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Summary
To understand the physiological mechanism of stress tolerance in fish living in coconut husk retting grounds, we
examined the metabolic pattern, and interrenal and thyroidal activities in the air-breathingApabek,
testudineus after exposing them to thefleent of coconut husk retting (CHRE). Cortisol, the end product of
interrenal axis and triiodothyronine jiand thyroxine (), the primary hormones of thyroid, were measured in
the plasma of these fish together with the indices of metabolic regulation. Five days of CHRE exposure
increased the plasma cortisol but decreased the plasmithdut afecting the plasma,I' The concentration of
plasma glucose, triglycerides and urea were significantly increased in the CHRE-exposed fish. Significant
reduction in the concentration of liver total protein, RNA and DNA occurred in the CHRE-treated fish. CHRE
treatment, while increasing the alanine aminotransferase and alkaline phosphatase activities, decreased the
aspartate aminotransferase activity in the liBasides identifying plasma glucose and cortisol as reliable
biomarkers of CHRE-induced stress, our results suggest that these fish reallocate gyeiesoerces during
stress where both interrenal and thyroid glands have roles to play
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Introduction (Brown, 1993; Véndelaar Bonga, 1997; Peter et al., 2004,

Cortisol, the end product of corticosteroidogenes%om)-
in the interrenal cells located in the head kidiey been Fishes rely on complex neuro-endocrine

associgted V\_'ith teleostean metabolic and hydrominemgchanisms to tackle thefedts of stressors of varied

reg_ulatl_ons (Yayan etal., 1991_’ 2003, Dar_1g et aI.,_ 2000)origin. For coping with stressful challenges, they need to

This primary stress hormone in tel_eost fishes St'mu""‘t!?esalIocate the rate of elggrutilization in order to maintain

the synth_eS|s of engy substrates W‘Ya” et ‘_'"I" 1997) the physiological homeostasis (Lawrence et al., 2003; Peter

and thus influences the eggmetabolism of fish during 2007). Alterations in engy metabolism, one of the main

stress (Wndelaar Bonga, 1997; Pet2007). outputs of secondary stress response (Barton and Iwama,
Similar to interrenals, fish thyroid is also involvegl991), could thus be immediately beneficial to stressed

in the regulation of a wide range of biological processéi§h- Likewise, Fhe availability of THs to various tissues__is
including metabolism and osmoregulation (LeatherlanW,e” regulated in the event of stressful challenges (Leji et
1994; Power et al., 2001; Peter et al., 2000, 2007). Besid@es2007). The varied responses of plasma THs to stressors
being sensitive to many natural environmental variabl@@Pear to be dependent on the type of imposed stressor
(Specker 1988; Leatherland, 1994), thyroxineXBnd (Viiayan etal., 1997).

triiodothyronine (T), the primary hormones of the thyroid The role of THs in intermediary metabolism of

(THs), are QIS(.) known for their role in regulation oy oqqeq fish has not been addressed adequately (Leji et
metabol_lsm n f's.h' For exa”_‘p'ez TH_S hgve been shovgp_, 2007). It is likely that the compensatory adaptive
to aflect mf[ermedlary metabolism in climbing perch (Retep, o yifications occurring in the metabolic or osmoregulatory
1996; Nair ar_ld Oommen, _1998argh_ese Et_ al., 2001). machinery of stressed fish may require support of THs or
Disturbances in the metabolic regulation during stress hgv& i< 0| or both (Peter et al., 2004; Pe2007). Ve,

been.reported in filshes including climbing perch (_Sumpt%erefore, analyzed the metabolic indices, and interrenal
1997; Peter et al., 2007). Howevére mechanism of and thyroid functions in the fish, climbing perch, after

