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Summary
With a view to understand the mechanism associated with the tolerance of excess water-borne iron,
thyroidal, hydromineral and metabolic responses were studied in the freshwater AfricarCtatfesh
gariepinus after exposing them to nominated concentrations (6.2 anellp@ffierric iron [Fe(lll)] for 48
hr. Plasma triiodothyronine (Y and thyroxine (]) concentrations and the indices of metabolic and
hydromineral regulations were analyzed in the iron-treated fish. Plas(Ra@.001) and T(P<0.05)
decreased in catfish after Fe(lll) treatment. On the conarglevatedd<0.001) plasma jJoccurred in
the fish kept for recovery in clean freshwater after iron-treatment. A signiflea@iq1) hypeglycemia
was observed in 62MuFe(lll)-treated fish whereas plasma urea concentration remained unchanged.
Ouabain-dependent N&K*- ATPase activity increase®<0.05) in the branchial tissue of 6.®ljiron-
treated fish but decreased in the reRal(.05), intestinal?<0.01) and hepatid®&0.01) tissues. Plasma
Na® and PQ¥ decreasedR<0.05), whereas plasma‘kand C& increased R<0.05) after Fe(lll)
treatment. Our results indicate that despite the modification in the metabolic and hydromineral regulation,
water-borne Fe(lll) suppresses the thyroid actjvétiyd withdrawal of Fe(lll) activates the thyroid
function in African catfish, thus supporting the hypothesis that thyroid hormones are involved in iron

handling in fish.
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Introduction and intrinsic factors. For example, fish with low iron status

Iron plays many fundamental roles in cellulagi.e., low haematocrit) had enhanced ferrous iron uptake
metabolism and is an essential nutrient to almost &ury et al., 2001). On the other hand, epithelial mucus
organisms including fishes. Iron homeostasis is tightlyecretion, which makes an appropriate microclimate for
controlledvia its uptake since there is no known regulateghetal solubility and transport (Glover and Hogstrand,
excretory mechanism for iron. In fish, iron uptake from the002), provides a suitable environment for gills to absorb
watervia gills is probably negligible (Andersen, 1997)jons (Powell et al., 1999a, b). Surface waters have a small
although recent evidences suggest a role for gills in ir@encentration of iron, as iron is usually oxidized to
acquisition (Peter et al., 2007; Cooper et al., 2007). Irdmsoluble ferrous hydroxide and precipitates. The direct
can also vary its redox state and can be rapidly oxidisgicity of iron is generally low but the lethafeéts have
from Fé* to Fé* (ferrous to ferric iron) in the presence obeen noted on exposure of fish to ferrous iron on poorly
oxygen-generating superoxide anion through a series of rethosffered low pH water (O’Neil, 1993). The insolubility of
reactions (De Silva et al., 1996; Aisen et al., 2001). Thugon in the aquatic environment makes it unavailable for
iron can both be toxic and beneficial tg@anisms and its uptake by fish through gills rendering them derive daily
status in the body must be carefully regulated to provi@l®n requirements from the diet (Davis and Gatlin, 1991;
suficient iron for biological functions, whilst avoiding excesAndersen, 1997; Wtanabe et al., 1997; Bury et al., 2001).

Fe since it induces oxidative stress (Baker et al., 1997). The physiological response of fish to water-borne

In fish, acquisition of iron relies on manyiron is not well understood clelucidate the mechanisms
physiological mechanisms, which depends on both extringsissociated with the tolerance of excess iron, thyroidal,

Correspondence to be addressed to: M.C. Subhash Pétdd., D. Sc. E-mail: subashpeter@yahoo.com

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


http://www.docudesk.com

MC Subhash Peter et al 25

metabolic and hydromineral responses of African catfigBystronics, New Delhi, India) and plasm&Gand PG>
Clariasgariepinusto water-borne ferric iron were studied Jevels were measured using Sigma diagnostic kits.
and plasma JandT, Na, K*-ATPases activityplasma
metabolites and minerals were analyzed.

