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Thyroid hormone modifies the metabolic response of air-breathing perch
(Anabas testudineus Bloch) to nimbecidine exposure
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SUMMARY

The action of thyroid hormones on metabolite regulation of nimbecidine-exposed climbing perch was
studied to understand the role of these hormones in tolerance mechanisms of fish to nimbecidine exposure.
Anabas testudineus, the climbing perch, was treated with nimbecidine, a neem-based biopesticide, at
nominated concentrations (60 and 600-Pdtr 48 h, with or without THs, and the levels of triiodothyronine

(T,) and thyroxine (]), metabolite and nucleic acid were quantified. The treatment of THs along with
nimbecidine produced a €#rent metabolite patterd significant rise in seruni, occurred in the
nimbecidine-treated fish but the serurplével remained unaffected. Nimbecidine exposure increased

the serum triglycerides and the serum urea but the serum glucose and liver total protein, RNA and DNA
remained unchanged. Significant reduction in the aspartate aminotransferase and alkaline phosphatase
activities occurred in the serum and liver of nimbecidine-treated fish but the lactate dehydrogenase and
alanine aminotransferase activities remained unaffected. The data indicate that TH modifies the metabolite
pattern of climbing perch during its exposure to nimbecidine and, thus, suggest that TH is involved in the
mechanism ostresstolerance in fish.
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Introduction reported in this species. In addition, exogenous THs have
Complex neuro-endocrine responses, that relea@&en shown to regulate oxidative metabolism of this fish

catecholamines (Perry and Reid, 1993) and corticostero%gated with neem extract (Peter and Qommen, 1991).

(Sumptey 1997:Wendelaar Bonga, 1997; lwama et al Besides these studies, little is known about thyroid

2006), occur in fish during environmental stress. Stressdrl"ass'OO.nseS o enl\/lron(r;elntal toxicants in _f'SheS (Brown,
which impose challenges, in turn, influence the rate 31993’ Peter1996;Wendelaar Bonga, 1997; Pet2007).

eneqgy utilization and, consequentlyisturb metabolism Fishes encounter pollutants in their natural
and growth of fishes (Barton, 1997; Peter and PE®7; environment and these toxicants reach their body through
Leji et al., 2007). Evidences to the effect that thyroxinbranchial and oral surfaces, which could later impair the
(T,) and triiodothyronine (J), the principal thyroid metabolic and ionic equilibria (Perry and Laurent, 1993;
hormones (THS), play pivotal roles in the regulation ofVendelaar Bonga, 1997; Peter et al., 2004; Lock and
metabolic machinery of a number of fish species hawendelaar Bonga, 2008). It is known that toxicants of
been presented (Matt$985; Leatherland, 1988, 1994;various origins disturb physiological processes in fishes
Oommen and Mattyl997; Peter2007; Peter and Peter (Barton and lwama, 199Mendelaar Bonga, 1997)
2007). For instance, exogenoug dnd T, have been including metabolic regulation (Barton, 1997; Lawrence
shown to play important roles in intermediary metabolisrat al., 2003). These stressors affect the energy balance
of the air-breathing perchnabas testudineus (Nair and of fishes (Wendelaar Bonga, 1997) by exerting
Oommen, 1998Vamhese et al., 2001). Furthermore compensatory changes in the biochemical and physiologic
stimulatory roles of THs in mitochondrial oxidativeprocesses (Barton and lwama, 1991; Lawrence et al.,
metabolism (Peter and Oommen, 1989, 1993) and lipRD03; Peter2007). It is likely that the altered hormonal
metabolism ("drghese and Oommen, 1999) have beestatus due to disturbed endocrine axis might modulate the
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tolerance mechanism that operates in fishes durifgotocol

