complex is composed of many saccules
and vacuoles of various sizes. Notice the ribosomes in the
form of clusters are freely distributed in the cytoplasm.

' (X 24 000)

Fig. 13: An electron micrograph of the basal portion
of two cells showing basal infoldings extending deeply in
to the cytoplasm, oval mitochondria, with electron-dense

matrix between the basal infoldings and many vesicles and
vacuoles. (X 40 000)
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