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ABSTRACT
In the present study, we observed the effect of crowding and short term (48 h) feed deprivation in
Labeo rohita fingerlings. A total of 150 fingerlings (9 ± 0.5g) were distributed in three treatment
groups in triplicates. Group with normal stocking density (10 no/ 75L) and normal feeding
(satiation) was referred as control (C) whereas a high stocking density (20 no/ 75L) and normal
feeding was referred as T1 group. A high stocking density and absolute starvation group was
considered as T2 group. Blood samples were collected at regular intervals from 3h, 9h, 24 h and
48 h, and tissue samples were collected at 48 h. Higher blood glucose level was recorded at 9
and 48 h in T2 and T1 group, respectively. Nitroblue tetrazolium assay value also followed
similar trend like blood glucose after 9 h. Haemoglobin level was significantly higher in T1 (6.02
± 0.30) and T2 (6.27±0.18) group after 48h compared to control (5.27 ± 0.13) .The RBC,
glutathione-s-transferase (GST) and glutamate oxaloacetate transaminase (GOT) activity in the
liver showed no significant difference among the groups. Activities of hepatic superoxide
dismutase (SOD), catalase, glutamate pyruvate transaminase (GPT) and glucose-6- phosphate
dehydrogenase (G6PDH) followed a similar trend with the highest activity of all these enzymes
wererecorded in the liver of T1 group at 48h. But, T2 group showed highest (P<0.05) lactate
dehydrogenase (LDH) and malate dehydrogenase (MDH) activities in liver while there was no
significant difference (P>0.05) in liver glutathione peroxidase activity between T1 and T2 group.
A significantly higher (p<0.01) hepatic glutathione and malondialdehyde concentration were
observed in T1 group.
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INTRODUCTION
Fish either from wild or cultured condition
undergo short and long term stress2 caused due
to starvation, crowding, and or environmental
stressors etc, which often result in several

