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Abstract

In the present study, pattern of changes in blood physiological parameters, structural
changes in gills, liver and kidnney as well as gene expression patterns for ornithine-urea
cycle (OUC) were studied, under hyper-ammonia stress (25 mM NH,CI) for 1, 3, 6 .and 9 h
and 24 h in normal water condition after 9 h exposure (9h+N), in Clarias magur (Hamilton,
1822). Analysis showed increase in blood ammonia upto 3 h, with decreasing trend (upto
2 folds reduction) subsequently. It was accompanied by simultaneous increase in urea
levels upto 6 folds at 9 h exposure. However, there were no significant changes in blood
parameters, except for serum protein, serum glutamic pyruvic transaminase (SGPT) and
lactate dehydrogenase (LDH) levels after 1 h exposure. Histological analysis of gills revealed
highest (88%) percentage of damaged gills with congested blood capillaries, treated for 9 h,
but declined by 65% at 9h+N. Histological alterations in liver and kidney were prominent
only at 9 h exposure, with nuclear hypertrophy and necrosis of hepatic cells in liver tissues
and distension as well as degeneration of Bowman's capsule in kidneys. Significant
up-regulation of cpslil and otc genes at 9 h and 9h+N, points to activation of OUC in liver at
6 h exposure and unique physiological characteristics of turning towards ureotelism from
ammoniotelism, after short term exposure to high ammonia level.

volume of water is required to reduce its

Introduction
effect.

()

i In aquaculture, ammonia is one of the
most critical water quality parameters that
affects the fish productivity. Of the two

Aquatic plants and algae in the pond
ecosystem act as the ammonia sinks,
as they need nitrogen as an important

forms, un-ionised ammonia is toxic than the
ionised one, whose toxicity is controlled by
the values of pH, temperature and salinity
in the aquatic environment (Emerson et al,,
1975). The major source of ammonia in
water is the excretion of ammonia into
water by fish through the gill epithelium,
during the feed metabolism and also in
the form of urine and faeces. In addition,
decomposition of the plant material in the
aquatic environment also contributes to it
(Hargreaves and Tucker, 2004). As a result,
an ammonia spike may occur and larger
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component  of photosynthesis; seasonal
as well as day to day variations largely
depend on pH changes, caused by
photosynthesis  (Collos and  Harrison,
2014). However, during late summers,
consistent production of ammonia with
limited uptake by algae may cause an
increase in ammonia levels. In winter
months, nitrification, the most important
process in the nitrogen cycle, slows down
due to reduced bacterial process at cold
temperature. Under these circumstances,
ammonia  concentrations  (un-ionised)
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accumulate that may have sub-lethal effects and fish are
subjected to stress for a few hours each day (Milne et al,
2000). Fishes have evolved a number of strategies against
ammonia toxicity, such as conversion of ammonia into glutamine,
up-regulation of ammonia excretion against gradient, inhibition of
breakdown of amino acids to reduce the production of ammonia
and detoxification of ammonia to the less toxic form, as urea
(ureogenesis) (Zhang et al., 2019).

Clarias magur (Hamilton, 1822), an air-breathing catfish found
in the Indian subcontinent, is a potential aquaculture species,
because of its high value and customers’ preference (Khan et al,
2000), in addition to comparative hardiness, good growth and
efficient feed conversion (Argungu et al, 2013). C. magur is a
facultative air-breather (Mohindra et al, 2016), usually inhabiting
stagnant, slow-flowing swampy water bodies or wetlands, which
are often covered with macrovegetation, such as water hyacinth.
These waters are also characterised by low dissolved oxygen, and
high bicarbonate and ammonia levels (Saha and Ratha, 1998).
Extreme tolerance to a high concentration of ambient ammonia has
been reported for this species, with a reported capacity to survive
an exposure of 25 mM NH,CI for long durations in experimental
conditions, by stimulation of ureogenesis (Saha et al, 2002;
Saha et al, 2003) via ornithine-urea cycle (OUC), as an adaption
strategy and the genes responsible for it have been reported to
be induced after long term exposure, between seven to fourteen
days of the exposure (Banerjee et al,, 2020; Varkey and Sajeevan,
2014). However, in the real situations of the pond conditions during
aquaculture, the fish experiences high ammonia exposures in short
durations, followed by normal water conditions. However, there
is no information on the response of C. magur on physiological,
biochemical and histological changes in various organs as well as
for gene expression profiles, for acute (short term) exposures as
in culture conditions. So, to study the effects of these exposures,
the experiment was planned for short duration. Consequently,
authors have hypothesised that chronic exposure to ammonia-N for
short periods could cause oxidative stress damage, physiological
response and histological changes in different organs of fish.

The present investigation aimed to study the physiological and
histological changes on exposure to high external ammonia
concentration (25 mM NH,CI, of which 6.9 mg I" is unionised
ammonia), for shorter periods followed by 24 h in normal (control)
water after 9 h of ammonia exposure, in C. magur. Gene expression
profiles of four genes belonging to ornithine-urea cycle (OUC) were
also studied, to verify if OUC has been initiated after short term
ammonia exposures.

Materials and methods

Experimental animal

C. magur specimens were obtained from commercial catches in
Lucknow, Uttar Pradesh, India and acclimatised in the laboratory, at
22+2°C in FRP tanks for one month. During this period, fishes were
fed with powdered commercial feed mixed with chicken (1:1) twice
daily and 50% water was changed every day to remove extra feed
and faecal waste. Feeding was suspended 48 h prior to start of the
experiments.

Experimental setup for ammonia exposures

For exposure experiments, fishes of 40-50 g were placed in 20 | of
25 mM NH,CI solution prepared in bacteria-free water, that provide
free swimming environment. The exposure experiments were for
periods of 1, 3, 6, 9 h and followed by 24 h in normal (control)
water (9h+N). Another set of fish was kept in 20 | of bacteria-free
water that served as controls. During the experimental period,
water parameters recorded in the rearing tanks were: temperature
- 2241°C, pH - 7.0 + 1, Dissolved oxygen - 4.5 to 5 mg I and total
ammonia-15mg .

After the exposure to NH,Cl solution, three fish from each treatment
were anaesthetised with 4 ml of 2-Phenoxyethanol in 1.5 | of water
for 4-5 min (Varkey and Sajeevan, 2014) and immediately tissue
samples were collected. Blood was collected from the caudal vein
with a heparinised syringe and immediately centrifuged at 5000
rpm for 10 min for collection of serum. Gills, liver and kidney were
dissected out of three fish from each treatment and control fish
group. Immediately after removal, gills were fixed in 10% neutral
buffered formaldehyde for further histological analyses.

Blood parameters

Haemoglobin (Hb) and Hematocrit (Hct) were estimated from
whole blood, while glucose and protein from serum. Haemoglobin
was determined by Cyan methaemoglobin method (Dacie and
Lewis, 1991) using Agappe Mispa Nano Analyser, India. Hematocrit
value was determined following centrifugation of micro hematocrit
capillary tube filled with blood, at 10,000 rpm for 5 min (Van
Assendelft and England, 1982).

