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Summary
The effects of triiodothyronine (T

3
) on hydromineral and metabolic regulations were examined in the air-breathing

fish Anabas testudineus, kept in either distilled water (DW) or freshwater (FW). Administration of T
3 
(40 ng g-1) for

24 h increased the plasma T
3
 level in both DW-challenged and FW fish. An activation of thyroid axis, as evident in

the rise of plasma T
4
,
 
occurred in DW-challenged fish after T

3
 injection whereas plasma T

4 
in FW fish classically

declined. Substantial reductions in plasma glucose and plasma urea contents occurred after T
3
 administration in

both FW and DW-challenged fish, and that indicates a metabolic role of T
3
 in hypoosmotic acclimation. An

increased Na+, K+-ATPase activity occurred  after T
3
 injection in the gills of FW fish, whereas the enzyme activity

in the gills of DW-challenged fish failed to produce that effect. On the contrary, an increased Na+, K+-ATPase
activity was found in the kidneys of DW-challenged fish but its activity failed to respond to T

3
 in FW fish. T

3

administration had little effect on plasma Na+ and K+ contents in both FW and DW-challenged fish. Evidences are
presented that thyroid has a direct role in hypoosmotic acclimation of climbing perch. Besides confirming the
hydromineral and metabolic actions of T

3, 
the sensitivity of thyroid axis to hyposmotic media has also been

demonstrated in this air-breathing fish.
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Introduction

The activation of hypothalamic-pituitary-thyroid axis
results in the secretion of triiodothyronine (T

3
) and

thyroxine (T
4
), the principal thyroid hormones (THs). In

fish, THs have been shown to direct many physiological
processes related to energy metabolism and growth
(Leatherland, 1994; Peter, 1996, 2007; Oommen and Matty,
1997; Power et al., 2001; Peter et al., 2007; Garg, 2007).
THs are known for its osmoregulatory (Leatherland, 1994;
Schreiber and Specker, 1999, 2000; Peter et al., 2000;
Peter and Peter, 2009) and metabolic actions in fish (Peter,
1996, 2007; Oommen and Matty, 1997). A number of
studies have attempted to delineate the action of THs in
osmoregulation. For example, an effect of TH on water
balance during an osmotic challenge has been
demonstrated  in the mummichog, Fundulus heteroclitus
(Knoeppel et al., 1982; Grau, 1988). However, in a number
of teleosts such as Salmo salar (Saunders et al., 1985;
Shrimpton and McCormick, 1998) and Salmo gairdneri
(Madsen, 1990), THs were found to have no effect.
However, studies on freshwater tilapia have provided
evidence that physiological concentrations of both T

3
 and

T
4
 enhance branchial Na+, K+-ATPase activity and chloride

cell dynamics (Peter et al., 2000).  The stimulatory role
of TH in osmoregulation has also been documented
convincingly after T

3
 and T

4
 treatment in hypothyroid tilapia

(Peter and Peter, 2009). Evidence for an involvement of
thyroid in osmoregulation in the larvae of flounder has
also been provided by Schreiber and Specker (1999, 2000).

Fishes maintain an optimal hydromineral balance in
their body fluids through the integrative functions of gills,
kidneys and intestine. In freshwater fish, an active ion
uptake is essential to compensate for the constant diffusion
loss of ions through the gill epithelia (Marshall and Bryson,
1998, Marshall and Grosell, 2006). In contrast, in
seawater-adapted fish, secretion of ions, particularly Na+

and Cl-, occurs in the gills to compensate the inward
diffusion of these ions (McCormick, 2001; Evans et al.,
2005). It is now known that acclimation of fish in
freshwater or ion-poor water results in marked changes
in the gill function including the modification of activity
and composition of ion pumps and the alterations in the
density of mitochondria-rich or chloride cells (McCormick,
1995; Evans et al., 2005; Tang et al., 2008).

Transepithelial transport of Na+ and K+ require the
driving force, Na+, K+-ATPase to maintain the
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hydromineral homeostasis. The activity pattern of Na+,
K+-ATPase in osmoregulatory epithelia has been used
extensively as an indicator of whole-body hydromineral
regulation in fish (McCormick, 2001; Babitha and Peter,
2010). Because of its high levels in fish during the
acclimation in seawater, this enzyme is also considered
as an indicator of successful seawater acclimation
(McCormick, 1995). On the contrary, an altered gill
function has been demonstrated in fish living in ion-deficient
environment (Tang et al., 2008; Huang et al., 2010). Tang
and co-workers (2008) have found an increase in Na+,
K+-ATPase activity in the gills of tilapia acclimated to
deionised water, which correlated with an increase in the
protein and abundance of chloride cells. It appears that
these adaptive modifications of gills favour the fish to
actively absorb ions from very hypoosmotic media to
compensate for diffusion and plasma ion loss (Huang et
al., 2010). However, the integration of osmotic
competence of the osmoregulatory organs at the whole-
body level is less understood in fish (Babitha and Peter
2010), and the exact role of T

3
 in hypoosmotic acclimation

is not yet defined.

