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Summary

Thyroid hormones and cortisol are vital for the regulation of metabolic and hydromineral homeostasis in
fish. The levels of triiodothyronine () thyroxine (T,) and cortisol in the plasma and the indices of
metabolic and hydromineral regulations were quantified in fresh water tilapia after confining them to
net for varied time intervals (2, 6, 12, 24 h) to examine whether thyroid and interrenal interact during
net-confinement. A time-dependent incredse@.001) in plasma cortisol occurred after net-confinement
with a maximum increase at 12 h, indicating an induction of stress response in this fish. Confinement of
tilapia to net for 6 and 12 h did not alter plasmhut significantly decrease@< 0.05) its level at 24 h.
Plasma Tremained unéécted at all intervals tested. Net-confinement produced a substantial increase
in the plasma glucos@®<€ 0.01) at all intervals tested and a maximum rise was found at 6 h. Branchial
Na', K*-ATPase activity increased< 0.01) and renal NaK*-ATPase activity decreaseB< 0.01)

after 12 and 24 h net-confinement, with the maximum rise at 12 h. PlasmaadNplasma osmolality
declined significantly®< 0.05) at 24 h net-confinement. Overall, the results indicate that net-confinement
evokes stress response in tilapia, which includes a temporal and inverse interaction betaveken T
cortisol. The data thus support the hypothesis of a lead role of cortisol in stress response of tilapia.
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Introduction and mineral balance, although some uncertainty exists

for their role in hydromineral regulation (Leatherland,

Fishes are equipped to perceive stressors and api®)4: Mancera and McCormick, 1999: Schreiber and

to respond to the stressors with a complex network 8hecker2000; Peter2007).
neuroendocrine and physiological responses. Cortisol, a . : : . . .
: . In fishes, gills, kidneys and intestine, the major

stress hormone released from the interrenal gland, in the . i .
e . : .. osmoregulatory gans, integrate the osmotic functions
hypothalamo-pituitary-interrenal axis (HPI-axis), is R . . .
. . . : and maintain an optimal hydromineral balance. Thyroid
capable of directing many physiological processes

i ) rmones and cortisol, as the main signaling molecules,
gveg%%li_arl_igﬂg;jg\zzagggreréoe;ga;" gggg) D‘?Eigs pegomote the osmotic capacity of these osmoregulatory

corticosteroid regulates hydromineral and metaboltlssues (Peter2007; Babitha and Pete2010). In

) . . . . .. [feshwater teleosts, active ion uptake is essential to
processes including proliferation of mitochondria-rich " .
. IR : . ompensate for the constant losses bfusiibn of ions
cells of gill epithelia in many fish species (Specker et a

Hrough the gill epithelia (McCormick, 1995; Pert997;
1994; Wendelaar Bonga, 1997; Perty97; Mancera and i
McCormick, 1999: Mommsen et.all999). Moreover Marshall and Bryson, 1998; Marshall and Grosell, 2006)

P . and this leakage of ions through gill epithelium is more
in tilapia cor_tl_sol_has been shown to regul_ate t_h‘e Kl*a .severe during stressor exposure(\delaar Bonga, 1997,
ATPase activity in the osmoregulatory epithelia of tl|apleock and Véndelaar Bonga, 2008). The activity pattern
in both seawater and freshwater (Nolan et al., 1999; Dan]g N - X L
et al., 2000). Thyroid hormones on the other hand OFNa’, K*-ATPase, the driving force for transepithelial

" -y . . ' "Na' transport, has been used extensively as a measure of
known for their control on many physiological Processes . omineral capacit (Dang et al., 2000; McCormick
related to engry metabolism and growth (Leatherland y pactty 9 ! ' o
1994: Oommen and Mafty997: Power et al.. 2001: P ter2001). Many stressors are vulnerable to alter this Na

L . - §997; . " ' 76 transporter mainly because of its sensitivity to the
2007). Like cortisol, triiodothyronine (Jand thyroxine . :

) : regulation of cellular Na and K gradients.