Serum glucose was estimated by Glucose oxidase (GOD) and
Peroxidase (POD) calorimetric method (Basak, 2007), based on
end point method using Autozyme kit, Agappe Mispa Nano (fully
auto-biochemistry Analyser), India. The glucose present reacts with
0,andH,0toform D-gluconate and hydrogen peroxide. The hydrogen
peroxide reacts with P-hydroxybenzoic and 4-aminoagntipirine
and forms quinonimine dye and water. The amount of NADPH
formed through the combined action of hexokinase and glucose
-6-P dehydrogenase measured at 340 nm, stoichiometric with the
amount of D-glucose in sample volume.

Serum protein was determined by Biuret reaction (Riegler, 1914)
using Autozyme kit, Microlab 300-Semi Auto-Analyser, ELITech
Group, France. The -CO-NH-bond of the polypeptide reacts with
copper sulphate and gives a purple colour, which is measured at
540 nm showing the presence of protein in the serum.

Biochemical assays

Blood ammonia was estimated based on Kinetic-UV method
(Limeres et al,, 2017) using EcolineTM Ammonia kit, Microlab 300-
Semi Auto-Analyser, ELITech, France. In this method the ammonia
present in the serum is converted to urea by the action of urease,
the ammonia also reacts with NADH for the production of glutamate
and NAD. With the increase in the amount of the urea formed there
will be decrease in the absorbance. The TC Matrix system monitors
the change in absorbance at 340 nm. The change in absorbance is
directly proportional to the concentration of urea in the sample and
is used by TC Matrix system to calculate and express the ammonia
concentration.
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Blood urea level was determined using GLDH technique (Sampson
et al., 1980), using Microlab 300-Semi Autoanalyzer, ELITech Group,
France. Two types of reagents were used viz., R1 Buffer (TRIS Ph7.8,
a-ketoglutarate, urease) and R2 Enzyme (GLDH & NADH). The urea
present in the serum gets converted to ammonium which then
reacts with a-ketoglutarate catalysed by GLDH with simultaneous
oxidation of NADH. The decrease in the concentration of NADH is
proportional to urea concentration in the sample.

Serum creatinine was determined based on the picrate kinetic
reaction in alkaline medium (Lustgarten and Wenk, 1972) with ERBA
CHEM 7 Biochemistry Analyser, Hyderabad, India. Creatinine in
alkaline solution reacts with picric acid to form coloured complex.
The amount of the complex formed is directly proportional to
creatinine concentration. The reaction is monitored using picrate
selective electrodes and increase in the electrode potential
during a fixed period of time is measured and calculated directly
to creatinine concentration. During the reaction, alkaline picrate
reacts with creatinine to produce a red coloured complex, the rate
of red coloured complex formation is directly proportional to the
creatinine concentration.

Enzyme assays

Determination of serum glutamic-pyruvic transaminase (SGPT)
and glutamic-oxalacetic transaminase (SGOT) were done from
blood serum by UV-Kinetic method, using Mispa Nano Auto
Biochemistry Analyser, India, following manufacturer's instructions.
SGOT catalyses the transfer of an amino group from L-aspartate to
a- ketoglutarate. Malate forms from oxaloacetate by the activity of
MDH along with oxidation of NADH. Its oxidation is measured by
monitoring the decrease in absorbance at 340 nm.

Lactate dehydrogenase (LDH) activity was determined in serum
by IFCC Method using LDH (P-L) Kit (ERBA CHEM 7 Biochemistry
Analyser, Hyderabad, India), following the manufacture’s protocol.
LDH catalyses the reduction of pyruvate with NADH, to form NAD.
The rate of oxidation of NADH to NAD is measured as a decrease in
absorbance, which is proportional to the LDH activity in the sample.

Effect of short-term hyper-ammonia exposure in Clarias magur

Histology

For histopathological studies, control and ammonium chloride
(25 mM) exposed gills, liver and kidney for different durations were
fixed in 10% neutral-buffered formaldehyde for further histological
analyses. Preserved samples were dehydrated in a graded series of
methanol, ethanol, chloroform, wax and then embedded in paraffin
block using TEC 2800-M Embedding Dispensing Console and TEC
2800-C Cryo Console, TEC2800 Embedding Centre, Amos Scientific
Ltd, Australia. Serial sagittal sections (3-4 pm thick) were cut from
each paraffin block using a Leica RM 2135 rotary microtome,
mounted on glass slides and air dried. After that, tissue sections
were de-paraffined with graded series of xylene and stained with
haematoxylin and eosin (H&E) for general histomorphological
observations. All stained tissue sections were permanently
mounted on slide with Entellan (Merck, Darmstadt, Germany) and
observed under an Qlympus (BX 53, Japan) light microscope.

RNA isolation and cDNA preparation

Kidney tissue samples were collected at 0 (control), 3 and 9 h of
exposure to ammonia and 9 h+N exposure, flash frozen in liquid
nitrogen and stored at -80°C for further analysis. Total RNA was
extracted using RaFlexTM Total RNA isolation kit (Genei, Bangalore,
India) and the RNA quality and quantity were assessed with
NanoDrop™ Onec (Thermo Fisher Scientific, USA). For quantitative
real time PCR analysis, first strand cDNA was synthesised using
RevertAid H minus First strand cDNA Synthesis Kit (Thermo
Scientific, USA) following standard protocols and stored at -20°C,
for further use.

Quantitative Real Time PCR (qRT-PCR) analysis

For the gRT-PCR analysis, gene expression patterns of four genes
from arginine biosynthesis pathway and urea cycle (Kanehisa and
Goto, 2000; Kanehisa et al, 2017; Kanehisa et al, 2019) (Fig. 1):
cps /Il (Carbamoyl-phosphate synthase), otc (Ornithine carbamoyl
transferase), nags (N-acetylglutamate synthases) and gis
(Glutamine synthetase) were analysed. The primers used (Table 1)
were according to Banerjee et. al. (2020) and for gls, primers were
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Fig. 1. Depiction of the ornithine-urea cycle (OUC). The genes studied in this

cycle have been marked in green : EC 6.3.1.2: gls (Glutamine synthetase);

EC 6.3.4.16: cpslil (Carbamoyl-phosphate synthase); EC 2.3.1.1: nags (N-acetylglutamate synthases); EC 2.1.3.3: otc (Ornithine carbamoyl transferase)

(Reprinted with permission from Kyoto Encyclopedia of Genes and Genomes)
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Table 1. Primers for qRT-PCR used the present study

S.No. Gene* Primer Primer sequence 5'to 3' Reference

1 nags Forward AGCAGTGGTGCTGCCTTTAT Banerjee et al. (2020)
Reverse ATTGAGGTGAGTGGAGCAGC

2 ote Forward TTGTCTCCCACGAAAGTCCG
Reverse ACACACAAGCAACCCCATGA

3 cpsill Forward CCACAAGCACCGTGAAATGG
Reverse TGATGCTGTTCTCCACCCAC

4 gls Forward GCCCTGTAGTGAGCTTCGAC Designed for present study
Reverse ACACCATCCTCGGAACAGAC

5 B2M (housekeeping gene) Forward AGGCTGGGTGATAGGATACAAAT Mohindra et al. (2014)
Reverse ACCACAGATAAGTGATACTACACATCTTGC

*cpsli (Carbamoyl-phosphate synthase); otc (Ornithine carbamoyltransferase); nags (N-acetylglutamate synthases); gls (Glutamine synthetase ); B2M: Beta 2 microglobulin

designed for the present analysis from NCBI accession JX457351.
Beta 2 microglobulin (B2M) gene was used as the house keeping
gene (Mohindra et al,, 2014).