biochemical and physiological alteration in
order to cope up the
stress. But such
metabolic modifications can affect the growth
and reproductive capacity of the animal.
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Increase in stocking density improves the total
production and efficiency of the farm but, it
can also cause stress and diseases in aquatic
organism. Studies on crowding stress have
mainly focussed on the chronic effect46 on
growth, survival, food intake and hormonal
variation in fish25. However, high stocking
density may cause stress at acute level, due to
high oxygen demand and competition for food.
Rohu (Labeo rohita) is a widely
cultured Indian major carp and to ensure the
seed availability and getting the benefit of
compensatory growth, farmers rear them at
higher stocking density with restricted ration
and according to Tejpal et al39., crowding is
considered as a chronic stressor in rearing
system of mrigal. But, crowding results in
competition for food, space and oxygen.
Crowding as well as starvation can cause
increased energy demand and metabolic
shifting in fish5,44, thereby results in the
mobilization of reserved energy in order to
compensate the metabolic demand generated
due to stress. This can lead to down regulation
of enzymes of some of the metabolic pathways
like lipogenesis and up-regulation of others
like gluconeogenesis and pentose phosphate
shunt23,26.
Up-regulation
of
oxidative
metabolic enzymes will result in continuous
synthesis of reactive oxygen species triggering
oxidative stress in the system. Eventhough,
there is an antioxidant defence system in fish,
but an increased production of reactive oxygen
species (ROS) can reduce the efficiency of the
cells to deactivate the reactive species. The
free radical scavenging is done by enzymatic
and non-enzymatic antioxidants present in
fish. The enzymatic antioxidants like
superoxide dismutase (SOD), glutathione
peroxidases (GPx) and catalase are highly
active during oxidative stress in many
vertebrates42 while there are other substances
like vitamin A, E, C, glutathione, selenium,
zinc etc to support the free radical scavenging
process in cells.
The mechanism of stress response in
fish has been studied using several
biomarkers4. Cortisol levels are considered to
be a major key response to stress in animals
but a holistic study of antioxidant defence
along with haematological parameters can give
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a clear picture of the stress response in fish,
which can also help us to derive other
biomarkers for multiple stresses. So, the
present study is mainly aimed to understand
the effect of multiple stressors on various
haematological, biochemical and antioxidant
enzyme parameters of Labeo rohita.
MATERIALS AND METHODS
Experimental animals
A total of 150 rohu (Labeo rohita) fingerlings
of size 8-10g were procured from Prem
fisheries, Ankaleswar, Gujarat, India, and left
undisturbed overnight. Fish were reared with
control diet (35% protein) for 14 days for
acclimatization in the laboratory condition
before commencing the experiment. The fish
were distributed in three groups in triplicates
as control (C) with normal stocking density
(10 fish/ 75 l) and satiation feeding, high
stocking density (20 fish /75 l) and satiation
feeding (T1, crowding group) and high density
and absolute starvation (T2, crowding-withfeed deprivation group). The experiment
started at 9.00 am and continued for the next
48h. Samples were collected at 3h, 9h, 24h and
48h. There were additional fish kept in
separate tanks with similar condition to avoid
the sampling repetition. Round the clock
aeration was provided in all the experimental
tubs. Control and T1 groups were fed to
satiation level twice daily with a purified diet
containing 35% crude protein.
Water quality parameters
The experiment was conducted in 150 L
capacity rectangular tubs (80 x 57 x 42 cm),
and the water quality was monitored
throughout the experimental period. The
ammonia level was within the range of 0.090.05 mg/L while the hardness was within a
range of 234-242 mg/L.
Sample
preparation
for
analytical
procedures
Blood and serum samples were collected at
regular intervals of 3, 9, 24 and 48h without
killing the fish so that the stocking density
could maintain uniformly, while the tissue
samples (liver and gill) were collected at the
end of the experiment (48h). Six fish from
each treatment were collected for blood and
serum collection. EDTA coated vials were
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used for blood collection from caudal vein
without anesthetizing the fish, and with less
handling time31. After termination of the
experiment, tissue samples were collected
from the respective groups after anesthetized
in clove oil (50µl/L). Utmost care was taken to
avoid handling stress to the fish. Serum was
separated by centrifuging at 3000 rpm for 10
min at 40C. Tissue homogenates (5%) were
prepared in 0.25M sucrose with the help of a
mechanical tissue homogeniser (Miccra D-9,
ART Prozess & Labortechnik, Germany),
centrifuged at 5000 rpm for 10 min at 4o C
(REMI CPR-24, India), and supernatants were
collected and used for analysis.
Determination
of
blood
and
serumparameters
Total erythrocyte count (RBC) was done using
the method of Hendrick15 and the hemoglobin
content of blood was analyzed using
cyanmethemoglobin method43 at Suburban
diagnostic laboratory, Mumbai, India.
Blood glucose and Nitro blue tetrazolium
(NBT) assay
Blood glucose was estimated41 using Liquixx