(T,), the primary thyroid hormones, released from

hypothalamo-pituitary-thyroid (HPT) axis, regulate water Fishes experience stressors SPCh as hgndling and
confinement during aquaculture practices that disturb their
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physiologic homeostasis. As fishes are constantly expogadhcture with heparinized syringes fitted with 23 gauge
to stressful conditions in the aquatic medium they haveedle. Plasma was separated by centrifugation (3 min,
evolved different stress response systems which hav@00 x g) and stored &0°C. Fish were then killed by
been expressed at all levels of biological organization (Digpinal transection and the gill arches and the kidney were
et al., 2006; Iwama et al., 2006). This response of fishescised and placed in 2 ml of ice cold SEIfbuf{0.3 M

to stressors evokes a multitude of integrated physiologicaicrose, 20 mM N&DTA, 0.1 M imidazole, pH 7.1) and
responses which include primasgcondary and tertiary stored at -20C.

responses (_Barton and Iwama, 199_1; Iwamaetal., 209|§Pasma cortisol, T.and T
The activation of the neuroendocrine system that bring 3 4

about biochemical and physiological adaptations ultimately ~ Cortisol concentrations in plasma samples were
favour the animal to acclimate to the hostile environmehteasured by competitive immunoenzymatic assay
(Wendelaar Bonga, 1997; Pete2007; Lock and (DiaMetra, Foligno, Italy) and the values were expressed
Wendelaar Bonga, 2008). as ng mt. The sensitivity and reliability of this method

This study was undertaken to examine whethdyas examined and the values were comparable to RIA
thyroid gland and interrenal gland interact during stre§a€thod reported earlier (Pet&007; Peter and Pefer
response in fresh water tilapia. Net-confinement wg207)- Plasma_l(Catalog # 3810-96) and, {Catalog #

practiced in this fish since this handling stressor is knovf10-96) concentrations were measured by microwell
for its effect to induce stress without any toxicENZYMe immunoassay (EIA: magnetic solid phase) with

manipulation (Nolan et al., 1999). Thdeefts of varied kits (Syntron Bioresearch Inc, Carlsbad, California) and

intervals of net-confinement on thyroid hormone anti€ values were expressed in nmole's The sensitivity

cortisol production and their interaction on metabolic arfyf this method was checked by comparison of results from

hydromineral regulations were examined in this fish. RIA based on competitive binding &fl-labelled T, or
T, (Peter et al., 2000) with the EIA results (Peter et al.,

Materials and Methods 2007).
Animals Plasma glucose and minerals
Adult Mozambique tilapia, in their pre-spawning Plasma glucose levels were measured using a

phaseand approximately 45 g body mass, were collectgucose assay kit (Sigma, St Louis, Missouri, USA). The
and acclimated in tap water at 28 + 2°C under natufalasma [Nafnd [K] concentrations were measured with
photoperiod (12L/12D) for three weeks prior ta flame-photometric auto- analyzer (Systronics, New
experiment. They were fed with commercial fish feed &elhi). Plasma osmolality (mOsm.Kgwas measured

a ration of 1.5% of body mass per daje animal care using a micro-osmometer (Gonotec, Germany).

and thg experir_nentatio_n were str_ictly accordin_g to _tf}@am K *-AT Pase activity

regulation of Animal Ethical Committee of the University

and there was no mortality during the experiments. The specific activity of ouabain-sensitive INK-
ATPase was measured in homogenates (Ho) prepared

from branchial and renal tissues as described earlier (Peter
Laboratory-acclimated fish were divided into fiveet al., 2000). The protein concentration in homogenates
groups of six each. Fish in the untreated group 1 wesx@s measured using a commercial Biuret protein-assay
taken as control. The remaining fish in groups 2 to 5 weké (Bio-Rad, Hercules, USA) with bovine serum albumin
held in a dip-net and made confined for varied interva&s the standard. Phosphate release was quantified
of 2, 6, 12 and 24 h, respectiveRood was withdrawn spectrophotometrically and the specific activity expressed
24 h prior to killing to ensure optimum experimentaispmol P. ht. mg proteirt.
conditions.