The role of T
3
 in hypoosmotic acclimation was,

therefore, examined in the air-breathing fish Anabas
testudineus. To this end, plasma T

3
 and T

4
 were quantified

and the metabolite and mineral status were assessed along
with the specific activity of Na+, K+-ATPase in gills and
kidneys. FW fish were given osmotic challenge by keeping
them in distilled water and the effect of T

3
 on this fish

was examined to understand the role of T
3 
in hypoosmotic

acclimation.

Materials and Methods
Mature and active climbing perch Anabas

testudineus (40 ± 5g body mass) of both sexes in their
pre-spawning phase were kept in separate 40L glass
aquaria containing well water (28oC) on a photoperiod of
12h L and D cycles. Fish were fed daily with commercial
feed at 2% of the total body weight.

Experimental protocol

The hydromineral and metabolic actions of climbing
perch kept at either distilled water (DW) or freshwater
(FW), with or without exogenous T

3
, were tested in this

experiment. Twenty-four FW fish were separated into
four groups of six each. Each fish in groups 1 and 2 were
exposed to DW for 24h, whereas those in groups 3 and 4

were kept in fresh water. Groups 2 and 4 fish were then
administered with a single dose of T

3
 (40 ng g-1) through

intra-peritoneal route and kept in the respective medium.
Saline (0.85% NaCl) was administered to groups 1 and 3
fish, and these served as the DW-challenged and FW
control fish respectively. All fish were sampled after 24
h. Care was taken to ensure minimum stress to the fish,
and there was no mortality during the experiment.

Sampling procedure

Twenty-four hr after the injection, the fish were netted
and anesthetised with 2-phenoxyethanol solution (SRL,
Mumbai). Blood samples were collected by caudal
puncture using heparinized syringes. Plasma was
separated by centrifugation (3 min, 10,000 x g) and stored
at –20oC. Fish were then sacrificed by spinal transsection,
and gill arches and kidneys were excised, placed in ice-
cold SEI buffer (0.3 M sucrose, 20 mM Na

2
EDTA, 0.1

M imidazole, pH 7.4) and stored at -20oC.

Plasma T
3
 and T

4
 levels

Plasma T
3
 and T

4
 levels were determined adopting

microwell enzyme immunoassay (EIA: magnetic solid
phase) using kits (Syntron Bioresearch Inc, California,
Catalog # 3810-96 for T

3
 and Catalog # 2210-96 for T

4
)

as described earlier (Peter, 2007; Peter et al., 2007). The
sensitivity of this method was checked and compared with
the results from RIA based on competitive binding of 125I-
labelled T

3
 or T

4
 (Peter et al., 2000).  Briefly, the anti-T

4

or anti-T
3
 (goat anti-mouse IgG) coated wells were treated

with standards, control and samples. T
4
-HRP and T

3
-HRP

conjugates were incubated at 37°C for 1h. The absorbance
was read at 450 nm and the values were expressed in
nmoles L-1.

Tissue and plasma analyses

The specific activity of ouabain-sensitive Na+, K+-
ATPase was measured in homogenates of gills and
kidneys as described earlier (Peter et al., 2000). The
protein concentration of the homogenates was measured
adopting Biuret reaction and bovine serum albumin was
used as standard. The phosphate release was quantified
spectrophotometrically and the specific activity was
expressed in µmol Pi. h-1. mg protein-1.  Plasma Na+ and
K+ concentrations were measured in a flame-photometer
(Systronics, New Delhi). The plasma glucose (GOD/POD
test kit; Span Diagnostics Ltd., New Delhi) and urea
(DAM kit; Span Diagnostics, New Delhi) were measured
using assay kits.
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Statistical analyses

Data obtained were presented as mean ± SEM. The
data were checked for normal distribution and variance
homogeneity. One-way analysis of variance and Student-
Newman-Keuls (SNK) multiple range tests (Instat 3,
Graphpad Software inc., San Diego, USA) were followed
to test the significance between treatments. Significance
among treatments was accepted if P<0.05.

Results
Plasma T

3
 and T

4
 levels

Fish challenged with DW for 24h showed a significant
decline in plasma T

3
 compared with the FW control fish

(Fig.1). On the contrary, a rise in plasma T
4
 occurred in

the DW-challenged fish compared with FW control fish.
Administration of T

3
 (40 ng g-1) produced a substantial

rise in the plasma T
3
 in both DW-challenged and FW fish.