Glucose kit (Erba® Diagnostic Mannheim,
Solan, HP, India).
Respiratory burst activity (NBT assay) was
done by the method of Stasiak and Baumann38.
Wells of a flat bottom micro titre plate were
placed with 50µl of blood and incubated at
370C for 1 h to facilitate the adhesion of cells.
In order to remove the non-adhesive cells, the
wells were washed thrice with phosphate
buffer saline. After washing, 100 µl of 0.2%
NBT were added and incubated for 1 h.
Methanol (100%) was used to fix the cells (2-3
min) and washed thrice with 70% methanol.
The plates were air-dried and 120 µl of
potassium hydroxide (KOH, 2N) and 140 µl of
dimethyl sulphoxide (DMSO) were added to
each well and mixed well. The OD of the
turquoise blue coloured solution was then read
in microplate (BioTek Power Wave 340,
India) reader at 620 nm.
Serum protein, albumin, globulin and A/G
ratio
Serum total protein was estimated according to
biuret method32 using Liquixx Total Protein kit
(Erba® Diagnostic Mannheim, Transasia Biomedicals Ltd, Solan, HP, India). Albumin was
Copyright © Sept.-Oct., 2017; IJPAB
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estimated by spectrophotometric method by
measuring bromocresol green binding8 using
kit (Erba® Diagnostic Mannheim, Transasia
Bio-medicals Ltd, Solan, HP, India). Globulin
was calculated by subtracting albumin values
from total serum protein, and A/G ratio
calculated
Determination of TBARS and glutathione
(GSH)
Thiobarbituric acid reacting substances were
estimated as Malondialdehyde (MDA) content
in the liver as described by Sharma and
Krishnamurthy35. The OD was measured at
535nm and TBARS was expressed in nmoles
of MDA/mg protein.
Reduced glutathione was estimated in
liver tissue according to the method of Moron
et al27. To a 500µl tissue homogenate, 125 µl
of 25% TCA was added and kept in ice for 5
min. To the cooled mixture, 500 µl of 5%
TCA was added and subjected to
centrifugation (3000g, 5 min). From the
supernatant collected 150 µl was mixed with
350 µl of 0.2M phosphate buffer (pH 8.0) and
0.6mM DTNB prepared in buffer (1ml). The
yellow colour thus formed was measured
against TCA containing blank at 412 nm. The
reduced glutathione was measured using
standard graph and expressed as n mol/g
protein.
Enzyme assays
Liver and gill tissues were used to study the
following enzyme activities conducted at 25
o
C
Enzymatic antioxidants
The superoxide dismutase (SOD): SOD
activity was assayed according to the method
described by Misra and Fridovich24 based on
the oxidation of epinephrine–adrenochrome
transition by the enzyme.Tissue homogenate
(50µl) was taken in the cuvette and 1.5 ml
0.1M carbonate – bicarbonate buffer
containing 57 mg/ dl EDTA (pH 10.2) and 0.5
ml epinephrine (3mM) was added and mixed
well. Change in optical density was
measuredin
a
Shimadzu
–
UV
spectrophotometer at 480 nm for 3 min. SOD
expressed as unit activity which gives amount
of protein utilized for inhibition of epinephrine
(50%).
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Catalase: Catalase was assayed according to
the method described by Takahara et al., and
the decrease in absorbance was measured at
240 nm at 15 sec intervals for 3 min. Blank
was runwith 1.0 ml distilled water. Enzyme
activity was expressed as nano moles H2O2
decomposed / min / mg protein.
Glutathione peroxidise (GPx) and Glutathione
S transferases: GPxactivity was determined
according to the method of Hafeman et al13.,
while GST activity was determined by the
method of Habig et al12.
Metabolic enzyme assay
Alanine
aminotransferases
(ALT) and
Aspartate amino transferases (AST): The AST
and ALT activity was assayed in different
tissue homogenates as described by Wooten47.
The reaction mixture consist of 0.2M D, Laspartic acid and 2mM α-ketoglutarate in
0.05M phosphate buffer (pH 7.4). The reaction
was started by adding enzyme and terminated
after an incubation period of 60 min at 370C by
adding 1mM 2, 4 - dinitrophenyl hydrazine
(DNPH). In control tubes, the tissue
homogenate was added after this step and
incubate for 20 min at room temperature.
Further, 0.4M NaOH solution (5ml) was
added, mixed well and reading was taken at
540nm. The ALT was assayed using same
protocol but the substrate used was L- alanine
instead of aspartic acid.
Lactate dehydrogenase (LDH) and Malate
dehydrogenase (MDH): The method described
by Wroblieuski and Ladue48 (1955) was used
to assay LDH activity in tissues, while the
MDH activity was assayed following the
method of Ochoa. For both the reaction, a
reaction mixture of 2.9 ml prepared out of
0.1M phosphate buffer (pH 7.5), 0.1ml of
NADH solution (dissolve 2 mg NADH in 1ml
buffer), 0.1ml of tissue homogenate and 0.1ml
of sodium pyruvate. The substrate sodium
pyruvate (0.1ml) is used by LDH and
oxaloacetate by MDH. The OD was recorded
at 340nm at 30 sec intervals for 3 min. The
results were expressed as units/ mg protein/
min, where 1 unit was equal to 0.01OD/ min.
Glucose-6-phosphate
Dehydrogenase
(G6PDH): The G6PDH activity was assayed
in liver by the method of De Moss7 (1953).
The total reaction volume was 3ml and
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comprised of 1.5 ml of 0.1M Tris buffer (pH
7.8), 0.2ml of 2.7mM NADP, 0.1ml of tissue
homogenate, 1.05ml of distilled water and
0.1ml of 0.02M glucose-6-phosphate (G6P).
The OD was recorded at a wavelength of
340nm for 3 min against distilled water and
the activity was expressed as unit’s/ mg
protein/ min.
Statistical analysis
Data were statistically analysed using one-way