Experimental protocol

Statistical analysis

Sampling and analyses Before statistical analyses, the data were checked

Fish in all the groups were sampled on the sanfier normal distribution and variance homogenelyo-
day at the specific time interval after net- confinemenway analysis of variance (ANOAj and Student-
Fish were collected from the net and anesthetized in aNlewman-Keuls test were employed to test the
phenoxyethanol solution (1: 2,000; Sigma Aldrich, Stignificance of the dference between the treatment
Louis, MO), and blood samples were collected by caudgiloups using Instat-3 Software (GraphPad Software Inc.,
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San Digeo, California). Significant difference between
groups was acceptedd&0.05 and the values are in mear

PlasmaT, andT,

+ SEM (n = 6).
ReSLIItS 45 4 —a— Plasma T,
Plasma cortisol, T, and T, 40 1 e e
The plasma cortisol increased to significdatd.05) 25
levels in the fish with increasing duration of net-_
confinement (Fig 1B). Net-confinement, on the other han = **
produced a significanP&0.01) reduction in the level of E 25
plasma T at 24 h confinement though its level remaine:
unaffected at 2, 6 and 12 h net-confinement and it show "
atendency to rise at 6 h (Fig. 2). The plasmacivever 15
remained unaffected after net-confinement for varie
intervals (Fig. 2). o . z . - "
Plasma glucose .
Het confinement in hours
A
] b Fig. 2. Plasma Tand T, (nmol L) in tilapia exposed to
120 4 net confinement for varied time slots. Each point is mean

+ SEM for six fish.

* Denotes (P<0.05) significant when compared with
80 | ) control (0).

100 .

mg dt

Plasma glucose and minerals

60

Significant hyperglycaemid& 0.001) occurred in

40 1 fish at varied tested intervals of net-confinement (Fig. 1A).
The plasma Na showed a reducti®«.05) at 24 h net-
20 : i i - 2‘4 confinement (&ble 1). The plasma osmolality showed a
Net confinement in hours reduction at this time of confinement whereas plasma K

remained undécted (Bble 1).
Na* K*-ATPase activity

Plasma cortisol
250

B Branchial Na K*-ATPase activity showed
o] ! significant P<0.05) increase at 12 and 24 h net-
/ confinement, whereas the renaI*N@-ATPase activity
) w// decreasedq<0.05 andP<0.0) at these intervals (Fig.3).
o 1507 ok /_"\\ . R
2 e - Discussion
g / : -
o / Evidences are presented to the effect that confining
o | // tilapia to net induces stress response and that involves a
J temporal and inverse interaction between cortisol gnd T
0 : : : ‘ ‘ the active thyroid hormone. The elevated cortisol and

0 2 6 12 24

glucose in the plasma of tilapia clearly indicate a classic
stress response due to stress induction in this fish. As a
Fig_ 1. Plasma g|ucose (mg d)_and cortisol (ng mﬁ) common response to acute stress, hyperglycaemia occurs
levels in tilapia exposed to net-confinement for varied tinbue to the rapid effects of catecholamines on
slots. Each point is mean + SEM for six fish. glycogenolysis and the long-term effects of cortisol on

* P<0.05; ** P<0.01; *** P<0.001 gluconeogenesis @ der Boon et al., 1991;aNdelaar