Materialsand M ethods

Na*, K*-ATPase specific activity

The ouabain-sensitive NaK*-dependent
adenosine triphosphatase (Nid*-ATPase, E.C. 3.6.3.9)
Fish specific activity was measured in tissue homogenates as
described by Peter et al. (2000). Briefypout 100 mg
each of gill filaments scrapped from the gill arch, kidney

nd anterior portion of intestine were separately
omogenized in 0.29 SEI bufer (pH 7.1) and centrifuged
& 00 x g. The supernatant was used to measure the specific
fgcr‘tivity of N&, K*-ATPase. Saponin (0.2 mg.rhgrotein)
Was routinely added to optimize substrate accessifitiy
samples were incubated at 37°C in a medium containing
100 mMol. Lt NaCl, 30 mMol L* imidazole, 0.1 mMol L
Protocol EDTA, 5 mMol L* MgClI, (pH 7.4) and either 15 mMol

Two weeks prior to experiment, fish were divided- "~ KC! (medium A) or 1 mMol L ouabain (medium E).
into four groups of six each and kept in 60 L glass tandd&ATP was added to a final concentration of 3 mMal L
Fish groups Il and Ill were exposed to 6 and 62 1 N€ reaction was stopped by placing in ice-cold 8.6% TCA
Fe(Ill) (as FeC) respectively for 48 h. Fish in group Iv Solution and the liberated irganic phosphate,ipwas

were exposed to 62MuFe(lll) for 48 h and then kept in quantified spectrophotometricalljhe specific activity of
clean well water for 96 h. Fish in group 1 served as contrbl&’s K*-ATPase was defined as thefelience between the

_ _ release of Pin medium A and in medium E, and was

Sampling and analysis expressed as pMol-Pirt mg proteirt.
Fish were anaesthetized in 0.1% 2-phenoxyethangbyitics

(Sigma, St. Louis, MO, USA). Blood was collected from _ _ _
the caudal vessels using heparinized syringe. The blood ~ Data were collected from six animals in each
was centrifuged at 5000 x g for 5 min at 4°C and the plas@f&@UP- B_efo_re s_tatlstlcal an_alyses, data were checked for
was separated and stored at -20°C until analysis. The fisfmal distribution and variance homogeneayl data
were sacrificed by spinal transection and gills, kidfiegr ~Were submitted to two-way analysis of variance (AMOV
and intestinal tissues were excised, kept in ice cold\.250llowed by Student-Newman-Kesltest when required,

African catfishClariasgariepinusweighing 51 £

3 g were collected and kept indarglass tanks. They were
acclimated in well water at 28 + 1°C under natur
photoperiod (12 L/12 D) for three weeks prior t
experiment. Fish were fed with fish feed at a ration
1.5% of body mass per day and food was withdrawn
24h prior to sacrifice to ensure optimum experiment
conditions.

SEI bufer (pH 7.1) and stored at -20°C. at P<0.05. Significance_between groups was tested by
o ANOVA and SNK comparison test at 5% significance level
Determination of plasma T, and T, (GraphPad Instat 3, San Digeolies are in mean *

Plasma Tand T, levels were determined by standard error of six fish.
enzyme immunoassay (EIA) technique based on thggqits
magnetic solid phase separation (Serozyme, Guidonia
Montecelio, Italy). The sensitivity of this method wag nyroidal response
checked by comparing the EIA results with the RIA based The plasma T showed a significantP0.05)
on competitive binding of9-labelled T, or T, and the decline after 62 M Fe(lll) loading for 48 h (Fig. 2A).
plasma hormones (Peter et al., 2000). However fish kept for 96 h recovery in freshwater after
Plasma metabolites and minerals Fe(lll) treatment had no feict on plasma J(Fig. 2A).
_ Loading of Fe(lll) in water produced a decline in the plasma

_ Plasma glucose and urea concentrations WE€ concentration in a dose-dependent manner (Fig. 2B).

quantified colorimetrically using standard method of GOQA 4+ish pre-treated with Fe(lll) and kept for recovery

POD test kit (SRN Diagnostics, India, and DAM Kit, yeyersed the downregulated thyroid activity as was evident
(SFAN Diagnostics, India) with a Spectrophotometer 2202, m the increased plasma(Fig. 2B).