The standard curves of each primer were generated using
10-fold serial dilutions of PCR products. PCR amplification
reaction mixture (25 pl) contained 2.5 pl 10X buffer, 5 mM dNTPs
(2.5 pl), 25 mM MgCI? (0.5 pl), 1.5 units Tag polymerase (Genei,
India), 5 pM of each primer and 100 ng template cDNA. The
PCR cycling was set as initial denaturation for 5 min at 95°C,
followed by 40 cycles of denaturation for 30 s at 95°C, annealing
for 15 s at 55°C and elongation 15 s at 72°C and final elongation
for 10 min at 72°C. The PCR products were visualised by gel
electrophoresis and quantified using NanoDrop™ One (DeNovix Inc.
DE, USA). Targeted amplicons were diluted to 1 ng ul" and 10-fold
serial dilutions were prepared. For the time points for each
treatment and control, gRT-PCR was conducted in 3 individuals
and the reaction mixture (25 pL) contained 1 ul cDNA (T ng pl)
and 12.5ul SYBR Green master mix (Thermo Fishers Scientific,
Waltham, Massachusetts, USA) and 0.3 pM (0.75 ul) of each
primer. Initial denaturation step was at 95°C for 10 min, followed by
40 cycles at 95°C for 15's, 60°C for 30 s and extension at 72°C for
30 s and for melting curve analysis, 20 s at 95°C and 20 s at 65°C,
cooling 30 s at 40°C in a LightCycler 480 (Roche Applied Science)
system. Primer efficiencies (E) for each gene were calculated from
tenfold dilution series, that were used to make standard curves
for genes analysed, according to the formula E = 10-1/slope. The
specificities of the PCR amplifications were confirmed by melting
curve analysis. Absolute quantification was used to derive the
concentration values in LightCycler (TM) 480 (Roche Holding
AG, Basel, Switzerland) software. Fold changes of expression of
OUC genes in treated fish compared to untreated controls were
calculated using Relative Expression Software Tool (REST, Pfaffl
etal, 2002) and was used for group-wise comparison and statistical
analysis of expression results in gPCR.

Statistical analysis

The generated data were subjected to statistical analysis to test
for level of significance between ammonia treated with control
values from fish exposed to normal water conditions. As the
observations on eleven parameters were for three specimens in
each of six groups, data matrix 18x11 was generated. The samples
of fish specimens were different for each group, which may cause
non-equality of variances of six groups of fish specimens. In this
situation, one of the assumption of “equality of variances of groups
under comparison” for application of Classical ANOVA may not be

fulfilled, therefore, to deal with this, Welch's analysis of variance
(ANOVA) was applied and for group comparisons, Games-Howell
post hoc test was used. Games-Howell post hoc test, like Welch's
ANQVA, does not require the groups to have equal variances (Jan
and Shieh, 2014).

The multivariate analysis, principal components analysis (PCA)
and canonical discriminant function analysis (CDFA) of data matrix
18x11 were performed. PCA was applied to identify the role of
parameters through significant principal components (PC1, 2),
the variations among specimens were analysed and graphically
displayed over scores of PC1, as PCA reduces the dimensionality
of variables (Veasey et al,, 2001), in decreasing redundancy among
the variables (Samaee et al, 2006) and by removing a number
of independent variables for group of specimens differentiation
(Samaee et al,, 2009). In PCA, according to Dunteman (Dunteman,
1989), 70-90% (cumulative) of total variation is required to be
applied to preserve principal components. In PCA, Kaiser's, 1960
criterion of retaining eigenvalues greater than 1 for determining
the number of components was applied (Jolliffe, 2002). CDFA was
applied for identification of important discriminant functions and
computation of the scores for discriminant functions (Function1 vs.
Function2). Under this, the variations in parameters of specimens
over groups were analysed and graphically displayed by scores
over Function1 vs Function2. The variations among specimens
over group were analysed and graphically displayed over scores of
function1. Further analysis by application of multivariate method:
partial least square discriminant analysis (PLS-DA) on data matrix
used for projection of functions (1,2) and also factors (PLS-DA
factor1 and PLS-DA factor2), which are used for score based
graphical presentation of eleven parameters in projection and
also graphically demonstrated the linking of factors (factor1, 2) to
functions (Function1, 2) through eleven parameters. In all these
cases, 5% (p=0.05) level of significance was selected to indicate
statistically significant differences. All statistical tests were
performed with SPSS version 16 (SPSS Inc. Released, 2007), SAS
version 9.3 (SAS Institute Inc., 2012).

Results
Blood and physiological parameters

Overall statistical analysis

Welch's ANOVA for the eleven blood physiological parameters of
C. magur exposed with 25 mM ammonium chloride for different time
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intervals and control samples indicated that out of these parameters
studied, all parameters were found to be significantly different
(p<0.05), except for haemoglobin (Hb) and haematocrit (Hct).
These results were also supported by the Games-Howell post hoc
multiple comparison test (p<0.05) for pairs of parameters also

Discrimination among specimen groups

Based on Welch's ANOVA and Games-Howell post hoc test
for equality of means of 11 parameters over Welch Statistic
(Asymptotically F distributed), nine parameters were observed as
significant (p<0.05), with two parameters (haematocrit, haemoglobin)
being non-significant. The Welch's (ANOVA) for eleven parameters
over group-wise analysis indicated that seven parameters have
significant (p<0.05) variations among fish groups while four
parameters (Hb, HCT, SGPT and blood sugar) are non-significant.
The Games-Howell post hoc multiple comparison tests for pair-
group comparisons indicated that 74 out of 330 pairs (22%) showed
significant variations (p<0.05) of parameters and highest number of
group-comparisons were observed to be significant for parameters
related to ammonia exposed group.

PCA analysis indicated significant (eigenvalue greater than one)
principal components (PC1, 2), which constitute 33.53 and 24.96%
variations, respectively and both (PC1, 2) constitutes 58.49% of
total variation of 18x11 data matrix. The graphical distribution
of 18 specimens over scores from principal component (PC1)
indicated that scores were in the range from (-) 2.5 to 7.5, clearly
demonstrating the presence of parameter-linked variations among
specimens.