thyroidal response to environmental toxicants is not knov}é@(posing them to the coconut husk rettirityeht (CHRE)
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a mixture of toxicants released during the retting proce34..3.1) in the liver were determined at 28°C ini@lV
of coconut husk (Peter et al., 2007). Lab auto-analyzer adopting standard procedures.
_ Suppliefs instructions with regard to pH, incubation time
Materialsand Methods and temperature specified for individual enzymes were
Fish strictly followed (E. Merck-India Ltd, Mumbai) and
reported elsewhere (Peter et al., 2007). Part of liver tissue
The air-breathing perchnabas testudineusis a was homogenized in 5 vol (w/v) HC|@nd total protein
native teleost fish in the back-waters of Kerala in SouthefRolin et al., 1969), RNA (Mejbaum, 1959) and DNA
India. Adult perch of both sexes weighing 45-50 g wellevels (Burton, 1956) were determined.
maintained in lage tanks and fed once a day with 1.5% _
body weight commercial fish feed. Before commencement Plasma Tand T levels were measured adopting
of the experiment, the fish, which were in the pre-spawnifi§’Zyme immunoassay (EIA) technique based on magnetic
phase (April-May), were transferred to glass aquaria (,§Q|Id phase separation (Serozyme, Gwd_onla Montecelio,
L) and kept for two weeks at water temperature 28 + 19€ly). The EIA results were consistent with theaid T,
and photoperiod 12 h L: D cycle. Feeding was stoppéf'd’els reported for this species (Peter et al., 2007).

24h prior to sampling. Plasma cortisol was determined as described earlier

Protocol (Peter2007) using a commercially available antibaudgh
some minor modifications of the manufactusearotocol

Thirty-two fish were divided into 4 groups of eight(Campero Scientific). In a duplicate experiment the total

each and placed in separate glass aquaria. The fish of grpi#gma cortisol was quantified adopting an ELISA method

1 were freshwater control and group 2 fish were exposeéth a commercial cortisol kit (DiaMetra, Folgno, Italy

to lake water for five days. Each fish in groups 2 andatalog No. DKO 001) and the values revealed the same

3 was treated with CHRE at concentration 1:9 and 1gattern of response.

respectivelyfor five days. The aquaria water was slowly

replenished with water of same dilution and no mortalityt@istics

was recorded. All treatments were done concurrently to Data were statistically analysed for one-way

avoid interaction with the other environmental Variable%nalysis of variance supplemented by SNK test (Graphpad
Strict care was taken to minimise stress to the fish duriggftware). Statistical significance was acceptee@.05.
the experiments. The values are depicted as mean + SEM (n=8).

Sampling and analyses Results

Five days after CHRE exposure, blood was drawn gy 54qure of perch to CHRE disrupted the pattern

by caudal puncture and the fishes were sacrificed By netanolites and elevated plasma cortisol to significant

decapitation. Blood plasma was collected aftqg g5 revealing a classic stress response in this fish.
centrifugation (1500 x g for 10 min). The liver was quickljgificant increase in the concentrations of plasma

removed, weighed and stored in storing@udt -20°C. A lucose, plasma triglycerides and plasma uPs®.05:
10% liver homogenate was prepared in cold 50 MMy 1) \were obtained after CHRE treatment. The
imidazole-HCI buer (pH 7.4), which was then centrifugeds ;cantration of total liver protein decreased significantly
at700xg (4?C) for 19 min and the supernatant was stor@Qo_05; Fig. 2) in the CHRE-exposed fish. Neither liver
at -20°C until analysis. RNA nor liver DNA showed any change in the CHRE-

The concentrations of glucose, triglycerides anfieated fish (Fig. 2). CHRE exposure significarféyQ.05)
urea in the plasma and the activities of aspartatfgFreased plasma cortisol and produced a significant
aminotransferase (ASTL-aspartate 2-oxyglutarate (P<0.01) decrease in the plasmawithout afecting the
aminotransferase EC 2.6.1.1), alanine aminotransferdd@Sma T levels (Fig. 3). The AST activity in the liver
(ALT, L-alanine 2-oxyglutarate aminotransferase E@€creased to significant levefs<0.05) but AT (P<0.01)
2.6.1.2) and alkaline phosphatase (Aifhophosphoric- " AlP activities in the liver were increasdek(.05)
monoester phosphohydroxylase, alkaline optimum gdable 1).
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TablelLevels (IU/g) of ASTALT and AIP in the liver of THs (Yadav and Singh, 1986; Sinha et, d1991). A
climbing perch treated with CHRE for five days. Eaclecrease in [level has been reported in rainbow trout

value is mean * SE of eight fish exposed to acidic water (Brown et al., 1990) and to
starvation (Oommen and Matt4991). On the contrary
Status AST ALT AlP an activated thyroid axis was found in the climbing perch

after kerosene treatment (Peter et al., 2007)