exposure to stressors. The dose-dependent and the combined effects of

Synthetic pesticides, the most prominent chemicalmbecidene with or without,Tor T, were tested. Forty-
pollutants, contaminate the environment and cause a witde laboratory-acclimated fish were divided into seven
range of toxic effects on non-target species includirgroups of six each. Fish in group 1 received saline injection
fishes. Efforts to minimize the pollution impact of chemicadnd served as control. Fish in groups 2 and 3 were given
pesticides led to the development of many biodegradalsigline injection and exposed to 60 and 600 mg L
insecticides which are believed to have a little impact grimbecidine (TSanes, Coimbatore, India) for 48 h. Fish
the biota of an ecosystem. Nimbecidine, an insecticidalgroup 4 received 2 ug o{Sigma Chemical Co., MO,
formulation extracted from the Indian neem tre&SA) and those in group 5 received 5 ug p{Sigma)
Azadirachtaindica (Family Meliaceae) is widely used infor 48 h. Fish in group 6 were first given 2 pug afand
India. Nimbecidine has been claimed to be biodegradaltlepse in group 7 were injected with 5 ug ofahd these
less precipitatable and eco-friend®or this reason, very fish were then exposed to 600 m§himbecidine for 48
little study has been carried out to assess its impact kol batch treatments were done simultaneously to avoid
fish fauna (Peterl1996; Peter and Petet997). interaction of environmental variables. Strict care was
Azadirachtin, the active ingredient in nimbecidene, has betrken to minimize stress as a result of handling and
proved for its insecticidal properties (Purohit et al., 1990jection.All treatments were done between 8.30 - 9.00
though its &ict on vertebrate physiology is far from clearA.M. The hormone or drug that was administered was
Use of neem products as effective alternatives to chemidasolved in 100 ul per fish of the respective vehicle and
pesticides in agriculture has evoked some interest amomgs given i.p. The doses of TH were selected on the
fish physiologists in view of pollution hazards, if gpgsed basis of earlier studies (Pet&096).
by these products. Neem-induced alterations in the turno&rmpl ing
of biochemical constituents and enzyme activities,may
therefore, have significance in the evaluation of adverse Forty-eight hour after nimbecidine exposure, blood
health effects of these products. Studies on the endocri¥@s drawn by caudal puncture and the fish were then
control of toxicant-induced metabolic regulation thukilled by decapitation. Serum was collected after
appear to be vital to understand the mechanism of tolera€81rifuging the blood at 3000 xg for 10 mArower lobe
in fishes to stressordVe, therefore, examined thdeaxfts  Of liver tissue was quickly removed and kept in glycerol
of nimbecidine exposure on thyroid activity and metaboluffer (pH.7.2) and stored at —20.
machinery and addressed whether THs modulate thfalyses
metabolite regulation of climbing perch during its exposure

to nimbecidine. The levels of serum glucose, triglycerides and urea,

liver total protein and the activities of enzymes in serum
Materials and Methods and liver were determined photometrically at 8n a
Fish and maintenance Vital Lab auto analayser (sl Scientific, The
o Netherlands), adopting the standard procedures. The
Adult pgrch of both sexes weighing 45f50%uppliers instructions with regard to the pH, incubation
were co!lected n Iargg tar.lks and fed onge a day with ]t%e and temperature, specified for individual enzymes,
body we|ght comme.rqal fish fged. Feeding V\{as stoppwﬂere strictly followed during enzyme assays (E. Merck-
for 24 h prior to sacrifice. The fish used were in the po_sﬁidia Ltd, Mumbai). The activities of alkaline phosphatase
spawning phase (August-September) and were kept "Z'AqP, orthophosphoric-monoester phosphohydroxylase,
121 : 12D cycle at a water temper.ature @foe' Two alkaline optimum EC 3.1.3.1), aspartate aminotransferase
weeks before the start of the experiment, fish were ke(&ts.r, L-aspartate 2-oxyglutarate aminotransferase EC

in 100 L aquaria. 2.6.1.1) alanine aminotransferase TAL L-alanine
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2-oxyglutarate aminotransferase EC 2.6.1.2) and lactatechanged (Fig. 1). Serum glucose and liver total protein
dehydrogenase (EC 1.1.1.27) were measured. Part of tmained unaffected (Fig. 2). Serum triglycerides and
liver was homogenized in 5 vol (w/v) HCJ@nd total serum urealevels increased (Fig. 3) but there was no effect
protein (Folin et al., 1969), RNA (Mejbaum, 1959) andn LDH activity in serum and liver @ble 1). Significant
DNA levels (Burton, 1956) were determined. reduction in the serum and liv&8P and liverAST activities
Jvere found (@bles 1, 2)The serum and livéXL T activity,

