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Abstract

Glomerular vasculature was investigated in the carp Cyprinus carpio, the scorpion-

fish Sebastiscus marmoratus, and the marine catfish Plotosus lineatus with the resin-replica

method. An afferent arteriole was connected with a glomerulus in every fish.

It was slender

in the carp, whereas the scorpionfish and marine catfish possessed thick afferent arterioles.

The glomerular capillaries were sinusoidal.

The divergences, convergences, and windings of

these capillaries were not well developed in any of the fish. The glomerular capillaries con-

verged into an efferent arteriole in the carp and scorpionfish.

In the marine catfish, on the

other hand, most of the glomeruli had two efferent arterioles.

In a teleost, the glomerular capillary has a fen-
estrated endothelium (Bulger and Trump, 1968;
De Ruiter, 1980). Many podocytes surround the
outside of the capillary (Brown et al., 1983). It is
also known that there is a difference in the wall
thickness of the glomerular capillary between
freshwater and seawater teleosts; the latter is
thicker than the former. The thick capillary
wall perhaps serves as a filtration barrier in sea-
water teleosts (Hickman and Trump, 1969).
Thus, the capillary wall has been well examined
in the teleostean glomerulus. However, the
glomerular vasculature itself in teleosts is uncertain
(Casellas and Mimran, 1981 ; Brown, 1985; Brown,
1988). This study examined the glomerular
vasculature in three species of teleosts with the
resin-replica method.

Materials and methods

One carp Cyprinus carpio (body weight 45 g), 2
scorpionfish Sebastiscus marmoratus (body weights
320 g and 160 g), and 2 marine catfish Plotosus
lineatus (body weights 114 g and 60 g) were used
in this study. Each fish was anesthetized with
ethyl carbamate and placed ventral side up for dis-
section. After the hearts were exposed, a phy-
siological saline solution, which is designed for
the freshwater or seawater fish and contains 0.125 %/
sodium heparin and 1.59% ethyl carbamate, was
perfused via the aortic bulbs for 30-60 min at a
perfusion pressure of 22-40 mmHg. Then a resin
mixture was infused into the fish for 10-15 min

at a 7-15mmHg higher pressure than the pressure
of the physiological saline perfusion. The resin
mixture was composed of 60 ¢ Mercox (Dainippon
Inki Kagaku, Tokyo), 40% methyl methacrylate
(monomer), and 0.01 g/ml benzoyl peroxide. The
procedures for making replicas of the renal vessels
were performed as described by Murakami (1971).
The replicas were coated with gold by an ion
spatter (JEOL JFC-1100) and observed with a
scanning electron microscope (JEOL JSM T-20).

Results and discussion

The slightly higher pressure in the resin infusion
than in the physiological saline perfusion made it
possible to form replicas of the renal arteries and
the glomerular capillaries of the kidneys of each
fish (Fig. 1). An afferent arteriole in each fish
was usually connected with a glomerulus. The
carp had a slender afferent arteriole comparable
to the efferent arteriole in diameter (Fig. 2). In
the scorpionfish and marine catfish, however, the
afferent arterioles had very large diameters in
comparison with their efferent arterioles (Figs. 3,
4).

Several glomerular capillaries diverged from the
afferent arteriole in each fish. The glomerular
capillaries were sinusoidal. There were fewer
divergences, convergences, and windings of the
capillaries in all the fish (Figs. 1, 5, 6) when com-
pared to those of a rat (Murakami et al., 1971;
Murakami, 1972). Although the kidney principal-
ly performs the excretory functions in mammals,
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Fig. 1.

Replicas of some glomerular capillaries (arrows) in the carp Cyprinus carpio.

Slightly higher

pressure in the resin infusion than in the physiological saline solution made it possible to make the

replicas. X 125.

Fig. 2. The afferent (AA) and efferent (EA) arterioles in th carp Cyprinus carpio.

almost of the same size. Xx610.
Fig. 3.

that of the efferent one (arrow). x450.

The afferent arteriole (AA) of the scorpionfish Sebastiscus marmoratus.

Both are slender and

Its diameter is larger than

Fig. 4. Two efferent arterioles (arrows) observed in a glomerulus of the marine catfish Plotosus lineatus.

The afferent arteriole (AA) is very thick.

the excretory functions in fish partially take place
in the kidney (Schmidt-Nielsen, 1977). The less-
developed divergences, convergences, and windings
of the teleostean glomerular capillaries are pro-
bably related to their partial contribution of the
fish kidney to the excretory functions.

Although the marine catfish is a seawater fish,
the distal segment exists in its renal tubule, as it
does in freshwater fish (Ogawa, 1959). In the
marine catfish, there were two efferent arterioles
in most of the glomeruli (Fig. 4). On the other
hand, the glomerular capillaries converged into

an efferent arteriole in the carp and scorpionfish
(Figs. 2, 3). Thus, the marine catfish has a spe-
cific glomerular vasculature as well as the renal
tubular components.

The diameters of the efferent arteriole replicas
of all the fish approximated the short axis of their
oval red blood cells, judging from the report on
fish blood cells by Ikeda et al. (1986). As men-
tioned before, the afferent and efferent arterioles
were almost of the same size in the carp, whereas
the scorpionfish and marine catfish had thick
afferent arterioles in comparison with their efferent

— 347 —



by

Fig. 5. The glomerular capillaries of the marine catfish Plorosus lineatus.
vergences, and windings in terms of the looping.
Fig. 6. The glomerulus in the scorpionfish Sebastiscus marmoratus.

windings are less developed. x 345.

ones. In the scorpionfish and marine catfish,
therefore, the blood joins the glomerular capil-
laries through the thick afferent arteriole, and
then goes to the narrow efferent arteriole. In
general, it is a possible belief that the thick af-
ferent and the narrow efferent arterioles fit the
high filtration pressure in the glomerular capil-
laries (Guyton, 1986). However, the glomerular
filtration rate in the seawater fish is very low
in order to maintain water within the body
(Hichman and Trump, 1969). The very low
glomerular filtration rate might be accomplished
by the morphological features of the glomerular
capillary wall. Futher elucidation of this prob-
lem must await data on hormonal regulation in
the blood supply to the glomerular vasculature.
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