analysis of variance (ANOVA - SPSS version
16) and significance differences between the
means were determined by Duncan’s multiple
range tests. Comparisons were made at 5%
probability level and data expressed as mean ±
standard error.
RESULTS
Haematological parameters
Blood glucose level varied significantly
(P<0.05) among the groups (p<0.01) only after
3 h. Highest level (P<0.05) of blood glucose
was observed in T2 group at 9 and 24 h butT1
group exhibited highest value at 48h (Figure
1). Respiratory burst activity varied
significantly among the groups in all the four
sampling period. In 3h sampling, both T1 and
T2 groups showed higher value than the
control group while at 9 and 24 h T2 group
showed a significantly higher value (P<0.05).
During 48h sampling significantly higher
(p<0.01) NBT was observed in T1 group,
similar to glucose level (Figure1). RBC value
showed no significant difference among the
various groups. However, significantly higher
haemoglobin level was observed in T2 group
compared to other groups (Table 2).
Serum parameters
Serum total protein varied significantly among
the groups in the 3h and 9h of sampling
(p<0.05) but 24 and 48h sampling showed no
significant difference among the groups.
Albumin level in the serum was significantly
higher in T1 group in 3h sampling. All other
sampling time showed no significant variation
among the groups. Serum globulin level was
found to be significantly (p<0.05) lower in T1
group during 9h sampling, whereas 3, 24, 48h
samples exhibited non-significant variation
(p>0.05). No significant variation was
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observed in the A/G ratio among the various
groups.
Enzyme parameters
GOT activity in liver showed no significant
difference among the groups while GPT
activity in the liver was significantly higher
(P<0.05) in T1 group compared to others.
LDH and MDH activity in liver showed
significantly higher activity (p<0.01) in T2
group. LDH activity in gill did not vary
significantly (P>0.05). SOD, catalase and
GPx activity in liver showed a significant
difference among the groups. SOD and
catalase activity in liver of T1 was
significantly higher (p<0.01) than T2 and
control group, while Gpx activity in liver of
T1 was significantly higher than the control
but similar to T2. Catalase activity in gill
showed a significantly higher activity (p<0.01)
in T2 group while GST activity in liver did not
vary significantly (p>0.05).
TBARS and Glutathione
MDA content and glutathione followed a
similar trend with a significantly higher
(p<0.01) value in T1 group (Table1) compared
to other groups. T2 groups also showed higher
value compared to the control.
DISCUSSION
The level of stress in fish can be assessed by
changes in various biochemical and
physiological parameters and their return to
normal conditions18. During crowding stress,
haematological response is reported to be a
stress biomarker3. In the present study, higher
haemoglobin contents were recorded in both
the crowding and crowding-with-Feed
deprivation groups compared to the control
group. The increase in heamoglobin without
an increase in RBC reflects the increased
hemopoeisis due to high oxygen demand.
Nikinma and Rees29 reported that hypoxia
induces erythropoiesis, and Akhtar et al1., also
reported that crowding stress can cause
hypoxia in fish. Hence, the increase in
heamoglobin observed in this study is a
strategy by the fish to cope up hypoxia caused
due to the crowding.
Blood glucose has been considered as an
indicator of stress22,37. As a primary response
the chromaffin tissues secrete corticosteroids
Copyright © Sept.-Oct., 2017; IJPAB
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and catecholamines, which stimulate the
carbohydrate metabolism, thereby elevate
blood glucose level during stress45. In the
present study, blood glucose showed no
significant differences at 3h, while there was a
significant variation among the groups after 9,
24 and 48 h. The higher blood glucose
recorded in the treatment groups compared to
the control is indicative of the fish ability to
produce glucose from othersource through
gluconeogenesis. In line with our observation
Vijayan et al44., reported that following shortterm exposure of gilthead seabream and tilapia
to crowding stress, blood glucose level
increased significantly. Similarly, in carps,
hypoxia given at 10 0C resulted in increased
blood glucose after 10h. It is well known that
fish phagocytes are able to generate
superoxide anions (O2-) and its reactive
derivatives during a period of intense oxygen
intake33. This is an immunological defence of
the animal against external pathogens. In the
present study, respiratory burst activity
significantly varied among the groups
throughout the experiment. At all hours of
sampling both the stressed groups exhibited
significantly higher NBT values than the
control, except in 24 h. It was also noticed that
the NBT and blood glucose values followed
similar trend at 48h. In congruent with our
findings in crowding-with-Feed deprivation at
48h, long-term application of multiple
stressors caused a reduction in respiratory
burst activity in Labeo rohita1, and application
of repetitive stress reduced the activity in
gilthead seabream25. This indicates a gradual
adaptation in multiple stressed groupsat the
earliest than the single stressed group. Serum
proteins show the health and well-being of fish
and are associated with protein malnutrition10.
In the present study, total protein, and albumin