CDFA analysis showed that functions (1 and 2) jointly control
92.18% of total variations (function 1, 2 as 83.37, 8.82%) in data
matrix of 18x11 and functions (1, 2) have values for six specimen-
groups as (-4.76, -1.94), (5.76, 2.44), (-7.49, 3.44), (-1.45, -1.33),
(11.60, -0.59), (-3.66, -2.20). These values of functions (function
1 vs. 2) clearly indicated that centroids of group 2, 3, 4 and 5

Effect of short-term hyper-ammonia exposure in Clarias magur

have differences over parameters, whereas group 1 (control)
and group 6 (9h+N) have merged centroids, which indicated that
specimens in these two groups (control and 9h+N) are similar over
different parameters (Fig. 2). The score based discrimination of
18 specimens through discriminant function (Function1) indicated
that scores were in range from (-)13 to 17.0 and graphical analysis
clearly demonstrated the presence of parameters linked variations
among specimens, also specimens may be discriminated among
SiX groups.

Further, analysis on distribution of specimens over scores on
factors (Factor1, Factor 2) from partial least squares discriminant
analysis (PLS-DA) indicated the association of PLS-DA factors
(Factor1, Factor2) with the discriminant functions (Function,
Function2) in explaining the percent variation among eleven
parameters (X-Effects) (Fig. 3a). However, individually Factor1
explains variations among eleven parameters and more than 90%
variation is explained for parameters; BUN (blood urea nitrogen)
and blood urea followed by other parameters. The parameters that
have important role in principal components (PC1, 2), discriminant
functions (Function1, 2) and partial least square discriminant
analysis factors (Factor 1, 2) are BUN, blood urea, serum protein,
SGPT, SGOT, BAL (blood ammonia level) and LDH as these seven
parameters have important contribution (values more than 0.85)
within parameter variations (Fig. 3b).

Blood parameters

When control samples were compared with treated samples,
Hb and Hct concentrations, serum glucose, protein and creatine,
in C. magur exposed with 25 mM ammonium chloride for different
durations showed non-significant differences except for serum
protein at 1 h exposure (Fig. 4-8). It was found to be significantly
(p=<0.05) reduced at 1 h (3.53+0.50) exposure as compared to that
of control (4.840.2) (Fig. 6).
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Biochemical assays

Blood ammonia

Blood ammonia concentration in C. magur showed a gradual
increasing trend from 1 to 3 h exposure with 25 mM ammonium

Effect of short-term hyper-ammonia exposure in Clarias magur

chloride, as compared to that of control group (Fig. 9) and highest
ammonia accumulation in blood was found at 3 h exposure,
(910.6+135.43). Interestingly, 6 h (855.3+33.23) and 9 h (67.0+4.0)
exposures showed significant (p<0.05) decreasing trend in blood
ammonia concentration. At 9 h, it was even lower than that of
control. Moreover, returning to normal conditions after 9 h exposure
the blood ammonia level was found to be similar (585+74.5) to that
of control (p>0.05).
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Fig. 9. The level of blood ammonia in C. magur exposed to high external
ammonia (25 mM NH,CI) at different exposure periods. Different letters
indicate statistical differences among groups (ANOVA, p<0.05)

Blood urea and blood urea nitrogen

Blood urea and BUN concentration of C. magur exposed to 25 mM
ammonium chloride for different duration are depicted in Fig. 10
a and b. The level of urea and BUN were found to be significantly
(p<0.05) higher at 1 and 9 h of exposures. However, at 1 h, the
concentration was found to be slightly higher than that of control,
while found highest at 9 h of exposure. Interestingly, beyond 9 h
exposure after returning to normal conditions, the urea and BUN
levels were found to be non-significant (p=0.05) similar to that for
control and 3 and 6 h of exposures.

Enzyme assays

SGPT and SGOT

SGPT levels remained unchanged at 3, 6 and 9 h of exposure as
compared to control, except for 1 h and 9h+N, where the levels were
significantly low (p<0.05), when compared to control (Fig. 11a). The
concentrations of SGPT were in the range of 70.3+9.3 to 118+1.52 u I".
Similarly, the concentration of SGOT also showed no significant
changes between control and for all the exposure periods (Fig. 11b)
and the values ranged from 222+26.5 to 447+291 p I,

Serum LDH

Serum LDH of C. magur after exposure with 25 mM ammonium
showed non-significant variation (p>0.05) among the different
treatment groups and control (Fig. 12), except at 9 h, where it
showed was slight but significant increase. The levels of LDH varied
from 364.7+67.6 u I (control) to 5315+287.5 i I (9 h exposure).
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Fig. 10. The level of (a) blood urea and (b ) blood urea nitrogen (BUN) in C. magur treated with high external ammonia (25 mM NH,CI) at different exposure
time periods. Different letters indicate statistical differences among groups (ANOVA, p<0.05)

250 -
200 - a
= 1 a
= 150 .
=
o
2 100~ 5
50 - a a

Control Th 3h 6h 9h 9h+N
Duration of ammonium chloride exposure (25 mM)

(@

800 -
700 -
600 -
500 -
400 -
300 -
200 -
100 -

SGOT ()

Control 1h 3h 6h 9h 9h+N
Duration of ammonium chloride exposure (25 mM)

(b)

Fig. 11. The levels of (a) SGPT and (b) SGOT in C. magur treated with high external ammonia (25 mM NH,CI) at different exposure time intervals. Different

letters indicate statistical differences among groups (ANQOVA, p<0.05)
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Fig. 12. Lactate dehydrogenase (LDH) concentration in the serum of
C. magur treated with 25 mM ammonium chloride at different exposure
periods. Different letters indicate statistical differences among groups
(ANOVA, p<0.05)

Gene expression profiles

Quantitative Real Time PCR (qRT-PCR) analysis

Primer efficiencies (E) of target genes and the specificities of the
PCR amplifications are given in Table 2. A significant increase in

the expression of mRNAs for different OUC genes was observed
during exposure to ammonia (25 mM NHA4CI) for 9 h and 9h+N as
compared to the experimental control (Fig. 13). The mRNA level for
the cps /Il gene increased significantly at 9 h (13.95 fold) and 9h+N
(74.12). The mRNA level for the otc gene also showed increasing
trend by 3.35 and 5.57 fold changes for 9 h and 9h+N, respectively.
The expression levels for nags showed significant increase of
9.27 fold only at 9h+N, while g/s showed no fold changes in the
expression of MRNA levels in the tissues on exposure to ammonia,
during the present study.

