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SUMMARY

The physiological response of climbing perch to water-borne nitrate, an important componentio&this ef
coconut husk retting, was examined to identify the mechanism of nitrate tolerance in fish. Indices of interrena
function, and metabolic and osmoregulatory homeostasis were analyzed in fish treated with potassium nitrat
Nitrate loading in water for 48 h produced a significant increase in the plasma cortisol by a low do88 (247
whereas a higher dose (49 )had little efect. A remarkable cortisol sye was found in the nitrate-treated fish

kept for recovery in clean water for 96 h, which correlated with the rise in the plasn@apse, lactate and

Na" concentrations in the plasma showed reduction in the nitrate-exposed fish, whereas plasma urea increas
Nitrate exposure had little influence on the gill and kidney KiaATPase activities but had a stimulatorfeet

on liver Na, K*-ATPase activityindicating a major role of liver in nitrate tolerance. Overall, the present data
indicate that nitrate exposure induces an integrated stress response in climbing perch as a result of an activa
interrenal axis and disturbed metabolic and hydromineral regulations. This suggests a protective role of cortist
in the regulation of nitrate tolerance in this fish.
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Introduction
The dynamic nature of aquatic environmenleralain Southern India, poses a threat to the life of aquatic

induces stress on its biota due to the presence of variQjganisms due to the release of toxidleénts as
stressors of either natural or anthropogenic origin (Lfy-Products, including nitrate (Madhukumar and
et al., 2007; Peter and PeteR007). Increasing nirudhan, 1996; Legt al., 2007). In fish, stressors evoke

concentrations of nitrate in surface water and groundwaf&cOMplex neuroendocrine response and it is generally
are becoming a worldwide concern, yet there is liti@ccepted that fish depend on the release of cathecholamines

information on the toxicity of nitrate in fishes (Scott andP€ry and Reid, 1993) and corticosteroids (Sumpgs’;
Crunkilton, 2000; Smith, 2003; Canwar, 2005). In Wendelaar Bonga, 1997; lwardzal., 2006) to cope with

freshwater or estuarine system close to land nitrate c3hessful challenges. It is generalized that in fish the
reach a high level, particularly in coconut retting ground®/Pothalamo-pituitary-interrenal axis responds to a number
(Madhukumar and Anirudhan, 1996). Nitrate appears 8 €nvironmental variables @idelaar Bonga, 1997; Peter
be much less toxic than ammonia or nitrite and it has be@f07)- AS the product of this axis, cortisol plays a decisive
shown that above 30 ppm it may inhibit growth and impa'fPIe in hydromineral and metabollc regulation in fls_h
the immune system causing toxiéeetts in some aquatic (Mommsenet al., 1999; Babitha, 2008). Furthermore, it
species (Camgo, 2005). Accumulation of excess nitratdS Known that stressors may influence the rate ofggner
could lead to imbalance of ecosystem and, thus, nitrattilization, thus afecting growth and metabolism
level in water is widely used as an indicator of water qualityVéndelaar Bonga, 1997; Barton, 1997 Peitalr, 2004).
Nitrate toxicity to aquatic animals increases with increasingfudies in perch have demonstrated that exposure to
nitrate concentrations and exposure times, which deperfRIESSOrs alters the metabolic and hydromineral regulation

on the body size, water salinity and environment@nd afect the thyroid activity (Petest al., 2004, 2007).
adaptation (Camgo, 2005). The alterations in engy metabolism, one of the main

outputs of secondary stress responses (Barton, 1997), could

~ Retting of coconut husk, an essential step in theys pe immediately beneficial to the fish under stress
coir production, in the saline stretches of backwaters gi;own, 1993).
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Gills and kidneys, the primary sites for maintainingvashed in ice-cold 0.25 M SEI lbeif (pH 7.1) and stored
water and mineral balance, are sensitive to the actionadf-20°C.
pollutants. N?[K*-ATP_ase_ Is an important egeer for Plasma cortisol, glucose, lactate and urea
ion transport in epithelial tissue and a number of hormones
have been shown to influence its activity (Leena and The total plasma cortisol was quantified by an
Oommen, 2000; McCormiclet al., 2001). It is ELISA method with a commercial corisol kit (DiaMetra,
comprehensible that toxicants of various origins distufoligno, Italy Catalog No. DKO 001) as described
osmoregulatory potential and other physiological procesgsewhere (Babitha, 2009). The concentration of plasma
of fish (Wendelaar Bonga, 1997; Petaral., 2004). glucose (GOD/POD method; Span Diagnostics, Surat,
Chemical stressors have been shown to disturb water &4n@ia), lactate (RP method; Radiant Diagnostics, GmbH/
ion regulation in fishes (Engelhardt, 1981; Snell angermany) and urea (DAM method; Span Diagnostics,
Persoone, 1989) and impair metabolic and endocrifirat) were measured using test kits in a UV
functions since toxicants reach the body through tis@ectrophotometer 2202 (Systronics, New Delhi).
branchial and oral surfaces (Brown, 1993%nllelaar Ngr, K*-ATPase activity