showed a significantly lower value in
crowding-with- feed deprivation group after
3h compared to crowding group alone.
Crowding-with- feed deprivation group also
showed a significant variation (P<0.05) in
serum total protein and globulin content after
9h. After 24 and 48h none of these parameters
varied significantly (P>0.05). This can be due
to reduced synthesis of protein and non621
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specific degradation so as to compensate for
high energy demand during stress.
SOD, catalase and glutathione
peroxidise are the major enzymes playing
important role in antioxidant defence in
vertebrates37. During the generation of free
radicals in the system, SOD catalyses
dismutation of superoxide into hydrogen
peroxide while catalase and Gpx help to
decompose the hydrogen peroxide generated
by the action of SOD. It has been reported
that the SOD concentration increases with the
intensity of stress but the activity of catalase
and Gpx can vary depending upon the type of
stress11,14,34. In the present study, SOD and
catalase activities in the liver after 48h showed
a higher value in group with crowding alone
compared to other groups, while there was no
significant difference in Gpx activity between
crowding and crowding-with-Feed deprivation
group. Similarly, increase in activity of SOD,
Gpx and catalase were observed in liver of
Dentex
dentex26
and
Mesopotaichthys
28
sharpeyi on short-term starvation. Han et
al14., also reported that on exposure to acidic
stress the enzyme activity as well as
expression of SOD remained high from 24 to
48 h. Moreover, Caipeng et al4., reported that
Cu/Zn SOD, a variant of SOD, showed a
higher expression even after 72 h in crowding
population of Atlantic cod and can be
considered as a biomarker. An energetic
restriction like hypoxia on aerobic organisms
keeps the antioxidant activity high. This can be
the reason for increased antioxidant activity in
rohu fingerlings in both T1 and T2 groups (as
crowding generate hypoxia) compared to the
control, while lower catalase activity in liver
of T2 compared to T1 group may be due to
feed deprivation as reported by Hidalgo et
al16., and Pascaul et al30., who reported that
nutrient deficiency can cause reduced activity
of antioxidant enzymes. But the catalase
activity in the gill of crowding-with-Feed
deprivation group was significantly higher
than the crowding alone group, which is a
reverse trend of the activity in the liver. The
difference in the activity of catalase and GPx
in different tissues indicates that the
production of H2O2 is higher in the former than
the latter as catalyse hasa lower affinity
Copyright © Sept.-Oct., 2017; IJPAB
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towards H2O2 than Gpx20. Hence, gill is more
sensitive to acute oxidative stress generated by
crowding-withfeed
deprivation
than
crowding alone in rohu fingerlings.
The LDH enzyme is highly active
when there is high energy demand in the cell
and catalyzes the conversion of lactate to
glucose through gluconeogenesis. This
condition also indicates the oxygen deficiency
in the system. In the present study, LDH
activity was significantly higher in crowdingwith-feed deprivation groups but not in
crowding group alone. Malate dehydrogenase
is an enzyme which helps in the conversion of
malate to oxaloacetate. A significantly higher
activity of MDH and lower activity of LDH in
liver of the crowding group shows that the
increase in energy requirement in this group is
satisfied
through
oxaloacetate
based
gluconeogenesis. The significantly higher GPT
activity in crowding group supports this
observation as amino acids metabolism is
controlled by GOT and GPT enzymes. A
reverse trend was observed in crowding-withfeed deprivation group, which reflects that the
lactate based gluconeogenesis was more active
for this group after 48h and GPT activity in
this group was similar to the control group. In
line with our study, Das et al6., observed
higher LDH and MDH activities in rohu
exposed to thermal stress and Tejpal et al39.,
on crowding stress. Similarly, higher GPT
activity was observed in rohu during thermal
stress6 and tilapia in confinement44.
G6PDH mediates the conversion of glucose-6phosphate to 6-phospho-gluconolactone in
pentose phosphate shunt with the liberation of
NADPH. NADPH is required for the synthesis
of fatty acids and regeneration of reduced
glutathione40.The higher value in crowding
alone group may be due to regeneration of the
glutathione used for stress mitigation as the
glutathione (GSH) level in the same group
showed significantly higher values. There are
several reports indicating that moderate
oxidative stress can increase the level of GSH
as an adaptation by means of enhanced
synthesis9,49. Additionally, Pascaul et al30.,
reported that on absolute starvation the GSH
level in gilthead seabream was significantly
lower compared to 2% fed group, which
622
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supports the lower level of GSH observed in
crowding-with- feed deprivation groups in the
present study.
Oxidative damage can be measured by
MDA, an indicator of lipid peroxidation19.
Fenton reaction produces MDA which can be
measured in terms of TBARS18. The MDA
level in liver differed significantly among the
groups, and both the stressed groups showed
significantly higher MDA content compared to
the control. This indicates higher oxidative
stress in T1 and T2 groups compared to the
control at48 h. But T1 group showed a