Net confinement in hours
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Bonga, 1997). Mobilization of energy substrates includinglommsen et al., 1999). Glucose appears to be the main
glucose in response to the stressor thus becomes anenergy source the fish always relies on (Ruane et al.,
2001) and the elevated plasma glucose has been reported
in carp Cyprinus carpioduring transferthough these
N’ K" ATPase activity responses were not consistent (Pottingkd98).
. o wmey  Hyperglycaemia during confinement has been linked to
. gluconeogenesis or enhanced glycogenolysis or a
] /}“‘x decreased clearance of glucose from the blood as reported
// % earlier in tilapia (Vayan et al., 1997), sea raverij@yan
)I” and Moon, 1994) and sea bream (Arends et al., 1999).
. The significant metabolic role of cortisol in fish includes
the stimulation of pathways that increase blood glucose
levels (Leach andalylor, 1980; \ijayan et al., 1997; Diouf
et al., 2000). Therefore, glycogenolysis and
gluconeogenesis, in which metabolites such as amino acids
’ ' N . M - (Milligan, 1997) and lactate @ung and Cech, 1993, 1994)
Net confinement in hours are used as substrates, are activated during stress.
Alternately the rapid rise in plasma glucose in response
_ _ _ ~__ to stressors may also be attributed to activation of the
Fig. 3. Gill and kidney Na K™ ATPase activities in tilapia brain-sympathetic-chromaffin (BSC) axis and the release

X n nfinement for vari ime slots. E . !
€ pos_,ed to net confine e_z t. or varied time slots a%}? catecholamines by the chromaffin cells (Barton and
point is mean + SEM for six fish.

* Denotes (P<0.05) and ** denotes (P<0.01) significan/ama, 1991; Arends et al., 1999; Ruane et al., 2001).
when compared with control (0). Therefore, the rise in glucose and cortisol are indirectly

. _ _ _considered as the indicators of sympathetic activation and
essential metabolic strategy during stress adaptatigfle activation of HPI axis during stress (Rotlland et al.,

Cortisol is known for its stimulatory action onygg0. \Wendelaar Bonga, 1997: Peter and P&1@09).
gluconeogenesis in common carp (Janssens and

Waterman, 1988) probably because of the activation of Fishes respond to stressors by eliciting physiological
gluconeogenic enzyme like glucose-6-phosphataf&SPOnses that include elevation of cortisol and adrenaline

Table. 1: Levels of plasma minerals (mmaotLand osmolality (mOsmol K in tilapia exposed to net-confinement
for varied time slots. &ues are mean + SEM for six fish.

15

0 A

nmol Pi”' h™ mg protein

Na K Osmolality
0 142.8+ 1.6 4.61+ 0.2 315+0.2
2 141.3+ 1.9 4.62+ 0.3 311+ 0.2
6 134.+ 1.7 4.55+ 0.2 308+ 0.2
12 1324+ 1.5 4.56+ 0.3 306+ 0.3
24 128.9+ 1.4* 4.12+0.2 303+ 0.2*

* Denotes (P<0.05) significant when compared with control (0).
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(Wendelaar Bonga 1997). The time-dependent rise @ontrary stress induction appears to reduce the plasma
plasma cortisol in tilapia establishes that these fish afgsubstantiallysuggesting a lack of, &ction during net-
stressed as reported earlieij§yan et al., 1997; Dini et confinement.

al., 2006). The rise in plasma cortisol after net-confinement The present data thus point to specific metabolic

has also been reported in ma”Y fishes including stripgﬂd hydromineral actions of cortisol during stress in
basg(Noga et al., 1994), paddiefish (Barton etal., 1998\‘\‘eshwater tilapia. As we observed decrease,aiction

gilthead sea bream (Arends et al., 1999), ngenlle pa"frqtilapia after prolonged net- confinement, the possibility
and sturgeons (Barto.n et al., 2000), rainbow oWt TH involvement in the metabolic and hydromineral
(Trenzado et al., 2003; Pankhurst et al., 2008) and 1itl%ulation is doubtful. In this context, it is reasonable to

ghv.e f.Iounder (Hur et al., 2007). Ma.lny extrinsic ahcﬂ)resume that cortisol may take up the lead of regulating
intrinsic factors have been known to induce the Cort'sﬂle metabolic and hydromineral actions in the absence of

release in fishes which include age, sex and maturity.Pf action. Changes in the deiodination activity in the