(Systronics, New Delhi, india). Plasma™™Nad K were
measured with a flame photometric autoanalyser
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Fig. 4A Hydromineral response

Low dose of water-borne Fe(lll) produced a
Intestinal Na+, K'-ATPase activity significant P<0.05) increase in the branchial N&*-

ATPase activity (Fig. 3A). Neither a high dose of Fe(lll)
25 nor its recovery produced any change in the branchial
sodium pump activity (Fig. 3A). Significant decrease in
the Nd, K*-ATPase activity in the renal (Fig. 3B), intestinal
(Fig. 4A) and liver tissues (Fig. 4B) was observed in Fe(lll)-
** treated fish. A reversal of NaK*-ATPase activity in the
10 J T liver (Fig. 4B) was observed in fish kept for recovery
| However intestinal N&, K*-ATPase activity failed to
5 1 Kk reverse after recovery (Fig. 4A).

0 : =0 : : , Water-borne Fe(lll) at 6.2Nk concentration
Control 6.2 UM 62UM 62 UM +R reduced plasma Nabut not with 62 M Fe(lIl) treatment
Fe concentration (uM ) (Table 1). Converselyplasma K showed a significant
increase at the lower dose, whereas the higher dose had
little effect. Plasma Caincreased, whereas plasma,PO
Hepatic Na", K*-ATPase activity decreased after iron loadingadie 1). The fish kept for
recovery in clean water for 96 h, howewaid not show

20 1

——

15 4

pmolPi/h/mg.protein
]

7 any change in the plasma mineralal{[e 1).
_ 61 ( Discussion
% 5 This study is the first to demonstrate that thyroid
= N L is involved in iron handling in catfish. In addition, the
= results also reveal a disturbed metabolic and hydrominieral
< 3- regulations in Fe(lll)-treated fish.
o
S 2 T Thyroid hormones (THs) are known for their
€ L * J_ osmoregulatory and metabolidesdts (Leatherland, 1994;
*% |_I_| Peter et al., 2000; Oommen et al., 2006), and are involved
0 - - »inthe regulation of stress tolerance in fish (Leji et al., 2007,
Control 6.2uM 62 uM 62uM+R  peter et al., 2007; Peter and Peg807). Our results
Fe concentration (UM ) indicate that thyroid is involved in the handling of iron as

Fig.4. Na', K*-ATPase activity in the intestine (A) and liver€Vident in the fall of Tin iron-treated fish and its
(B) of Fe(lll) (6.2 and 62M FeCl) treatecClarias subsequent rise in the fish kept for recovery after iron

gariepinus for 48 h with or without 96 hr recovery treatment. It is likely that fish kept for recovery relied on
(R). Each column represents meaBSEM for six T4 to handle the iron-induced tOXiCity as enhanced

fish. antioxidant production by THs has been demonstrated in
* P< 0.05; ** P< 0.01 compared to control fish perch tissues (Oommen et al., 2006). Despite the extensive
studies relating thyroid function and iromptake in
Metabolic response mammalian systems (Campbell et al., 1992; Shvets et al.,

A significant <0.01) hypeglycemia occurred in 1997; Eftekhari et al., 2006a, b; Dabbaghmanesh et al.,

62 M Fe(lll)-treated catfish, whereas low dose (6VD pt 2008), little is known about the thyroid activity in relation

produced little éct (Fig. 1A). A decreased plasma glucost® ron handling in fish.ron deficiency has been shown to
concentration was recorded in the fish kept for 96 gjsrupt thyroid metabolism in mammals. For example, iron

recovery after 62\ Fe(lll) (Fig. 1A). The plasma urea deficiency anemia brings about decreased circulating levels
concentration remained uffiatted in both iron-loaded fish ©f Ts @nd T, by 20-40% (Hess et al., 2002). In the rat,

and the fish kept for recovery (Fig. 1B). iron deficient anemia leads to decrease in plaspend
T,, reduced activity of hepatic thyroxine deiodinase,

impaired peripheral conversion of thyroxine to
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Table 1. Plasma ions (mmot.Lin Clarias gariepinus treated Fe(lll) as FeClor 48 h with or without 96 h recovery
(R). Values are meah SEM of six fish.

