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SUMMARY

The actions of propyl thiouracil (PTU), a thyrostatic drug, on thyroid hormones (THs) and cortisol production
were examined in freshwater tilapi@réochromis mossambicus) to examine whether the hypothyroid
state affects the function of interrenal axes in this fish. The plasma levels of triiodothyrqitig/(dxine

(T,), and cortisol along with branchial and renal N&-ATPase activities were measured after feeding
varied doses (5-20 pgtgof PTU for over 10 or 15 days. Feeding low dose (51 @fPTU produced
significant rise in plasma,Tevel but both Tand T, levels were decreased significantly after feeding a
high dose (20 pg of PTU for 15 days. All doses of PTU failed to alter the plasma cortisol. No
significant correlation was found between the plasma levelg df, &nd cortisol after varied doses of
PTU. Treatment of Tor T, (40 ng ¢) to the high dose PTU-fed tilapia produced a significant rise in
plasma cortisol, suggesting a link to the thyroid and interrenal axes in this fish. The ise Th [€vel

in the PTU-treated tilapia after TH injections correlated with the branchial and rend*NATPase
activities, which imply an effective Na handling, though a tight regulation b&N@ K transport was
maintained in the plasma of these fish. The data show that high dose of PTU inactivates the thyroid axis
resulting in the decreased production géiid T, though a low dose of PTU activates the thyroid axis.
Our results provide evidence that exogenoyaclivates interrenal axis to produce cortisol and both
exogenous Jand T, promote branchial and renal Na handling in PTU-induced hypothyroid tilapia.
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Introduction Cortisol, the product of hypothalamo-pituitary-
interenal (HPI) axis, controls many physiological functions

Triiodothyronine ('I;) and thyroxine (]), the . ' ) )
principal thyroid hormones (THs) of the hypothalamo-'n teleosts including hydromineral regulationgidelaar

pituitary-thyroid (HPT) axis, are involved in developmenlB onga, 19_97; Bowers etal., 2000; [?ang etal,, 2901)' _Thls
and growth of fishes (Leatherland, 1994; Power et qmajor corticosteroid regulates chloride cell function (Li et

2001, Peter2007; Geven et al., 2009). Evidences for ar?l" 1997; Wéndelaar Bonga, 1997; Perr}997) and

involvement of THs in hydromineral regulation arestlmglatesf ?rimh"\a/: NaK -ATPasIe ?gtgl\gtyw:n many q
available, though there is some ambiguity on its role iRPecies of TIShes (Mommsen et al., » Mancera an

hydromineral balance (Leatherland, 1994; Shrimpton arMcCormmk, 1999). Howevercortisol replacement in

McCormick, 1998; Schreiber and Specker 1999, zoo&ypophysectomized coho salmon failed to restore

Mancera and McCormick, 1999). Our earlier studies Oﬁompletely Na K*-ATPase agtlwtyhlghllghtmg the.
freshwater tilapia provided evidence that physiologica\'pYOIVemem of other hormqnes in hydromineral regulat_lon
concentrations of both Tand T, enhance branchial (Bjornsson et al., 1987, Rlchman et al., 1987). Cortisol
sodium pump activity and chloride cell functions (PeteFeQUIates p'Iasma Ndevels in both .seawater and
et al., 2000). On the contrathere are studies that reportfres_hWater fish and SUPPTesses the rise of plasrﬂa Na
alack of THs dect on branchial NaK*-ATPase activity during seawater acclimation of Coho salmon (Redding et