. . 3 .
the fish (Sumpterl997), the enV|ror.1mentaI temper"’ltur_?)eripheral tissues are important mechanisms to modulate
(Sumpter et al., 1986), the species and strain of f'%hH activity in mammals (Kuiper et al., 2005) and fish

(Pickeri.r?g and Pottinge|.1989')) and the .chemlcal (Eales, 1985; Eales et al., 199@&nvder Geyten et al.,
composition of the water (Pickering and Pottind887). 2005; Walpita et al., 2007).

.COI"[ISO| exerts multlple physiologic a_‘Ct'O”S N f_'ShThere are indications that thyroid activity and the cortisol
that include hydromineral and metabolic regulatlonlseleaSe are interrelated in fishesaiita et al., 2007:

(Mommesen et al., 1999; Laiz-Carrion et al., 2002, 20013;,'6,[er 2007; Peter and Pete2009). In this study

Gallo and Civinini, 2003; Sangiao-Alvarellos et al., 2005éonfinement stress brought about decreased plasma T

McCormick et al., 2008). The plasma level of cortisol iand not plasma,Tsupporting the view that alterations of

often considered as a measure of the magnitude of Strﬁ%ﬁoid function occur particularly on the actions of T
response (hdelaar Bonga, 1997) and under acute Stre&&ring stress in fish. A modification of, metabolism
' 3

It cgq eqs”y shoot up many-folds to enhahce tha’fhd its availability in our net-confined tilapia could thus
mobilization of enegy fefe“YeS and metabo!|c ra_lteoe ascribed to an adaptive strategy of fish to combat stress.
(Wepdelaar Bgnga, 1997; Flik et'al., 2006). I"k,e,}\’\”seif»imilar decline of plasma_Thas also been reported in
cortisol contributes to hydromineral regulation rainbow trout (Himick and Eales, 1990) and in perch

freshwater fish, though it is often referred to as aseawa{g\habas testudineliexposed to kerosene (Peter et al
hormone (McCormick, 2001). Branchial N&*-ATPase 2007). Modification of peripheral deiodination and

?Ct'v'ty’ a megsurg of hydromlneral capaciiereases thyroid axis during stress were also demonstrated in Nile
in freshwater tilapia after cortisol treatment (Dang et alﬂ'lapia (Walpita et al., 2007)

2000). Similar to cortisol, TH'also direct metabolic and
osmoregulatory function in fish (Peter et al., 2000, 2007; . . _ .
Peter and Pete2007). Studies on freshwater tilapia h(,;Wéelatlonshlp exists between the interrenal and thyroidal
provided evidence that physiological concentrations 'S '" the face. of a stressor challeng.e,'suggestmg _a lead
both T, and T, enhance branchial N&*-ATPase activity role of cortisol in stress response. This idea is consistent
and chioride cell (CC) dynamics (Peter et al,, 2000). THAth @ negative interaction of the thyroid and interrenal
importance of THs to maintain Na and water balancé?‘)_(_eS reported earlier for salmonldSJ(J?ﬁg etal., 1989, _
during an osmotic challenge in the mummichog has be¥jiayan et al., 1997) though no correlation between thyroid
reported by Knoeppel et al. (1982) and Grau (198ﬁctivity and cortisol has been observed in the rainbow
However in teleosts such @8almo salarSaunders et rout (Madsen, 1990; Gomez et al., 1997) and in
al., 1985; Shrimpton and McCormick, 1998) @aimo mummichog (Mancera and McCormick, 1999). In some

gairdneri (Madsen, 1990), nofefct of TH was found on studies the possibility of a rapid clearance of I kffter
Na', K*-ATPase activityIn the present studyn the cortisol treatment has been proposeifhf}an et al., 1988;