significantly higher MDA level similar to
catalase and Gpx activity, thus, stressing that
the higher level of H2O2 produced in the
system oxidized the cellular lipids. After the
exposure to multiple stressors, elevated MDA
level was observed in European seabass with
higher H2O2 in liver36. Similarly, Liu et al21.,
observed that the MDA levels in liver after 24
h was higher in rainbow trout exposed to
crowding stress. Further, Hidalgo et al17.,
reported that seabream subjected to starvation
stress also showed a higher hepatic MDA.
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of significance was measured at p <0.05.
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of significance was measured at p <0.05
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Table 1: enzymatic and non-enzymatic antioxidant activities of liver and gill in Labeo rohita under acute
crowding and crowding-with- feed deprivation stress
Treatments SOD
CAT (L) CAT
GPx (L) GST G6PDH GSH (L) MDA (L)
(L)
C

T1

T2

P value

(G)

(L)

(L)

51.67b ±

10.45c ±

10.37b ±

2.44b±

8.12±

0.05b±

7.28c

0.33

0.70

0.70

0.009

0.35

0.001

0.36

a

a

10.93 ±

2.51 ±

6.71±

0.80 ±

100.39 ±

0.44a±

1.65

0.31

0.15

0.008

0.89

0.17

5.3

0.004

a

ab

a

0.008

55.69 ±
b

b

0.33c±

57.60 ±
b

a

±

b

a

b

52.76 ±

16.45 ±

25.60 ±

2.48 ±

6.41±

0.09 ±

15.94 ±

0.40b±

0.36

2.05

0.43

0.007

0.73

0.02

0.51

0.002

0.012

0.000

0.000

0.005

0.253

0.000

0.000

Data expressed as Mean ± SD, n=6. Mean values in the same column with different superscript differ significantly (p<0.05).
SOD- superoxide dismutase, specific activity was expressed as 50% inhibition of epinephrine auto-oxidation min-1 mg
protein-1, Catalase activity was expressed as nano moles of H2O2 decomposed min-1mg protein-1,GST and GPx- nmoles
mgprotein-1 min-1 , G6PDH- Unit mg protein-1min-1,GSH and MDA-micromoles gm tissue-1

Table 2: Metabolic enzyme activities ofLabeo rohita under acute crowding and crowding-with- feed
deprivation stress
Treatments

C

GOT (

GPT

L)

L)

0.10

±

0.007
T1

0.10

±

0.02
T2

P value

0.04

±

16.05

(

LDH
L)

b

±

0.71

b

1.03

0.09

29.29a ±

1.15b

0.04

0.18

16.68

(

b

±

3.29

±

LDH

MDH

RBC(106 cells

Heamoglobin

(G)

(L)

/mm3)

(g/dl)

1.07 ±

5.27 b±

0.07

0.13

1.10 ±

6.03 a ±

0.05

0.30

1.09 ±

6.27 a ±

1.16

±

0.15
±

1.22

±

1.78

±

0.21
±

0.24
a

4.30

b

2.57

b

±

0.16
±

6.44

a

±

0.01

3.80

0.82

0.30

0.91

0.06

0.18

0.118

0.010

0.021

0.220

0.007

0.908

0.012

Data expressed as Mean ± SD, n=6. Mean values in the same column with different superscript differ significantly (p<0.05).
Enzyme activities are expressed in the following units : GOT-specific activities expressed as nano moles of sodium pyruvate
formed min-1 mg protein-1 at 37°C; GPT specific activities expressed as nano moles of oxaloacetate released min -1 mg
protein-1 at 37°C; LDH and MDH: was expressed as specific activity expressed as Units min -1 mg protein-1 at 37°C

CONCLUSION
In summary, the results obtained in the present
study reflect that the stress caused due to
crowding and crowding-with-feed deprivation
had an adverse effect on the physio-metabolic
condition of the fish. Crowding stress take
more time to acclimatize with the situation
than crowding-with-feed deprivation stress in
rohu when fish subjected to short term stress
Copyright © Sept.-Oct., 2017; IJPAB

of 48h. But further long term study is required
to understand the exact mechanism of action
of multiple stressors like crowding and feed
deprivation in fish as these are common
stressors in an aquaculture system.
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