Histopathological studies of gills, liver and kidney

Histopathological observations of the gill tissues are summarised
in Table 3. Congested blood capillaries were observed in the treated
fish, highest in 9 h (88%) and it declined by 65% at 9h+N (23%)
(Fig. 14). There were no congested blood capillaries observed in
control group of animals. Similarly, the apical regions of primary
lamellae were observed without secondary lamellae, in specimens
exposed to 25 mM ammonium chloride. The highest level of apical
lamellar disintegration was observed in fishes exposed for 9 h
with ammonium chloride and lowest observed in control group of
animals. Along with deteriorated secondary lamellae, deformed
lamellae were also noticed which included shortened, curled and
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Table 2. qRT-PCR Primer efficiencies (E) of target genes of ornithine urea cycle and the specificities of the PCR amplifications in C. magur

Parameters B2M otc cpslll nags gls

Slope -3.66 -3.57 -3.65 -3.16 -3.54

SE (slope) +0.42409 +0.35769 +1.03379 +0.82258 +1.85502
Efficiency 1.87 1.91 1.88 2.07 1.92

SE (E) +0.13636 +0.12326 +0.33528 +0.39478 +0.65247

*cpslll (Carbamoyl-phosphate synthase); otc (Ornithine carbamoyltransferase); nags (N-acetylglutamate synthases); gls (Glutamine synthetase); B2M (Beta 2 microglobulin).

Table 3. Histopathological observation of gills tissues of C. magur treated with ammonium chloride (25 mM) for different durations and in comparison

to control groups

Treatment Congested blood Tips without secondary ~ Deformed Hyperplasia of primary ~ Hyperplasia of primary
capillaries (%) lamellae (%) secondary lamellae (%) epithelial cells (low) (%)  epithelial cells (high) (%)
Control 0 16 23 3 0
3h 14 71 31 30 69
6h 65 03 42 22 69
9h 88 88 27 9.27 90
9 h+N 23 58 24 8.30 91
9 160
8 4 140 ¢
7 120
6 4 100
: 80
3 o 60
2 40 .
i :
0 0 ==
otc-3h otc-9h otc-9h+N cps-3h cps-9h cps-9h+N
(a) (b)
14 2
12 ‘ 1.8 ’
1.6
10 14
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Fig.13. Expression profiles of genes of OUC pathway in C. magur after 3 and 9 h and 9h+N after ammonia exposure, as compared to 0 h. (a) Ornithine
carbamoyltransferase, otc; (b) Carbamoyl-phosphate synthase, cps/il; (c) N-acetylglutamate synthases, nag and (d) Glutamine synthetase, gls

0p<0.05"p<0.01

fused secondary lamellae. Most deformed secondary lamellae (42%)
were observed in fishes exposed for 6 h and most fused secondary
lamellae were also observed in the same group of animals. It was
observed that the percentage deformity in control and after 9h+N
was almost similar. The thickness of secondary lamellae gradually
started increasing from 6 h exposure which was observed at both
9 h and 9h+N. Furthermore, hyperplasia was observed after 3 and
6 h of exposure in 69% of primary epithelial cells and maximum was
observed after 9 h (90%) and 9h+N (91%).

The histopathological changes in the liver and kidney of C. magur
exposed to 25 mM ammonium chloride were examined after 3, 6,
9 and 9h+N (Fig. 15). Changes in liver were not prominent when

control samples were compared to that of treatments. Nuclear
hypertrophies in a few cells were observed, which signified the
increase in the overall size of the hepatocytes. The level of nuclear
hypertrophy showed a slight increase during 9 h of exposure than
during 3 h and 6 h. The histological changes occurred in liver as
a result of exposure with ammonium chloride were more notable
at 9 h of exposure, in which dilation of sinusoids were observed
along with necrosis of a few hepatic cells, diffused vacuolation and
nuclear hypertrophy. Liver of 9 h+N also did not show any significant
changes, when compared with that of control. Similarly, kidney of
control group clearly showed proximal tubules, glomerulus and
bowman'’s space. There were not much changes in at 3 h exposure
time, except for the diffusion of blood cells in some areas. The

© 2023 Indian Council of Agricultural Research | Indian J. Fish., 70 (4), October-December 2023 121



Aditya Kumar et al.

Fig. 14. Histopathological changes in the gills of C. magur exposed to 25 mM ammonium chloride for different duration. Control (a and b), 3 h (c and d),

6h(eandf),9h(gandh)and9h+N (iandj).

BC: Blood capillaries, SL: Secondary lamellae; PL: Primary lamellae, CSL: Curled secondary lamellae; FSL: Fused secondary lamellae, SC: Shortening of
secondary lamellae, CBC: Congested blood capillaries” H: Hyperplasia of primary epithelial cells; B: Branching of the primary lamellae; CBC: Congested
blood capillaries, Tp: Tips without secondary lamellae; SCL: Shortened secondary lamellae, DSL: Disintegrated secondary lamellae; T: Decreased thickness of
primary lamellae; DSL: Deformed secondary lamellae; TP: Tips of primary lamellae are with more secondary lamellae, when compared to the normal.

6 h treatment group showed karyolysis of nuclear material to
some extent. The changes in the kidney were more prominent in
9 h exposure group, showing distension of Bowman's capsule and
degeneration of Bowman's capsule along with karyolysis of nucleic
material. It has been observed that liver and kidney tissues of C.
magur showed prominent changes when exposed to 25 mM of
ammonium chloride for at least 9 h.

Discussion

The physiological status of fishes is directly reflected by changes
in biochemical and physiological level of fish blood on exposure to
toxic substances in the aquatic environment (Kim and Kang, 2015;
Shin et al, 2016). Ammonia is one of the important environmental
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e

Il (e)

Fig.15. Histopathological changes of C. magur exposed to 25 mM ammonium chloride for different durations. (I). Liver : (a) control, (b) 3 h, (c) 6 h, (d) 9 h,
(e) 9 h+N, H-Hepatocytes, S-Sinusoids, NH-Nuclear hypertrophy, DS-Dilatation of sinusoids, NHC-Necrosis of hepatic cells, DV-Diffused vacuolation. (II).
Kidney: (a) Contraol, (b) 3 h, (c) 6 h, (d) 9 h+N, PT: Proximal tubules; G: Glomerulus; BS: Bowman space; DB: Diffused blood, KN: Karyolitic of nucleic material;

DiB: Distension of Bowman's capsule; DeB: Degeneration of Bowman's capsule

limiting factors for fishes, with notable effect on growth, ionic
balance, immunity, histopathology, energy metabolism and
hormane regulation (Foss et al., 2003). Several species of fish have
adapted to unique environmental circumstances that preclude
this route of ammonia detoxification; by expressing high levels of
the ornithine-urea cycle (OUC) enzymes (Anderson, 2001) and in
C. batrachus (Saha and Ratha, 2007), OUC has been reported to be
induced after seven to fourteen days of high external ammonia.

In the present study, up-requlation of two of the five main genes
coding for enzymes, cpsill and otc significantly at 9 h and 9h+N,
and decrease in level of ammania and increase in urea at six hours
of exposure, indicated activation of ornithine urea cycle in liver
around six hours of exposure. The enzymes, cps /I (form in fishes)
is involved in arginine-biosynthesis reactions, while otc is one of the
first few in the urea cycle (Saha and Ratha, 2007). This indicated the
presence of unique physiological characteristics of turning towards
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ureotelism from ammoniotelism which recovered with improvement
in environmental conditions, after short term exposure.