Serum Tand T, levels were measured by enzym _ _
lad liver DNA and RNA content remained unaffected

immunoassay (EIA) technigue based on the magnetic il ble 2
phase separation (Serozyme, Guidonia Montecelio, Italﬁa e2).

The sensitivity of this method was checked by comparirigffects of nimbecidine in TH-treated fish

to the results of RIA based on competitive bindingf Exposure of perch to nimbecidine after

labelled T, or T, (Peter et al., 2000) with the EIA resu”spretreatment with either Tor T, produced a pattem of

Thebasal levels gf;I'and '!;obtalned in the present StUdyresponse that was different from that found in perch
by EIA are consistent with the hormone levels report

- 8 _ ee(§<posed to nimbecidine alone. Nimbecidine exposure to
earlier (Leji et al., 2007; Peter and PeRAO07). either T- or T,-treated perch further increased the serum
Statistics T,level (Fig. 1). On the other hand, nimbecidine exposure

Data were obtained from all fish groups an&o.Tll-treated fisrlm result?d in delcreasg in .seruIn T
statistically analyzed for one-way analysis of varianc@g' 1). Serum glucose, liver total protein (Fig. 2) and

supplemented by SNK test using software (Graphpggrumtriglyceride (Fig 3) levels remained unaffected after

Instat-3, San Diego, USA). The values are depicted ngnbeudlne exposure TH-treated percih decrease in

mean = SEM for six fish. Statistical significance betwee‘?‘n?rum .u'rea was found '|n the“-t?'reated fish after
treatments was accepted if P <0.05. nimbecidine exposure (Fig. 3). Liver RNA and DNA

content decreased in the TH-pretreated perch after
Results nimbecidine exposure (Fig. 4). LDH alP activities in
Effects of nimbecidine in TH untreated fish both serum and liver remained unaffected in perch

pre-treatedTH and exposed to nimbecidineafile 1).

Exposure of perch to varied concentrations (6gimilarly serumAST andALT did not respond to
1 . . . L
and 600 ug £) of mmbemdme altered th.%Tl'e.v.eI anq the nimbecidine in the perch pretreated with but liverAST
pattern of metabolites. There was a significant increas

) ) agtivity decreased @ble 2).
in the serum T level but serum Jlevel remained

Serum T3 Serum T4
571 A
4.5 A
4 O Control O Control
3.5 1 [ Nim 60pg/L [ Nim 60pg/L
37 Nim 600ug/L Nim 600pg/L
% 2.5 T3 2ug T3 2ug
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B Nim 60ug/L+T3 2ug
M Nim 60pg/L +T4 5ug
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Fig. 1 Levels of serum J(A) and serum J(B) in
A. testudineus after 48 h nimbecidine (Nim) exposure alone or with thyroid hormongsr (T,) treatment. Each
column is mean + SEM for six fish.

* (P<0.05), ** (P<0.01) and *** (P<0.001) denote significant differences from control fish
# (P< 0.05) and ## (P< 0.01) denote significant differences from thyroid hormqrasI{)-treated fish.
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Fig. 2. Levels of serum glucose (A) and liver total protein (B)itestudineus after 48 h nimbecidine (Nim) exposure

alone or with thyroid hormones (or T,) treatment. Each column is mean + SEM for six fish.

* (P<0.05) denotes significant difference from control fish
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Fig 3 Levels of serum triglyceride (A) and serum urea (BA.testudineus after 48 h nimbecidine (Nim) exposure

alone or with thyroid hormones (&r T,) treatment. Each column is mean + SEM for six fish.