FW Control 525+11.4 48.9+2.9 10.43 +0.9
LW Control 540+12.6 55.4+2.4 12.46+1.1

CHRE (1:9) 479+11.9 71.3+2.6* 22.16+1.8* Plasma glucose
CHRE (1:4) 413t12.6* 76.4+3.1* 19.13+1.1* 22 . -
100 -
2 80
?E37 60 =
* P<0.05, **P<0.01 zz
0+
Discussion
B
CHRE exposure altered the metabolic pattern and
activated the interrenal axis in climbing perch, suggestin Plasma triglyceride

that the fish were under stress. The elevated plasn
glucose, an indicator of sympathetic activation during stres
(Randall and Perry1992), seen along with the increased 200 |
plasma cortisol, clearly indicates the classic stress respon
in the CHRE-treated fish. Itis likely that the hyglgcemic 1501
effect of CHRE may be due to increased catecholamin
and cortisol secretions as these hormones play significa
glycolytic role in fish especially during stressj@yan et 501
al., 1997). Glycogenolysis and subsequent lyipeemia

are the well documented responses in fish to various
pollutants, revealing a toxic stress condition in fish (Li.
1996; Peter et al., 2004, 2007). Hyglgcemia may Plasma urea
indicate an elevated emggrdemand, favouring oxidation
of glucose resulting from the increased glycogenolysis i
these fishes. This reflects an increase in the metabolic co 20

H

H

25 4

HH

required to maintain homeostasis, implying that an s T @FW control
disturbance in the homeostasis brings about seriol g W LW control
consequences in the eggbalance and, thus, for the growth & 10| Eg:ii‘(ij;

and survival of the fish. 5

The elevated plasma cortisol and reduced plasn 0
T,inresponse to CHRE exposure highlight the involvement
of mterrenal_ and thyr0|d in the CHRE-induced stre§_§g_ 1. Plasma glucose (A), plasma triglyceride (B) and plasma
tolerance. Evidence is, thus, presented that these endocipgs (c) in the air breathing perch treated with varied concen-

have an interaction, particularly on metabolic regulatiogrations of CHRE for five days. Each bar is mean + SEM for
It is well known that stressors influence the interrenal ar@ﬁbht fish. Statistical diérences between fish groups were
thyroid functions in fish. For example, exposure of catfishgsioted after SNK test.

Heteropneustes fossilis and Clarias batrachus, to * P<0.05, **P<0.01

malathion and endosulfan caused changes in circulating
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Fig. 2. Total protein (A), RNA (B) and DNA (C) in the air

breathing perch treated with varied concentrations of CHRE f

five days. Eacltbaris mean + SEM foeight fish. Statistical
differences between fish groups were quoted after SNK test.
* P<0.05

The increase in the plasma triglycerides in th 20 |
perch treated with CHRE indicates an elevatedgner 10 1

demand during stress. It has been reported that lipogen

65

The urea turnover reflects the nitrogen balance.
The increased urea content in the CHRE-exposed perch
suggests an increased ureogenic poteng#osts excrete
urea, and substantial production of urea requires amino
acids as nitrogen donors &8h and Mommsen, 2001).
Increased ureogenesis due to CHRE exposure suggests an
overall increase in the protein catalytic function, which
may be considered beneficial to the fish.
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in different tissues is sensitive to many chemical stressors

(Glll_et al., 1991, 1_9_92;_ Khalaf-Allah, 1999). It Is IlkerFig_ 3. Plasma T(A), plasma T(B) and plasma cortisol (C)

that increased mobilization of fuel substrates during CHRE the air breathing perch treated with varied concentrations
intoxication forms a basis of metabolic adaptation during CHRE for five days. Each bar is mean + SEM for eight fish.
stress. It is also suggested that the increased cortiStdtistical diferences between fish groups were quoted after

availability may influence the lipid utilization in fish during

SNK test.

CHRE-induced stress since there are reports on the declir=0.05, **P<0.01
in the total lipid in eel treated with lindane (Ferrando and

Andreu-Moliner 1991).
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