On the other hand, a significant rise in plasma T
4
 occurred

after T
3
 treatment in the DW-challenged fish but its level

declined in FW fish (Fig. 1).
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Fig. 1 Plasma T
3 
and T

4
 levels in distilled water (DW)-challenged

or fresh water (FW)  adapted climbing perch after a single
injection of T

3
 (40 ng.g-1) or saline for 24h. Each column is mean

± SEM for six fish. $ represents P<0.05 when compared with the
FW control fish; @ represents P <0.05 when compared with
the DW control fish; ** represents P <0.01 when compared
with the FW control fish

Plasma glucose, urea and minerals

The plasma glucose level dropped after T
3

administration in both DW-challenged and FW fish (Fig.
2A). Likewise, T

3
 administration produced decline in

plasma urea content in both DW-challenged and FW fish

(Fig. 2B). There was no change in the plasma Na+ and
K+ levels after T

3
 treatment in both DW- challenged and

FW fish (Table1).
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Fig. 2 Plasma glucose (A) and plasma urea (B) in distilled water
(DW)-challenged or fresh water (FW) adapted climbing perch
after a single injection of T

3
 (40 ng.g-1) or saline for 24h.

Each column is mean ± SEM for six fish. @ represents P <0.05
when compared with the DW control fish; * represents  P <0.05
when compared with the FW control fish.

Na+, K+-ATPase activity

The activity pattern of Na+, K+-ATPase remained
unaffected in the gills and kidneys of DW-challenged and
FW fish (Fig. 3). Administration of T

3
 in FW fish produced

an increase in the gill Na+, K+-ATPase activity, whereas
in the kidneys its activity failed to respond (Fig. 3). On
the contrary, a substantial rise in Na+, K+-ATPase activity
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occurred after T
3
 administration in the kidneys of DW-

challenged fish, but the enzyme activity remained
unaffected in the gills of this fish (Fig. 3).
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Fig. 3 Na+, K+� ATPase activities in the gills and kidneys of
distilled water (DW)-challenged or fresh water (FW) adapted
climbing perch after a single injection of T

3
 (40 ng.g-1) or saline

for 24h. Each column is mean ± SEM for six fish. @ represents
P<0.05 when compared with the DW control fish; * represents
P<0.05 when compared with the FW control fish.

Table 1. Effect of T
3
 injection (40 ng g-1) on the plasma Na+ and

K+ (mmol L-1) in climbing perch either challenged with distilled
water (DW) or adapted to fresh water (FW).

Plasma Na+ Plasma K+

DW control 135.8 ± 1.1 3.99 ± 0.2

DW + T
3

133.7 ± 1.4 4.02 ± 0.2

FW control 144.3 ± 1.2 4.10 ± 0.3

FW + T
3

142.9 ± 1.3 4.20 ± 0.4

Values are mean ± SEM for six fish.

Discussion

The results indicate that T
3
 has metabolic and

hydromineral actions in climbing perch during hypoosmotic
acclimation. In addition, exogenous T

3
 has been found to

activate the thyroid axis in DW-challenged fish where as
an inactivation of thyroid axis occurs in FW fish. This
shows the sensitivity of the thyroid axis to hypoosmotic

challenge and this is consistent with the earlier observation
of thyroidal activation during hypoosmotic stress in tilapia
(V.S. Peter, unpublished observation). The sensitivity of
thyroid gland to environmental factors has been
demonstrated in many studies (Grau, 1988; Leatherland,
1994). For example, Schreiber and Specker (1999) have
shown in the summer flounder that TH augments the hypo-
osmoregulatory response of this fish to environmental
salinity. Hyperosmotic environment has been shown to
influence the hydromineral regulatory ability of tilapia to
respond to stress caused by net-confinement (Nolan et
al., 1999). Modulation of tissue deiodination activity, an
important mechanism to regulate TH homeostasis, to
environmental factors has also been reported in a number
fishes (Eales, 1985; Mol et al., 1998; Orozco and Valverde-
R, 2005; Van der Geyten et al., 2005; Walpita et al., 2007;
Geven et al., 2008). The sensitivity of the peripheral
regulation of TH to ambient salinity has been reported in
rainbow trout where it modifies the deiodination activity
of kidneys and gills (Orozco and Valverde-R, 2005).
Further, a reduction of endogenous T

3
 production due to

the suppression of liver 5’-deiodinase activity after
exogenous T

3
 administration has been documented in fish

(Eales et al., 1990).

A metabolic role of T
3
 in hypoosmotic acclimation

has been found in both DW-challenged and FW fish.
Similar hypoglycaemic effect of T

3
 has also been observed

in perch after T
3
 feeding (Peter, M.C.S., unpublished).

