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DESCRIPTION

Erythrocytes are essential cellular components of the circulatory
system in fish and other aquatic vertebrates. Their primary task is
the transport of oxygen and carbon dioxide, but their
physiological activities extend into several processes associated
with acid base balance, ion exchange, cell volume regulation, and
resistance to environmental stress [1]. In aquaculture systems,
erythrocytes are continuously exposed to changes in water
chemistry because fish may experience variation in salinity,
temperature, dissolved oxygen, mineral concentration, and
feeding conditions. Among these factors, osmotic variation has a
direct influence on the movement of water across the erythrocyte
membrane. The capacity of these cells to maintain an appropriate
internal volume despite changes in the surrounding fluid is
referred to as erythrocyte osmoregulation [2].

The internal environment of an erythrocyte contains dissolved
salts, proteins, organic compounds, and other substances that
contribute to osmotic pressure. When the concentration of
dissolved particles outside the cell changes, water moves across
the plasma membrane according to the difference in water
potential. A sudden reduction in external osmotic concentration
can cause water to enter the cell, producing cellular swelling. In
contrast, exposure to a more concentrated external medium can
result in water loss and cellular shrinkage. Excessive changes in
can affect membrane stability, hemoglobin
concentration, cellular shape, and the ability of erythrocytes to
pass through narrow blood vessels. Fish therefore possess several
cellular mechanisms that help maintain erythrocyte volume
within a functional range [3].

volume

The erythrocyte membrane contains lipid components and
membrane proteins that regulate the movement of ions and
water. Channels, transport proteins, and ion pumps contribute
to the maintenance of intracellular electrolyte concentrations.
Sodium and potassium gradients are particularly important
because they influence water distribution and electrical
properties across the membrane. The sodium potassium ATPase
uses cellular energy to move sodium ions outward and potassium

ions inward. This process contributes to the maintenance of
intracellular ionic conditions and indirectly affects cell volume.
Other transport pathways can modify chloride, bicarbonate,
calcium, and hydrogen ion concentrations according to
physiological requirements [4].

Erythrocyte volume regulation can occur through two general
responses. Regulatory volume decrease takes place when cells
swell because of water entry. In this situation, cells can lose
intracellular ions and associated water, allowing their volume to
move toward its previous condition. Regulatory volume increase
occurs following cellular shrinkage and involves the uptake of
ions and other osmotically active substances, followed by water
entry. The effectiveness of these responses differs among fish
species and can also vary according to developmental stage,
acclimation history, and environmental conditions [5].

Aquaculture makes erythrocyte osmoregulation particularly
relevant because cultured fish may be transferred between water
sources with different salinity levels. Species that naturally
inhabit estuaries or coastal often possess
physiological mechanisms that permit movement between
freshwater and seawater. Freshwater exposure generally creates a

environments

tendency for water to enter the body, whereas marine exposure
creates a tendency for water to leave the body. Although whole-
animal osmoregulation involves organs such as the gills, kidneys,
and digestive tract, erythrocytes must independently preserve
their cellular condition while circulating through these changing
internal environments [6].

Changes in salinity can influence erythrocyte morphology as
well as volume. Cells exposed to unsuitable osmotic conditions
may become rounded, irregular, swollen, or contracted. Severe
osmotic disturbance can damage the membrane and lead to
hemolysis, releasing hemoglobin into the surrounding plasma.
Hemolysis can reduce the number of functional circulating
erythrocytes and interfere with oxygen transport. For cultured
fish, excessive cellular damage may therefore contribute to
reduced growth, impaired activity, lower stress tolerance, and
poor survival when environmental conditions are not properly
managed [7].
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Temperature can modify erythrocyte osmoregulatory responses
because membrane fluidity and enzyme activity are temperature
dependent. At lower temperatures, membrane lipid movement
may decrease, potentially altering the activity of membrane
transport systems. Higher temperatures can increase metabolic
activity and modify the rates of ion movement and cellular
reactions. Consequently, salinity and temperature should not
always be considered independently when evaluating erythrocyte
responses in aquaculture species. A salinity level tolerated under
one temperature condition may produce a different cellular
response under another [8].

Acid-base regulation is also closely associated with erythrocyte
ion exchange. Fish erythrocytes participate in carbon dioxide
transport and bicarbonate formation. Carbon dioxide generated
by tissues enters the blood and is converted through reactions
anhydrase. chloride
exchange across the erythrocyte membrane helps maintain

involving carbonic Bicarbonate and

appropriate chemical balance while carbon dioxide is
transported toward the respiratory surface. This activity
demonstrates that ion transport across the erythrocyte

membrane has consequences beyond simple volume control [9].

further influence erythrocyte

physiology. Fish living in ponds, tanks, cages, and recirculating

Oxygen availability ~may
systems can experience temporary reductions in dissolved
oxygen. During oxygen limitation, physiological adjustments
may occur in circulation, respiration, and cellular metabolism.
Erythrocytes may change their metabolic activity and ion
transport behavior during such conditions. Since oxygen
delivery depends on both hemoglobin function and adequate
circulation, volume and membrane

maintaining cellular

integrity is important for effective gas transport [10].

CONCLUSION

Erythrocyte osmoregulation represents an important cellular
component of aquatic animal physiology. Through controlled
ion movement, membrane transport, volume adjustment, and
metabolic regulation, erythrocytes maintain conditions that
oxygen  transport changing
circumstances. Further investigation
cultured species can improve knowledge of species-specific

permit  continued under

environmental across
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responses and help aquaculture researchers establish suitable
environmental conditions for healthy blood function and
efficient production.
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