in fishes including tilapia (Dange, 1986). al., 1991).
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Na', K*-ATPase activity provides the drivingwhich are required for the synthesis gaifid T, (Cooper
force for Na transport in fishes. It is essential for reducing@005; van der ¥h et al., 2006F-urthermore, it blocks the
the urinary loss of Ndn the kidney tubules of freshwaterperipheral conversion of o T, (Coopey 2005). PTU
fish (Madsen et al., 1995) and enhances the loss of N@ministration has been shown to reduce THSs levels in
through the urine in seawater-adapted fish (Nolan et aleripheral tissues and feedback stimulation of the thyroid
1999). This enzyme system in the branchial chloride celfszebrafish (van deran et al., 2006). Similar hypothyroidic
is involved in the absorption of Nand Cl in freshwater function has been reported in climbing perch after thiouracil
fish (Perry 1997; Fenwick et al., 1999). In tilapia THstreatment (Peter and Oommen, 1989; Nair and Oommen,
maintain hydromineral balance by regulating branchial aid®97).
renal tissue Na K*-ATPase activities, which increasedy; aterials and Methods

and decreased respectively after TH treatment (Peter_et .
al., 2000 PeteR007). Fish and maintenance

The interrelationship between the thyroid and the Adult ‘mozambique tilapiaOreochromis

interrenals in teleosts has been the subject of many stud@?mbicus (body mass 5(_) * 5 g) of both sexes in pre )
(Leatherland, 1987; Redding et al., 1986; Brown et apPawning phase were kept in separate 100 L glass aquaria

1991; Vijayan et al., 1997; Larsen et al., 1998; Geven Qensity3gm i) containing adequately aerated well water

al., 2006; De Groef et al., 2006). For example, an activati8F1 28°C a.t Ilfhhlfz hdL:D cyc(l)e. Fisrk;/vzre fe‘?' (;I]aily with
of T, release from the carp renal tissue has been repor?@g]merc'a ish feed at 1.5 % total body weight.

recently (Geven et al., 2009). It is believed that some Bkperimental protocol

the actions of THs on hydromineral regulation may be Experimental hypothyroidismvas tested by
mediated through cortisol (Leatherland, 1994; De Grogfeding varied doses (5, 10 and@0g?) of PTU (Sigma,

et al., 2006), though concrete evidences for such &p | ouis, Missouri, USA) for 10 or 15 days. Fish were
interaction is not available (Pet@007). Forexample, T djvided into groups of six each and kept in separate tanks.
has been shown to potentiate the stimulatory action fjo sets of experiment were conducted. Control feed at
cortisol on Na, K*-ATPase activity (Dange, 1986).4 ration of 1.5% body weight was fed to control fish daily
Shrimpton and McCormick (1998) demonstrated a positiygr 10 or 15 days. &t groups of fish were fed with PTU
interaction of T with corticosteroid receptors in juvenilemea| (5 and 1Qig g*) over 10 or 15 days. On day fish
Atlantic salmon. Redding et al. (1986) provided evidengfoups containing both control-fed and PTU-fed were
of a cortisol-stimulated increase in diearance and not sampled. Similarlythe other fish groups including control
T, clearance in eels. Conversaty correlation between fish were sampled on day 16. In the second set of
thyroid and cortisol has been observed in salmon (Mads@Rperiment, fish groups were given high doseyg@@?)
1990), rainbow trouGomez et al., 1997) and mummichogyf PTU for 15 days. On day 16 fish in these three groups
(Mancera and McCormick, 1999). The physiologicalere injected with saline,,Br T, (40 ng d) for 24 h. Al
interaction of THs and cortisol is still unclear in spite ofish were sampled at 24 h after feeding or injection. No

certain studies that have shown an association betweg#rtality was observed in any fish groups during the
the HPT and HPI axes in fishesg(, Young et al., 1989; experiments.

De Groef et al., 2006). .
Sampling procedure
Lack of conclusive evidence for an interaction