Bonga, 1997; Petet al., 2004). _ N
o _ The ouabain-sensitive NaK* dependent

_ Itislikely that certain degree of compensatory angyenosine triphosphatase (N&'*-ATPase, E.C. 3.6.3.9)
adaptive modifications may occur in the physiologicalpecific activity was measured in tissue homogenates as
response of fish to nitrate contamination. The interrengbscriped elsewhere €xbost,1994; Peter et al., 2000).
function, and metabolic and osmoregulatory activities iﬁaponin (0.2 mg.myprotein) was routinely added to
climbing perch were examined and the indices includingtimize substrate accessibilifjssues were homogenized
plasma cortisol of these integrated processes W) 25\ SEI bufer (pH 7.1) and the supernatant obtained
quantified in the nitrate-challenged fish to address the s ysed to measure the specific activity of, Né@-
mechanism of nitrate tolerance. ATPase. The liberated irganic phosphatej fn the assay

M aterialsand methods mixture was determined spectrophotometrically (Systronics
Figh 2202, New Delhi, India) and expressed as pmoh.ng
! protein?.

_The climbing perchAnabas testudineus of Plasma nitrate and minerals
approximately 50 g body weight were collected and
acclimated in tap water at 28 + 1°C under natural The concentration of nitrate in the plasma was
photoperiod (12 L/12 D) for three weeks prior to théetermined spectrophotometrically (Goldman and Jacob,
experiment. Fish were fed with commercial fish feed atk61) and the plasma Nand K were measured in a flame
ration of 1.5% of body weight per day photometric analyzer (Systronics 129, New Delhi, India)

. using standards (Remedix Diagnostics, Palakkad, India).
Experimental protocol

- Vs
The climbing perch were divided into four groupsStatIStlcal analyss

of six each. The untreated group 1 fish was taken as control. ~ Before statistical analyses, the data were checked
Fish in groups 2 and 3 were kept in water rich ifPr normal distribution and variance homogeneye-
concentrations (247\iand 494 M) of nitrate for 48 hr  way analysis of variance, (AN@Y followed by Student-
These doses were derived from KN(Spectrum Newman-Keul test, was employed to test the significant
Chemicals, Cochin, India), which was used as the soui@éerence between the treatment groups using Instat-3
of nitrate. Fish in group 4 were first kept at 404 pitrate ~ Software (GraphPad Software Inc., San Digeo, California,
for 48 hr and later kept for recovery in clean freshwatd¢SA). Significant diference between groups was accepted
for another 48 hr if P< 0.05 and the values are in mean + SEM (n = 6).

Sampling and analyses Results
After the treatment, the experimental fish wer&lasma cortisol, glucose, lactate and urea

anesthetized in 2-phenoxyethanol (SRL, Mumbai, India) The plasma cortisol increased three-félet0.01)

and blood was taken from the caudal vessels usingnzathe fish exposed to a low concentration (247 pf

heparinized syringe. The fish were then sacrificed by spinglrate, whereas the high concentration (489 did not
transsection, and gills, kidney and liver tissues were excised,
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produce any significantfetct (Fig. 1). Howevethe nitrate- Table1: Changes in the plasma sodium, potassium (mM/
treated fish kept for recovery showed a remarkable incredgeard nitrate (ig/dL) in freshwater climbing perdaded

(P <0.05) in the level of cortisol. The plasma glucoswith varied concentrations of nitrate for 48 h with or with-
showed a substantial deceaBe&.01) upon exposure to out 96 h recovery (R).ues are mean = SEM for six
low concentration of nitrate, whereas the high concentratitish each].

or recovery did not alter its level (Fig. 2a). The plasma

lactate decreased significantly in both |d9w<(0.01) and Status PlasmaNa* PlasmaK* Plasma
high concentratiorR <0.05) nitrate-exposed fish. Allowing Nitrate
the fish for 96 h to recover in freshwater after nitratgontrol 168.0 + 438 4.7+0.67 184.1 + 18.96

exposure did not reverse thidegft (Fig. 2b). The fish (untreated)

treated with a low concentration of nitrate showed elevatﬁlc&Irate 1218 +908* 2.8+ 033 1345 + 2213

plasma urea (Fig. 2c). Neither the high concentration NS47 L)

the recovery altered the plasma urea (Fig. 2c). _
Nitrate 102.9 £ 6.03** 3.9 +0.66 227.2 £ 1.83

Plasma cortisol (494 pMm)
Nitrate 143.7 £ 17.99* 3.8 +0.25 155.0 + 26.98
350 ™ (494 UM + R)