The evaluation of eleven blood physiological parameters of C. magur,
where samples were exposed for five different time intervals and
compared with control created design of experiment layout (D-E-L)
such that observations on eleven blood physiological parameters
over eighteen fish samples would be dependent, non-normal,
non-equality of variances and each sample may have different
distribution pattern. Prior to the analysis of variance, the test of
homogeneity of variance (e.g., Bartlett's test) was used to assess
the homogeneity of within-group variances. Therefore, analysis
of variance for this data matrix (rows as specimens, column as
parameters) would not be possible through Classical ANOVA and
multiple group comparisons by a method which assumes equality
of variances. Therefore, Welch's analysis of variance (ANOVA) and
Games-Howell post hoc test for multiple group comparisons was
applied for analysis. The Games-Howell post hoc test, like Welch's
analysis of variance (Jan and Shieh, 2074) does not require the
groups to have equal variances. The application of Welch's ANOVA
with Games-Howell post hoc test (in place of Classical ANOVA
along with any post hoc test which assumes equality of variances)
ensures selection of appropriate technique for analysis, higher
accuracy of results and unbiased pair-group comparisons (Ruxton
and Beauchamp, 2008).

The haematological parameters i.e., haemoglobin and haematocrit
values, are used to assess the physiological and health status of
fish or used as stress indicators (Nussey et al.,, 1995). Discriminant
functions (function 1 vs. 2) scores over groups in the present
study clearly indicated that specimens in control and 9h+N were
almost similar in terms of blood parameters. This may point out
to the recovery of the fish (discussed below), even after nine hours
of ammonia exposure, if the water conditions are restored. Zhang
etal. (2019) suggested the decrease in RBC and hemoglohin levels in
fish may be due to be inhibition of haemoglobin synthesis. However,
in the present study, no significant change in serum glucose and
protein levels was noticed, which indicate that the short term
exposure to the level of ammonia concentration tested may not be
adequate to cause significant stress to the fish, or may be linked
with the activation of ornithine urea cycle in liver at 6 h of exposure,
for conversion of ammonia to non-toxic urea-N for secretion (Grosell
et al,, 2010) and can be correlated to rapid increase of blood urea
and reduction of blood ammonia. However, sudden reduction of
serum protein in our findings may be stress-induced deleterious
effect on protein synthesis causing its depletion in the serum
(Kumar et al., 2017), which recovered in later after exposure period,
due to induction of 10U cycle.

Serum creatinine, SGOT and SGPT are sensitive indicators of
kidney and liver damage, respectively (Agrahari et al, 2007).
However, except for one-hour exposure, the levels of SGOT and
SGPT indicated that liver functions were not affected by the short-
term ammonia exposures. Elevated SGPT level after one-hour
exposure, may indicate temporary impaired liver function.

Glucose is one of the most important sources of energy and
essential substrate for cell metabolism in fishes and used as a
complement of stress tests (Manush et al,, 2005). Stress may
increase the level of adrenaline and nor-adrenaline and activate
the secretion of catecholamine. Further, catecholamine converts

liver glycogen to blood glucose to fulfil the energy demands (Shin
et al., 2016; Kumar et al, 2017). However, in the present study,
non-significant increase in the level of blood sugar found at 9 h
exposures, points to the stress caused by toxicity of ammonia and
once the urea cycle starts, the toxicity level gradually decreases,
which leads to the reduction of glucose in serum. Begum (1987)
reported decrease in sugar level along with increase in levels of
phosphorylase and aldolase activities, due to increase in oxidation
of glucose through glycolytic pathway, to provide energy for fish
under ammonia stress. Increases in blood glucose levels on
exposure to external ammonia have been reported in wide range of
species i.e,, catfish, carps and cichlids (Acharya et al., 2005; Shin
et al, 2016). In addition, sudden induction of oxidative stress by
high ammonia exposure (Zhao et al., 2020) caused corresponding
increase in LDH concentrations at 1 h exposure, which would result
in increased lactate accumulation and lactate dehydrogenase
activity (Tripathi et al, 2013).

Exposure to high environmental ammonia can also cause
histological changes in different organs viz, gills, liver and kidney.
In fish, the gill tissue is considered as the major and primary site
of toxic impact from any toxicants (Zhao et al, 2020). In our
study, the damages due to high ammonia exposure varied with
the tissues. More severe damaging effects were observed in gill
structure, as compared to kidney and liver. This is most obvious
as the gills are in direct contact with the high toxic environment
and are main receptors for the toxic substances. Similar results
were also reported by Zhao et al. (2020) in largemouth bass. It
was interesting to note that when high ammonia was withdrawn,
the process of recovery of the structural damages could be
observed in gills. The slow recovery in gills in a carp fish after
copper exposure was also observed by Velcheva et al. (2013).
However, Velmurugan et. al. (2009) reported the period for the gills
to recover is dependant upon the concentration of pesticide the
fish is exposed to. As the gills are in continuous contact with the
external environment and have important functions to perform,
the extent and mechanisms leading to recovery of gill structures
after the repeated exposures to high ammonia content would be
valuable in a culture system.

The current study provided valuable information, for understanding
theinitial physiological responses of air-breathing catfish, C. magur
and histological changes in response to acute ammonia toxicity.
This study was able to elucidate the underlying adaptation
mechanisms during stressful environment of short term high
ammonia exposure. Study of blood physiological parameters
indicated induction of oxidative stress and corresponding
changes in blood parameters. The findings also indicated, turning
towards ureotelism from ammonotelismin, which helps this fish
to overcome the ammonia toxicity. This involved activation of
OUC cycle to convert ammonia to less toxic urea-N for secretion
around six hours of exposures. The findings of this research
points towards the importance of maintaining a healthy aquatic
environment, which is crucial for growing healthy C. magur, for
achieving satisfactory production and improving culture efficiency.

Acknowledgements

The authors are grateful to the Director, ICAR-National Bureau of Fish
Genetic Resources, Lucknow, India for providing facilities for this

© 2023 Indian Council of Agricultural Research | Indian J. Fish., 70 (4), October-December 2023 124



work. This work was carried out under ICAR-National Agricultural
Science Fund (NASF) Project No. NASF/ABA-7011/2018-19
and financial support provided by ICAR-NASF, New Delhi is duly
acknowledged. Ms. Nishita Chauhan is acknowledged for her help
in RNA isolation.

References

Acharya, S., Dutta, T. and Das, M. K. 2005. Influence of sub-lethal ammonia
toxicity on some physiological parameters of Labeo rohita (Hamilton-
Buchanan) fingerlings. J. Environ. Biol., 26: 615-620.

Agrahari, S., Pandey, K. C. and Gopal, K. 2007. Biochemical alteration
induced by monocrotophos in the blood plasma of fish, Channa
punctatus (Bloch). Pestic. Biochem. Physiol,, 88: 268-272. https://doi.
org/10.1076/j.pestbp.2007.01.001.