: . o . Fish in each set of experiment were netted and
between thyroid and interrenal axes in fish (Mccormmkalnaesthetized in a 2-phenoxyethanol solution (0.1% SRL
2001; Evans et al., 2005; Pet@007) prompted us to P y =70 ’

undertake this study to gather more information on t%umbal) and blood samples were collected by caudal

function of interrenal axis in a hypothyroid fish.puncture using heparinised syringe ﬁtted. Wi'[h'23 gauge
Propylthiouracil (PTU), a thyroid inhibitowas used in needle. Plasma was separated by centrifugation (3 min,

this study to induce hypothyroidism in the tilapia. PTl'J:”000 Xg) and stored at —20. Fish were then killed by

inhibits intrathyroidal synthesis of TH by interfering Wi'[hSpm.aI transsection a.nd the gill grches and the kidney were
: . . L S excised and placed in 2 ml of ice cold SEI buffer (0.3 M
thyroid peroxidase-mediated iodine utilization and thé .
. . . sucrose, 20 mM N&DTA, 0.1 M imidazole, pH 7.4) and
coupling of mono- and diiodotyrosines (MIT and DIT)stored at -20C
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Analyses

Plasma cortisol, and plasma totglahd T, were
quantified by RIA (Peter2007). The specific activity of asr LHELIDE I
ouabain-sensitive NaK*ATPase was measured in ’ SIS %
homogenates prepared from branchial and renal tisst ~ *°[ % L
as described earlier (Peter et al., 2000). The prote _ %
concentration in homogenates was measured with °
commercial Biuret protein-assay kit (Bio-Rad, Hercules £ 20}
USA) using bovine serum albumin as standard. Phosph SR
release was quantified spectrophotometrically and tl 15 0 154
specific activity expressed as mnfilht mg proteirt.
Plasma N&and K' concentrations were measured with control 5 10
flame-photometer (Systronics 129, New Delhi, India). Th PTU concentration (g g )
CI- concentration was determined spectrophotometrical Plasma T4
in terms of formation of ferrothiocyanate complex. Plasir B o
osmolality (mOsm Kd) was measured with a micro- "r
osmometer (Gonotech 030, GmBH, Germany’ 1z
Heparinized capillaries were filled with blood, centrifugec™. 1o}
for 3 min at 5000 xg and the haematocrit value we
determined.

nmol L

nmol [

Statistical analyses of T
Data were presented as means + S.E.M. for ¢ 2 — : -
fish and checked for normal distribution and varianc PTU conceatration (ug g 1)
homogeneityOne-way analysis of variance followed by 28 Plasma cortisol
Student-Newman-Keuls (SNK) multiple range test w6l C
(Instat-3, Graphpad Software Inc., San Digeo, USA) we
used to assess the significance between treatments 24
significance was acceptedrf< 0.05. - sl
—
E
Results 2 20|
Plasma T,, T, and cortisol 18l
. . . . —— 10d
Feeding tilapia with low doses of PTU (5 u§ g 16l -0 154 1

for 10 and 15 days resulted in significant incredse (
0.01) in plasma Jwithout affecting plasma,Tcompared " p— 5 p
with the control fish (Fig. 1A and B). Howevdeeding
fish with 20 ug gof PTU resulted in significant decrease
(P< 0.01) of plasma Jand T, levels (Fig. 1A).
Replacement of ;T(40 ng ¢) brought about significant
increase of plasma, TP < 0.01) level after 24 h without Fig- 1. Plasma T(A), T, (B) and cortisol (C) levels in
any change in level(Fig. 2A). Treatment of Throught freshwater tilapia after low doses (5 ar@ly g*) of

in the PTU-fed tilapia (Fig. 2A). + SEM. The data were tested for statistical significance

between treatments with the SNK test. * (P<0.05) shows
significance between control and PTU fed tilapia .

PTU concentration (g g_l)
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. Plasma thyroid hormones treatment of Tor T, to PTU-treated fish brought about
. ## significant £<0.01) increase in the branchial N&*-
4 ATPase activity < 0.05) and decrease in the renaf,Na
gl K*-ATPase activity (Fig. 3).
I - T; #
_ /Ty L Na¥, K* -ATPase activity
T i
34 1 B0 Kiduey
= o - 12 I * *
5L s § 10 #*
= *
g s I
° control PTU PTU+ T3 PTU + T4 §
(10 pg g PTU, 40 ng gl T3 0r Ty) Hii
2k
o Plasma cortisol .
B * control PTU PTU+T3 PTU + T4
wl — (10 pg g PTU, 40 ng gl T3 0r Ty)
. , . L
wl Fig. 3. Branchial and renal NaK*-ATPase activities in
7, e m freshwater tilapia after PTU feeding (@ g*) for 15
; days with or without a single injection of |30 ng g or
or T, (40 ng ¢) for 24 h. Each column, mean + SEM. The
data were tested for statistical significance between
0r treatments with the SNK test. * (P<0.05) shows
significance between PTU fed fish and PTU fed and TH
0 treated fish.
control PTU PTU+ T3 PTU + T4