Exptl Status Na* K* Ca** PO, >
Control 116.10 + 1.10 5.33+0.41 2.34+0.18 1.87 +0.08
Fe(lll) 6.2 uM 97.10 £ 2.50* 10.53 £ 1.40* 2.66 + 0.08 1.07 £ 0.05*
Fe(lll) 62 uM 109.50 + 2.80 6.06 + 0.81 3.29 +0.21* 1.49 +0.07
Fe(lll) 62 uM + R~ 118.30 + 4.40 7.40+0.1 2.70+£0.10 1.58 + 0.09

triiodothyronine, and blunting of thyrotropin response t@ fuel stress response in fish (Reid et al., 1998). Although
TRH (Beard et al., 1998). Itis likely that a compensatomiis metabolic adaptation enables the stressed fish to derive
endocrine mechanism exists in the iron-exposed catfigtbre enegy, as has been suggested earlier (Peter et al.,
which may demand a lowered. T 2004), supplementing excess iron appears to be stressful
The involvement of thyroid in iron handling is alsd© fish. On the other hand, absence of a change in the plasma

substantianted by the remarkable changes in the osm&fig2 indicates an undisturbed metabolic status in catfish
and metabolic regulations in this fish. It igaed that €Ven with a high dose Fe(lll) loading, though increase in
catfish handles excess iron by changingviilability and blood urea appears to be a part of stress response in fish
thus modifies its action on metabolic and osmotig3arton and Schreck, 1987).
regulations. Studies on the sensitivity of thyroid to many As an essential sodium ion transporter generating
toxicants have gained much attention and a numbertginsmembrane Na/K gradient across cell membrarig, Na
endocrine disrupting compounds have been identified frr-ATPase is involved in the transport of many ions and
their thyroid disrupting ability (Schmutzler et al., 2007)regulates many cellular functions (Evans, 1998). The
Similarly, dsturbed thyroid function has been demonstratagbregulation of branchial sodium pump activity observed
in a number of fishes after xenobiotic exposure (Bruckesit 6.2 M water-borne Fe(lll) associated with declined
Davis, 1998). For example, exposure of catfisplasma Naand elevated plasma*Kevels, suggests a
HeteropneustesfossilisandClariasbatrachusto malathion  disturbed Nahomeostasis in this catfish. The chloride cells
and endosulfan caused changes in circulating thyrditithe gill epithelia that harbor NakK*-ATPase become
hormones (Sinha et al., 1991adav and Singh, 1986). A the taget site for Fe(lll) handling. It appears that an
decrease in Jhas been reported in rainbow trout exposeficreased gill permeability resulting in the increased iron
to acidic water (Brown et al., 1990) and starvatioabsorption at its low dose by the gill epithelia occurs in the
(Gommen and Matty1991). Thus, the inhibition of thyroid Fe(lll) treated fish, although high dose does not favor its
activity clearly points to the sensitivity of thyroid axis taabsorption through the gill epithelia. Interestingtythis
iron handling in fish. iron concentration, sodium pump activity in the intestine,
Hypewglycaemia is often considered as a reIiabI@dn?y 3_‘”‘_3' liver refl_ected down-regulgtion, indicating a
index of stress response in fishdidelaar Bonga, 1997). decline iniron handllng t.hro'ugh thesg tissues. The doyvn-
An indication of stress and a high epedemand during regulated Napump actlv_lty in these tlssu_es, expept gill,
the initial phase of stress response could thus be ascrif&1er supports the notion that excess iron disturbs the
to the observed hypglycaemia in Fe(lll)-loaded catfish. hydromineral balance. It appears tha't freshwater 'catflsh
This further implies that catfish experiences stress and nfSS€Sses compensatory physiological mechanisms to
depend on hypothalamo-pituitary-interrenal (HPI) or braiffi@intain iron homeostasis through regulating gill iron
sympathetic-chroméif (BSC) axes to release cortisol ordcquisition since gills have been shown to absorb iron
adrenalin as hormonal support, since induction &f00Per and Bury2007; Peter et al., 2007), though the

hypeglycemia by these hormones has been demonstrafd@ct mechanism of iron acquisition by this tissue remains

earlier (Balm et al., 1994; B¥idelaar Bonga, 1997; lwamaUnknown.

et al., 2006). Increase in plasma glucose is partly due to Overall, our results suggest that thyroid hormones
catecholamine sges since it mobilizes erggrresources are involved in iron handling in catfish by way of
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suppressing the thyroid axis upon Fe(lll) exposure and @ampbell NRC, HasindfBB, Stalts H, Rao B, \dhg

activation during withdrawal. Disturbances in metabolic NCW (1992) Ferrous sulfate reduces thyroxine

and hydromineral homeostasis are also the consequences efficacy in patients with hypothyroidisnfAnn

of excess Fe(lll) exposure . Internal Med 117: 1010-1013.
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