The implication of THs in the control of growth in many
fish tissues (Leatherland, 1994; Peter, 1996, 2007; Power
et al., 2001; Garg, 2007) has thus been attributed to its
ability to regulate metabolites. The reported rise in hepatic
mitochondrial oxidative metabolism after TH treatment in
climbing perch (Peter and Oommen, 1989) is also an
indication of metabolic effect of THs. The specificity of
the metabolic action of TH has also been confirmed earlier
in climbing perch, where the hormonal effects on the
mitochondrial metabolism have been demonstrated as an
independent effect of TH and is not mediated through the
actions of adrenaline or insulin (Peter and Oommen, 1993;
Peter and Peter, 1997). The reduced plasma urea content
in both DW-acclimated and FW fish after T

3
 treatment

implies a direct effect of T
3
 on nitrogen metabolism and

excretion, probably due to an enhanced branchial excretion

Peter, M.C.S.
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of ammonia, as demonstrated for cortisol in catfish
(Babitha and Peter, 2010). As most teleosts are
ammonotelic and can eventually excrete ammonia through
gill chloride cells (Wood, 2001), the decreased plasma urea
would also indicate an increased gill excretion of
ammonia. Alternately, the diminished ureogenesis in this
fish in hyposmotic environment may help the fish to
overcome the loss of ions and the gain of water during
hyposmotic acclimation. A pronounced metabolic action
of T

3
 on energy partitioning and nitrogen metabolism and

excretion is thus evident during hypoosmotic acclimation
of climbing perch.

There is no much difference in the Na+, K+-ATPase
activity in the gills of DW-challenged and FW fish,
indicating a tight regulation of water and mineral balance
in this fish during hyposmotic acclimation. The level of
gill Na+, K+-ATPase activity has been correlated to the
capacity of gills to maintain hydromineral balance in hypo-
or hypertonic conditions (Yoshikawa et al., 1993;
McCormick, 1995). In many seawater teleosts, the gills
possess a higher Na+, K+-ATPase activity than the
freshwater species because of the high net secretion of
Na+ and Cl- in seawater (Evans, 1998), and in euryhaline
species this enzyme activity is usually higher when the
fish are in seawater than freshwater (Borgatti et al., 1992;
Shikano and Fujio, 1998; Wilson et al., 2002).

The activity of Na+, K+-ATPase in the osmoregulatory
organs is under multiple hormonal control including thyroid
hormones (Evans, 2002; Peter, 2007; Peter et al., 2009).
The present result confirms this notion, as T

3
 stimulates

gill Na+, K+-ATPase activity in FW fish but not in DW-
challenged fish. This organ-specific differential response
of T

3
 indicates that this hormone can regulate the whole-

body hydromineral homeostasis by integrating the varied
osmotic competence of organs as fish can sensitize the
changes in the osmotic media of the environment. The
differential regulation of Na+, K+-ATPase activity in gills
and kidneys by T

3 
 empahsiszes the role of T

3
 in

hypoosmotic acclimation. This view is consistent with the

earlier report on the activation of thyroid function during
salinity exposure (Grau, 1988; Leatherland, 1994; Peter,
2007; Regitha et al., 2009).

The role of kidneys in the hormone-mediated
integration of whole-body osmotic homeostasis is less
studied in fishes (Babitha and Peter, 2010). In kidney, Na+,
K+-ATPase- energizes not only Na+ reabsorption, but also
the transport of other ions and uncharged solutes.
Exogenous T

3
 did not affect the kidney Na+, K+-ATPase

activity of FW fish but increased its activity in DW-
challenged fish. A probable increase in the rate of
reabsorption of monovalent ions by T

3
 could happen in

the kidney tubules of DW-challenged fish. It appears that
the rise in renal reabsorption of ions by T

3
 could partly be

due to the inefficiency of the gill to absorb ions from the
hyposmotic environment as evident in the unaffected gill
Na

+
, K

+
-ATPase activity in this fish. On the contrary, an

inhibition of renal Na+, K+-ATPase activity has been found
in tilapia during seawater acclimation (Nolan et al., 1999).
But in mammals, THs have been shown to increase Na+,
K+-ATPase activity in many organs, and this enhancement
is related to augmentation of ATP consumption, coupled
with active Na

+
 and K

+ transport for heat production
(Ismail-Beigi, 1988, 1993).

The data, thus, confirm the hydromineral and
metabolic actions of T

3
 during hypoosmotic acclimation

in climbing perch. Besides demonstrating an organ-specific
differential regulation of Na+, K+-ATPase by T

3,
 the study

also illustrates an activation of thyroid axis in hypoosmotic
acclimation. Evidences are thus presented in climbing
perch that thyroid axis is sensitive to hyposmotic medium
and T

3
 has a direct involvement in hypoosmotic acclimation

of this freshwater air-breathing fish.
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