Anderson, P M. 2001. Urea and glutamine synthesis: Environmental
influences on nitrogen excretion. Fish Physiol., 20: 239-277. https://doi.
0rg/10.1016/S1546-5098(01)20008-9.

Argungu, L. A,, Christianus, A., Amin, S. M. N, Daud, S. K., S. M. Nurul, Siraj,
S. S. and Md. Aminur Rahman 2013. Asian catfish Clarias batrachus
(Linnaeus, 1758) getting critically endangered. Asian J. Anim. Vet. Adv.,
8(2): 168-176. https://doi.org/10.3923/ajava. 2013.168.176.

Banerjee, B., Koner, D., Hasan, R. and Saha, N. 2020. Molecular
characterisation and ornithine-urea cycle genes expression in air-
breathing magur catfish (Clarias magur) during exposure to high external
ammonia. Genomics., 112(3): 2247-2260. https://doi.org/10.1016/j.
ygeno0.2019.12.021.

Basak, A. 2007. Development of a rapid and inexpensive plasma glucose
estimation by two-point kinetic method based on glucose oxidase-
peroxidase enzymes. Indian J. Clin. Biochem., 22(1): 156-160. https://
doi.org/10.1007/BF02912902.

Begum, S. J. 1987. Biochemical adaptive responses in glucose metabolism
of fish (Tilapia mossambica) during ammonia toxicity. Curr. Sci., 705-708.

Collos, Y. and Harrison, P J. 2014. Acclimation and toxicity of high
ammonium concentrations to unicellular algae. Mar. Pollut., 80: 8-23.
https://doi.org/10.1016/j.marpolbul. 2014.01.006.

Dacie, J. V. and Lewis, S. M. 1991. Practical haematology, 7" edn. Churchill
Livingstone, Edinburgh, UK, pp. 54-79.

Dunteman, G. H. 1989. Principal components analysis. Sage University
Paper Series: Quantitative applications in the social sciences. 07-069,
Sage Publications Inc., California, USA..

Emerson, K., Russo, R. C., Lund, R. E. and Thurston, R. V. 1975. Aqueous
ammonia equilibrium calculations: Effect of pH and temperature. J. Fish.
Res. Board. Can., 32: 2379-2383. https://doi.org/10.1139/f75-274.

Foss, A, Vollen, T. and Oiestad, V. 2003. Growth and oxygen consumption
in normal and O, supersaturated water, and interactive effects of O,
saturation and ammonia on growth in spotted wolffish (Anarhichas
minor Olafsen). Aquaculture, 224: 105-116. https://doi.org/10.1016/
S0044-8486(03)00209-6.

Grosell, M., Farrell, A. P and Brauner, C. J. 2010. Fish physiology: The
multifunctional gut of fish, Vol. 30, 1 edn.Academic Press, Cambridge,
Massachusetts, USA, 460 p.

Hargreaves, J. A. and Tucker, C. S. 2004. Managing ammonia in fish ponds.
SRAC Publication No. 4603. Southern Regional Aquaculture Centre,
United States Department of Agriculture, USA.

Jan S. L. and Shieh G. 2014. Sample size determinations for Welch's test in
one-way heteroscedastic ANOVA. Br. J. Math. Stat. Psychol., 67: 72-93.
https://doi.org/10.1111/bmsp. 12006.

Effect of short-term hyper-ammonia exposure in Clarias magur

Jolliffe, I. T. 2002. Principal component analysis, 2" edn. Springer-Verlag,
New York, USA.

Kanehisa, M. and Goto, S. 2000. KEGG: Kyoto Encyclopedia of Genes and
Genomes. Nucleic Acids Res., 28: 27-30. https://doi.org/10.1093/
nar/28.1.27.

Kanehisa, M., Sato, Y., Furumichi, M., Morishima, K. and Tanabe, M. 2019.
New approach for understanding genome variations in KEGG. Nucleic
Acids Res., 47: 590-595. https://doi.org/10.1093/nar/gky962.

Kanehisa, M., Tanabe, M., Sato, Y. and Morishima, K. 2017. KEGG: New
perspectives on genomes, pathways, diseases and drugs. Nucleic Acids
Res., 45:353-361. https://doi.org/10.1093/nar/gkw1092.

Khan, M. R., Mollah, M. A. and Ahmed, G. U. 2000. Mass production of hybrid
magur and its culture potential in Bangladesh. Aquac. Res., 31: 467-472.
https://doi.org/10.1046/j.1365-2109.2000.00471 x.

Kim, J. H. and Kang, J. C. 2015. The lead accumulation and hematological
findings in juvenile rock fish Sebastes schlegelii exposed to the dietary
lead (1) concentrations. Eco. Toxicol. Environ. Saf., 115: 33-39. https://
doi.org/10.1016/j.ecoenv.2015.02.009.

Kumar, P V,, Naidu, G. N., Satyanarayana, B. and Shameem, U. 2017. Effect
of ammonia toxicity on the biochemical and enzymatic activity of Indian
major carp Labeo rohita (Ham, 1822). J. Environ. Biol., 23(2): 147-149.
https://api.semanticscholar.org/ CorpusID: 198267962.

Limeres, J., Garcez, J. F, Marinho, J. S., Loureiro, A., Diniz, M. and Diz, P
2017. Abreath ammonia analyser for monitoring patients with end-stage
renal disease on haemodialysis. Br. J. Biomed. Sci,, 74(1): 24-29. https:/
doi.org/10.1080/09674845.2016.1239886.

Lustgarten, J. A. and Wenk, R. E. 1972. Simple, rapid, kinetic method for
serum creatinine measurement. Clin. Chem., 18: 1419-1422.

Manush, S. M., Pal, A. K., Das, T. and Mukherjee, S. C. 2005. Dietary high
protein and vitamin C mitigate stress due to chelate claw ablation in
Macrobrachium rosenbergii males. Comp. Biochem. Physiol. A., 142:10-
18. https://doi.org/10.1076/j.cbpb.2005.07.004.

Milne, 1., Seager, J., Mallett, M. and Sims, I. 2000. Effects of short-term
pulsed ammonia exposure on fish. Environ. Toxicol. Chem., 19(12): 2929-
2936. https://doi.org/10.1002/etc. 5620191213.

Mohindra, V., Tripathi, R. K, Singh, A., Patangia, R., Rajeev Kumar Singh, R. K.,
Lal, K. K. and Jena, K. K. 2016. Hypoxic stress -responsive genes in
air breathing catfish, Clarias magur (Hamilton 1822) and their possible
physiological adaptive function. Fish Shellfish Immunol., 59: 46-56.
https://doi.org/10.1016/.fsi.2016.10.019.

Mohindra, V., Tripathi, R. K., Singh, A, Singh, R. K. and Lal, K. K. 2014.
Identification of candidate reference genes for quantitative expression
analysis by real-time PCR for hypoxic stress in Indian catfish, Clarias
batrachus (Linnaeus, 1758). Int. Aquat. Res., 6(61): 1-12. https:/doi.
0rg/10.1007/s40071-014-0061-y.