300
*P< 0.05 ** P< 0.01 compared with untreated controls

250 BControl (ANOVA followed by SNK test).

200 a @247
150 I N494 Discussion
100 0494 +R Cortisol, the final link in the hypothalamo-

hypophysial-interrenal axis, is often considered as the
indicator of stress in fishes. A three-fold increase in the
1 plasma cortisol in the nitrate-treated perch indicates an
Nitrate concentration (uM) induction of stress response in this fish. This is consistent
with the earlier studies which showed a high cortisol release

. I . - as one of the main endocrine responses to stressi@ldar
Fig.1 Plasma cortisol iA. testudineus loaded with nitrate Bonga, 1997: Fliket al., 2006). For example, elevated

for 48 h with or without 96 h recovery (R). Each lasma cortisol has been reported in tilapia after Cu
column represents mearSEM (n = 6). P b P

** P <0.01 compared with untreated controlPa<0.05 exposure (Dang et al., 2000) and in climbing perch after

: : treatment of dluent of coconut husk retting (Peter and
when compared witd94uM KNO-treated fish. Peter 2007). The rise in plasma cortisol in the recovery

fish indicates a protective role of cortisol in the nitrate-
induced tolerance in fish. Similar protectivdeet of

The hepatic Na K*-ATPase activity increased cortisol on stress-induced apoptosis has also been
(P <0.05) in the fish when treated with 49! jof nitrate  gocumented in tilapia (Nolaet al., 1999).

(Fig. 3b). This increase was reversBa.05) in the fish

kept for recovery in freshwateFhe branchial and renal,  Plasma glucose exceeding the basal level is an
Na', K-ATPase activities did not respond to nitratdndicator of sympathetic activation during stress (Randalll
exp;)sure or its withdrawal (Fig. 3a and 3c). and Perry1992; Peter and Pet@007). The decrease in

_ _ plasma glucose probably rules out the involvement of
Plasma nitrate and ions chromafin axis in the nitrate-treated fish. A plausible

The nitrate concentration of the plasma did né&*planation for the drop in blood glucose might be due to
change in the fish treated with both concentrations of nitra&d1igh utilization of glucose for oxidation, which correlates
(Table 1). The plasma Naignificantly declined in fish Well with the decreased plasma lactate. It is known that
treated with both lowR <0.05) andhigh (P <0.01) diversified metabolic responses occur in fish depending on
concentrations of nitrate, while the plasniaciincentration the nature of stressors. For example, exposure of perch to
was not altered upon nitrate exposural[€ 1).

50

0

Na*, K*-ATPase specific activity
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Fig.2 Plasma glucose (a), lactate (b) and urea (ch.in Fig.3 Branchial (a), hepatic (b) and renal (c)*N&*-AT-

testudineus treated with nitrate as KN@or 48 h with

Pase activity inA. testudineus treated with nitrate as

or without 96 h recovery (R). Each column represents KNO, for 48 h with or without 96 h recovery (R). Each

meanz SEM (n = 6).

* P <0.05 compared with untreated contrdt. P <0.01 when
compared with untreated control.

column represents meanSEM (n = 6).

* P <0.05 compared with untreated controlPas0.05 when
compared witid94uM KNO-treated fish.
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kerosene-rich water caused hyglgcaemia (Peter et al., the influx of K from the ambient medium. Alternatively
2007), whereas glucose remained unchanged in pethk increased gill permeability may also be attributed to
exposed short-term to husk rettindlwednts (Leji et al., the loss of plasma Naln contrast to the unresponsive
2007). The same stressor produced Iglgeaemia when Na‘, K*-ATPase in gills and kidney tissues to nitrate
treated for five days (Peter and Pet2007). Plasma loading, an increased hepatic ‘N&K*-ATPase activity
glucose, an indicator of stress, thus, showed a negatbezurred, which showed a reversal in the fish kept for
correlation with the cortisol. On the other hand, a persistestovery A major role of liver in nitrate handling is
hypeglycaemia was reported in the tenéim¢atincal.) indicated as it correlates with metabolic turn over

kept in potassium nitrate-enriched water (Demaal et al., Overall, the present data indicate that water-borne

dedinth : . dt %%'?assium nitrate induces an integrated stress response in
recorded in the common ca@yprlnu_scarplo EXPOsSedio e climbing perch with increase in the interrenal function
sub-lethal concentrations of lead nitrate for fourteen da

~ | 2007). Simil I dinrainb dRd disturbance in the metabolic and hydromineral
(Zare etal., ). Similar results were reported in rain Or\éfgulations. Our data also illustrate that cortisol has a

tr_oudt (Oncc\)/;hglgchuds \r,rg k(ijss)lgggosed to silver nitrate for protective role in the regulation of tolerance mechanism in
six days ( and ¥wod, )- the post-stress fish.
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