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Ultrastructural Change of Osmoregulatory Cells during
Seawater Adaptation in Rainbow Trout
(Oncorhynchus mykiss)
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Kunsan National University, Kunsan 573-702, Korea

There were observed the histomorphological alterations such as chloride cell hyperplasia,
branchial lamellar epithelial separation, the increased cellular turnover of chloride cells,
glomerular shrinkage and blood congestion in rainbow trout (Oncorhynchus mykiss) during the
seawater adaptation.

The ultrastructure by scanning electron microscope (SEM) indicated that the gill secondary
lamella of rainbow trout exposed to seawater, were characterized by rough convoluted surfaces
during the adaptation. There were observed a large number of mitochondria with the elongate
and well-developed cristae in chloride cells exposed to seawater by transmission electron
microscope (TEM). The presence of two mitochondria- rich cell types is discussed with regard
to their possible role in the hypoosmoregulatory changes which occur during seawater-
adaptation. Glomerulus shrinkage and blood congestion were occurred higher in nephrons of
seawater-adapted fish than those living in freshwater. Our findings demonstrated that
rainbow trout tolerated moderately saline environment and the increased body weight living in
seawater was relatively higher than that living in freshwater in spite of histopathological
changes.
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Figs. 1-4. 1. Light micrograph of primary lamella (PL) and secondary lamellae (SL) of control. The secondary lamellae
containing capillaries (C) cut transversely to their long axis are located at regular intervals. Goblet cells (arrows)
extend even to the base of the secondary lamellar surfaces. x 125. 2. Light micrograph of gill lamellae of 10%.
seawater-adapted fish. Some secondary lamellae are damaged. A section of a primary lamella from the midregion
reveals that the center consists of blood vessels that supply and drain the capillary beds that enter and leave the
secondary lamellae. The tip of a primary lamella is lined with goblet cells (arrows). x125. 3. Light micrograph of
kidney of control. There were observed some collecting tubules (CT) and glomeruli (G). Note the size of glomerulus
and Bowman space (BS). x400. 4. Light micrograph of kidney of 15% seawater-adapted fish. The size of
glomerulus (G) of seawater-adapted fish is a little smaller than that of control group. x400.
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Table 1. Effects of salinity on the glomerular area (um?)
of nephrons in rainbow trout (Oncorhynchus
mykiss)

Fish Freshwater-adapted Seawater-adapted
Mean +SD 3576.66+436.34 1417.91+135.97*
N =10 *:Significant difference (P<0.001)
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Figs. 5-8. 5. Scanning electron micrograph of one primary lamella (PL) and numerous branching secondary lamellae (SL)
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of freshwater-adapted fish. Scale bar=200 um. 6. Scanning electron micrograph of primary lamella (PL) and
secondary lamellae (SL) of 15%. seawater-adapted fish. The length of the secondary lamellae that lengthen
progressively to the midpoint of the primary lamella, remains fairly constant to the basal region. Scale bar=430
pm. 7. Scanning electron micrograph of numerous chloride cells and blood cells (¢) on primary lamella of 15%o
seawater-adapted fish. The surface structures of the primary lamella are similar to the fingerprints of a person. A
deep pore (P) projects into the interior of the primary lamella and the ridges and grooves continue into the pore’s
cavity. Wide grooves separate adjacent ridges. Scale bar=6 um. 8. Magnification of chloride cell with microvilli
(MV) and globular shape. Some ridges turn backwards to form a U with another ridge commencing between the
arms of the U (arrows). Scale bar=2.31 pm.
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Figs. 9-12. 9. Transmission electron micrograph of secondary lamellae of freshwater-adapted fish. There were observed
some chloride cells (CC), pavement cells (PC) and epithelial cells (EC). A chloride cell projects into a lumen (L)
enclosed by an epithelial cell. Scale bar=2 pm. 10. Transmission electron micrograph of chloride cell in secondary
lamellae of seawater-adapted fish. There were observed numerous mitochondria (M), endoplasmic reticulum (ER)
and one nucleus (N) in chloride cell (CC). Mitochondria-rich cells have a less electron-dense cytoplasm. Scale
bar=1 pm. 11. Transmission electron micrograph of kidney tissue in freshwater-adapted fish. A part of kidney cell
contains a large number of small mitochondria (M). Scale bar=500 nm. 12. Transmission electron micrograph of
kidney tissue in seawater-adapted fish. A part of kidney cell contains a large number of small melanin pigments-
like materials (MP). Scale bar=500 nm.
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