Nussey, G., Van Vuren, J. H. and Du Preez, H. H. 1995. Effect of copper on
blood coagulation of Oreochromis mossambicus (Cichlidae). Comp.
Biochem. Physiol. C. Pharmacol. Toxicol, 111: 359-367. https:/doi.
0rg/10.1016/0742-8413(95)00062-3.

Pfaffl, M. W,, Horgan, G. W. and Dempfle, L. 2002. Relative expression
software tool (REST®) for group-wise comparison and statistical
analysis of relative expression results in real-time PCR. Nucleic Acids
Res., 30(9): e36. https://doi.org/10.1093/nar/30.9.e36.

Riegler, E. 1914. A colorimetric method for determination of albumin. Z. Anal.
Chem., 53: 242-245. https://doi.org/10.1016/0003-2697(77)90011-2.
Ruxton, G. D. and Beauchamp, G. 2008. Time for some a priori thinking about
post hoc testing’. Behav. Ecol., 19(3): 690-693. https://doi.org/10.1093/

beheco/arn020.

Saha, N. and Ratha, B. K. 2007. Functional ureogenesis and adaptation to
ammonia metabolism in Indian freshwater air-breathing catfishes. Fish

© 2023 Indian Council of Agricultural Research | Indian J. Fish., 70 (4), October-December 2023 125



Aditya Kumar et al.

Physiol. Biochem., 33(4): 283-295. https:/doi.org/10.1007/s10695-007-
9172-3.

Saha, N. and Ratha, B. K. 1998. Ureogenesis in Indian air-breathing teleosts:
adaptation to environmental constraints. Comp. Biochem. Physiol. Part
A Mol. Integr. Physiol, 120: 195-208. https:/doi.org/10.1016/S1095-
6433(98)00026-9.

Saha, N, Datta, S., Biswas, K. and Kharbuli, Z. Y. 2003. Role of ureogenesis
in tackling problems of ammonia toxicity during exposure to higher
ambient ammonia in the air-breathing walking catfish Clarias batrachus.
J. Biosci., 28: 733-742. https://doi.org/ 10.1007/BF02708434.

Saha, N.,Dutta, S. and Bhattacharjee, A. 2002. Role of amino acid metabolism
in an air-breathing catfish, Clarias batrachus in response to exposure to
a high concentration of exogenous ammonia. Comp. Biochem. Physiol.
B: Biochem. Mol. Biol,, 133: 235-250. https://doi.org/10.1016/S1096-
4959(02)00145-8.

Samaee, M. Patzner, R. A. and Mansour, N. 2009. Morphological
differentiation within the population of Siah mahi, Capoeta capoeta
gracilis, (Cyprinidae, Teleostei) in a river of the south Caspian Sea basin:
A pilot study. J. Appl. Ichthyol., 25: 583-590. https://doi.org/10.1111/
}.1439-0426.2009.01256.x

Samaee, S. M., Mojazi-Amiri, B. and Hosseini-Mazinani, S. M. 2006.
Comparison of Capoeta capoeta gracilis (Cyprinidae, Teleostei)
populations in the south Caspian Sea River basin, using morphometric
ratios and genetic markers. Folia Zool., 55: 323-335.

Sampson, E. J., Baird, M. A, Burtis C. A, Smith, E. M., Witte, D. L., Bayse, D.
D. 1980. A coupled-enzyme equilibrium method for measuring urea in
serum: Optimization and evaluation of the AACC study group on urea
candidate reference method. Clin. Chem., 26: 816-826.

SAS 2020. SAS software, SAS Institute Inc., Cary, North Carolina, USA.

Shin, K. W., Kim, S. H., Kim, J. H., Hwang, S. D. and Kang, J. C. 2016. Toxic
effects of ammonia exposure on growth performance, hematological
parameters, and plasma components in rockfish, Sebastes schlegelii,
during thermal stress. Fish Aquat. Sci,, 19: article no. 44. https:/doi.
org/10.1186/s41240-016-0044-6. SPSS 2007. SPSS for windows
version 16.0, Spss Inc., Chicago, USA.

SPSS 2007. SPSS for windows version 16.0, Spss Inc., Chicago, USA.

Tripathi, R. K., Mohindra, V,, Singh, A., Kumar, R., Mishra, R. and Jena, J. K.
2013. Physiological responses to acute experimental hypoxia in the air-
breathing Indian catfish, Clarias batrachus (Linnaeus, 1758). J. Biosci.,
38(2): 373-383. https://doi.org/10.1007/ s12038 -013-9304-0.

Van Assendelft, 0. W. and England, J. M. 1982. Terms, quantities and
units. In: van Assendelft, O.W. and England, J. M. (Eds.), Advances in
haematological methods: The blood count. CRC Press Inc., Boca Raton,
Florida, USA.

Varkey, A. M. T. and Sajeevan, S. 2014. Efficacy of 2-phenoxyethanol as
an anaesthetic for adult redline torpedo fish, Sahyadria denisonii (Day
1865). Int. J. Zool,, 31: 31-36. https:/doi.org/10.1155/2014/315029.

Veasey, E. A., Schammass, E. A., Vencovsky, R., Martins, P. S. and Bandel, G.
2001. Germplasm characterisation of Sesbania accessions based on
multivariate analyses. Genet. Resour. Crop Evol, 48(1): 79-91. https://
doi.org/10.1023/A:1011238320630.

Velcheva, |., Georgieva, E. and Atanassova, P. 2013. Gill tissue recovery after
copper exposure in Carassius gibelio (Pisces: Cyprinidae). Cent. Eur. J.
Biol., 8(11): 1112-1118. https://doi.org/10.2478/s11535-013-0233-6.

Velmurugan, B., Mathews, T. and Cengiz, E. I. 2009. Histopathological
effects of cypermethrin on gill, liver and kidney of fresh water fish Clarias
gariepinus (Burchell, 1822), and recovery after exposure. Environ. Technol.,
30(13): 1453-1460. https://doi.org/10.1080/09593330903207194.

Zhang, W,, Xia, S., Zhu, J., Miao, L., Ren, M., Lin, Y., Ge, X. and Sun, S. 2019.
Growth performance, physiological response and histology changes
of juvenile blunt snout bream, Megalobrama amblycephala exposed to
chronic ammonia. Aquaculture, 506: 424-436. https://doi.org/10.1016/j.
aquaculture.2019.03.072.

Zhao, L., Cui, C., Liy,Q., Sun, J., He, K., Adam, A. A, Luo, J., Li, Z., Wang, Y. and
Yang, S. 2020. Combined exposure to hypoxia and ammonia aggravated
biological effects on glucose metabolism, oxidative stress, inflammation
and apoptosis in largemouth bass (Micropterus salmoides). Aquat
Toxicol., 705514. https://doi.org/10.1016/j.aquatox. 2020.105514.

© 2023 Indian Council of Agricultural Research | Indian J. Fish., 70 (4), October-December 2023 126