* (P<0.05) and ** (P<0.01) denote significant differences from control fish
# (P< 0.05) denotes significant difference froprtréated fish.
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Fig 4 Levels of liver RNA (A) and liver DNA (B) inA. testudineus after 48 h nimbecidine (Nim) exposure alone or
with thyroid hormones (Jor T,) treatment. Each column is mean + SEM for six fish.
* (P<0.05) denotes significant difference from control fish
# (P< 0.05) denotes significant difference frogof T,-treated fish.
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Table 1 Lactate dehydrogenase (LDH) and alkaline phosphatase (Alp) activities in serum andAivestodineus
after 48 h nimbecidine exposure alone or with THsofTT,) treatment. Each value is mean + SEM for six fish

Status LDH Alp

Serum (IU/L) Liver (1U/g) Serum (IU/L) Liver (1U/g)
Control 124.0+6.2 129.2+5.6 8.54+0.31 9.7+£0.13
Nimbecidine 60 pug £ 139.1+5.7 1159+6.4 6.93+0.29 8.7+0.18
Nimbecidine 600 ugt 121.0+6.3 121.4+55 5.09+0.22 7.4 £0.22*
Ts2 g 152.0+5.9 139.2+4.6 11.62 +0.51 10.43 +£0.26
T45 10 161.8+4.7 141.5+10.8 11.78+0.34 9.76 £0.21
Nimbecidine 60 pg t+ T; 2 pg 141.8+9.1 139.2+7.6 10.43 £0.32 9.49 +0.21
Nimbecidine 60 pg £+ T, 5 ug 149.3+7.8 1249 +6.5 9.77+0.41 10.42 £0.13

* (P<0.05) denotes significant difference from control fish

Table 2:Aspartate aminotransferase (AST) and alanine aminotransfera3g §ativities in serum and liver of
A.testudineus after 48 h nimbecidine exposure alone or with THsofTT,) treatment. Each value is mean+SEM of
six fish.

AST ALT

Status

Serum (IU/L) Liver (1U/g) Serum (IU/L) Liver (1U/g)
Control 412.4 £ 22.6 525+10.9 136.7 £ 9.6 523+4.1
Nimbecidine 60 pg 373.8+18.2 412 £11.1* 124.9+8.2 42.7+34
Nimbecidine 600 pgt 384.6+9.4 406 + 8.3* 129.8+9.7 48.6 +3.9
Ts2 g 391.4+10.7 694 +11.8 122.3+8.1 89.4+£3.6
T45 g 316.2+9.9 716 £16.5 93.6+£3.2 94.6 £8.2
Nimbecidine 60 pg £ + T3 2 ug 386.7+11.4 573 +8.4 132.3+49 62.7+9.2
Nimbecidine 60 pg £ + T4 5 ug 391.6+9.8 562 +10.1 141.6+84 81379

* (P<0.05) denotes significant difference from control fish
# (P< 0.05) denotes significant difference fropoll T,-treated fish.

Discussion Studies on thyroid function in fishes in relation
Physiological evaluation of nimbicidine in air-to environmental pollutants are limited (Brown, 1993;
breathing fish provides evidence that thi¥vendelaar Bonga, 1997; Lawrence et al., 2003; Peter

biodegradeable pesticide is less toxic to these fisH,al- 2004, 2007; Leji et al., 2007; Peter and Reter
though the detrimental effects of synthetic pesticides g707- The elevated,Tevel in response to nimbecidine
fish physiological processes and the consequent imp&&Posure indicates a thyroidal control on the energy