1 Plasma parameters

(10 pg g'l PTU,40ngg™ T3 or Ty)
Neither PTU-treatment nor treatment gfor T,

Fig. 2. Plasma T'T, and cortisczl levels in freshwater;n py_fed tilapia altered the plasmaNad K contents
tilapia after PTU feeding (2g g°) for 15 days with or (apje 1). Similarly plasma osmolality and haematocrit

without a single injection of ;140 ng ¢) or T, (40N g \yere not different from the control groups and were
1 for 24 h. Each column, mean + SEM. The data Wegnsidered normal @ble 2).

tested for statistical significance between treatments with i

the SNK test. * (P<0.05) shows significance betwee'%ISCUSSIOn

control and PTU fed tilapia # (P<0.05) and ## (P<0.01) Data to the effect that PTU-feeding brings about
show significance between PTU fed tilapia and PTU fdtypothyroidism in tilapia but produces no effect on
+ TH treated fish. interrenal activityare presented. An activation of interrenal

The plasma cortisol level in the fish fed 5 and 1Bxis occurred in the hypothyroid tilapia supplemented with

ug g* of PTU failed to show any change (Fig. 1C)T3.Wealso demonstrate that replacement of THs stimulate

However a significant increase in plasma cortisl< hydromineral capacity of the PTU-induced hypothyroid
0.01) occurred in the 20 ug BTU-treated tilapia after a tlapia.
single 'I;injection (Fig. 2B). This stu.dy inQi'cat'es.a o!irect and specific gffgct
Na*, K*-ATPase activity of PTUon thyr0|d act|V|ty'|n tllgpla as this gmtrogen inits
_ ... low dose activates thyroid axis by releasingwhereas

The branchial and renal N&'-ATPase activities jn its high dose, it inactivates thyroid by inhibitingahd
remained unchanged following feeding of low doses @f production. Itis likely that the low doses of PTU might
PTU for either 10 or 15 days (data not shown). Feedipgye induced hyperplasia of thyroid follicles and releasing

PTU (20 ug g) for 15 days altered neither branchial nofs stored Tinto the blood. This view is consistent with
renal Nd, K*-ATPase activity (Fig. 3). However
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Table 1 Plasma Ng K* and Cl levels in freshwater tilapia after @ g* of PTU feeding for fifteen days, and 40 ng
g* TH for 24 h. Each value is mean = SEM. The data were tested for statistical significance between treatments wit

the SNK test.

Na* K* cr
(mmol L) (mmol L) (mmol L)
Control + saline 155+ 2.15 4,91+ 0.36 1334+1.18
PTU 20 pg g forl5 d+ saline 151+ 1.84 5.14 + 0.41 1326+ 1.71
PTU 20 pg g™ forl5 d+ 40 ng Ts 153 + 1.69 5.29 + 0.51 134.8 + 1.69
PTU 20 pg g™ forl5 d+40 ng T, 152 +1.79 5.89 + 0.34 1314+ 1.72

Table 2 Plasma haematocrit and osmolality levels in freshwater tilapia aftey @0of PTU feeding for fifteen days,
and 40 ng g TH for 24 h. Each value is mean + SEM. The data were tested for statistical significance between
treatments with the SNK test.