In tilapia, thus, a temporal and inverse yet functional

Document Produced by deskPDF Unregistered :: http://www.docudesk.com



Peter VS 92

Brown et al., 1991). For example, in brook trout, cortisdRefer ences

increased the hepatic conversion oftd T, (Vijayan et Arends RJ, Mancera JM, Munoz JLeWdelaar Bonga
al., 1988). It seems that in tilapia cortisol is contributing to SE, Flik G (1999) The stress response of the
the metabolic and hydromineral regulations during net gilthead sea breanSparus auratd._.) to air

conflnement. "I'he' hyperglycemic effects observed. in the exposure and confinemedt.Endocrinol.
net-confined tilapia may thus support the metabolic role 163: 149-157

of cortisol, though TH also direct metabolic processes _
in fish tissues (Leatherland, 1994; Power et al., 2008abitha GS, Peter MCS (2010) Cortisol promotes and

Peter et al., 2007; Peter and Pe2€09). integrates the osmotic competence of the
organs in North African catfish(larias

gariepinusBurchell): Evidence fronin vivo
and in situ approaches.Gen Comp
Endocrinol. 168: 14-21.

Na', K*-ATPase activity is under multiple hormonal
control with cortisol in a dominant role ¢¥ing et al.,
1995; McCormick, 1995, 2001; Dang et al., 2000; Evans,
2002). The concomitant rise in cortisol and the
upregulation of branchial NaK*-ATPase activity in Barton BA, lwama GK (1991) Physiological changes in

tilapia indicate a cortisol-directed Na pump activity in fish from stress in aquaculture with emphasis
this stressed fish (Nolan et al., 1999). On the contrary on the response andetts of corticosteroids.
the decline of renal NaK'™-ATPase in tilapia after 24 h Annual Rev Fish Disl: 3—-26.

net confinement indicates a disturbed osmotic functigsiton BA, Rahn AB, Feist G, Bollig H, Schreck CB (1998)
of kidney tubules to retain Naas this Na transporter Physiological stressresponses of the
enegizes Nareabsorption and also the transport of other freshwater chondrostean paddlefiBlokyodon
ions or unchayed so+lute+s in the kidney tubules. Similar spathuld to acute physical disturbances.
inhibition of renal Na, K'-ATPase activity has also been Comp Biochem Physidl20A: 355-363.

observed in tilapia after seawater acclimation (Nolan et ) )

al., 1999) and in mummichog (Epstein et al., 1967§arton BA, BoII.lg H, I—!auskms _BL’ Jansen CR (2000)
Interestinglythese diferential actions of NaK -ATPase Juvenile pallid §caphirhynchus albjsand
activity on gills and kidney further point to the ability of hybrid pallid x shovelnoseS( a.Ib'us x
cortisol to integrate the osmotic functions of thegmos S. platorynchup sturgeons exhibit low

as evident in catfish gans (Babitha and Pet@010). phy3|olog|cgl responses to gcute ha”d"”g and
severe confinemenCompBiochem Physiol.

Overall, the present results indicate that tilapia 126A: 125-134.
shows a pattern of stress response to net- confinement
with characteristic rises in plasma glucose and cortisgPWers JM, Mustafa A, Speare DJ, Conboy GA,
associated with compensatory metabolic and hydromineral Brimacombe M, Sims DE, Burka JF (2000).
modifications. Evidences are also presented to the effect The physiological response of Atlantic salmon,
that net- confinement produces temporal and inverse Salmo salarL., to a single experimental
interaction of cortisol and Twhich ultimately permits challenge with sea licel.epeophtheirus
cortisol to direct the compensatory stress response in this salmonis. J Fish Dis23: 165-172
fish. Brown JA, Gray CJ, Hattersley G, Robinso(1991).
Acknowledgment Prostaglandins in the kidnayrinary bladder
and gills of the rainbow trout and European eel
adapted to freshwater and seawa@sn
Research ward to the author Comp Endocrinol84, 328-335.
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