on ecological magnifications are known (Peter et ametabolism of nimbecidine-treated fish. Thisdirected
2008) metabolic adaptation during nimbecidine exposure was
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evident in the TH-treated fish as well. SimilaiteleostBarbus conchonius after endosulfan exposure
regulatory roles of THs on mitochondrial andGill et al., 1991). Similarlythe proteogenic actions of
intermediary metabolism have also been demonstratedTiHs are known in fishes (Higgs et al., 1982; Peter
this species exposed to neem extract or rotenone (Pdi@96), though the catalytic actions of proteins may
and Oommen, 1991; Petet996). It has also beenprevail as a result of higher energy requirement
shown that insulin promotes nimbecidine-inducelLeatherland, 1994). There is so far no clear evidence
changes in the metabolism of perch (Peter and ,Pefler such a biphasic nature of the thyroid function in fish
1997). On the contrarghere are reports of inhibition of because of the likely involvement of other hormones
circulating THs in the catfishHeteropneustes fossilis  including cortisol (Peter2007). It is interesting to note
and Clarias batrachus to malathion and endosulfanthat proteogenic action of THs could be seen in the
(Yadav and Singh, 1986; Sinha et al., 1991). Simjlarlgerch as it increased liver total protein and nucleic acid
decrease in Jlevels have been reported in rainbovecontent. Details of the mode of action of TH on protein
trout exposed to acidic water (Brown et al., 1990) andetabolism in fishes are still lacking, although the TH
subjected to starvation (Oommen and Matt991). influence on the intermediary metabolism is most likely
Elevation of T without increasing Jcould positively permissive and would facilitate the actions of other
link to a lesser cortisol release as in the typical stressrmones (Leatherland, 1994; Oommen and Matty
scenario cortisol rise is inevitable éntelaar Bonga, 1997; Peter2007; Peter and Pete2007).

1997). An effect of nimbecidine on mobilization of

Hyperglycemia, an index of stress responséipid was found in perch as seen in the elevation of
occurs in fish challenged with stressors (Barton, 1993erum triglycerides. This reflects the need of energy
Iwama et al., 2006). Nimbecidine exposure had rgince the sensitivity of lipogenesis to pesticide and metal
influence on glucose level which implies that it is lessitoxication has been reported in different fish tissues
toxic to the perch. It appears that normoglycemi@ill et al., 1991, 1992; Khalaf-Allah, 1999). It is likely
action of nimbecidine may be due to its directhat reallocation of lipids and increased mobilization of
metabolic effect or due to an increased insulin levélel substrates for increased oxidation might cause the
since neem-derivatives have been shown to redudee of triglyceride content. On the contramhe
blood glucose level in intact and diabetes-induced misgnthetic pesticide lindane has been shown to decrease
(Purohit et al., 1990). The less toxic effect ofotal lipid content in the eeRAnguilla anguilla
nimbecidine in fish thus favours its use in agricultur€Ferrando and\ndreu-Moliner 1991).Although there
since synthetic pesticides are known for their potentiate reports on the lipid catabolic effects of THs in fish
stress induction in fishes (Li, 1996; Lock andSheridan, 1986Yarghese and Oommen, 1999)H
Wendelaar Bonga, 2008T.he unafected glucose availability in the perch fish did not affect the serum
homeostasis in the nimbecidine-treated fish thus presetniglyceride status.
evidence for harmless nature of nimbecidine in respect

_ A The status of urea in fish indicates its capacity
of growth and survival of this fish.

for ureogenesis. The increased urea production after
Nimbecidine treatment produced no effect onimbecidine exposure points to elevated ureogenic
protein turnover in the fish since this biopesticide didapacity due to impaired ammonia excretion. Similar
not affect the liver total protein content. In aise in urea production has been found in perch
generalized stress scenario fish shows a deviatexposed to effluents of coconut husk retting (Leji et al.,
protein turnover in different tissues as a result of higt007). Urea synthesis requires amino acids as nitrogen
cortisol levels (Mayan et al., 1988). Besides showinglonors since some teleost fish excrete urealghVand
the endocrine disrupting effects, many pesticides akMommsen, 2001). The enhanced urea synthesis in the
known to influence protein metabolism (Munshi et alperch after T administration, thus, points to role of T
1999; Khalaf-Allah, 1999). For example, a reduction im promoting ureogenesis. Howeyeanterestingly TH
serum total protein has been reported in the freshwatemailability decreased the serum urea level considerably
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