Haematocrit value Osmolality
(%) (mOsmol Kg™)
Control + saline 304+1.21 312 +£1.42
PTU 20 pg g* forl5 d+ saline 32.8+1.32 318+ 1.23
PTU 20 pg g forl5 d+ 40 ng Ts 29.6+1.19 314+ 151
PTU 20 pug g* forl5 d+40 ng T4 30.4+1.32 315+ 1.65

the report on the thyroid hypertrophy observed in zebrafitifapia following T, replacement. This positive correlation
after PTU feeding (van derevt et al., 2006). The of exogenous Jand cortisol levels in hypothyroid tilapia
unaffected plasma,Tin the low dose PTU-treated fish,is probably due to a direct action of dn the interrenal

on the contrarysupports the notion that PTU would impailaxis which becomes apparent only in the PTU-induced
the T, conversion to T Such impaired TH synthesis washypothyroid fish. This interpretation is in agreement with
also found in zebrafish (van deevet al., 2006). High areport on the stimulatory effects of THs on the interrenal
doses of PTU feeding in tilapia, on the contraryaxis of coho salmon @ung, 1988). It appears that the
substantially inhibited TH production and made these tilapgexcogenous Jthat stimulates the interrenal tissue to
experimentally hyperthyroidic as demonstrated in zebrafipinoduce more cortisol might lead to an increased clearance
(van der ¥n et al., 2006). This hyperthyroid tilapia,of T,, as cortisol-stimulated increase ipclearance has
however failed to show any impairment in theirbeen reported in European eels (Redding et al., 1986) and
hydromineral effects, probably because of the involvemerho salmon (Redding et al., 1984). The results of other
of other hormones in the absence of THs. studies also indicate a rapid clearance dffer cortisol

A close functional relationship exists between THreatment. For instance, an increased hepatic conversion
and corticosteroids in mammals, though little evidence f8f T 10 T; by cortisol has been found in brook trout
such an interaction is available in fish (Leatherland, 199@/liayan et al., 1988). Howevyereduction in plasma,T
Peter 2007). There is no activation of interrenal axis itfEV€l Py enhancing its clearance, without changing the
PTU-fed fish and it is likely that some other hormone(:g)l_;p""t'C conversion of Tto T,, occurs in rainbow trout
areinvolved in the maintenance of the hydrominerdiBrown et al., 1991). It appears that a decreased TSH
regulation in the PTU-induced hypothyroid tiIapiaPrOdUCt'Or_‘ might occur |n'the.I?TU fed tilapia due tp the
Surprisingly an up-regulated interrenal axis, as indicatdfic€ase in plasma,Tavailability through a negative

by high levels of plasma cortisol, occurred in hypothyroiff€dback. This might activate corticotrophin-releasing
hormone (CRH), which is responsible for cortisol release
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in these hypothyroid fish. It is likely that a sort of centredn additive effect on the stimulatory action of cortisol on
interaction between thyroid and interrenal axis might occtiia’, K*-ATPase activitythough T alone failed to elicit a

in the tilapia. Besides these central regulations of interremasponse (Dange, 1986).

and thyroid axes, peripheral interaction between TH and
cortisol has been reported in common carp (Geven et ﬂ"terren
2009). The release of cortisol from head kidney fragmer}ltarreIa

does not happen in carp tissues aftardatment (Geven .. i in the PTU-fed fish. It was found that high dose

et al.,_2006). On the contrargxposure of head _k'dneyof PTU inactivates the thyroid axis of tilapia though a low
and kidney fragments to cortisol gnd ACTH st'mUIate&ose activates the thyroid axis. Furflstimulatory action
the release of Jirom these carp tissues (Geven et alof THs on Na handling is clearly evident in the PTU-
2009). Similar interaction of thyroid and interrenal axis al Juced hypothyroid tilapia.

the central level has been found in the carp afiejéction
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(Na', CI, C&") from the surrounding water (Flik et al.,
1994; Perry1997). Induction of a hypothyroid state by
PTU treatment in freshwater tilapia did not affect the adapte'd 0 fres_hwater and seawden Comp
hydromineral parameters measured. This observation Endocrinol. 84: 328-335.
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